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Abstract
Correct tumour restaging is pivotal for identifying the most personalised surgical 
treatment for patients with locally advanced rectal cancer undergoing neoa-
djuvant therapy, and works to avoid both poor oncological outcome and over-
treatment. Digital rectal examination, endoscopy, and pelvic magnetic resonance 
imaging are the recommended modalities for local tumour restaging, while chest 
and abdominal computed tomography are utilised for the assessment of distant 
disease. The optimal length of time between neoadjuvant treatment and restaging, 
in terms of both oncological safety and clinical effectiveness of treatment, remains 
unclear, especially for patients receiving prolonged total neoadjuvant therapy. 
The timely identification of patients who are radioresistant and at risk of disease 
progression remains challenging.

Key Words: Locally advanced rectal cancer; Restaging; Pelvic magnetic resonance 
imaging; Endorectal ultrasound; Computed tomography scan; Colonoscopy
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Core Tip: Correct tumour restaging is pivotal for identifying the most personalised 
surgical treatment for patients with locally advanced rectal cancer undergoing 
neoadjuvant therapy; it allows avoidance of both poor oncological outcomes and 
overtreatment. However, there are no guidelines regarding the definition, timing, and 
diagnostic techniques to be carried out. This study provides the most up-to-date 
evidence on this topic and the outstanding issues worthy of future research.
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INTRODUCTION
Treatment of locally advanced rectal cancer (LARC) requires a multidisciplinary approach. In recent 
decades, the widespread use and optimisation of total mesorectal excision (TME) and the constant use 
of neoadjuvant chemoradiotherapy (nCRT) have sharply decreased the rate of local recurrence after 
surgery[1,2]. Two randomised phase 3 trials investigating total neoadjuvant therapy (TNT) have 
recently resulted in a significant improvement in disease-free survival (DFS) and disease-related 
treatment failure as compared with standard nCRT, setting a new standard of care[3,4]. Nevertheless, 
the response to neoadjuvant therapy remains highly divergent. It is well established that, after 
neoadjuvant therapy, many patients with LARC respond very well to the treatment; indeed, 
pathological complete response (pCR), defined as the absence of residual tumour cells at the primary 
tumour site and the mesorectal lymph nodes, is achieved in approximately 20% of patients. This rate 
may be as high as 28%-38% with the implementation of TNT regimens; as a result, an even larger 
proportion may have a near-complete response[5-7]. Patients with pCR after TME resection demonstrate 
excellent survival, with fewer than 1% having local failure and 8% having systemic recurrence[8]. 
Therefore, the benefit of TME in patients achieving a complete response has been questioned. Organ-
preservation strategies are becoming more popular to safely avoid the morbidities associated with 
radical surgery and to maintain anorectal function in those patients who achieved a clinical complete 
response (cCR) or a near-cCR (ncCR)[9]. On the other hand, approximately 40% of patients respond 
poorly or not at all to therapy[5]. This is likely attributable to more aggressive tumour biology. Poor 
responders and non-responders to neoadjuvant therapy are at risk of both local and distant relapse, 
which may be higher than that of the average LARC patient[10,11]. In these patients, the possibility of 
disease progression during neoadjuvant treatment or the waiting period should be taken into account. 
Its correct identification allows for modification of the treatment plan, intensifying the systemic 
treatment, or optimising surgical management by extending resection beyond the mesorectal plane or 
performing multiorgan resection.

Therefore, the ability to accurately assess the response to neoadjuvant therapy is the key to tailored 
treatment to avoid poor oncological outcomes or overtreatment. The aim of this review is to evaluate the 
current evidence regarding tumour response assessment in terms of definition, timing, and diagnostic 
techniques.

DEFINITION OF TUMOUR RESPONSE TO NEOADJUVANT THERAPY 
There is no standardisation with respect to tumour response assessment criteria. Originally, Habr-Gama 
et al[12] dichotomised the categorisation into complete and incomplete. They considered patients to 
have cCR if there was an absence of any residual ulcer, mass, or stenosis of the rectum by digital rectal 
exam (DRE) and proctoscopy; whitening of the mucosa, teleangiectasias, and subtle loss of pliability of 
the rectum were also considered to be consistent with cCR. They did not routinely perform endoscopic 
biopsies and considered radiological imaging consistent with cCR in the absence of suspicious 
mesorectal enlarged, irregularly bordered, and heterogeneous nodes, and in the presence of fibrotic 
changes within the rectum (i.e. low signal intensity areas with or without submucosal hypertrophy)[13]. 
The guidelines suggested the same criteria for the definition of cCR[14,15]. In the attempt to standardise 
the definition of a clinical response, Memorial Sloan Kettering graded response as complete, near-
complete, or incomplete based on the findings of DRE, endoscopy, and magnetic resonance imaging 
(MRI) [T2-weighted and diffusion-weighted imaging (DWI) sequences][16]. They classified ncCR as 
tumours that showed a marked response to neoadjuvant therapy but did not fulfil all the criteria of cCR 
at the time of response assessment, such as: (1) Smooth induration or minor mucosal abnormalities on 
DRE; (2) Irregular mucosa, small mucosal nodules, or minor mucosal abnormalities, superficial 
ulceration or mild persisting erythema of the scar on endoscopy; and (3) Mostly dark T2 signal, some 
remaining intermediate signal, and/or partial regression of the lymph nodes on MRI. If patients did not 
meet all these criteria and those for cCR, they were regarded as incomplete responders. This 3-tiered 
response/regression schema was tested prospectively in the OPRA trial[17]. Maas et al[18] and Martens 
et al[19] provided a pragmatic definition of cCR, ncCR, and non-complete response. This classification 
has recently been recommended by a panel of experts for use in the definition of tumour response 
(Table 1; Figures 1-4)[20].

https://www.wjgnet.com/1948-5204/full/v15/i5/700.htm
https://dx.doi.org/10.4251/wjgo.v15.i5.700
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Table 1 Recommended tumour response schema for rectal cancer after neoadjuvant chemoradiotherapy

cCR ncCR Poor response 

DRE No palpable tumour material present Minor mucosal abnormalities Palpable tumour mass; Cases who 
do not fulfill the criteria for either 
a cCR or ncCR

Endoscopy No residual tumour material or only a small residual 
erythematous ulcer or scar; Endoscopic biopsy not 
mandatory to define a cCR, biopsy should not be 
performed, especially if the DRE, rectoscopy and MRI 
criteria for a cCR are all fulfilled

Small and smooth regular irregularities 
including residual ulcer, or small mucosal 
nodules or minor mucosal abnormalities, with 
mild persisting erythema of the scar; 
Endoscopic biopsy not mandatory

Visible macroscopic tumour; Cases 
who do not fulfill the criteria for 
either a cCR or ncCR

MRI Substantial downsizing with no observable residual 
tumour material, or residual fibrosis only (with 
limited signal on diffusion weighted imaging), 
sometimes associated with residual wall thickening 
owing to oedema, no suspicious lymph nodes

Obvious downstaging with residual fibrosis 
but heterogeneous or irregular aspects and 
signal or regression of lymph nodes with no 
malignant enhancement features, but with a 
size > 5 mm

Visible macroscopic tumour 
and/or lack of regression of 
involved lymph nodes; Cases who 
do not fulfill the criteria for either 
a cCR or ncCR

DRE: Digital rectal exam; cCR: Clinical complete response; ncCR: Near clinical complete response; MRI: Magnetic resonance imaging.

Figure 1 A case of clinical complete response confirmed at pathology. A-C: A 61-year-old male patient with rectal cancer. Endoscopy (A) and magnetic 
resonance imaging (MRI) (B and C) findings staged a tumour of the low rectum (cT3aN1, mesorectal fascia negative, extramural venous invasion negative, pelvic 
nodes negative). The patient underwent neoadjuvant chemoradiotherapy; D-G: Restaging at 15 wk after the beginning of the neoadjuvant chemoradiotherapy showed 
a clinical complete response at endoscopy (D), MRI (E), endorectal ultrasound (F), and 18-fluorodeoxyglucose-computed tomography/positron emission tomography 
(G).

WHEN TO CARRY OUT RESTAGING
Evidence regarding the optimal timing of restaging is not yet available. The ideal interval should allow 
for the safe identification of responders and non-responders by balancing the time to fully express the 
maximal effects of the therapy and the time to avoid tumour repopulation or disease progression. In 
effect, tumour response is a dynamic process associated with tumour-related factors (e.g., size, histology, 
and molecular profile) and treatment-related factors (e.g., radiotherapy dose and fractionation, 
chemotherapy, and the time interval between preoperative and/or definitive treatment and the decision 
to proceed to non-operative management or local excision or TME)[21]. Knowledge of the kinetics of 
tumour response comes primarily comes from the operative context.

Several trials have shown how lengthening the interval between radiation therapy and surgery and 
adding systemic therapy leads to higher rates of pCR. In the historic Lyon R90-01 randomised trial, a 
longer interval (6-8 wk vs 2 wk) between completion of the radiotherapy and surgery led to a significant 
increase in number of patients having a major pathological response (pCR or few residual cells)[22]. In 
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Figure 2 A case of clinical complete response confirmed at pathology. A-C: A 57-year-old female patient with rectal cancer. Endoscopy (A) and 
magnetic resonance imaging (MRI) (B and C) findings staged a tumour of the low of rectum (cT3aN0 mesorectal fascia negative, extramural vascular invasion 
negative, pelvic nodes negative). The patient underwent neoadjuvant chemoradiotherapy; D-G: Restaging at 15 wk after the beginning of therapy showed a clinical 
complete response at endoscopy (D), MRI (E), endorectal ultrasound (F), and 18-fluorodeoxyglucose-computed tomography/positron emission tomography (G).

Figure 3 A case of near clinical complete response confirmed at pathology (ypT1N0). A-C: An 84-year-old male patient with rectal cancer. 
Endoscopy (A) and magnetic resonance imaging (MRI) (B and C) staged a tumour of the low rectum (cT3aN0M0, mesorectal fascia negative, extramural vascular 
invasion negative, pelvic nodes negative). The patient underwent short-course radiotherapy; D-G: The restaging at 15 wk after the beginning of neoadjuvant 
radiotherapy showed a near clinical complete response at endoscopy (D), MRI (E and F), and endorectal ultrasound (G).

the phase 3 Stockholm III trial, the rate of complete pathological response in the short course radiation-
delay arm (4-8 wk) was 11.8%, as compared to 1.7% for the short course radiation-immediate arm 
(within 1 wk)[23]. An additional extension beyond 8 wk was subsequently tested in the prospective 
trials. The GRECCAR-6 trial (7 wk vs 11 wk) showed that the longer interval did not increase the pCR 
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Figure 4 A case of poor response confirmed at pathology (ypT2N0). A-C: A 42-year-old male with rectal cancer. Endoscopy (A) and MRI (B and C) 
staged a tumour of the middle rectum (cT3bN2, mesorectal fascia negative, extramural vascular invasion positive, pelvic nodes negative). The patient underwent total 
neoadjuvant therapy; D-F: Restaging at 20 wk after the beginning of neoadjuvant radiotherapy showed a poor response at endoscopy (D) and MRI (E and F).

rate (15% vs 17.4%; P = 0.59)[24]. In contrast, a British trial (6 wk vs 12 wk) found a significant increase in 
the pCR rate (9% vs 20%, P < 0.05)[25]. Similarly, an increased pCR rate (18% vs 10%; P = 0,027) was also 
reported by a Turkish trial for an interval of more than 8 wk vs less than 8 wk after chemoradiotherapy
[26]. A large retrospective series of patients revealed the highest pCR rates in patients operated on 9-13 
wk from the end of CRT[27-29]. Analogously, a pooled analysis of international randomised trials 
(Accord12/0405, EORTC22921, FFCD9203, CAO/ARO/AIO-94, CAO-ARO-AIO-04, INTERACT, and 
TROG01.04) has also suggested that the best time to achieve pCR is at 10 wk, and the lengthening of the 
surgical interval was not detrimental with respect to survival outcomes[30]. The Timing of Rectal 
Cancer Response to Chemoradiation Consortium trial, a prospective phase 2 cohort trial in which 
preoperative chemoradiotherapy and sequentially increased timing of surgery were evaluated, showed 
an increase in pCR rates when the average time from radiotherapy to surgery was progressively 
increased from 6 wk to 11 wk, 15 wk, and 19 wk (18%, 25%, 30%, and 38%, respectively)[6].

Whether these differences can be explained by the use of intensified chemotherapy or by the 
prolonged interval before surgery remains uncertain, as patients operated on after 11-19 wk received 2 
to 6 cycles of FOLFOX during the waiting period before surgery. In any case, consolidation chemo-
therapy in the TNT approach has recently emerged as the new option for optimizing tumour response; 
however, it made the detection of the optimal timing of restaging even more complex[31,32].

Moreover, with regard to patients who eventually did not experience a complete or a good response, 
the benefits related to waiting up to 11-12 wk before proceeding to surgical resection appeared less 
obvious. Studies evaluating the effects of the delayed time interval did not report a negative impact on 
long-term cancer outcomes[30,33]. However, not all the studies carried out a sub-analysis by tumour 
stage; therefore, the favourable long-term outcomes of the responder group may have masked or 
mitigated the adverse effects occurring in the non-responder group. In the RAPIDO trial, the authors 
suggested that an early response assessment should be encouraged in order to identify, at an earlier 
point in time, poor responders and, above all, patients with disease progression during preoperative 
treatment[3]. A large retrospective series of patients from the population-based Dutch Surgical 
Colorectal Audit found that the proportion of T4 tumours and metastatic disease increased with a 
longer time interval to surgery; this was particularly evident in the group resected beyond 10-11 wk 
from the end of CRT[27]. In a large multicentre retrospective cohort study of 1064 patients with a minor 
or null tumour response to neoadjuvant chemoradiotherapy, a wait time longer than 8 wk before 
surgery was associated with significantly worse overall outcome and DFS at 5 y and 10 y (reaching 
almost a 20% difference at 10 y for the overall survival)[10]. Unfortunately, it is not possible to identify 
poor responders up-front.

Patient selection based on pre-treatment characteristics is challenging, although some features, 
including a < 1 mm circumferential margin, extramural venous invasion, and extensive mesorectal and 
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pelvic lymph node involvement, are associated with lower cCR rates[34-36]. Currently, there is 
insufficient evidence to recommend proper timing for the earlier identification of patients with a poor 
response before the conventional time. Nevertheless, experts advise caution and selective earlier 
imaging in patients with tumours featuring certain high-risk characteristics (e.g., advanced clinical T 
stage)[20]. Moreover, owing to variations in preoperative treatment design and duration across the 
different trials, they agreed that defining a specific time point for assessing cCR was impossible, and 
recommended that the response assessment should be determined from the start of treatment[20]. Thus, 
for patients with early-stage tumours receiving CRT or short-course radiotherapy, they recommended a 
2-step approach comprising a response assessment at 12 wk and 16-20 wk after starting treatment; for 
patients receiving TNT, they recommended that the timing of the cCR assessments should be adapted 
according to the duration of the treatment (i.e. 20-38 wk after commencing treatment)[20]. In the end, if 
restaging after preoperative treatment reveals ncCR, taking into account initial tumour stage and 
treatment approach, the panel supported waiting longer (e.g., 3 mo later as was reported in several case 
studies) if organ preservation was a priority[20].

HOW TO CARRY OUT RESTAGING
The standard methods of response assessment following preoperative therapy rely on clinical 
examination using DRE, endoscopy, MRI, endorectal ultrasound (EUS), and CT. However, each of these 
tools has limitations in predicting pathological findings after a surgical resection. These limitations stem 
from the inability of these imaging methods to differentiate residual tumour from radiation-induced 
fibrosis; this leads to erring on the safe side, overestimating the amount of tumour. Nevertheless, the 
current aim of local response assessment is not to correct T-staging but to differentiate between “good 
responders” (who are ypT0N0 or ypT1N0) and “poor responders.” In the latter, the risk of incomplete 
resection [e.g., mesorectal fascia (MRF) positivity, adjacent organ or anal sphincter infiltration, and 
residual lateral pelvic node involvement] should also be identified.

Pelvic MRI
MRI is the modality of choice for local staging of LARC due to its excellent soft-tissue resolution. It also 
plays an essential role in the evaluation of treatment response[37,38]. In a recent meta-analysis, the 
reported global sensitivity and specificity for T-staging were 81% and 67%, respectively and, for N-
staging, they were both 77%[39]. These results confirmed those of a previous meta-analysis in which the 
pooled sensitivity and specificity were 50.4% and 91.2%, respectively for the T-stage, and the sensitivity 
for the prediction of a complete response was even lower (19%)[40]. The addition of diffusion-weighted 
(DWI) MRI improved the results, increasing the sensitivity and specificity for T-stage to 83.6% and 
84.8%, respectively[40,41]. Nevertheless, many complete responses were still missed. The magnetic 
resonance tumour regression grade (TRG) system and a pattern-based approach have been proposed to 
improve diagnostic performance[42,43]. In experienced hands, the sensitivity of detecting a complete 
response was 74% when using the former system and 94% with the latter approach[42,43]. To properly 
identify “good responders,” accurate nodal restaging is also important. A pooled analysis showed that 
the incidence of positive lymph nodes in ypT0 patients was approximately 5%[44]. Although nodal 
restaging remains a challenge, it seems to be more accurate than primary staging[45]. According to 
Heijnen et al[46], this could be explained by the following: First, after CRT, approximately 40% of lymph 
nodes decrease in size and approximately 44% disappear on MRI; and second, the prevalence of 
pathological positive nodes is lower as compared with the initial staging, leading to a higher negative 
predictive value (95%) and increased accuracy of nodal staging after CRT[46]. However, in cases of 
ypT0, the sensitivity, specificity, positive predictive value, and negative predictive value for predicting 
remaining lymph node metastasis with MRI were quite low (37%, 84%, 70%, and 57%, respectively)[47]; 
this may be attributable to the fact that residual disease occurs within very small nodes. van Heeswijk 
and colleagues showed that the absence of lymph nodes on restaging DWI MRI was highly predictive of 
ypN0 status[48]. Nevertheless, the role of DWI in this setting is still under debate[45]; MRI also plays a 
pivotal role in identifying the risk factors for incomplete resection. The evaluation of MRF status is less 
accurate than that of the pretreatment assessment (66%)[40,49,50]. In the case of residual involvement of 
the adjacent organs or mesorectal fascia, radiologists tend to overstage, as fibrotic strands of prior 
tumour invasion are challenging to differentiate from residual tumour tissue, unless an intact fat plane 
becomes visible between the tumour and the MRF or adjacent organs. Moreover, in distal tumours, 
invasion of the internal sphincter, intersphincteric plane, and external sphincter/levator ani has to be 
assessed to determine the feasibility of sphincter preservation. Furthermore, careful attention should be 
paid to identifying the lateral nodes, as these nodes, when involved, have an important influence on 
long-term outcome. A recent large multicentre cohort study evaluating the lateral nodes before and after 
CRT showed that nodes 7 mm or greater before CRT (short axis) had a higher risk for local recurrence 
than smaller nodes[51]. Moreover, in the case of shrinkage of the lateral nodes from 7 mm on a primary 
MRI to a short axis measurement of 4 mm, lateral lymph node dissection can be avoided[52].
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EUS
Similar to MRI, the accuracy of EUS is disappointing in restaging. A number of studies on this topic 
have shown that the overall accuracy of EUS for ypT-stage and ypN-stage was quite variable, ranging 
from 38% to 75%, and from 59% to 80%, respectively[53-55]. Overstaging was more common in the 
majority of series, mainly due to the difficulty in differentiating fibrosis from residual cancer; EUS 
correctly predicted pCR in only approximately 50%-64%of cases[53-55]. These results were confirmed in 
a meta-analysis in which the sensitivity and specificity for T0-stage were 37% and 94%, respectively[56]. 
Zhang et al[57] have recently evaluated 3-dimensional EUS (3D-EUS) parameters to improve accuracy in 
tumour response assessment. They found that a value of 3.55 mm for adjusted thickness (i.e. the 
difference between the thickness of the muscularis on the residual side and the thickness of contralateral 
muscularis) correctly detected the TRG 0 cases with a sensitivity of 73%, a specificity of 81%, and an 
accuracy of 78%. Moreover, they concluded that utilising the 3D-EUS method as a part of the criteria for 
cCR would significantly improve the accuracy of the evaluation[57]. Some case-series studies have 
indicated that optimal accuracy of EUS could be obtained when the tumour location was within 6 cm 
from the anal verge and the examination was carried out by an experienced operator[54,58,59]. Studies 
comparing the accuracy of MRI and EUS in the same patients at the same time have reported conflicting 
results regarding T- and N-staging[59-61]. Nevertheless, EUS was more accurate than MRI for 
predicting pathologic complete response and anal sphincter infiltration[59-61]. Therefore, EUS is simple 
and inexpensive tool which, together with MRI and other diagnostic methods, can be useful for 
restaging rectal cancer. However, this modality is highly operator-dependent and limited to proximal 
and stenotic rectal tumours and close visual fields that only allow for the evaluation of perirectal lymph 
nodes.

Endoscopy
Endoscopy only allows for the proper evaluation of the mucosa. Although the healing of the mucosa is 
generally considered to be a sign of cCR, residual tumour remains deeper in the rectal wall and 
mesorectum in approximately 27% of cases. On the other hand, the presence of an ulcer on endoscopy, 
although significantly associated with pathological incomplete response, occurs in 66% of cases with 
complete response on pathology[62-64]. In clinical practice, to facilitate the decision-making process, 
additional information can be obtained from the MRI. However, studies that have evaluated this issue 
have produced contradictory results. Some have shown that a combination of multiple examinations 
did not improve accuracy[65,66]. In contrast to these findings, in a small prospective cohort study, Maas 
et al[18] showed that when DRE, endoscopy, and MRI together predict CR, this is correct in 98% of 
cases; when all 3 modalities indicate residual tumour, there still a 15% chance of CR[67]. Advanced 
endoscopy technologies, such as narrow-spectrum technologies and autofluorescence imaging, may 
improve the evaluation of the rectal wall mucosa and mucosal vascularity[68]. In the setting of restaging 
assessment, they may help in differentiating between clinical response and residual tumour.

Biopsies have only a limited clinical value for ruling out residual cancer. They do not provide any 
additional diagnostic value and could lead to false-negative results as residual cancer cells are often 
found in the muscularis propia[69]. Therefore, experts did not recommend biopsy as mandatory for 
diagnosing a complete or a near complete CR[20].

Contrast-enhanced thoraco-abdominal computed tomography
Although the value of CT in assessing local response is relatively low, this tool plays a role in 
determining the presence of distant metastases and current guidelines recommend its use in restaging
[15]. A recent systematic review showed that restaging identified new metastatic disease in 6% of 
patients[11]. Although the overall detection rate of disease progression is low, the clinical impact of 
identifying early disease progression prior to surgical therapy is important to consider. Newly-detected 
distant disease in such a short period may represent a more biologically aggressive tumour or 
synchronous distant metastases that were not apparent on initial clinical staging, but that become 
detectable in the few months of the restaging. In any case, its identification requires modifying the 
therapeutic programme. Singhal and colleagues found that patients with poorly differentiated tumours 
had a significantly higher rate of systemic disease progression than those with well- or moderately-
differentiated tumours (36% vs 7%, respectively). Nevertheless, more studies are necessary to identify 
factors that may predict short-interval disease progression.

18F-fluorodeoxyglucose positron emission tomography/CT
According to the guideline, positron emission tomography (PET) should not be routinely used as a tool 
to determine tumour response[15]. The pooled sensitivity and specificity reported for complete response 
were 71% and 76%, respectively[70]. Moreover, the metabolic grade [max standardised uptake value 
(SUVmax)] of the tumour at initial staging did not predict response to chemoradiotherapy; as with 
pretreatment SUVmax, the arithmetic difference between pre- and post-SUVmax was also not statist-
ically significant[70]. A systematic review showed that PET/CT had higher accuracy in detecting extra-
hepatic and hepatic colorectal metastatic disease than CT alone[71].
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Table 2 Take-home message

Re-staging 

Why It allows for the development of a tailored surgical treatment with the goal of avoiding poor oncological outcomes and overtreatment

When It remains unclear. Experts recommend: (1) For patients receiving neoadjuvant chemoradiotherapy or short-course radiotherapy, the 2-step 
approach, at 12 wk and 16-20 wk after starting treatment if organ preservation is a priority; (2) For patients receiving total neoadjuvant therapy, 
assessment at 20-38 wk after commencing treatment according to the duration of the treatment; and (3) In case of ncCR, a second assessment 3 mo 
later taking into account initial tumour stage and treatment approach, if organ preservation is a priority. There is insufficient evidence to 
recommend proper timing for the earlier identification of patients with a poor response before the conventional time. Nevertheless, experts advise 
caution and selective earlier imaging in patients with tumours featuring certain high-risk characteristics (such as advanced cT stage)

How Digital rectal examination, endoscopy and pelvic MRI for local tumour restaging; Chest and abdominal CT for distant disease. The current aim of 
local response assessment is not correct T-staging but the accurate differentiation between “good responders” (who are ypT0N0 or ypT1N0) and 
“poor responders.” In the latter, the risk of incomplete resection, such as MRF positivity, adjacent organ or anal sphincter infiltration, and residual 
lateral pelvic node involvement should also be identified

CT: Computed tomography; ncCR: Near clinical complete response; MRI: Magnetic resonance imaging.

Future directions and research
Combined 18F-fluorodeoxyglucose (18F-FDG) PET/MRI has recently been proposed as an effective 
imaging modality for rectal cancer patients, owing to its ability to provide high-resolution anatomical 
and functional features. Although the role of 18F-FDG PET/MRI in rectal cancer has yet to be 
established, the evidence in a recent review has suggested that 18F-FDG PET/MRI could be used for 
rectal cancer restaging due to its better accuracy in T- and N-staging as compared to PET/CT or MRI 
alone; for M staging, on the other hand, it performed less well than other techniques for lung metastases
[72].

Some novel MRI techniques, such as dynamic contrast-enhanced MRI, magnetisation transfer ratio, 
and textural analysis (e.g., radiomics), have been studied to overcome the limitations of MRI in the 
restaging of rectal cancer. These tools have been evaluated in promising small retrospective studies; 
however, they are not currently used in routine clinical practice as they still need large-scale prospective 
validation.

Circulating biomarkers such as cell-free DNA have been tested to predict cCR and/or tumour 
regrowth. These have not been incorporated into current practice due to limited data, but represent a 
promising direction for future investigation and validation.

CONCLUSION
The ultimate goal of restaging is to determine the possibility of changing the planned treatment 
strategy. DRE, endoscopy, and pelvic MRI are the recommended modalities for local tumour restaging, 
while chest and abdominal CT are used for assessing distant disease. Nevertheless, the most practical 
and cost-efficient strategy for assessing tumour response also depends on local logistics and expertise. 
The optimal length of time between commencing treatment and restaging, in terms of both oncological 
safety and clinical effectiveness of treatment, remains unclear, especially in patients receiving prolonged 
TNT. The timely identification of patients who are radioresistant and at risk of disease progression is 
challenging. Table 2 summarizes the key points discussed in this review.
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Abstract
Pancreatic cancer is a high mortality malignancy with almost equal mortality and 
morbidity rates. Both normal and tumour tissues of the pancreas were previously 
considered sterile. In recent years, with the development of technologies for high-
throughput sequencing, a variety of studies have revealed that pancreatic cancer 
tissues contain small amounts of bacteria and fungi. The intratumour microbiome 
is being revealed as an influential contributor to carcinogenesis. The intratumour 
microbiome has been identified as a crucial factor for pancreatic cancer progre-
ssion, diagnosis, and treatment, chemotherapy resistance, and immune response. 
A better understanding of the biology of the intratumour microbiome of 
pancreatic cancer contributes to the establishment of better early cancer screening 
and treatment strategies. This review focuses on the possible origins of the 
intratumour microbiome in pancreatic cancer, the intratumour localization, the 
interaction with the tumour microenvironment, and strategies for improving the 
outcome of pancreatic cancer treatment. Thus, this review offers new perspectives 
for improving the prognosis of pancreatic cancer.
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Core Tip: Recently, with the development of high-throughput sequencing, tumour tissues, which were 
previously believed to be sterile, have been shown to harbor a low microbiome biomass. The intratumour 
microbiome is crucial for pancreatic ductal adenocarcinoma (PDAC) diagnosis, treatment, chemotherapy 
resistance, and immune response. Establishing an awareness of the biology of the tumour microbiome in 
PDAC supports the establishment of better strategies for PDAC. This review focuses on the possible 
origins of the microbiome, the localization, the interaction with the tumour microenvironment and the 
strategies for improving the outcomes of treatment. This review offers new perspectives for improving the 
prognosis of PDAC.
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INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is a malignant tumour that originates from pancreatic ductal 
cells. Although medical technology has improved the mortality of PDAC patients, the five-year survival 
remains less than 10%[1]. Since early PDAC patients lack specific clinical manifestations, the detection of 
PDAC usually occurs in the middle or late stages. Furthermore, advanced-stage PDAC usually cannot 
be eradicated by surgery, and these patients fail to respond to immunotherapy, chemotherapy or 
radiotherapy[2]. Therefore, it remains a huge challenge to improve the outlook for individuals with 
PDAC.

The traditional approaches for PDAC research are centred on the factors of PDAC only while 
ignoring the role of the microbiome in the tumour microenvironment (TME). Investigation revealed that 
the host microbiome, particularly the gut microbiome, interacts to influence cellular biological activity 
and regulate inflammation, immunity and cancer progression[3-6]. Of the 1012 different microbial 
species known today, only 11 are labeled human carcinogens by the International Association for 
Cancer Registries[7,8]. A broader range of microbiomes may contribute to carcinogenesis as an 
important class of 'coconspirators' but is not enough to cause cancer[9-11]. Recently, with increasing 
research on PDAC, tumour tissues, previously believed to be sterile, have been found to harbour a low 
microbiome biomass. The tumour microbiome was first proposed in the 19th century, but little progress 
in this field was made for a considerable period of time[12]. With advances in sequencing technology 
and a better understanding of the TME, it has been revealed that the intratumour microbiome plays an 
influential role in tumour progression[8]. However, the abundance of the intratumour microbiome is 
substantially lower than that of tumour cells. The bacterial portion of the tumour tissue was calculated 
to be approximately 0.68%. In the case of a three-dimensional or flat tumour environment, this equates 
to approximately 105 to 106 bacteria per 1 cm3 or approximately 34 bacteria per 1 mm2[8,13]. However, 
research has revealed that the intratumour microbiome exerts influential impacts on the progression, 
diagnosis, treatment, chemotherapy resistance, and modulation of immune tone in PDAC[14-17].

Despite the progress made in the study of the intratumour microbiome, there are still many 
unanswered questions in this emerging field. Furthermore, the understanding of the PDAC intratumour 
microbiome is far from complete, partly due to the limitations of research techniques[18]. Establishing 
an awareness of the biology of the tumour microbiome in PDAC supports the establishment of better 
strategies for early cancer screening and treatment. This review focuses on the possible origins of the 
intratumour microbiome in PDAC, the intratumour localization, the interaction with the TME, and the 
roles or strategies in improving the outcomes of PDAC treatment, offering new perspectives for 
improving the prognosis of PDAC.

THE ORIGIN OF THE PDAC INTRATUMOUR MICROBIOME
The mainstream view holds that the microbiome in PDAC may originate from the gut and the oral 
cavity, but this remains controversial (Figure 1). The pancreatic duct and common bile duct open 
together at the duodenal papilla. The innate anatomy allows microorganisms from the gut to enter the 
pancreatic tissue retrogradely through the pancreatic duct. Additionally, Okuda et al[19] showed that 
representative bacteria in pancreatic juice strongly colocalized in PDAC tissue[19]. Bacterial signals 
were detected in pancreatic tissue of wild-type (WT) mice by gavaging fluorescently labelled Entero-
coccus faecalis and GFP-labelled Escherichia coli (E. coli)[20]. Similarly, when PDAC mice were gavaged 
with fungi, the presence of fungi in the tumour tissue was confirmed by staining or fluorescence[17,21]. 
However, in another design, the presence of bacteria in normal pancreatic tissue was not detected in 
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Figure 1 The origin and localization of the intratumour microbiome in pancreatic cancer. The microbiome in pancreatic ductal adenocarcinoma 
(PDAC) may originate from the gut and the oral cavity. The microbiome located in the oral cavity and gut can reach the pancreas via the pancreatic duct. But also 
exists the possibility of drainage via blood and lymph. The microbiome located in the gut migrates through the damaged intestinal epithelial barrier into the pancreas 
via venous blood, especially in the inferior gastrointestinal tract. In the case of oral microbiome, it can also enter the pancreas via the venous or lymphatic drainage. 
And the PDAC intratumour microbiome locates in tumour cells, immune cells and outside cells.

germ-free GF 129SvEv mice after gavage with relatively low doses and frequencies of specific pathogen-
free bacteria[22]. This reflects the problem that although animal experiments have indicated that 
gastrointestinal flora can enter the pancreatic tissue via the gastrointestinal route, gavage by specific 
microbiota at high concentrations and frequencies does not seem to be proportionate to the normal 
human physiological situation[23]. In 16S rRNA sequencing of intratumour bacteria from PDAC in 
humans and mice, the bacterial compositions of PDAC and duodenal tissue were quite similar. The 
highest abundance of bacteria in human PDAC at the phylum level was Proteobacteria, which was the 
same as the highest abundance of bacteria in the duodenum, and patients who received invasive 
endoscopic procedures (IEP) had a higher abundance of intratumour bacteria than those who did not
[15,24-26]. Significantly more abundant 16S rDNA copies were also observed in the pancreatic cyst fluid 
of intraductal papillary mucinous neoplasm (IPMN) and PDAC in patients with a preoperative history 
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of IEP[27]. When comparing the microbiomes of PDAC tissue, duodenal fluid, and duodenal tissue from 
postoperative pancreatic patients, extensive similarities between duodenal and PDAC microbiomes 
were shown, but some of the microbiome of PDAC was not present in the duodenum[28,29]. Riquelme 
et al[14] also demonstrated that approximately 50% of the intratumour bacteria of PDAC could not be 
explained by gastrointestinal or adjacent tissue[14]. Even though human-derived bacteria were detected 
in PDAC in mice that had been gavaged with faeces from PDAC patients, more than half of the 
intratumour bacteria in mouse PDAC remained unexplained[14]. This suggests that the microbiome in 
PDAC may have other sources.

Part of the oral microbiome of PDAC patients is also present in PDAC. Normally, the oral 
microbiome continues to spread to the distal gastrointestinal tract through oral intake alone and exceeds 
the expected abundance[30]. Coabundance of oral pathogens was found in the pancreatic cyst fluid of 
IPMN and PDAC[27]. At the phylum level, the intratumour and oral microbiomes of PDAC patients are 
dominated by Firmicutes, Protebacteria and Bacteroidota. However, Protebacteria, highly abundant in 
PDAC tissues, are not highly enriched in the oral cavity[25]. Porphyromonas gingivalis (P. gingivalis), an 
oral disease bacterium strongly associated with periodontitis and other oral diseases, has been most 
studied in relation to PDAC. Multiple findings indicate that P. gingivalis is also available in the PDAC 
microenvironment[25,29]. By gavaging calcein AM-labelled P. gingivalis for 2 weeks in C57BL/6 mice, 
the presence of P. gingivalis in the pancreas and faeces was confirmed by flow cytometry and 
fluorescence in situ hybridization (FISH)[25]. Thus, it is also possible for the microbiome from the oral 
cavity to reach the pancreas via the gastrointestinal route passing through the pancreatic duct.

Existing studies have indicated that the intratumour microbiome in PDAC has the potential to enter 
the pancreas through the gastrointestinal anatomy, but the possibility that the microbiome from the oral 
cavity or gastrointestinal cavity could enter the pancreas through blood and lymphatic drainage is not 
excluded[23]. Fusobacterium nucleatum (F. nucleatum), an oral colonizing anaerobic bacterium found in 
the same PDAC microenvironment as P. gingivalis, was injected into the tail vein of mice with rectal 
cancer and showed an enrichment of F. nucleatum in rectal cancer tumour tissue by plate culture or 
quantitative real-time polymerase chain reaction (qPCR)[31,32]. Tumours of nondigestive tract origin, 
such as breast cancer, are more likely to have an intratumour microbiome originating via blood or 
lymphatic drainage than tumours of digestive tract origin[33,34]. Although there is no experimental 
evidence at present that the microbiome can reach PDAC from microbial-rich sites such as the oral 
cavity or gastrointestinal tract by blood or lymph, much indirect evidence has shown the feasibility of 
such a transport route. Under healthy conditions, portal blood may contain small amounts of potential 
pathogens[35]. In cats, E. coli enter from the transmural wall of the colon and spread through the 
bloodstream to the pancreas, especially in cats with acute pancreatitis[36]. Bacterial translocation was 
detectable in blood from patients with acute pancreatitis by 16S rDNA sequencing[37]. However, this 
blood drainage seems to be difficult to achieve in disease-free conditions. In germ-free Il10-/- mice with 
no pancreatic lesions, a mouse with defects in intestinal permeability, oral infection with Campylobacter 
jejuni to accelerate such permeability defects caused them to develop severe colitis, but there appears to 
be no evidence of bacterial presence in the corresponding mouse pancreas by qPCR or culture[22].

In terms of lymphatic drainage, there is evidence of transfer of the gastrointestinal microbiome to 
mesenteric lymph nodes and transport via immune cells[38-40]. Commensal bacteria modulate intestinal 
immune surveillance by transporting CX3CR1hi mononuclear phagocytes to mesenteric lymph nodes 
along with bacteria captured in the intestinal lumen[38]. During this process, bacteria are screened and 
transported from the intestine to the mesenteric lymph nodes, which may provide an opportunity for 
bacteria to enter the pancreas via anatomical lymphatic drainage. Although the mechanism is unclear, 
microbial staining of a variety of tumours in different ways revealed that the intracellular microbiome 
was found in macrophages[16,24]. Consequently, it is possible that the microbiome within the tumour is 
transferred to the pancreas by lymphatic drainage through such a mechanism of macrophage transport. 
Unfortunately, Nejman et al[24] did not perform lipopolysaccharide (LPS) staining of PDAC. Fur-
thermore, the immunohistochemistry (IHC) staining of LPS within macrophages may also be due to 
phagocytosis of local microbiota by macrophages. Macrophages exhibiting positive IHC in LPS rarely 
exhibit positive 16S rRNA FISH. Thus, the possibility is not excluded that the bacterial LPS staining 
present in macrophages originates from bacterial components that are not fully processed[16,41]. 
Bacteria present in the oral cavity, such as P. gingivalis, may be captured by lymphatic vasculature 
during the flow from the oral cavity to the bloodstream and then enter the systemic bloodstream[42]. 
Sakamoto et al[43] analysed microbiota in 153 lymph nodes collected from oral cancer patients and 
found viable bacteria in 45% of the lymph nodes from 83% of the patients[43]. Overall, the origin of the 
PDAC intratumour microbiome is still not entirely clear, but the possibility of multiple sources exists. 
Probing the origin of such a microbiome will facilitate the utilization of diverse approaches to target the 
intratumour microbiome for the treatment of PDAC patients in the future.

THE LOCATION IN PDAC
The intratumoural microbiome is a novel member of the PDAC tumour ecosystem, and its localization, 
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especially its subcellular localization, remains unclear (Figure 1). Nejman et al[24] performed IHC for 
LPS and lipoteichoic acid of bacteria in five cancers, including breast, bone, lung, glioblastoma and 
ovarian cancers, and found that bacteria were predominantly present in tumour cells and immune cells 
and localized in the cytoplasm and nucleus of cancer cells. FISH was performed on bacterial 16S rRNA; 
however, bacterial 16S rRNA was mainly localized in the cytoplasm[24]. In multimethod staining of 
pancreatic, melanoma, ovarian, breast, and lung cancers, Narunsky-Haziza et al[16] reported that the 
fungi were predominantly present in cancer cells of pancreatic, breast, and ovarian cancers, as well as in 
macrophages of melanoma and lung cancers, and that very few fungi were extracellularly localized[16]. 
Although Nejman et al[24] did not report the dominant localization of bacteria within pancreatic cancer 
tumours, the results would be expected to be similar. An in vitro experiment revealed that P. gingivalis 
could exert tumour-promoting effects in PANC1 cells after P. gingivalis infection[44]. Another in vitro 
experiment reported that after coculture of bacteria from IPMN cyst fluid with pancreatic normal cells 
or pancreatic cancer cell lines for 2 h, most bacterial isolates were discovered to enter and survive in 
human pancreatic cells[45]. Another line of indirect evidence of the intracellular localization of bacteria 
was the discovery of bacteria in PDAC tissue-derived extracellular vesicles[46]. However, it is possible 
that some of these vesicles may also originate in the blood or lymph of the circulation.

Insights into microbial localization inside and outside cells suggest that the microbiome inside cancer 
cells can alter the transcriptional state, proteome, and metabolic reserve of cancer cells and that the 
microbiome outside cancer cells can cause metabolic alterations, immune editing, clonal expansion and 
metastasis, and mutagenesis in cancer cells[13]. Intracellular and extracellular microbial localization 
studies may also have clinical implications for the selection of antibiotics with different bactericidal 
mechanisms. In breast cancer, intracellular bacteria can survive cell-impermeable antibiotic treatment 
(ampicillin and gentamicin) but not cell-penetrating doxycycline treatment[34]. However, it seems to be 
crucial to elucidate the subcellular localization of the microbiome in tumours. For example, the 
biological characteristics of microbiomes with different subcellular localizations may differ. Bacteria 
present in the cytosol can obtain nutrients directly from the interior of the host cell, while the source of 
nutrients for bacteria present in intracellular vesicles requires input through the membrane[47]. In 
addition, bacteria in the cytosol spread directly between cells by forming membrane protrusions that 
eventually enter adjacent cells, thus avoiding the harm of humoural immunity, while vacuolar bacteria 
can remain free from cytosolic sensors and autophagy[47]. However, the intensity of bacterial effects on 
target cells depends on the cell type and bacterial strain. The microbiome in PDAC cells is not fully 
characterized by studies involving normal cells or specific microbiomes[48]. In conclusion, the 
localization of the intratumoural microbiome within PDAC tumours requires further revelation, and 
such revelation is of great importance.

PDAC-SPECIFIC INTRATUMOUR MICROBIOME
The "genomics era" has accelerated various fields of biological research, and the impact is particularly 
noticeable with respect to the human microbiome. As a 'second genome' for cancer, each tumour type 
was detected to have its own specific intratumour microbiota in approximately 7.2% of sequenced reads 
in The Cancer Genome Atlas (TCGA) that were not attributed to human origin[16,49-52]. Despite the 
unavoidable contamination of TCGA-sourced data, the in silico decontamination method and a machine 
learning (ML) approach to build diagnostic models could effectively distinguish the cancers of TCGA, 
regardless of the stringency of decontamination[16,49]. Nejman et al[24] sequenced 1010 tumour 
samples with a critical decontamination process and similarly concluded that different tumour types 
have different microbial compositions[24]. Analogous to the specific microbial community character-
istics of ecological differences in nature, in the tumour ecosystem, the specificity of the PDAC 
intratumour microbiome is reflected not only in the pancancer aspect but also between PDAC patients 
and normal individuals and between PDAC and the gut.

The intratumour bacterial 16S rDNA of PDAC is abundant, with great differences with respect to 
glioblastoma and bone cancer, while the Shannon diversity of intratumour bacteria is moderate, 
between that of ovarian cancer and melanoma[24]. Similar to bacteria, PDAC fungi have higher contents 
intermediate between breast and ovarian cancers[16]. At the phylum level, Proteobacteria, Bacteroidetes 
and Firmicutes are prevalent in the bacterial composition of PDAC[15,20,28,29,53]. Moreover, the 
abundance of Proteobacteria is also higher in PDAC than in breast cancer, glioblastoma, lung cancer, 
colorectal cancer and melanoma[24]. A similar specificity was also observed in PDAC intratumour 
fungi, with Ascomycota and Basidiomycota dominating the panintratumour fungal community at the 
phylum level. Ascomycota is slightly more abundant than Basidiomycota in PDAC, and Yarrowia bubula, a 
type of fungus belonging to Ascomycota, is the most differentiated fungus between PDAC and other 
tumours[16]. There was no considerable difference in the abundance of Malassezia across cancers, but 
important differences were shown in the human or mouse intestine vs PDAC[17,21].

Comparing PDAC with normal pancreas, the results seem to vary depending on the definition of 
"normal". When the pancreatic tissue in normal individuals is considered "normal", there are differences 
in the composition of the intratumour microbiome and a high alpha diversity of the microbiome in 
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PDAC[17,20,21,54]. The increase in intratumour bacteria in PDAC is 1000-fold compared to the normal 
pancreas, while the expansion of intratumour fungi is even more remarkable, with a 3000-fold increase 
compared to the normal pancreas[20,21]. Interestingly, the amount of bacteria in PDAC is considerably 
higher than the amount of fungi[16]. The gut microbiome from Pdx1Cre; LSL-KrasG12D; Trp53R172H (KPC) 
mice, which have a higher degree of PDAC malignancy, has a higher capacity to translocate to the 
pancreas than that of WT mice[20]. Furthermore, the ability of the intratumour microbiome to enter the 
pancreas seems to be correlated with the level of pathological alterations of the pancreas. The 
percentage of bacterial DNA positivity in pancreatic cysts increases from 33.0% in non-IPMN to 59.6% in 
IPMN and 81.5% in cancer[27]. The mechanism of microbial enrichment within the tumour may be 
attributed to: (1) A hypoxic TME favouring the growth of anaerobic and parthenogenetic bacteria; (2) 
chemotactic effects of bacterial nutrients present in the necrotic region of the tumour and chemoat-
tractive compounds present in the necrotic region of the resting cancer cells; (3) entry of circulating 
bacteria into the tumour tissue through an abnormally proliferating leaky tumour vascular system; (4) 
an immunosuppressive TME providing a refuge for microbial immune evasion; and (5) the impaired 
pancreatic barrier function, which facilitates microbial colonization[23,54,55]. Broad similarity in 
microbiome composition exists between PDAC and NAT when "normal" pancreas is defined as NAT, 
but differences also exist[19,25,26,28]. Interestingly, when comparing the microbial compositions of 
ductal adenocarcinomas in different parts of the pancreas, no differences in the composition or diversity 
of the microbial community were shown[25,45,56]. Upon comparing different subtypes of PDAC, the 
'basal-like' subtype had higher microbial abundance than the 'classical' or 'hybrid' subtypes but was 
dominated by a few very-high-abundance species[57].

As a possible source of the PDAC intratumour microbiome, several reports have demonstrated 
significantly higher gut fungal and bacterial alpha diversity than tumours[21,29]. For bacteria, Proteo-
bacteria, which account for only 8% of the gut bacteria in PDAC patients, account for nearly 50% in 
PDAC[20]. Regarding fungi, at the genus level, Malassezia was more prevalent in PDAC than in the gut
[17,21]. The faeces seem to be incapable of referring to the microbial composition of the gut in different 
locations. However, comparing bacterial differences between duodenal and PDAC using endoscopic 
ultrasound-guided fine-needle aspiration (EUS-FNA) also confirmed the higher abundance of Proteo-
bacteria in PDAC than in the duodenum[53]. In other words, the enrichment of the gut microbiome in 
PDAC may be specific as well.

THE INTRATUMOUR MICROBIOME AND THE DIAGNOSIS AND PROGNOSIS OF PDAC
Due to the paucity and nonspecificity of symptoms in patients with early PDAC, early detection of 
PDAC in clinical practice involves many challenges[58]. Poore et al[49], Nejman et al[24] and Narunsky-
Haziza et al[16] provide the most comprehensive analysis of the blood microbiome and solid tumour 
diagnosis thus far[16,24,49]. Liquid biopsy in cancer allows the detection of miniature amounts of 
analytes (e.g., DNA, RNA, proteins) shed from the tumour, which enables diagnostic and prognostic 
analysis of cancer[59] and earlier and more sensitive detection of PDAC by liquid biopsy compared to 
traditional PDAC examination techniques[60,61]. Traditional liquid biopsy-based diagnostic models 
have failed to address the presence of the intratumour microbiome. Poore et al[49] and Narunsky-
Haziza et al[16] analysed blood-derived microorganisms from the TCGA and Hopkins cohorts and 
concluded that ML models based on the blood-derived microbiome can widely distinguish between 
multiple cancer types[16,49]. In the Hopkins cohort, the ML classification of untreated PDAC in phase I 
vs healthy controls revealed that decontaminated fungal species provided significant performance. This 
provides a new landscape for cell-free microbial DNA (cf.-mb DNA) models based on multispecies (e.g., 
tumour, bacterial, fungal) sources in the early clinical diagnosis of PDAC. Despite rigorous 
computerized decontamination, further examination of decontaminated samples in a rigorous 
laboratory is required. It is also questionable whether the origin of cf.-mb DNA remains uncertain, 
although possible sources include oral, gut, and intratumour microbiomes[8].

TCGA microbiome data of solid tumours allow excellent differentiation of tumours by ML[16,49]. 
Regardless of the low abundance of the intratumour microbiome when compared to the tumour 
genome, species presence, whether involved in tumour pathogenesis or as opportunistic occupants, 
potentially contributes to the diagnosis of PDAC. EUS-FNA is a safe histological procedure for the 
diagnosis of patients with suspected PDAC[62]. Fast frozen EUS-FNA biopsy significantly enhances the 
diagnostic accuracy of current standard procedures by providing comprehensive genomic and 
transcriptomic analysis of PDAC patients at all stages[63]. Likewise, this technique is valuable for the 
evaluation of the intratumour microbiome of PDAC[53,56,64]. The strength of EUS-FNA is the ability to 
capture microbiome information in inoperable patients with no significant differences in alpha 
diversity, beta diversity, or taxonomic characteristics between EUS-FNA and surgically resected 
samples[64]. Since the early phase of intratumour microbiome research, there has been no more 
application of EUS-FNA for PDAC intratumour microbiology-related diagnosis. The diagnostic idea 
may be similar to genomic and transcriptional analysis: (1) By using the PDAC-specific microbiome for 
differentiation; and (2) building a strongly robust diagnostic model of multiple microbiomes, Narunsky-
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Haziza et al[16] concluded that the TME may be a noncompetitive space for multidomain microbial 
colonization based on the strong positive correlation observed between fungal and bacterial diversity, 
abundance and cooccurrence in multiple cancer types[16]. Consequently, utilizing multifeature-based 
ML seems to be a better choice for diagnosis.

The essential role of the intratumoural microbiome in regulating the immune tone of the tumour TME 
makes it a favourable predictor of prognosis in PDAC patients. When comparing the alpha diversity of 
the intratumour microbiome in long-term survival (LTS) PDAC patients [overall survival (OS) > 5 years] 
vs short-term survival (STS) PDAC patients (OS < 5 years), patients with LTS had higher diversity than 
those with STS[14]. LTS patients showed a predominance of Alphaproteobacteria, Sphingobacteria and 
Flavobacteria at the class level, while STS patients presented with Clostridia and Bacteroidea. Similarly, 
another study on the prognosis-related intratumoural microbiome of Chinese PDAC patients reported 
higher alpha diversity in LTS patients than in STS patients, although the two studies did not have the 
same threshold for OS time[65]. It seems, however, that the role of high microbiome diversity in 
predicting the prognosis of PDAC tumours is not common to all tumours. For instance, high microbial 
diversity in gastric adenocarcinoma tumours is associated with poor survival[66]. Most likely due to 
genetic, ethnic, dietary, and geographical variability, the dominant species between LTS and STS 
obtained from these two cohorts were not identical[65,67]. Similar to the aforementioned diagnostic 
approach using the intratumour microbiome, microbiome data from TCGA were found to be a better 
prognostic predictor than clinical covariates alone in adrenocortical carcinoma, cervical squamous cell 
carcinoma, low-grade glioma and subcutaneous melanoma by the ML approach[68]. The combination of 
tumour microbiome abundance data and gene expression data allowed for modest improvements in 
predictive performance. In PDAC, Riquelme el al[14] constructed a prognostic signature employing 
Pseudoxanthomonas, Saccharopolyspora and Streptomyces, together with Bacillus clausii, that effectively 
predicted the prognosis of patients in the MD Anderson Cancer Center cohort (AUC = 97.51) and Johns 
Hopkins Hospital cohort (AUC = 99.17)[14].

Overall, the PDAC microbiome has shown incipient clinical relevance in diagnosis and prognosis, but 
the low biomass of the tumour microbiome makes decontamination particularly critical[69]. Laboratory 
means and computerized decontamination to achieve more reliable and reproducible results make the 
use of intratumour microbiome information for PDAC cancer diagnosis and prognosis more reliable. 
However, few studies have applied strict contamination controls to the cancer genome, although the 
efficiency of the application can be increased by adding samples or performing computerized 
decontamination[13]. Furthermore, genetic, ethnic, and geographical differences create heterogeneity in 
the microbiome composition of populations in different regions, which adds limitations in the use of 
microbial information for diagnostic and prognostic judgements. However, recently, one of the methods 
using transfer learning to overcome regional effects has yielded better robustness in cross-regional 
disease diagnosis using gut microbial features[70]. In other words, the microbial information within the 
tumour seems not to lose its meaning due to the presence of various restrictions. Further investigation 
of the meaning of the intratumour microbiome of PDAC in diagnosis and prognosis is desirable.

THE INTRATUMOUR MICROBIOME-IMMUNE-PANCREATIC CANCER AXIS
Innate and adaptive immunity comprise the body's powerful immune system, and they serve in the 
surveillance, recognition and elimination of tumours. The innate immune system reacts rapidly and 
nonspecifically when the body encounters pathogens, while adaptive immune responses develop more 
slowly but specifically and lead to classical immune memory[71]. Research over the years has focused 
on the adaptive immune system; however, studies of the adaptive immune system have led researchers 
to reassess the role of innate immunity as an essential hub for adaptive immune activation[71-73]. The 
human gut microbiome, as the largest microbial reservoir in the body, coevolved with the immune 
system and interacts directly through metabolic crosstalk[74]. The gut microbiome regulates host innate 
and adaptive immunity and influences disease development through its metabolic and microbial 
intrinsic components[75]. Similarly, in tumours, microbial mechanisms exist that are known to 
manipulate components of the intestinal epithelial barrier, regulate the activity of lymphoid organs, and 
modulate the immune tone of the TME[76]. For PDAC, immune cells, as an important component of the 
PDAC microenvironment, serve influential roles in regulating the growth, metastasis and treatment of 
PDAC[77-79]. Current findings demonstrated that the PDAC intratumour microbiome, by regulating 
immune tone in the TME, impacts PDAC progression and the immunotherapeutic response[14,20-22]. 
This mechanism of intratumour microbiome regulation of PDAC by influencing TME immune tone can 
be described as the intratumour microbial-immune-pancreatic cancer axis[8] (Figure 2). The intratumour 
microbiome similarly influences PDAC by modulating adaptive and innate immunity in the TME.

The complement system is a member of innate immunity and consists of approximately 20 different 
serine proteases. Similar to the coagulation pathway, complement activation entails several steps that 
are tightly regulated[80,81]. The complement system is activated in three major ways: The "classical 
activation pathway", the "bypass activation pathway" and the "lectin activation pathway"[80,82]. The 
convergence point for all complement activation pathways is the formation of C3 convertase complexes 
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Figure 2 The intratumour microbiome-immune-pancreatic cancer axis. The intratumour fungi can activate the complement 3 (C3) complement cascade 
through the "lectin activation pathway". And C3a, as a fragment after C3 complement cascade reaction, promotes pancreatic ductal adenocarcinoma (PDAC) cells 
proliferation by binding to C3a receptors on the surface of cancer cells. Moreover, the intratumour fungi (Malassezia globosa or Alternaria alternata) and their cell-free 
extracts facilitate interleukin (IL)-33 secretion through activation of the dectin-1 receptor-mediated Src-Syk-CARD9 pathway. And IL-33 secretion promotes T helper 2 
cell, group 2 innate lymphoid cells and Tregs enrichment in tumour microenvironment (TME), thus promoting PDAC progression. The intratumour bacteria promotes 
the secretion of neutrophil chemokines in the TME of PDAC thereby promoting tumour-associated neutrophils 2 (TAN2) enrichment in the TME. A portion of the effect 
of TAN2 may be through neutrophil extracellular traps. The PDAC intratumour bacteria also reduces the TAM1 polarization and decreased the antigen-presenting 
ability of TAM1 though through activation of toll-like receptors (TLR)2 and TLR4 on the surface of cells. TAM1 inhibition is accompanied by an increase in TAM to 
TAM2 conversion. It also promotes the secretion of IL-1β through TLR4 on the surface of PDAC cells. And IL-1β secretion promotes TAM2 activation through an 
indirect pathway that activates pancreatic stellate cells. Finally, the high diversity of intratumour microbiome promotes the activation of CD8+ T cells, which inhibits 
PDAC. C3: Complement 3; PDAC: Pancreatic ductal adenocarcinoma; Th2: T helper 2 cell; ILC2: Group 2 innate lymphoid cells; TME: Tumour microenvironment; 
TAN2: Tumour-associated neutrophils 2; NETs: Neutrophil extracellular traps; TAM: Tumour-associated macrophages; TLR: Toll-like receptors; PSCs: Pancreatic 
stellate cells.

on the surface of target cells, and upon formation of C3 convertase, the complement system is able to 
perform its duties. C3 is primarily synthesized by hepatocytes, but increasing evidence suggests that C3 
is also locally secreted by a variety of cell types, including monocytes/macrophages, fibroblasts, 
endothelial cells, epithelial cells, and cancer cells, including PDAC[83-85]. The positive role of the 
complement system in fighting heterologous pathogens has been extensively studied, but it appears to 
serve as a promoter of tumour growth in a variety of tumours[82,83]. On the one hand, tumour-
associated macrophages (TAMs) in the PDAC microenvironment can protect pancreatic cancer cells 
from complement-dependent cytotoxicity by regulating CD59, and on the other hand, intratumour 
fungi can promote fungal-tumour cohabitations using complement cascade reactions[21,86]. In 
preclinical experiments, the intratumour fungi of KPC mice, especially Malassezia, can activate the C3 
complement cascade through the "lectin activation pathway"[21]. C3a, as a fragment produced after the 
C3 complement cascade reaction, promotes PDAC cell proliferation by binding to C3a receptors on the 
surface of cancer cells[21]. However, the role of the MBL-C3 mechanism of intratumoural fungi may be 
more significant than that[87]. An in vitro experiment showed that C3a-C3a receptor binding could 
promote the epithelial-to-mesenchymal transition (EMT) by activating the ERK pathway in PDAC cells
[88]. Additionally, C3a receptors are expressed not only in tumour cells, but also on myeloid cells and 
CD4+ T lymphocytes[89-93]. This suggests that the intratumour fungal MBL-C3 mechanism in PDAC 
may have a broader role in the TME and necessitates further investigation.
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Neutrophils, as the predominant specialized phagocytes in the body, play an important role in the 
body's resistance to pathogens such as bacteria, fungi, viruses and parasites[87,94-96]. Neutrophils 
function primarily through three major strategies: Phagocytosis, degranulation and the release of 
neutrophil extracellular traps (NETs)[97]. NETs are reticular structures composed of nuclear or 
mitochondrial DNA fibres decorated with antimicrobial enzymes and histones that are released to trap 
and kill pathogens[87,98]. NETs in tumours induce tumour recurrence, enhance tumour migration and 
invasiveness, and promote tumour cell proliferation[99]. The interaction between neutrophils and the 
microbiome is also reflected in PDAC. It was recently reported that P. gingivalis promotes the secretion 
of neutrophil chemokines (CXCL1 and CXCL2) in the TME of PDAC, thereby promoting tumour-
associated neutrophil 2 (TAN2) enrichment in the TME[25]. In addition, the enrichment of TAN2 and 
the progression of PDAC can be blocked by CXCR2 inhibitors. In addition, neutrophil elastase (NE) in 
the TME was observed to be coexpressed with myeloperoxidase, a component of NETs[25]. However, 
the mechanism of increased neutrophil-associated chemokines and NE in the PDAC microenvironment 
caused by intratumour P. gingivalis is unclear. However, the toxicity factors of P. gingivalis, such as 
gingipains, serine proteases, lipid phosphatases or fimbriae, have been reported to manipulate the 
immune response of neutrophils in periodontitis[100].

Group 2 innate lymphoid cells (ILC2s), initially identified as important cells that protect the host from 
worm infection, also appear to play roles in asthma, inflammation and cancer. It was revealed that 
ILC2s seem to serve as ”bipartisan politicians” in different tumours, and this feature was also likely 
exhibited in different immunogenic pancreatic cancers[17,101,102]. Kras-mutated PDAC promotes the 
infiltration of Th2 cells, ILC2 cells and Tregs in the TME through interleukin (IL)-33 secretion mediated 
by the Kras-MEK-ERK pathway. Meanwhile, intratumour fungi (Malassezia globosa or Alternaria alterna-
ta) and their cell-free extracts facilitate IL-33 secretion through activation of the dectin-1 receptor-
mediated Src-Syk-CARD9 pathway[17]. PDAC infiltrates into tumour-promoting immune cells, 
including Th2 and ILC2 cells, to contribute to the protumourigenic program through their cytokine 
networks, leading to PDAC progression[103-105]. However, ILC2 cells in PDAC may have opposite 
effects. From another study, ILC2 was reported to inhibit PDAC tumour progression through the ILC2-
CD103+DC-CD8+T axis[102]. High/Low TME immunogenicity apparently leads to distinct effects of 
ILC2 cells in PDAC. In other words, although there are no reports on the inhibition of PDAC by 
intratumour fungi, the bifacial impact of ILC2 cells in PDAC provides a clue to the antitumour effects of 
intratumour fungi in PDAC with respect to the pro/inhibitory effects of the intratumour microbiome 
under different immunogenicities.

The spectrum of macrophage activation states in tumour tissues is complicated, and TAMs are 
typically classified into two categories: M1 classically activated macrophages (TAM1) or M2 altern-
atively activated macrophages (TAM2)[106]. TAM1 promotes tumour remission and the Th1 response 
by secreting tumour necrosis factor-α and IL-12, while TAM2 exhibits an immunosuppressive 
phenotype and releases cytokines such as IL-4, IL-13, and IL-10 to promote the Th2 response[107]. A 
complex mechanism exists for the interaction between the intratumour microbiome and TAMs. Ablation 
of the microbiota with antibiotics leads to a decrease in TAM2 in KPC mice in situ and a concomitant 
increase in TAM1. Moreover, cell-free extracts from Bifidobacterium pseudolongum, a member of the 
PDAC intratumour microbiota, reduced TAM1 polarization and decreased the antigen-presenting 
ability of TAM1[20]. TAM2 tumour-promoting efficacy weakens when Toll-like receptor (TLR) 
signalling is eliminated in vivo. However, the TLR signalling-mediated effects do not seem to be limited 
to TAMs. According to a separate study, the pro-oncogenic effect of the intratumour microbiome in 
PDAC probably results partly from TLR4-mediated IL-1β production in PDAC cells[108]. Tumour-
derived IL-1β partially contributes to the upregulation of TAM2 by regulating the activation and 
secretory phenotype of pancreatic stellate cells. In addition, the concentration of IL-1β seems to be 
positively correlated with the number of bacterial 16S rDNA copies in PDAC and IPMN cyst fluid[27].

In regard to adaptive immunity, CD8+ T cells are an essential component. CD8+ T cells are recruited 
to infiltrate the TME and specifically kill target cells through recognition of antigens presented by MHC 
class I molecules[109]. Antibiotic ablation of the microbiota significantly increased the proportion of 
intratumour T cells in KPC mice. In parallel, the decrease in the microbiome increased the CD8+:CD4+ T-
cell ratio and the number of cytotoxic phenotypic CD8+ T cells[20]. A significant reduction in CD8+ T 
cells in the TME was observed in PDAC mice gavaged with Alternaria alternata and P. gingivalis[17,25]. 
However, the effects of the intratumoural microbiome on CD8+ T cells in the TME may be associated 
with the heterogeneity of the PDAC microbial community. The LTS patients had higher alpha diversity 
and a higher density of CD3+ and CD8+ T cells than STS patients. Furthermore, the enrichment of 
Saccharopolyspora, Pseudoxanthomonas and Streptomyces in LTS patients was positively correlated with 
CD8+ T-cell density[14]. This may imply that the intratumour microbiome is not just tumour-promoting. 
The recruitment mechanism of the PDAC intratumour microbiome is still unclear, but it seems that the 
PDAC ecosystem allows "co-occurrence" of microbiomes that are beneficial to PDAC[16]. The evidence 
derived from pancreatic cancer mice with Col1 gene knockout showed reduced Bacteroidales, increased 
Campylobacterales and high infiltration of CD8+ T cells compared to the tumour ecosystem of control 
mice[54]. Knockdown of the Col1 gene resulted in reduced malignancy of PDAC and altered 
intratumour microbial composition. Meanwhile, the ablation of the microbiome at this time resulted in 
shorter survival time and reduced infiltration of CD8+ T cells in the TME of the knockout Col1 mice.
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In conclusion, complex interactions exist in the intratumour microbiome-immune-pancreatic cancer 
axis, which may more predominantly act as contributors to PDAC progression by modulating immune 
tone and thus influencing PDAC progression. However, the impact of the PDAC intratumour 
microbiome exceeds that of promoting the production of an immunosuppressive TME; depending on 
the PDAC ecosystem, it may also help to form an immune-promoting TME. At present, problems 
remain in the study of the PDAC intratumour microbiome: For example, the gavage of the microbiome 
or the oral administration of antibiotics cannot rule out the effects of the gut microbiome in mice[22]. 
Therefore, the mechanisms related to bacteria and fungi in PDAC still need to be further investigated.

THE INTRATUMOUR MICROBIOME AND CANCER THERAPY
Chemotherapy resistance
Gemcitabine, the classic chemotherapy regimen for PDAC, is also used in other solid tumours, such as 
ovarian cancer, bladder cancer and non-small cell lung cancer[110-113]. Gemcitabine is a cytidine 
analogue for which clearance is mainly due to the rapid and extensive inactivation of its main 
metabolite, 2',2'-difluorodeoxyuridine, by cytidine deaminase (CDD)[110]. CDD was recently identified 
by Geller et al[15] as a potential contributor to microbial-induced chemoresistance[15]. They classified 
bacteria according to the length of the bacterial CDD gene into 880-nucleotide-long CDD (CDDL), 400-
nucleotide-long short form CDD (CDDS) and CDD-deficient bacteria. All species expressing CDDL were 
resistant to gemcitabine, whereas only a minority of CDDS and CDD-deficient bacteria mediated this 
effect. In vivo experiments confirmed that CDDL-expressing E. coli increased tumour resistance to 
gemcitabine. Instead, the combination of gemcitabine and the antibiotic ciprofloxacin impeded 
resistance to this anticancer drug. Finally, by culturing bacteria from 15 fresh human PDAC tumours, 
they observed that bacteria from 14 PDAC samples enabled human colon cancer cell lines to become 
fully resistant to gemcitabine. This bacterial-driven gemcitabine deamination could be restored by 
exogenous delivery of the CDD inhibitor tetrahydrouridine[114]. Geller et al[15] also reported that 
bacterial suspensions also reduced the efficacy of oxaliplatin; however, this effect was not mediated by 
CDD. Although the enzyme or bacterial product that mediates oxaliplatin catabolism remains elusive, it 
is clear that bacteria can confer oxaliplatin resistance to cancer cells in a similar manner[15]. 
Nevertheless, Clostridium nucleatum was also revealed to induce resistance to oxaliplatin in colorectal 
cancer indirectly through the TLR4/MYD88 pathway[115]. It seems that the application of chemothera-
peutic agents also altered the intratumour microbial composition of PDAC patients and affected the 
efficacy of chemotherapeutic agents. Significantly higher relative abundance of Enterobacteriaceae was 
observed in samples from patients treated with the combination of gemcitabine and paclitaxel 
compared to those treated with gemcitabine only and those not receiving neoadjuvant chemotherapy at 
all[26]. These Enterobacteriaceae are believed to be associated with chemotherapy resistance. 
Consequently, there may be various mechanisms involved in the chemotherapy resistance of PDAC 
with respect to the intratumour microbiome, showing the potential to improve tumour treatment 
outcomes by influencing the microbiome.

The strategy of applying antibiotics
In preclinical studies, the administration of antibiotics to PDAC mice to ablate the gut and intratumour 
microbiota of mice achieved inhibition or promotion of tumour progression[20,21]. In clinical trials, 
antibiotic monotherapy seems to improve the prognosis of patients with PDAC. In a retrospective 
clinical study enrolling 580 patients, patients with metastatic PDAC with a history of antibiotic use 
beyond 48 h had longer OS and progression-free survival (PFS) than patients with metastatic PDAC 
who did not use antibiotics but were not dependent on the use of preoperative antibiotics[116]. 
However, such an effect may be limited to specific patients. Another study noted that postoperative 
quinolones improved postoperative survival for patients with positive Klebsiella pneumoniae cultures in 
the bile but failed to show statistically significant improvement in postoperative survival for patients 
with negative Klebsiella pneumoniae cultures[117].

The combination of antibiotics with gemcitabine to reduce microbial-induced chemoresistance seems 
to be an effective strategy for the treatment of PDAC patients. The combination of antibiotics with 
gemcitabine improved OS and PFS in patients with metastatic PDAC, and improvement in PFS was 
observed in patients using FOLFIRINOX in combination with antibiotics[116]. Similarly, a retrospective 
study of 430 patients with PDAC reported that patient treatment with the combination of gemcitabine 
and antibiotics was more effective than monotherapy with gemcitabine[118]. In other words, the 
combination of antimicrobials with gemcitabine may increase the efficacy of gemcitabine while 
probably also increasing gastrointestinal and haematological adverse effects. Furthermore, the 
combination of quinolones with gemcitabine increased the incidence of haematological, gastrointestinal, 
obesity, and transaminase elevations, while the combination of β-lactam antibiotics with gemcitabine 
increased the incidence of haematological adverse events[118]. However, the combination of quinolones 
with gemcitabine improved PFS in patients with negative Klebsiella pneumoniae bile cultures[117]. Apart 
from aggravating the adverse effects of chemotherapeutic drugs, the combination of antibiotics and 
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chemotherapeutic drugs may lead to the development of drug-resistant bacteria and disrupt the 
commensal relationships of microbiota in the long-term use of antibiotics[119]. Research has shown that 
7 d of continuous antibiotic use in healthy individuals will perturb gut microbes and require at least 1 
year to return to normal[120]. Therefore, it is imperative to investigate antibiotic strategies that target 
microbiota to improve the prognosis of PDAC patients and preserve the beneficial microbiota.

Despite the limited efficacy of immunotherapy in PDAC, the significance of the intratumour 
microbiota in altering the immune tone of PDAC offers new therapeutic options[121,122]. The complex 
relationship between the microbiota and immune regulation within PDAC tumours makes the outcome 
of antibiotic combination immunotherapy unclear. In a meta-analysis enrolling 2740 cancer patients, 
antibiotic use was associated with significantly lower OS and PFS in patients treated with immune 
checkpoint inhibitors[123]. Moreover, the modulatory mechanism of the intratumour microbiome on the 
TME in PDAC may not be dependent on the surviving microbiome. The application of cell-free extracts 
of microbiota in preclinical studies also achieved the modulation of TME immune tone[17,65]. 
Therefore, the strategy of applying antibiotics in combination with immune checkpoint inhibitors in 
PDAC also faces some urgent challenges to be solved.

The application of probiotics
In view of the access of the PDAC microbiome to the pancreas via the pancreatic duct, oral adminis-
tration of probiotics offers a potentially effective strategy. While this strategy needs to be confirmed by 
clinical trials, the role of the gut/pancreatic microbiome and its metabolites in PDAC has been 
demonstrated in many preclinical studies. For example, Lactobacillus can decrease the number and grade 
of pancreatic precancerous lesions, retard the growth of pancreatic cancer cells in Kras mutant mice, and 
inhibit the EMT process in cancer cells[124]. Heptelidic acid, a metabolite of the probiotic Aspergillus 
oryzae, activates the p38 MAPK signalling pathway and induces apoptosis in pancreatic cancer cells
[125]. Megasphaera and the short-chain fatty acids derived from its metabolism enriched in LTS PDAC 
patients stimulated macrophage activation in vitro and improved the efficacy of programmed cell death 
protein 1 inhibitors in vivo[65]. However, the use of probiotics in PDAC is also problematic. Probiotics 
may not only destroy the ecosystem of innately colonized microbiota but could also hinder the re-
establishment of the microbial ecosystem after antibiotic treatment[126]. It is also noted that probiotics 
may induce infections in patients, especially those who suffer from immune deficiency[122,127]. 
Incorporating the once-unappreciated intratumour microbiome into research would provide a good 
direction to improve the prognosis of pancreatic cancer patients.

CONCLUSION
In recent years, the field of the intratumour microbiome has provided new insights into the field of 
oncology. PDAC is a highly malignant tumour, and some of the biological processes in PDAC are tied to 
the intratumour microbiome. Investigating the causal relationship and molecular interactions between 
PDAC and the commensal microbes in the TME is expected to provide new ideas for mankind in the 
conquest of PDAC. In this review, we reveal that the microorganisms within PDAC tissues may 
originate from the gut and oral cavity via circulation, the lymphatic system, and the gastrointestinal 
system. The microbial enrichment within PDAC tissues is specific. The PDAC intratumour microbiome 
is capable of regulating immune tone through immune cells, such as TAMs, TANs and lymphocytes, 
and the complement system. In addition, targeting the microbiota associated with PDAC has potential 
clinical applications in the diagnosis and treatment of tumours. Overall, the study of the intratumour 
microbiome is still at an early stage, and many issues remain to be addressed. For example, the origin 
and pathways of the intratumour microbiome in PDAC have not been fully explained. The details about 
the specific intratissue localization of the microbiome and its subcellular localization are unclear. The 
complex interactions between specific microbiomes and the TME have not been fully revealed. Altern-
atively, the majority of microbiota appears not to be culturable from tumours in a straightforward 
manner, limiting the ability to directly utilize intratumour microbiota for studies[128]. Furthermore, 
fundamental and clinical research on the association between the intratumour microbiome and genomic 
mutations in PDAC is still inadequate. However, based on the previously described mechanism by 
which intratumoural fungi enhance KRAS mutations mediating IL-33 secretion by PDAC, the existence 
of interactions between genomic alterations in PDAC and intratumoural microbes has been shown[17]. 
In addition, current research mainly focuses on intratumoural bacteria and fungi, and there is less 
research on the interactions between viruses and tumours. An association between hepatitis B virus 
(HBV) and hepatitis C virus and PDAC risk has been shown, and HBV expression can be found in 
PDAC tissue[129,130].

In the future, it is essential to investigate the causal relationship between PDAC and intratumoural 
microbial interactions and to use more advanced technologies, such as single-cell sequencing, for related 
research. Furthermore, KRAS mutations are a major burden in the conversion of pancreatic precan-
cerous lesions to PDAC; thus, the relevance of KRAS mutations in the intratumour microbiome of 
PDAC needs further investigation[131]. Additionally, the mechanisms of virus-host interactions are still 
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not available, and it is essential to investigate the mechanisms associated with viruses in tumours to 
improve the theoretical system of tumour microbiology. Finally, a more precise and personalized 
application of antibiotics or probiotics to improve chemoresistance and immunotherapy in PDAC 
patients is a huge challenge. Thus, more sophisticated and effective clinical trials are required in the 
future to identify such potentially beneficial patients and improve their prognosis.
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Abstract
Colorectal cancer (CRC), the third most common type of cancer worldwide, 
threaten human health and quality of life. With multidisciplinary, including 
surgery, chemotherapy and/or radiotherapy, patients with an early diagnosis of 
CRC can have a good prognosis. However, metastasis in CRC patients is the main 
risk factor causing cancer-related death. To elucidate the underlying molecular 
mechanisms of CRC metastasis is the difficult and research focus on the invest-
igation of the CRC mechanism. On the other hand, the tumor microenvironment 
(TME) has been confirmed as having an essential role in the tumorigenesis and 
metastasis of malignancies, including CRCs. Among the different factors in the 
TME, exosomes as extracellular vesicles, function as bridges in the communication 
between cancer cells and different components of the TME to promote the 
progression and metastasis of CRC. MicroRNAs packaged in exosomes can be 
derived from different sources and transported into the TME to perform 
oncogenic or tumor-suppressor roles accordingly. This article focuses on CRC 
exosomes and illustrates their role in regulating the metastasis of CRC, especially 
through the packaging of miRNAs, to evoke exosomes as novel biomarkers for 
their impact on the metastasis of CRC progression.
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Core Tip: Exosomes, the extracellular vesicles function as connectors in communication between cancer 
cells and different components of the tumor microenvironment (TME). The miRNAs packaged into 
exosomes were derived from different sources and transported into the TME, performing oncogenesis or 
tumor-suppressor roles.
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INTRODUCTION
Colorectal cancer (CRC) is a common malignant tumor of the digestive system, which has a high 
incidence and mortality, accounting for 10% of all cancer incidences and 9.4% of deaths worldwide[1]. 
The major reason for the high mortality rate of patients with CRC is the high heterogeneity and 
metastasis. Tumor microenvironment (TME) provides the environment for the growing, developing and 
maturing processes of cancer cells, whose special structure and composition have a great influence on 
the growth and metastasis of malignancies, including CRC[2]. Therefore, the study of the CRC microen-
vironment enables us to have a deep understanding of the mechanism of tumorigenesis and metastasis 
of CRC and is of great significance for evoking novel therapeutic strategies for metastatic CRC.

Exosomes are extracellular vesicles (EVs) secreted by various cells, which are actively involved in 
biological growth and development, immune system response, anti-tumor activity, mediating tumor 
metastasis and other biochemical reactions in vivo and in vitro[3]. Exosomes originate from the 
endocytosis of cells and are released after a series of transport to form intralumenal vesicles (ILVs)[4]. It 
is confirmed that exosomes carry cargo, such as proteins and miRNAs, that promotes tumor initiation, 
metastasis, and therapeutic resistance of cancer cells through intercellular communication in TME[5]. In 
different types of exosome-loaded biomolecules, miRNA plays the main regulatory role in the 
expression of downstream genes. As one kind of non-coding single-stranded RNA molecule, miRNAs 
was proved to be involved in regulating the process of protein synthesis[6,7]. A large number of studies 
have shown that exosomal miRNAs are highly expressed in a variety of tumors, and since exosomal 
miRNAs can be isolated and detected from body fluids, the exosomal miRNAs may become novel 
markers for tumor diagnosis[8].

Exosomes, on the other hand, act as communication mediators, carrying contents that function not 
only between cancer cells, but also between cancer cells and stromal cells, which is one of the main 
mechanisms by which exosomes participates in tumor metastasis. In colon cancer cells, exosome 
miRNAs can play a regulatory role in the initiation and metastasis of colon cancer through different 
signaling pathways, such as WNT pathway[9] and transforming growth factor beta (TGF-β) pathway
[10]. It also plays an essential role in regulating epithelial-mesenchymal transition (EMT) formation, 
extracellular matrix (ECM) remodeling and premetastatic niches (PMN) formation, which are vital for 
tumor metastasis. Therefore, this article focused on the investigation of miRNA in exosomes, compre-
hensively analyzed the function and mechanism of miRNA in CRC metastasis and its effects on ECM 
remodeling, EMT, angiogenesis and PMN formation during metastatic processes and described the 
application of miRNA in exosomes as the novel biomarkers for the diagnosis and treatment of 
metastatic CRC.

TME PLAYS AN ESSENTIAL ROLE IN THE METASTASIS OF CRC
The construction and function of TME
TME, a complex and constantly changing system as the "soil" of tumor cell growth and development, is 
mainly composed of ECM, stromal cells and immune cells, which can be divided into an immune 
microenvironment dominated by immune cells and the non-immune microenvironment dominated by 
stromal cells[5]. The former contains both innate and adaptive immune cells, such as macrophages/
dendritic cells (DC) and T lymphocytes, mediating the immunosuppressive function. Among them, 
tumor-associated macrophages (TAMs) and regulatory T cells (Tregs) performed the main immunosup-
pressive role by helping the immune escape of tumor cells and promoting the malignant development 
of tumors. On the other hand, the non-immune microenvironment mainly including fibroblasts, stromal 
cells and endothelial cells, was also involved in the development of malignancies. Cancer-associated 
fibroblasts (CAFs) were found to release stromal cell-derived factors and pro-angiogenic factors to 
promote tumor cell growth and angiogenesis process, while vascular endothelial cells mainly mediate 
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tumor angiogenesis, jointly contributing to tumorigenesis and metastasis. Due to its complexity and 
heterogeneity with a close impact on tumor cells, TME has been widely studied in the field of cancer 
therapy[11].

Since the role of TME in cancer has been reported before, the effect of T lymphocyte migration in 
TME was the focus of the research on tumorigenesis. It is discovered that innate immune responses not 
only indirectly control the production of T lymphocytes, but also directly shape TME through the 
production of cytokines. The following section will demonstrate the solely different roles of innate 
immune response cells in TME, including macrophages, DC, neutrophils, natural killer cells (NK) and 
bone marrow-derived suppressor cells (MDSC), as well as the non-immune microenvironment.

The role of TME in mediating the metastasis of CRCs
Immune cells: Among all innate immune cells, there is no doubted that macrophages derived from 
monocytes play an indispensable role, which is the first activated by pathogens and subsequently 
evoking the immune activation state[12]. During the tumorigenesis and development processes, TAMs 
are classified into classical inflammatory “M1” and alternative immunosuppressive “M2” activation 
modes[13].

M1 macrophages have pro-inflammatory, immune-stimulating and anti-tumor properties, which 
produce interleukin (IL)-1β, IL-6 and tumor necrosis factor α (TNF-α), participating in immune stress of 
the body[14]. Nevertheless, in the colitis model, the proinflammatory effect of M1 TAMs inducing an 
inflammatory response, is a risk factor for CRC, indicating that the effect of M1 TAMs on CRC will be 
judged by the specific environment[15]. M2 macrophages, highly infiltrated in most types of cancers, 
have immunosuppressive and tumor-promoting properties[16-18]. In colitis models, Wang et al[19] 
discovered that the density of M1 and M2 TAMs changed in the inflammation-carcinoma sequence, and 
the total number of TAMs gradually increased along with tumor metastasis[19]. Cultured with M1 
TAMs conditioned medium, CRC cells were found to accelerate pro-apoptotic morphological changes, 
while those in the M2 TAMs medium promoted cell proliferation and increased the expression of anti-
apoptotic markers[20]. TME with increased IL-4 cytokines, enhanced the immunosuppressive effect of 
M2 TAMs, promoting tumor growth and progression as well as the increase of M2 TAMs[21]. Vascular 
endothelial growth factor (VEGF) was also secreted by M2 TAMs to promote tumor angiogenesis 
through conjunction with other cells in TME[22,23].

On the flip side, M2 TAMs was also found to be involved in remodeling ECM and promoting EMT, to 
accelerate the invasion and metastasis of CRC[24,25]. Afik et al[26] conducted transcriptome and 
proteomic analyses in TAM of CRC and found that they are enriched in molecular features related to 
ECM remodeling[26], especially the expression of matrix metalloproteinase (MMP)[27]. TGF-β was also 
contributed to enhancing ECM remodeling and the EMT process, which is produced by M2 TAMs[28]. 
Herbeuval et al[29] demonstrated the production of IL-10 by CRC cells, which was induced by TAM-
derived IL-6 and recruited transcription factor, signal transducers and activators of transduction3 
(STAT3)[29], while M2 TAMs could promote CRC immune evasion by secreting immunosuppressive 
cytokines, IL-10 and TGF-β, and suppress the activities of T lymphocytes[30]. These findings indicate the 
promoting role of M2 TAMs in TME to accelerate CRC progression and invasion.

DCs, key players in the innate immune system, have high antigen presentation, through recognizing, 
capturing, and presenting the antigens to T cells in lymphoid organs. In cancer, DCs are specifically 
referred to as tumor-infiltrating DCs, which often exhibit immune stimulatory phenotypes in TME, 
through secreting inflammatory cytokines and prime effector T cells[31]. Orsini et al[32] confirmed that 
the antigen presentation ability of DCs was impaired in CRC patients, suggesting the immune 
stimulatory capacity of DCs can be inhibited by CRC cells to promote the development of cancers[32], 
while removed from the such environment, the ability to process antigens to T cells of DCs will be 
regained[33]. It is found that immunosuppressive factors, such as VEGF, IL-10, and TGF-β secreted by 
cancer cells were involved in inhibiting DCs maturation and antigen presentation[34,35]. In CRC, 
myeloid DCs are the most common subtypes, which are increased in frequency at the leading edge of 
tumor invasion and associated with lymph node invasion[36]. Hsu et al[37] found the high expression of 
C-X-C motif chemokine ligand 1 (CXCL1) in DCs obtained from CRC patients, enhancing the migration 
and stemness of cancer cells[37]. Additionally, the composition and function of DCs can be influenced 
by the unique TME of different types of cancer, even in different subtypes within the same malignancies
[38,39].

Neutrophils, the primary responders in acute inflammation, are the first line of defense against 
pathogens, by producing neutrophil extracellular traps (NETs) and engulfing invading microorganisms
[40]. It is reported that NETs dissolved ECM through MMP8/9 protease and improved tumor invasion 
and angiogenesis by releasing VEGF[41,42]. The EMT process was also induced by NETs for tumor cells 
to break through the vascular wall and enter the circulatory system, thus promoting the immune escape 
of tumor cells[40,41]. As part of the innate immune response, tumor-associated neutrophils (TANs) are 
similarly classified into the tumor-suppressive N1 and tumor-promoting N2 phenotypes. N1 TANs are 
the main type in the early stage of tumorigenesis, performing anti-tumor function through secreting 
type I interferon and activating IL-18 from NKs, while N2 TANs increase during the tumor 
development gradually, promoting tumor progression through increasing the level of reactive oxygen 
species and inhibiting the function of T and NK cells[43]. Interestingly, in CRC, the production of TGF-β 
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in TME polarized TANs from N1 to N2 phenotype, contributing the immune evasion by activating 
TAN-secreted MMP-9 and inhibiting the proliferation of T cells[33,44].

In addition, other immune cells, such as MDSCs, NK and Tregs also have been reported to be 
involved in the occurrence, development and metastasis of CRC. The function of MDSCs in TME was 
confirmed as suppressing the immune by inhibiting T cells and innate immune regulation, as well as 
contributing to the formation of PMN, maintenance of tumor stemness and promotion of angiogenesis
[45]. As non-specific innate immune cells, NKs performed cytotoxic effects through secreting killing 
mediators, such as perforin, NK cytotoxic factor, and TNF-α, thereby limiting the metastatic growth of 
tumor cells rather than the proliferation of primary tumor cells[46,47]. Enhancing NK cytotoxicity is 
speculated as a novel way to prevent cancer metastasis. Tregs, one of the important factors for main-
taining immune tolerance, are effective mediators of immunosuppression, negatively correlated with 
the prognosis of patients with malignant tumors[48]. In CRC, the contradictory effects of Tregs were 
reported, which were related to TME status[49].

Stromal cells: CAFs are one of the most abundant stromal components in solid tumors, which play an 
important role in tumorigenesis, angiogenesis, metastasis and invasion, and chemotherapy resistance of 
malignancies[50]. Similar to TAMs, CAFs promote the metastasis of cancer cells through remodeling 
ECM and promoting EMT[51]. By secreting collagen, fibronectin and MMP, as well as increasing VEGF 
levels, CAFs reorganize ECM components and form a directional migration trajectory available to tumor 
cells[52,53]. Additionally, expression of the collagen cross-linking enzyme lysine oxidase-like 2 (LOXL2) 
in CAFs is, to a certain extent, associated with a high recurrence rate, poor overall and disease-free 
survival in patients with CRC, since CAFs stimulate the EMT process through LOXL2 elevation[54]. 
Moreover, CAFs also promote immune evasion by restraining T cell function and promoting the 
polarization of TAMs, which was also inhibited by the high levels of TGF-β present at the edge of tumor 
invasion, derived from CAFs mainly[44,55]. Zhang et al[56] revealed that CXCL8 secreted by CAFs 
attracts monocytes to TME of CRC and promotes the polarization of M2 TAMs, further promoting 
immune suppression[56].

Mesenchymal stem cells (MSCs) are a kind of pluripotent stem cells with self-renewal and multidirec-
tional differentiation abilities, participating in tissue generation and repair in a variety of tissues. In 
many types of tumors, the cancer-associated MSCs are reprogrammed by tumors and have significant 
effects on the structure and function of TME through enhancing EMT and angiogenesis processes. What 
is noteworthy is that MSCs are the only one capable to produce large amounts of exosomes[57]. 
Utilizing secreting exosomes, MSCs transfer genes carried by cancer cells to other tissues and promote 
the formation of PMN, thus affecting the proliferation and metastasis of cancer cells[58]. However, the 
function of MSC-derived exosomes in cancers is controversial and needs further investigation[59].

ECM: Along with immune and stromal cells, ECM is also the important structural and biochemical 
support in TME, composed of a variety of extracellular proteins and macromolecules, participating in 
and controlling cell growth, migration, metabolism and other activities. It is found that ECM is mainly 
composed of collagen, non-collagen, elastin, and proteoglycans[60]. During tumor progression, the 
structure and function of ECM can be remodeled by the cells in TME, including immune and stromal 
cells[61]. Regarding cancer metastasis, the remodeling enzymes MMP-2/9 against collagenase in CRC 
was increased to degrade type IV collagen, resulting in the loss of ECM support and enhancement of 
tumor cell viability and aggressiveness[62,63]. The fibrotic response is another reason for biomechanical 
changes, like tumor sclerosis, which is mainly caused by the TGF-β-mediated activation of CAFs[64]. 
Stiffness in CRC, usually in collagen-rich regions, is associated with metastasis and the EMT process[65,
66].

As mentioned above, immune cells, stromal cells and ECM in TME all mediate the tumorigenesis, 
development and metastasis of types of cancer. During different processes, exosomes as bilayer vesicles 
containing complex RNA and proteins, have a non-negligible function in intercellular communication in 
the process of tumor metastasis. Uncovering the function and mechanism of exosomes will provide a 
new trend for anti-cancer research and benefit patients with CRC.

EXOSOMES INTERACTING BETWEEN CANCER AND TME
In recent years, exosomes, as a newly proposed concept, have attracted much interest in their role in 
tumor growth and metastasis. Numerous studies have shown that exosomes and their cargoes promote 
tumor cell genesis and metastasis through cell-to-cell communication in TMEs[5,67,68]. Under normal 
conditions, the individual cells and extracellular matrix of the body complement each other to form a 
healthy ecological niche[69,70]. When pre-metastasis niches are formed in the body, tumor stem cells 
begin to survive and proliferate, and induce other cells to participate in tumor formation and metastasis
[71], so as to construct a TME suitable for tumor cell growth and propagation. It is confirmed that 
exosomes play an important role in this process. It can have large or small effects on different 
tumorigenic pathways in TME, including tumor dryness, angiogenesis, tumor metastasis and EMT 
formation[72]. In addition, other studies have shown that the trigger of tumor is not only caused by 
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sufficient gene mutations, but more by functional changes of different interacting mediators in TME[73,
74]. In view of the important role of exosomes in the occurrence, development and metastasis of cancer, 
we will elaborate on the origin, development, cargos and function of exosomes, as well as the role of 
cell-to-cell communication of exosomes in cancer.

The development and concept of exosomes
Exosomes, first discovered in sheep reticulocytes, were simply considered as cellular vesicles for 
excreting cellular wastes. Soon, the new intercellular communication mode represented has made 
outstanding contributions to the monitoring, diagnosis and treatment of diseases. Particularly, tumor-
derived exosomes (TDEs), are the main focus of the research in cancers. Exosomes and/or their vectors 
have been reported as biomarkers, therapeutic targets and even vectors for anti-cancer drugs[75]. 
Therefore, understanding the formation and transport of exosomes and their relationship with the TME 
is of great significance for studying the function of exosomes in cancer.

Exosomes are EVs encapsulated by lipid bilayers with a diameter of 40-160 nm, originating from the 
endocytic pathway of cells[75]. The biogenesis of exosomes includes four processes, that is membrane 
invagination, endosome formation, endosome maturation, and multivesicle bodies (MVBs) release 
(Figure 1). First, the cell membrane invaginates and generates small vesicles by endocytosis, which 
contain cell surface proteins and soluble proteins related to the extracellular environment. Next, the 
vesicles fuse to form early endosomes (EEs), which share their contents and membrane composition 
through clathrin and vesicle protein pathways, which is the main reason for the diversity and hetero-
geneity of exosomes. At the same time, the trans-Golgi network and endoplasmic reticulum also 
contribute to the formation of EEs. Along with the acidification of the contents and the entry of some 
"cargoes", such as cytoplasmic miRNAs, enzyme molecules and heat shock proteins (HSP), EEs 
gradually become mature late endosomes, also known as cellular MVBs containing ILVs. Finally, MVBs 
fuse with the plasma membrane and release ILVs to form exosomes, while the rest part fused with 
lysosomes or autophagosomes for degradation[76,77].

The endosomal sorting complex required for transport (ESCRT) is essential for the classical pathways 
to facilitate the formation of ILVs, composed of four complexes, ESCRT-0, -I, -II and -III[78]. Among 
them, ESCRT-0 and –I is responsible for the recognition of ubiquitinated proteins, while the combination 
of ESCRT-I/II initiates the activation of ESCRT-III, which combined with the ESCRT-I/II complex, 
cleaved the plasma membrane and releases buds into the endosomes to form ILVs[79].

Interestingly, ESCRT-independent exosome was first found in melanoma, involving CD63, one 
tetraspanin in the lysosome/endosome-associated organelle melanosomes[80]. Recently, Wei et al[81] 
reported an ESCRT-independent exosome pathway and demonstrated Ras-related protein Rab-31 
(RAB31), a small GTP-binding protein related to vesicle-mediated transport, drives ILVs formation via 
the Flotillin domain of flotillin proteins and recruited GTPase-activating protein to prevent the fusion of 
MVEs with lysosomes and suppress MVEs degradation, thereby enabling the secretion of ILVs as 
exosomes[81].

Meanwhile, lipids, as the basic construction of exosome formation, located in the inner membrane of 
cellular MVBs with high density, such as lysobisphosphatidic acid (LBPA), leads to the composition of 
ILVs and then the exosomes[82]. Programmed cell death 6 interacting protein (PDCD6IP), functioning 
within the ESCRT pathway in the abscission stage of cytokinesis, interacted with LBPA, promoting the 
internal germination of the MVB membrane[83]. It is found that exosomes can alter the lipid 
composition of target cells by transferring molecules to them, especially cholesterol and sphingolipids, 
and subsequently affect the cellular homeostasis of targets[84]. Since the ceramide-rich fraction of 
endosomes is highly sensitive to inward plasma membrane germination, loss of sphingomyelin and 
subsequent converter of sphingomyelin to ceramide results in inhibition of ILVs formation[85].

Exosomes have different functions in different physiological and pathological processes, according to 
their size, content, origin, contents and influence on recipient cells, which is called exosome hetero-
geneity. In the process of MVBs formation, it restricts the uneven invaginations of the membrane, 
resulting in different total contents of liquid and solid contained in the vesicles formed by MVBs, which 
may be the cause of the size and content heterogeneity of exosomes[86]. Proteomic analysis of breast 
cancer cells and their exosomes identified epithelioid or mesenchymal origin cells according to the 
enrichment degree of different proteins and nucleic acids in exosomes, which reflects the specific sorting 
mechanism in the formation of exosomes[87]. Exosome heterogeneity gives them unique characteristics 
based on different types of cells or tissues of their origin, including absorption by specific cells and 
tendency to certain organs, which also provides the possibility for the location and migration of cancer 
cell metastasis[87].

The function of cargos carried by exosomes in physiological and pathological situations
Exosomes, involved in diverse processes as communicators between cells, are dependent on the 
presence of a great of biologically vital “cargos” in them, such as proteins, mRNAs, non-coding RNAs 
(ncRNAs) and various metabolic enzymes, all of which are bioactive substances to determine the type 
and function of exosomes[86]. The proteins in exosomes can be divided into the following four types, 
according to the discrepant structure and function, that is membrane transport and fusion-related 
proteins, tetraspanins, MVBs-related proteins and other proteins involved in cell adhesion and skeleton 
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Figure 1 The biogenesis of exosomes.

construction[88].
Membrane transport and fusion-related proteins include annexin, RAB and HSPs, which were 

involved in regulating plasma membrane fusion and release during exosome formation[89]. Among 
them, the regulating function of the RAB family is dependent on the surrounding environment and cell 
types. For example, Ostrowski et al[89] found that RAB27a and RAB27b control the exosome secretion 
pathway in different steps in cervical cancer[89], while in breast cancer, RAB7 was identified as the key 
regulator for exosome release in cancer cells[90]. However, in the central nervous system, the inhibition 
of RAB35 function leads to intracellular accumulation of endosomal vesicles and impairs exosome 
secretion in oligodendrocytes[91]. In the HSP family, HSP90 is a major intercellular chaperone protein, 
ensuring the normal folding and function of protein under normal conditions. However, in tumors, 
HSP90 plays the anti-apoptotic function by promoting abnormal protein folding, protein balance and 
proteolysis[92]. Lauwers et al[93] found that HSP90 is membrane-deformable to mediate the fusion of 
MVBs and plasma membranes and facilitate the exosome release[93], while exosomes lacking HSP90α, a 
key subtype of Hsp90, will lose important cell-to-cell communication from tumor cells to stromal cells to 
promote cell movement[94].

Tetraspanins are demonstrated to facilitate the entry of specific cargos into exosomes, including CD9, 
CD63, CD81, CD82, CD106, tetraspanin 8 (Tspan8), and intercellular adhesion molecules-1 (ICAM-1)
[95]. PDCD6IP and TSG101 are the main MVBs-related proteins to regulate exosome formation in MVBs
[96]. The analysis of exosomal protein composition displayed that a series of fusion and transfer 
proteins, as well as cytoskeletal proteins, such as actin, myosin, and tubulin, are non-specific and 
common in all exosomes[97]. Generally, the proteome of exosomes mirrors that of the protocell, but it is 
worth noting that the proteins in exosomes from cancer cells can selectively induce specific signals in 
the recipient cells, leading to the occurrence of carcinogenic changes[98,99].

Apart from proteins, ncRNAs referring to functional RNAs without encoding potential, also play an 
indispensable role in exosomes, including miRNAs, long ncRNAs (lncRNAs) and circular RNAs 
(circRNAs). Through binding to the 3' non-coding region of target mRNA, miRNA induced the 
inhibition of protein translation, involved in precise, fine and dynamic intercellular communication 
during human reproduction, pregnancy and embryonic development[6,7]. Molecular profiling indicated 
that miR-148a, let-7b, miR-148a, miR-375, and miR-99a associated with the expression of IL-10/13 in 
spermatogenic exosomes from multiple human donors are enriched, suggesting that exosomes may be 
involved in reproductive immunity through secreting miRNAs[100].

The analysis of tumor-related studies manifested that miRNA in exosomes is highly expressed during 
the development of lung cancer, prostate cancer and other cancers, therefore, it may be used as a 
potential biomarker or grading basis for cancer prognosis[101-103]. Moreover, miRNAs in exosomes can 
be isolated from body fluids and detected, which means that exosomal miRNAs have an advantage in 
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becoming novel biomarkers for non-invasive utilization in vivo[8]. Puik et al[104] use miRNA profiling 
to identify miR-21, miR-26, miR-122 and miR-150 as potential blood biomarkers for the non-invasive 
diagnosis of cholangiocarcinoma[104]. In addition to being used as diagnostic markers, exosomes can 
also be used as predictive therapeutic markers. Sun et al[105] found that in the exosomes secreted by 
CSCs and corresponding mother cells, six miRNAs including miR-1246, miR-424-5p, miR628-5p, miR-
1290, miR-675-3p and miR-590-3p were up-regulated, whereas five miRNAs such as miR-224-5p, let-7b-
5p, miR-615-3p, miR-122-5p and miR-5787 were the opposite, which suggest that miRNAs may 
contribute to the early diagnosis of gastric cancers and are expected to be a potential biomarker for 
predicting patients with a high risk of gastric cancer[105]. Furthermore, exosomal miR-222-3p can be 
used as a predictive biomarker of gemcitabine sensitivity, while miR-208a can be used as a predictive 
biomarker of radiation response[106,107].

LncRNA is a kind of ncRNA with a transcription length of more than 200 nucleotides, which plays 
essential roles in a series of life activities, such as dose compensation effect, epigenetic regulation, cell 
cycle regulation and cell differentiation regulation[108]. In cancer cells, lncRNA has the function of "cell 
messenger", which can be selectively packaged into exosomes to regulate tumor growth, metastasis and 
angiogenesis[109]. For example, Conigliaro et al[110] discovered that exosomes secreted by CD90 cells 
and CSCs can be taken up by human umbilical vein endothelial cells (HUVECs) and deliver lncRNA 
H19 to the corresponding target cells through adhesion to CD90 cells and HUVECs, and subsequently, 
synthesis and release of VEGF to stimulate angiogenesis[110].

CircRNAs are another main type of ncRNA in exosomes, as endogenous RNAs in all eukaryotic cells. 
Different from traditional linear RNAs containing 5' and 3' ends, circRNA molecules presenting as a 
closed ring structure is not affected by RNA exonuclease, so their expression is more stable and not 
easily degraded. This strong stability may enable non-invasive detection in body fluids, and the absence 
of the 5’ to 3’ polar structure and poly-adenosine tail makes it inherently resistant to nucleic acid 
degrading enzymes targeting the 5’ and 3’ ends[111]. Recently, circRNAs rich in miRNA binding sites, 
are reported to serve as the miRNA sponge in cells, which dissolves the inhibitory effect of miRNA on 
its target genes and increases the expression level of target genes, making circRNA as a competitive 
inhibitor of miRNA to regulate the translation and function of the downstream protein[112]. Through 
regulating target genes and miRNA, circRNA plays an important role in the proliferation, invasion, 
metastasis and progression of tumor cells in a variety of cancer biological processes. For example, circ-
IARS expression in exosomes is up-regulated in the plasma of patients with in situ metastatic lung 
cancer, which, however, down-regulate the levels of miR-122 and tight junction protein 1 (TJP1) 
significantly but up-regulate the levels of RhoA and RhoA-GTP in exosome, thereby increasing the 
expression and adhesion of F-actin, enhancing endothelial permeability and promoting tumor invasion 
and metastasis[113], suggesting that the expression level of circRNA is highly correlated with 
clinicopathology and may serve as biomarkers with diagnostic, prognostic and predictive properties
[111].

The intercellular communication of exosomes contributed to tumorigenesis and metastasis
The release of exosomes and uptake by recipient cells provides the basic mechanism of the intercellular 
communication function of exosomes, which is occurred in almost all types of cells in mammals[114]. 
After being released by cells, exosomes enter the blood, saliva, urine, cerebrospinal fluid, breast milk 
and other body fluids through autocrine and paracrine methods, after which reach other cells and 
tissues in the distance, producing a remote regulation effect. Interestingly, exosomes also influence the 
origin cell itself through the autocrine pathway based on specific receptors.

Within the exosome of chronic myeloid leukemia cells, cytokine TGF-β1 binds to its receptor and 
promotes tumor growth through an autocrine mechanism by activating anti-apoptotic pathways[115]. 
The exosomes were also involved in maintaining cellular homeostasis, through exosome secretion with 
harmful cytoplasmic DNA from cells[116]. The inhibition of exosomes will cause accumulated DNA in 
the cytoplasm, associated with increased reactive oxygen species-dependent DNA damage reaction, 
thus leading to cell cycle arrest or apoptosis. Therefore, cell secretion of such DNA-containing exosomes 
contributes to cell survival and homeostasis maintenance[116].

Through the paracrine pathway, exosomes mediate intercellular information transmission and 
microenvironment regulation, especially in the field of tumor therapy. Exosomes contain cargoes such 
as proteins, DNA, mRNA, ncRNA and metabolic enzymes described above, acting as external stimuli 
for recipient cells, triggering the uptake of exosomes and changing their biological phenotypes. The 
uptake of exosomes by recipient cells is not random but is accomplished through the recognition of 
exosome surface proteins that trigger interactions including endocytosis, receptor-ligand binding, and 
membrane fusion. Yang et al[117] found that breast cancer cells release and transfer exosomes 
containing programmed cell death ligand 1 (PD-L1) to other cancer cells with low or even no PD-L1 
through the secretory pathway, to help cancer cells escape immune monitoring[117]. In CRC, Demory et 
al[118] reported that the transfer of mutant Kirsten rat sarcoma viral proto-oncogene (KRAS) to cancer 
cells with wild-type KRAS receptors via exosomes can promote the invasion of cancer cells[118].

In cancers, the intercellular communication of exosomes is not only limited between cancer cells but 
also occurred between cancer cells and stromal cells, which is one of the important mechanisms of 
distant metastasis of tumors. Shimoda et al[119] investigated the molecular mechanism of CAF-derived 
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tumor progression and demonstrated the metalloproteinase ADAM10 as the important factor in CAF-
derived exosomes to enhance the viability of cancer cells through activating Notch receptor and 
increasing aldehyde dehydrogenase expression[119]. Moreover, the absorption of CAF-derived 
exosomes by cancer cells caused the increase of glycolysis and glutamine-dependent reductive 
carboxylation, which promotes the growth of tumors under nutrients deficiency or nutrient stress, as the 
carry of amino acids, lipids and intermediates in exosomes[120].

Conversely, exosomes from cancer cells also act on stromal cells, imbuing them with the properties to 
be transformed into cancer cells and inducing the formation of pro-TME. Cho et al[121] demonstrated 
that exosomes from breast cancer cells triggered the transformation of MSCs in fat into tumor-associated 
myoblasts via the TGF-β-mediated signaling pathway[121]. Also, miR-9 in exosomes derived from 
triple-negative breast cancer can induce EMT in tumor cells through down-regulating E-cadherin in 
fibroblasts, and promote the transformation of fibroblasts into CAFs, thus stimulating tumor migration
[122]. The hallmark, angiogenesis in cancer was also promoted by TDEs promoting endothelial cell 
proliferation and angiogenesis[123]. Nazarenko et al[123] found the cell surface Tspan8 as the 
contributor to exosome-induced endothelial cell activation, in which Tspan8-α4 integrin in exosomes 
facilitates the binding and absorption of exosomes to endothelial cells and promotes angiogenesis 
accordingly[123]. Even under hypoxia conditions, the stimulating effect of exosomes on angiogenesis 
was enhanced in cancers[124]. Hsu et al[125] found that hypoxic lung cancer-secreted exosomes with 
miR-23a not only cause the accumulation of hypoxia-inducing factor-1α (HIF-1α) in endothelial cells but 
also target TJP1 to increase vascular permeability and cancer migration possibility[125].

Interestingly, mRNA delivery by exosomes to recipient cells is a rare case, while it was increased in 
those with acute inflammation (peritonitis) or chronic inflammation (subcutaneous tumors)[126]. 
Engineered exosomes have been found to conduct certain functions in inducing innate and adaptive 
immune responses in cancers[127]. The mechanism mainly involves the antigen presentation, activation 
of the intracellular cGAS-STING signaling pathway, intercellular miRNA transfer, and immunoregu-
lation of exosome surface presenting molecules, which may be related to different contents wrapped in 
exosomes and their effects on the recipient cells[114].

First, the antigen-presenting peptides were direct presented by antigen-presenting cells (APCs), such 
as DCs or Tregs to specific T cells and induce activation of them via carrying exosomes containing co-
stimulatory signals[114]. A single intradermal injection of APC-derived exosomes significantly induced 
tumor eradication and growth delay in the mouse model[114]. Simultaneously, exosomes secreted by 
human DCs promote the production of interferon (IFN) production and thus enhance antigen 
presentation, regardless of the maturation of the exosomal origin cells[128].

Then, the activation of the intracellular cGAS-STING signaling pathway was induced by genomic 
DNA in exosomes to generate an anti-tumor response[129]. The production of IFN was enhanced after 
the contact between DCs and T cells with the uptake of exosomes through the activated cGAS-STING 
signaling pathway[130]. Although the uptake of exosomal DNA by recipient cells may change their 
signaling, such alternations may be beneficial in the context of cancer[116], as the inhibition of 
epidermal growth factor receptor (EGFR) in cancer cells may lead to an increase in DNA in their 
secreted exosomes, helping to induce cGAS-STING signaling in DCs to inhibit tumor growth[131]. In 
contrast, the uptake of tumor-derived exosomal DNA by circulating neutrophils enhances the 
production of tissue factors and IL-8, which may indirectly worsen cancer by promoting inflammatory 
responses[132].

Next, in the process of cell-to-cell communication, exosomes influence signaling pathways and gene 
expression in recipient cells through miRNA transfer to regulate the immune response. Immature DCs 
have a strong ability to phagocytose antigen, but their weak ability to present antigen makes the 
activation of DCs to specific T cells limited. In addition, miR-212-3p in TDEs promoted the immune 
escape of cancer cells by suppressing transcription factor RFXAP in DCs[133]. However, miR-222-3p 
promoted the polarization of TAMs to M2 phenotype and generated an immunosuppressive microen-
vironment through a down-regulating suppressor of cytokine signaling 3 (SOCS3)[134].

Finally, immunomodulatory molecules such as PD-L1 and Fas cell surface death receptor ligand 
(FasL) on TDEs accelerate the failure and apoptosis of T cells, thus regulating the immune response and 
promoting the progression of tumors[135,136]. On the contrary, mast cell-derived exosomes with CD86, 
lymphocyte function-associated antigen 1, and ICAM-1 on their surface, induce the proliferation of B 
and T immune cells and enhance anti-tumor activities[137].

Despite how the cargoes carried in exosomes act and affect recipient cells have been extensively 
studied, the mechanism of how exosomes selectively package those cargoes remains unclear. Through 
comparing miRNA content in CRCs exosomes of mutant and wild-type KRAS, Cha et al[138] found that 
the exosomes of wild-type KRAS cancer cells were enriched with miR-10b, while the others were 
enriched with miR-100[138], suggesting that exosomes selectively pack the cargo under an unknown 
condition for further investigation.
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THE MECHANISM OF THE METASTASIS OF CRC RESULTING FROM THE EXOSOMES 
BY MIRNA
As described above, miRNA, a vital ncRNA, is responsible for negatively regulating the expression of 
up to 60% of the protein-coding genes, and play important role in the processes of malignancies[139]. 
Since Michael et al[140] described the association between miRNAs and CRC, the involvement of 
miRNAs in the occurrence of CRC evoked plenty of investigation to explore the molecular mechanism 
of miRNA regulating CRC[140,141]. As the main content of exosomes, miRNAs are also involved in 
certain control and regulatory functions on tumor proliferation, EMT and ECM remodeling, and the 
formation of PMNs.

EMT promotes the metastasis of CRC through miRNAs
It is accepted that EMT is an important biological process in which epithelial cells become cells with 
mesenchymal phenotypic characteristics and acquire the ability to migrate[142]. During the EMT 
process, epithelial cells lose cell polarity and the ability to connect with the basement membrane, so that 
the genome of cancer cells can be transferred between cells through exosomes, thus gaining aggressive 
abilities of migration and invasion, anti-apoptosis and ECM degradation[143]. First, epithelial cell-
associated proteins located in the primary tumor of CRC are down-regulated, while mesenchymal 
adhesion proteins are up-regulated, and cancer cells, especially with mesenchymal characteristics, 
secrete abundant exosomes to invade local tissues[144]. Next, the locally proliferating cancer cells break 
through the basement membrane and propagate through the circulatory system to distant organs 
through specific signaling mechanisms involving exosomal miRNAs. Finally, these mesenchymal cells 
reprogram the microenvironment of distant metastases, inducing the formation of metastatic TMEs and 
angiogenesis[145,146].

EMT-related transcription factors are confirmed as the key regulators during this process. Snail 
family transcriptional repressor (Snail1/2), belonging to the Zinc finger transcription factor, can destroy 
the normal tight junction between cells, while zinc finger E-box binding homeobox (ZEB1/2) can inhibit 
the expression of adhesion protein in epithelial cells and promote the initiation of EMT, all of which can 
be regulated by miRNAs. In cancers, the inhibition of EMT by p53 to prevent metastasis, down-
regulated Snail and ZEB1 via induction of miR-34, which also suppresses the expression of the stemness 
factors, BMI1, CD44, CD133 and c-MYC. Interestingly, Siemens et al[147] reported a double-negative 
feedback loop between miR-34 and Snail, that is Snail and ZEB1 conversely inhibit the expression of 
miR-34 through binding to E-box regions in miR-34 promoters[147]. MiR-200 family members are 
another group involved in the regulation of ZEB1 by forming a double-negative feedback loop, to 
reduce the migration and invasion of CRC cells[148]. Also, miR-429, the member of the miR-200 family, 
was found to reverse TGF-β-induced EMT by targeting one cut homeobox 2 (ONECUT2), thereby 
inhibiting cell migration and invasion, and its activity is significantly down-regulated in CRC[149]. The 
downregulation of other tumor suppressor factors, mainly miR-335, miR-132 and miR-192, is associated 
with the invasion and metastasis of CRC by increasing the expression of their ZEB2 target genes[150-
152].

Additionally, twist family basic helix-loop-helix (bHLH) transcription factor (TWIST), containing the 
bHLH domain, inhibits mesenchymal cell protein expression to promote the EMT process[153], which 
can be suppressed by miR-145[154]. Prospero homeobox 1, another transcription factor, inhibit the 
expression of E-cadherin to promote the occurrence of EMT, which was achieved by binding to the 
promoter of pre-miR-9 and triggering its expression[155]. The FOX family of transcription factors, 
FOXQ1 and FOXM1, are also involved in the induction of EMT, and their expressions are negatively 
correlated with the low expression of miR-320 in CRC, which reduces the expression of E-cadherin[156].

TGF-β, the acceptable EMT-inducer, can activate the EMT process by regulating downstream factors, 
such as miR-187, which inhibit the expression of SMAD family member 4 (SMAD4), the maintainer of 
epithelial phenotype in CRC[10]. Furthermore, miR-20a overexpression can also facilitate EMT by 
inhibiting SMAD4 expression to promote the metastasis of CRC[157]. Interestingly, SMAD7 is the 
inhibitor of SMAD4, and the inhibition of SMAD7 can initiate TGF-β-induced EMT. A series of miRNAs, 
like miR-4775, miR-1269, and miR21 have been approved to promote the metastasis of CRC in a 
SMAD7/TGF-β-dependent manner[158-160].

Regarding the Wnt/β-catenin signaling pathway, the enhanced effect of miR-150 on EMT in CRC is 
generated by targeting the cAMP response element-binding protein signaling pathway[9]. Interestingly, 
Wnt-induced EMT is not only through the Wnt/β-catenin signaling pathway, but also partially 
activated through inhibiting negative transcription factors by miR-34a, miR-145 and miR-29b[161,162]. 
The loss of miR-145 function is negatively correlated with the EMT process and the downregulation of 
E-cadherin expression[163], while miR-29b inhibits β-catenin co-activators to block multiple β-catenin 
target genes and achieve the regulation of EMT in CRC[164].

After breaking through the basement membrane, CRC cells enter the circulation turning into 
circulating tumor cells (CTCs), responding to distant metastasis, referring to EMT-MET plasticity with 
promoting new invasion and metastasis, the important marker of metastasis when this characteristic 
exists in CTCs[165]. Increased activity of MMP or decrease the function of tissue inhibitors of metallo-
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proteinases (TIMPs) promote CTCs detachment from the primary location, which can be regulated by 
miR-375 to suppress MMP2 level in CRC cells and correspondingly inhibit the proliferation, migration 
and invasion of CRC[166]. Cai et al[167] revealed that miR-194 promoted EMT-mediated metastasis in 
CRC through activating MMP2 function, while Xu et al[168] found that miR-20a performed a facilitated 
role during the EMT process through inhibiting TIMP2, resulting in increased activities of MMP2 and 
MMP9[167,168].

PMN formation is an important step in CRC metastasis, involving exosomal miRNAs
As distant metastasis of CRC is a major reason for clinical treatment failure and death in cancer patients, 
PMN is found to be a crucial factor of CRC metastasis, which is the formation of a microenvironment 
conducive to tumor metastasis at a specific site in the distant organ[169,170]. Tumor secretory factors, 
recruitment of inhibitory immune cells and inflammatory polarization of matrix components are key 
factors involved in the formation of PMN[171].

TDEs are the main component of tumor secretory factors, secreted by cancer cells at the primary site 
of the tumor and transmitted to distant sites through autocrine or paracrine to recruit immune cells
[171]. The recruited immune cells, such as MDSCs, TAMs, and Tregs, induce the formation of the 
immunosuppressive microenvironment and subsequently secrete inflammatory cytokines to produce an 
inflammatory response and form an inflammatory microenvironment, which is conducive to the 
colonization and growth of CTCs. During this process, the increased tumor volume with a continuous 
proliferation of CRC cells leads to cells prone to hypoxia and nutrient deficiency, hence rapid 
angiogenesis can be found in the primary lesion. The pro-angiogenic factors secreted by the neovascu-
larization will circulate with TDEs to the distant metastasis, promote angiogenesis at distant sites, and 
construct a perfect PMN to bear more tumor cells from distant metastasis[171]. So Liu et al[171] 
proposed immunosuppression, inflammatory response, angiogenesis and increased permeability, 
lymphangiogenesis, organicity and reprogramming as the six characteristics of PMN, which make PMN 
the best choice for the settlement and proliferation of metastatic cancer cells[171].

Immunosuppression, an important contributor to the formation and development of PMN, is also the 
major reason for the survival and development of tumors in vivo. Takano et al[172] found that plasma-
derived exosome miR-203 induced the differentiation of monocytes in distal organs into M2 TAMs of 
immunosuppressant phenotype, while Zhao et al[173] reported that exosomal miR-934 also induced the 
differentiation of normal phenotype M1 TAMs into M2 TAMs, inducing the formation of immunosup-
pressive microenvironment[172,173]. SOCS3 was down-regulated by miR-222-3p in TDEs, which 
promoted STAT3-mediated M2 polarization of TAMs and contributed to the immunosuppressive 
microenvironment[134]. Wang et al[174] also demonstrated the enhancing role of exosomal miR-425-5p 
and miR-25-3p on M2 TAMs expression through the PI3K/AKT signaling pathway, to promote CRC 
metastasis to distant metastases[174].

TDEs in CRC were also reported to be involved in promoting T cell differentiation into Tregs, 
inhibiting normal immune cell function, and recruiting immunosuppressive cells into PMN[175]. Other 
immune cells, such as MDSCs, DCs, and NKs can also be transformed into immunosuppressive 
phenotypes in TME, together constituting the immunosuppressive microenvironment for tumor 
metastasis[176]. In addition to recruiting immunosuppressive cells to PMN, the immune escape of 
tumors ultimately needs to be realized by destroying the normal immunity of the body[177]. Inhibition 
of T cell function, disturbance of normal NK cell function and immature reversal of DCs are all able to 
lead to the destruction of the normal immune mechanism of the body[133]. Huang et al[178] 
demonstrated that lncRNA SNHG10 in TDEs participated in the TGF-β signaling pathway, inhibited the 
activity of NK cells, and damaged the normal anti-tumor immune function in CRC[178].

It should be noted that the activation of immune checkpoints is an effective pathway for the 
development of immunosuppression. PD-L1 derived from TDEs with highly similar function to the 
surface of tumor cells, can bind to its receptor on T cells to generate an immune examination response, 
effectively inhibiting the proliferation of T cells and inducing apoptosis, and destroying the anti-tumor 
function of positive T cells[136,179]. In addition, CSCs-derived exosomal miRNA-17-5p inhibits normal 
immune cell function and promotes immunosuppression by targeting speckle-type POZ protein and 
promoting the expression of PD-L1[180].

During the formation of PMN, ECM remodeling is one of the essential links. In situ tumor cells 
colonize and proliferate in distant metastases, secreting exosomes and producing inflammatory 
cytokines, causing hypoxia and inflammatory responses in normal cells of metastases. In such an 
environment, a large number of cytokines such as VEGF, macrophage migration inhibitory factor, TGF-
β, and immunosuppressive cells are recruited to participate in the formation of PMN[181]. Similar to the 
ECM remodeling mechanism in the primary site, CAFs activated by TGF-β promote the fibrosis of ECM 
through the secretion of collagen and fibronectin, increase the hardness of ECM, and change its 
biomechanics[182]. It is found that CRC-derived exosomal miR-10b promotes CAFs formation and leads 
to ECM fibronectin through the PI3K/Akt/mTOR pathway[183]. Exosomal miR-1246 and miR-1290 
advance the development of interstitial fibrosis by activating the expression of actin alpha 2 and pro-
fibrotic factors[184], while exosomal miR-139-5p and miR-21-5p degrade ECM proteins by promoting 
the expression of MMP2 and MMP13, thus accelerating the formation of PMN[185].
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Interestingly, inflammation is not only involved in inhibiting the process of cancer but also found to 
promote tumor occurrence and metastasis. Inflammatory M1 TAMs, as a pro-inflammatory, immunos-
timulating and anti-tumor factor producing IL-1β, IL-6 and TNF-α, contributed to the development of 
CRC in colitis[15]. Therefore, the inflammatory microenvironment caused by chronic inflammation 
significantly promotes the formation of PMN in distant organs during tumor growth and metastasis
[186]. Pro-inflammatory cytokines such as IL-1β, IL-6 and TNF-α are important factors in the inflam-
matory microenvironment, which directly or indirectly stimulate tumor survival, proliferation and 
metastasis[187]. It is shown that low-density IL-1β, an important pro-inflammatory factor involved in 
innate immunity, could induce local inflammatory responses and lead to protective immune responses, 
while high concentration would result in inflammation-related cancer tissue damage[188].

Another chemokine, IL-6 stimulates the activation of T and B cells during the immune response to 
perform an anti-inflammatory role[189]. Pucci et al[190] found that CRC tumor cell-derived exosomal 
miRNAs increase IL-6 secretion, thereby promoting inflammatory responses[190]. High levels of IL-6 
have been detected in serum detected in live tumors or biopsies from cancer patients, suggesting that 
the inflammatory effects of this cytokine may be related to the occurrence of cancer[191]. MiR-21 carried 
by exosomes promotes the release of pro-inflammatory IL-6 and IL-21 and induces them into 
circulation, thus inducing the formation of an inflammatory microenvironment[192].

Although originally TNF-α was reported as an anti-tumor cytokine, high-dose recombinant TNF-α 
has been verified to induce tumor necrosis and promote the progression of tumors in vivo[193]. In 
addition, owing to the special biological environment of CRC, intestinal bacteria also promote the 
formation of an inflammatory microenvironment through secreting exosomes. The induction of E.coli-
derived exosome with miRNAs on the inflammatory microenvironment is achieved by increasing the 
expression of toll-like receptor (TLR) and promoting the secretion of pro-inflammatory cytokine IL-8
[194]. The exosomal miR-149-3p derived from enterotoxin bacteria disrupts normal gene transcription 
and leads to DNA damage and oxidative stress, which promotes the formation of an inflammatory 
microenvironment[195]. Exosomal miRNA-21 and miRNA-29a promote CRC metastasis by acting on 
TLR7/TLR8 and inducing the formation of an inflammatory microenvironment in PMN[196].

Angiogenesis is another critical factor in PMN formation in CRC, which rapidly generates tumor cells 
providing oxygen, energy and nutrients for survival and metastasis in the case of hypoxia and nutrient 
deficiency. To form a suitable PMN for the metastasis of CRC, a variety of pro-angiogenic factors must 
reach the distal metastasis via exosomes through blood circulation and be expressed. VEGF, fibroblast 
growth factor, platelet-derived growth factor, basic fibroblast growth factor, TGF-β, TNF-α, and IL-8 are 
the main angiogenic stimulator carried by TDEs[197]. VEGF signaling pathway is the most promising 
target for angiogenesis and plays a key role in angiogenesis[198]. Equally important to these pro-
angiogenic factors are cell- or plasma-derived exosomes from various human tumors identified as 
effective inducers of angiogenesis in vitro and in vivo, which have the function of inducing closely 
related to the miRNA carried in exosomes[199]. For instance, CRC-derived exosomal miR-21-5p 
improves the expression of VEGF and Cyclin D1, enhances vascular permeability and promotes 
angiogenesis[145]. Exosome miR-25-3p promotes the expression of VEGF receptor 2, and regulates tight 
junction protein Claudin-5, resulting in the production of PMN in the liver and other sites of CRC 
patients[200]. In addition, exosomal miRNA-92a-3p stimulates angiogenesis by increasing vascular 
endothelial cell division and participating in the regulation of the binding protein, Claudin-11[201]. 
Zhao et al[202] reported that CRC-derived exosome miR-1229 promoted metastasis of CRC by activating 
VEGF production and promoting angiogenesis[202]. Exosome-derived miRNA-183-5p accelerates the 
generation of neovascularization in CRC metastasis, whereas exosomes secreted by neovascularization 
in PMN promote the metastasis of tumor cells from the primary site to specific organs and tissues[143].

MECHANISMS AND INFLUENCING FACTORS OF DRUG RESISTANCE INDUCED BY 
EXOSOMES
It is worth mentioning that exosomes have the role of inducing tumor drug resistance, which provides a 
new research direction to solve the drug resistance problem that has puzzled doctors and researchers 
for a long time. Exosomes secreted by drug-resistant cancer cells encapsulate chemotherapeutic drugs 
and transport them out of tumor cells[203], and the interaction of exosomes containing miRNA, mRNA 
and protein from cancer cells is also associated with tumor drug resistance[204]. In summary, the 
mechanism of exosomes inducing drug resistance mainly involves drug expulsion, activation of anti-
apoptotic pathways, changes in signal transduction, and promotion of survival and proliferation of 
CSCs.

First of all, exosomes released by tumor cells help cells to expel cytotoxic drugs, related to the overex-
pression of P-glycoprotein[205]. Although no reports on CRC, it is demonstrated that exosomes directly 
or indirectly regulate drug efflux pumps and thus influence drug resistance by regulating P-
glycoprotein expression in breast and ovarian cancers[203,206]. Second, acquired or intrinsic resistance 
to chemotherapy often prevents tumor cells from undergoing adequate levels of apoptosis, resulting in 
poor survival and treatment[207]. Inhibitors of the apoptotic pathway are used to sensitize tumor cells 
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to chemotherapy. In the clinical treatment of CRC, cetuximab-resistant CRC cells RKO have been found 
to induce cetuximab resistance by down-regulating PTEN and increasing AKT phosphorylation, which 
is related to apoptosis escape[208]. Third, signaling pathways in drug-sensitive cells are altered by the 
uptake of drug-resistant cell-derived exosomes, including EGFR, Wnt/β-catenin, PI3K/AKT, PTEN, and 
mTORC signaling pathways that play important roles in tumor progression and drug resistance, whose 
abnormalities are associated with chemotherapy resistance[209,210]. Hu et al[211] reported that CRC 
cells secreted exosomes capable of inducing chemotherapy resistance, which caused drug resistance by 
promoting β-catenin stabilization and nuclear translocation and activating the Wnt/β-catenin pathway
[211]. Furthermore, miR-30a, miR-222, or miR-100-5p carried by exosomes may induce drug resistance 
in drug-sensitive cells by regulating MAPK or mTOR pathways[212]. Lastly, exosomes induce drug 
resistance by promoting the growth and proliferation of CSCs[213]. Plenty of stromal cells, such as CAFs 
and MSCs, promote the growth of CSCs by secreting exosomes[214]. Exosomes derived from MSCs 
increase the proportion of CSCs by activating the Wnt signaling pathway and activating the 1/2 
extracellular signal (ERK1/2), thus endowing CSCs with phenotypes, and inducing drug resistance in 
CRC[215].

Notably, CSC self-derived exosomes maintain stemness within TME by transporting their cargoes, 
thus enhancing resistance to different cancer therapies[216]. The cargos include Hedgehog, Wnt, β-
catenin, and other CSC-specific mRNAs, as well as proteins needed by CSCs to maintain self-renewal 
and other stemness. TDEs have been reported to carry different types of integrins and related ligands 
that are involved in the formation of cancer cell colonization and PMN, while integrin is the key drug 
resistance factor in cancer therapy in maintaining the phenotype and behavior of stem cells[217].

CLINICAL PERSPECTIVES
CRC is a highly heterogeneous, highly metastatic and fatal cancer, and tumor cell metastasis is the main 
reason for the high mortality rate of this cancer. In the process of diagnosis and treatment of CRC, the 
lack of specific symptoms causes great difficulties in the early diagnosis of CRC due to its similarity to 
non-cancerous intestinal diseases. At present, the diagnosis of CRC depends on clinical evaluation and 
imaging diagnosis. However, routine diagnosis such as radiographic imaging or histopathological 
analysis fails to detect early systemic spread of CRC[218], and colon cancer markers such as carcinoem-
bryonic antigen (CEA) and CA19-9 have low sensitivity and specificity[219]. In most clinical cases of 
CRC, surgery is the best treatment option, sometimes accompanied by chemoradiotherapy. However, 
due to limited diagnostic means, most patients are often diagnosed with advanced CRC and miss the 
optimal surgical opportunity. Therefore, the development of new and effective diagnostic biomarkers 
for CRC is essential for early detection and reduction of CRC mortality.

As EVs that play a key role in intercellular communication, exosomes contain proteins, miRNAs and 
other substances that are closely related to tumorigenesis, tumor cell survival, chemotherapy resistance 
and metastasis. Due to their non-invasive, high sensitivity and specificity, exosomes have advantages in 
being ideal biomarkers for early cancer screening and diagnosis at this stage[220]. In addition, some 
studies have shown that exosomal miRNAs can be used as drug carriers to transport drugs and 
participate in the immunotherapy of CRC[221]. Next, we describe the advantages of exosomes in CRC 
screening, diagnosis, treatment, and prognosis.

Exosomes as biomarkers for early screening, diagnosis, and prognosis of CRC
It is interesting and useful that exosomes can be detected by taking body fluids, such as blood, urine, 
saliva and cerebrospinal fluid for analysis, suggesting that exosomes could be an ideal non-invasive or 
less invasive biomarker for early cancer screening and diagnosis, with high specificity and sensitivity at 
an early stage[220]. Recently, transcriptomics research revealed that ncRNAs in exosomes are involved 
in different biological processes of CRC, and the high stability of exosome miRNAs in a variety of 
biological samples makes them an important candidate molecule for the discovery of new cancer 
biomarkers for CRC[222-224]. Wang et al[225] reported a group of six miRNAs including miR-21, let-7g, 
miR-31, miR-92a, miR-181b, and miR-203 as reliable biomarkers for CRC diagnosis, whose specificity 
and sensitivity exceed 40% compared to classical biomarkers, CEA and CA19-9[225], while the 
sensitivity of exosomes miR-1229, miR-223, miR-1224-5p and miR-150 are reach to 50%, whose 
expressions were significantly different between CRC patients and healthy individuals[226]. Increased 
serum levels of exosome miR-200 were significantly associated with CRC progression and liver 
metastasis[227]. Wang et al[158] confirmed that miR-125A-3p is highly expressed in the plasma of 
patients with early CRC but not in normal subjects, suggesting that miRNA in exosomes can be used as 
a biomarker for early CRC screening[158]. Moreover, compared with normal people, the expression of 
exosomal miR-92b is significantly decreased in CRC patients, indicating its higher accuracy in early 
CRC screening[228]. The expression of miR-23a and miR-1246 in exosomes was abundant in CRC 
patients. Decreased expression of exosome miRNA-23a and miRNA-1246 can be used as diagnostic 
markers for CRC in patients with primary resection[229]. In addition, circulating exosomal miR-17-5p 
and miR-92a-3p are associated with pathological staging and grading of CRC[230].
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Apart from being biomarkers for CRC screening and diagnosis, exosomal miRNAs are also closely 
related to the prognosis of CRC and can be used as biomarkers for postoperative or therapeutic 
evaluation. Liu et al[231] found that low expression of plasma exosomal miR-4772-3p was closely 
associated with less lymph node metastasis, less tumor recurrence, and better prognosis in CRC patients
[231]. Plasmid-derived exosome miRNA-193a is highly expressed in patients with middle and advanced 
CRC, suggesting that CRC patients have a longer survival time and a higher survival rate, since 
exosomal miR-193a could inhibit the mitosis and proliferation of tumor cells and induce cell apoptosis
[232]. Peng et al[233] found that low expression of exosome miR-548-3c suggested poor prognosis, and 
its low expression in CRC liver metastases was positively correlated with angiogenesis and reduced 
overall survival rate[233].

Despite a large number of studies that have shown that exosomal miRNAs are potential biomarkers 
for a variety of cancers, their application in clinical biomarkers still faces many problems. Most current 
exosome miRNA studies have been limited to small patient cohorts or mice models, which means that 
miRNA levels in plasma exosomes vary widely in a single cohort and results are inconsistent across 
groups even when studying the same cancer type. Another common drawback is that the methods used 
to isolate exosomes from plasma are different from those used to extract miRNAs from exosomes. 
Studies lack common endogenous miRNA controls for quantifying exosome miRNAs. These problems 
affect the reliability of circulating exosome miRNAs as cancer biomarkers in clinical diagnosis or 
prognosis. Therefore, the techniques for isolating exosomes from body fluids and the methods for 
quantifying miRNAs or proteins also need to be further standardized.

In order to explore the potential of exosomes as novel biomarkers in clinical practice, the most 
important aspect is to optimize or standardize the measurement of exosomes. Nonetheless, to date, the 
isolation and purification of exosomes lacks a universally accepted gold standard. At present, the 
common method for exosome separation is ultra-centrifugation[234], which is controlled by different 
centrifugal forces and durations according to the density and size differences between exosomes and 
other components. However, the effectiveness of exosomes is limited due to many reasons such as 
excessive pressure, long time, high equipment requirements and the specificity of precipitation for 
separation during the centrifugation process[235]. Size exclusion chromatography is another common 
method for exosome separation[236], but owing to the high dilution degree of samples, this method 
cannot be used in applications requiring high concentration of exosomes. Additionally, quantitative 
reverse transcription polymerase chain reaction (qRT-PCR) is commonly used for the quantitative 
detection of exosome miRNAs[237], but this method is prone to produce false positive signals. 
Subsequently, researchers developed non-PCR miRNA quantitative spectroscopy based on proportional 
electrochemistry, local surface Plasma Resonance[238] and Surface-enhanced Raman spectroscopy[239,
240]. Yet, its application has been hampered by expensive instruments and complex operation. 
Currently, it is attempted to detect exosome miRNAs using fluorescence method have achieved varying 
degrees of success, and this method has been attached great importance by researchers due to its 
inherent advantages of simple instruments, high sensitivity, and high throughput screening[241]. The 
only fly in the ointment is that the complexity of biological systems makes it necessary to develop 
fluorescent systems with anti-interference for exosome miRNAs as diagnostic biomarkers. It is worth 
noting that environmental fluctuations caused by such experimental conditions can be offset by ratio 
fluorescence measurements by calculating the emission intensity ratio of two different wavelengths. In 
general, the isolation and measurement methods of exosome miRNAs are under constant research and 
innovation, and the increasingly mature technological conditions make it possible for exosome miRNAs 
to be used as novel biomarkers for cancer.

In fact, the key obstacle to exosome research to date has not been the separation of impurities from 
exosome samples, but rather the lack of information on the ratio of actual exosomes to exovesicles in the 
"exosomes" collected by experimental techniques. Since exosomes overlap with these cellular 
microvesicles in structure and characteristics[242,243], the reliability of the analysis can be ensured as 
long as the composition of exosomes in the extracted samples can be accurately determined. From the 
perspective of exosome drug development, the current drug approval system in most countries only 
requires a high proportion and quantification of exosomes to meet the requirements for quality control 
and safety assessment of cell-derived compounds[242]. Therefore, how to effectively quantify the 
individual components of exosomes in collected samples will facilitate the utilization and clinical 
application of exosomes in the future.

Exosomes as anticancer agents for the treatment of CRC
At present, the treatment of CRC mainly includes surgery, adjuvant chemotherapy, radiotherapy and 
immunotherapy. Exosomes can be used as drug carriers to transport drugs or directly transport miRNA 
small molecules to participate in CRC chemotherapy, radiotherapy and immunotherapy[221]. Zaharie et 
al[244] demonstrated that exosome miR-375 promoted tumor cell apoptosis and inhibited CRC prolif-
eration, invasion and metastasis by participating in the Bcl-2 signaling pathway[244]. Similarly, 
exosomal miR-140-3p inhibits CRC proliferation, growth, and liver metastasis by involving the Bcl-2 
and Bcl-9 pathways[245]. Yan et al[246] found that CRC patients with high expression of exosome miR-
548c-5p capable to inhibit the proliferation, invasion and metastasis of CRC cells by enhancing the 
expression of HIF-1α, had a better prognosis, predicting miR-548c-5p as an indicator for prognostic 
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analysis[246]. In addition, Hu et al[247] demonstrated that exosome miR-214 inhibits CRC autophagy 
and promotes its sensitivity to radiotherapy[247].

Recently, due to the rapid development of therapeutic methods, targeted therapy has become an 
effective strategy for the treatment of CRC. Exosomes are natural nanoparticle biological carriers that 
have emerged as promising therapeutic tools for the delivery and transfer of drugs, miRNAs, small 
interfering RNAs (siRNA), short hairpin RNAs, and other compounds that remain stable in exosomes 
used to treat cancer and other diseases, based on their non-toxicity and non-immunogenicity[248]. As 
delivery carriers of natural drugs and functional RNA, exosomes have their natural advantages[249].

First, exosomes can be produced and absorbed, and are capable of stable delivery of therapeutic 
drugs, such as therapeutic miRNAs and proteins[250]. Currently, doxorubicin and paclitaxel have been 
used in targeted cancer therapy via exosomes with minimal immunogenicity and toxicity compared to 
liposome, metal and polymer nanomaterials[251-254]. Second, exosomes enhance endocytosis by 
targeting specific cells and tissues with specific proteins, thus promoting the transfer of their contents
[255]. In animal tumor models, exosome-mediated chemotherapy is more effective than free agents. For 
example, the anti-mitotic chemotherapy drug paclitaxel can be ultrasound-loaded into exosomes and is 
50 times more cytotoxic to drug-resistant cancer cells in vitro than free paclitaxel[256]. Also, it is found 
that exosomes coated with different chemotherapeutic drugs inhibit tumor growth when delivered to 
mice tumor tissues, but no equivalent side effects have been observed in free drugs[257]. Bioengineered 
exosomes have been used to deliver anticancer drugs and functional RNAs to cancer cells, including 
CSCs, in a cell-specific manner. Several strategies have been reported to improve the targeting 
specificity and tumor absorption of the exosome, for instance, transforming the exosome into lysosome-
associated membrane protein 2b and tumor-targeting integrin to express target ligands[253]. Exosomes 
are surface modified through oligonucleotide binding, which could potentially alter not only cell 
function, but also transport between cells. Third, exosomes deliver therapeutic goods with better 
efficacy and fewer off-target effects than other biological carriers, such as liposomes, due to their small 
size, membrane-permeability, ease of crossing the blood-brain barrier, and faster penetration of tumor 
cells than liposomes[258]. Kim et al[256] found that macrophage-derived exosomes loaded with 
paclitaxel significantly increased cellular uptake of Lewis lung cancer cell line compared to paclitaxel-
loaded liposomes[256,259].

Remarkably, exosome targeting of CSCs is a promising approach for the development of cancer 
therapy, as the growth of CSCs causes drug-sensitive cells to transform into drug-resistant cells, 
reducing the sensitivity of anti-cancer drug therapy. CSC signaling pathways such as Wnt, Notch, 
Hippo, Hedgehog, NF-κB and TGF-β are significant for maintaining a series of biological functions such 
as self-renewal, differentiation and tumorigenesis, which, therefore, is also the main way for exosome 
loaded inhibitors (miRNA or siRNA) to selectively target CSCs[213]. Previous studies have indicated 
that fibroblast-derived exosome with Wnt could induce dedifferentiation of tumor cells and thus 
increase chemotherapy resistance to CRC, suggesting that interference with the exosomal Wnt signaling 
pathway is helpful to improve chemotherapy sensitivity and treatment window[211]. Furthermore, 
specific producers of CSCs, such as CD44, CD24, CD133, and CD200 can also be used as exosome targets 
using bioengineering techniques[260]. Liu et al[261] manifested that exosomes designed to carry miR-21 
inhibitors and chemotherapeutic agents enhance the killing effect on CRC tumor cells and inhibit CRC 
resistance[261]. RDEs carrying miR-3a improve immunosuppression and inhibit CRC proliferation and 
metastasis[262].

In addition to being a transport vehicle for targeted drugs, another promising clinical application area 
for exosomes is anti-cancer vaccination. Taking the DC exosome vaccine as an example, DC-derived 
exosomes express MHC-I and MHC-II molecules, which can effectively activate cytotoxic T cells and 
induce anti-tumor immunity. Currently, DC-derived exosome vaccines have been tested in phase I 
clinical trials[263,264]. The results showed that no grade 2 or higher toxicity was observed in these 
clinical trials, proving that exosome administration is safe. In one of the Phase I trials, exosomes were 
isolated from the ascites of colon cancer patients and injected into the patients as a vaccine. Ascites-
derived exosomes were found to be safe, well tolerated, and capable of producing tumor-specific 
antitumor cytotoxic T cell responses after the granulocyte-macrophage colony-stimulating factor use in 
the immunotherapy of CRC[265]. However, the safety of TDE vaccines remains uncertain because TDEs 
carry a large number of oncogenes, mRNAs, and miRNAs that induce tumor progression and 
metastasis.

Though a large number of experimental models support the use of exosomes in cancer therapy, only a 
few clinical trials are in progress, thus the clinical use of exosomes in cancer and other diseases still 
needs to solve many challenges. First, how to effectively load exogenous therapeutic miRNAs or 
therapeutic agents into exosomes and enhance cell-specific delivery. Second, how to prevent 
autoimmune reactions when using non-autologous exosomes carrying MHC-I or II, and how to control 
the degree of cytotoxic T cell activation in vaccine use. Furthermore, how to prolong the half-life of 
bioengineered exosomes in vivo to avoid the rapid clearance of immune cells, liver or kidney, etc. 
Finally, it remains to be seen whether exosomes can overcome the digestive effects of the gut and be 
used as oral agents to treat cancer. Therefore, before the widespread use of exosomes in clinical trials, 
the quality standards of exosomes should be carefully established to improve their efficacy in vivo.
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CONCLUSION
To sum up, exosomes have been successfully used as drug carriers in clinical therapy, and their safety 
and clinical application in targeted therapy and so on still need further exploration and research. In this 
review, the mechanism of exosomes in CRC metastasis was comprehensively described, including the 
formation and influencing factors of TME, the formation, function and role of exosomes in cancer, as 
well as the role of exosome miRNAs in the process of CRC metastasis. In TME, exosomes secreted by 
tumor-derived immune cells such as TAMs, DCs, MDSCs and NKs are critical for tumor growth and 
metastasis. In addition, stromal cells such as CAFs and MSCs as well as the ECM also play a significant 
role in tumor metastasis. Exosomes, as EVs carrying biological cargos, exert their function in primary 
tumors and metastases mainly of intercellular communication. In exosomes, DNA, mRNA, ncRNA and 
protein have different biological meanings and participate in the regulation of the body together. The 
role of exosome miRNA in early screening, diagnosis and prognosis of CRC, as well as in the treatment 
strategies for CRC along with chemotherapy, radiotherapy, immunotherapy and targeted therapy, 
provides a promising way for preventing and treating the metastasis in patients with CRC.
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Abstract
Research on the relationship between the microbiome and cancer has been contro-
versial for centuries. Recent works have discovered that the intratumor 
microbiome is an important component of the tumor microenvironment (TME). 
Intratumor bacteria, the most studied intratumor microbiome, are mainly 
localized in tumor cells and immune cells. As the largest bacterial reservoir in 
human body, the gut microbiome may be one of the sources of the intratumor 
microbiome in gastrointestinal malignancies. An increasing number of studies 
have shown that the gut and intratumor microbiome play an important role in 
regulating the immune tone of tumors. Moreover, it has been recently proposed 
that the gut and intratumor microbiome can influence tumor progression by 
modulating host metabolism and the immune and immune tone of the TME, 
which is defined as the immuno-oncology-microbiome (IOM) axis. The proposal 
of the IOM axis provides a new target for the tumor microbiome and tumor 
immunity. This review aims to reveal the mechanism and progress of the gut and 
intratumor microbiome in gastrointestinal malignancies such as esophageal 
cancer, gastric cancer, liver cancer, colorectal cancer and pancreatic cancer by 
exploring the IOM axis. Providing new insights into the research related to 
gastrointestinal malignancies.

Key Words: Gut microbiome; Intratumor microbiome; Gastrointestinal malignancy; Tumor 
microenvironment; Immunity; Therapy
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Core Tip: The gut and intratumor microbiome can influence tumor progression by modulating host 
metabolism and the immune and immune tone of the tumor microenvironment, which is defined as the 
immuno-oncology-microbiome (IOM) axis. The proposed the IOM axis provides a new target for tumor 
microbiome and tumor immunity. Current studies have shown that immunotherapy with fecal microbiota 
transplantation or microbial metabolism have certain effects. This review aims to explore the mechanism 
of the IOM axis of gastrointestinal malignancies, to reveal the mechanism and progress of gut and 
intratumor microbiome in gastrointestinal malignancies. Providing new insights into the research related to 
gastrointestinal malignancies.

Citation: Lin Q, Guan SW, Yu HB. Immuno-oncology-microbiome axis of gastrointestinal malignancy. World J 
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INTRODUCTION
According to statistics, gastrointestinal tumors were one of the leading causes of death in the United 
States in 2020[1]. Improving the survival rate of patients with gastrointestinal tumors has always been 
an urgent task. In recent years, with the deepening of research on tumor immunity, various immune 
checkpoint inhibitors (ICIs) have shown great effects in clinical practice[2,3]. Among gastrointestinal 
tumors, there appears to be heterogeneity in the effect of immunotherapy across different tumor types
[4,5]. Pembrolizumab improves the prognosis of patients with esophageal cancer (EC)[4]. However, the 
effect of niraparib plus nivolumab in pancreatic cancer was not satisfactory[5]. Recent studies have 
described that the gut microbiome can reprogram tumor microenvironment (TME) immunity by 
participating in innate and/or adaptive immunity[6]. Regulation of the microbiome can enhance the 
effectiveness of immunotherapy[7]. Of all tumors, gastrointestinal malignancies have received the most 
attention due to their large number of microbial residues in the gut[8]. Using microorganisms as one of 
the targets of immunotherapeutic effects seems to be an effective measure.

The human microbiome inhabits every surface and cavity of the body[9], including bacteria, archaea, 
eukaryotes, and viruses that colonize humans[10]. The microbiome affects overall immune function 
through many different mechanisms, resulting in a broad response from resistance to immune 
activation[10]. The gut microbiome has long been recognized as playing a major role in human health 
and disease[6], influencing host metabolism and shaping the immune system and disease conditions, 
including cancer[11]. The gut microbiota plays a key role in shaping the immune system[12]. The 
human gut microbiota can influence the development and progression of gastrointestinal tumors by 
disrupting DNA, activating oncogenic signaling pathways, producing protumor metabolites, and 
suppressing antitumor immune responses[13,14]. In recent years, with increasing research on the 
relationship between tumors and the microbiome, tumor tissues that were previously considered sterile 
are rich in microorganisms. After statistical analysis, the bacterial composition in tumor tissue is approx-
imately 0.68%, equivalent to approximately 105 to 106 bacteria per 1 cm3 of tumor tissue[15,16]. Although 
the abundance of microorganisms is relatively lower for tumor genomes, this intratumor microbiome is 
a potentially important player in tumor progression[15]. The intratumor microbiome is mainly 
intracellular and present in cancer cells and immune cells[17]. The gut and intratumor microbiome can 
influence tumor progression by modulating host metabolism and the immune and immune tone of the 
TME, and these immune-mediated interactions and collective feedback loops have been defined as the 
he immuno-oncology-microbiome (IOM) axis[15]. The proposal of the IOM axis provides a new target 
for the tumor microbiome and tumor immunity. This review aims to reveal the mechanism and progress 
of the gut and intratumor microbiome and gastrointestinal malignancies by exploring the mechanism of 
the IOM axis in gastrointestinal malignancies. Providing new insights into the research related to 
gastrointestinal malignancies.

COLORECTAL CANCER
Colorectal cancer (CRC) is one of the most common cancers in humans, with a leading incidence rate
[18]. The initiation of CRC is a heterogeneous process that is influenced by the environment, microbial 
exposure, and host immunity[9]. Interactions between CRC and the microbiome have been revealed in 
numerous studies, with increasing evidence highlighting the critical role of the TME in the initiation and 
progression of carcinogenesis. In this microenvironment, multiple relationships between tumor 
development, immune responses, and the microbiome have been identified. All stages of CRC are 
accompanied by an immune response[19]. The regulation of the tumor immune response by the 
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microbiome plays an important role in the pathogenesis of CRC (Figure 1).
Tumor-infiltrating lymphocytes (TILs) are beneficial to the survival of human CRC[8,19]. One of the 

features of CRC is a strong imbalance of T cells[9,20]. One of the features of CRC is a strong imbalance 
of T cells[21]. Tosolini et al[22] analyzed T helper (Th) cell subsets in CRC and found that the expression 
of immune markers was different in adjacent mucosa and tumor tissue, suggesting that specific Th cell 
subsets were recruited at the tumor site. Experiments by Cremonesi et al[20] showed that infiltration of 
different T-cell subsets in CRC correlated with the expression of well-defined chemokine genes such as 
chemokine (C-C motif) ligand (CCL)3, CCL4, and CCL20. Exposure of tumor cells to gut bacteria 
induced upregulation of most chemokine genes by flow cytometry[20]. Upregulation of chemokines 
leads to higher T-cell recruitment into tumor xenografts. Therefore, whether CRC cells are exposed to 
intestinal bacteria and the degree of exposure may be one of the factors that affect the abundance of 
TILs. However, Fusobacterium nucleatum (F. nucleatum)[23-25], which is abundantly enriched within CRC 
tumors, can interact with the immune cell inhibitory receptor T-cell immunoglobulin (Ig) and ITIM 
domain expressed by TILs through the adhesin Fap2, inhibiting the activity of tumor-infiltrating T cells 
and protecting tumor cells from immune cell attack[26]. The effect of F. nucleatum on T cells may not be 
limited to this. In vitro experiments have shown that F. nucleatum inhibitory protein can block human T 
cells in the G1 phase of the cell cycle to prevent their proliferation[27]. F. nucleatum can also use the 
trimeric autotransporter adhesin CbpF on its surface, inhibiting T-cell function by activating the 
inhibitory receptor carcinoembryonic antigen cell adhesion molecule 1[28].

Th17 cells were found to be elevated to promote tumorigenesis[29]. Microbial metabolites penetrate 
tumors, activate tumor-associated bone marrow cells, and mediate interleukin (IL)-23 secretion. In turn, 
the IL-23-driven Th17 response can promote tumor growth. Enterotoxigenic Bacteroides fragilis, on the 
other hand, increases IL-17 expression by triggering a Th17-type inflammatory response, which shifts 
the colonic epithelium from an inflammatory to an oncogenic state[30]. The mechanism of bacterial 
induction of carcinogenesis can be explained by the hypothesis of the “bacterial driver–passenger 
model”, in which “driver bacteria” of CRC promote tumorigenesis by inducing a sustained Th17 type 
inflammatory response, which is subsequently replaced by opportunistic “passenger bacteria” within 
the tumor, disrupting local innate immunity and ultimately leading to cancer progression[30]. Group 3 
innate lymphoid cells (ILC3s) are the innate counterpart of Th17 cells, which modulate adaptive Th17 
cell responses and act with Th17 cells against extracellular microorganisms[31]. ILCs are lymphocytes 
that do not express multiple antigen receptor types expressed on T and B cells[31] and play a key role in 
regulating host-microorganism interactions on the intestinal mucosal barrier surface[21,32]. ILC3s are 
abundant in mucosal sites and are involved in the innate immune response to extracellular bacteria and 
the suppression of gut commensal bacteria[31], and intestinal T cells control microbiota composition 
and intestinal immune response[33]. One study found that CRC is characterized by a significant 
decrease in ILC3s, accompanied by an increase in Th17 cells, suggesting that the progression of CRC is 
associated with impaired dialog between gut innate and adaptive immunity[21]. Whereas ILC3s and 
effector T cells interact via major histocompatibility complex class II (MHCII), this experiment found 
that deletion of ILC3-specific MHCII in mice lead to increased CRC invasiveness and susceptibility. 
Thus, the disruption of the interaction between MHCII+ ILC3s, effector T cells, and microbiota may be a 
mechanism to increase CRC invasiveness. In addition, gut commensal fungi, such as Candida albicans (C. 
albicans), promoted CRC tumorigenesis in animal experiments[34]. Commensal fungi activate glycolysis 
and IL-7 production in macrophages, while IL-7 induces IL-22 production in ILC3s, leading to tumor 
progression. However, other studies suggest that ILC3s in the TME may have both pro- and antitumor 
functions, depending on the cytokine types in the microenvironment[35,36].

Macrophages play a vital role in the maintenance of the innate immune response[37]. Tumor-
associated macrophages (TAMs) are the main component of immune cells in the TME. On the one hand, 
M1 TAMs are induced by cytokines such as tumor necrosis factor (TNF)-α, secrete IL-6 and IL-23, 
participate in the polarized Th1 response, and exert antitumor immunity[37,38]. Akkermansia muciniphila 
(A. muciniphila) is a gut probiotic. Compared with the control group, the levels of M1-like TAMs were 
increased in A. Muciniphila-treated ApcMin/+ mice, and M1-like TAM-related cytokines, such as IL-23, 
TNF-α, and IL-27, were significantly induced in CRC[39]. It was also shown that A. Muciniphila 
promotes the enrichment of M1-like macrophages in a nucleotide-binding and oligomerization domain-
like receptor thermal protein domain associated protein 3 (NLRP3)-dependent manner in vivo and in 
vitro, acting as a suppressor of CRC proliferation. NLRP3 activation and macrophage phenotypic 
polarization may be induced by toll-like receptor (TLR) 2. On the other hand, M2 is the main phenotype 
of TAMs. M2 TAMs are induced by IL-4, IL-10, and IL-13, secrete anti-inflammatory cytokines such as 
IL-10 and IL-1β, and participate in the polarized Th2 response, while activated Th2 cells produce 
lymphocytes producing IL-4 and IL-13, enhancing the expression of epidermal growth factor in TAMs 
and promoting the occurrence and development of tumors[37,38]. Gut dysbacteriosis results in 
increased expression of cathepsin K (CTSK) in colon cancer cells, and CTSK binds to TLR4 to stimulate 
M2 polarization of TAMs via the mechanistic target of rapamycin-dependent pathway[40]. At the same 
time, CTSK can stimulate M2 TAMs to secrete cytokines, including IL-10 and IL-17, which in turn 
mediate CRC cell invasion and metastasis through the nuclear factor kappa B (NF-κB) pathway. In 
addition to dysbacteriosis, F. nucleatum can also promote macrophage infiltration through CCL20 
activation while inducing polarization of M2 macrophages to promote CRC metastasis[41].
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Figure 1 The role of microbiome in the occurrence and development of colorectal cancer. Microbiome influences the occurrence and development of colorectal cancer through a variety of mechanisms. Microbiome and their 
metabolites can induce tumorigenesis through direct mutagenesis of intestinal epithelial cells or activation of intracellular carcinogenic signals. Bacterial metabolites can also trigger the release of pro-inflammatory signals, which further promote 
tumorigenesis. Pathogenic bacteria or their products activate tumor-associated myeloid cells and induce tumor-promoting inflammation. Symbiotic fungi activate the production of interleukin (IL)-7 in macrophages and induce the production of IL-22 in 
ILC3, leading to tumor progression. ILC3s inhibited Th17 cells and intestinal inflammation. ILC3s decreased significantly and Th17 increased in colorectal cancer. The dialogue between ILC3s, effector T cell and major histocompatibility complex class II 
is disrupted by colorectal cancer and intestinal inflammation, promoting the progress of colorectal cancer. Fusobacterium nucleatum upregulates the expression of chemokine (C-C motif) ligand 20 through nuclear factor-κB and induces M2 
macrophages to polarize and promote tumor metastasis. Cathepsin K mediates tumor invasion and metastasis. Short chain fatty acids directly inhibits tumor cell growth and induces host macrophage, T and B cell responses to protect colitis-induced 
colorectal cancer. CRC: Colorectal cancer; CAM: Cell adhesion molecule; FadA: Fusobacterium adhesin A; TIGIT: T-cell immunoglobulin and ITIM domain; MAMP: Microbe-associated molecular pattern; PRR: Pattern recognition receptor; NF-κB: 
Nuclear factor-κB; STAT3: Signal transducer and activator of transcription 3; MHCII: Major histocompatibility complex class II; Teff: Effector T cell; CTSK: Cathepsin K; TLR4: Toll-like receptor 4; TAM: Tumor-associated macrophages; SCFA: Short 
chain fatty acid; DC: Dendritic cell; IL: Interleukin; NK: Natural killer; CCL20: Chemokine (C-C motif) ligand 20.
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TAMs can also promote the proliferation and invasion of tumor cells by interacting with tumor cells 
through microbiota-derived exosomes[37]. Microbiota-derived exosomes have the potential to activate 
macrophages. The extracellular vesicles released from bacteria are named outer membrane vesicles, and 
the coculture of outer membrane vesicles and macrophages leads to a large production of type M1 and 
M2 cytokines and chemokines. TLRs are an important component of the host defense mediated by the 
innate immune system[39] and are also involved in tumorigenesis[40]. Colon epithelial cells can sense 
the gut microbiome through pattern recognition receptors, including TLRs[42]. Thus, bacterial-induced 
chemokine gene expression is most likely initiated when TLRs trigger tumor cells[20].

In addition to the microbiome itself, microbiota-derived metabolites are also significant factors in the 
regulation of TME formation[43]. It is an important mediator of host-microbiome interactions[44]. Short-
chain fatty acids (SCFAs), beneficial metabolites of the gut microbiome, are fermented from dietary 
fiber, including acetic acid, propionic acid, and butyrate[43-46]. SCFAs regulate intestinal motility and 
energy metabolism by secreting peptides YY and glucagon-like peptide 1 from intestinal endocrine L 
cells, directly inhibiting tumor cell growth and inducing host macrophage, T-cell and B-cell responses to 
protect against colitis-induced CRC[45].

Of these, butyrate is the most relevant bacterial metabolite of SCFAs[47] and has important immuno-
modulatory functions that can mediate the switching of pro-inflammatory cytokine expression by 
inhibiting histone deacetylases[48]. The significant reduction in butyrate-producing bacteria in the gut 
microbiome of patients with CRC may constitute a major structural imbalance in the gut microbiome of 
patients with CRC[49]. Thus, SCFAs play an important role in regulating host energy metabolism and 
the immune system[50]. Studies have shown that supplementation with probiotics that produce SCFAs 
can inhibit the development of intestinal tumors[51,52]. However, under certain conditions, butyrate 
metabolized by microorganisms may have the opposite effect. Several studies have shown that at lower 
concentrations, butyrate may stimulate the proliferation of colonic epithelial cells and thus promote 
CRC[53,54]. This discrepancy in the effects of butyrate on CRC is known as the “butyrate paradox”[53,
54]. Therefore, increasing metabolites, such as SCFAs, has the potential to be used as an adjuvant 
treatment and preventive measure for CRC. However, it is necessary to further explore the action 
threshold of butyrate to avoid the opposite effect. Another gut bacterial metabolite, conjugated linoleic 
acid (CLA), is one of the most important fatty acids in the gut and is mainly produced by Roseburia 
species[55]. The reduction in Roseburia species was closely associated with the occurrence of CRC[49]. 
CLA also inhibits TNF-α expression and induces the immunomodulatory cytokine transforming growth 
factor β1 (TGF-β1) to participate in and regulate the pathways of apoptosis and immune response, 
reducing the risk of CRC[56]. Thus, the antiproliferative and anti-inflammatory capacity of CLA on 
colon cells may play an important role in CLA’s protection of the host against CRC[57].

GASTRIC CANCER
Gastric cancer (GC) is the fifth most common cancer in the world and the third most common cause of 
cancer death[58]. The host microbiome is closely associated with the occurrence and development of 
GC. The gastric microbiome affects inflammation and immunity at the local mucosal level and system-
ically. Disorders in the close interaction between the gastric microbiome and the immune system in the 
TME may contribute to GC development by triggering a tumor-promoting immune response[59] 
(Figure 2).

Helicobacter pylori (H. pylori) infection is a risk factor for GC[60]. H. pylori colonizes the gastric mucosa 
of up to 50% of the population, manipulating host tissue to establish and maintain an immunosup-
pressive environment for chronic infection[61]. H. pylori inhibits the effector functions of CD4+ T cells, 
dendritic cells (DCs), and macrophages by altering the cross-presentation activity of DCs to suppress 
antitumor CD8+ T-cell responses, thereby suppressing the innate and adaptive immune responses of the 
infected host[61,62]. During GC formation, H. pylori may actively participate in GC by altering gastric 
mucosal immunity, particularly regulatory T (Treg)/Th17 imbalance[61]. H. pylori can also produce 
virulence factors (e.g., VacA, γ-GT, DupA) to impair immune cell activity[63]. For example, VacA affects 
the inflammatory response of the host primarily by inhibiting the proliferation and effector functions of 
T cells[63], but also induces the proinflammatory effects of T cells by activating nuclear factor kappa B 
and leading to the upregulation of IL-8[64]. γ-GT induces T-cell cycle block by disrupting RAS signaling 
and inhibits T-cell proliferation[65]. DupA increases the expression of proinflammatory cytokines (e.g., 
IL-12 and IL-23) via monocytes[66]. However, only H. pylori colonization in the stomach is not sufficient 
to induce gastric carcinogenesis[61]. In the past, the human stomach was thought to be the only habitat 
for H. pylori and was considered unsuitable for microbial habitation. However, recently, various studies 
have demonstrated that different gastric environments result in different microbial ecosystems within 
the stomach, and changes in specific microbial species may make the gastric microbiome more 
carcinogenic[67]. Bacteria other than H. pylori were previously thought to be unrelated to the 
development of GC[60]. Lofgren et al[68] demonstrated that the presence of a complex microbiome 
promoted the development of H. pylori-induced GC. However, the specific mechanism of the 
intragastric microbiome interaction with H. pylori on immunity remains unclear.
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Figure 2 The role of microbiome in gastric cancer. Helicobacter pylori inhibits the effector functions of CD4+ T cells, dendritic cells and macrophages and 
suppresses antitumor CD8+ T cell responses by altering the cross-presentation activity of dendritic cells. Helicobacter pylori also produce virulence factors (e.g., 
VacA, γ-GT, dupA) to impair immune cell activity. Propionibacterium acnes promote M2 polarization of macrophages via toll-like receptor 4/PI3K/Akt signaling. M2 
macrophages secrete chitinase 3-like protein 1 that binds specifically to the interleukin-13 receptor α2 chai of tumor cells, triggering the mitogen-activated protein 
kinase signaling pathway and promoting gastric cancer metastasis. DC: Dendritic cell; TLR4: Toll-like receptor 4; TAM: Tumor-associated macrophages; CHI3L1: 
Chitinase 3-like protein 1; IL-13Rα2: Interleukin-13 receptor α2 chain; MAPK: Mitogen-activated protein kinase; H. pylori: Helicobacter pylori; P. acnes: 
Propionibacterium acnes.

The microbial diversity and abundance in GC tumors were higher than those in nontumor tissues[67,
69]. The intratumoral microbiome influences GC by modulating immune responses in the TME. A 
recent study by Peng et al[59] found that the infiltration of CD8+ tissue-resident memory T cells (TRM 
cells) in the TME of patients with GC is negatively correlated with the abundance of Methylobacterium in 
gastric tumors. The population of memory T cells in TILs, known as TRM cells, is derived from T cells 
that enter tissues during the primary response (such as in response to viral invasion) and plays a role in 
tumor immune surveillance[70]. CD8+ TRM cells produce and release various cytokines, such as 
interferon-γ (IFN-γ), which promote the activation of other immune cells and play an important role in 
antitumor immunity[71]. Intratumor Methylobacterium may promote the development of GC by 
inhibiting the immune infiltration of CD8+ TRM cells in the TME, leading to poor prognosis[59]. 
Furthermore, the abundance of Methylobacterium was also found to be significantly negatively correlated 
with TGF-β and IL-2[59]. TGF-β induces the expression of CD103, which plays an essential role in the 
permanent residence of TRM cells in epithelial tissues[71]. This may provide a new target for the 
development of immunotherapy for GC.

TAMs, mainly M2 TAMs (i.e., polarized M2 macrophages), are important in the progression of GC
[72]. Recent experiments have shown that Propionibacterium acnes (P. acnes) is significantly increased in 
GC tissues, especially in H. pylori-negative tissue, and promotes M2 polarization of macrophages via 
TLR4/PI3K/Akt signaling when comparing microbial communities in GC tissues and adjacent normal 
tissues[73]. M2 macrophages secrete chitinase 3-like protein 1, which binds specifically to the 
interleukin-13 receptor α2 chain of cancer cells and triggers the mitogen-activated protein kinase 
signaling pathway to promote regional or distal metastasis of GC[72]. The abundance of P. acnes is 
positively correlated with M2 macrophages in GC tissues[73]. Therefore, P. acnes may be one of the 
possible factors for GC progression beyond H. pylori. Recent reports have shown a sustained increase in 
the abundance of lactic acid bacteria (LAB) in GC patients. LAB can increase exogenous lactate 
production[74]. Lactate produced by the glycolytic pathway leads to the formation of an acidic TME
[75], which is involved in cancer progression. Lactate mediates M2-like polarization of TAMs and 
increases vascular endothelial growth factor and arginase 1 expression in these cells, thereby facilitating 
immune escape[74]. Lactate also inhibits the function and survival of T cells and natural killer (NK) cells 
and increases the number of myeloid-derived suppressor cells, which further inhibits the cytotoxicity of 
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NK cells. Because LAB can produce large amounts of lactate in a short period of time[76], it is possible 
that microbial lactate can shape the TME like host lactate, altering the immune response[74].

In addition to bacteria, intratumoral fungi can also affect GC progression through the IOM axis. Yang 
et al[77] analyzed the gastric fungal microbiome in patients with GC and healthy individuals by high-
throughput sequencing and noted that the ecological dysbiosis of the gastric fungal microbiota may be 
related to the occurrence of GC. They also measured the mRNA levels of cytokines and chemokines in 
tumor and normal tissues. The results showed that the levels of pro-inflammatory cytokines and 
chemokines such as CXCL9, CXCL10, CXCL11, and TNF-α were significantly increased, while anti-
inflammatory cytokines and chemokines such as CCL17, IL-4, IL-6, and IL-8 were significantly 
decreased in the GC group. It is suggested that fungi that promote the production of proinflammatory 
cytokines and chemokines may be involved in promoting the tumor immune response, while fungi that 
promote the production of anti-inflammatory cytokines and chemokines may enhance the anti-inflam-
matory response in GC. IL-10 is highly expressed in various types of cancer[78,79], and can 
downregulate the inflammatory cytokines IL-6 and IL-8[77]. Therefore, the decreased levels of IL-6 and 
IL-8 in the GC group may be due to the increase in IL-10 levels in the local area of the tumor. IL-10 is 
released by TAMs, and IL-10+ TAMs infiltrate the tumor, which drives immune escape from the TME 
characterized by Treg-cell infiltration and CD8+ T-cell dysfunction[80]. C. albicans is the most studied 
fungal species in GC. C. albicans was found to be a fungal marker of GC[81]. In vitro, the mannose 
protein of C. albicans could promote tumor adhesion and liver metastasis[82]. Similar to CRC, fungi may 
have a complex role in the Th17 cell family. On the one hand, Th17 cells produce IL-17 to initiate 
downstream immunity against C. albicans. On the other hand, other cytokines, such as IL-23, produced 
by Th17 cells can promote tumorigenesis and growth. In addition, Th-17 can promote the progression of 
GC through an indirect mechanism. IL-17 secreted by Th17 cells can antagonize IL-12. IL-12 induces the 
production of IFN-γ and promotes the infiltration of cytotoxic T cells, which plays a critical role in the 
Th1-type antitumor immune response[83,84]. The promotion of cancer progression by IL-17 is also 
associated with neutrophil recruitment[85]. Additionally, the complement receptor 3-related protein 
(CR3-RP) of C. albicans has antigenic and structural similarity to CR3. CR3 is involved in leukocyte 
adhesion to endothelial cells and the subsequent extravasation process. Thus, antibodies against C. 
albicans CR3-RP may cross-react with leukocyte CR3 and disrupt the host’s antitumor defense[85].

In general, bacteria and fungi in the stomach, which are considered unsuitable for microbial 
habitation, have an important role in the regulation of GC progression. They can interact with immune 
cells in the body or the TME, affecting the progression of GC. Moreover, the role of fungi in GC may be 
underestimated. However, it is not clear whether fungi exist in tumor tissue as viable or partial 
components.

EC
EC is one of the most invasive malignant diseases[86]. Unlike other luminal organs of the digestive 
system, the esophagus does not retain food contents. It was first thought that the esophagus was aseptic, 
but after the study of traditional bacterial culture methods, it was found that the esophagus contained a 
small number of microorganisms swallowed from the oropharynx or excreted from the stomach 
through gastroesophageal reflux[87,88]. With the progress of culture technology, increasing evidence 
shows that the normal esophagus has a unique, stable, resident microbiome[87,88]. The distal 
esophageal microbiome was divided into two groups: Type I and type II[89]. Among them, the type I 
microbiome, dominated by Streptococcus species, seems to be the main component of the normal 
esophageal microbiome[89,90]. However, a study found that the microbiome of the normal esophagus is 
not the same as that of the esophagus with inflammation, Barrett’s esophagus (BE), and EC[87]. Type II 
microbiome, dominated by gram-negative bacteria, is usually associated with an abnormal esophagus
[89].

Gastroesophageal reflux disease (GERD) and BE are significant risk factors for esophageal adenocar-
cinoma (EAC)[91-93]. Gram-negative bacteria that predominate in GERD and BE produce specific 
components, such as lipopolysaccharide (LPS)[87,88]. LPS directly or indirectly stimulates TLR4[94] in 
epithelial cells or inflammatory cells, leading to NF-кB activation[87] promote the expression of 
proinflammatory cytokines and sustain the innate immune response in the esophagus[88,94]. LPS binds 
plasma-derived LPS-binding protein and transmits to membrane-bound CD14 in monocytes, interacting 
with CD14[95]. CD14 plays a key role in LPS-mediated signal transduction by enhancing leukocyte 
adhesion, activation, and cytokine production. LPS stimulation of monocytes or epithelial cells leads to 
the activation of TLR4 and downstream NF-κB pathways, which triggers an inflammatory response[94]. 
LPS may also indirectly activate the NF-κB pathway of epithelial cells by triggering the production of 
inflammatory cytokines such as TNF-α, IL-1, and IL-6 by monocytes and macrophages[94,95].

In addition, Campylobacter was experimentally demonstrated to be significantly increased in GERD 
and BE[96]. Cytokines related to carcinogenesis, such as IL-18, were more highly expressed in the tissues 
colonized by Campylobacter[87]. Studies have shown that there is a very close relationship between 
esophageal Campylobacter colonization and IL-18 epithelial cell production[97]. IL-18 is produced by 
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gastrointestinal epithelial cells, including squamous esophagus cells, which can stimulate both 
congenital and adaptive responses (Th1 and Th2) and induce NK cell activity and apoptosis[98]. 
Another study found that Campylobacter infection induced the secretion of IL-8 and TNF-α[99]. 
However, the increase in IL-8 secretion was not associated with the secretion of TNF-α stimulated by 
Campylobacter. It is not clear whether IL-8 can play a role in the initiation and maintenance of malignant 
transformation from GERD and BE to EAC. However, Campylobacter species is associated with a range of 
gastrointestinal diseases and may play a role in the progression of EAC similar to H. pylori in GC[87,
100].

Moreover, the microbiome can also directly promote the occurrence of EAC by stimulating the 
human systemic immune system. For example, Lopetuso et al[90] identified Leptotrichia as the main 
taxon distinguishing EAC by LefSe analysis. Leptotrichia can promote the release of proinflammatory 
cytokines, such as IL-6 and IL-8. In turn, IL-6 and IL-8 can attract granulocytes and lymphocytes, thus 
inducing the host cellular immune response[101]. Serum antibodies against Leptotrichia are very 
common and belong to the IgG and IgM classes[102]. It is speculated that the immune activity caused by 
Leptotrichia may promote the occurrence of esophageal tumors[90].

Although there are few definitive conclusions about the impact of the microbiome on EAC, the 
change in the microbiome in the esophagus induces GERD and BE by activating the innate immune 
system and makes them progress to EAC, which seems to be a very important link in the pathogenesis 
of EAC. Compared with EAC, the characteristics of the microbiome in esophageal squamous cell 
carcinoma (ESCC) are not very clear[103]. However, there is growing evidence showing that the 
microbiome plays an important role in the occurrence and development of ESCC[87]. In a study by 
NHANES III, an increase in serum IgG of Porphyromonas gingivalis (P. gingivalis) was associated with 
increased mortality from oral and gastrointestinal cancers[104]. The results of Gao et al[105] showed that 
P. gingivalis infected the cancerous and adjacent esophageal mucosa of patients with ESCC. The titers of 
IgG and IgA against P. gingivalis in patients with ESCC were significantly higher than those in patients 
with esophagitis and healthy controls, which provided direct evidence for the involvement of P. 
gingivalis in the pathogenesis of ESCC. However, the specific mechanism by which P. gingivalis is 
involved in the progression of ESCC is unknown. Although the mechanism by which P. gingivalis affects 
the progression of ESCC through the IOM axis is still unclear, P. gingivalis can promote the infiltration of 
tumor-associated neutrophil 2 in tumor tissues in pancreatic cancer[106].

The poor prognosis of ESCC is also related to the presence of F. nucleatum[107]. In the relationship 
between F. nucleatum and cancer, especially CRC, F. nucleatum is considered to selectively amplify 
myeloid-derived immune cells to regulate the tumor immune microenvironment[23,25]. The immune 
response mediated by myeloid cells may provide the driving force for inflammation, genotoxicity, and 
epigenetic changes that lead to cancer[23]. In addition, F. nucleatum may promote tumor invasiveness by 
activating chemokines, such as CCL20, in EC tissue[87]. CCL20 plays a critical role in the migration of 
Treg lymphocytes. The specific receptor of CCL20 is CCR6, which is highly expressed in immune cells (
e.g., Treg and Th17) and epithelial tumors[108]. Treg cells promote migration to tumor tissue in a CCR6-
dependent manner in response to CCL20[109], and the concentration of CCL20 in the tumor is positively 
correlated with the number of tumor-infiltrating Tregs[108,110].

PANCREATIC CANCER
The central position of the pancreas in the abdominal cavity and the surrounding blood vessels and 
lymphatic vessels promote local and distant tumor spread. The TME of pancreatic cancer is charac-
terized by a high matrix level and low immune activity[111]. This has also become one of the reasons for 
the poor efficacy of ICIs in pancreatic cancer. Improving this immunosuppressive microenvironment 
has become an urgent problem to be solved. In recent years, with the deepening of the study of the 
microbiome and the application of high-throughput sequencing technology[112], it has been found that 
the gut and intratumor microbiome have an important effect on pancreatic cancer[113-115]. This is 
especially true in immune-related research. The role of the IOM axis in pancreatic cancer has a dual 
nature. Most studies have reported the cancer-promoting effect of fungi and bacteria through the IOM 
axis in pancreatic ductal adenocarcinoma (PDAC).

TAMs have important potential in activating tumor-specific CD8+ T cells, while the important role of 
the microbiome has long been neglected in research on TAMs in the TME, as well as in pancreatic cancer
[116-119]. Pushalkar et al[120] reported that ablation of the gut flora of mice with pancreatic cancer 
resulted in a decrease in immunosuppressive CD206+ M2-like TAMs with a concomitant increase in M1-
like TAMs and increased expression of MHCII, CD86, TNF-α, IL-12, and IL-6. Moreover, like other 
gastrointestinal tumors, microbial ablation increased TLR expression in macrophages. Thus, the effect of 
the microbiome on PDAC through the IOM axis may be partly caused by acting on TLRs on 
macrophages. At the same time, their research also reported that the cell-free extract of the gut 
microbiome from pancreatic cancer mice can also promote the transformation of TAMs to an 
immunosuppressive phenotype. This suggests that the cellular components or metabolites of the 
microbiome located in the gut or tumor may play an important role in TAM-related reactions. Indole, a 
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metabolite of the gut microbiome, such as Lactobacillus murinus, was found to activate the aryl 
hydrocarbon receptor (AhR) on TAMs. AhR activation leads to the expression of arginase 1 and IL-10 in 
TAMs and suppresses the expression of IFN-γ in CD8+ T cells. Another metabolite of the gut 
microbiome, trimethylamine N-oxide (TMAO), is different from indole in its production, which is 
completely dependent on gut bacteria[121]. Choline is the main source of circulating TMAO. However, 
unlike the effect of indole, choline-supplemented mice had increased TMAO levels, accompanied by a 
significant reduction in PDAC burden[122]. Flow cytometry showed that the expression of MHCI and 
MHCII on TAMs was significantly increased, accompanied by a significant increase in activated CD8+ 
and CD4+ T cells. Further research found that TMAO directly changed TAMs into a phenotype that 
could support the T-cell response and reduce the burden of PDAC. However, the role of CD8+ T cells 
mediated by the microbiome in the gut/tumor seems not limited to the stimulation of gut microbiome 
metabolites. Riquelme et al[12] found that patients with long-term survival had higher intratumor 
microbiome diversity than those with short-term survival. Moreover, PDAC tumor volume was reduced 
in mice that were gavaged with feces from long-term survival patients, and this effect could be 
eliminated by the depletion of CD8+ T cells. Although the causal relationship between the enrichment of 
microbial communities and tumors is still unclear, it suggests that the construction of microbial 
communities in the gut/tumors may be more effective than studying the role of a single strain.

The role of IL-33 and ILC2s in pancreatic cancer is highly controversial. KRAS mutant PDAC cells can 
secrete IL-33 through the KRAS-MEK-ERK pathway[123]. Intratumor fungi and their cell-free extracts 
can activate dectin-1 on PDAC. The activation of dectin-1 promotes the secretion of IL-33 by PDAC cells 
through the Src-Syk-CARD9 pathway. This shows the important role of intratumoral fungi in mediating 
the secretion of PDAC cells. However, the source of IL-33 may not be limited to PDAC cells. Another 
study showed a different result. Sun et al[124] conducted immunohistochemistry on 20 human PDAC 
tissues and found that pericytes and cancer-associated fibroblasts were the major cell sources of IL-33 
production in PDAC tissues and promoted PDAC metastasis through the IL-33-ST2-CXCL3-CXCR2 
axis, although both studies found that the expression of IL-33 in PDAC was increased. The increase in 
IL-33 in the TME of PDAC promotes the infiltration of TH2 cells and ILCs in PDAC through the IL-33/
ST2 axis[123]. These immune cells promote the tumorigenic process through their cytokine networks, 
leading to PDAC progression[125-127]. In addition to IL-33, the role of its downstream ILC2s is also 
controversial. The role of bipartisan politicians of ILC2s is also reflected in PDAC. ILC2s can also 
promote the effective infiltration of immune cells. ILC2s can inhibit the progression of PDAC tumors 
through the ILC2-CD103+ DC-CD8+ T axis[128]. The level of immunity in PDAC appears to affect the 
effect of ILCs.

THE MICROBIOME AND CANCER THERAPY
Antibiotics
In a retrospective clinical study, increased overall survival (OS) and progression-free survival (PFS) in 
patients with metastatic PDAC were associated with antibiotic use[129]. Several preclinical studies have 
found that ablation of the gut and intratumor microbiome with antibiotics in a PDAC in situ mouse 
model can prevent tumor progression[12,120,130]. In the abnormal esophagus, the use of selective 
antibiotics or probiotics to reverse the type II microbiome to a type I microbiome in the esophagus can 
reduce the risk of esophageal carcinogenesis[94]. However, the effect caused by this antibiotic is related 
to the type of tumor and the type of antibiotics. Treatment of mice carrying colon cancer xenografts with 
the antibiotic metronidazole was found to reduce cancer cell proliferation and tumor growth[131]. 
However, treatment with metronidazole in pancreatic cancer significantly increased the tumor load
[122]. In pancreatic cancer, quinolone therapy is linked to the improvement of OS. Postoperative 
quinolone therapy may prolong the survival time of preoperative treatment and resection of pancreatic 
cancer[132]. The use of antibiotics can inhibit or kill the pathogenic microbiome in the host. However, 
frequent use of broad-spectrum antibiotics may interfere with the gut microbiome, leading to ecological 
disorders and even cancer development[133].

Fecal microbiota transplantation
Fecal microbiota transplantation (FMT) is a method that transplants the entire gut microbiota from a 
healthy donor into the patient’s gut to correct gut microbial abnormalities and reconstruct the structure 
and function of normal gut microbiota[134]. Metagenomic analysis showed that FMT significantly 
increased the abundance of potentially beneficial species[135]. The microbiome remodeling induced by 
FMT may be related to an improved tumor immune microenvironment. Riquelme et al[12] concluded 
that compared with short-term PDAC survivors or healthy controls, PDAC tumor-bearing mice 
transplanted with the fecal microbiome from long-term survivors of PDAC had antitumor immunity. 
The bacteria found in the tumor transferred from the intestinal tract to the pancreas, affecting the 
composition of the tumor microbiome and antitumor immunity in the pancreas. Rosshart et al[136] 
reported that FMT enhanced host resistance to mutagen/inflammation-induced colorectal tumori-
genesis. The beneficial role of FMT in the treatment of diseases has been confirmed, but it has not been 
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widely studied in gastrointestinal tumors.

Probiotics
Probiotics can alter the composition of the gut microbiome and have been shown to inhibit tumor 
development by downregulating the levels of LPS, inflammatory factors, and chemokines[137]. Various 
studies have found that supplementation with probiotics that produce SCFAs can inhibit the 
development of tumors[51,52]. For example, both Lactobacillus coryniformis MXJ32 and Lacticaseibacillus 
rhamnosus LS8 can reduce intestinal inflammation by downregulating the expression of inflammatory 
cytokines (e.g., TNF-α, IL-1β, IL-6, IL-γ, and IL-17a) and chemokines (e.g., CXCL1, CXCL2, CXCL3, 
CXCL5, and CCL7) and effectively improve colitis-associated CRC[138,139]. However, the effects of 
these two probiotics on the mechanism of regulating the gut microbiome and specific immune response 
are not clear. In the study of Heydari et al[140], which uses an animal colon cancer model, treatment 
with probiotics suppressed the increase in miRNA expression and decreased the level of oncogenes, and 
such treatment was considered beneficial for colon cancer treatment. Lactobacillus brevis SBL8803-
derived polyphosphate leads to apoptosis of CRC cells by activating extracellular signal-regulated 
kinase signal transduction. Heptelidic acid, a metabolite of the probiotic Aspergillus oryzae, passes 
through the gut mucosa to reach the pancreas and induces apoptosis in pancreatic cancer cells by 
activating the p38MAPK signaling pathway[141]. Although probiotic supplements may alter the 
structure of the microbiome and regulate inflammation to prevent cancer[142], probiotics may adversely 
affect the reconstruction of gut mucosal host-microbiome ecosystems after antibiotic treatment[143]. 
Therefore, probiotic therapy may be a promising intervention method[138], but many problems 
urgently require further research.

Immunotherapy
The use of ICIs has made remarkable progress in the treatment of many cancers, among which the most 
widely used ICIs are monoclonal antibodies targeting programmed cell death protein 1 (PD-1) and its 
ligand PD-L1[144]. Although immunotherapy based on anti-PD-1 has a limited response in CRC 
patients, a growing body of research supports the important role of the gut microbiome in the immune 
system. The gut microbiome seems to influence the expression of PD-1/PD-L1 indirectly through 
systemic or locally mediated immune function, thus affecting the efficacy of anti-PD-1 and anti-PD-L1 
therapy[134]. The mechanisms by which the gut microbiome improves the efficacy of anti-PD-1 are as 
follows[145-148]: (1) An increase in beneficial bacteria; (2) Enhancement of the function of DCs; (3) An 
increase in antitumor CD8+ T-cell activity; and (4) Promotion of T-cell tumor infiltration. Several studies 
have reported that oral combinations of specific symbiotic bacteria and anti-PD-1/PD-L1 antibodies 
almost eliminated tumor growth[145,149]. In a mouse cancer model, oral live Lactobacillus rhamnosus GG 
enhanced the antitumor activity of anti-PD-1 immunotherapy by increasing tumor-infiltrating DCs and 
T cells and significantly inhibited tumor growth[146].

Antibiotics and immunotherapy
There is growing evidence that the gut microbiome can influence immunotherapy responses in patients 
treated with ICIs[61,62,134]. Preclinical experiments in mice showed that the use of antibiotics could 
decrease the efficacy of ICIs[144]. In a meta-analysis enrolling 2740 cancer patients, antibiotic use 
significantly reduced OS and PFS in patients treated with ICIs[150]. But, In a study on pancreatic cancer, 
researchers discovered that by using broad-spectrum antibiotics to eliminate gut microbiota, they could 
trigger immunogenic reprogramming within the TME. This made treatment with ICIs more effective by 
increasing the expression of PD-1[120]. Thus, whether the use of antibiotics can improve the efficacy of 
ICIs is controversial. At present, some meta-analyses suggest that antibiotic administration may be 
associated with poor prognosis of tumor patients receiving ICIs[151,152]. However, these studies 
focused on lung cancer, renal cell carcinoma, urothelial carcinoma, and melanoma[151]. Research on 
gastrointestinal malignancies is still insufficient. When CRC cells were implanted into germ-free or 
specific pathogen-free mice, broad-spectrum antibiotics reduced their ICI efficacy[153]. In a mouse 
model, H. pylori infection partially blocked the activity of ICIs and reduced the effect of tumor immuno-
therapy[61]. However, eradication of H. pylori infection through antibiotic therapy did not restore the 
decreased response of H. pylori-induced cancer to immunotherapy. Therefore, the administration of 
antibiotics to cure H. pylori infection is not a good choice to improve the efficacy of cancer immuno-
therapy. Han et al[154] recently demonstrated that antibiotic-induced microbiome disorders enhanced 
the antitumor efficacy of γ-δ T cells during immunotherapy in a mouse model of hepatocellular 
carcinoma. γ-δ T cells can generate immune responses to a wide range of antigens. They are believed to 
serve as a bridge between innate and adaptive immune responses[7]. γ-δ T cells can also infiltrate GC, 
pancreatic cancer, and colon cancer[155-157]. Thus, the effect of antibiotics on ICIs in patients with 
gastrointestinal malignancies still needs to be further studied.

FMT and immunotherapy
FMT is a potential way to improve the efficacy of anti-PD-1 therapy[158]. Huang et al[158] found that 
compared with colon cancer-bearing mice treated with anti-PD-1 or FMT alone, FMT combined with 
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anti-PD-1 showed higher survival and tumor control. The enhancement of anti-PD-1 therapy induced 
by FMT may be mediated by changes in the microbial genome and blood metabolism. Through 
metagenomic analysis, FMT altered the composition of the gut microbiome. The relative abundance of B
acteroides species and Parabacteroides species increased significantly. Metabonomic analysis of mouse 
plasma showed that after FMT, several metabolites, including taxic acid and aspirin, may promote the 
response to anti-PD-1 therapy through their immunomodulatory function. Accordingly, the 
composition and function of the gut microbiome may be able to influence the ICI response in cancer[7]. 
However, FMT did not improve the response to immunotherapy in cancer patients infected with H. 
pylori[62]. In the absence of ICIs, modulation of the gut microbiome with bacteria or FMT has a limited 
impact on the antitumor immune response or tumor growth[134]. Therefore, FMT may serve as an 
important therapeutic modality to assist patients treated with ICIs to enhance systemic and antitumor 
immunity in cancer patients.

Microbial metabolites and immunotherapy
Intestinal epithelial cells are closely related to the immune system. Bacterial metabolites, such as SCFAs, 
occur in the immune response and are strongly associated with innate immunity and antibody 
production[159]. The results from a cohort study showed that high levels of fecal or plasma SCFAs were 
associated with PD-1 treatment response and longer PFS[160]. In mice humanized with gut microbiota 
from patients, butyrate promoted T-cell infiltration in the TME, thus improving the efficacy of anti-PD-1 
monoclonal antibodies[147]. T Tryptophan is an essential amino acid for the human body. Indole, a 
metabolite of tryptophan, is a biologically active compound that plays an important role in tumor and 
immune regulation[161]. Indole drives AhR on TAMs and suppresses antitumor immunity. Macrophage 
AhR is the central driver of TAM function in PDAC. In patients with PDAC, high expression of AhR is 
associated with rapid disease progression and mortality. TMAO, a metabolite of natural microor-
ganisms, suppresses the immunostimulatory phenotype of macrophages, promotes the activity of 
effector T cells, and enhances antitumor immunity against PDAC[122]. The combination of TMAO and 
anti-PD1 in a PDAC mouse model significantly reduced the tumor burden and improved the survival 
rate compared to TMAO or ICIs alone. Therefore, the immunomodulatory mechanism associated with 
microbial metabolites may become a new direction to improve PD-1 efficacy in cancer patients[160].

CONCLUSION
In recent years, some progress has been made in the study of microorganisms and tumors. Although the 
role of the IOM axis in GC and EC needs to be further clarified, it plays an important role in the 
occurrence and development of gastrointestinal malignancies. Macrophages may be a key component in 
linking the microbiome and immunity, which has been reflected in the variety of tumors mentioned 
above. The microbiome may influence tumor immune responses through TLRs on macrophages. ILCs 
also play a vital role in the host microbiome and, together with T cells, regulate the IOM axis. The IOM 
axis provides a new direction for the treatment of gastrointestinal malignancies. An increasing number 
of studies have shown the role of the microbiome in immunotherapy. For example, specific antibiotic 
use may prevent tumor progression, whereas the combination of antibiotics with ICIs may reduce the 
efficacy of ICIs. In contrast, FMT has been found to improve the efficacy of immunotherapy. However, 
the effect of the microbiome on immunotherapy is still controversial, and the mechanism of action is still 
elusive and needs to be widely validated by more preclinical models and clinical trials.
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Abstract
The relevance of constipation to the development and progression of colorectal 
cancer (CRC) is currently a controversial issue. Studies have shown that changes 
in the composition of the gut microbiota, a condition known as ecological 
imbalance, are correlated with an increasing number of common human diseases, 
including CRC and constipation. CRC is the second leading cause of cancer-
related deaths worldwide, and constipation has been receiving widespread 
attention as a risk factor for CRC. Early colonoscopy screening of constipated 
patients, with regular follow-ups and timely intervention, can help detect early 
intestinal lesions and reduce the risks of developing colorectal polyps and CRC. 
As an important regulator of the intestinal microenvironment, the gut microbiota 
plays a critical role in the onset and progression of CRC. An increasing amount of 
evidence supports the thought that gut microbial composition and function are 
key determinants of CRC development and progression, with alterations inducing 
changes in the expression of host genes, metabolic regulation, and local and 
systemic immunological responses. Furthermore, constipation greatly affects the 
composition of the gut microbiota, which in turn influences the susceptibility to 
intestinal diseases such as CRC. However, the crosstalk between the gut 
microbiota, constipation, and CRC is still unclear.

Key Words: Microbiota; Constipation; Colorectal cancer; Intestinal microenvironment; 
Immunological responses; Metabolic regulation
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Core Tip: The changes in the composition of the gut microbiota are correlated with an increasing number 
of common human diseases, including colorectal cancer (CRC) and constipation. CRC is the second 
leading cause of cancer-related deaths worldwide, and constipation has been receiving widespread 
attention as a risk factor for CRC. An increasing amount of evidence supports the thought that gut 
microbial composition and function are key determinants of CRC development and progression, with 
alterations inducing changes in the expression of host genes, metabolic regulation, and local and systemic 
immunological responses.
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INTRODUCTION
There are approximately 100 trillion microbial cells in the gut microbiota, including a varied mix of 
bacteria, fungi, protozoa, and viruses[1]. Most gut bacteria form complex networks that are important 
mediators of tissue homeostasis, inflammation, and tumor development[2]. Despite regularly being 
described to as the “forgotten organ,” the symbiotic equilibrium of the gut microbiota plays a crucial 
role in maintaining host health[3]. The gut microbiota is involved in a variety of physiological activities 
in the host, such as the fermentation of food components, production of short-chain fatty acids (SCFAs), 
regulation of immune function, regulation of the growth and differentiation of intestinal epithelial cells 
(IEC), bile salt metabolism, and production of vitamins and other protective substances. It also acts as a 
biological barrier to prevent the adhesion and invasion of pathogenic and potentially pathogenic 
bacteria. This intricate ecosystem not only involves a passive colonizer of the gut, but it also facilitates 
engagement with the host through a variety of interactions that support a number of physiological 
functions, including nutrition absorption, immunity, metabolism, and tissue development[4,5].

Colorectal cancer (CRC) is the third most prevalent type of cancer, accounting for nearly 2 million 
new cases each year, and is the second leading cause of cancer-related deaths globally[6]. As with many 
other diseases, the onset and progression of CRC are due to a combination of hereditary and environ-
mental factors. The microbiota is an essential environmental component that contributes to the 
development of cancers such as colorectal, liver, biliary tract, and breast cancers[7]. The microbiota in 
the colorectum interacts with IEC to obtain energy and regulate the body's immune response; 
consequently, its role in colorectal carcinogenesis is of great interest.

Constipation is a common gastrointestinal disorder and a common symptom in patients with cancer. 
It is characterized by scanty stools, hardened stools, or difficulty passing stools, and may occur alone or 
secondary to other diseases[8]. Constipation is a common problem for 16% of individuals overall and 
33.5% of seniors (60-101 years)[9]. Disruption of the intestinal microbial community (ecological 
dysbiosis) can lead to various changes in host pathophysiology, resulting in functional gastrointestinal 
disorders, particularly constipation[10].

MICROBIOTA-INDUCED REGULATION OF CRC
It is widely accepted that a variety of variables, including heredity, the environment, and chronic 
inflammation, contribute to the etiology of CRC[11]. Moreover, inflammation is a recognized driver of 
CRC development[2,12]. The gut microbiota can affect inflammatory processes in the digestive system 
as part of its interaction with the host immune system. When feces from patients with CRC were 
instilled into sterile, carcinogen-fed mice, the gut microbiome promoted the synthesis of chemokines, 
which increased histological inflammation and the expression of inflammatory genetic markers[13]. This 
is because the gut microbiota stimulates the production of chemokines (e.g., CCL5, CXCL9, CXCL10, 
CCL17, and CCL20) through tumorigenic cancer cells, thus favoring the recruitment of beneficial T cells 
into tumor tissue[14]. The microbiome induces multiple cases of inflammation and activates oncogenic 
pathways, resulting in increased cytokine expression during inflammation.

The intestinal mucosal barrier usually keeps the immune cells and gut microbiota apart. IECs make 
up the single layer of the intestinal mucosal barrier, which is joined by tight junctions[15]. The intestinal 
mucosal barrier is extremely permeable in both humans and CRC mouse models[16]. Increased suscept-
ibility to CRC due to dextran sodium sulfate-induced colitis disrupts the function of the intestinal 
mucosal barrier[17]. The mucosal barrier in rats is compromised by ammonia, a product of the intestinal 
microbiota, which has also been associated with an increase in colonic adenomas[18]. Sulfides are toxic 
to colon cells and inhibit butyrate oxidation, which can damage the barrier of the colon cell[19]. Notably, 
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even some metabolites can enhance the mucosal barrier function of the intestine. SCFAs are essential 
nutrients for IEC, which encourage the proliferation and differentiation of these cells and maintain the 
integrity of the intestinal epithelium[20].

Pattern recognition receptors (PRRs) enable communication between the immune system and 
microbiota by recognizing specific molecular patterns associated with pathogens[21]. In animal models, 
these PRRs are present among those associated with coliform-associated carcinogenesis, including Toll-
like receptors (TLRs)[22], nucleotide-binding oligomerization-like receptors, retinol-induced gene-I-like 
receptors[23], and melanoma 2-like receptors[24]. When myeloid differentiation factor 88 (MyD88), a 
crucial bridge protein required for TLR signaling, is activated, invasive commensal bacteria and their 
components bind to the TLRs on tumor-infiltrating myeloid cells[25]. This in turn triggers the synthesis 
of downstream pro-inflammatory cytokines, including IL-23, IL-17A, IL-6, IL22, IL-1β, and TNF-α[14,16,
25]. These cytokines promote malignant progression by enhancing cell proliferation, aggressiveness, 
and resistance to apoptosis. Ultimately, they stimulate the signaling pathways for nuclear factor-κB (NF-
κB) and activator of transcription 3 (STAT3), which enhances tumor cell growth[26,27]. Additionally, 
commensal bacteria and their metabolites boost the expression of IL-17C in transformed IECs via TLR/
MyD88-dependent signaling. IL-17C promotes tumor cell survival and carcinogenesis by inducing the 
expressions of B-cell lymphoma-2 and B-cell lymphoma-xL in IECs in an autocrine manner[25].

According to previous studies, oncogenesis can be undertaken using a number of bacteria, such as 
Fusobacterium nucleatum (F. nucleatum) adhesion and the invasion of colonic epithelial cells, to regulate 
oncogenic and inflammatory responses through FadA antigen binding to E-calmodulin on IECs to 
activate β-linked proteins[28]. Through the activation of TLR-4 signaling to NF-κB and the upregulation 
of miR-21 expression, myeloid cell infiltration is induced in tumors, and cancer cell proliferation and 
tumor progression are promoted[29].

In addition to the inflammatory immune mechanisms of gut microbes, the gut microbiota is capable 
of producing proteins, molecules, and secondary metabolites that are especially harmful to DNA. Host 
DNA can directly interact with and be modified by these products[30]. Bacteria produce two well-
defined genotoxins: Cytolethal distending toxin (CDT) and colistin[31]. Several enteric pathogens, 
including Salmonella, Escherichia and Campylobacter spp. produce CDT, which induces double-stranded 
DNA breaks through its deoxyribonuclease activity[32,33]. In the form of a deoxyribonuclease I-like 
protein, CDT exhibits DNA enzyme activity and regulates cell cycle development[34]. This toxin causes 
eukaryotic cells to stagnate in the G2 /M transition phase of the cell cycle, which stops the division of 
eukaryotic cells, but the cytoplasm continues to grow and expand. At last, the nucleus was seriously 
damaged and chromatin was obviously broken or completely disappeared[35]. Bacteroides fragilis (B. 
fragilis) toxins can lead to CRC progression by inducing mutations, damaging DNA, and ultimately 
damaging the epithelial cell genome[36]. Upon IECs exposure, B. fragilis toxin binds to specific IEC 
receptors and rapidly cleaves the extracellular structural domain of E-calmodulin, leading to complete 
degradation of E-calmodulin[37]. Subsequently, β-linked protein/T-cell factor-dependent transcrip-
tional activation induces transcription and translation of the c-Myc oncogene and sustained cell prolif-
eration[38].Furthermore, both B. fragilis toxins and Enterococcus faecalis reactive oxygen species have 
been linked to strand breaks and chromosomal aberrations in vitro[39,40]. Because small-molecule 
inhibitors that target the production of Escherichia coli (E. coli) toxins have been demonstrated to reduce 
the tumor burden in mouse models, their binding or inactivation may have therapeutic or preventative 
effects on CRC[40].

Besides, Clostridium perfringens belongs to the genus Clostridium, which produces bile acid 
hydrolases that catalyze the production of secondary bile acids (such as deoxycholic acid and lithocholic 
acid. Increased secondary bile acids levels activate the Wnt/β-linked protein and NF-κB signaling 
pathways, resulting in oxidative DNA damage, increased mitotic activity, and activation of intrinsic 
apoptotic pathways such as mitochondrial cytochrome C release and oxidative stress[41,42]. Secondary 
bile acids also influence CRC by activating the bile acid receptors G protein-coupled bile acid receptor 5 
(TGR5) and farnesoid X receptor (FXR)[43,44] (Figure 1).

MICROBIOTA-INDUCED REGULATION OF CONSTIPATION
It is widely accepted that gut dysfunction, such as intestinal fluid transport, intestinal peristalsis, mucus 
production, and intestinal nerve conduction disorders, is the primary cause of constipation[45]. 
However, several recent studies have demonstrated that the gut microbiota and its metabolism play a 
significant role in the physiology and pathology of constipation. They have the capacity to change 
intestinal secretion and the microenvironment by interacting with the immune system, enteric nervous 
system (ENS), and central nervous system[46]. Therefore, gut microbiota may cause intestinal motility 
disorders through complex mechanisms, but the key underlying mechanisms are still under invest-
igation.

In a constipated state, intestinal motility and secretion can become abnormal if the gut microbiota and 
metabolism are disrupted[47]. Simultaneously, the host modulates the gut microbiota via a variety of 
PRRs. In terms of the regulation of gastrointestinal motility, most TLRs are expressed in gut microbial 
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Figure 1 A flow diagram of the mechanism of how clostridium perfringens causes DNA damage and hence which mutations leading to 
colorectal cancer. CRC: Colorectal cancer; FX: Farnesoid X; TGR5: G protein-coupled bile acid receptor 5.

components and gastrointestinal sensory components[48,49]. TLRs can communicate directly with 
bacterial components to make it easier for gastrointestinal cells and the gut microbiota to work together. 
For example, there is evidence of the expression of TLR2 in intestinal smooth muscle cells, neurons, glial 
cells, and interstitial cells of Cajal (ICCs). By binding to TLR2 from the gut microbiota, lipopeptides, 
peptidoglycan, and lipophilin acid trigger the release of glial cell line-derived neurotrophic factor via 
NF-κB and p38 mitogen-activated protein kinase (MAPK) signaling, maintain ENS and neurogenesis 
neurons, and exert anti-inflammatory effects to improve gastrointestinal motility in a manner that is not 
dependent on MyD88[48,50].

Of the receptors previously described, TLR4 is the most suitable for recognizing lipopolysaccharides 
(LPS) generated from the gut microbiota, along with TLR2. When LPS binds to TLR4 expressed on 
myeloid macrophages (MM), it induces the production of bone morphogenetic protein 2 (BMP2), which 
improves gastrointestinal motility. Enteric neurons generate colony-stimulating factor 1 in conjunction 
with BMP2, which facilitates MM homeostasis and regulates gastrointestinal motility[51]. As a result, 
the gut microbiota participates in and regulates the crosstalk between the MM and gut neurons, thereby 
influencing gastrointestinal dynamics. Nevertheless, higher concentrations of LPS expressed on ICCs, 
cause them to bind to TLR4 and inhibit pacemaker activity in ICC via the MAPK and NF-κB signaling 
pathways, thereby suppressing gastrointestinal motility and leading to reduced fecal production and 
prolonged defecation[52].

Furthermore, gut microbes can interact with ENS not only through TLRS but also through the 
intestinal serotonin network to promote the functional maturation of the enteric neural network. This 
promoted the synthesis and release of serotonin (5-HT) through the action of SCFAs on enterochro-
maffin cells[53]. 5-HT is a key regulator of gastrointestinal motility and secretion, and consists mainly of 
5-HT1, 2, 3, 4, and 7 isoforms, all of which have the ability to act directly on the various receptors on 
epithelial cells, smooth muscle cells, and enteric neurons, thereby affecting smooth muscle relaxation 
and contraction[54,55]. Notably, 5-HT is also a major product of tryptophan metabolism. The dysregu-
lation of tryptophan metabolites significantly contributes to the etiology of colonic dysmotility[56,57]. 
The creation of indole-3-methanol by the microbiota stimulates aryl hydrocarbon receptors in myenteric 
neurons, allowing them to respond to the microbial environment in the lumen. It also triggers neuron-
specific effector mechanisms and the expression of colonic motility[58].
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Similarly, the intestinal flora produces gas, which has a significant impact on intestinal motility. 
Methane, hydrogen, hydrogen sulfide, and carbon dioxide are among the gases generated by gut 
microorganisms in the digestive tract. In the gastrointestinal system, unabsorbed carbohydrates are 
fermented by bacteria, producing these byproducts. In fact, the lactulose hydrogen breath test reveals a 
substantial link between constipation-predominant irritable bowel syndrome and excessive methane 
levels[59]. The most prevalent methanogenic bacterium in the human gut is Methanobacterium smegmatis 
(M. smegmatis)[60]. A clinical study showed that M. smegmatis was overgrown in the intestines of 
constipated patients with elevated methane levels[61]. In addition, nitrate or nitrite from the gut lumen 
can serve as raw material for the production of NO by gut microbes[62]. It has been established that NO 
is an inhibitory neurotransmitter that may contribute to reduced gastrointestinal smooth muscle tension 
and diminished gastrointestinal motility.

Bile acids function as physiological laxatives to modify water and electrolyte transport in the 
intestinal lumen, as well as to regulate intestinal motility. Bile acids stimulate the TGR5 in enterochro-
maffin cells and myelinated neurons, releasing 5-HT and calcitonin gene-related peptides[63]. Several 
studies have shown that ileal bile acid-transport protein inhibitors significantly reduce bowel passage 
time, and improve constipation symptoms when compared with placebos[64,65]. Gastrointestinal flora 
modulates the gut microbiota, regulates the synthesis of hepatic bile acids, and promotes the 
participation of pro-bile acids in various chemical reactions in the body, thereby increasing the diversity 
of bile acid derivatives[66].

Consequently, the development of functional maturation of the ENS, and the reduction of colonic 
motility issues, may be aided by microecological management that directly targets specific TLR and 5-
HT signaling pathways. At the same time, these findings support the hypothesis that the metabolism of 
Trp under the control of the gut microbiome is involved in host-microbiota crosstalk and 
gastrointestinal motility fine-tuning. This suggests that Trp metabolism may be a viable therapeutic 
target for gastrointestinal motility.

POSSIBLE MECHANISMS WHEREBY CONSTIPATION IS INVOLVED IN THE 
DEVELOPMENT OF CRC
Because the etiologies of constipation and CRC are similar, it is unknown whether constipation and the 
emergence of CRC are causally related. Several hypothetical mechanisms may be behind the associ-
ations observed in this study. It has been theorized that lower bowel motility, and correspondingly 
longer transport time, in constipated patients would increase the risk of CRC due to prolonged exposure 
of the colonic mucosa to fecal carcinogens. Second, it has been suggested that constipation may 
accelerate the onset of CRC by causing immunological abnormalities and gene mutations or deletions 
via the disruption of intestinal microecology. Furthermore, harmful compounds released by microbial 
cells are thought to spread to other regions of the body, leading to the development, initiation, or 
progression of cancer[67,68]. Additionally, any relationship with constipation may be due to inverse 
causality; in other words, CRC may cause constipation before the clinical manifestation of cancer. 
Eventually, although CRC is more likely to be detected later than constipation is usually detected, the 
two conditions may be separate but converging disorders caused by similar underlying risk factors. 
Therefore, although constipation is not an indication for a colonoscopy, it should be considered in 
specific individuals (e.g., those over 50 years of age) for colon cancer screening[8].

While associations have been drawn between constipation and CRC in prior studies, the results are 
contradictory[69,70]. Generally, these studies were often constrained by selection bias, recollection bias, 
and self-reported data on constipation. The specific relationship between constipation and CRC is not 
fully understood, and in this context, the gut microbiota may be the key to solving this mystery.

The type and amount of gut microbiota and their metabolites differ between patients with 
constipation and the healthy population. The abundances of lactococci, rumenococci, E. coli, and Staphylo-
coccus aureus in the intestinal flora were considerably higher in the stool of patients with constipation, 
whereas the abundances of bifidobacteria and lactobacilli were significantly lower, resulting in severe 
dysbiosis[71,72]. The abundance of Bacillus spp. in the colonic mucosa is significantly higher not only in 
patients with constipation, but also in those with CRC[73,74]. In addition, when constipation occurs, 
because dry, hard stools remain in the colon for an extended period of time, they easily consume the 
mucus of the loose external mucus layer of the intestine. This creates an opportunity for imbalances in 
the gut microbiota to invade the internal mucus layer, thereby inducing an immune response and 
causing inflammation, which is a necessary trigger for CRC[47].

The presence of B. fragilis, E. coli, and F. nucleatum in the intestine may also induce the abnormal 
expression of pro-oncogenes and oncogenes, as well as abnormal mismatch chromosome repair. By 
doing so, it may trigger cellular heterogeneous hyperplasia and adenomatous polyps, and contribute to 
the emergence and spread of CRC[75-77]. The increased abundance of F. nucleatum and E. coli may be 
involved in colorectal carcinogenesis and development by activating the Wnt and NF-κB signaling 
pathways, which promote the release of chemokines, adhesion molecules, and pro-inflammatory 
cytokines. These pathways can even induce chromosomal instability and the abnormal methylation of 
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Figure 2 Schematic diagram of the role of intestinal bacteria in constipation and bowel cancer. TLR: Toll-like receptor; NF-κB: Nuclear factor-κB; 
B. fragilis: Bacteroides fragilis; F. nucleatum: Fusobacterium nucleatum.

CpG islands to mediate immune cell aggregation, thereby inducing apoptosis and regulating the tumor 
immune microenvironment. Notably, altered abundance of E. fragilis can induce signal transducer and 
STAT3 activation in colonic epithelial cells, and Enterococcus faecalis can induce the formation of reactive 
oxygen species, related oxidative stress, and DNA damage. This in turn may cause cell proliferation, 
apoptosis, and abnormal immune responses, leading to colorectal tumor development[78].

Simultaneously, aberrant metabolites of the gut microbiota caused by intestinal microecological 
dysregulation are also involved in the development and progression of colorectal diseases. In addition 
to anti-inflammatory and immunomodulatory effects, moderate amounts of butyrate can enhance the 
defense of the gastrointestinal mucosal barrier. They can also lessen colon cancer cell propagation and 
migration by increasing the production of mucin-encoding genes; activating the activity of heat shock 
proteins, trefoil factors, antimicrobial peptides, and glutaminyl transferases; and inhibiting histone 
deacetylases[79]. However, excessive amounts of butyrate not only inhibit the release of mucin by 
intestinal cup cells and encourage the absorption of water and electrolytes from the colon, but they also 
inhibit the contraction of colonic smooth muscle and reduce the movement of the colon. This leads to 
constipation and may even promote the proliferation of tumor cells or increase the activity of β-catenin, 
thereby increasing the risk of tumor development[80].

CONCLUSION
Constipation may be involved in the process of CRC development and progression via a mechanism 
that may involve changes in the composition of the flora, and abnormalities in its metabolites caused by 
dysbiosis of the intestinal flora, leading to intestinal motility dysfunction and/or abnormalities in the 
immune microenvironment, as shown in Figure 2. The pro-tumorigenic effects of individual cytokines 
are context-dependent and significantly affected by synergistic effects in a complex cytokine 
environment.

The crosstalk between the gut microbiota, constipation, and CRC, and their specific mechanisms of 
action, are still poorly understood. Nevertheless, they also provide a wealth of new ideas and 
prospective targets for the prevention and treatment of CRC. The direction of relevant gut microbial 
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research is still dominated by animal studies, and there remain numerous obstacles to be overcome in 
clinical treatment owing to individual variations, tumor staging, and cross-species translation. To 
further understand the relationship between the gut microbiota, constipation, and CRC, ongoing 
preclinical and clinical research is required.

The future study design is as follows: Subjects first need to be pretreated with fecal sample 
sequencing and macrogenome sequencing, and oral antibiotics to deplete the natural gut microbes. 
Patients then undergo fecal transplantation and periodic fecal testing with sigmoid biopsy and tumor 
biopsy at appropriate times to observe the effects of fecal transplantation on constipation and CRC and 
assess the safety, feasibility, and impact of fecal transplantation on the intestinal microenvironment in 
patients with constipation and CRC. Future studies should clarify which patients can receive fecal 
transplants and which donor gut microbes are effective. In addition, the timing of antibiotic pre-
treatment all need to be further investigated. Gut microbiota may soon become a potent tool in the battle 
against CRC.

According to the latest guidelines on constipation, although constipation itself is not an indication of 
colonoscopy, patients with severe chronic constipation or alarm symptoms should consider colonoscopy 
to screen for CRC. In addition, CRC screening is not a "one size fits all" concept due to the variable 
incidence of recognized CRC risk factors. It is now recognized that those people identified as having a 
greater risk for CRC, such as those with a family history of CRC or CRC-associated genetic illnesses, 
should be examined at a younger age and using colonoscopy. The guidelines recommend that 
colonoscopy be started before age 50 or even at age 45 for patients with associated risk factors, or after 
age 50 if there are no associated risk factors and timely interventions should be made to reduce the risk 
of developing colorectal polyps and CRC to prevent disease progression.
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Abstract
BACKGROUND 
Circular RNAs (circRNAs) have attracted extensive attention as therapeutic 
targets in gastric cancer (GC). Circ_0003356 is known to be downregulated in GC 
tissues, but its cellular function and mechanisms remain undefined.

AIM 
To investigate the role of circ_0003356 in GC at the molecular and cellular level.

METHODS 
Circ_0003356, miR-668-3p, and SOCS3 expression were assessed via quantitative 
real time-polymerase chain reaction (qRT-PCR). Wound healing, EdU, CCK-8, 
flow cytometry and transwell assays were used to analyze the migration, prolif-
eration, viability, apoptosis and invasion of GC cells. The subcellular localization 
of circ_0003356 was monitored using fluorescence in situ hybridization. The 
interaction of circ_0003356 with miR-668-3p was confirmed using RIP-qRT-PCR, 
RNA pull-down, and dual luciferase reporter assays. We observed protein levels 
of genes via western blot. We injected AGS cells into the upper back of mice and 
performed immunohistochemistry staining for examining E-cadherin, N-cadherin, 
Ki67, and SOCS3 expressions. TUNEL staining was performed for the assessment 
of apoptosis in mouse tumor tissues.

RESULTS 
Circ_0003356 and SOCS3 expression was downregulated in GC cells, whilst miR-
668-3p was upregulated. Exogenous circ_0003356 expression and miR-668-3p 
silencing suppressed the migration, viability, proliferation, epithelial to mese-
nchy-mal transition (EMT) and invasion of GC cells and enhanced apoptosis. 

https://www.f6publishing.com
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Circ_0003356 overexpression impaired tumor growth in xenograft mice. Targeting of miR-668-3p 
by circ_0003356 was confirmed through binding assays and SOCS3 was identified as a 
downstream target of miR-668-3p. The impacts of circ_0003356 on cell proliferation, apoptosis, 
migration, invasion and EMT were reversed by miR-668-3p up-regulation or SOCS3 down-
regulation in GC cells.

CONCLUSION 
Circ_0003356 impaired GC development through its interaction with the miR-668-3p/SOCS3 axis.

Key Words: Epithelial-mesenchymal transition; Circ_0003356; Gastric cancer; Invasion; Proliferation; 
Migration

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We observed the low level of circ_0003356 expression in gastric cancer (GC) tissues and cells. 
Circ_0003356 expression was positively related to GC patient prognosis. Exogenous circ_0003356 
overexpression and/or miR-668-3p suppression enhanced apoptosis in GC cells and suppressed GC cell 
proliferation, migration, invasion, and epithelial to mesenchy-mal transition. The overexpression of 
circ_0003356 also prevented tumor growth in mice. At the mechansistic level, circ_0003356 was found to 
interact with the miR-668-3p/SOCS3 axis to impair GC development. Together, we reveal new and 
important molecular details highlighting circ_0003356 as a novel cancer target.

Citation: Li WD, Wang HT, Huang YM, Cheng BH, Xiang LJ, Zhou XH, Deng QY, Guo ZG, Yang ZF, Guan ZF, 
Wang Y. Circ_0003356 suppresses gastric cancer growth through targeting the miR-668-3p/SOCS3 axis. World J 
Gastrointest Oncol 2023; 15(5): 787-809
URL: https://www.wjgnet.com/1948-5204/full/v15/i5/787.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i5.787

INTRODUCTION
Gastric cancer (GC) encompasses a range of gastrointestinal malignancies[1,2], and ranks as the 2nd main 
cause of global cancer-associated deaths[3,4]. Chemotherapy, radiotherapy, and surgical resection have 
progressed GC treatment[5,6], but five-year survival rates remain low[7,8]. Personalized therapy has 
shown promise for GC treatment[9], but more effective anti-GC targets are required. Circular RNAs 
(circRNAs) regulate GC occurrence and development. The downregulation of circ_SKA3 inhibits the 
colony formation, proliferation, migration, and invasion of GC cells in vitro and suppresses tumori-
genesis in vivo[10]. Circ_0005758 up-regulation can inhibit GC cell proliferation, migration and invasion, 
and suppress tumor growth in xenograft mice[11]. Up-regulation of circ_0021087 impairs proliferation, 
epithelial to mesenchy-mal transition (EMT), and invasion of GC cells and overpowers tumor 
development in xenograft mice[12]. CircRNA analysis in GSE184882 indicates that circ_0003356 is lowly 
expressed in GC tissues, but the molecular effects governing its role in GC suppression have not been 
investigated at the molecular level.

MicroRNAs (miRNAs) regulate the post-transcriptional expression of a number of genes[13,14] and 
play a key role in GC progression. The overexpression of miR-548 promotes proliferation, migration and 
invasion of GC cells in vitro[15]. Silencing of miR-762 reduces GC cell viability and facilitates apoptosis
[16]. Inhibition of miR-4742-5p suppresses the proliferation, migration and invasion of GC cells[17]. 
Especially, miR-668-3p is oncogenic in hepatocellular carcinoma (HCC)[18] and colorectal cancer (CRC) 
cells[19].

SOCS3 is a negative regulator of hormone and cytokine signaling and plays a key role in cancer 
development[20,21]. Available studies have highlighted the importance of SOCS3 in the manipulation of 
cancer development. A study from Yu et al[22] have revealed that the downregulation of SOCS3 can 
reverse the suppressive effects of miR-3173-5p inhibitor on colony formation, cell proliferation, 
migration, invasion and EMT in prostate cancer cells. Another study from Li et al[23] have reported that 
SOCS3 overexpression also suppresses spheroid formation and CRC cell proliferation. In particular, 
SOCS3 is proven to exert an important role against tumor in GC. For instance, inhibition of miR-340 
suppresses cell cycle progression through enhancing the expression of SOCS3 in GC cells[24]. MiR-665 
also serves as an oncogene in GC through the downregulation of SOCS3[25]. The regulatory effects of 
miR-668-3p on SOCS3 in GC cells has not been investigated. Here, we show for the first time that 
circ_0003356 is downregulated in GC cells and tumor tissues and reveal its association with GC 
progression.

https://www.wjgnet.com/1948-5204/full/v15/i5/787.htm
https://dx.doi.org/10.4251/wjgo.v15.i5.787
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MATERIALS AND METHODS
Sample collection
GC and normal tissues (n = 80 pairs) were collected from surgical specimens of patients with GC at 
Zhongshan City People’s Hospital. Patients were diagnosed with GC via histopathology. No patients 
had received prior immunotherapy, adjuvant chemotherapy, or radiation therapy before surgery. GC 
patients were allocated into circ_0003356 low or high-expression groups based on the median 
expression value in tumor tissues. The Ethics Committee of Zhongshan City People’s Hospital provided 
approval (K2017-182). All participants agreed to the study and provided informed written consent.

Cell culture
AGS and HGC-27 cell lines (human) and GES-1 (non-GC) were cultured in Roswell Park Memorial 
Institute 1640 medium + 10% fetal bovine serum (FBS) + 1% streptomycin-penicillin. Cells were 
maintained at 37 °C 5% CO2.

Quantitative real time-polymerase chain reaction: Cells were lysed in Trizol and total RNA was 
quantitated on a NanoDrop 2000c spectrophotometer. For circ_0003356 and SOCS3, PrimeScript™ RT 
reagent kits were used for complementary DNA (cDNA) synthesis. For miR-668-3p, a TaqMan miRNA 
Assay kit was used for cDNA synthesis. cDNA was amplified using BeyoFast™ SYBR Green qPCR Mix. 
Primer sequences as shown in Table 1 were bought from TaKaRa. Relative mRNA expression of 
circ_0003356 and SOCS3 were normalised to GAPDH and calculated using the 2-ΔΔCt method. miR-668-3p 
was normalised to U6.

Cell transfection
The empty pcDNA3.1 vector, circ_0003356 overexpression vector (pcDNA3.1-circ_0003356), miR-668-3p 
inhibitor, negative control (NC) inhibitor, miR-668-3p mimic, NC mimic, small interfering RNA (siRNA) 
against SOCS3 (si-SOCS3) and si-NC were bought from GenePharma (Shanghai, China). Above factors 
were then transfected into AGS and HGC-27 cells using Lipofectamine 3000 (Invitrogen, Carlsbad, 
California, United States) for 48 h.

CCK-8 assay: The proliferation of HGC-27 and AGS cells was evaluated via a cell counting kit-8 
(Dojindo, Osaka, Japan). HGC-27 and AGS cells (1 × 104 cells/well) were plated in 96-well plates for 
incubating 24 h, 48 h, 72 h and 96 h. After that, each well was treated with CCK-8 reagent (10 μL) for 
another 1 h. Ultimately, a microplate reader (Bio-Rad, CA, United States) was used for measurement of 
optical density at 450 nm.

EdU assays: A Cell-Light EdU DNA Cell Proliferation Kit (RiboBio, Guangzhou, China) was used to 
perform EdU assay. Cells were labeled with 50 μM EdU for 2 h and fixed with 4 % paraformaldehyde 
(PFA) (4%). Cells were washed in phosphate buffered saline (PBS) containing glycine (2 mg/mL) for 10 
min to remove artefacts and permeabilized. Cells were stained with Apollo dye liquor in the dark 
followed by DAPI. Cells were imaged on a fluorescence microscope.

Flow cytometry analysis: Apoptotic rates were measured by flow cytometry (FACSCalibur, BD, United 
States). Cells were resuspended in 300 μL binding buffer and incubated with + Annexin V-FITC (5 μL) 
for 10 min. Cells were labeled with propidium iodide (5 μL) in the dark for 5 min. Apoptotic cells were 
quantified using FlowJo V10 software.

Wound healing assay: HGC-27 and AGS cells (5 × 104 cells/well) were put to 6-well plates coated with 
extracellular matrix molecule, which were cultured in RPMI1640 including 10% FBS. When the cell 
monolayer was formed, a sterile pipette tip was utilized for scratching the monolayer and scratch width 
was recorded under an inverted microscope (TE2000; Nikon, Tokyo, Japan). After being washed via PBS, 
FBS-free medium was added to culture cells for 24 h, followed by record of scratch wound. At last, the 
migration rate was calculated according to the following formula: (1 - 24 h scratch width/0 h scratch 
width) × 100.

Transwell assay: Matrigel-coated transwell chambers (8 μm; BD Biosciences, Franklin Lakes, NJ, United 
States) were utilized for evaluating invasion of HGC-27 and AGS cells. In detail, 3 × 103 cells were re-
suspended in FBS-free RPMI1640 medium (200 μL), which were appended to the upper chamber. In 
contrast, RPMI1640 medium containing 10% FBS was appended to bottom chambers. Following 24 h of 
incubation, cells in upper chambers were removed via a cotton swab. Cells in bottom chambers were 
fixed via 4% PFA and stained via 0.1% crystal violet. At last, the number of these cells was counted 
through inverted fluorescence microscopy (Leica Microsystems GmbH, Wetzlar, Germany).

Cytoplasmic and nuclear fractions: AGS and HGC-27 cells were lysed on ice in lysis buffer + protease 
inhibitors and centrifuged for 3 min. The subsequent pellets and supernatants were harvested as nuclear 
and cytoplasmic fractions. RNA was extracted from each fraction using Buffer SK. Quantitative real-
time polymerase chain reaction (qRT-PCR) analysis was performed for the detection of circ_0003356 
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Table 1 Primer sequences for quantitative real time-polymerase chain reaction analysis used in this study

Genes Sequences (5’-3’)

Forward CCAAGCTTGAAGACGGCAAACirc_0003356

Reverse TCATGGGGCTTCACCTTGAC

Forward TGTCACTCGGCTCGGMiR-668-3p

Reverse TGCGTGTCGTGGAGTC

Forward CCTGCGCCTCAAGACCTTCSOCS3

Reverse GTCACTGCGCTCCAGTAGAA

Forward GCTTCGGCAGCACATATACTAAAATU6

Reverse CAGTGCGTGTCGTGGAGT

Forward GGAGATTGTTGCCATCAACGGAPDH

Reverse TTGGTGGTGCAGGATGCATT

expression. U6 and 18S rRNA were used as controls of cytoplasmic and nuclear transcripts, respectively.

Fluorescence in situ hybridization (FISH): Fluorescence in situ hybridization (FISH) was performed 
using specific probes against circ_0003356 and miR-668-3p. Briefly, cells were fixed in 4% PFA for 15 
min and washed with a 70%, 95%, and 100% gradient of ethanol. Cell hybridization was performed at 37 
°C in a dark incubator. Cells were blocked in 3% normal goat serum and 1% bovine serum albumin for 1 
h. Cells were cultured with HRP-conjugated anti-biotin antibodies at 4 °C for 1 d. Cells were imaged on 
a fluorescence microscope.

Dual luciferase reporter assay: The online database circinteractome and StarBase v2.0 were used to 
identify predicted targets of circ_0003356 and miR-668-3p. The interaction of circ_0003356 and miR-668-
3p or SOCS3 and miR-668-3p were verified via dual luciferase reporter (DLR) assays. Briefly, the 3’-UTR 
sequences of WT circ_0003356 or SOCS3 comprising the miR-668-3p binding sites were cloned into pRL-
CMV. 3’-UTR sequences of circ_0003356 or SOCS3 containing mutant sites for miR-668-3p were also 
generated. MiR-668-3p mimic or NC mimic were transfected into HGC-27 and AGS cells and luciferase 
activity was measured 2 d post-transfection.

RNA binding protein immunoprecipitation assay: Cells were lysed in RNA binding protein immuno-
precipitation (RIP) buffer and magnetic beads conjugated with anti-Ago2 and anti-immunoglobulin G 
(IgG) were added to cell lysates. MiR-668-3p and circ_0003356 levels in the beads were analyzed.

RNA pull-down assays: RNA pull-downs were performed using commercial Magnetic RNA-Protein 
Pull-Down Kits (Pierce). Cells were transfected with 3’-biotinylated miR-668-3p (Bio-miR-668-3p) or Bio-
NC mimics. After 2 d, cells were lysed cells and streptavidin-coupled beads added to pull-down biotin-
coupled RNA complexes. Circ_0003356 enrichment in the bound fractions was subsequently assayed.

Western blot analysis: Cells were lysed in RIPA buffer and protein content assessed via BCA assays. A 
total of 20 μg of protein was resolved on 10% sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE) gels and transferred to on polyvinylidene difluoride membranes. Membranes 
were blocked in non-fat milk for 1 h and probed with anti-N-cadherin (1:6000, ab76011), anti-E-cadherin 
(1:10000, ab40772), anti-SOCS3 (1:1000, ab280884) and β-actin (1:1000, ab8224) primary antibodies at 4 °C 
for 24 h. Cells were subsequently labeled with anti-rabbit secondary antibodies (1:2000, ab205718) and 
proteins were visualized using chemiluminescence.

Establishment of xenograft tumor models: Mice (4-5 wk-old; BALB/c nude; male) were housed at 
room temperature with 50% humidity and 12 h light/dark cycle. All experiments were approved by the 
Animal Care and Use Committee of Zhongshan City People’s Hospital (K2017-182).

Mice were injected into the upper back with 1 × 107 AGS cells transfected with circ_0003356 or control 
vector[26]. Mice were assigned into 2 groups (n = 6 mice/group): Thecirc_0003356 group and the vector 
group. After injection for five weeks, mice were anesthetized with pentobarbital sodium and sacrificed 
via dislocation of cervical vertebrae. Tumors were dissected and tumor volumes calculated (length × 
width2)/2.

Immunohistochemistry staining: Mice tumor tissues were fixed in formalin and paraffinized. Tumors 
were cut into 4 μm sections, dewaxed with xylene, and hydrated in ethanol. Sections were boiled in 
citrate buffer (10 mmol/L) and cultured using H2O2 solution (3%) to inhibit endogenous peroxidase 
activity. Sections were probed with anti-Ki67 (1:200, ab16667), anti-SOCS3 (1:1000, ab280884), anti-N-
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cadherin (1:500, ab76011), and anti-E-cadherin (1:500, ab40772) primary antibodies at 4 °C overnight and 
labeled with HRP-conjugated secondary antibodies (1:500, ab6112) 30 min. Cells were stained using 
DAB substrate and counterstained using hematoxylin. Cells were imaged on a light microscope.

TUNEL staining: TUNEL assay was performed using the commercially available in situ Cell Death 
Detection Kit as per the manufactures recommendations.

Statistical analysis
GraphPad Prism 8.0 was used for data analysis. Experiments were performed on a minimum of 3 
occasions and are shown as the mean ± SD. Survival curves were plotted using the Kaplan-Meier 
method. Data were compared using a student’s t-test.

RESULTS
Circ_0003356 expression is down-regulated in GC tissues
Published GEO and GSE184882 datasets were analyzed[27,28]. Five circRNAs with significant 
expression differences in GC tissues were identified and selected for heat map analysis (Figure 1A). 
Then their expression was further determined via qRT-PCR. Five circRNAs with low relative expression 
in tumor tissues compared to normal tissues were identified (n = 20), amongst which circ_0003356 
expression (0.2 ± 0.06532) was the lowest (P = 0.0002, Figure 1B). Circ_0003356 was selected for further 
analysis.

Circ_0003356 expression was validated in GC normal and tumor tissues (n = 80). As expected, 
circ_0003356 expression was markedly downregulated in tumor tissues (0.4908 ± 0.02457) compared to 
normal adjacent tissues (0.99 ± 0.0243; P < 0.0001, Figure 1C). Patients with low circ_0003356 expression 
correlated with a short survival time (P < 0.0001, Figure 1D). Moreover, circ_0003356 displayed lower 
expression in AGS (0.3833 ± 0.06012) and HGC-27 cells (0.4967 ± 0.06012) than GES-1 cells (P = 0.0004, P 
= 0.0001, Figure 1E).

Circ_0003356 overexpression promotes cell apoptosis and impairs invasion, proliferation, migration 
and EMT of AGS and HGC-27 cells
Circ_0003356 was overexpressed in AGS and HGC-27 cells to further explore its influence on GC cell 
proliferation, apoptosis, migration, invasion, and EMT. Circ_0003356 expression in AGS cells (2.613 ± 
0.05207) and HGC-27 cells (2.5 ± 0.05774) was dramatically increased following transfection of 
pcDNA3.1-circ_0003356 (P < 0.0001, P < 0.0001, Figure 2A). Functional analyses showed that the 
viability of AGS (1.183 ± 0.06155) and HGC-27 cells (1.247 ± 0.0636) at 96 h were attenuated after 
circ_0003356 overexpression (P = 0.0002, P = 0.0002, Figure 2B). EdU assays also revealed that the prolif-
erative ability of AGS (22.33 ± 1.764) and HGC-27 cells (20 ± 1.732) was attenuated by circ_0003356 
overexpression (P = 0.0025, P = 0.0043, Figure 2C). Apoptotic rates in AGS (22.68 ± 0.2887) and HGC-27 
cells’ (18.38 ± 0.2887) were increased by circ_0003356 overexpression (P < 0.0001, P < 0.0001, Figure 2D). 
In terms of the migration and invasion of AGS (24.33 ± 2.728) and HGC-27 cells (20.33 ± 1.764), 
decreased numbers of invading AGS (168 ± 11.27) and HGC-27 cells (161.7 ± 12.35) were observed in 
response to circ_0003356 overexpression (P = 0.0001, P = 0.0031, P = 0.0002, P = 0.0016, Figures 2E and 
F). Circ_0003356 overexpression also attenuated the EMT of AGS (1.07 ± 0.6531, 0.57 ± 0.5168) and HGC-
27 (0.93 ± 0.06533, 0.39 ± 0.06137) cells evidenced by reduced N-cadherin expression and the enhanced 
expression of E-cadherin (P = 0.0006, P = 0.0023, P = 0.0021, P = 0.0007, Figure 2G).

Circ_0003356 directly binds to miR-668-3p
The subvocalization of circ_0003356 in AGS and HGC-27 cells was confirmed through FISH, which 
showed that circ_0003356 located in AGS and HGC-27 cells’ cytoplasm (Figure 3A). The findings were 
confirmed by qRT-PCR, showing that the circ_0003356 level was in AGS and HGC-27 cells markedly 
higher in the cytoplasm (85%) than the nuclear (15%) (Figure 3B).

Target predictions were performed using circinteractome, indentifing binding sites between miR-668-
3p and circ_0003356 (Figure 3C). We verified this relationship via RIP-qRT-PCR, RNA pull-down, and 
DLR assays. The Ago2 group showed enrichment for circ_0003356 and miR-668-3p in AGS (12.3 ± 
0.7024, 15.33 ± 0.3801) and HGC-27 cells (11.3 ± 0.6272, 14.33 ± 0.6912) compared to the IgG group (P = 
0.000087, P = 0.0000029, P = 0.00008, P = 0.00004, Figure 3D). The biotinylated miR-668-3p probe 
enriched more circ_0003356 than the biotinylated NC probe in AGS (0.9033 ± 0.03756) and HGC-27 cells 
(0.9167 ± 0.0491) (P = 0.0002, P = 0.0004, Figure 3E). Relative luciferase activity in AGS (0.35 ± 0.06532) 
and HGC-27 (0.31 ± 0.06478) were reduced in cells co-transfected with miR-668-3p mimic and 
circ_0003356 WT relative to miR-668-3p mimic and circ_0003356 MUT (P = 0.00057, P = 0.00041, 
Figure 3F). High expression of miR-668-3p was observed in tumor tissues (2.006 ± 0.02872) compared to 
healthy tissues (0.9984 ± 0.02829) (P < 0.0001, Figure 3G). An inverse relationship between the 
expression of miR-668-3p and circ_0003356 in tumor tissues was also observed (r = -0.8783, P = 0.0007, 
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Figure 1 Circ_0003356 is expressed to low levels in gastric cancer tissues. A: CircRNAs in GSE184882 were analyzed and five with the most 
significant expression differences in gastric cancer (GC) were used for heat map analysis; B: Relative expression of circRNAs in tumor and normal tissues determined 
by quantitative real-time polymerase chain reaction (qRT-PCR); C: Relative expression of circ_0003356 in tumor and normal tissues determined by qRT-PCR; D: 
Kaplan-Meier analysis of the correlation between circ_0003356 expression and overall survival of GC patients; E: Relative expression of circ_0003356 in GES-1, 
HGC-27, and AGS cells determined by qRT-PCR. aP < 0.05, bP < 0.01, cP < 0.001. NC: Negative control; GC: Gastric cancer.

Figure 3H).

Suppression of miR-668-3p promotes apoptosis and reduces proliferation, migration, invasion, and 
EMT in AGS and HGC-27 cells
Accordingly, the influences of miR-668-3p on cell migration, apoptosis, proliferation, invasion, and EMT 
were explored. Firstly, miR-668-3p expression in HGC-27 (2.8 ± 0.05508) and AGS (3 ± 0.1155) cells was 
found to be remarkably higher than GES-1 cells (1.007 ± 0.05207) (P < 0.0001, P < 0.0001, Figure 4A). 
When we determined its specific functions, we found that the viability (1.393 ± 0.06128, 1.342 ± 0.0636) 
and proliferative capacity (12.33 ± 1.453, 14 ± 2.082) of AGS and HGC-27 cells were attenuated by miR-
668-3p suppression (P = 0.00037, P = 0.00039, P = 0.0033, P = 0.0020, Figures 4B and C). Apototic rates in 
AGS (21.29 ± 0.8838) and HGC-27 cells’ (21.09 ± 0.9074) were raised following miR-668-3p suppression (
P < 0.0001, P = 0.0001, Figure 4D). The migration (25.67 ± 2.603, 41.67 ± 2.906 ) and invasion (174.7 ± 
9.262, 175.7 ± 9.025) of AGS and HGC-27 cells were also repressed following miR-668-3p down-
regulation (P = 0.0001, P = 0.0019, P = 0.0026, P = 0.0023, Figures 4E and F). The EMT of AGS (1.09 ± 
0.06348, 0.4 ± 0.06137) and HGC-27 cells (0.9 ± 0.05627, 0.31 ± 0.06137) was similarly attenuated by miR-
668-3p suppression, evidenced by decreased N-cadherin and increased E-cadherin expression (P = 
0.00089, P = 0.00051, P = 0.00066, P = 0.00054, Figure 4G).

SOCS3 is targeted by miR-668-3p
MiR-668-3p targets were assessed using the starbase2.0 database. SOCS3 contained binding sequences 
(AGUGAC) of miR-668-3p (Figure 5A). DLR assay was performed to validate this interaction. Relative 
luciferase activity in AGS (0.37 ± 0.06532) and HGC-27 cells (0.32 ± 0.06532) transfected with SOCS3 WT 
reporter was reduced in response to transfection of miR-668-3p mimic (P = 0.00041, P = 0.00065, 
Figure 5B). The SOCS3 MUT reporter showed no such changes following miR-668-3p mimic addition 
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Figure 2 Upregulation of circ_0003356 promotes cell apoptosis and suppresses proliferation, migration, invasion, and epithelial-
mesenchymal transition of AGS and HGC-27 cells. A: Relative expression of circ_0003356 in AGS and HGC-27 cells detected by quantitative real-time 
polymerase chain reaction; B: Cell viability in AGS and HGC-27 cells assessed by CCK-8 assay; C: Proliferation of AGS and HGC-27 cells assessed by EdU assays. 
D: Apoptosis of AGS and HGC-27 cells assessed by flow cytometry; E: Migration of AGS and HGC-27 cells detected by wound healing assays; F: Invasion of AGS 
and HGC-27 cells detected by transwell assay; G: Levels of epithelial-mesenchymal transition-related proteins (E-cadherin and N-cadherin) in AGS and HGC-27 cells 
determined using western blotting. bP < 0.01, cP < 0.001.

(Figure 5B), suggestive of a direct interaction between miR-668-3p and SOCS3. The regulatory relation 
between miR-668-3p and SOCS3 was assessed through western blotting. SOCS3 expression in AGS and 
HGC-27 cells was reduced through the addition of miR-668-3p mimic (0.5833 ± 0.03756, 0.6633 ± 
0.03528) and boosted by the miR-668-3p inhibitor (1.03 ± 0.04619, 0.92 ± 0.03786), implying an inverse 
regulatory relationship between miR-668-3p and SOCS3 (P = 0.0076, P = 0.0036; P = 0.0038, P = 0.0047, 
Figures 5C and D). Lower expression of SOCS3 in tumor tissues (0.5001 ± 0.02447) compared to normal 
tissues (0.9979 ± 0.02526) (P < 0.0001, Figure 5E) was also observed. Upon correlation analysis between 
circ_0003356 and SOCS3 expression (P < 0.0001, r = 0.9364; Figure 5F), the expression of SOCS3 was 
negatively associated with miR-668-3p in tumor tissues (P < 0.0001, r = -0.8438; Figure 5G).

Circ_0003356 inhibits malignant behavior of GC cells via sponging miR-668-3p to target SOCS3
SOCS3 was silenced via transfection of si-SOCS3 and its reduced expression confirmed in AGS (0.7267 ± 
0.05044) and HGC-27 cells (0.5933 ± 0.05207) (P = 0.0086, P = 0.0065, Figure 6A). miR-668-3p overex-
pression (0.6467 ± 0.06394, 0.6633 ± 0.04322 ) or SOCS3 downregulation (0.6433 ± 0.06394, 0.6267 ± 
0.04527) reversed the promoting effect of circ_0003356 on SOCS3 expression level in AGS and HGC-27 
cells (P = 0.0012, P = 0.0032, P = 0.0030, P = 0.0022, P = 0.0031, P = 0.0031, Figure 6B). The viability and 
proliferative capacity of AGS and HGC-27 cells were attenuated by circ_0003356 overexpression, whilst 
miR-668-3p upregulation or SOCS3 downregulation recovered the circ_0003356-mediated decrease in 
cell viability and proliferative capacity (P = 0.00039, P = 0.0025, P = 0.0037, P = 0.00042, P = 0.0035, P = 
0.0051; P < 0.0001, P = 0.0002, P < 0.0001, P < 0.0001, P = 0.0044, P = 0.0012; Figures 6C and D). The 
effects of circ_0003356 on the apoptotic rates of AGS and HGC-27 cells were similarly reversed by miR-
668-3p upregulation or SOCS3 downregulation (P < 0.0001, Figure 6E). When it came to circ_0003356-
mediated inhibition of migration, invasion, and EMT, miR-668-3p up-regulation or SOCS3 down-
regulation could partially eliminate them (P < 0.0001, P = 0.0017, P = 0.0007, P < 0.0001, P = 0.0039, P = 
0.0011; P < 0.0001, P = 0.0009, P = 0.0004, P < 0.0001, P = 0.0006, P = 0.0003; P = 0.0028, P = 0.010, P = 
0.0164, P = 0.0029, P = 0.023, P = 0.0278; P = 0.00314, P = 0.0213, P = 0.0144, P = 0.00285, P = 0.0267, P = 
0.00914; Figures 6F-H).

Circ_0003356 impedes GC tumorigenesis in vivo
A xenograft mouse model was constructed to confirm the anti-tumor role of circ_0003356 in GC. As 
depicted in Figures 7A-C, tumor size, volume (110 ± 5.859, P = 0.0001), and weight (0.2833 ± 0.03528, P = 
0.0007) were reduced when circ_0003356 was overexpressed. Decreased expressions of Ki67 (prolif-
erative marker protein) and N-cadherin were observed following circ_0003356 overexpression, while 
SOCS3 and E-cadherin expression increased, suggestive of inhibitory effects on cell proliferation and 
EMT (Figure 7D). TUNEL staining indicated that circ_0003356 upregulation increased apoptosis in 
tumor tissues of mice (Figure 7E). Circ_0003356 expression was found to be boosted (2.423 ± 0.09135) 
and expression of miR-668-3p (0.5 ± 0.06531) was diminished after circ_0003356 was overexpressed in 
mouse tumor tissues (P = 0.000099, P = 0.0016, Figure 7F).
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Figure 3 Circ_0003356 directly binds to miR-668-3p. A: Fluorescence in situ hybridization assays were used to detect the sub-cellular localization of 
circ_0003356 in AGS and HGC-27 cells; B: Quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect the expression of circ_0003356 in the 
nucleus and cytoplasm; C: Binding sequences between circ_0003356 and miR-668-3p predicted by circinteractome; D: Interaction between circ_0003356 and miR-
668-3p in AGS and HGC-27 cells validated by RIP-qRT-PCR; E: interaction between circ_0003356 and miR-668-3p in AGS and HGC-27 cells validated by RNA pull-
down assays; F: Interaction between circ_0003356 and miR-668-3p in AGS and HGC-27 cells validated by dual-luciferase reporter assays; G: Relative expression of 
miR-668-3p detected by qRT-PCR in tumor tissues and normal tissues; H: Correlation between circ_0003356 and miR-668-3p in gastric cancer tissues analyzed by 
Pearson’s correlation analysis. cP < 0.001.

DISCUSSION
Due to a lack of effective treatment strategies and prognostic indicators, GC remains a threat to human 
health[29,30]. Emerging evidence has implicated circRNAs during GC development[31,32]. Thence, 
great efforts should be made to comprehensively understand circRNAs. To date, many circRNAs show 
low expression in GC, such as circ_0021087[12], hsa_circ_0005556[33], and circPSMC3[34]. Here, we 
observed low expression levels of circ_0003356 in GC cells and tissues. This is the first report to show an 
association of circ_0003356 with GC. Moreover, increasing findings have indicated that several 
circRNAs act as prognostic indicators for GC, including hsa_circ_0005556[33] and circ_0000260[35]. 
Here, based on Kaplan-Meier analysis, patients with low circ_0003356 had poor survival rates.

Accumulating data reveal that circRNAs have an anti-tumor function in GC. For instance, 
circ_0021087 overexpression suppresses the proliferation, migration, invasion, and EMT of GC cells and 
impairs tumorigenesis in xenograft mice[12]. CircPSMC3 up-regulation prevents GC cells from 
migrating, proliferating, and invading, thereby suppressing tumorigenesis in xenograft mice[36]. 
Similarly, we found that circ_0003356 overexpression repressed proliferation, migration, invasion, and 
EMT of GC cells and enhanced GC cell apoptosis. In vivo, circ_0003356 overexpression suppressed 
tumorigenesis. These results suggest an anti-tumor role for circ_0003356’s in GC, highlighting its 
potential in the clinical management of GC.

To our knowledge, circRNAs affect gene expression via sponging downstream miRNAs in cancer cell
[37,38]. Inspired by this, we predicted downstream miRNAs of circ_0003356 using circinteractome. MiR-
668-3p was identified as one such target. We performed RIP-qRT-PCR, RNA pull-downs, and DLR 
assays to verify our prediction. In previous reports, miR-668-3p has shown high expression and carcino-
genesis in HCC and CRC[18,19]. Consistent with these studies, we discovered high miR-668-3p 
expression in GC tissues and cells. The down-regulation of miR-668-3p enhanced cell apoptosis and 
impaired the proliferation, migration, invasion, and EMT of cells (AGS and HGC-27). These outcomes 
suggest that miR-668-3p is oncogenic in GC. Several cirRNAs, including circ_0014717 and circTMEM59, 
target miR-668-3p to suppress tumor development[18,19]. Here, an inverse relationship was observed 
between miR-668-3p and circ_0003356 expression in tumor tissues of GC patients. MiR-668-3p was 
negatively regulated by circ_0003356 in mouse tumor tissues. In particular, the inhibitory influence of 
circ_0003356 on the proliferation, migration, invasion. EMT of GC cells were reversed by miR-3619-5p 
overexpression. We deduced that circ_0003356 prevents GC malignancy through sponging miR-668-3p.

It is acknowledged that the miRNA-circRNA-mRNA network is closely related to the regulation of 
GC progression[39]. We therefore predicted target genes of miR-668-3p and found that SOCS3 was 
targeted by miR-668-3p. SOCS3 has been shown to display low expression in GC tissues and to 
participate in tumor suppression in GC[24,40]. In this study, we observed that the downregulation of 
SOCS3 expression in GC tissues was regulated by miR-668-3p. An inverse correlation between SOCS3 
and miR-668-3p expression levels in tumor tissues of GC patients was observed. Thus, we deduced that 
miR-668-3p acts as a tumor promoter, targeting SOCS3 in GC. Additionally, we identified a positive 
relationship between SOCS3 and circ_0003356 and found that the suppressive effects of circ_0003356 on 
cell proliferation, migration, invasion, and EMT were reversed by SOCS3 upregulation in GC cells. 
These findings strongly support the notion that circ_0003356 has an anti-tumor role through sponging 
miR-668-3p to target SOCS3 in GC.
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Figure 4 Suppression of miR-668-3p promotes cell apoptosis and impairs the proliferation, migration, invasion, and epithelial-
mesenchymal transition of AGS and HGC-27 cells. A: Relative expression of miR-668-3p in GES-1, AGS, and HGC-27 cells detected by quantitative real-
time polymerase chain reaction (qRT-PCR); B: Cell viability in AGS and HGC-27 cells assessed by CCK-8 assay; C: Proliferation of AGS and HGC-27 cells assessed 
by EdU assays; D: Apoptosis of AGS and HGC-27 cells assessed by flow cytometry; E: Relative migration of AGS and HGC-27 cells detected by wound healing 
assays; F: Invasion of AGS and HGC-27 cells detected by transwell assays; G: Levels of epithelial-mesenchymal transition-related proteins (E-cadherin and N-
cadherin) in AGS and HGC-27 cells determined using western blotting. bP < 0.01, cP < 0.001.
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Figure 5 SOCS3 is targeted by miR-668-3p. A: Binding sites between SOCS3 and miR-668-3p were predicted by Starbase v2.0 software; B: Dual-luciferase 
reporter assays were used to confirm the targeting relationship between SOCS3 and miR-668-3p in AGS and HGC-27 cells; C: Relative expression of SOCS3 in AGS 
and HGC-27 cells detected by western blotting following miR-668-3p overexpression; D: Relative protein expression of SOCS3 in AGS and HGC-27 cells detected by 
western blotting after miR-668-3p inhibition; E: Relative mRNA expression of SOCS3 was detected by quantitative real-time polymerase chain reaction in tumor 
tissues and normal tissues; F: Correlation between circ_0003356 and SOCS3 in gastric cancer (GC) tissues analyzed by Pearson’s correlation analysis; G: Correlation 
between miR-668-3p and SOCS3 in GC tissues analyzed by Pearson’s correlation analysis. bP < 0.01, cP < 0.001.
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Figure 6 Circ_0003356 overexpression suppresses the malignant behavior of gastric cancer cells via sponging miR-668-3p to target 
SOCS3. A and B: Protein expression of SOCS3 in AGS and HGC-27 cells detected by western blot; C: Cell viability in AGS and HGC-27 cells detected by CCK-8 
assay; D: Proliferation of AGS and HGC-27 cells assessed by EdU assay; E: Apoptosis of AGS and HGC-27 cells assessed by flow cytometry; F: Relative migration of 
AGS and HGC-27 cells detected by wound healing assay; G: Relative invasion of AGS and HGC-27 cells detected by transwell assay; H: Levels of epithelial-
mesenchymal transition-related proteins (E-cadherin and N-cadherin) in AGS and HGC-27 cells determined by western blotting. aP < 0.05, bP < 0.01, cP < 0.001.

CONCLUSION
In summary, we show that circ_0003356 expression is low in GC tissues and cells and positively related 
to GC patient prognosis. Circ_0003356 up-regulation or miR-668-3p inhibition facilitated cell apoptosis 
and suppressed proliferation, migration, invasion and EMT in cells (AGS and HGC-27). Circ_0003356 
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Figure 7 Circ_0003356 upregulation impedes gastric cancer tumorigenesis in vivo. A: Representative images of tumor in xenograft mice; B: Average 
volumes of xenograft mice; C: Average tumor weights of xenograft mice; D: Expression of E-cadherin, N-cadherin, Ki67, and SOCS3 in tumor tissues of xenograft 
mice determined by immunohistochemical staining; E: TUNEL staining to detect cell apoptosis in tumor tissues of mice; F: Expression of circ_0003356 and miR-668-
3p determined by quantitative real-time polymerase chain reaction in tumor tissues of mice. bP < 0.01, cP < 0.001.

overexpression also prevented tumor growth in mice. Mechanistically, circ_0003356 was found to 
interact with the miR-668-3p/SOCS3 axis to impair GC development. Overall, this investigation 
provides a new perspective on the therapeutic targets of GC.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is a common malignant tumor with high prevalence and mortality. Circular RNA 
(circRNA) analysis in GSE184882 has indicated that circ_0003356 shows abnormal expression in GC 
tissues, but the function of circ_0003356 remains unclear in GC.
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Research motivation
To seek the prognostic biomarker and therapeutic target for GC.

Research objectives
In order to explore the function and mechanism of circ_0003356 in GC.

Research methods
Quantitative real-time polymerase chain reaction was used to detect expression of circ_0003356. The 
clinical value of circ_0003356 for GC prognosis was evaluated. The role of circ_0003356 in GC was 
assessed via in vitro and in vivo experiments. The molecular mechanism of circ_0003356 on miR-668-3p/
SOCS3 axis was validated.

Research results
Circ_0003356 expression was markedly decreased in GC tissues and cells, and it was positively 
associated with survival time of GC patients. Moreover, functional analyses showed that circ_0003356 
overexpression inhibited malignant behaviors of GC cells via targeting the miR-668-3p/SOCS3 axis.

Research conclusions
Circ_0003356 is lowly expressed in GC tissues and cells, displaying potential as a prognostic biomarker 
for GC. Circ_0003356 up-regulation represses the malignancy of GC via targeting the miR-668-3p/
SOCS3 axis.

Research perspectives
Other mechanisms of circ_0003356 in GC may be probed in future researches, and its application in 
treatment of GC will be extended.
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Abstract
BACKGROUND 
The development of new vasculatures (angiogenesis) is indispensable in su-
pplying oxygen and nutrients to fuel tumor growth. Epigenetic dysregulation in 
the tumor vasculature is critical to colorectal cancer (CRC) progression. Sirtuin 
(SIRT) enzymes are highly expressed in blood vessels. BZD9L1 benzimidazole 
analogue is a SIRT 1 and 2 inhibitor with reported anticancer activities in CRC. 
However, its role has yet to be explored in CRC tumor angiogenesis.

AIM 
To investigate the anti-angiogenic potential of BZD9L1 on endothelial cells (EC) in 
vitro, ex vivo and in HCT116 CRC xenograft in vivo models.

METHODS 
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EA.hy926 EC were treated with half inhibitory concentration (IC50) (2.5 μM), IC50 (5.0 μM), and 
double IC50 (10.0 μM) of BZD9L1 and assessed for cell proliferation, adhesion and SIRT 1 and 2 
protein expression. Next, 2.5 μM and 5.0 μM of BZD9L1 were employed in downstream in vitro 
assays, including cell cycle, cell death and sprouting in EC. The effect of BZD9L1 on cell adhesion 
molecules and SIRT 1 and 2 were assessed via real-time quantitative polymerase chain reaction 
(qPCR). The growth factors secreted by EC post-treatment were evaluated using the Quantibody 
Human Angiogenesis Array. Indirect co-culture with HCT116 CRC cells was performed to 
investigate the impact of growth factors modulated by BZD9L1-treated EC on CRC. The effect of 
BZD9L1 on sprouting impediment and vessel regression was determined using mouse choroids. 
HCT116 cells were also injected subcutaneously into nude mice and analyzed for the outcome of 
BZD9L1 on tumor necrosis, Ki67 protein expression indicative of proliferation, cluster of differen-
tiation 31 (CD31) and CD34 EC markers, and SIRT 1 and 2 genes via hematoxylin and eosin, 
immunohistochemistry and qPCR, respectively.

RESULTS 
BZD9L1 impeded EC proliferation, adhesion, and spheroid sprouting through the downregulation 
of intercellular adhesion molecule 1, vascular endothelial cadherin, integrin-alpha V, SIRT1 and 
SIRT2 genes. The compound also arrested the cells at G1 phase and induced apoptosis in the EC. 
In mouse choroids, BZD9L1 inhibited sprouting and regressed sprouting vessels compared to the 
negative control. Compared to the negative control, the compound also reduced the protein levels 
of angiogenin, basic fibroblast growth factor, platelet-derived growth factor and placental growth 
factor, which then inhibited HCT116 CRC spheroid invasion in co-culture. In addition, a 
significant reduction in CRC tumor growth was noted alongside the downregulation of human 
SIRT1 (hSIRT1), hSIRT2, CD31, and CD34 EC markers and murine SIRT2 gene, while the murine 
SIRT1 gene remained unaffected, compared to vehicle control. Histology analyses revealed that 
BZD9L1 at low (50 mg/kg) and high (250 mg/kg) doses reduced Ki-67 protein expression, while 
BZD9L1 at the high dose diminished tumor necrosis compared to vehicle control.

CONCLUSION 
These results highlighted the anti-angiogenic potential of BZD9L1 to reduce CRC tumor 
progression. Furthermore, together with previous anticancer findings, this study provides 
valuable insights into the potential of BZD9L1 to co-target CRC tumor vasculatures and cancer 
cells via SIRT1 and/or SIRT2 down-regulation to improve the therapeutic outcome.

Key Words: Colorectal cancer; BZD9L1; Sirtuin; Benzimidazole; Angiogenesis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: BZD9L1 hampered EA.hy926 endothelial cell functions through cell cycle arrest and induction 
of apoptosis. BZD9L1 also reduced the cell adhesion, sirtuin 1 (SIRT1) and SIRT2 gene expression in 
endothelial cells (EC) compared to the negative control. The compound down-regulated angiogenin, basic 
fibroblast growth factor, platelet-derived growth factor, and placental growth factor proteins in EC and 
impeded HCT116 colorectal cancer (CRC) invasion compared to the negative control group. BZD9L1 
negatively impacted choroidal sprouting and CRC tumor angiogenesis in vivo compared to the vehicle 
control group. BZD9L1 reduced tumor necrosis, Ki-67 proliferation marker, hSIRT1, hSIRT2, murine 
cluster of differentiation 31 (mCD31), mCD34 and murine SIRT2 (mSIRT2) gene expression compared to 
vehicle control. Findings from this study may provide insights for the BZD9L1 benzimidazole analogue to 
be further explored as a potential anti-angiogenic agent in CRC.
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INTRODUCTION
Cancer may arise from genetic or epigenetic dysregulations. Many conventional therapies focus on 
removing and disrupting malignant cells but fail to target the tumor microenvironment, which could 
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fuel tumor growth through pathway crosstalks and the secretion of cytokines. Epigenetic dysregulation 
has been shown to stimulate oncogenic transformation in many cancer types, including colorectal cancer 
(CRC). Furthermore, research has highlighted the importance of epigenetic regulation in angiogenesis, 
which is key to CRC growth and metastasis. Advancements in therapeutic care for CRC patients have 
identified various angiogenesis inhibitors targeting the tyrosine kinases and vascular endothelial 
growth factor (VEGF) proteins used in clinics. However, some patients are resilient or have become less 
susceptible to these anti-angiogenic drugs[1], possibly due to dynamic host response factors or 
mutations within tumors that render drug insensitivity. Therefore, there is a need to uncover alternative 
targeted therapies. Sirtuins (SIRT 1-7) are nicotinamide adenine dinucleotide (NAD+) -dependent class 
III histone deacetylases. Their potential roles through epigenetic modulation in cancer have stimulated 
investigation to seek potent and selective SIRT inhibitors, potentially leading to new therapeutic 
breakthroughs.

Benzimidazole derivatives have been widely used in other areas, such as antiviral[2] and anti-
mycobacterial[3] agents; hence their pharmacokinetics are well understood. The discovery of indole 
analogues as potent sirtuin inhibitors[4] and the high similarities between the indole and benzimidazole 
core structures have led to the discovery of BZD9L1[5] and its reported anticancer activities as a single 
agent[6] or in combination with 5-fluorouracil in CRC[7]. However, to our knowledge, no known sirtuin 
inhibitors have been studied concerning their application to modulate angiogenesis. Hence, this study 
opens a new avenue for developing a prospective anti-angiogenic agent (BZD9L1) through sirtuin 
inhibition in CRC.

MATERIALS AND METHODS
Cells and cell culture
The Ea. hy926 endothelial cells (EC) and the HCT-116 CRC cell line were purchased from American 
Type Culture Collection (ATCC®). The cells were maintained in Dulbecco’s Modified Eagle Medium 
(DMEM) and Roswell Park Memorial Institute (RPMI), respectively (Thermo Scientific, United States), 
supplemented with 5% fetal bovine serum (Biowest, United States), 1% penicillin-streptomycin (Nacalai 
Tesque, United States). Cells were kept at 37oC in a humidified incubator with 5% CO2 atmosphere.

Treatments
BZD9L1 was synthesized as previously described[5]. BZD9L1 was prepared and dissolved in dimethyl 
sulfoxide (DMSO) (Nacalai Tesque, United States) for in vitro and ex vivo evaluations. Different concen-
trations of BZD9L1 and anti-angiogenic agents Sunitinib (AdooQ Bioscience, CA, United States)[8] or 
activin A receptor like type 1 (ALK1) inhibitor (Axon MedChem)[9] positive controls were used to treat 
the cells according to assay requirements. For animal administration, BZD9L1 was prepared in 0.5% 
sodium carboxymethyl cellulose (CMC) solution as previously reported[10] and administered to the 
rodents via intraperitoneal injection, in which 0.5% CMC was also employed as the vehicle control in 
vivo.

Animals for in vivo study
The animal study was approved and conducted in strict accordance with Universiti Sains Malaysia 
Animal Ethical Committee [No. USM/IACUC/2017/(105)(872)]. Male and female athymic nude mice 
were procured from EMAN Biodiscoveries Sdn. Bhd. The mice were maintained in filter-top cages 
under controlled atmospheric conditions at Natureceuticals Sdn Bhd, Kawasan Perindustrian Sungai 
Petani, Sungai Petani, Kedah. The mice were 4-6 wk of age with a body weight of 18-20 g. The mice 
were provided with autoclaved food and water. The bedding was refreshed every 48 h.

Animals for ex vivo study
Male and female C57BL/6J mice were sourced from Invivos (Singapore) and retained on a 12 h light-
dark cycle. The mice were fed a standard rodent chow (NCD, 18% kcal from fat, Harlan). The ex vivo 
assays, which require the choroids from the mice, were performed in compliance with the National 
University of Singapore Institutional Animal Care and Use Committee guidelines (IACUC) (No. 2020/
SHS/1597).

Cell viability assay
The 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide (MTT) cell viability assay was 
performed to determine half inhibitory concentration (IC50) and suitable dosage of BZD9L1. MTT 
reagent diluted with phosphate-buffered saline (PBS) at 5 mg/mL was used for the MTT assay. Cells 
(2.5 × 103) were seeded in 96-well plates with 100 μL of compatible media per well and incubated in 5% 
CO2 at 37 ℃ for 24 h. Different doses of BZD9L1 (0 μM, 1.560 μM, 3.125 μM, 6.250 μM, 12.500 μM, 25.000 
μM, 50.000 μM, and 100.000 μM) were tested on Ea.hy926 cells to select the best cytotoxic concentrations 
and then incubated in 5% CO2 at 37 ℃. After 72 h, 20 μL of MTT reagent per well was added and then 
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incubated in 5% CO2 at 37 ℃ for 4. Next, the supernatant was carefully aspirated and 200 μL of DMSO 
added. After gently shaking the plate, the mixture’s optical density (OD) was measured using a 
microplate reader (TECAN, Switzerland) at 570 nm primary and 620 nm reference wavelength. The 
percentage of viable cells at each treatment concentration was calculated using the following equation: 
Cell viability (%) = (absorbance of samples/absorbance of vehicle control) × 100%.

xCELLigence cell adhesion assay
The effect of BZD9L1 towards cell adhesion was determined using the xCELLigence Real-Time Cell 
Analysis (RTCA) instrument (Agilent Technologies, United States) according to the standard 
manufacturer’s protocol. Briefly, the cells were resuspended in treatment media conditions: Vehicle 
control, 2.5 μM, 5.0 μM, and 10.0 μM of BZD9L1. Then, the cells and treatment media were seeded into 
the E96 xCELLigence plate at 1 × 104 cells per well. The E-96 xCELLigence plate was incubated for 30 
min at room temperature and placed on the xCELLigence station in the cell culture incubator. The 
cellular impedance was continuously monitored every 30 min for 5 h. Impedance recordings from each 
well in the E96 xCELLigence plate were automatically converted to cell index (CI) values by the 
xCELLigence RTCA software.

xCELLigence cell proliferation assay
Real-time analysis of EA.hy926 cell proliferation was evaluated using the xCELLigence RTCA 
instrument (Agilent Technologies, United States). Firstly, 100 μL of growth media was added to each 
well of an E96 xCELLigence plate. The plate was then inserted into the xCELLigence station. Next, 
baseline impedance measurement was performed to obtain background readings. EA.hy926 cells were 
harvested and adjusted to 1 × 104 cells per well. The cells were resuspended in 100 μL of media and 
seeded into the E96 xCELLigence plate. E-96 xCELLigence plate containing cells was incubated for 30 
min at room temperature and placed on the xCELLigence station in the cell culture incubator. After 24 
h, treatment comprising of vehicle control, BZD9L1 at 2.5 μM, 5.0 μM, and 10.0 μM were introduced to 
the cells in the plate, then returned to the xCELLigence station in an incubator for continuous 
impedance recording. Cell proliferation was monitored every 30 min for 72 h. Measured impedance 
recordings from cells in each well on the E96 xCELLigence plate were automatically converted to Cell 
Index (CI) values by the xCELLigence RTCA software.

Cell cycle analysis
The cell cycle analysis was performed to differentiate different cell cycle phases that were arrested after 
the treatments above. On day 0, Ea.hy926 cells were seeded in a T25 culture flask at a concentration of 5 
× 105 per flask. Each treatment group was assigned a flask. The cells were incubated at 37 ℃ in a 
humidified atmosphere of 5% (v/v) CO2 to promote cell attachment. The next day, the medium was 
meticulously removed and replaced with fresh medium containing treatments and then incubated for 72 
h at 37 ℃ in a humidified atmosphere of 5% (v/v) CO2. After 72 h, the cells were collected, centrifuged, 
and fixed with 70% ethanol (molecular grade) at 4 ℃. Finally, the fixed cells were stained with 500 μL of 
warm propidium iodide (PI) solution plus 50 μL of RNase A stock solution (1 mg/mL). The cells were 
incubated in the dark for 30 min. The stained cells were kept on ice until the scheduled flow cytometry 
analysis using BD FACSCalibur (BD Biosciences, United States).

Apoptosis detection
Apoptotic cells were detected by flow cytometry using Annexin V-fluorescein isothiocyanate (FITC) 
Apoptosis Detection Kit (Elabscience, China). On day 0, Ea. hy926 cells were seeded in a T25 culture 
flask at a concentration of 5 × 105 per flask. Each treatment group was assigned a flask. The cells were 
incubated at 37 ℃ in a humidified atmosphere of 5% (v/v) CO2 to promote cell attachment. The next 
day, the medium was meticulously removed and replaced with fresh medium containing treatments 
before incubation for 72 h at 37 ℃ in a humidified atmosphere of 5% (v/v) CO2. After 72 h, the cells 
were harvested and centrifuged, and the cell concentration was adjusted to 1 × 106 for each tube. The 
Annexin V-FITC Apoptosis Detection Kit was used to stain the cells, and cell apoptosis was determined 
by flow cytometry, according to the manufacturer’s instruction. The tubes were incubated at room 
temperature for 15 min in the dark, after which the cells were subjected to flow cytometry analysis 
immediately using BD FACSCalibur (BD Biosciences, United States) using 488 nm excitation and 525 nm 
emission for FITC and 655-730 nm emission for PI.

Hanging drop spheroid formation and sprouting assay
The 3-dimensional spheroid sprouting assay mimics the in vivo microenvironment of tissue or tumors. 
Hanging drop spheroid formation and sprouting assay was conducted to provide a three-dimensional 
aspect to both architecture and share the limited drug penetration properties since drugs are primarily 
confined to the outer cell layers. Culturing cells in three dimensions is much more representative of the 
in vivo environment than traditional two-dimensional cultures. In this present study, Ea.hy 926 was 
used to generate micro-spheroids. After trypsinization of cultured cells, the cells were harvested and 
resuspended in DMEM medium containing 0.25% methylcellulose. Drops (20 μL) of medium containing 
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2 × 103 cells were seeded onto the lids of 100 mm petri dishes, and the dishes were supplied with 5 mL 
of PBS to maintain humidity. The drops were incubated for 72 h to encourage the occurrence formation 
of spheroids. Treatments were prepared at different concentrations of BZD9L1 (2.5 μM and 5.0 μM) and 
sunitinib (18 μM) as a positive control in media and then added to each well. The resulting aggregate 
cells (spheroids) were harvested carefully using 200 μL pipettes and then introduced into a 96-well plate 
precoated with 50 μL matrigel per well. The plate was left to incubate in the incubator at 37 ℃, and 
pictures were taken using a phase contrast microscope (Zeiss, Germany) on days 0 and 3. The length of 
the sprouts was measured and analyzed as previously described[11] using Image J (Fiji).

Angiogenesis array
The Quantibody Human Angiogenesis Array (RayBiotech, Inc, Norcross, GA) was used to determine 
the concentration of ten proangiogenic cytokines [angiogenin, angiopoietin-2, epidermal growth factor 
(EGF), basic fibroblast growth factor (bFGF), heparin-binding EGF, hepatocyte growth factor, leptin, 
platelet-derived growth factor (PDGF-BB), placental growth factor (PIGF), and VEGF-A)] secreted by 
the EC. Each cytokine was arrayed in quadruplicate, together with positive and negative controls. In 
addition, one standard glass slide was divided into 16 wells of identical cytokine antibody array. 
Approximately 2.5 × 103 of Ea. hy926 cells were seeded in 96-well plates with 100 μL of compatible 
media per well and incubated in 5% CO2 at 37 ℃ for 24 h. The next day, vehicle control, 2.5 μM, and 5.0 
μM of BZD9L1 treatment were prepared using 1% serum media and introduced to the cells. After 48 h, 
the media was discarded, and the cells were washed with 1 × PBS twice before reintroducing serum-free 
media. After another 48 h, the conditioned media was collected. The conditioned media was used on the 
angiogenesis antibody array kit (Quantibody Human Angiogenesis Array 1) as per manufacturer’s 
instructions. The slides were mailed to RayBiotech testing services (Singapore) for laser scanning 
analysis. Data were extracted and analyzed using the RayBio Q Analyzer software (RayBiotech, Inc).

RNA extraction
Total cellular RNA was extracted from EA.hy926 cells treated with vehicle control (DMSO) or different 
concentrations of BZD9L1 at 4 h time point, or HCT116 xenograft tumors post-treatment, using 
GENEZOL (Geneaid, New Taipei City, Taiwan) according to the manufacturer’s instructions. Firstly, 
the spent medium was discharged from each well and the cells were rinsed with 1 × PBS twice. Next, 1 
mL of GENEZOL reagent solution was added to each well. The cells were lysed via repeated pipetting 
and followed by 10 min of incubation at room temperature for sample homogenization. The lysed cells 
were then transferred into 2 mL microcentrifuge tubes. An accurate amount of 200 μL chloroform was 
added to each tube. Each tube was mixed thoroughly by vortexing for 15 s. The lysates were then 
centrifuged at 16000 g for 15 min at 4 ℃. The colourless upper aqueous phase was carefully transferred 
into a new 1.5 mL microcentrifuge tube without drawing any of the interphase or organic phase layer 
that appears white and red in the three-layers mixture respectively. Next, 1 to 1 volume of ice-cold 
isopropanol was added to the aqueous phase. The 1.5 mL tubes were inverted several times for proper 
mixing, followed by 10 min of incubation at room temperature. The tubes were centrifuged at 16000 × g 
for 10 min at 4 ºC to form a tight RNA pellet. The supernatant was removed completely, and the pellet 
was resuspended with 1 mL 75% ethanol. The mixture was vortexed briefly and centrifuged again at 
16000 g at 4 ºC for 5 min to remove all traces of ethanol. The supernatant was carefully removed by 
using a pipette tip, and the pellet was allowed to air dry for 15 min. After 15 min of air drying, the pellet 
was resuspended with 20 μL DEPC-treated water and incubated at 60 ºC for 15 min to dissolve the RNA 
pellet. RNA was then converted to cDNA or immediately stored at -80 ºC freezer until further use. The 
purity and concentration of the isolated RNA were determined by measuring the optical density at 260 
nm and 260/280 nm ratio using a NanoDrop 2000 spectrophotometer (Thermo Scientific, Pennsylvania, 
United States). A preset of 40 ng/μL per OD was used with a baseline correction of 340 nm.

Quantitative polymerase chain reaction
The RNA was reverse transcribed into cDNA using Tetro cDNA Synthesis Kit (Bioline, United States) 
according to the manufacturer’s protocol. Real-time quantitative polymerase chain reaction (qPCR) was 
performed using the KAPA SYBR FAST qPCR Kit Master Mix (2 ×) Universal (Biosystems, United 
States) with the following conditions: denaturation, 95 ℃ for 20 s; annealing, 58 ℃, 20 s and extension, 
68 ℃, 30 s. All samples were tested in triplicate PCR reactions, and the mean of the reactions was used 
for calculating the expression levels. All the data were collected from the linear range of each 
amplification. Two housekeeping genes (HKGs) were used to normalize the expression of genes of 
interest (GOIs). Expression levels of GOIs were normalized to glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) and human 18S ribosomal RNA (18S rRNA) gene for human targets, and mouse 18S 
ribosomal RNA (m18S rRNA) and mouse Peptidylprolyl isomerase A (mPpia) genes for mouse targets. 
The data were analyzed using the comparative CT (ΔΔCT) method, where the expression value of the 
GOI was normalized to the respective HKG. The change of gene expression was determined by setting 
the expression value of vehicle control sample to 1, and expression values of GOI were compared where 
values < 1 represented downregulation and values > 1 represented upregulation of that particular GOI. 
The final results were reported as mean ± SEM to reflect the triplicate measurements. The list of primers 
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used for qPCR analysis is listed in Table 1.

Ex vivo mouse choroid microvascular assay
Organotypic cultures are in vitro growth of 3D biological tissues that closely emulate part of their 
natural function and physiology. Choroid sprouting assay was performed as described[12]. C57BL/6J 
mice were killed by cervical dislocation. The choroid explants from post-natal day 3 C57BL/6J mice 
were isolated through a very tedious process under a stereo microscope. Briefly, the cornea and lens 
were removed from the anterior of the eye, followed by the separation of the peripheral choroid-sclera 
complex from the retina. The choroid was then cut into 1mm × 1mm segments. The choroid explants 
were then incubated in reduced growth factor Matrigel (BD Biosciences). Vascular outgrowth, including 
cells from the microenvironment from the choroidal tissues treated with DMSO vehicle control, BZD9L1 
at 10 μM and 20 μM or ALK1 inhibitor (Axon MedChem) at 100 nM. After 96 h, the effect of BZD9L1 on 
the morphological changes of vessel sprouts was noted. The regression study performed as previously 
reported[13], in which treatment media containing either DMSO (negative control), BZD9L1 at concen-
trations of 10 μM and 20 μM or ALK1 inhibitor at 50 nM were added to the explants on day 2 when the 
embedded choroids had sprouted. Media were changed every other day. Images were taken 24 h post-
treatment. Imaging and quantifying the sprouting area were performed under the Eclipse Ti-E Inverted 
Research Microscope (Nikon, Tokyo, Japan). and TRI2 software (version: 3.0.1.2, TRI2, Oxford, United 
Kingdom).

Indirect co-culture assay
The co-culture assay was conducted to study the interaction between ECs and cancer cells. The 
application of a co-culture model promotes a better understanding of the dynamic tumor-EC 
relationship that occurs in vivo in an inexpensive and in vitro laboratory setting. In this study, the co-
culture was conducted indirectly. Ea. hy926 and HCT116 cell lines were used in this experiment. Steps 
to collect conditioned media were repeated as per described for the angiogenesis array. The conditioned 
media can be used fresh or stored in a -80 ℃ freezer for later use. Treatments were prepared at different 
concentrations of BZD9L1 (2.5 μM and 5.0 μM) and sunitinib (18 μM) as a positive control. HCT 116 
spheroids were prepared and introduced into the rat tail collagen mixed to a concentration of 1.6 mg/
mL before mixing it with spheroid suspension, a spreviously described[7]. The mixture was dispensed 
at 400 uL in each well in a 24-well plate. The plate was incubated for 30 min before 500 μL of the 
conditioned media was introduced. The plate was left in the incubator at 37 ℃, and pictures were taken 
using a phase contrast microscope (Zeiss, Germany) on days 0 and 3.

Tumor xenograft model
Xenograft models are based on the implantation of human tumor cells into genetically modified mice 
models that are immunocompromised to avoid graft vs host reaction of the mouse against the human 
tumor tissue. Male/female athymic nude mice (procured from EMAN Biodiscoveries Sdn. Bhd.) were 
maintained in filter-top cages under controlled atmospheric conditions. The mice were 4-6 wk of age 
with a body weight of 18-20 g. Mice were provided autoclaved food and water, and the bedding was 
changed every 48 h. HCT-116 cells at 90% confluency were harvested and injected subcutaneously onto 
the right dorsal flank of the animal at a density of 1 × 106 cells per 200 μL of media mixed with matrigel 
at a ratio of 1:1. The mice were then randomly divided into four groups (n = 6) and given different 
treatments, consisting of vehicle control, BZD9L1 at 50 mg/kg or 250 mg/kg and sunitinib at 40 mg/kg 
as the positive control[14], when at least three tumors reached 100 mm3. The treatments were diluted in 
0.5% carboxymethylcellulose (CMC) solution. The control group was treated with 0.5% CMC only. The 
treatments were injected intraperitoneally at a maximum volume of 250 μL once every three days, 
alongside the measurement of weight and tumor size using the standard formula: Volume of tumor = 
π/6 × (length × width × height), as previously reported[7].

The animals were euthanized when the tumor reached the maximum size of 1000 mm3. The tumors 
were harvested and fixed in a 10% buffered formaldehyde solution and then processed by an automated 
tissue processing machine for histological examination. The HCT116 xenograft tumor samples were cut 
into small pieces using a sterile surgical blade for gene expression analyses. GENEZOL reagent was 
added to the tumor tissue sample and placed on ice. The tissue was then homogenized using a 
handheld homogenizer. The mixture was centrifuged at 13000 × g for 15 min at 4 ºC to separate the 
phases. The upper aqueous phase was transferred to a new 2.0 mL microcentrifuge tube, followed by 
the RNA extraction protocol described above.

Hematoxylin & Eosin staining
The impact of BZD9L1 treatment on tumor necrosis affecting tumor growth was determined by 
establishing a necrotic score. First, the slides were deparaffinized by heating the slides in the oven at 60 
℃ for 10 min. The slides were then immersed in the following order: Xylene (twice), absolute ethanol 
(twice), 95% ethanol (twice), 70% ethanol (once) and lastly, in distilled water, for 5 min each. Next, the 
slides were stained with hematoxylin for 5 min and then washed with distilled water for another 5 min. 
The slides were later counterstained with eosin for 15 s. Finally, the slides were washed for 5 min and 
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Table 1 List of primers

Primer sequences
Genes

Forward sequences (5’ to 3’) Reverse sequences (3’ to 5’)

mPpia GAGCTGTTTGCAGACAAAGTTC CCCTGGCACATGAATCCTGG

m18SrRNA GGACCAGAGCGAAAGCATTTGCC TCAATCTCGGGTGGCTGAACGC

18S rRNA CGGCTACCACATCCAAGGAA GCTGGAATTACCGCGGCT

mCD31 CCAAAGCCAGTAGCATCATGGTC GGATGGTGAAGTTGGCTACAGG

mCD34 CTTCCCCAACTGGCATACTGC TCCAGAGCATTTGATTTCTCCC

GAPDH TGAACGGGAAGCTCACTGG TCCACCACCCTGTTGCTGTA

ICAM CGACTGGACGAGAGGGATTG TTATGACTGCGGCTGCTACC

VE-cadherin CCCTTCTTCACCCAGACCAA CCGGTCAAACTGCCCATACT

ITGA5 CGGGCCCCTGCACCAACAAG CAGCTGTGGCCACCTGACGC

mSIRT 1 CGGCTACCGAGGTCCATATAC CAGCTCAGGTGGAGGAATTGT

mSIRT 2 GAGCCGGACCGATTCAGAC AGACGCTCCTTTTGGGAACC

SIRT 1 TCTAACTGGAGCTGGGGTGT TGGGAAGTCTACAGCAAGGC

SIRT 2 GCCCTTTACCAACATGGCTG TTCGTACAACACCCAGAGCG

ITGA5: Integrin-alpha V; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; SIRT: Sirtuin; ICAM: Intercellular adhesion molecule; VE-cadherin: 
Vascular endothelial cadherin; CD31: Cluster of differentiation 31.

air-dried before being mounted.

Immunohistochemistry
The effect of BZD9L1 on proliferation was ascertained through Ki67 protein expression analysis on the 
xenograft tumor sections. The formalin fixed paraffin embedded slides were deparaffinized by heating 
the slides in an oven at 60 ℃ for 10 min. The slides were then immersed in the following order: absolute 
ethanol (twice), 95% ethanol (twice), 70% ethanol (once), followed lastly in distilled water for 5 min 
each. This procedure was carried out using the Dako Envision FLEX Kit. The sections were incubated in 
High pH antigen retrieval buffer (Dako) for 30 min. Next, the slides were washed with the wash buffer 
three times, for 5 min each. A few drops of Envision FLEX Peroxidase solution were introduced to the 
tissue for 10 min. The sections were then incubated with primary antibody Ki67 (Dako, Clone MIB-1, 
Cat#M7240, mouse monoclonal) and incubated at 4 ℃ overnight at 1:50 dilution. On the next day, the 
sections were rinsed in TBST and incubated with goat anti-mouse IgG secondary antibody for 1 h at 
1:500 dilution, rinsed three times in TBST and followed by incubation with Dako® DAB solution. The 
slides were counterstained with hematoxylin for 5 min and then rinsed off before being mounted with 
glycerol (Sigma) and examined under a light microscope (CX41, Olympus). The Ki-67 score was 
established as the percentage of tumor cells positive for brown nuclear staining over the total number of 
nuclei from five random fields per tumor section.

Statistical analysis
GraphPad Prism 9.4.0 (GraphPad, United States) and Microsoft Excel (Microsoft, United States) were 
used for statistical analysis. The analysis of variance (One-way ANOVA) test was employed to compare 
mean values among three or more data sets, and Bonferroni post-test was employed to compare any 
two data sets among the three or more sets. Statistical significance was indicated in the figures, where aP 
< 0.05, bP < 0.01, and cP < 0.001, compared to the negative control or vehicle control. The non-regression 
curve was used to track the change in the tumor size and mouse body weight over time. Error bars 
represent the SEM.

RESULTS
BZDL1 reduced the viability and adhesion of Ea.HY926 cells
The effects of BZD9L1 on cell viability were assessed with MTT assay at 72 h. The half- IC50 of BZD9L1 
in Ea HY926 was established to be at 5.2 μm (Figure 1A). BZD9L1 at 10 μM reduced the ability of the EC 
in suspension to adhere to the microtiter plates (E-Plates®) at 5 h (Figure 1B). BZD9L1 at 2.5 μM and 5.0 
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Figure 1 Cell viability and adhesion analyses of Ea.HY926 endothelial cells treated with different concentrations of BZD9L1. A: Cell viability 
was determined using the MTT assay. The inhibitory concentration of BZD9L1 in Ea HY926 is 5.20 μm ± 0.38 μm (n = 3) at 72 h; B: Real-time xCELLigence 
impedance analysis of the area under the curve of BZD9L1-treated Ea.HY926 cells in suspension over 5 h. BZD9L1 at 10 μM reduced the ability of the endothelial 
cells to adhere to the microtiter plates (E-Plates®); C: Real-time xCELLigence impedance analysis of normalized cell index of BZD9L1-treated Ea.HY926 cells over 72 
h. BZD9L1 at 2.5 μM and 5.0 μM had no significant impact on cell proliferation at 24 h and 48 h. Statistical analysis (aP < 0.05; bP < 0.01), one-way ANOVA with 
Bonferroni posthoc test, n = 3 independent experiments using GraphPad Prism 9.4.0. Error bars represent SEM. VC: Vehicle control.

μM had no significant impact on cell proliferation at 24 h and 48 h (Figure 1C). Hence the aforemen-
tioned IC50 value (5.0 μm) and half its IC50 (2.5 μm) were selected for downstream experiments.

BZD9L1 reduced SIRT1, SIRT2, intercellular adhesion molecule 1, integrin-alpha V and vascular 
endothelial cadherin genes in Ea.HY926 cells
As BZD9L1 is a small molecule inhibitor with SIRT1 and 2 inhibitory activities, Ea.HY926 cells were 
treated with non-killing doses of BZD9L1 at 2.5 μM and 5.0 μM to investigate its repressive effects on 
SIRT 1 and SIRT 2. SIRT 1 and 2 gene expression were significantly reduced in cells treated with 
BZD9L1 at 2.5 μM and 5.0 μM, compared to the negative control (Figure 2A). BZD9L1 also significantly 
down-regulated intercellular adhesion molecule 1 (ICAM-1), integrin-alpha V (ITGA5) and vascular 
endothelial cadherin (VE-cadherin) cell adhesion molecules (Figure 2B) compared to the negative 
control.

BZD9L1 induced apoptotic cell death and arrested Ea HY926 cells at the G1 phase
The live, necrotic, early apoptotic, and late apoptotic fractions and cell cycle distribution of cells were 
detected by Annexin V and PI staining at 72 h post-treatment. Cells treated with BZD91 at 2.5 μM and 
5.0 μM showed a significant increase in early and late apoptosis compared to the negative control 
(Figure 3A). BZD9L1 at 2.5 μM and 5.0 μM induced cell cycle arrest at the G1 phase compared to the 
negative control group (Figure 3B).

BZD9L1 hampered Ea.HY926 EC spheroid and mouse choroid sprouting
BZD9L1 at 2.5 μM and 5.0 μM significantly reduced Ea.HY926 EC spheroid sprouting compared to 
negative control 72 h post-treatment (Figure 3C). Considering the native tissue and microenvironmental 
factor, BZD9L1 employed at higher concentrations of 10 μM, and 20 μM decreased the sprouting area in 
mouse choroids compared to the negative control 96 h post-treatment (Figure 4A). Interestingly, 
BZD9L1 at both concentrations also regressed sproutings of mouse choroids 24 h post-treatment of 
sprouted choroids (Figure 4B). ALK1 inhibited both the sprouting and regression processes in mouse 
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Figure 2 Quantitative polymerase chain reaction analysis of Ea.HY926 cells treated with BZD9L1 for 4 h. A: BZD9L1 reduced the gene 
expression levels of sirtuin 1 (SIRT1) and SIRT 2; B: Intercellular adhesion molecule 1 (ICAM-1), vascular endothelial cadherin (VE-cadherin) and integrin-alpha V 
(ITGA5) cell adhesion markers including ICAM-1, VE-cadherin and ITGA5, compared to the negative control (NC). Statistical analysis (cP < 0.001), one-way ANOVA 
with Bonferroni posthoc test, n = 3 independent experiments using GraphPad Prism 9.4.0. Error bars represent SEM. SIRT: Sirtuin; ICAM-1: Intercellular adhesion 
molecule 1; NC: Negative control; VE-cadherin: Vascular endothelial cadherin; ITGA5: Integrin-alpha V.

choroids.

Conditioned media from BZD9L1-treated ECs reduced CRC spheroid invasion
Co-culture models are widely utilized to examine how physical contact between cells and autocrine 
and/or paracrine interactions affect cell activity. An indirect co-culture was performed to determine the 
effects of BZD9L1 on EC and CRC spheroids. The 48-h post-treatment conditioned media from 
Ea.HY926 cells were used to treat CRC spheroids to study the tumor-EC relationship. Analysis of the 
EC-conditioned media revealed that BZD9L1 at 5 μM diminished Angiogenin (A), bFGF (B), PDGF-BB 
(C), and PIGF (D) levels compared to the negative control group (Figure 5A). The other six cytokines 
were either not expressed at basal levels or below the detection limit. The conditioned media from all 
treatment groups significantly reduced the invasion of the CRC spheroids relative to the negative 
control group (Figure 5B).

BZD9L1 inhibited colorectal tumor growth and angiogenesis in the xenograft model
Sunitinib at 40 mg/kg and BZD9L1 inhibited tumor growth in low- (50 mg/kg) and high- (250 mg/kg) 
dose groups compared to the vehicle group (Figure 6A). Notably, the tumor growth in high-dose-
treated mice was significantly impeded compared to the low-dose-treated mice group. The 250 mg/kg 
BZD9L1-treated xenograft tumor growth was equally inhibited to the same level as the 40 mg/kg 
Sunitinib positive control-treated mice. The weight of the tumor also decreased with the increasing 
doses of BZD9L1 (Figure 6B). There was no change in the body weight in all treatment groups compared 
to the vehicle control group except for the Sunitinib-treated group (Figure 6C). BZD9L1 (50 mg/kg) did 
not significantly reduce tumor necrosis compared to vehicle control Figure 6D. However, only BZD9L1 
(250 mg/kg) and Sunitinib positive control significantly inhibited tumor necrosis compared to the 
vehicle control group. In addition, BZD9L1 at low and high doses significantly reduced Ki67 protein 
expression in tumor tissue compared to vehicle control Figure 6E. qPCR analyses of the xenograft 
tumors revealed no significant change in murine SIRT1 (mSIRT1) but a down-regulation of mSIRT2 in 
BZD9L1-treated groups at both 50 mg/kg and 250 mg/kg, compared to the vehicle control group 
(Figure 7A). In addition, BZD9L1 at 250 mg/kg reduced hSIRT1 and hSIRT2 gene expression in mice, 
compared to the vehicle control group. Although BZD9L1 at the low dose did not significantly reduce 
cluster of differentiation 31 (CD31) gene expression compared to the vehicle control, BZD9L1 at high 
doses decreased both CD31 and CD34 gene expression compared to the vehicle control (Figure 7B).

DISCUSSION
The fundamental stages of sprouting angiogenesis comprise enzymatic degradation of the EC basement 
membrane, followed by EC proliferation, migration, tube formation in response to growth factors 
gradient and finally, mural cell stabilization. Despite the emergence of novel targeted therapies 
targeting cancer cells or the tumor vasculature, the development of small molecule inhibitors to treat 
CRC to arrest the two main features of CRC, namely uncontrollable malignant cell proliferation and 
angiogenesis simultaneously, remain a potential avenue to be explored. The anticancer and SIRT 1 and 2 
inhibitory activities of BZD9L1 have previously been established[5]. The human EC line Ea.HY926 was 
chosen for this study because it is continuous, exhibits various characteristics common to vascular ECs, 
and is frequently employed as an in vitro model for angiogenesis[15,16]. Despite the reduction of EC 
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Figure 3 Representative cytograms and endothelial cells sprouting spheroids depict the negative impact of BZD9L1 on endothelial cell 
functions. A: BZD9L1 at 2.5 μM and 5.0 μM induced apoptosis; B: Cell cycle arrest at G1 phase; C: But reduced Ea.Hy 926 spheroid sprouting compared to the 
negative control at 72 h. Sunitinib anti-angiogenic agent was used as the positive control. Statistical analysis (cP < 0.001), one-way ANOVA with Bonferroni posthoc 
test, n = 3 independent experiments using GraphPad Prism 9.4.0. Error bars represent SEM. NC: Negative control.
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Figure 4 Analyses of mouse choroidal endothelial sprouts in sprouting and regression models. A: BZD9L1 impeded mouse choroidal endothelial 
sprouting 96 h post-treatment; B: Regressed choroid sprouting 24 h post-treatment compared to the negative control. A receptor like type 1 anti-angiogenic agent was 
used as the positive control regression and sprouting assays. Statistical analysis (aP < 0.05; cP < 0.001), one-way ANOVA with Bonferroni posthoc test, n = 2 
independent experiments using GraphPad Prism 9.4.0. Error bars represent SEM. ALK1: A receptor like type 1; NC: Negative control.

Figure 5 Refreshed conditioned media from Ea.Hy 926 endothelial cells 48 h post-treatment with Sunitinib positive control, BZD9L1 at 2.5 
μM, 5.0 μM, or negative control for 48 h prior, were subjected to Quantibody Human Angiogenesis array and indirect co-culture with 
HCT116 colorectal cancer spheroids. A: BZD9L1 at 5 μM down-regulated angiogenin, fibroblast growth factor, platelet-derived growth factor and placental 
growth factor cytokine concentrations in Ea.Hy 926 conditioned media; B: The endothelial conditioned media from BZD9L1 or sunitinib positive control-treated groups 
impeded HCT116 tumor invasion at 72 h. Statistical analysis (aP < 0.05; bP < 0.01; cP < 0.001), one-way ANOVA with Bonferroni posthoc test, n = 2 independent 
experiments for protein array analysis and n = 3 independent replicates for co-culture analysis using GraphPad Prism 9.4.0. Error bars represent SEM. NC: Negative 
control. bFGF: Fibroblast growth factor; PDGF-BB: Platelet-derived growth factor; PIGF: Placental growth factor; NC: Negative control.

adhesive capability at double the IC50 of BZD9L1 (10 μM) compared to the negative control at 5 h 
(Figure 1B), the implicated dose was non-toxic, as revealed by the mean cell index of the EC at early 
point (Figure 1C). The downregulation of ICAM-1, VE-cadherin and ITGA5 cell adhesion molecules 
post BZD9L1 treatment in Ea HY926 highlights its potential to inhibit the early steps of angiogenesis. 
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Figure 6 Tumor growth analyses of HCT116 tumor xenograft in nude mice. Treatments were administered when the tumors reached 100 
mm3. A: Relative tumor volume; B: Tumor weight and; C: Percentage body weight change in mice treated with vehicle control (0.5% carboxymethylcellulose), 
BZD9L1 (50 mg/kg per 3 d, BZD9L1 (250 mg/kg per 3 d) and sunitinib (40 mg/kg per 3 d) as the positive control; D: Tumor necrosis percentage in sections stained 
with haematoxylin and eosin. N indicates necrotic tissues; E: Ki67 proliferation protein expression in treated and vehicle control groups. Statistical analysis (aP < 0.05; 
bP < 0.01; cP < 0.001). The non-linear fit was used to track the tumor size and body weight change over time, one-way ANOVA with Bonferroni posthoc test for tumor 
weight, n = 6 animals per group) using GraphPad Prism 9.4.0. Error bars represent SEM. VC: Vehicle control.

The effect of BZD9L1 on a panel of cell adhesion molecules and their post-translational modifications 
may be crucial to determine the specific mechanisms that may impact EC adhesion stability and 
function, thus warrants further investigations.

Cell viability is influenced by cell proliferation and cell death. During angiogenesis, ECs exhibit an 
increased proliferation rate. Cell proliferation is important in the elongation and maturation of new 
blood vessels. BZD9L1 at all doses reduced the mean cell index (indicative of cell viability or prolif-
eration) of EC at 72 h when compared to the negative control. Nevertheless, a significant decrease in cell 
index was only noted in EC treated with 10 μM BZD9L1 at 48 h, which served as the basis for 
proceeding with downstream molecular assays using half the IC50 (2.5 μM) and IC50 (5.0 μM) BZD9L1. 
BZD9L1 at the tested doses significantly induced apoptosis and arrested EC at the G1 phase (Figure 3A 
and B), which suggests that BZD9L1 reduced EC viability by triggering apoptotic cell death and 
inhibiting cell cycle progression. The G1 phase is where cells prepare to divide. If cells cannot carry out 
DNA repair at G1 cell cycle arrest, they will enter the apoptosis stage. Cells commit suicide during the 
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Figure 7 Quantitative polymerase chain reaction analyses of murine SIRT1, mSIRT2 and endothelial cell markers in HCT116 tumor 
xenograft in nude mice. A: BZD9L1 did not significantly affect murine SIRT1 (mSIRT1) gene expression in the colorectal cancer xenograft tumors but down-
regulated mSIRT2 at low (50 mg/kg) and high (250 mg/kg) doses and reduced human SIRT1 (hSIRT1) and hSIRT2 gene expression at 250 mg/kg, compared to 
vehicle control; B: BZD9L1 at the high dose significantly reduced cluster of differentiation 31 (CD31) gene expression. Both low and high doses of BZD9L1 decreased 
mCD34 gene expression compared to vehicle control. Statistical analysis aP < 0.05; bP < 0.01; cP < 0.001), one-way ANOVA with Bonferroni posthoc test, n = 6 
animals per group) using GraphPad Prism 9.4.0. Error bars represent SEM. VC: Vehicle control.

process of cell apoptosis as a result of signals that start programmed cell death. Apoptosis is crucial for 
blood vessel regression during angiogenesis[17,18]. Correspondingly, BZD9L1 increased the percentage 
of apoptotic EC compared with the negative control group, which is corroborated by our previous 
report in CRC[6].

In a meta-analysis, elevated expression of SIRT1 in CRC is correlated with vascular invasion and 
inferior outcomes[19]. Meanwhile, increased SIRT2 expression was associated with poor prognosis in 
CRC patients and the inhibition of SIRT2 Limited CRC tumor angiogenesis via inactivation of the 
STAT3/VEGFA signaling pathway[20]. BZD9L1 downregulated the gene expression of SIRT1 and 2 in 
Ea.HY926 cells in vitro (Figure 2A). Endothelial cell proliferation, migration, and the assembling of 
vascular networks were reduced when SIRT1 and SIRT2 activities were blocked in vitro[20-22]. BZD9L1 
at 250 mg/kg reduced the expression of hSIRT1 and hSIRT2 genes, highlighting the ability of BZD9L1 to 
modulate human SIRTs in HCT116 xenograft tumours which collectively led to the inhibition of tumor 
growth. However, mSIRT2 but not mSIRT1 was significantly downregulated by BZD9L1 in vivo 
(Figure 7A). BZD9L1 was previously reported to display a higher affinity for SIRT2 than SIRT1[5], 
which may explain this observation. Furthermore, the tumor microenvironment may play a role in 
therapeutic response. SIRT1 and SIRT2 are also expressed in other stromal cells, and their interplay may 
regulate tumor immune responses that impact CRC progression[23,24].

SIRT 1 and SIRT 2 inhibition have been shown to suppress EC proliferation, migration and 
angiogenesis[25,26]. In human retinal microvascular ECs, SIRT1 downregulation prevented EC 
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migration and tube formation, whereas SIRT1 overexpression had the opposite effects[26]. The SIRT2 
inhibitor, AK-1, dramatically reduced the ability of human umbilical vein ECs (HUVECs) to form tubes
[27]. EC spheroid (Figure 3C) and choroidal sprouting (Figure 4A) were shown to be negatively affected 
by BZD9L1 in an increasing dose. In addition, the compound also regressed sprouting choroids 
compared to the negative control (Figure 4B). A recent study proved that when sprouting angiogenesis 
occurs, the vascular endothelium expresses SIRT1 in high levels, and inhibiting SIRT1 function prevents 
the development and migration of endothelial sprouts as well as the in vitro construction of a primitive 
vascular network[21]. Furthermore, a study on primary murine lung ECs exhibited that when the 
chemotactic response was muted, tube development was attenuated, and the length of the EC spheroid 
sprout was shorter in cells lacking SIRT1[28]. Furthermore, SIRT2 knockdown in HUVECs diminished 
its angiogenic potential, while overexpression of SIRT2 Led to contrasting outcomes[29]. Altogether, 
these findings highlighted that BZD9L1 negatively regulated SIRT 1 and SIRT 2 to reduce EC viability, 
adhesion and sprouting.

The EC-conditioned media treated with BZD9L1 at 5 μM portrayed angiogenin, bFGF, PDGF-BB, and 
PIGF to be significantly reduced compared to the negative control (Figure 5A). Several studies have 
previously reported angiogenin being essential in EC proliferation that can promote the development of 
new blood vessels[30,31]. Angiogenin was also shown to stimulate progenitor cell proliferation and 
protect the stemness of primitive hematopoietic stem/progenitor cells, which suggests that its downreg-
ulation may negatively regulate angiogenesis via BZD9L1 inhibitory effects. bFGF can impact the 
upregulation of VEGF directly and promote EC proliferation[32]. The ECs secrete PDGF-BB that binds 
to PDGFR-β on the mural cells, which then affects the formation and maturation of new capillaries. PlGF 
also positively regulates angiogenesis; thus, its inhibition reduces EC growth, migration, and survival
[33]. Therefore, the downregulation of these cytokines in BZD9L1-treated EC at 5 μM may collectively 
impede the steps of angiogenesis and HCT116 CRC invasion through paracrine signalling in the co-
culture model, while at 2.5 μM, BZD9L1 may potentially reduce CRC invasion through the regulation of 
other growth factors that were not captured by the protein array (Figure 5B).

BZD9L1 was previously reported to have anti-tumor effects in CRC xenograft models when used in 
adjunct with 5-Fluorouracil[7]. BZD9L1 did not lead to any acute or repeated dose toxicity symptoms, 
and neither were there any cellular or molecular changes that would be considered significantly and 
biologically toxic[10]. In this study, BZD9L1 significantly inhibited the progression of CRC tumor 
xenograft models. Although the body weight of mice treated with BZD9L1 remained unaffected 
compared to the vehicle control group, the weight of the mice treated with sunitinib declined treatment, 
as also confirmed by other studies supporting the weight loss potential of sunitinib in mice by targeting 
fat cells, leading to appetite loss[34,35]. The mechanisms of weight loss due to sunitinib treatment are 
poorly understood.

Tumor necrosis is linked to poor prognosis and overall survival of CRC patients[36]. Therefore, the 
reduction of tumor necrosis in mice treated with 250 mg/kg BZD9L1 further underlines the therapeutic 
potential of this benzimidazole analogue. On the other hand, Ki67 protein expression was significantly 
reduced in all treatment groups compared to the vehicle control group, indicating the possibility of 
BZD9L1 to reduce tumor growth to be via the impediment of tumor proliferation. In this study, the 
amount of vessels left post-treatment were determined via gene expression analyses of mCD31 and 
mCD34, due to the high necrotic nature of the tumors which limited the accurate interpretation of 
immunohistochemical staining (Figure 7B). BZD9L1 at a high dose significantly reduced mCD31 gene 
expression compared to the vehicle control group, while both low and high doses of the compound 
decreased mCD34 gene levels. This may be due to the expression profile of CD31 and CD34, which are 
not limited strictly to just EC but also a subset of leukocytes and/or hematopoietic progenitor cells that 
express the CD31 and CD34 antigens, respectively. In addition, gene expression may not positively 
correlate to protein expression levels due to the turnover rate and possible post-translational 
modification. Despite this, anti-CD31 and CD34 antibodies are often employed as a diagnostic for 
vascular malignancies and are highly sensitive indicators of EC differentiation[37,38].

Pathophysiological angiogenesis is mediated by the VEGR which correlates with increased 
microvessels density and metastatic spread in CRC[39]. Clinical studies showed that resistance 
developed against angiogenesis inhibitor in single-agent anti-angiogenic therapy. Research has 
demonstrated the blockage of the VEGF pathway to normalise the tumour-associated vessels. As 
tumour vasculature matures, angiogenesis inhibitor temporarily reduces tumour hypoxia by improving 
targeted therapy’s efficacy to ensure delivery of oxygen or cytotoxic or cytostatic drugs to the tumour 
sites[40]. However, the normalisation of tumour vascular usually occurs only transiently at the initial 
time of anti-angiogenic therapy. Hypoxia increases with prolonged VEGF inhibition due to vessel 
pruning, which consecutively induces systemic secretion of other pro-angiogenic cytokines[41].

The failure of anti-angiogenic monotherapy may be attributed to the induction of VEGF-independent 
compensatory mechanisms. The activation of other angiogenic signaling pathways may also induce the 
expression of other pro-angiogenic cytokines instead of VEGF[42]. Therefore, the development of new 
inhibitors that target other molecules that are involved in the angiogenesis signaling pathway may be 
essential. In our study, BZD9L1 did not significantly affect VEGF expression. Hence the compound may 
be a potential candidate to be employed as an adjunct to VEGF inhibitors or chemotherapy in CRC, as 
previously reported[7]. Besides, anti-angiogenic therapy combined with chemotherapy or immune 
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checkpoint inhibitors has demonstrated promising therapeutic effects with enhanced clinical benefits for 
cancer patients[43]. As such, small molecule inhibitors with anti-angiogenic and anti-cancer capabilities, 
such as that portrayed by BZD9L1, could be a promising new strategy for cancer therapy by targeting 
the two distinct features of CRC.

CONCLUSION
BZD9L1 hindered the processes of angiogenesis in EC through the down-regulation of cell adhesion 
molecules, SIRT1 and SIRT2 genes. Similarly, the angiogenesis array displayed a depletion of 
angiogenesis cytokines angiogenin, bFGF, PDGF-BB and PIGF in BZD9L1-treated ECs. Furthermore, 
BZD9L1 arrested the cells at the G1 phase and induced apoptosis in EC. These results suggest that 
BZD9L1 displayed cytotoxic and cytostatic properties to negatively regulate the formation of new blood 
vessels. The sprouting potential and the sprout regression were also noted in mouse choroid tissues 
post-treatment. Moreover, the indirect co-culture assay demonstrated that BZD9L1 could reduce CRC 
spheroid invasion compared to the negative control. This result potentially suggests that suppression of 
angiogenesis may obstruct cancer cell progression, as further confirmed in vivo. In mice, BZD9L1 had 
the ability to retard HCT116 colorectal xenograft tumor growth. In relation to this, the tumor necrosis 
and Ki67 protein expression percentage in the tumor sections were reduced in the BZD9L1-treated 
groups compared to vehicle control. CD31 and CD34 protein expressions were not evaluated due to the 
limitation posed by necrosis in the tumor sections. However, gene analyses revealed a decline in these 
well-reported EC markers in BZD9L1-treated mice.

Overall, this project has provided insights into the potential of BZD9L1 to reduce EC growth and 
progression in vitro and hinder CRC tumor growth in vivo. It is noteworthy that this study should be 
recapitulated using at least one other primary ECs or ECs derived from CRC to confirm the findings. 
Moreover, BZD9L1 may regulate other angiogenesis players and cancer pathways to impact cancer 
progression, as suggested in a recent study where 58 other BZD9L1-regulated targets were identified
[44]. In vivo study in an orthotopic model where the tumor cells will be engrafted into the organ, which 
matches the cancer cell type may also provide a more realistic model to study the mechanism of action 
of BZD9L1 and its impact on the tumor microenvironment. Additionally, real-time vessel perfusion 
imaging may be performed to more accurately assess the efficacy of BZD9L1 treatment[45]. This study 
provides valuable insights into BZD9L1 as a potential anti-angiogenic agent in CRC.

ARTICLE HIGHLIGHTS
Research background
The growth and spread of colorectal cancer (CRC) are highly dependent on angiogenesis. Epigenetic 
regulation of the genes in endothelial cells (ECs) in the vicinity of tumor cells plays a vital role in tumor 
angiogenesis. Sirtuins are class III histone deacetylase enzymes that are implicated in angiogenesis. 
Their potential roles in cancer have stimulated investigation to seek potent and selective sirtuin (SIRT) 
inhibitors, potentially leading to new therapeutic breakthroughs. BZD9L1 is a reported small molecule 
inhibitor with anticancer activities. However, its potential as an anti-angiogenic agent has not been 
explored.

Research motivation
A patient’s prognosis and survival rate remain heterogenous for which tumor attributes, dynamic host 
response factors, and treatment quality may be accountable. Some CRC patients become resilient to 
these anti-angiogenic drugs and standard therapies such as chemotherapy and radiation. Hence, this 
work opens a new avenue for the establishment of a potential novel anti-angiogenic agent through 
sirtuin inhibition in tumor angiogenesis.

Research objectives
To determine the anti-angiogenic activity of BZD9L1 benzimidazole analogue in CRC.

Research methods
The in vitro experiments comprise cell viability, adhesion. spheroid sprouting, quantitative polymerase 
chain reaction (qPCR), angiogenesis protein array, cell cycle and apoptosis analyses via flow cytometry 
and indirect co-culture. Mouse choroids were employed to assess the negative impact of BZD9L1 on 
sprouting and vessel regression. HCT116 CRC cells were injected subcutaneously into athymic nude 
mice and treated with vehicle control or BZD9L1 at 50 mg/kg and 250 mg/kg. Hematoxylin and eosin 
staining was performed to determine the percentage of necrosis in the tumor section. Finally, immuno-
histochemistry and qPCR were conducted to investigate the expression of Ki67 protein and murine 
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CD34/ CD31 as well as SIRT1 and SIRT2, respectively.

Research results
Findings from this study highlighted the ability of BZD9L1 to inhibit EC functions in in vitro, ex vivo and 
co-culture models. Additionally, BZD9L1 retarded tumor growth in vivo compared to the vehicle control 
group. Overall, the findings underscore the potential of BZD9L1 to treat CRC.

Research conclusions
BZD9L1 impeded angiogenesis in ECs, mouse choroid tissues and the CRC xenograft model. This study 
provides valuable insights into BZD9L1 as a potential anti-angiogenic agent in CRC.

Research perspectives
Findings from this study may provide the basis for BZD9L1 benzimidazole analogue as a targeted 
therapy for the treatment of CRC.
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Abstract
BACKGROUND 
Liver cancer is among the top five most common cancers globally. Lipid-lowering 
drugs such as statins can lower the risk of liver cancer, but may also cause liver 
damage. LipoCol Forte capsules (LFC), a red yeast rice product, have de-
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monstrated significant antihypercholesterolemic effects and a good safety profile in clinical 
studies.

AIM 
To evaluate whether LFC lowers the risk of liver cancer in adults in this propensity score-matched, 
nationwide, population-based cohort study.

METHODS 
We used data from Taiwan’s National Health Insurance Research Database, which includes 
electronic medical records for up to 99.99% of Taiwan’s population. LFC users and LFC non-users 
were matched 1:1 by propensity scores between January 2010 and December 2017. All had follow-
up data for at least 1 year. Statistical analyses compared demographic distributions including sex, 
age, comorbidities, and prescribed medications. Cox regression analyses estimated adjusted 
hazard ratios (aHRs) after adjusting for potential confounders.

RESULTS 
We enrolled 33231 LFC users and 33231 non-LFC users (controls). No significant differences 
between the study cohorts were identified regarding comorbidities and medications [standardized 
mean difference (SMD) < 0.05]. At follow-up, the overall incidence of liver cancer was significantly 
lower in the LFC cohort compared with controls [aHR 0.91; 95% confidence interval (CI): 0.86-0.95; 
P < 0.001]. The risk of liver cancer was significantly reduced in both females (aHR 0.87; 95%CI: 0.8-
0.94; P < 0.001) and males (aHR 0.93; 95%CI: 0.87-0.98; P < 0.01) in the LFC cohort compared with 
their counterparts in the non-LFC cohort. The antitumor protective effects applied to patients with 
comorbidities (including hypertension, ischemic stroke, diabetes mellitus, hyperlipidemia, 
hepatitis B infection and hepatitis C infection). Those using LFC for more than 84 drug days had a 
0.64-fold lower risk of liver cancer compared with controls (P < 0.001). Compared with controls, 
the risk of developing liver cancer in the LFC cohort progressively decreased over time; the lowest 
incidence of liver cancer occurred in LFC users followed-up for more than 6 years (27.44 vs 31.49 
per 1,000 person-years; aHR 0.75; 95%CI: 0.68-0.82; P < 0.001).

CONCLUSION 
This retrospective cohort study indicates that LFC has a significantly protective effect on lowering 
the risk of liver cancer, in a dose-dependent and time-dependent manner.

Key Words: LipoCol Forte capsules; Hyperlipidemia; Liver cancer; Hepatocellular carcinoma; Retrospective 
cohort study; Taiwan National Health Insurance Research Database

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: LipoCol Forte capsules (LFC), a red yeast rice product, have lipid-lowering effects and good 
safety reports. Lipid-lowering therapies such as statins can lower the risk of liver cancer, but may also 
cause liver damage. We evaluated whether LFC lowers the risk of liver cancer in adults in this propensity 
score-matched, nationwide, population-based cohort study. The LFC cohort had a 9% lower incidence of 
liver cancer compared with controls; this lower risk was dose-dependent and time-dependent, with a 0.64-
fold lower risk found in those using LFC for more than 84 drug days. The lowest incidence of liver cancer 
occurred in LFC users followed-up for more than 6 years.

Citation: Lai HC, Lin HJ, Shih YH, Chou JW, Lin KW, Jeng LB, Huang ST. LipoCol Forte capsules reduce the 
risk of liver cancer: A propensity score-matched, nationwide, population-based cohort study. World J Gastrointest 
Oncol 2023; 15(5): 828-842
URL: https://www.wjgnet.com/1948-5204/full/v15/i5/828.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i5.828

INTRODUCTION
LipoCol Forte capsules (LFC) are a product of red yeast rice, which is made by fermenting rice with 
yeasts, mainly Monascus purpureus[1]. Asian countries and territories, including China, Japan and 
Taiwan, have traditionally used red yeast to make rice wine, increase the intensity of food flavoring and 
as a food coloring. Traditional Chinese medicine uses red yeast rice as a digestive aid, to promote blood 
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circulation and alleviate dampness. This fermented rice contains several types of monacolins, gamma-
aminobutyric acid, flavonoids, pigments (e.g., rubropunctamine and monascorubramine), polyketides, 
and dimerumic acid[2,3]. Monacolins are known for their lipid-lowering qualities. In particular, 
monacolin K lowers cholesterol levels by inhibiting hydroxymethyl glutaryl coenzyme A reductase 
(HMG-CoA), the rate-controlling enzyme of the cholesterol synthesis pathway[1]. The renowned lipid-
lowering drug, lovastatin, is mainly monacolin K. LFC has received approval from the Taiwan Food and 
Drug Administration for the indication of antihyperlipidemia[4]. Each 600 mg capsule of LFC contains 
the equivalent of 5.76 mg of lovastatin and the recommended oral dose is twice daily[4]. In a Taiwanese 
study involving 79 patients with hyperlipidemia, twice-daily dosing with Monascus purpureus Went rice 
therapy (600 mg) LFC significantly reduced levels of low-density lipoprotein (LDL) cholesterol, total 
cholesterol, triglycerides and apolipoprotein B levels after 4 and 8 weeks compared with placebo 
therapy, without any major side effects[5]. In another study involving 1530 elderly patients with 
hypertension and a history of myocardial infarction enrolled in the Chinese Coronary Secondary 
Prevention Study, a partial extract of red yeast rice reduced the incidence of cardiovascular events and 
all-cause mortality by lowering LDL and total cholesterol[6].

The Global Burden of Diseases, Injuries, and Risk Factors Study 2019 reported that liver cancer was 
among the leading five cancers globally by disability-adjusted life years[7]. Risk factors for liver cancer 
include viral hepatitis (e.g., hepatitis B and hepatitis C), parasitic infestation, alcohol, toxins (e.g., 
aflatoxin, pesticides) and insulin resistance[8]. In East Asia, hepatitis B and C infections are major 
contributors to the development of liver cancer[8]. Nonalcoholic fatty liver disease (NAFLD) has been 
reported by several studies to be an important risk factor for liver cancer[9]. Metabolic dysfunction 
related to oxidative stress and lipotoxicity promote the development of chronic liver inflammation and 
fibrosis, and consequently increase the risk of NAFLD-related hepatocellular carcinoma (HCC)[9]. 
Recently, lipid-lowering therapies such as statins have been linked to a lower risk for HCC[10]. 
However, these drugs are associated with unwanted side effects such as elevated liver enzymes, 
myalgia and diabetogenic effects[11]. The risk of adverse drug reactions can increase when statins are 
co-administered with cytochrome P450 3A4 inhibitors, so some patients discontinue statins in order to 
decrease the risk of myopathy and other drug-related toxicities[11].

Similar lipid-lowering effects have been reported with red yeast rice products, with a safety 
advantage[12]. Up until now, no research has reported the preventive effects of red yeast rice on the risk 
for liver cancer. We are the first to propose that LFC, a red yeast rice extract, decreases the incidence of 
liver cancer via lipid-lowering benefits. In view of the time-consuming nature of cancer development, 
we decided to conduct a population-based retrospective cohort study using data from the Taiwan 
National Health Insurance Research Database (NHIRD) for this investigation into the association 
between LFC use and liver cancer occurrence.

MATERIALS AND METHODS
Data source and ethics approval
The data analyzed in this study were extracted from Taiwan’s NHIRD, which was established in 1995 
and now includes up to 99.99% of Taiwan’s population with their electronic medical records. The 
database includes demographic data, comprehensive inpatient and outpatient health care information, 
diagnostic codes, and prescription details for each beneficiary. Prior to 2016, diagnoses in the NHIRD 
used the International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM); since 
2016, the Tenth Edition (ICD-10) has been used. This study was approved by the Central Regional 
Research Ethics Committee of China Medical University, Taichung, Taiwan [CMUH109-REC2-031(CR-
2)]. The encrypted nature of all individual information contained in the NHIRD meant that informed 
patient consent could be waived.

Study population
The case cohort consisted of the LFC users (ATC: A047152) during the period from January 2010 
through December 2017. For the case cohort, the index date was defined as the first date with a 
prescription of LFC, whereas for the LFC non-users the index date was a random date within the study 
period. Patients aged less than 20 years, who had been diagnosed with liver cancer or any other cancer 
before the index date, or diagnosed with liver cancer within 1 year of LFC use and withdrew from the 
insurance program before the index date were excluded. Each patient in the case cohort was frequency-
matched with the controls (randomly selected from all NHI beneficiaries aged 20 years and more) at a 
1:1 ratio by sex, age (every 5 years span), baseline comorbidities, medicine and the index year (Figure 1).

Main outcome and relevant variables
The main outcome of this cohort study was liver cancer (ICD-9-CM codes 155.0, 155.1, 155.2; ICD-10-CM 
codes C220, C221, C228, C229). The end date of this study was the date when the patients were 
diagnosed with liver cancer, were lost to follow-up due to withdrawal from the NHIRD or death, or 
until December 31, 2017. All disease codes including main outcomes and baseline comorbidities were 
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Figure 1 Flow chart of the enrollment of study subjects. LC: Liver cancer.

defined as at least 2 clinic visits or 1 inpatient admission. Comorbidities included hypertension (ICD-9-
CM codes 401-405; ICD-10-CM codes I10, I11.0, I11.9, I12.0, I12.9, I13.0, I13.10, I13.11, I15.0, I15.1, I15.8, 
I15.9), coronary heart disease (ICD-9-CM codes 410-414; ICD-10-CM codes I20.0, I20.1, I20.8, I20.9, I21. 
I22, I24.1, I24.8, I24.9, I25.1, I25.2), ischemic stroke (ICD-9-CM codes 433, 434, 436, 437; ICD-10-CM codes 
I63, I65, I66, I67, I68, G46.3-G46.8), hemorrhagic stroke (ICD-9-CM codes 430, 431, 432; ICD-10-CM codes 
I60-I62), diabetes mellitus (ICD-9-CM code 250; ICD-10-CM codes E08-E13), hyperlipidemia (ICD-9-CM 
code 272; ICD-10-CM code E78), renal insufficiency (ICD-9-CM codes 585, 586, 588.8, 588.9; ICD-10-CM 
codes N18, N19, N25.8, N25.9), cirrhosis (ICD-9-CM codes 571.2, 571.5, 571.6; ICD-10-CM codes K70.2, 
K70.30, K70.31, K74.0, K74.1, K74.2, K74.3, K74.4, K74.5, K74.60, K74.69), alcoholic liver damage (ICD-9-
CM codes 571.0, 571.1, 571.3; ICD-10-CM codes K70.0, K70.10, K70.11, K70.40, K70.41, K70.0), NAFLD 
(ICD-9-CM code 571.8; ICD-10-CM codes K74.4, K75.81, K76.0, K76.89), hepatitis B virus (HBV) infection 
(ICD-9-CM codes V02.61, 070.20, 070.22, 070.30, 070.32; ICD-10-CM codes Z22.51, B16.2, B16.9, B18.1, 
B19.10, B19.11) and hepatitis C virus (HCV) infection (ICD-9-CM codes V02.62, 070.41, 070.44, 070.51, 
070.54; ICD-10-CM codes Z22.52, B17.10, B17.11, B18.2, B19.20, B19.21) were matched. We also compared 
medication use between the study groups for statins (simvastatin, lovastatin, fluvastatin, atorvastatin, 
pravastatin, and rosuvastatin), non-statin lipid-lowering drugs (cholestyramine, colestipol, colesevelam, 
nicolar, lipo-nicin, acipimox, probucol, gemfibrozil, bezafibrate, etofibrate, fenofibrate, and ezetimibe), 
aspirin, HBV treatments (lamivudine, adefovir, entecavir, telbivudine, tenofovir and peg-interferon α-
2a) and HCV treatments (Harvoni, Sovaldi, Zepatier, Maviret, Epclusa, Viekirax plus Exviera, Daklinza, 
Daklinza plus Sunvepra and Interferon plus Ribavirin), metformin and thiazolidinedione (TZD) 
(Pioglitazone and Rosiglitazone).

Statistical analysis
We used the Chi-square test to compare baseline demographic characteristics, comorbidities and 
medication status between the LFC and non-LFC cohorts. Categorical variables are listed as counts and 
percentages; the differences in continuous variables are presented as the means and standard 
deviations, and were evaluated using the unpaired Student’s t-test. The standardized mean difference 
(SMD) was calculated to assess the difference of each variable between the LFC users and non-LFC 
users. An SMD value of less than 0.05 indicated a negligible difference between the two cohorts. In this 
study, we calculated the hazard ratios (HRs) and 95% confidence intervals (CIs) in univariate and 
multivariate Cox proportional hazard regression models. Multivariate analysis adjusted for the 
variables of age, sex, comorbidities and medications. The Kaplan–Meier method was used to estimate 
the cumulative incidence of liver cancer; the cumulative incidence curve was plotted by R software. SAS 
statistical software version 9.4 (SAS Institute Inc., Cary, NC, United States) was used for all statistical 
analyses. Statistical significance was set as a P value of less than 0.05.

RESULTS
Baseline demographics and comorbidities of the study population are shown in Table 1. We enrolled 



Lai HC et al. LipoCol capsules reduce liver cancer risk

WJGO https://www.wjgnet.com 832 May 15, 2023 Volume 15 Issue 5

Table 1 Demographic characteristics and comorbidities for non-LipoCol Forte capsules users and LipoCol Forte capsules user 
populations in Taiwan between 2010 and 2017

Non-LFC users (n = 33231) LFC users (n = 33231)
Variables

n % n %
SMD

Sex

    Female 15869 47.75 15798 47.54 0.004

     Male 17362 52.25 17433 52.46 0.004

Age (yr)

    20-29 300 0.90 319 0.96 0.006

    30-39 1434 4.32 1545 4.65 0.016

    40-49 3677 11.07 3816 11.48 0.013

    > 50 27820 83.72 27551 82.91 0.022

    mean (SD) 63.22 13.60 62.75 13.62 0.035

Comorbidities

    Hypertension 21195 63.78 20825 62.67 0.023

     Coronary heart disease 11255 33.87 10972 33.02 0.018

    Ischemic stroke 6902 20.77 6784 20.41 0.009

    Hemorrhagic stroke 816 2.46 939 2.83 0.023

    Diabetes mellitus 12348 37.16 12172 36.63 0.011

    Hyperlipidemia 16793 50.53 16196 48.74 0.036

    Renal insufficiency 4028 12.12 4007 12.06 0.002

    Cirrhosis 2585 7.78 2643 7.95 0.007

    Alcoholic liver damage 2554 7.69 2606 7.84 0.006

    Nonalcoholic fatty liver disease 1648 4.96 1825 5.49 0.024

    HBV infection 3239 9.75 3342 10.06 0.010

    HCV infection 2061 6.20 2196 6.61 0.017

Medications

    Statin 12008 36.13 11666 35.11 0.022

    Non-statin lipid-lowering drug 6339 19.08 6161 18.54 0.014

    Aspirin 15564 46.84 15330 46.13 0.014

    HBV treatment 1531 4.61 1572 4.73 0.006

    HCV treatment 7 0.02 10 0.03 0.006

    Metformin 8674 26.10 8469 25.49 0.014

    Thiazolidinediones 2533 7.62 2483 7.47 0.006

Student’s t-test. LFC: LipoCol Forte capsules; SMD: Standardized mean difference (a standardized mean difference of 0.05 or less indicates a negligible 
difference); SD: Standard deviation; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

33231 patients in the LFC cohort and 33231 controls in the non-LFC cohort. Similar proportions in the 
LFC cohort and non-LFC cohort were male (52.46% and 52.25%, respectively); corresponding mean ages 
were 62.75 ± 13.62 years and 63.22 ± 13.60 years, respectively. The study subjects were predominantly 
aged 50 years and over. No significant differences between the study cohorts were observed for the 
distributions of comorbidities and medications (SMD < 0.05).

Analyses stratified for demographic characteristics, comorbidities and medications in the patients 
with liver cancer are shown in Table 2. In analyses adjusting for age, sex, comorbidities and 
medications, the overall incidence of liver cancer was significantly lower in the LFC cohort than in the 
non-LFC cohort (19.26 vs 20.62 per 1000 person-years; aHR 0.91; 95%CI: 0.86-0.95; P < 0.001). The risk of 
liver cancer was significantly reduced in both females (aHR 0.87; 95%CI: 0.8-0.94; P < 0.001) and males 
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Table 2 Incidence rates, hazard ratios and 95% confidence intervals of liver cancer, stratified by sex, age, comorbidities and medications, comparing LipoCol Forte capsules users with non-LipoCol Forte 
capsules users

Non-LFC users LFC users Crude Adjusted

Variable Event Person-years IR Event Person-years IR cHR 95%CI P value aHR1 95%CI P value

Overall 3848 186604 20.62 3700 192122 19.26 0.89 (0.85, 0.94)c < 0.001 0.91 (0.86, 0.95)c < 0.001

Sex

    Female 1416 91487 15.48 1267 94190 13.45 0.83 (0.77, 0.9)c < 0.001 0.87 (0.8, 0.94)c < 0.001

     Male 2432 95117 25.57 2433 97932 24.84 0.93 (0.88, 0.99)a 0.014 0.93 (0.87, 0.98)b 0.008

Age (yr)

    20-29 11 1884 5.84 9 2054 4.38 0.67 (0.27, 1.68) 0.396 0.61 (0.24, 1.59) 0.313

    30-39 68 8881 7.66 77 9854 7.81 0.96 (0.69, 1.34) 0.827 0.79 (0.56, 1.11) 0.178

    40-49 285 22392 12.73 290 23617 12.28 0.95 (0.8, 1.12) 0.508 0.91 (0.77, 1.07) 0.249

    > 50 3484 153447 22.71 3324 156597 21.23 0.89 (0.85, 0.94)c < 0.001 0.91 (0.87, 0.95)c < 0.001

Comorbidities

    Hypertension     

    No 1169 69398 16.85 1281 73107 17.52 1 (0.92, 1.08) 0.910 0.93 (0.86, 1.01) 0.090

    Yes 2679 117206 22.86 2419 119015 20.33 0.85 (0.81, 0.9)c < 0.001 0.89 (0.84, 0.94)c < 0.001

    Coronary heart disease     

    No 2455 124923 19.65 2413 130037 18.56 0.9 (0.85, 0.95)c < 0.001 0.88 (0.84, 0.94)c < 0.001

    Yes 1393 61681 22.58 1287 62085 20.73 0.89 (0.83, 0.96)b 0.004 0.94 (0.87, 1.02) 0.143

    Ischemic stroke     

    No 3002 149577 20.07 2983 154633 19.29 0.92 (0.87, 0.97)b 0.001 0.91 (0.86, 0.96)c < 0.001

    Yes 846 37027 22.85 717 37489 19.13 0.8 (0.73, 0.89)c < 0.001 0.9 (0.81, 0.99)a 0.033

    Hemorrhagic stroke     

    No 3738 182382 20.50 3586 187046 19.17 0.89 (0.85, 0.94)c < 0.001 0.9 (0.86, 0.95)c < 0.001

    Yes 110 4222 26.05 114 5076 22.46 0.86 (0.66, 1.12) 0.265 1 (0.76, 1.32) 0.992

    Diabetes mellitus     

    No 2023 119363 16.95 1972 124172 15.88 0.9 (0.84, 0.96)c < 0.001 0.89 (0.84, 0.95)c < 0.001
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    Yes 1825 67241 27.14 1728 67950 25.43 0.9 (0.84, 0.96)b 0.001 0.92 (0.86, 0.98)a 0.010

    Hyperlipidemia     

    No 1986 92314 21.51 1980 98628 20.08 0.9 (0.84, 0.96)c < 0.001 0.89 (0.83, 0.94)c < 0.001

    Yes 1862 94290 19.75 1720 93494 18.40 0.89 (0.83, 0.95)c < 0.001 0.93 (0.87, 1)a 0.040

    Renal insufficiency     

    No 3319 165852 20.01 3221 170964 18.84 0.9 (0.86, 0.95)c < 0.001 0.9 (0.85, 0.94)c < 0.001

    Yes 529 20752 25.49 479 21158 22.64 0.86 (0.76, 0.97)a 0.016 0.96 (0.85, 1.1) 0.580

    Cirrhosis     

    No 2514 174893 14.38 2314 180074 12.85 0.84 (0.8, 0.89)c < 0.001 0.83 (0.79, 0.88)c < 0.001

    Yes 1334 11711 113.91 1386 12048 115.04 0.98 (0.91, 1.06) 0.606 1 (0.93, 1.08) 0.921

    Alcoholic liver damage     

    No 3297 173575 19.00 3164 178842 17.69 0.89 (0.84, 0.93)c < 0.001 0.88 (0.84, 0.93)c < 0.001

    Yes 551 13029 42.29 536 13281 40.36 0.95 (0.85, 1.07) 0.432 1 (0.88, 1.13) 0.970

    Nonalcoholic fatty liver disease     

    No 3553 177753 19.99 3404 182155 18.69 0.89 (0.85, 0.94)c < 0.001 0.9 (0.86, 0.94)c < 0.001

    Yes 295 8851 33.33 296 9967 29.70 0.86 (0.73, 1.01) 0.06 0.92 (0.78, 1.09) 0.322

    HBV infection     

    No 2604 170246 15.30 2501 175001 14.29 0.89 (0.84, 0.94)c < 0.001 0.88 (0.83, 0.93)c < 0.001

    Yes 1244 16359 76.05 1199 17121 70.03 0.89 (0.82, 0.96)b 0.003 0.91 (0.84, 0.99)a 0.025

    HCV infection     

    No 2784 176772 15.75 2658 181323 14.66 0.89 (0.84, 0.94)c < 0.001 0.88 (0.83, 0.93)c < 0.001

    Yes 1064 9832 108.22 1042 10799 96.49 0.85 (0.78, 0.92)c < 0.001 0.9 (0.82, 0.98)a 0.016

Medication

    Statins     

    No 2693 120440 22.36 2681 125954 21.29 0.91 (0.87, 0.97)b 0.001 0.91 (0.86, 0.96)c < 0.001

    Yes 1155 66164 17.46 1019 66168 15.40 0.84 (0.77, 0.92)c < 0.001 0.92 (0.84, 1) 0.058

    Non-statin lipid-lowering drugs     

     No 3203 151343 21.16 3080 157120 19.60 0.89 (0.85, 0.93)c < 0.001 0.9 (0.86, 0.95)c < 0.001
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    Yes 645 35261 18.29 620 35003 17.71 0.92 (0.82, 1.03) 0.135 0.94 (0.84, 1.05) 0.295

    Aspirin     

    No 1947 101738 19.14 1935 105708 18.31 0.91 (0.86, 0.97)b 0.004 0.88 (0.83, 0.94)c < 0.001

    Yes 1901 84866 22.40 1765 86414 20.43 0.88 (0.82, 0.94)c < 0.001 0.93 (0.87, 1)a 0.043

    HBV treatment     

    No 2971 179610 16.54 2788 184920 15.08 0.87 (0.82, 0.91)c < 0.001 0.83 (0.79, 0.88)c < 0.001

    Yes 877 6994 125.40 912 7203 126.62 0.97 (0.89, 1.07) 0.592 0.99 (0.9, 1.09) 0.807

    HCV treatment     

    No 3843 186594 20.60 3697 192084 19.25 0.89 (0.86, 0.94)c < 0.001 0.91 (0.87, 0.95)c < 0.001

    Yes 5 10 487.00 3 39 77.83 0.21 (0.04, 1.07) 0.060 NA NA 1

    Metformin     

    No 2471 140106 17.64 2413 145474 16.59 0.9 (0.85, 0.96)c < 0.001 0.9 (0.85, 0.95)c < 0.001

    Yes 1377 46498 29.61 1287 46648 27.59 0.89 (0.82, 0.96)b 0.002 0.92 (0.85, 0.99)a 0.033

    Thiazolidinediones     

    No 3453 173105 19.95 3331 178541 18.66 0.89 (0.85, 0.94)c < 0.001 0.91 (0.87, 0.95)c < 0.001

    Yes 395 13499 29.26 369 13581 27.17 0.9 (0.78, 1.04) 0.141 0.89 (0.77, 1.03) 0.110

1Adjusted in multivariate analysis by sex, age, comorbidities and medications.
aP < 0.05.
bP < 0.01.
cP < 0.001.
LFC: LipoCol Forte capsules; IR: Incidence rate per 1000 person-years; cHR: Crude hazard ratio; aHR: Adjusted hazard ratio; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NA: Not available.

(aHR 0.93; 95%CI: 0.87-0.98; P < 0.01) in the LFC cohort compared with their counterparts in the non-
LFC cohort. In the subgroup aged over 50 years, LFC users had a significantly lower risk of liver cancer 
compared with LFC non-users (aHR 0.91; 95%CI: 0.87-0.95; P < 0.001). In comorbidity-specific analysis, 
LFC users with hypertension (aHR 0.89; 95%CI: 0.84-0.94; P < 0.001), ischemic stroke (aHR 0.9; 95%CI: 
0.81-0.99; P < 0.05), diabetes mellitus (aHR 0.92; 95%CI: 0.86-0.98; P = 0.01), hyperlipidemia (aHR 0.93; 
95%CI: 0.87-1; P < 0.05), HBV infection (aHR 0.91; 95%CI: 0.84-0.99; P < 0.05), or HCV infection (aHR 0.9; 
95%CI: 0.82-0.98; P < 0.05) were significantly less likely to develop liver cancer compared with their 
counterparts in the non-LFC cohort. Among patients with LFC using other medications, those on aspirin 
(aHR 0.93; 95%CI: 0.87-1; P < 0.05) or metformin (aHR 0.92; 95%CI: 0.85-0.99; P < 0.05) had a 
significantly reduced risk of liver cancer compared with patients on aspirin or metformin in the non-
LFC cohort.
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As shown in Table 3, when analyses assessed the risk of developing liver cancer stratified by days of 
LFC use and adjusted for demographic factors, comorbidities and medications, the risk of liver cancer 
was 0.94-fold lower among patients using LFC for fewer than 28 drug days; 0.79-fold lower among 
those using LFC for any time between 28 and 84 drug days and 0.64-fold lower among those using LFC 
for more than 84 drug days with medication consumption. After adjusting for age, sex, all comorbidities 
and medications listed, stratified with each dose of LFC treatment, we found that a higher cumulative 
dosage of LFC and longer duration had the most protective effects against the development of liver 
cancer (aHR 0.46; 95%CI: 0.39-0.55) (Table 4). When we further stratified the patients by duration of 
follow-up into three groups including 2-3 years, 4-6 years and beyond 6 years (Table 5), the risk of 
developing liver cancer in the LFC cohort progressively decreased over time compared with the risk in 
the non-LFC cohort; the lowest incidence of liver cancer occurred in LFC users followed-up for more 
than 6 years (27.44 vs 31.49 per 1000 person-years; aHR 0.75; 95%CI: 0.68-0.82; P < 0.001). Figure 2 shows 
the significantly lower cumulative incidence of liver cancer in the LFC cohort compared with the non-
LFC cohort after 8 years of follow-up (P < 0.001).

DISCUSSION
Although previous studies have shown a benefit with statins in reducing the risk of HCC, this is the first 
study using a population-based database to show that LFC use significantly decreased the risk of liver 
cancer by 9% (aHR 0.91) in analyses adjusted for sex, age, comorbidities and medication use. 
Furthermore, the protective effect of LFC use was dose-dependent, with a progressively lower risk of 
liver cancer seen with prolonged LFC use.

LFC is a product of red yeast rice. Red yeast rice is a traditional Chinese food that is created by 
fermenting a red yeast strain (most commonly Monascus purpureus) with rice. The major active 
component in red yeast rice is monacolin K (lovastatin), which has demonstrated good oral bioavail-
ability in red yeast rice products, including LFC[13], and has proven efficacy in the management of 
dyslipidemia and prevention of steatohepatitis[14,15]. The ability of LFC to prevent metabolic 
dysfunction suggests that this product may reduce oxidative stress, chronic inflammation and lipid 
toxicities, and thus prevent liver cancer development[9]. Other research has also suggested that red 
yeast rice helps to prevent coronary heart disease, diabetes mellitus and cancer[16]. Rice fermented with 
Monascus purpureus reportedly inhibits prostate cancer by decreasing gene expression of androgen-
synthesizing enzymes and inducing autophagy[17,18]. Other research also claims beneficial effects of 
red yeast rice in colon cancer, breast cancer and liver cancers[19-21]. In another study, ankaflavin 
extracted from Monascus-fermented red rice inhibited the growth of human cancer cell lines Hep G2 and 
A549 by cell cycle arrest and appeared to induce apoptosis[21]. Monascus purpureus CWT715 fermented 
extract has demonstrated antioxidation activity in the BNL cell line (mouse liver cancer) and 
antimigratory, antiinvasive activities in SK-Hep-1 human hepatocarcinoma cells by inducing nm23-H1 
(non-metastasis protein 23-H1) protein expression[22,23]. Rubropunctamine and monascorubramine, 
the red Monascus pigments, reportedly induce antimitotic effects on immortalized human kidney 
epithelial cells[24]. Interestingly, azaphilone compounds extracted from rice fermented with Monascus 
purpureus have shown selective cytotoxicity in human cancer cells and not in normal cells at equivalent 
concentrations[25,26]. Dysbiosis is correlated to liver carcinogenesis. A higher Firmicutes/Bacteroidetes 
ratio might be associated with a higher liver cancer risk and lower response rate to nivolumab treatment
[27]. Red yeast rice can modulate gut microbiota by decreasing Firmicutes, Bacteroidetes, and Clostridium 
species and increasing Lactobacillus and Ruminococcacea[28-31]. This amelioration of gut microbiota 
composition shows that red yeast rice has the potential to prevent liver cancer occurrence. Thus, we 
hypothesized that LFC can prevent liver cancer not only by lowering cholesterol levels, but also via 
direct antitumor effects with possible mechanisms including cell cycle arrest, antimitotic and gut 
microbiota modulation.

In subgroup analysis, the benefit of LFC use was significant in both males and females, although LFC 
appeared to be more protective in females (aHR 0.87) than in males (aHR 0.93). This might be due to sex 
differences in liver cancer, as for instance is the case with inflammation-driven HCC, which occurs more 
often in males than in females[32]. Moreover, gender differences exist in the association between 
metabolic factors and HCC risk[33]. However, we observed significant benefits with LFC treatment only 
in the over-50-year-old age group, reflected by the larger numbers of cases diagnosed with liver cancers 
in older-aged patients. Our analyses adjusted for important confounding factors including all lipid-
lowering drugs, aspirin, metformin and TZD. Statins have been shown in previous studies to reduce the 
occurrence of liver cancer, with HRs ranging from 0.4 to 0.72[10,34-36]. A 2013 population-based, case-
control study conducted in Taiwan using NHIRD data revealed that statin use reduced the likelihood of 
HCC by 28% (aHR 0.72)[36]. The same study also identified that the individual statins lovastatin, 
simvastatin and atorvastatin all significantly lowered the risk of HCC[36]. In our study, the fact that 
LFC shares a similar pharmacological pathway to that of statins meant that LFC use protected against 
the development of liver cancer in patients with comorbidities including hypertension, coronary heart 
disease, ischemic stroke, hemorrhagic stroke, diabetes mellitus, HBV and HCV infection. In patients 
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Table 3 Incidence and hazard ratios of liver cancer, stratified by the duration of LipoCol Forte capsules use

Variable n PY IR cHR 95%CI P value aHR1 95%CI P value

Non-use of LipoCol Forte capsules as reference 3848 186604 20.621 1.00 Reference 1.00 Reference

    LipoCol Forte capsules     

    < 28 d 3115 161794 19.253 0.9 (0.86, 0.94)c < 0.001 0.94 (0.89, 0.98)b 0.006

    28-84 d 533 27871 19.124 0.87 (0.79, 0.95)b 0.002 0.79 (0.72, 0.87)c < 0.001

    > 84 d 52 2457 21.165 0.99 (0.75, 1.3) 0.925 0.64 (0.48, 0.84)b 0.001

1Adjusted in multivariate analysis by sex, age, comorbidities and medications.
aP < 0.05.
bP < 0.01.
cP < 0.001.
PY: Person-years; IR: Incidence rate per 1000 person-years; cHR: Crude hazard ratio; aHR: Adjusted hazard ratio.

Table 4 Cox proportional hazard model estimated hazard ratio among cumulative dose of LipoCol Forte capsules

Variable n PY IR cHR 95%CI P value aHR1 95%CI P value

Non-use of LFC as reference 3848 186604.2 20.6212 1.00 (Reference) - 1.00 (Reference) -

    LFC dose (g)     

    < 91 3182 158379 20.09 0.94 (0.9, 0.98)b 0.0089 0.98 (0.94, 1.03) 0.4435

    91-179 366 21568 16.97 0.77 (0.69, 0.86)c <0.001 0.69 (0.62, 0.77)c < 0.001

    > 179 152 12175 12.48 0.55 (0.47, 0.65)c <0.001 0.46 (0.39, 0.55)c < 0.001

1Adjusted in multivariate analysis by sex, age, comorbidities and medications.
aP < 0.05.
bP < 0.01.
cP < 0.001.
LFC: LipoCol Forte capsules; PY: Person-years; IR: Incidence rate per 1000 person-years; cHR: Crude hazard ratio; aHR: Adjusted hazard ratio.

Table 5 The risk of liver cancer by stratified follow-up years

Non-LFC users LFC users
Follow-up time

n PY IR n PY IR
cHR 95%CI aHR1 95%CI

2-3 yr 1367 93294 14.65 1332 92819 14.35 0.98 (0.91, 1.06) 1.01 (0.93, 1.09)

4-6 yr 1554 63868 24.33 1401 64063 21.87 0.9 (0.84, 0.97)b 0.92 (0.86, 0.99)a

> 6 yr 927 29442 31.49 967 35241 27.44 0.77 (0.7, 0.84)c 0.75 (0.68, 0.82)c

1Adjusted in multivariate analysis by sex, age, comorbidities and medications.
aP < 0.05.
bP < 0.01.
cP < 0.001.
LFC: LipoCol Forte capsules; PY: Person-years; IR: Incidence rate per 1000 person-years; cHR: Crude hazard ratio; aHR: Adjusted hazard ratio.

without major liver cancer risks such as cirrhosis, alcoholic liver damage, NAFLD, HBV or HCV 
infection, LFC showed protective effects against liver cancer (aHRs 0.83-0.9). Our results suggest that 
LFC use is also appropriate for patients who are considered to be at “low risk” of liver cancer. LFC use 
was beneficial in users of both statin and non-statin lipid-lowering drugs. However, statistical 
significance was achieved only by the non-users (aHR 0.91 in the statin cohort and aHR 0.9 in the non-
statin lipid-lowering drug cohort), due to limited case numbers or fewer synergistic effects because of 
similar mechanisms between the different classes of lipid-lowering agents. Aspirin has previously been 
reported to reduce the risk of HCC with increasing dose and duration[37], which is similar to what we 
observed, with aHRs ranging from 0.61 to 0.73. Notably, patients not receiving HBV or HCV treatment 
still derived significant benefit from LFC use (aHR 0.83 in the HBV non-treatment cohort and aHR 0.91 
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Figure 2 Kaplan-Meier analysis shows the cumulative incidence of liver cancer for patients using LipoCol Forte capsules in comparison 
with non-users during follow-up lasting more than 8 years.

in the HCV non-treatment cohort). However, the HBV and HCV treatment groups did not reach 
statistical significance, which is likely due to the treatment of HBV and HCV reducing the progression 
of liver cancer and potentially masking the LFC-induced protective effect. Moreover, Taiwan’s NHIRD 
did not cover direct-acting antiviral agents in HCV treatment until 2016. Consequently, we only 
enrolled 8 cases in our cohort study and are therefore unable to formulate any meaningful conclusion. 
Studies have reported that metformin and TZD lower the risk of HCC, with aHRs ranging from 0.49 to 
0.72[38-41]. Thus, we included these drugs in our analyses of confounding factors, to exclude the 
possibility of an interaction. We observed a significant dose-dependent association between LFC use 
and the incidence of liver cancer, with aHRs of 0.94, 0.79 and 0.64, respectively, for patients who used 
LFC for up to 28 d, 28-84 d, or more than 84 d. Our result is similar to reports from other drug-HCC 
prevention investigations[36,38]. We also report progressively lower cumulative incidence values of 
liver cancer among LFC users compared with non-LFC users in the 4-6-year subgroup (aHR 0.92; P < 
0.05) and in the over 6 years subgroup (aHR 0.75; P < 0.001). These findings indicate that LFC use 
reduces the risk of liver cancer development in the long-term.

Taiwan’s NHI is a universal healthcare system that covers nearly all of the country’s population. The 
large database enhances the possibility of producing conclusive patient data, with adjustment for sex, 
age, comorbidities and medication use. However, several limitations must be noted with this study. 
First, we used the ICD-9-CM (from 2010 to 2015) and the ICD-10-CM (from 2016 to 2017) algorithms to 
define diseases diagnosed by clinical physicians. We included only patients with correct ICD-9-CM or 
ICD-10-CM coding after a single inpatient admission, or after two outpatient clinical visits, to increase 
the validity and accuracy of comorbidity diagnoses. The major outcome of liver cancer diagnosis was 
double-checked using the Registry for Catastrophic Illness Patient Database. Second, the NHIRD data 
lack important information on potential confounding factors, including body mass index, cirrhosis 
severity, hepatitis viral load, alcohol consumption, environmental/chemical exposure, and family 
history. Furthermore, biochemical data, abdominal ultrasound reports, computed tomography reports, 
grading and staging of liver cancer, cannot be defined in Taiwan’s NHI database studies. The 
demographic characteristics of our patients, the proportions with cirrhosis, alcoholic liver damage or 
HBV/HCV infection, were not significantly different between the groups. Thus, the background risk of 
liver cancer occurrence was likely similar for each group. However, by highlighting potential 
confounding factors, especially the aspect of drug interactions, our analysis is more advanced than 
previous NHIRD studies. Third, although we took all potential confounding factors into account, a 
causal relationship between LFC and liver cancer risk could not be directly inferred owing to the 
observational nature of this study. Thus, we excluded liver cancers diagnosed within 1 year of study 
commencement. We also considered potential mechanisms in the management of dyslipidemia, direct 
antitumor effects and microbiota theories as explanations of our findings, as mentioned earlier. Longer-
term, prospective clinical studies are needed to confirm our findings.

CONCLUSION
This is the first study to show that LFC use significantly decreases the risk of liver cancer by 9% in 
analyses adjusted for sex, age, comorbidities, and medication use. The protective effect of LFC was dose-
dependent. Thus, our results of this cohort study suggest that LFC therapy may be associated with 
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reducing risk of liver cancer over an 8-year follow-up. However, long-term studies are needed to 
confirm our findings. Since LFC is a cheap and commonly used product, prospective clinical trials are 
feasible and necessary to confirm its beneficial effects on the prevention of liver cancer.

ARTICLE HIGHLIGHTS
Research background
Liver cancer is among the top five most common cancers globally. Anti-lipid therapies such as statins 
lowered risk of liver cancer. Lipid-lowering drugs such as statins can lower the risk of liver cancer, but 
may also cause liver damage. LipoCol Forte capsules (LFC), a red yeast rice product, have demonstrated 
significant antihypercholesterolemic effects and a good safety profile in clinical studies.

Research motivation
We evaluated whether using LFC lowers the risk of liver cancer.

Research objectives
The objective of this study was to evaluate whether LFC lowers the risk of liver cancer in adults, by 
analyzing data from Taiwan’s National Health Insurance Research Database (NHIRD) in a propensity 
score-matched, nationwide, population-based cohort study.

Research methods
Patients using LFC and those not using LFC (controls) between January 2010 and December 2017 were 
selected from Taiwan’s NHIRD and matched 1:1 by propensity scores. Statistical analyses assessed 
between-group demographic differences by sex, age, comorbidities, and prescribed medications.

Research results
We enrolled 33231 patients in the LFC cohort and 33231 controls. The overall incidence of liver cancer 
was significantly lower in the LFC cohort compared with controls (aHR 0.91; P < 0.001). The risk of liver 
cancer was significantly reduced in both females and males in the LFC cohort compared with their 
counterparts in the non-LFC cohort. There was a 0.64-fold lower liver cancer risk among those using 
LFC for more than 84 drug days. The risk of developing liver cancer in the LFC cohort progressively 
decreased over time; the lowest incidence of liver cancer occurred in LFC users followed-up for more 
than 6 years.

Research conclusions
This retrospective cohort study indicates that LFC has a significantly protective effect against the 
development of liver cancer, in a dose-dependent and time-dependent manner.

Research perspectives
Since LFC is a cheap and commonly used product, prospective clinical trials are feasible and necessary 
to confirm its beneficial effects in the prevention of liver cancer.
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Abstract
BACKGROUND 
Intraductal papillary neoplasm of the bile duct (IPNB) is a rare distinct subtype of 
precursor lesions of biliary carcinoma. IPNB is considered to originate from 
luminal biliary epithelial cells, typically displays mucin-hypersecretion or a 
papillary growth pattern, and results in cystic dilatation[1]. IPNB develops 
anywhere in the intrahepatic and extrahepatic biliary tracts, and can occur in 
various pathological stages from low-grade dysplasia to invasive carcinoma. 
IPNBs have similar phenotypic changes in the occurrence and development of all 
subtypes, and the prognosis is significantly better than that of traditional (non-
papillary) cholangiocarcinoma.

AIM 
To evaluate the clinicopathological features of IPNB to provide evidence-based 
guidance for treatment.

METHODS 
Invasive IPNB, invasive intraductal papillary mucinous neoplasm of the pancreas 
(IPMN), and traditional cholangiocarcinoma data for affected individuals from 
1975 to 2016 were obtained from the Surveillance, Epidemiology, and End Results 
(SEER) database. Annual percentage changes (APCs) in the incidence and 
incidence-based (IB) mortality were calculated. We identified the independent 
predictors of overall survival (OS) and cancer-specific survival (CSS) in indivi-
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duals with invasive IPNB.

RESULTS 
The incidence and IB mortality of invasive IPNB showed sustained decreases, with an APC of -
4.5% (95%CI: -5.1% to -3.8%) and -3.3% (95%CI: -4.1% to -2.6%) (P < 0.001), respectively. Similar 
decreases in incidence and IB mortality were seen for invasive IPMN but not for traditional 
cholangiocarcinoma. Both OS and CSS for invasive IPNB were better than for invasive IPMN and 
traditional cholangiocarcinoma. A total of 1635 individuals with invasive IPNB were included in 
our prognosis analysis. The most common tumor sites were the pancreaticobiliary ampulla (47.9%) 
and perihilar tract (36.7%), but the mucin-related subtype of invasive IPNB was the main type, 
intrahepatically (approximately 90%). In the univariate and multivariate Cox regression analysis, 
age, tumor site, grade and stage, subtype, surgery, and chemotherapy were associated with OS 
and CSS (P < 0.05).

CONCLUSION 
Incidence and IB mortality of invasive IPNB trended steadily downward. The heterogeneity of 
IPNB comprises site and the tumor’s mucin-producing status.

Key Words: Surveillance, Epidemiology, and End Results database; Intraductal papillary neoplasms of the 
bile duct; Subtype; Annual percentage changes; Prognosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intraductal papillary neoplasms of the bile duct (IPNB) is a rare subtype of biliary cholangiocar-
cinoma, and also considered as a counterpart of intraductal papillary mucinous neoplasm of the pancreas 
(IPMN). Current management decisions are based on anecdotal evidence and small case series. There have 
been no large-sample multicenter studies of IPNB. This manuscript aimed to evaluate the clinicopatho-
logical features of IPNB to provide evidence-based guidance for treatment.

Citation: Wu RS, Liao WJ, Ma JS, Wang JK, Wu LQ, Hou P. Epidemiology and outcome of individuals with 
intraductal papillary neoplasms of the bile duct. World J Gastrointest Oncol 2023; 15(5): 843-858
URL: https://www.wjgnet.com/1948-5204/full/v15/i5/843.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i5.843

INTRODUCTION
Intraductal papillary neoplasm of the bile duct (IPNB) is a rare distinct subtype of precursor lesions of 
biliary carcinoma. IPNB is considered to originate from luminal biliary epithelial cells, typically displays 
mucin-hypersecretion or a papillary growth pattern, and results in cystic dilatation[1]. IPNB develops 
anywhere in the intrahepatic and extrahepatic biliary tracts, and can occur in various pathological 
stages from low-grade dysplasia to invasive carcinoma. IPNBs have similar phenotypic changes in the 
occurrence and development of all subtypes, and the prognosis is significantly better than that of 
traditional (non-papillary) cholangiocarcinoma[2]. Based on these characteristics, IPNBs have been 
called mucinous cholangiocarcinoma, biliary papillomatosis, biliary intraductal papillary neoplasm, 
mucin-hypersecreting intrahepatic biliary neoplasm, and intraductal papillary neoplasm of the liver[3,
4].

According to the 2010 World Health Organization (WHO) classification of tumors in the digestive 
system, IPNB is defined as the biliary counterpart of intraductal papillary mucinous neoplasm of the 
pancreas (IPMN) and has identical histopathologic pancreaticobiliary, gastric, intestinal, and oncocytic 
features[5,6]. Because of the anatomical proximity of the pancreas and the bile duct, the simultaneous 
development of the foregut endoderm, the peribiliary gland containing multipotent stem cells in biliary 
tract can differentiate into cholangiocytes as well as hepatocytes or pancreatocytes[7]. However, several 
important differences between IPMN and IPNB exist, such as the incidence and prognosis of invasive 
cancer, frequency of each tumor subtype, frequency of mucin production, and the presence of known 
high risk factors, such as choledocholithiasis and parasitic infection, and gene mutation, such as 
CTNNB1, TP53, SMAD4 and PIK3CA[8-10].Compared with traditional cholangiocarcinoma, IPNB has 
also been described anecdotally as a tumor type with limited invasive potential, typically involving only 
cellular atypia and at most, carcinoma in situ[5].

https://www.wjgnet.com/1948-5204/full/v15/i5/843.htm
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Unlike invasive IPMN and traditional cholangiocarcinoma in the biliary tract, very little is known 
about the clinicopathological features and prognostic variables of invasive IPNB. Previous studies were 
based solely on single-center case series, for example, Wu et al[11] reported that IPNB occured mainly in 
patients of advanced age. In addition, a multicenter study indicated that IPNB shown a better long-term 
prognosis than traditional cholangiocarcinoma, and were relatively invasive features in extrahepatic 
lesions[12]. Therefore, the epidemiology, tumor characteristics, treatment strategy, and long-term results 
of invasive IPNB are limited because of the relatively low case numbers. We conducted a Surveillance, 
Epidemiology, and End Results (SEER) database evaluation of invasive IPNB to address these 
shortcomings, and to further elucidate the epidemiological and clinical trends to guide treatment 
decision-making and to identify further clinical and scientific research areas.

MATERIALS AND METHODS
Data source
The SEER database is an authoritative source of information about cancer incidence and survival rates 
in the United States. SEER currently collects and publishes data on cancer incidence and survival from 
population-based cancer registries covering approximately 28% of the United States population, and the 
database is maintained by the National Cancer Institute (NCI). The SEER Program is the only compre-
hensive population-based source of information in the United States for cancer stage during diagnosis, 
incidence, and survival data. Mortality data reported by SEER are provided by the National Center for 
Health Statistics. Population data used to calculate cancer incidence have passed appropriate standards 
before abstraction.

Study population
This was a retrospective cohort study using data from SEER databases submitted up to November 2018. 
Data from 1975 to 2016 are available from 18 SEER registries (with additional and treatment fields): 
Alaska Natives, Atlanta, California (excluding San Francisco/San José Monterey/Los Angeles), 
Connecticut, Detroit (metropolitan), Greater Georgia, Hawaii, Iowa, Kentucky, Los Angeles, Louisiana, 
New Jersey, New Mexico, Rural Georgia, San Francisco-Oakland standard metropolitan statistical area, 
San José Monterey, Seattle, and Utah. The data are adjusted for areas affected by hurricanes Katrina and 
Rita.

The database was queried by selecting biliary tract [including other biliary (C240–C249), intrahepatic 
bile duct (C221), and liver (C220) and pancreas (C250-C259)] as the disease sites [sites recoded according 
to the international classification of disease (ICD) O–3/WHO 2008)] and using the following codes from 
the ICD for oncology (ICD-O) 3rd edition: 8050/3, 8260/3, 8450/3, 8453/3, 8471/3, 8480/3, 8481/3, and 
8503/3 for invasive IPNB and invasive IPMN[13-16] and 8140/3 and 8160/3 for data on individuals 
with traditional adenocarcinoma and cholangiocarcinoma of the biliary tract, for comparison[17]. We 
included 34972 patients with pathological evidence of traditional adenocarcinoma or cholangiocar-
cinoma of the biliary tract and 9527 patients with invasive IPMN. Invasive IPNBs were categorized as 
the mucinous subtype of invasive IPNBs (ICD-O-3rd: 8453/3, 8471/3, 8480/3, 8481/3) and the non-
mucinous subtype of invasive IPNBs (ICD-O-3rd: 8050/3 8260/3 8450/3, 8503/3). All individuals in our 
study cohort had pathologically-confirmed diagnoses. In addition, because the smallest unit of survival 
was months rather than days, the data for individuals who died within 1 mo after diagnosis were 
excluded to avoid analyzing the situation where the survival time was zero. If individuals did not have 
complete demographic or clinical pathology and follow-up information, they were excluded (Figure 1).

We recorded the following demographic and clinicopathological variables: sex, age at diagnosis, year 
of diagnosis, race, detailed tumor site according to the tumor, node and metastasis (TNM) 7 and cancer 
staging schema, version 0204, histological subtype, SEER historic stage, grade, surgery, radiotherapy, 
chemotherapy, survival (in months), vital status recode, and cause-specific death. The SEER stage classi-
fication provides consistent time rather than the American Joint Committee on Cancer stage classi-
fication, which may have changed during the study period. Field descriptions of the TNM7/CSv0204 + 
schema information was collected under the specifications of a particular schema according to site and 
histology, such as site recode: 003 am pull avatar bile (defined pancreaticobiliary ampulla); 006 bile 
ducts distal; 007 bile ducts intrahepatic; 008 bile ducts perihilar; 009 biliary other; and 062 liver. The 
SEER historic stages are divided into four stages: localized stage (confined to the primary site), regional 
stage (spread to regional lymph nodes), distant stage (cancer had metastasized), and unstaged or 
unknown. The types of surgical treatment include defined radical surgery, non-defined radical surgery, 
and palliative surgery. The defined radical surgery includes: radical surgery (partial/total removal of 
primary site plus partial or total removal of other organs); radical surgery; partial/simple removal of 
primary site with dissection of lymph nodes; wedge resection, nitric oxide synthase (NOS) segmental 
resection, lobectomy; extended lobectomy: resection of a single lobe plus a segment of another lobe. The 
undefined radical surgery includes surgery, NOS; partial/simple removal of primary site without 
dissection of lymph nodes; surgery of regional and/or distant site(s)/node(s) only. Palliative surgery 
included: excisional biopsy; polypectomy; excision of lesion and photodynamic therapy. The primary 
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Figure 1 Flow diagram of individual selection from the 11678 individuals identified to have invasive intraductal papillary neoplasm of the 
bile duct within the Surveillance, Epidemiology, and End Results database from 1975-2016 to identify those who were included in our 
descriptive (excluding incidence trends) and survival analyses. IPNB: Intraductal papillary neoplasm of the bile duct.

outcomes of our cohort study were the overall survival (OS) rate and the cancer-specific survival (CSS) 
rate. OS was calculated as the time from diagnosis to death (from any cause), and CSS was calculated as 
the time from diagnosis to death (attributable to the cancer).

Statistical analyses
The incidence rates of invasive IPNB, invasive IPMN, and cholangiocarcinoma were calculated per 
1000000 persons, and results were age-adjusted to the 2000 United States standard population using 
SEER*Stat (version 8.3.8). Annual percentage changes (APCs) of incidence and incidence-based (IB) 
mortality were calculated using the NCI joinpoint regression analysis program (version 4.8.0.1). APC is 
a method of describing incidence or mortality trends over time by showing slope gradients or directions 
for each straight segment. Therefore, tumor incidence or mortality rate is considered to change by a 
constant percentage from the previous year. We used linear-by-linear association tests to evaluate the 
trends in the ordinal data, which provides a meaningful measure of ordinal variables; the SEER*Stat 
software calculates 95%CIs. The Kaplan- Meier method and the log-rank test were used to calculate the 
cumulative survival rate and survival curves. We used a Cox proportional hazard regression model in 
the multivariable analysis using IBM SPSS Statistics software (version 26; IBM Corp., Armonk, NY). The 
multi-variables analysed included patient age, site, tumour grade, stage, mucin classification and 
treatment. P values were two-sided, and P values < 0.05 were considered statistically significant.

RESULTS
Characteristics of the included individuals and the tumors 
A total of 11678 individuals were diagnosed with invasive IPNB and invasive IPMN in the pancre-
aticobiliary duct system from 1975 to 2016. Of these individuals, 1635 individuals met our study criteria 
(Figure 1). The percentages of the mucin-related subtype and non-mucin subtype of invasive IPNBs 
were 56.6% (n = 926) and 43.4% (n = 709), respectively. The mean age and standard deviation in the total 
cohort was 69 ± 12.2 years, and the median age of the overall cohort was 68 years (range: 27-97 years). 
Individuals aged ≥ 68 and < 68 years accounted for 51.3% and 48.7% of the individuals, respectively. 
The proportions of men and women in the total cohort were 54.8% (n = 896) and 45.2% (n = 739), 
respectively. The vast majority of invasive IPNB patients were white (n = 1278, 78.2%). The tumor sites 
differed significantly and were most commonly the pancreaticobiliary ampulla (n = 783, 47.9%) and the 
perihilar tract (n = 600, 36.7%), followed by the liver (n = 100, 6.1%), intrahepatic biliary tract (n = 99, 
6.1%), and distal tract (n = 53, 3.2%). The mucin-related subtype of invasive IPNB was the main type in 
the intrahepatic biliary duct system. The percentages of the locations of the mucin-related subtype were 
both nearly 90% (liver: 90/100, intrahepatic bile duct: 87/99). Most individuals had SEER historic stage 
regional tumors (n = 814, 49.8%), followed by the localized stage (n = 401, 24.5%), distant stage (n = 317, 
19.4%), and unstaged or unknown (n = 103, 6.3%). Tumors were categorized by pathological grade as 
follows: well-differentiated, grade I (n = 373, 22.8%); moderately-differentiated, grade II (n = 532, 32.5%); 
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poorly-differentiated, grade III (n = 227, 13.9%); and undifferentiated grade (n = 22, 1.3%) and unknown 
grade (n = 481, 29.4%). In the total cohort, 60.1% (n = 982) of individuals with invasive IPNB underwent 
surgery, and 35.4% (n = 579) received defined radical surgery, 22.9% (n = 375) received undefined 
radical surgery, 1.8% (n = 28) received palliative surgery, while only 17.5% (n = 286) received 
radiotherapy, and 28.0% (n = 458) received chemotherapy (Table 1). Approximately 11.5% (n = 188) of 
the individuals underwent combined radiotherapy, and chemotherapy, while 15.0% (n = 245) of the 
individuals underwent combined surgery and chemotherapy; 11.4% (n = 187) underwent combined 
surgery and radiotherapy. Only 8.1% (n = 133) of the individuals received triple therapy (chemotherapy, 
radiotherapy, and surgery).

Overall incidence and mortality trends 
During the study period, the incidence of invasive IPNB decreased steadily (Figure 2A), as with 
invasive IPMN; however, the incidence of traditional cholangiocarcinoma increased steadily (Figure 2B 
and C). The incidence of invasive IPNB was 2.2 cases per 1000000 individuals in 1975 and 0.3 cases per 
1000000 individuals in 2016. The APC over this period was -4.5% (95%CI: -5.1% to -3.8%; P < 0.05). 
While the slope of the decrease increased near 1999, the APC (i.e., the extent of the decrease) for the 
incidence of invasive IPNB from 1999 to 2016 was -6.6% per year (95%CI: -8.8% to -4.4%; P < 0.05), 
whereas from 1975 to 1999, the change was -3.2% per year (Supplementary Figure 1A). Similarly, the 
incidence of invasive IPMN also showed a sustained decrease (Figure 2B). The incidence of invasive 
IPMN was 6.8 cases per 1000000 individuals in 1975 and 3.1 cases per 1000000 individuals in 2016. The 
APC of invasive IPMN over this period was -1.9% (95%CI: -2.3% to -1.5%; P < 0.05). Conversely, the 
incidence of traditional cholangiocarcinoma in the biliary tract increased steadily. The incidence of 
traditional cholangiocarcinoma was 11.4 cases per 1000000 individuals in 1975 and 28.3 cases per 
1000000 individuals in 2016, and the APC was 2.18% (95%CI: 2.0%-2.3%; P < 0.05) (Figure 2C).

The IB mortality of invasive IPNB also showed a steady decrease over the study period (Figure 2D), 
with an APC of -3.3% (95%CI: -4.1% to -2.6%; P < 0.05), and a decrease from 2.1 cases per 1000000 
individuals in 1975 to 0.5 cases per 1000000 individuals in 2016 (Figure 2D). While the slope of the 
decrease increased near 1999, the APC for the IB mortality of invasive IPNB from 1999 to 2016 was -5.7% 
per year (95%CI: -7.9% to -3.3%; P < 0.05), whereas from 1977 to 1999, the change was -2.5% per year 
(95%CI: -4.2% to -0.8%; P < 0.05) (Supplementary Figure 1B). The changes were similar for IPMN, which 
also showed decreased IB mortality over the study period, with an APC of -1.83% (95%CI: -2.2% to -
0.8%; P < 0.05) (Figure 2E). Conversely, the IB mortality for traditional cholangiocarcinoma increased 
during the study period, from 6.6 cases per 1000000 individuals in 1975 to 24.9 cases per 1000000 
individuals in 2016; the APC was 2.36% (95%CI: 2.1%-2.6%; P < 0.05) (Figure 2F).

Trends by sex
Regarding the incidence by sex, we found a steady decreasing trend in invasive IPNB incidence in males 
from 1975 to 2016; the APC was -4.8 % (95%CI: -5.7 to -3.8; P < 0.01). The incidence in males was 3.6 per 
1000000 individuals in 1975 and 0.5 per 1000000 individuals in 2016 (Supplementary Figure 2A). The 
incidence of invasive IPNB in females followed a similar pattern. The APC was -4.5% (95%CI: -5.4 to -
3.7; P < 0.01), and 2.2 per 1000000 individuals in 1975 and 0.3 per 1000000 individuals in 2016 
(Supplementary Figure 2B). In both males and females, the IB mortality rate of invasive IPNB also 
decreased during 1975-2016. The APCs were -3.39% (95%CI: -4.4 to -2.4; P < 0.01) and -3.43% (95%CI: -
4.2 to -2.7; P < 0.01), respectively (Supplementary Figure 2C and D).

OS and CSS in invasive IPNB, invasive IPMN, and traditional cholangiocarcinoma
Both OS and CSS for invasive IPNB improved (Supplementary Figure 3A and B) during 1975-1985, 
1986-1995, 1996-2005, and 2005-2016. The Kaplan-Meier OS and CSS analyses showed that invasive 
IPNB had better survival than invasive IPMN and traditional cholangiocarcinoma (Figure 3A and B; 
log-rank P < 0.001). The median OS and CSS of individuals with invasive IPNB in this cohort was 17 mo 
(95%CI: 15-18 mo) and 27 mo (95%CI: 24-29 mo), respectively, and the 1-, 3-, and 5-year OS and CSS 
rates were 58.2% and 68.6%, 31.5% and 43.5%, and 23.2% and 36.4%, respectively. However, the median 
OS and CSS of individuals with invasive IPMN was the worst at only 6 mo (95%CI: 5.8-6.2 mo) and 9 
mo (95%CI: 8.6-9.4 mo), respectively, and the 1-, 3-, and 5-year OS and CSS rates were 30.3% and 39.5%, 
11.5% and 18.8%, and 8.4% and 15%, respectively. The median OS and CSS of individuals with 
traditional cholangiocarcinoma was 10 mo (95%CI: 9.7-10.2 mo) and 15 mo (95%CI: 14.6-15 mo), 
respectively; and 1-, 3- and 5-year OS rates were 43.9% and 54.1%, 18.3% and 28.6%, and 12.4% and 
22.2%, respectively.

The OS and CSS for invasive IPNB differed for different tumor locations and subtypes. Kaplan-Meier 
and long-rank analyses showed that the non-mucin subtype had better OS and CSS than for the mucin 
subtype, and invasive IPNB located in the distal tract and at the ampulla had the best prognosis 
(Figure 3C-F; log-rank P < 0.001). Interestingly, both the OS and CSS of the mucin and non-mucin 
subtypes of invasive IPMN were also statistically significant (Supplementary Figure 3C and D; log-rank 
P < 0.001). The median OS and CSS of individuals with the non-mucin subtype of invasive IPNB were 
27 mo (95%CI: 24-30 mo) and 42 mo (95%CI: 32-52 mo), respectively, and the 1-, 3-, and 5-year OS and 
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Table 1 Demographics and clinicopathologic characteristics of patients with invasive intraductal papillary neoplasm of the bile duct, n 
(%)

Variable Total (n = 1635) Subtype 1 (mucin) Subtype 2 (non-mucin)

Age at diagnosis, yr n = 926 n = 709

    < 68 796 (48.7) 464 (50.1) 332 (46.8)

    ≥ 68 839 (51.3) 462 (49.9) 377 (53.2)

Sex

    Male 896 (54.8) 504 (56.3) 392 (55.3)

    Female 739 (45.2) 422 (45.6) 317 (44.7)

Race

    White 1278 (78.2) 741 (80.0) 537 (75.7)

    Black 116 (7.1) 67 (7.2) 49 (7.1)

    Others 241 (14.7) 118 (12.7) 123 (17.3)

THM 7/CSv0204+ schema

    Liver 100 (6.1) 90 (9.7) 10 (1.4)

    Intrahepatic bile 99 (6.1) 87 (9.4) 12 (1.7)

    Perihilar bile 600 (36.6) 304 (32.8) 296 (41.7)

    Distal bile 53 (3.2) 27 (2.9) 26 (3.7)

    Pancreaticobiliaryampulla 783 (47.9) 418 (45.1) 365 (51.5)

SEER historic stage

    Localized 401 (24.5) 130 (14) 271 (38.2)

    Regional 814 (49.8) 482 (52.1) 332 (46.8)

    Distant 317 (19.4) 259 (28) 58 (8.2)

    Unstaged 103 (6.3) 55 (5.9) 48 (6.8)

Grade

    Well (I) 373 (22.8) 119 (12.9) 254 (35.8)

    Moderately (II) 532 (32.5) 310 (33.5) 222 (31.3)

    Poorly (III) 227 (13.8) 176 (19.0) 51 (7.2)

    Undifferentiated (IV) 22 (1.3) 11 (1.2) 11 (1.6)

    Unknown 481 (29.4) 310 (33.5) 171 (24.1)

Surgery

    Performed 982 (60.1) 483 (52.2) 489 (70.4)

    Defined radical surgery 579 (35.4) 336 (36.3) 243 (35.0)

    Undefined radical surgery 375 (22.9) 130 (14.1) 235 (33.4)

    Palliative surgery 28 (1.8) 17 (1.8) 11 (2.0)

    Non 653 (39.9) 443 (47.8) 210 (29.6)

Radiatherapy

    Performed 286 (17.5) 173 (18.7) 113 (15.9)

    Non 1349 (82.5) 753 (81.3) 596 (84.1)

Chemotherapy

    Performed 458 (28.0) 339 (36.6) 119 (16.8)

    Non 1177 (72.0) 587 (63.4) 590 (83.2)
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SEER: Surveillance, Epidemiology, and End Results database.

Figure 2 Incidence and incidence-based mortality trends for invasive intraductal papillary neoplasm of the bile duct, invasive intraductal 
papillary mucinous neoplasm of the pancreas, and traditional cholangiocarcinoma in Surveillance, Epidemiology, and End Results 9 
regs research data, Nov 2018 Sub (1975-2016). aP < 0.05. A: Incidence trends in invasive intraductal papillary neoplasm of the bile duct (IPNB); B: Incidence 
trends in invasive intraductal papillary mucinous neoplasm of the pancreas (IPMN); C: Incidence trends in traditional cholangiocarcinoma; D: Incidence-based (IB) 
mortality trends in invasive IPNB; E: IB mortality trends in invasive IPMN; F: IB mortality trends in traditional cholangiocarcinoma.

CSS rates were 69.4% and 77.8%, 41.7% and 53.1%, and 31.4% and 43.9%, respectively. The median OS 
and CSS of individuals with the mucin subtype of invasive IPNB were 12 mo (95%CI: 10-13 mo) and 19 
mo (95%CI: 16-21 mo), respectively, and the 1-, 3-, and 5-year OS and CSS rates were 49.2% and 61.2%, 
23.7% and 36.9%, and 17.1% and 31.2%, respectively. The median OS and CSS of individuals with 
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Figure 3 Long-term overall survival and cancer-specific survival outcomes using Kaplan-Meier analysis. A and B: Overall survival (OS) and 
cancer-specific survival (CSS) were better for invasive intraductal papillary neoplasm of the bile duct (IPNB) and worse for invasive intraductal papillary mucinous 
neoplasm of the pancreas (IPMN) compared with traditional cholangiocarcinoma (P < 0.001); C and D: OS and CSS in individuals with the non-mucin subtype of 
invasive IPNB was better than for the mucin subtype (P < 0.05); E and F: OS and CSS in individuals with invasive IPNB at distal sites and at the pancreaticobiliary 
ampulla was better than at other sites (P < 0.001); G and H: OS and CSS in individuals with invasive IPNB with defined radical surgery was better than other type of 
surgical treatment (P < 0.001).

invasive IPNB in the distal tract and the pancreaticobiliary ampulla were 29 mo (95%CI: 26-33 mo) and 
54 mo (95%CI: 42-66 mo), and the 1-, 3-, and 5-year OS and CSS rates were 69.1% and 78.9%, 43.9% and 
56%, and 33.7% and 48.3%, respectively. In intrahepatic locations, namely the liver and intrahepatic 
biliary tract, the median OS and CSS were 5 mo (95%CI: 4-6 mo) and 7 mo (95%CI: 4-10 mo), and the 1-, 
3-, and 5-year OS and CSS rates were 27.1% and 37.4%, 12.5% and 23.0%, and 9.2% and 18.8%, 
respectively. In the perihilar location, the median OS and CSS were 14 mo (95%CI: 12-16 mo) and 20 mo 
(95%CI: 17-23 mo), and the 1-, 3-, and 5-year OS and CSS rates were 52.9% and 63.8%, 21.2% and 33.6%, 
and 33.7% and 48.30%, respectively.
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In addition to tumor location and subtype, univariable Kaplan-Meier analysis and the log rank test 
for OS and CSS in individuals with invasive IPNBs also depended on age, tumor grade, SEER historic 
stage, and treatment. Kaplan–Meier and log-rank analysis of variance indicated that age ≥ 68 years, 
tumor grade (moderately-differentiated, poorly-differentiated, and undifferentiated or unknown grade), 
SEER historic stage (regional, distant, and unknown stage), and not undergoing surgery and 
chemotherapy were associated with higher mortality (P < 0.05) (Table 2).

OS and CSS for invasive IPNB and subtypes in surgical group 
The median OS and CSS for the total cohort with invasive IPNB in the surgical group was 34 mo 
(95%CI: 30-37 mo) and 64 mo (95%CI: 48-80 mo), respectively, and the 1-, 3-, and 5-year survival rates 
were 77.0% and 84.3%, 48.2% and 59.6%, and 36.9% and 50.8%, respectively. In both the surgical group 
and non-surgical group, individuals with the non-mucin subtype of invasive IPNB had better OS and 
CSS compared with the mucin subtype (P = 0.000) (Supplementary Figure 4A-D). The median OS and 
CSS of patients with the mucin subtype of invasive IPNB was 27 mo (95%CI: 23-31 mo) and 52 mo 
(95%CI: 36-68 mo), respectively, compared with 43 mo (95%CI: 35-51 mo) and 72 mo (95%CI: 45-97 mo), 
respectively. For the mucin subtype of invasive IPNB, the 1-, 3-, and 5-year OS and CSS rates were 74.0% 
and 83.1%, 41.6% and 54.3%, and 31.3% and 47.6%, respectively. For the non-mucin subtype of invasive 
IPNB, the 1-, 3-, and 5-year OS and CSS rates were 79.9% and 85.5%, 54.3% and 63.3%, and 42%and 
53.8%, respectively. Meanwhile, the OS and CSS of individuals with resected invasive IPNB in the distal 
tract and the pancreaticobiliary ampulla had the best prognosis compared with individuals with tumors 
in other sites. The median OS and CSS of patients with invasive IPNB in the distal tract and the pancre-
aticobiliary ampulla was 44 mo (95%CI: 36-52 mo) and 72 mo (95%CI: 55-88 mo), respectively, and the 1-
, 3-, and 5-year survival rates were 80.9% and 86.9%, 55.2% and 64.7%, and 43.3% and 56.7%, 
respectively. In particular, the 3-, 5-, and 10-year OS and CSS rates of patients with radical resected 
invasive IPNB in the distal tract and the pancreaticobiliary ampulla were 93.9% and 95.4%, 89.2% and 
91.6%, and 73.4% and 81.5%, respectively (Figures 3G, H and 4).

Multivariable Cox regression 
According to the multivariable Cox regression analysis of OS and CSS adjusted for the results of the 
univariable analysis (P < 0.05), both OS and CSS were statistically significantly different when 
comparing surgery and chemotherapy, as follows: surgery not performed vs performed [hazard ratio 
(HR) = 2.99; 95%CI: 2.59-3.45; P < 0.001) and (HR = 3.04, 95%CI: 2.55-3.61; P < 0.001), respectively; 
chemotherapy not performed vs performed (HR = 1.23, 95%CI: 1.09-1.40; P < 0.001) and (HR = 1.21, 
95%CI: 1.04-1.14; P < 0.02), respectively. Tumor subtype was another important factor related to OS and 
CSS. For the non-mucin subtype of invasive IPNB vs the mucin subtype, OS HR = 0.78; 95%CI: 0.67-0.88; 
P < 0.001 and CSS HR = 0.86; 95%CI: 0.73-0.99; P < 0.04. Individuals aged ≥ 68 years (HR = 1.36, 95%CI: 
1.21-1.52; P < 0.001) had unfavorable OS compared with individuals aged < 68 years. Tumors in the 
perihilar location (OS: HR = 1.63; 95%CI: 1.36-1.96; P < 0.001) and tumors located in the distal tract and 
at the pancreaticobiliary ampulla (OS HR = 1.41; 95%CI: 1.25-1.60; P < 0.001) had better OS vs tumor in 
the intrahepatic location. Likewise, a relatively favorable OS was observed in individuals with well-
differentiated grade and localized stage lymph node metastasis compared with moderately- or poorly-
differentiated grades and regional and distant lymph node metastasis (P < 0.01). The related OS values 
were as follows: SEER historic regional stage HR = 1.33, 95%CI: 1.16-1.53, P < 0.001 and distant stage OS 
HR = 2.09, 95%CI: 1.75-2.50, P < 0.001 vs the localized stage; moderately-differentiated tumors (grade II) 
HR = 1.20, 95%CI: 1.03-1.40, P < 0.02 and poorly-differentiated tumors (grade III and IV) HR = 1.26, 
95%CI: 1.03-1.52, P < 0.02) vs well-differentiated (grade I) (Figure 5).

DISCUSSION
To our knowledge, our study is the first to use SEER data to identify the rare incidence of invasive IPNB 
occurring throughout the biliary tract. We evaluated the incidence and IB mortality associated with 
invasive IPMN of the pancreas, which may represent a carcinogenic pathway different from the 
traditional carcinogenic pathway of cholangiocarcinoma caused by flat atypical hyperplasia[18]. The 
incidence and IB mortality of invasive IPNB and invasive IPMN showed steady decreases in the United 
States population over the study period, but an increasing trend for traditional cholangiocarcinoma in 
the biliary tract. The continued decline in the APC of invasive IPNB and IPMN over the study period 
may be associated with the fact that preventive measures have improved greatly according to the 
etiology, treatment, and management in recent years. Conversely, treatment for traditional cholan-
giocarcinoma may still have severe challenges. Hence, more resources should be devoted to traditional 
cholangiocarcinoma, and efforts should be made to develop improved prevention and treatment 
strategies.

The prognoses of individuals with invasive IPNB were better than for individuals with invasive 
IPMN and traditional cholangiocarcinoma. The median OS and CSS in individuals with invasive IPNBs 
was higher than that of individuals with invasive IPMN and traditional cholangiocarcinoma in the 

https://f6publishing.blob.core.windows.net/30d4273e-7601-40bd-a406-a68ccb7cc193/WJGO-15-843-supplementary-material.pdf
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Table 2 Univariable analysis of factors associated with overall survival and cancer-specific survival

Univariate (P value)
Variable

Overall survival Cancer specific survival

Age at diagnosis, yr 0.000 0.030

    < 68

    ≥ 68

Sex 0.785 0.355

    Male

    Female

Race 0.062 0.689

    White

    Black

    Others

TNM7/CSv0204+ schema 0.000 0.000

    Intrahepata and liver

    Perihilar

    Distal and pancreaticobiliary ampulla

SEER historic stage 0.000 0.000

    Localized

    Regional

    Distant

    Unstaged

Grade 0.000 0.000

    Well

    Moderate

    Poor and undifferentiated

    Unknown

Classification 0.000 0.000

    Mucin

    Non

Surgery 0.000 0.000

    Defined radical surgery

    Undefined radical surgery

    Palliative surgery

    Non

Radiatheray 0.909 0.222

    Performed

    Non

Chemotherapy 0.075 0.040

    Performed

    Non

SEER: Surveillance, Epidemiology, and End Results database.
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Figure 4 Percentage incidence at different sites, overall survival, and cancer-specific survival of invasive intraductal papillary neoplasm 
of the bile duct in the surgical group. OS: Overall survival; CCS: Cancer-specific survival.

biliary tract. As reported previously, the prognosis of invasive IPNB is much better than that of 
traditional cholangiocarcinoma in the biliary tract[19]. It is not clear whether this is because of inherent 
biological characteristics of these tumors or the growth pattern of IPNB, which grows mainly in the 
intra-bile ducts, and which may contribute to the early diagnosis of biliary obstruction before it invades 
the surrounding tissue. However, previous studies consistently indicated that invasive IPNB had a 
higher degree of malignancy and a worse prognosis compared with invasive IPMN[20]. We found that 
ampullary invasive IPNB accounted for 47.9% of the individuals in our study cohort, and the prognosis 
for ampullary tumors was much better than that of individuals with tumors in other pancreaticobiliary 
ducts.

Our analysis also identified several important clinicopathological features and prognosis findings 
related to invasive IPNB. Outcomes after surgery for IPNB were generally not well-reported and were 
hampered by the fact that verifying outcome measurements were used. Gordon-Weeks et al[21] reported 
a 5-year OS rate of 65%, with a range of 24%-84% across seven studies. Our study indicated that HRs for 
both OS and CSS for invasive IPNB in individuals who did not undergo surgery were three times higher 
than for individuals who underwent surgery, and the 5-year OS and CSS rates for individuals with 
invasive IPNB treated with surgery were 36.9% and 50.8%, respectively. These results appear to be more 
persuasive because, in our cohort, we ruled out benign IPNB and carcinoma in situ, and evaluated only 
invasive IPNB (ICD-O, 3rd/3). Furthermore, for the first time, to our knowledge, we provided clear 
evidence that adjuvant chemotherapy can improve OS and CSS rates in individuals with invasive IPNB. 
In individuals with resected invasive IPMNs, the counterpart to invasive IPNB, adjuvant chemotherapy 
and radiotherapy were associated with significantly improved OS in the presence of nodal metastases
[22-24]. Conversely, radiotherapy had no statistically significant effect on OS and CSS in individuals 
with invasive IPNB.

In addition to therapeutic factors, our study also indicated that age, tumor grade, SEER lymph node 
metastasis, tumor site, and mucin-related subtypes also affected the prognosis of individuals with 
invasive IPNB. In fact, IPNB is a heterogeneous disease, and invasive IPNB belongs to mainly pancre-
aticobiliary and intestinal type tumors, with invasive colloid carcinoma[25-27]. In our study, most of the 
mucin-related subtypes belonged to the colloid intestinal-type IPNB, which was always associated with 
KRAS, GNAS, and RNF43 mutations[9]. Our published study have shown that mucus production is also 
associated with GNAS mutation in highly malignancy hepatic mucoepidermoid carcinoma[28]. 
Individuals with the mucin subtype of invasive IPNB suffered a much worse prognosis following 
resection compared with individuals with the non-mucin subtype, which was inconsistent with the 
results of the study by Kim et al[27] mainly because the study included mild and carcinoma in situ 
intestinal types. Meanwhile, the prognosis of invasive IPNB located in the distal bile duct and ampulla 
was significantly better than that of intrahepatic and perihilar invasive IPNB. On the one hand, 
intrahepatic invasive IPNB constituted more than 90% mucin-related subtype, which indicated worse 
prognosis. On the other hand, in individuals with invasive IPNB located in the distal bile duct or 
ampulla, the clinical symptoms often appeared earlier. Pancreaticoduodenectomy is the main choice of 
surgical methods for tumors in these sites, which can maximize the chance of radical cure. In addition, 
the majority of the individuals in this study cohort were white (78.2%), and there is no significant 
statistic comparing other races for OS and CSS. Because the high-risk factors for IPNB are related to 
endemic clonorchiasis infections and hepatolithiasis in Asian races compared with the risk factors in 
Western countries[20].

This study has limitations. First, studies using the SEER database involve a retrospective design, and 
the registries contain data for individuals from different institutions and time periods. According to 
2019 WHO proposal, intraductal papillary neoplasm of ampulla are not included in IPNB[29]. In fact, 
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Figure 5 Cox proportional hazard regression analysis of overall survival, and cancer-specific survival for total invasive intraductal 
papillary neoplasm of the bile duct. A: Overall survival; B: Cancer-specific survival.

the peribiliary glands are attracted attention as a potential origin of IPNB, and predominantly occur at 
branching points of the biliary tree and are most numerous at the hepatopancreatic ampulla[30,31]. 
Additionally, the database lacks central reviews by professional pathologists. Second, the study cohort 
lacked detailed information regarding tumor recurrence, and palliative surgical methods and 
chemotherapy regimens, which have considerable OS and CSS impact. Furthermore, we used the ICD-O 
code for IPMN as the reference for IPNB. A group of pathologists in Japan and South Korea suggested 
that IPNB should be divided into two types; type 1 is the histological counterpart of IPMN, and type 2 
has a more complex histological structure[32]. Despite these limitations, some interesting observations 
were identified. First, in our study cohort, the prognosis between mucin and non-mucin subtypes 
differed significantly, which also indicated that the expression of mucin is related to the subtypes of 
IPMN and IPNB[9]. Mucus secretion was mainly immunohistochemically positive for MUC1, which 
was always associated with the invasive phenotype and individuals’ prognosis, similar to previous 
published reports[21]. Importantly, we also detected correlations between tumor type and location. The 
minority of invasive IPNBs (6.1%) occurred in the liver, and the majority occurred in the perihilar region 
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(36.6%) and the pancreaticobiliary ampulla (49.7%). This is because IPNB may originate from biliary 
stem/progenitor cells, which are located mainly in the peribiliary gland of the perihilum and the 
hepatopancreatic ampulla; however, biliary stem/progenitor cells also can originate from the canals of 
Hering and large intrahepatic biliary ducts[30,33-35].

CONCLUSION
In conclusion, the current population-based study revealed a gradual decrease in the incidence and IB 
mortality rates of invasive IPNB in the United States population during 1975-2016, which was similar to 
findings for invasive IPMN, but in contrast to the rates for traditional cholangiocarcinoma in the biliary 
tract. The majority of invasive IPNBs occurred in the perihilum and pancreaticobiliary ampulla. The 
prognosis of invasive IPNB was not only regarding tumor grade and SEER historic stage, but also for 
different sites and tumor subtypes. Surgery and chemotherapy are associated with improved invasive 
IPNB outcomes; individuals who do not undergo surgery have the highest risk of death.

ARTICLE HIGHLIGHTS
Research background
Intraductal papillary neoplasm of the bile duct (IPNB) is a rare distinct subtype of precursor lesions of 
biliary carcinoma. IPNB is considered to originate from luminal biliary epithelial cells, typically displays 
mucin-hypersecretion or a papillary growth pattern, and results in cystic dilatation. According to the 
2010 World Health Organization classification of tumors in the digestive system, IPNB is defined as the 
biliary counterpart of intraductal papillary mucinous neoplasm of the pancreas (IPMN) and has 
identical histopathologic pancreaticobiliary, gastric, intestinal, and oncocytic features. There are still 
several important differences between IPMN and IPNB exist, unlike invasive IPMN and traditional 
cholangiocarcinoma in the biliary tract, very little is known about the clinicopathological features and 
prognostic variables of invasive IPNB.

Research motivation
The epidemiology, tumor characteristics, treatment strategy, and long-term results of invasive IPNB are 
limited because of the relatively low case numbers.

Research objectives
We conducted a Surveillance, Epidemiology, and End Results (SEER) database evaluation of invasive 
IPNB to address these shortcomings, and to further elucidate the epidemiological and clinical trends to 
guide treatment decision-making and to identify further clinical and scientific research areas.

Research methods
Invasive IPNB, IPMN, and traditional cholangiocarcinoma data for affected individuals from 1975 to 
2016 were obtained from the SEER database. Annual percentage changes in the incidence and incidence-
based (IB) mortality were calculated.

Research results
The incidence and IB mortality of invasive IPNB showed sustained decreases. Similar decreases in 
incidence and IB mortality were seen for invasive IPMN but not for traditional cholangiocarcinoma. 
Both overall survival (OS) and cancer-specific survival (CSS) for invasive IPNB were better than for 
invasive IPMN and traditional cholangiocarcinoma. The most common tumor sites were the pancre-
aticobiliary ampulla (47.9%) and perihilar tract (36.7%), but the mucin-related subtype of invasive IPNB 
was the main type, intrahepatically (approximately 90%). In the univariate and multivariate Cox 
regression analysis, age, tumor site, grade and stage, subtype, surgery, and chemotherapy were 
associated with OS and CSS (P < 0.05).

Research conclusions
Current population-based study revealed a gradual decrease in the incidence and IB mortality rates of 
invasive IPNB in the United States population during 1975-2016. The prognosis of invasive IPNB was 
not only regarding tumor grade and SEER historic stage, but also for different sites and tumor subtypes. 
Surgery and chemotherapy are associated with improved invasive IPNB outcomes; individuals who do 
not undergo surgery have the highest risk of death.

Research perspectives
The inspiration of this article is that we found a rare case of hepatic mucoidepidermoid carcinoma 
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(HMEC) in our cancer research center, and found that the malignancy mucinous carcinoma in liver 
including IPNB, mucinous cystadenocarcinoma and adenosquamous carcinoma. So in our future 
research direction, we will analyze IPNB cases’ tissues from our center by the next generation 
sequencing, combined with our published article to analyze the relationship between IPNB and HMEC.
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Abstract
BACKGROUND 
Hepatocellular carcinoma (HCC) is a common malignant tumor worldwide. Many 
regions across the world have issued various HCC diagnosis and treatment 
protocols to improve the diagnosis and targeted treatment of patients with HCC. 
However, real-world studies analysing the practice, application value, and 
existing problems of the China Liver Cancer (CNLC) staging system are scarce.

AIM 
To analyze the current situation and problems associated with the Guidelines for 
Diagnosis and Treatment of Primary Liver Cancer in China.

METHODS 
We collected the medical records of all patients with HCC admitted to the First 
Affiliated Hospital of Zhengzhou University from January 1, 2011 to December 31, 
2019, and recorded the hospitalization information of those patients until 
December 31, 2020. All information on the diagnosis and treatment of the target 
patients was recorded, and their demographic and sociological characteristics, 
CNLC stages, screening situations, and treatment methods and effects were 
analyzed. The survival status of the patients was obtained from follow-up data.

RESULTS 
This study included the medical records of 3022 patients with HCC. Among these 
cases, 304 patients were screened before HCC diagnosis; their early-stage 
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diagnosis rate was 69.08%, which was significantly higher than that of patients with HCC who 
were diagnosed without screening and early detection (33.74%). Herein, patients with no clinical 
outcome at discharge were followed up, and the survival information of 1128 patients was 
obtained. A Cox model was used to analyse independent risk factors affecting overall survival, 
which were revealed as age > 50 years, no screening, alpha-fetoprotein > 400 ng/mL, Child–Pugh 
grade B, and middle and late CNLC stages. Based on the Cox model survival analysis, in our 
study, patients with HCC identified via screening had significant advantages in overall and tumor-
free survival after hepatectomy.

CONCLUSION 
Early diagnosis and treatment can be achieved by screening groups at high risk for HCC based on 
the guidelines; however, real-world compliance is poor.

Key Words: China liver cancer; Compliance; Guideline; Hepatocellular carcinoma; Real-world study

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective study evaluated the current situation and problems associated with the 
Guidelines for Diagnosis and Treatment of Primary Liver Cancer in China. The findings revealed that 70% 
of hepatocellular carcinoma (HCC) treatments at the First Affiliated Hospital of Zhengzhou University 
were performed according to the guidelines. Patients who underwent liver resection in accordance with the 
guidelines had a significant survival advantage. Furthermore, screening for HCC high-risk groups 
according to the guidelines can achieve early diagnosis and treatment; however, real-world compliance is 
poor.

Citation: Yan YW, Liu XK, Zhang SX, Tian QF. Real-world 10-year retrospective study of the guidelines for 
diagnosis and treatment of primary liver cancer in China. World J Gastrointest Oncol 2023; 15(5): 859-877
URL: https://www.wjgnet.com/1948-5204/full/v15/i5/859.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i5.859

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common malignant tumor worldwide. According to 2020 data 
from the GLOBOCAN database, the global incidence of liver cancer ranked sixth among all malignant 
tumors, and its mortality ranked third[1]. In a recent study, the 1-, 3-, 5-, and 10-year survival rates of 
HCC in Asian countries were 34.8%, 19%, 18.1%, and 4.1%, respectively[2]. Many regions worldwide 
have issued HCC diagnosis and treatment protocols, such as the Barcelona Clinic Liver Cancer (BCLC) 
and Hong Kong Liver Cancer (HKLC) staging systems and guidelines from the European Association 
for the Study of the Liver (EASL), the Asian–Pacific Association for the Study of the Liver (APASL), and 
the Japan Society of Hepatology (JSH), to improve the diagnosis and targeted treatment of patients with 
HCC[3-7]. However, no unified, widely recognized staging scheme applies to all populations 
worldwide.

Liver cancer is the fourth most common malignancy and the second leading cause of cancer-related 
deaths in China[8]. Therefore, based on the current situation of HCC diagnosis, multidisciplinary 
comprehensive treatment, and research in China, the National Health Commission issued Guidelines 
for Diagnosis and Treatment of Primary Liver Cancer in China in 2017[9] (referred to as ‘the guidelines’ 
hereafter) and updated them in 2019 and 2022[10]. Based on the liver function status, the tumor size, 
number, and invasion; and the general conditions of patients with HCC, a China Liver Cancer (CNLC) 
staging system was proposed for the Chinese population, including CNLC stages Ia, Ib, IIa, IIb, IIIa, IIIb, 
and IV[9,10]. The method of CNLC staging was first published in 2017[9]. Due to the short period since 
its publication, currently, there are no real-world studies on diagnosing and treating patients based on 
CNLC staging. Only a few studies have been performed on specific treatment methods in different 
CNLC stages[11-13]. The screening of high-risk HCC groups and the diagnosis and treatment of patients 
with HCC are also recommended by the guidelines. Some studies have analysed the situations of 
patients with HCC undergoing liver resection (LR) or interventional therapy based on CNLC staging
[11-13]. In a comparative study, Vitale et al[14] found that CNLC staging was superior to BCLC staging 
as a prognostic staging system. However, these studies were traditional randomized controlled trials or 
comparative studies in literature reviews, and they only included patients who underwent LR or 
interventional therapy. There are some real-world studies on BCLC staging in clinical practice, but none 
exist on the practice of CNLC staging in real clinical settings in China[15-17]. Therefore, real-world 
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studies analysing the practice, application value, and existing problems of CNLC staging in China’s real 
clinical environment are lacking[18,19]. Hence, we aimed to analyze the current situation and problems 
associated with Guidelines for Diagnosis and Treatment of Primary Liver Cancer in China.

In this study, inpatients with liver cancer from the First Affiliated Hospital of Zhengzhou University, 
the largest hospital in China, were selected as the study group. The hospital is also home to the National 
Regional Liver Cancer Diagnosis and Treatment Centre and the National Liver Transplant Centre. We 
collected the complete medical records of all patients with HCC who were diagnosed and treated in the 
hospital from January 1, 2011, to December 31, 2019, and the hospitalization information of these 
patients was recorded until December 31, 2020. The data collected from the large sample of patients 
with HCC were classified into CNLC stages to evaluate the compliance between CNLC staging and 
real-life clinical diagnosis and treatment in China. These data were also used to systematically review 
and analyze the diagnosis and treatment of Chinese patients with HCC in the real world and identify 
the current situation and problems associated with the guidelines for HCC diagnosis and treatment in 
China to provide a reference to further optimize the screening, diagnosis, clinical staging, and treatment 
of HCC.

MATERIALS AND METHODS
The statistical methods of this study were reviewed by Cheng Cheng from the Department of 
Epidemiology and Health Statistics at Zhengzhou University.

Primary and secondary outcomes
The main research results of this paper show that compliance in the clinical application of the Chinese 
guidelines for HCC diagnosis and treatment is good, screening compliance is poor,- and following the 
guidelines for screening and treatment can help patients to obtain certain survival benefits. This study 
also found that patients who underwent hepatectomy according to the guidelines had a significant 
advantage in tumor-free survival compared with those whose treatment did not follow the guidelines.

Study design and target population
This was a real-world retrospective study based on the medical records system of the First Affiliated 
Hospital of Zhengzhou University.

The inclusion criteria involved patients: (1) With a final diagnosis of HCC; (2) aged ≥ 18 years at HCC 
diagnosis; (3) who had not received a related treatment in other hospitals before being diagnosed with 
HCC; (4) without complications with other serious immune system diseases, such as human immunode-
ficiency virus, syphilis, and leukemia; (5) without other malignant tumors; and (6) with complete 
clinical data.

The exclusion criteria included patients: (1) Without a final diagnosis of HCC; (2) with a diagnosis of 
intrahepatic cholangiocarcinoma (ICC) or HCC–ICC; (3) aged < 18 years; (4) with HCC diagnosed and 
treated in other hospitals; (5) with HCC diagnosed before January 1, 2011; (6) with other severe immune 
system diseases; (7) with other malignant tumors; and (8) with missing clinical data that could not be 
staged.

The guidelines define HCC as a malignant tumor of liver cells, while ICC refers to cancer of the 
intrahepatic bile duct branch lined with complex epithelial cells. The most common malignancies of ICC 
are adenocarcinomas. As this was a retrospective study, the patients included those who had been 
definitively clinically diagnosed with HCC and excluded those clinically diagnosed with ICC and 
HCC–ICC.

This study was approved (ZZUIRB2022-151) by Zhengzhou University. In accordance with national 
legislative and institutional requirements, participation in the study did not require written informed 
consent. The general guarantor of the study ensured the protection and confidentiality of the original 
data and examined the data analysis. This study was performed in accordance with the moral principles 
of the Declaration of Helsinki.

Data collection
The main data collected included patients’ demographic characteristics, imaging and serological reports, 
treatment plans, and prognoses that could be traced back.

The following demographic and sociological characteristics were collected: (1) Hospitalization 
number; (2) sex; (3) age; (4) dates of admission and discharge; (5) clinical status at discharge; (6) 
presence of chronic diseases (e.g., hypertension, diabetes, and stroke); (7) presence of a family history of 
cancer; (8) presence of chronic viral hepatitis; (9) presence of cirrhosis; and (10) whether the patient was 
screened for HCC.

The patients’ imaging diagnostic reports included computed tomography and magnetic resonance 
imaging findings, liver biopsy records, and intraoperative images when diagnosed with HCC. The data 
collected included: (1) Number of tumors; (2) maximum diameter of a single tumor; (3) presence of 
extrahepatic or lymph node metastasis; (4) degree of tumor differentiation; (5) presence of ascites and its 
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severity; and (6) presence of portal hypertension.
The serological reports of the patients included: (1) Alpha-fetoprotein (AFP); (2) total bilirubin; (3) 

albumin levels; and (4) prothrombin time. The AFP level in CNLC staging recommended by the 
guidelines is divided into three[9,10]: AFP ≤ 20, 20–400, and > 400 (ng/mL); according to the guidelines, 
an AFP level > 400 ng/mL is considered significantly increased.

The treatment information collected included: (1) Whether the patients accepted surgical treatment 
and the method, which included LR, radiofrequency ablation (RFA), liver transplantation (LT), and 
transcatheter arterial chemoembolization (TACE); and (2) whether the patients used oral anti-tumor 
drugs and the dosage regimen.

Patient survival: For patients with no clinical outcome in the hospital, we followed up with their 
families via telephone to determine the survival status of the patients. The main contents of the follow-
up included: (1) Whether the patients survived until December 31, 2020; and (2) if the patient died, the 
cause and time of death were noted.

Data analysis
CNLC staging: We performed CNLC staging according to the guidelines, as follows: (1) CNLC Ia stage: 
performance status (PS): 0–2, Child–Pugh A/B liver function, single tumor, diameter ≤ 5 cm, with no 
vascular tumor thrombus and extrahepatic metastasis on imaging; (2) CNLC stage Ib: PS 0–2, 
Child–Pugh A/B liver function, single tumor, diameter > 5 cm, or two to three tumors, maximum 
diameter ≤ 3 cm, with no vascular tumor thrombus and extrahepatic metastasis; (3) CNLC stage IIa: PS 
0–2, Child–Pugh A/B liver function, two to three tumors, maximum diameter > 3 cm, with no vascular 
tumor thrombus and extrahepatic metastasis; (4) CNLC stage IIb: PS 0–2, Child–Pugh A/B liver 
function, tumor number ≥ 4, status regardless of tumor diameter, with no vascular tumor thrombus and 
extrahepatic metastasis; (5) CNLC stage IIIa: PS 0–2, Child–Pugh A/B liver function, tumor status 
regardless of vascular tumor thrombus and no extrahepatic metastasis; (6) CNLC stage IIIb: PS 0–2, 
Child–Pugh A/B liver function, regardless of tumor status, whether there was vascular tumor thrombus 
on imaging, and extrahepatic metastasis; and (7) CNLC stage IV: PS 3–4 or Child–Pugh C liver function, 
regardless of tumor status, with presence or absence of vascular tumor thrombus on imaging and 
presence or absence of extrahepatic metastasis[9,10]. Patients with CNLC stages Ia, Ib, and IIa are 
generally considered to have early-stage HCC; those with CNLC stages IIb and IIIa are considered to 
have middle-stage HCC, and those with CNLC stages IIIb and IV are considered to have late-stage 
HCC.

Screening analysis
The guidelines recommend that early screening for HCC includes liver ultrasound imaging and serum 
AFP level determination[9,10]. Furthermore, the guidelines identify high-risk groups for HCC as those 
with hepatitis B virus (HBV) and/or hepatitis C virus (HCV) infection, excessive alcohol consumption, 
non-alcoholic steatohepatitis, cirrhosis caused by other causes, and a family history of liver cancer, 
especially in males older than 40 years[9,10].

In this study, patients with HCC who were diagnosed by screening were (1): Those who reported that 
they might have a high risk for HCC and those diagnosed with HCC via regular re-examination; and (2) 
those diagnosed with HCC during a routine physical examination without any symptoms.

Diagnosis and treatment analysis
The diagnosis and treatment of these patients in the real world and their compliance with the treatment 
recommended by the guidelines were analyzed. As this study was retrospective, information on the 
treatment methods received by the patients was collected from the hospital’s electronic medical records 
system and confirmed by attending clinicians.

Treatment effect analysis
The therapeutic effects of the patients in this study were reflected mainly in two aspects: (1) The 
survival analysis of 1128 patients traced back to the clinical outcomes based on different CNLC staging, 
whether it complied with the guidelines, and the main risk factors affecting the patients’ survival; and 
(2) the analysis of tumor-free survival and risk factors for postoperative tumor recurrence in patients 
with HCC who received LR.

Statistical analysis
The baseline characteristics and treatment modalities of the study population based on CNLC staging 
were summarized as frequencies (percentages), means (standard deviations), or medians (ranges). 
Categorical variables were summarized as numbers and percentages, and continuous variables were 
presented as medians, ranges, and 95%CI. Categorical data were compared using Chi-squared or 
Fisher’s exact tests, and continuous variables were compared using Mann–Whitney’s U test. The 
primary outcome was overall survival time and the secondary outcome was tumor-free survival time. 
The overall survival time since HCC diagnosis and the median tumor-free survival time after LR in each 
CNLC stage were determined using Kaplan–Meier estimations. Comparisons of overall survival 
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probability rates between groups were illustrated using Kaplan–Meier survival curves, and the survival 
differences between groups were estimated using log–rank tests. Statistical significance was set at P < 
0.05. Finally, we used Cox models to analyze independent factors affecting overall survival time and 
tumor-free survival in patients who received LR.

RESULTS
General characteristics of patients with HCC
Between 2011 and 2019, 4579 patients were diagnosed with HCC and hospitalized in the First Affiliated 
Hospital of Zhengzhou University, with 3022 patients screened for inclusion in this study (Figure 1). 
Among the patients included, 2487 (82.3%) males and 535 (17.7%) females were diagnosed with HCC for 
the first time between the ages of 18 and 84 years, with an average age of 59.57 years. The proportions of 
patients with HCC with a history of smoking and drinking were 38.32% and 31.40%, respectively. 
Among the eligible patients, chronic liver disease was as follows: 2793 had HBV, 187 had HCV, 106 had 
non-alcoholic fatty liver disease (NAFLD), and 24 developed alcoholic liver disease (ALD). The 
following complications were noted: A total of 533 had hypertension, 360 had diabetes, and 95 had 
coronary heart disease. At initial diagnosis, 36.2% of the patients had normal AFP values (< 20 ng/mL), 
and 38.7% had significantly elevated AFP levels (> 400 ng/mL). The highest proportion of patients with 
significantly increased AFP was found in those with CNLC stage IV, reaching 59.5% (Table 1). The total 
number of patient hospitalizations was 14441, with an average hospitalization number and duration of 
4.78 times and 9.59 d, respectively.

Diagnosis and CNLC staging of patients with HCC
Chinese Liver Cancer staging was performed for all patients with HCC, including 620 with CNLC stage 
Ia, 447 with CNLC stage Ib, 60 with CNLC stage IIa, 887 with CNLC stage IIb, 552 with CNLC stage IIIa, 
362 with CNLC stage IIIb, and 94 with CNLC stage IV. The final diagnosis methods of patients with 
different CNLC stages also differed. The diagnosis methods of patients with CNLC stage Ia, Ib, and IIa 
were mainly pathology based, accounting for 70.3%, 60.4%, and 63.3%, respectively. The diagnosis 
methods of patients with CNLC stage IIb, IIIa, IIIb, and IV were mainly based on imaging examinations 
and clinical features (Table 1), accounting for 67.3%, 58.6%, 69.3%, and 81.9%, respectively. The liver 
function grades of the patients were as follows: There were 2191 patients with Child–Pugh grade A, 737 
with Child–Pugh grade B, and 94 with Child–Pugh grade C (Table 2).

Compliance and effect of HCC screening
Of the 3022 patients with HCC, 304 (10.06%) were diagnosed during screening (Table 3), 69.08% were in 
the early stage, 28.29% were in the middle stage, and 2.63% were in the late stage. Among 2718 patients 
with HCC who were not diagnosed during screening, only 33.74% were in the early stage, which was a 
significantly lower level than in those who were screened (P < 0.01). Among the patients who were 
screened, 90.79% had Child–Pugh grade-A liver function, while only 70.46% of the patients who were 
not screened had Child–Pugh grade-A liver function, and the difference was statistically significant (P < 
0.01) (Table 3). These results suggest that screening can detect early CNLC HCC stages and that these 
patients had better liver function. Additionally, patients with HCC who were screened had a greater 
probability of receiving curative treatment methods, such as LR and LT.

Treatment of patients with HCC at different CNLC stages
Among 3022 patients, 2648 (87.62%) received active anti-tumor therapy, 803 received LR, 203 received 
RFA, 92 received LT, 1052 received TACE, 185 received TACE + RFA, 89 received TACE + LR, and 224 
received systemic anti-tumor therapy in their first treatment. The remaining 374 received only palliative 
therapy or had their treatment discontinued, and the patient was discharged. Overall, 2212 patients 
received the treatment recommended by the guidelines, accounting for 73.20% (2212/3022) of all 
patients, and 83.76% (2212/2641) received active anti-tumor therapy. Among these patients, 74.3%, 
88.8%, 86.6%, 69.3%, 74.8%, 60.4%, and 58.5% of those in stages Ia, Ib, IIa, IIb, IIIa, IIIb, and IV received 
the treatments recommended by the guidelines, respectively (Table 2). The results indicated that the 
treatment recommended by the guidelines was in good agreement with the clinical treatment of HCC in 
China during the last 10 years. Patients in the early and middle stages were more likely to accept the 
treatment recommended by the guidelines. Table 4 shows that 76.27% of the patients receiving 
guideline-recommended treatment had Child–Pugh grade-A liver function, while only 62.22% of the 
patients not receiving the treatment recommended by the guidelines had Child–Pugh grade-A liver 
function (P < 0.001). This suggests that the liver function status of the patients was an important factor 
affecting their treatment choice. Table 4 also shows the CNLC staging characteristics of 810 patients who 
did not receive the treatment recommended by the guidelines: Of these, 26.79% were in the early stage 
of HCC, 50.74% were in the middle stage, and 22.47% were in the late stage, indicating that most of the 
patients who did not receive the treatment recommended by the guidelines were in the middle stage of 
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Table 1 Baseline characteristics of patients with different China Liver Cancer staging levels, n (%)

CNLC staging
Variables

Total Ia Ιb IIa IIb IIIa IIIb IV

Sex

Male 2487 (82.3) 492 (79.3) 365 (81.7) 47 (78.3) 742 (83.7) 468 (84.7) 295 (81.4) 78 (82.9)

Female 535 (17.7) 128 (20.7) 82 (18.3) 13 (21.7) 145 (16.3) 84 (16.3) 67 (18.6) 16 (17.1)

Age

≤ 50 884 (29.2) 185 (29.8) 116 (25.9) 16 (26.7) 245 (27.7) 175 (31.7) 112 (30.9) 35 (37.3)

> 50 2138 (70.8) 435 (70.2) 331 (74.1) 44 (73.3) 642 (72.3) 377 (68.3) 250 (69.1) 59 (62.7)

Chronic hepatitis

HBV 2793 (90.6) 558 (90.0) 398 (89.0) 52 (86.6) 808 (91.0) 513 (92.9) 323 (89.2) 87 (92.5)

HCV 187 (6.1) 48 (7.7) 22 (4.9) 6 (10.0) 54 (6.0) 32 (5.7) 19 (5.2) 6 (6.3)

NAFLD 106 (3.5) 34 (32.0) 27 (25.4) 0 (0.0) 23 (21.6) 12 (11.3) 8 (7.5) 2 (1.8)

ALD 24 (0.7) 4 (16.6) 3 (12.5) 1 (4.1) 7 (29.1) 6 (25.0) 2 (8.3) 1 (4.1)

Complications

Hypertension 533 (17.6) 125 (20.1) 87 (19.4) 9 (15.0) 158 (17.8) 82 (14.8) 60 (16.5) 12 (12.7)

Diabetes 360 (11.9) 75 (12.0) 42 (9.3) 12 (20.0) 112 (12.6) 68 (12.3) 39 (10.7) 12 (12.7)

Coronary heart disease 95 (3.1) 22 (3.5) 15 (3.3) 1 (1.6) 30 (3.3) 13 (2.3) 12 (3.3) 2 (2.1)

Smoking history 1158 (38.32) 215 (34.96) 170 (39.63) 25 (35.71) 340 (38.16) 223 (39.89) 152 (41.76) 33 (35.11)

Drinking history 949 (31.40) 182 (29.59) 136 (31.70) 18 (25.71) 277 (31.09) 176 (31.48) 128 (35.16) 32 (34.04)

AFP (ng/mL)

≤ 20 1094 (36.2) 345 (55.7) 187 (41.8) 42 (70.0) 318 (35.9) 115 (20.8) 90 (24.8) 16 (17.0)

20–400 757 (25.1) 170 (27.4) 101 (22.6) 18 (30.0) 223 (26.2) 132 (23.9) 80 (22.1) 22 (23.5)

> 400 1171 (38.7) 105 (16.9) 159 (35.6) 0 (0.0) 336 (37.9) 305 (55.2) 192 (53.1) 56 (59.5)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; CNLC: China Liver Cancer staging; AFP: Alpha-fetoprotein; NAFLD: Non-alcoholic fatty liver disease; 
ALD: Alcoholic liver disease.

HCC.
Real-world data showed that among the 2648 patients receiving active anti-tumor therapy, the 

treatment choice was not the same in each CNLC stage (Figure 2). LR and RFA accounted for 53.64% 
and 17.22%, respectively, inpatients with CNLC stage Ia HCC, while in patients with CNLC stage Ib 
HCC, LR (44.03%) and TACE (33.96%) were mainly selected. In patients with CNLC stage IIa, treatment 
was mainly with LR (48.28%) and TACE (22.41%), while those with CNLC stage IIb were treated mainly 
with TACE (54.95%) and LR (13.28%). In CNLC stage IIIa, TACE (45.75%) and LR (27.45%) were mostly 
selected, while patients in CNLC stage IIIb received mainly TACE (52.03%) and systemic anti-tumor 
therapy (23.25%). Among 94 patients with CNLC stage IV HCC, 61 received anti-tumor therapy, with 
most receiving TACE (45.90%) and LT (21.31%). These results suggest that patients in the early stage of 
HCC were more likely to receive LR, while those in the middle and late stages were more likely to 
receive TACE.

Patient prognosis
Overall survival analysis: In this study, patients who did not have a clinical outcome during hospital-
ization were followed up to December 31, 2020. We collected the clinical outcomes of 1128 patients. 
Among the general clinical characteristics of these patients, 922 (81.74%) were male, and 798 (70.74%) 
were over the age of 50. There were 992 (87.94%) patients with HBV, 56 (4.96%) with HCV, 62 (5.50%) 
with NAFLD, and 18 (1.60%) with ALD. There were 226 (20.04%) patients with hypertension, 159 
(14.10%) with diabetes, and 33 (2.93%) with coronary heart disease. Of the patient population, 408 
(36.17%) and 337 (29.88%) had a history of smoking and drinking, respectively. There were 870 (77.13%) 
cases of Child–Pugh grade A, 228 (20.21%) cases of Child–Pugh Grade B, and 30 (2.66%) cases of 
Child–Pugh grade C (Table 5). In terms of overall survival, 407 deaths and 721 survivals were observed, 
with a median survival of 54.0 mo (95%CI: 50.0–61.0). Statistically significant differences were observed 
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Table 2 Diagnosis and treatment of patients with different China Liver Cancer staging levels, n (%)

CNLC staging

Total (n = 
3022) Ia (n = 620) Ιb (n = 447) IIa (n = 60) IIb (n = 887) IIIa (n = 552) IIIb (n = 362) IV (n = 94)

HCC diagnosis

Pathology 1390 (45.9) 436 (70.3) 270 (60.4) 38 (63.3) 290 (32.6) 228 (41.3) 111 (30.6) 17 (18.1)

Imaging 1632 (54.1) 184 (29.6) 117 (39.5) 22 (36.6) 597 (67.3) 324 (58.6) 251 (69.3) 77 (81.9)

Child–Pugh grade

A 2191 (72.5) 537 (86.6) 378 (84.5) 48 (80.0) 625 (70.4) 369 (66.8) 234 (64.6) 0 (0.0)

B 737 (24.3) 83 (13.4) 69 (15.4) 12 (20.0) 262 (29.5) 183 (33.1) 128 (35.4) 0 (0.0)

C 94 (3.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 94 (100.0)

Treatments

LR 803 (26.5) 324 (52.2)1 188 (42.0)1 28 (46.6)1 102 (11.4)1 126 (22.8)1 35 (9.6) 0 (0.0)

RFA 203 (6.7) 104 (16.7)1 27 (6.0)1 5 (8.3) 48 (5.5) 10 (1.8) 6 (1.6) 3 (3.1)

LT 92 (3.0) 10 (1.6)1 4 (0.8)1 0 (0.0) 38 (4.2) 25 (4.5) 6 (1.6) 9 (9.5)1

TACE 1052 (34.8) 93 (15.0) 145 (32.4)1 13 (21.6)1 422 (47.5)1 210 (38.0)1 141 (38.9)1 28 (29.7)

TACE + RFA 185 (6.1) 46 (7.4) 33 (7.3)1 7 (11.6)1 67 (7.5) 11 (1.9) 15 (4.1)1 6 (6.3)

LR + RFA 89 (2.9) 23 (3.7)1 19 (4.2) 4 (6.6)1 17 (1.8)1 19 (3.4)1 5 (1.3) 2 (2.1)

Systemic anti-tumor 
therapy

224 (7.4) 4 (0.6) 12 (2.6) 1 (1.6) 74 (8.3)1 58 (10.5)1 63 (17.4)1 13 (13.8)1

BSC 374 (12.3) 16 (2.5) 20 (4.4) 2 (3.3) 119 (13.4) 93 (16.8) 91 (25.1) 33 (35.1)1

Adherence1 2212 (73.2) 461 (74.3) 397 (88.8) 52 (86.6) 615 (69.3) 413 (74.8) 219 (60.4) 55 (58.5)

1Treatment modalities recommended by the Guidelines for Diagnosis and Treatment of Primary Liver Cancer in China.
HCC: Hepatocellular carcinoma; CNLC: China Liver Cancer staging; LR: Liver resection; RFA: Radiofrequency ablation; LT: Liver transplantation; TACE: 
Transcatheter arterial chemoembolization; BSC: Best supportive care.

Figure 1 Flowchart of selection of study participants. HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma.

in overall survival among patients with different CNLC staging (P < 0.001), with a median survival of 73 
mo (95%CI: 63.0–99.0) in the early stage, 39 mo (95%CI: 33.0–47.0) in the middle stage, and 21 mo 
(95%CI: 15.0–29.0) in the late stage (Figure 3A). No statistically significant differences were observed in 
terms of overall survival between patients who complied with the treatment recommended by the 
guidelines and those who did not (P = 0.344). The median survival was 54 mo (95%CI: 47.0–58.0) and 51 
mo (95%CI: 41.0–64.0), respectively (Figure 3B).
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Table 3 Compliance with and effect of hepatocellular carcinoma screening, n (%)

Whether to undergo screening
Variable Total (n = 3022)

Yes, n = 304 (10.06%) No, n = 2718 (89.94%)
χ2 P value

Sex

Male 2487 (82.30) 247 (81.25) 2240 (82.41)

Female 535 (17.70) 57 (18.75) 478 (17.59)

0.254 0.614

Age

< 50 884 (29.25) 83 (27.30) 801 (29.47)

≥ 50 2138 (70.75) 221 (72.70) 1917 (70.53)

0.621 0.431

Chronic hepatitis

HBV 2694 (89.15) 266 (87.50) 2428 (89.33)

HCV 142 (4.70) 19 (6.25) 123 (4.53)

Mix 45 (1.49) 5 (1.64) 40 (1.47)

None 141 (4.66) 14 (4.61) 127 (4.67)

1.891 0.595

Smoking

Yes 1158 (38.32) 110 (36.18) 1048 (38.56)

No 1864 (61.68) 194 (63.82) 1670 (61.44)

0.652 0.419

Alcohol

Yes 949 (31.40) 87 (28.62) 862 (31.71)

No 2073 (68.60) 217 (71.38) 1856 (68.29)

1.217 0.270

Hypertension

Yes 533 (17.64) 64 (21.05) 469 (17.26)

No 2489 (82.36) 240 (78.95) 2249 (82.74)

2.714 0.099

Diabetes

Yes 360 (11.91) 36 (11.84) 324 (11.92)

No 2662 (88.09) 268 (88.16) 2394 (88.08)

0.002 0.968

Coronary heart disease

Yes 95 (3.14) 15 (4.93) 80 (2.94)

No 2927 (96.86) 289 (95.07) 2638 (97.06)

3.559 0.059

Family history of tumors

Yes 473 (15.65) 47 (15.46) 426 (15.67)

No 2549 (84.35) 257 (84.54) 2292 (84.33)

0.009 0.923

AFP (ng/mL)

≤ 20 1094 (36.20) 145 (47.70) 949 (34.92)

20-400 757 (25.05) 93 (30.59) 664 (24.43)

> 400 1171 (38.75) 66 (21.71) 1105 (40.65)

41.808 0.000a

Child-Pugh Grade

A 2191 (72.50) 276 (90.79) 1915 (70.46)

B 737 (24.39) 28 (9.21) 709 (26.09)

C 94 (3.11) 0 (0.00) 94 (3.45)

58.031 0.000a

CNLC

Ia 620 (20.52) 141 (46.38) 479 (17.62)

Ιb 447 (14.79) 57 (18.75) 390 (14.35)

183.202 0.000a



Yan YW et al. Ten-year retrospective study of HCC

WJGO https://www.wjgnet.com 867 May 15, 2023 Volume 15 Issue 5

IIa 60 (1.99) 12 (3.95) 48 (1.77)

IIb 887 (29.35) 59 (19.41) 828 (30.46)

IIIa 552 (18.27) 27 (8.88) 525 (19.32)

IIIb 362 (11.98) 8 (2.63) 354 (13.02)

IV 94 (3.10) 0 (0.00) 94 (3.46)

aP < 0.01.
HBV: Hepatitis B virus; HCV: Hepatitis C virus; Mix: HBV complicated with HCV; CNLC: China Liver Cancer staging; AFP: Alpha-fetoprotein.

Table 4 Analysis of treatment compliance among patients with hepatocellular carcinoma according to the Guidelines for Diagnosis and 
Treatment of Primary Liver Cancer in China, n (%)

Compliance with guideline-recommended treatment
Variable Total (n = 3022)

Yes, n = 2212 (73.20%) No, n = 810 (26.80%)
χ2 P value

Sex

Male 2487 (82.30) 1837 (83.05) 650 (80.25)

Female 535 (17.70) 375 (16.95) 160 (19.75)

3.191 0.074

Age

< 50 884 (29.25) 656 (29.66) 228 (28.15)

≥ 50 2138 (70.75) 1556 (70.34) 582 (71.85)

0.652 0.419

Chronic hepatitis

HBV 2694 (89.15) 1979 (89.47) 715 (88.27)

HCV 142 (4.70) 96 (4.34) 46 (5.68)

Mixed 45 (1.49) 36 (1.63) 9 (1.11)

None 141 (4.66) 101 (4.56) 40 (4.94)

2.046 0.309

AFP (ng/mL)

≤ 20 1094 (36.20) 786 (35.53) 308 (38.02)

20–400 757 (25.05) 555 (25.09) 202 (24.94)

> 400 1171 (38.75) 871 (39.38) 300 (37.04)

1.859 0.395

Child–Pugh grade

A 2191 (72.50) 1687 (76.27) 504 (62.22)

B 737 (24.39) 470 (21.25) 267 (32.96)

C 94 (3.11) 55 (2.49) 39 (4.81)

59.828 0.000a

CNLC

Early stage (Ia, Ib, and IIa) 1127 (37.29) 910 (41.14) 217 (26.79)

Middle stage (IIb and IIIa) 1439 (47.62) 1028 (46.47) 411 (50.74)

Late stage (IIIb and IV) 456 (15.09) 274 (12.39) 182 (22.47)

74.941 0.000a

aP < 0.01.
HBV: Hepatitis B virus; HCV: Hepatitis C virus; Mix: HBV complicated with HCV; CNLC: China Liver Cancer staging; AFP: Alpha-fetoprotein.

Subsequently, we used the Cox model to analyse the risk factors affecting patients’ survival. The 
univariate results showed that age, screening, Child–Pugh grade, AFP level, and CNLC staging were 
risk factors affecting the survival time of patients with HCC (P < 0.05). A multivariate analysis used to 
verify these results revealed that the following independent risk factors affected overall survival: Age > 
50 years [hazard ratio (HR): 1.359, 95%CI: 1.081–1.709], no screening (HR: 2.181, 95%CI: 1.435–3.313), 
AFP > 400 ng/mL (HR: 1.576, 95%CI: 1.256–1.977), Child–Pugh grade B (HR: 1.813, 95%CI: 1.480–2.252), 
middle-stage HCC (HR: 2.610, 95%CI: 2.056–3.312), and late-stage HCC (HR: 3.967, 95%CI: 2.827–5.591) 
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Table 5 Basic characteristics of followed-up patients with hepatocellular carcinoma (n = 1128), n (%)

CNLC staging
Variables

Total Ia Ιb IIa IIb IIIa IIIb IV

Sex

Male 922 (81.74) 261 (80.56) 152 (79.58) 21 (75.00) 252 (84.00) 151 (84.36) 60 (78.95) 25 (83.33)

Female 206 (18.26) 63 (19.44) 39 (20.42) 7 (25.00) 48 (16.00) 28 (15.64) 16 (21.05) 5 (16.67)

Age

≤ 50 330 (29.26) 105 (32.41) 51 (26.70) 8 (28.57) 74 (24.67) 54 (30.17) 23 (30.26) 15 (50.00)

> 50 798 (70.74) 219 (67.59) 140 (73.30) 20 (71.43) 226 (75.33) 125 (69.83) 53 (69.74) 15 (50.00)

Chronic hepatitis

HBV 992 (87.94) 284 (87.65) 167 (87.43) 21 (75.00) 266 (88.67) 161 (89.94) 68 (89.47) 25 (83.33)

HCV 56 (4.96) 21 (6.48) 8 (4.19) 3 (10.71) 12 (4.00) 8 (4.47) 2 (2.63) 2 (6.67)

NAFLD 62 (5.50) 14 (4.32) 14 (7.33) 3 (10.71) 17 (5.67) 6 (3.35) 6 (7.89) 2 (6.67)

ALD 18 (1.60) 5 (1.54) 2 (1.05) 1 (3.57) 5 (1.67) 4 (2.23) 0 (0.00) 1 (3.33)

Complications

Hypertension 226 (20.04) 70 (21.60) 38 (19.90) 5 (17.86) 65 (21.67) 28 (15.64) 17 (22.37) 3 (10.00)

Diabetes 159 (14.10) 2 (12.96) 21 (10.99) 6 (21.43) 49 (16.33) 24 (13.41) 11 (14.47) 6 (20.00)

Coronary heart disease 33 (2.93) 7 (2.16) 8 (4.19) 1 (3.57) 10 (3.33) 2 (1.12) 4 (5.26) 1 (3.33)

Smoking 408 (36.17) 121 (37.35) 68 (35.60) 8 (28.57) 101 (33.67) 67 (37.43) 30 (39.47) 13 (43.33)

Drinking 337 (29.88) 98 (30.25) 53 (27.75) 7 (25.00) 88 (29.33) 50 (27.93) 29 (38.16) 12 (40.00)

AFP (ng/mL)

≤ 20 491 (43.53) 184 (56.79) 90 (47.12) 11 (39.29) 129 (43.00) 46 (25.70) 24 (31.58) 7 (23.33)

20–400 289 (25.62) 92 (28.40) 43 (22.51) 8 (28.57) 75 (25.00) 47 (26.26) 16 (21.05) 8 (26.67)

> 400 348 (30.85) 48 (14.81) 58 (30.37) 9 (32.14) 96 (32.00) 86 (48.04) 36 (47.37) 15 (50.00)

Child–Pugh grade

A 870 (77.13) 284 (87.65) 168 (87.96) 23 (82.14) 213 (71.00) 132 (73.74) 50 (65.79) 0 (0.00)

B 228 (20.21) 40 (12.35) 23 (12.04) 5 (17.86) 87 (29.00) 47 (26.26) 26 (34.21) 0 (0.00)

C 30 (2.66) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 30 (100.00)

CNLC: China Liver Cancer staging; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease; ALD: Alcoholic liver 
disease; AFP: Alpha-fetoprotein.

(Table 6).

Tumor-free survival in patients with HCC treated with LR: Overall, 803 patients underwent LR, 
including 768 who received LR as recommended by the guidelines and 35 who did not receive LR as 
recommended by the guidelines. Statistically significant differences were observed in terms of tumor-
free survival between patients who received guideline-recommended LR treatment and those who 
received non-guideline-recommended LR treatment (P < 0.001), with median tumor-free survival of 18 
mo (95%CI: 14.0–21.0) and 2 mo (95%CI: 1.0-4.0), respectively (Figure 4A). Among the 803 patients 
receiving LR at different CNLC stages, 540 patients had early-stage HCC; of these, 200 experienced a 
recurrence during the study period, with a maximum of 87 mo and a median of 24 mo of tumor-free 
survival (95%CI: 20.0–30.0). A total of 228 patients had middle-stage HCC, 130 of whom experienced a 
recurrence during the study, with a maximum tumor-free survival of 59 mo and a median of 5 mo 
(95%CI: 4.0–7.0). Finally, 35 patients had late-stage HCC, 22 of whom experienced a recurrence during 
the study, with a maximum tumor-free survival of 54 mo and a median of 2 mo (95%CI: 1.0–4.0). The 
results showed a statistically significant difference in tumor-free survival between patients who 
received LR in the early stage of HCC and those who received LR in the middle and late stages of the 
disease (P < 0.001). No statistically significant differences were observed in tumor-free survival between 
patients who received LR in the middle and late stages of HCC (P = 0.099) (Figure 4B).
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Table 6 Analysis of overall survival in patients with hepatocellular carcinoma

Univariate analysis Multivariate analysis
Variables

P value P value Hazard ratio (95%CI)

Sex 0.5736 —

Age (> 50) 0.0074a 0.0087b 1.359 (1.081–1.709)

Screening < 0.001b 0.0003b 2.181 (1.435–3.313)

HBV 0.0703 —

HCV 0.0354 —

Child-Pugh grade < 0.001b

A 1 reference

B < 0.001b 1.813 (1.480–2.252)

C 0.3798 1.274 (0.742–2.190)

CNLC staging < 0.001b

Early 1 reference

Middle < 0.001b 2.610 (2.056–3.312)

Late < 0.001b 3.967 (2.827–5.591)

AFP (ng/mL) < 0.001b

≤ 20 1 reference

20–400 0.615 1.070 (0.822–1.392)

> 400 < 0.001b 1.576 (1.256–1.977)

aP < 0.05.
bP < 0.01.
CI: Confidence interval; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CNLC: China Liver Cancer staging, AFP: Alpha-
fetoprotein.

The Cox model was used to analyze the risk factors for postoperative recurrence in patients 
undergoing LR. The univariate results showed that sex, Child–Pugh grade, AFP level, and CNLC 
staging were independent factors for tumor recurrence (P < 0.05). These results were verified using a 
multivariate analysis, revealing that AFP > 400 ng/mL (HR: 1.612, 95%CI: 1.256–2.070), Child–Pugh 
grade B (HR: 1.771, 95%CI: 1.243–2.524), middle-stage HCC (HR: 2.556, 95%CI: 2.032–3.215), and late-
stage HCC (HR: 3.312, 95%CI: 2.113–5.192) were independent factors affecting the postoperative 
recurrence of HCC (Table 7).

DISCUSSION
Liver cancer staging is important for selecting treatment options and evaluating prognosis. Many 
staging systems exist, such as the BCLC, EASL, APASL, JSH, and HKLC systems[3-7]. Among them, the 
most widely used is the BCLC staging system. The CNLC staging system was established specifically 
for Chinese people by the National Health Commission in combination with China’s specific national 
conditions and practice accumulation[9,10]. As China has the highest number of liver cancer cases of all 
countries[1], evaluating the use of China’s guidelines for HCC diagnosis and treatment in a real-world 
setting can provide a broad clinical reference for global liver cancer prevention and treatment.

The strength of this study is that we collected real-world data from a large sample of patients with 
HCC and conducted CNLC staging for those patients to evaluate the compliance between CNLC 
staging and real clinical diagnosis and treatment in China. We also performed a systematic review and 
an analysis of the diagnosis and treatment choices of Chinese patients with HCC in the real world.

The guidelines recommend that imaging and pathological diagnosis are used in HCC diagnosis. In 
this study, the diagnosis methods of patients in CNLC stages Ia, Ib, and IIa were mainly pathology 
based, with frequencies of 70.3%, 60.4%, and 63.3%, respectively. The diagnosis methods of patients in 
CNLC stages IIb, IIIa, IIIb, and IV were based mainly on imaging examinations and clinical features, 
with frequencies of 67.3%, 58.6%, 69.3%, and 81.9%, respectively.



Yan YW et al. Ten-year retrospective study of HCC

WJGO https://www.wjgnet.com 870 May 15, 2023 Volume 15 Issue 5

Table 7 Analysis of factors influencing postoperative recurrence in patients with hepatocellular carcinoma

Univariate analysis Multivariate analysis
Variables

P value P value Hazard ratio (95%CI)

Sex 0.0455a 0.0164a 0.694 (0.515–0.935)

Age (> 50) 0.9711 —

Screening 0.0678 —

HBV 0.7773 —

HCV 0.3531 —

Child-Pugh grade 0.0012b 0.0016b 1.771 (1.243–2.524)

CNLC staging < 0.001b

Early 1 reference

Middle < 0.001b 2.556 (2.032–3.215)

Late < 0.001b 3.312 (2.113-5.192)

AFP (ng/mL) < 0.001b

≤ 20 1 reference

20–400 0.338 1.139 (0.873–1.487)

> 400 < 0.001b 1.612 (1.256–2.070)

aP < 0.05.
bP < 0.01.
CI: Confidence interval; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CNLC: China Liver Cancer staging; AFP: Alpha-
fetoprotein.

In this study, 304 patients were screened before HCC diagnosis. No statistical differences were 
observed in demographic characteristics between screened and unscreened patients; however, 
significant differences were observed in terms of liver function grade, AFP levels, and CNLC staging. 
Among those patients diagnosed via screening, 90.79% had Child–Pugh grade-A liver function, while 
only 70.46% of unscreened patients had the same. The AFP levels of screened patients were low when 
they were diagnosed with HCC, and only 21.71% of the patients had significantly increased AFP levels 
(> 400 ng/mL). The proportion of patients who were not screened with significantly increased AFP 
levels was 40.56%.

Regarding different HCC stages, 69.08%, 28.29%, and 2.63% of patients with early-, middle-, and late-
stage HCC were detected via screening, while 33.74%, 49.78%, and 16.48% of patients were detected 
without screening, respectively. The guidelines recommend the regular screening of groups at high risk 
for HCC to detect more patients with early-stage HCC. Thus, screening can detect more patients with 
early-stage HCC and encourage patients to undergo curative treatments, thus extending their survival 
time.

The guidelines recommend screening for groups at high risk for HCC; however, cluster sampling 
screening is only available in pilot cities, and a planned and regular national screening program is 
lacking[20]. Currently, some Asian countries and regions, for example, Korea and Japan, have unified 
national screening programs, and stratified and phased screening programs have been implemented in 
Taiwan for groups at high risk for HCC. Because of these programs, screening has detected more 
patients with early-stage HCC, leading to more effective treatment, longer survival, and better quality of 
life[21-24]. In Europe and the United States, numerous studies have demonstrated the efficacy and cost-
effectiveness of HCC screening[25-27]. For example, in a prospective study conducted in France, HCC 
screening was cost-effective while prolonging patients’ survival, even after adjusting for lead-time bias
[28]. In a study by Da Fonseca et al[29], improved compliance and targeting were key factors in HCC 
screening. The present study discovered that only 10.06% of patients in the real medical environment 
received screening or regular physical examinations before HCC diagnosis, indicating that in the real 
world, Chinese patients with HCC have poor screening compliance.

Studies on compliance with the guidelines in clinical practice in China are limited, with only a few 
studies on the effectiveness of specific treatment methods based on CNLC staging[11-13] and a 
systematic review comparing the advantages and disadvantages of CNLC staging with those of other 
staging methods[14]. In China and other regions, several related studies have been conducted on 
compliance with BCLC guidelines in clinical practice. For example, in a retrospective study conducted 
by Zhong et al[30] in China, treatment in BCLC staging was compared with that in CNLC staging in 
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Figure 2 Subsequent therapies for patients with hepatocellular carcinoma with different levels of China Liver Cancer staging. LR: Liver 
resection; RFA: Radiofrequency ablation; LT: Liver transplantation; TACE: Transcatheter arterial chemoembolization.

clinical practice. However, that study did not analyse the screening, diagnosis, and prognosis of 
patients, which are limitations. In a prospective study based on 160 patients in Korea, Kim et al[15] 
found that only 66% of patients adhered to the treatment regimen recommended by the BCLC 
guidelines. The main reasons for not using the recommended treatment included refusing surgery, 
uncertain malignant nodules, lack of a suitable donor, and financial problems. In a study conducted at a 
general hospital in Italy, Borzio et al[16] found that overall adherence to the BCLC guidelines reached 
70%, with better adherence by patients in the early and late stages than by those in the middle stage, 
possibly due to greater heterogeneity in patients in the middle stage. In a multi-center study in 
Argentina, overall adherence to the BCLC guidelines among patients with HCC was only 50%, which 
may have been related to the lack of flexibility in BCLC staging and to clinical decision-making by 
physicians[17].

In this study, we discovered that 73.20% of the treatment methods used in the clinical diagnosis and 
treatment of patients with HCC in China were consistent with those recommended by the guidelines. 
Among patients in different HCC stages, 80.75%, 71.39%, and 60.01% of those with early-, middle-, and 
late-stage HCC received treatments compliant with the guidelines, respectively, which may have been 
related to the fact that patients in the early stage have more treatment options and are more likely to 
accept radical treatments[31]. Due to the large individual heterogeneity among patients with middle-
stage HCC, selecting appropriate clinical treatment methods is challenging for physicians. Therefore, 
patients may choose treatment methods over or under those recommended in the clinical diagnosis and 
treatment guidelines, that are closely related to their liver function and general activity status[32]. In all 
patients receiving treatment, more than 50% of those with early-stage HCC received LR therapy for the 
first time, while more than 50% of patients with middle- and late-stage HCC received TACE.

Since most patients were hospitalized in the study hospital after HCC diagnosis, we were able to 
analyze tumor-free survival in those who underwent LR. This study’s results showed a significant 
difference in tumor-free survival between patients with early-stage HCC and those with middle- and 
late-stage HCC who received LR, while no statistical differences were observed between patients in the 
middle and late stages. Statistically significant (P < 0.001) differences were observed in tumor-free 
survival between patients who complied with the guidelines while receiving LR and those who did not. 
In the analysis of influencing factors for recurrence after hepatectomy, patients with Child–Pugh grade-
A liver function were considered as a reference because no patient with Child–Pugh grade-C liver 
function received hepatectomy. Patients with Child–Pugh grade-B liver function experienced more 
recurrence after hepatectomy (P < 0.01), indicating that the status of patients’ liver function was an 
important risk factor for recurrence after LR[33].
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Figure 3 Overall survival rate. A: Overall survival rate in patients with different levels of China Liver Cancer staging (P < 0.001); B: Patients who did and did not 
receive treatment recommended by the Guidelines for Diagnosis and Treatment of Primary Liver Cancer in China (P = 0.344).

In a cohort study by Liao et al[11], two nomograms were constructed to compare the reliability of 
tumor node metastasis (TNM), BCLC, and CNLC staging in predicting the prognosis of Chinese patients 
with HCC undergoing LR therapy. The results showed that AFP levels and CNLC staging were the 
main factors affecting the tumor-free survival of patients. Similarly, CNLC staging predicted the 
prognosis of patients better than TNM and BCLC staging. However, a cohort study by Li et al[13] that 
examined the prognosis of patients who underwent LR at different stages showed that age, AFP level, 
tumor size, and tumor number were the main factors affecting early postoperative recurrence.

LR remains the best treatment for HCC. Patients with different stages have shown survival 
advantages after LR, especially those with early HCC[13]. Similarly, the guidelines recommend that LR 
be used for eligible patients with late-stage HCC as it has advantages over other treatment methods[13]. 
In a meta-analysis, survival rates were significantly higher in an LR group than in a TACE group among 
patients with HCC at BCLC stages B and C[34]. Our study’s results also revealed a significant difference 
in tumor-free survival between patients with early-stage HCC and those with middle- and late-stage 
HCC after LR, with those at the early stage demonstrating a significant survival advantage after LR. The 
guidelines recommend LR for eligible patients with middle-stage HCC after screening; however, 
compared with those in the late stage, LR-treated patients with middle-stage HCC have an advantage in 
terms of tumor-free survival, but it is limited. More studies are required to demonstrate the survival 
benefits and cost-effectiveness of LR compared with those of other treatments for patients with middle- 
and late-stage HCC.

This study’s results showed that patients who were treated in accordance with the guidelines had a 
survival advantage over those who were not, but the advantage was limited (54 vs 51 mo), with no 
statistical difference. This result may be related to the fact that the treatment recommended by the 
guidelines is relatively fixed. Depending on the actual situation, patients may receive more positive or 
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Figure 4 Tumor-free survival rate. A: Tumor-free survival rate after liver resection in patients with hepatocellular carcinoma with and without guideline 
compliance (P < 0.001); B: Tumor-free survival rate after liver resection among patients with different China Liver Cancer staging levels. Early stage vs middle stage, 
P < 0.001; early stage vs late stage, P < 0.001; middle stage vs late stage, P = 0.099.

negative treatment since various factors affect patients’ treatment plans. This result is also reflected in a 
study by Yen et al[31] that showed that in patients with stage-B and -C BCLC, the choice of treatment 
over the guidelines had survival advantages for these patients. In contrast, in patients with BCLC at 
stages 0 and C, treatment options under the recommended treatment guidelines did not affect overall 
survival. Moreover, a study conducted in Italy by Guarino et al[35] revealed that receiving BCLC-
recommended treatment had no significant impact on patients’ overall survival.

However, some studies on patients with specific treatment modalities and specific HCC stages have 
revealed that receiving the treatment methods recommended in the guidelines provides survival 
benefits for patients[36-39]. Our study’s results also revealed that patients who received LR treatment 
based on the guidelines had a significant advantage in terms of tumor-free survival compared with 
those who did not. We discovered significant differences in the survival time of patients with different 
stages of HCC. We discovered that the main risk factors affecting the survival of patients with HCC 
were age > 50 years, no screening, AFP > 400 ng/mL, Child–Pugh grade B, and middle and late CNLC 
stages. A retrospective study conducted in China by Wang and Li[40] showed that hepatitis B surface 
antigen, AFP levels, Child–Pugh grade, BCLC stage, antiviral therapy, and treatment methods were 
important prognostic factors for HCC, and BCLC stage and tumor size were independent prognostic 
factors, which were similar results to those obtained in our study. Hence, Child–Pugh grade, AFP level, 
and clinical HCC stage are risk factors affecting the survival of patients with HCC.

This study has some limitations. The data used in this study were obtained from the inpatient 
information of a single regional medical center, and they should be verified by future multi-center 
studies. Some patients who were diagnosed with HCC in our study hospital were discharged and 
treated in other medical institutions. Consequently, the treatment information of these patients could 
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not be obtained, which might have led to the underestimation of the treatment level received. Some 
patients with ICC may have been included in the study while some with HCC may have been excluded 
because pathological examinations were not performed in all cases. The attending physician followed 
the guidelines used to distinguish HCC and ICC; however, it is impossible to rule out ICC or HCC-ICC 
absolutely because the guidelines are not 100% accurate. The studied patients were followed up; 
however, only 1128 patients were traced in this retrospective study due to the long study period and the 
loss of samples, which might have affected the HCC survival rate analysis to some extent. Prospective 
studies are required to further understand patient survival.

This study’s results suggest that screening enables the early diagnosis of HCC. However, due to the 
retrospective nature of the study, data on patients’ willingness to undergo screening as well as 
influencing factors, such as wealth or area of residence, could not be collected. Finally, large-sample 
multi-center studies are required to provide high-quality evidence for the screening, diagnosis, and 
treatment guidelines of HCC in China.

CONCLUSION
The findings revealed that 70% of HCC treatments at the First Affiliated Hospital of Zhengzhou 
University were performed according to the guidelines. The most frequently used treatment for patients 
at all stages of HCC was that recommended in the guidelines. No benefit was demonstrated in patients 
with HCC as a whole who received guideline-recommended treatment; however, those who underwent 
LR in accordance with the guidelines had a significant survival advantage. We also demonstrated that 
although screening groups at high risk for HCC according to the guidelines can achieve early diagnosis 
and treatment, real-world compliance is poor.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is a common malignant tumor worldwide; however, no staging 
scheme that would apply across populations is currently described in the extant literature. Although a 
China Liver Cancer (CNLC) staging system was proposed for the Chinese population, there is no study 
regarding the practice of CNLC staging in real clinical settings in China, which the current study 
addresses.

Research motivation
Although HCC patients detected through screening in the current study had a significant survival 
advantage compared with those who were not screened, the screening compliance in patients remained 
was poor. Therefore, improving patients’ screening compliance would be the key to achieving early 
HCC diagnosis and treatment, which we have identified as the direction of future research.

Research objectives
Most importantly, the study highlighted that although no benefit was demonstrated in HCC patients for 
receiving the treatment recommended by the guidelines, the patients who underwent liver resection in 
accordance with the guidelines had a significant survival advantage.

Research methods
The results of the current study demonstrated that patients who were treated according to the CNLC 
guidelines had a survival advantage over those who were not treated per the guidelines. However, this 
advantage was limited i.e., 54 vs 51 mo, and no statistical difference was observed. This result also 
corroborated with a study, which demonstrated survival advantage for Barcelona Clinic Liver Cancer 
stages B and C with the choice of treatment over the guidelines. Prospective studies are required to 
further understand the survival of patients.

Research results
The hospitalisation information of patients with HCC admitted to the First Affiliated Hospital of 
Zhengzhou University was obtained, which included demographic characteristics, imaging and 
serological reports, treatment, and patients’ prognosis. Thereafter, the CNLC staging was done 
according to the guidelines. Each stage was characterised by the performance status, tumor number and 
diameter, liver function status using Child-Pugh A/B, and infringements such as vascular tumor 
thrombus and extrahepatic metastasis on imaging.
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Research conclusions
The study aimed to investigate the present situation and problems of HCC diagnosis and treatment 
guidelines in China, since real-world studies for the existing problems of CNLC staging in China’s 
clinical practice are lacking.

Research perspectives
The method of CNLC staging includes CNLC stages Ia, Ib, IIa, IIb, IIIa, IIIb, and IV, and it is based on 
the liver function status, tumor size, number, and invasion, and the general conditions of patients with 
HCC. However, given that the first method of CNLC staging was published as recently as 2017, only a 
few studies have addressed specific treatment methods in different CNLC staging. Since this study 
highlights significant difference in the tumor-free survival time between patients undergoing 
hepatectomy according to the guideline and those undergoing hepatectomy without the guideline, these 
findings will aid in future research to improve clinical decision making for HCC treatment.
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Abstract
BACKGROUND 
Improved adenoma detection at colonoscopy has decreased the risk of developing 
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colorectal cancer. However, whether image-enhanced endoscopy (IEE) further improves the 
adenoma detection rate (ADR) is controversial.

AIM 
To compare IEE with white-light imaging (WLI) endoscopy for the detection and identification of 
colorectal adenoma.

METHODS 
This was a multicenter, randomized, controlled trial. Participants were enrolled between 
September 2019 to April 2021 from 4 hospital in China. Patients were randomly assigned to an IEE 
group with WLI on entry and IEE on withdrawal (n = 2113) or a WLI group with WLI on both 
entry and withdrawal (n = 2098). The primary outcome was the ADR. The secondary endpoints 
were the polyp detection rate (PDR), adenomas per colonoscopy, adenomas per positive 
colonoscopy, and factors related to adenoma detection.

RESULTS 
A total of 4211 patients (966 adenomas) were included in the analysis (mean age, 56.7 years, 47.1% 
male). There were 2113 patients (508 adenomas) in the IEE group and 2098 patients (458 
adenomas) in the WLI group. The ADR in two group were not significantly different [24.0% vs 
21.8%, 1.10, 95% confidence interval (CI): 0.99-1.23, P = 0.09]. The PDR was higher with IEE group 
(41.7%) than with WLI group (36.1%, 1.16, 95%CI: 1.07-1.25, P = 0.01). Differences in mean 
withdrawal time (7.90 ± 3.42 min vs 7.85 ± 3.47 min, P = 0.30) and adenomas per colonoscopy (0.33 
± 0.68 vs 0.28 ± 0.62, P = 0.06) were not significant. Subgroup analysis found that with narrow-
band imaging (NBI), between-group differences in the ADR, were not significant (23.7% vs 21.8%, 
1.09, 95%CI: 0.97-1.22, P = 0.15), but were greater with linked color imaging (30.9% vs 21.8%, 1.42, 
95%CI: 1.04-1.93, P = 0.04). the second-generation NBI (2G-NBI) had an advantage of ADR than 
both WLI and the first-generation NBI (27.0% vs 21.8%, P = 0.01; 27.0% vs 21.2.0%, P = 0.01).

CONCLUSION 
This prospective study confirmed that, among Chinese, IEE didn’t increase the ADR compared 
with WLI, but 2G-NBI increase the ADR.

Key Words: Endoscopy; Image-enhanced endoscopy; Adenoma detection rate; White-light imaging; Narrow-
band imaging

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study is the biggest randomized controlled trial comparing image-enhanced endoscopy 
(IEE) with white-light imaging (WLI) over the world, providing the solid evidence. This study provides 
strong evidence that IEE do not increase adenoma detection rate (ADR) compared with WLI, but second-
generation-narrow-band imaging increase the ADR. IEE improved the polyp detection rate without 
additional withdrawal time.

Citation: Qi ZP, Xu EP, He DL, Wang Y, Chen BS, Dong XS, Shi Q, Cai SL, Guo Q, Li N, Li X, Huang HY, Li B, 
Sun D, Xu JG, Chen ZH, Yalikong A, Liu JY, Lv ZT, Xu JM, Zhou PH, Zhong YS. Efficacy of image-enhanced 
endoscopy for colorectal adenoma detection: A multicenter, randomized trial. World J Gastrointest Oncol 2023; 
15(5): 878-891
URL: https://www.wjgnet.com/1948-5204/full/v15/i5/878.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i5.878

INTRODUCTION
Colorectal cancer is relatively common worldwide, with over 1 million new cases and an estimated 
550000 deaths reported in 2018[1]. The 5-year survival rate of advanced colorectal cancer is less than 
40%, but detection at an early stage greatly improves the prognosis. Increasing the adenoma detection 
rate (ADR) by 1.0% can reduce the risk of colorectal cancer by 3.0%[2]. Colonoscopy is an ideal strategy 
for decreasing the prevalence of colorectal cancer by early detection and endoscopic resection of precan-
cerous lesions. The current standard practice for detecting polyps and adenomas is endoscopy with 
white-light imaging (WLI), and it has a reported polyp/adenoma miss rate of 26%[3,4]. Given the need 
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for improved detection, image-enhanced endoscopy (IEE) was developed to overcome the limitations of 
conventional colonoscopy.

IEE includes narrow-band imaging (NBI), flexible spectral imaging color enhancement, linked color 
imaging (LCI), and i-Scan, which are continually evolving. IEE improves the visualization of mucosal 
microstructure and microvasculature and the identification of lesions compared with WLI[5]. In a 
multicenter, randomized, crossover trial comparing LCI and WLI in polyp detection, Min et al[6] 
reported that the polyp detection rate (PDR) of LCI was 8% higher than that of WLI. A meta-analysis 
found that the ADR of NBI was significantly higher than that of WLI in patients with the best bowel 
preparations[7]. However, some studies have reported that NBI did not increase ADR or PDR[8-10]. As 
the additional benefit of IEE is still controversial, we conducted a prospective, multicenter, randomized, 
controlled study named the Image-Enhanced Endoscopy in Colonoscopy Screening trail in 4 hospitals in 
China to compare the ADR of IEE and WLI during colonoscopies. The primary objective was to 
determine whether IEE detected significantly more adenomas than WLI in patients with elective 
screening, surveillance, or diagnostic colonoscopy.

MATERIALS AND METHODS
Methods
Trail design: This prospective, multicenter, randomized, controlled trial was conducted at 4 hospitals in 
China in following the ethical principles of Declaration of Helsinki (B2019-131R). The study was 
prepared following the Consolidated Standards of Reporting Trials statement for reporting randomized 
controlled trials (RCTs)[11], and was registered on the Chinese Clinical Trial Registry (ChiCTR19000-
26026). This was a nonprofit study, and no funding was received or solicited from endoscopy 
equipment manufacturers. All authors had access to the study data and have reviewed and approved 
the final manuscript. The full trial protocol see supplement.

Trial participants: Consecutive eligible patients who were 18-80 years of age and scheduled to undergo 
colonoscopy were considered eligible for this trial. Patients without bowel preparation or poor bowel 
preparation indicated by a Boston Bowel Preparation Scale (BBPS) score < 6, or with untreated adenoma 
in previous examinations, familial polyposis, severe emphysema, interstitial pneumonia, or ischemic 
heart disease; and those who could not tolerate anesthesia and examination, and patients or their family 
members who could not understand the conditions and goals of this study were excluded. Eligible 
patients were informed by the endoscopists about the study aims, procedures, and potential risks. 
Written informed consent was obtained from all patients.

Randomization: Before colonoscopy withdrawal, eligible patients were randomly assigned 1:1 to the 
IEE group with WLI on entry and IEE on withdrawal or the WLI group with WLI on both entry and 
withdrawal. Patients were stratified by age to groups < 50 and ≥ 50 years of age. The investigators used 
a central customized system (https://uapkd.bioknow.net/#/) to generate random numbers for the 
group assignments for the eligible patients at each center. Then, the investigators will allocate the 
patients to different groups based on the results of the customized random system and each center will 
compete for entry.

Endoscopists and endoscopy equipment: The participating endoscopist at each study center had at 
least 5 years of work experience in colonoscopy and had rigorous IEE diagnostic training. The 
endoscopy systems used in this study included CV-260, CV-290 (Olympus) or ELUXEO 7000 (Fujifilm) 
devices, and high definition colonoscopes was used for all procedures without any mucosal exposure 
devices.

Endoscopic procedures and histopathology: All patients performed bowel preparations following the 
local hospital protocol, and conscious sedation was administered according to the judgment of the 
anesthetist. The endoscope was advanced to the cecum under WLI. Cecal intubation was confirmed by 
identification of the appendiceal orifice and ileocecal valve or by intubation of the ileum, and the bowel 
preparation was assessed by the BBPS score obtained during advancement of the endoscope to the 
cecum. Once cecal intubation was confirmed, the colonoscope was withdrawn to the anus by the 
assigned method, either IEE or WLI. Detected lesions were evaluated by the Paris morphological classi-
fication criteria and removed by the endoscopist[12]. The size and location of lesions were recorded. 
Withdrawal time were defined as the time from cecal intubation to extraction through the anus and 
were measured with a stopwatch, excluding the time used for washing of the colonic mucosa, 
suctioning of fluid, or performance of polypectomy, biopsy, or any other therapeutic maneuvers[13]. 
The data were recorded on standardized case report forms before being transferred to online electronic 
report forms (https://wa.zs-hospital.sh.cn/).

Histological samples were fixed in paraffin, processed by standard procedures, and examined by 
experienced pathologists who were blinded to the study procedures. Histological results were reported 
following the Vienna classification of gastrointestinal neoplasia[14]. Advanced adenoma was defined as 

https://uapkd.bioknow.net/#/
https://wa.zs-hospital.sh.cn/
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an adenoma ≥ 10 mm in diameter with any villous histology, high-grade dysplasia, or invasive 
carcinoma[15].

Outcomes: The primary endpoint was ADR, defined as the proportion of patients with at least one 
detected adenoma of any size[15]. The secondary endpoints were PDR, diminutive ADR, adenomas per 
colonoscopy, and factors related to adenoma detection. PDR was defined as the proportion of patients 
with at least one detected polyp. The diminutive ADR included detection of at least one adenoma that 
was < 5 mm. Screening colonoscopies included those for which there was no diagnostic or surveillance 
indication. Surveillance colonoscopies included those for which there was no diagnostic indication and 
were performed in a patient who had a colonoscopy within the previous 10 years or who had a history 
of polyps or colorectal cancer. Diagnostic colonoscopies were those performed in patients who had one 
or more symptoms before the procedure[16].

Sample size calculation
The sample size estimate was based on an ADR of 13.4% by WLI in Chinese populations in previous 
studies[16]. In our experience, the ADR was around 10% when WLI was used. An increase in the ADR 
of 3% with IEE was considered clinically significant. Participants were allocated to the experimental and 
control groups in equal numbers. The Power and Sample Size Calculation program (PASS 2008; NCSS, 
LLC; https://www.ncss.com), estimated a sample size of 2012 per group using chi-square or Mann-
Whitney U tests for comparison, assuming a type I error rate of 5% with 80% power, and a single-sided 
P < 0.05 for statistical significance. We planned to include 4200 subjects. The sample size was calculated 
by Dr. Li and Dr. Dong.

Statistical analysis
Intention-to-treat (see Supplementary Tables 1-7) and per protocol analyses were both conducted. 
Differences were expressed as relative risk (RR) with 95% confidence intervals (CIs). Continuous 
variables were tested for normal distribution and reported as means and standard deviation. Normally 
distributed variables were compared with student’s t-test and non-normally distributed variables were 
compared with the Mann-Whitney U test. Categorical variables were reported as frequencies and 
percentages (%), and compared with the χ2 test or Fisher’s exact test when applicable. The χ2 test was 
used for the analysis of the primary outcome (ADR). RR and 95%CIs were calculated for dichotomous 
outcomes and for the ADR in the IEE group relative to the WLI group. Secondary dichotomous 
outcomes and subgroup outcomes were analyzed in the way as the primary outcome. For the safety 
analysis, the frequency of adverse events and adverse reactions were calculated and analyzed using χ2 
or Fisher exact tests. Details of adverse events and adverse reactions were recorded for deep analysis. 
The analysis was performed with SPSS v.18.0. (IBM Corp. Armonk, NY, United States). All reported P-
values were two-sided, and those ≤ 0.05 were considered significant.

RESULTS
Study population
Figure 1 was a flow chart of the trial design and procedures. Between September 2019 and April 2021, 
4372 consecutive patients were considered for inclusion, and 91 were excluded because they were < 18 
or > 80 years of age or had previously unresected colorectal polyps (Figure 1). The remaining 4281 
patients were randomized to the IEE (n = 2140) or WLI (n = 2141) groups. 70 patients failed cecal 
intubation because of poor bowel preparation, technical difficulties, or intolerance. A total of 4211 
patients were included in the analysis, with 2113 in the IEE group and 2098 in the WLI group. No 
adverse events related to endoscopy occurred. The baseline characteristics of the patients in the two 
groups were similar (Table 1). The mean age, number of men, colorectal surgery history, and 
colonoscopy history of IEE and WLI were 56.7 ± 12.9 years and 56.8 ± 13.0 years, 1002 (47.7%) and 982 
(46.8%), 149 (7.1%) and 134 (6.4%), 892 (42.2%) and 879 (41.9%), respectively. Between-group differences 
were not significant (all P > 0.05). The most common colonoscopy indication in both groups was 
diagnostic, 880(41.6%) patients in the IEE group and 876 (41.8%) in the WLI group (P > 0.05).

Primary outcome
The primary outcome results are shown in Table 2 and Figure 2. A total of 966 adenomas were detected 
in 4211 patients. 508 adenomas were found in 2113 IEE patients and 458 were found in 2098 WLI 
patients. The ADR were 24.0% in the IEE patients and 21.8% in the WLI patients (RR = 1.10, 95%CI: 0.99-
1.23, P > 0.05). The mean withdrawal time were 7.90 ± 3.42 min in the IEE group and 7.85 ± 3.47 min in 
the WLI group (P > 0.05). Differences in advanced ADR and diminutive ADR in the two groups were 
not significant (all P > 0.05). Regardless of age (< 50 or ≥ 50 years of age), sex, and colonoscopy 
indication, differences in the ADR were not significant (all P > 0.05).

https://www.ncss.com
https://f6publishing.blob.core.windows.net/03296594-0f3b-4164-b56d-c61c558ffda6/WJGO-15-878-supplementary-material.pdf
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Table 1 Baseline characteristics

IEE group (n = 2113) WLI group (n = 2098)

Age (yr) 56.7 ± 12.9 56.8 ± 13.0

Male gender 1002 (47.7) 982 (46.8)

BMI (kg/m2) 23.4 ± 3.2 23.5 ± 3.2

Comorbidities

ASA1 1468 (69.5) 1510 (72.0)

ASA2 640 (30.3) 580 (27.6)

ASA3 5 (0.2) 8 (0.4)

Colorectal surgery history 149 (7.1) 134 (6.4)

Colonoscopy indication

Diagnostic 880 (41.6) 876 (41.8)

Surveillance 613 (29.0) 601 (28.6)

Screening 620 (29.3) 621 (29.6)

Colonoscopy history 892 (42.2) 879 (41.9)

Dates are n or n (%). IEE: Image-enhanced endoscopy; WLI: White-light imaging endoscopy; BMI: Body mass index.

Figure 1 Flow chart. IEE: Image-enhanced endoscopy; WLI: White-light imaging endoscopy.

Secondary outcomes
The secondary outcomes are shown in Table 3 and Figure 2. A total of 2907 polyps were detected in 4211 
patients, including 1588 polyps in 2113 IEE patients and 1319 polyps in 2098 WLI patients. The PDR in 
the IEE group was significantly greater than that in the WLI group (41.7% vs 36.1%, RR = 1.16, 95%CI: 
1.07-1.25, P = 0.01). Pathological evaluation found that adenomas were the most common polyps in both 
the IEE (43.5%) and WLI (44.7%) groups, and that the difference was not significant (RR = 0.97, 95%CI: 
0.90-1.06, P > 0.05). Adenomas per colonoscopy were 0.33 ± 0.68 and 0.28 ± 0.62, respectively in the IEE 
and WLI groups (P > 0.05). There were also no significant differences in the size, morphology, 
pathology, or site of the adenoma polyps detected in both groups (all P > 0.05).

Subgroup analysis
The outcomes of the NBI and WLI groups are shown in Tables 4 and 5, Supplementary Table 8 and 9, 
and Figure 2. The ADR of the two groups were similar (23.7% vs 21.8%, RR = 1.09, 95%CI: 0.97-1.22, P = 

https://f6publishing.blob.core.windows.net/03296594-0f3b-4164-b56d-c61c558ffda6/WJGO-15-878-supplementary-material.pdf
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Table 2 Overall adenoma detection rate in patients of the two group

IEE group (n = 2113) WLI group (n = 2098) P value Relative risk (95%CI)

ADR 508/2113 (24.0) 458/2098 (21.8) 0.09 1.10 (0.99-1.23)

Advanced ADR 127/2113 (6.0) 116/2098 (5.5) 0.50 1.09 (0.85-1.39)

Diminutive ADR 323/2113 (15.3) 286/2098 (13.6) 0.13 1.12 (0.97-1.30)

ADR in different ages

< 50 yr 67/586 (11.4) 54/557 (9.7) 0.34 1.18 (0.84-1.66)

≥ 50 yr 441/1527 (28.9) 404/1541 (26.2) 0.10 1.10 (0.98-1.24)

ADR in different gender

Male 288/1002 (28.7) 254/982 (25.9) 0.15 1.11 (0.96-1.28)

Female 220/1111 (19.8) 204/1116 (18.3) 0.36 1.08 (0.91-1.29)

ADR with different indications

Diagnostic

< 50 yr 26/270 (9.6) 23/256 (9.0) 0.80 1.07 (0.63-1.83)

≥ 50 yr 179/610 (29.3) 166/620 (26.8) 0.32 1.10 (0.92-1.31)

Surveillance

< 50 yr 9/104 (8.7) 7/93 (7.5) 0.77 1.15 (0.45-2.97)

≥ 50 yr 138/509 (27.1) 126/508 (24.8) 0.40 1.09 (0.89-1.5)

Screening

< 50 yr 32/212 (15.1) 24/208 (11.5) 0.28 1.31 (0.80-2.14)

≥ 50 yr 124/408 (30.4) 112/413 (27.1) 0.30 1.12 (0.90-1.39)

Withdrawal time 7.90 ± 3.42 7.85 ± 3.47 0.30

Dates are n or n (%). ADR: Adenoma detection rate; IEE: Image-enhanced endoscopy; WLI: White light imaging; CI: Confidence interval.

0.15). The mean withdrawal time of the two groups were 7.90 ± 3.46 min and 7.85 ± 3.47 min (P > 0.05), 
and between-group differences in the values of other variables related to ADR were not significant. 
However, the second-generation NBI (2G-NBI) had an advantage of ADR than both WLI and first-
generation NBI (1G-NBI) [27.0% vs 21.8%, RR = 1.24, 95%CI: 1.08-1.42, P = 0.01; 21.2% vs 27.0% (2G), RR 
= 0.78, 95%CI: 0.67-0.92, P = 0.01]. The mean withdrawal time of them was similar (P > 0.05). And the 
2G-NBI was more suitable for small adenoma than WLI and 1G-NBI [17.1% vs 13.6%, RR = 1.26, 95%CI: 
1.05-1.51, P = 0.01; 13.5% vs 17.1% (2G), RR = 0.79, 95%CI: 0.64-0.97, P = 0.02]. The PDR in the NBI group 
was significantly greater than that in the WLI group (41.6% vs 36.1%, RR = 1.15, 95%CI: 1.07-1.25, P < 
0.01). There were no significant differences in the size, morphology, pathology, or site of the adenomas 
detected in the two groups (all P > 0.05). The PDR in the 2G-NBI group was significantly greater than 
that in both the WLI group (50.7% vs 36.1%, RR = 1.41, 95%CI: 1.29-1.53, P = 0.01), and the 1G-NBI group 
[34.7% vs 50.7% (2G), RR = 0.68, 95%CI: 0.62-0.76, P = 0.01].

As shown in Tables 4 and 5. The ADR was higher in the LCI than in the WLI group (30.9% vs 21.8%, 
RR = 1.42, 95%CI: 1.04-1.93, P = 0.04) and in the LCI vs the WLI group in screening patients < 50 years of 
age (47.1% vs 11.5%, RR = 4.08, 95%CI: 2.17-7.65, P = 0.01). The PDR were also not significantly different 
(44.3% vs 36.1%, RR = 1.23, 95%CI: 0.98-1.55, P = 0.10). In all treatment groups, the proportions of 
adenomas, hyperplastic polyps, and cancers was higher with LCI than with WLI (all P < 0.05), but the 
proportions of inflammatory polyps and chronic mucosal inflammation was higher in WLI group (both 
P < 0.05). The number of adenomas per colonoscopy in the LCI group was more than that of WLI (0.44 ± 
0.87 vs 0.28 ± 0.62, P = 0.03) and there were no significant differences in the size, morphology, pathology, 
or site (all P > 0.05).

The outcomes of the NBI and LCI groups are shown in Tables 4 and 5. The ADR in each group were 
not significantly different (23.7% vs 30.9%, RR = 0.77, 95%CI: 0.56-1.04, P = 0.10), but the ADR in patient 
< 50 years of age was lower in the NBI group than in the LCI group (10.2% vs 25.0%, RR = 0.41, 95%CI: 
0.24-0.71, P = 0.01). The PDR were also not significantly different (41.6% vs 44.3%, RR = 0.94, 95%CI: 
0.75-1.18, P = 0.60). The proportions of adenomatous and hyperplastic polyps, and cancer were higher in 
with LCI compared with NBI (all P < 0.05), but differences in the proportions of inflammatory polyps 
and chronic mucosal inflammation were at the contrary (both P < 0.05). There were no significant 
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Table 3 All polyps analysis of both group

IEE group (n = 2113) WLI group (n = 2098) P value Relative risk (95%CI)

PDR 882/2113 (41.7) 757/2098 (36.1) 0.01 1.16 (1.07-1.25)

All polyps 1588 1319

Inflammatory polyp 426 (26.8) 341 (25.9) 0.55 1.04 (0.92-1.17)

Hyperplastic polyp 179 (11.3) 150 (11.4) 0.93 0.99 (0.81-1.22)

Adenoma polyp 690 (43.5) 590 (44.7) 0.49 0.97 (0.90-1.06)

Sessile serrated adenoma 10 (0.6) 11 (0.8) 0.52 0.76 (0.32-1.77)

Chronic inflammation 262 (16.5) 211 (16.0) 0.71 1.03 (0.87-1.22)

Cancer 16 (1.0) 13 (1.0) 0.95 1.02 (0.49-2.12)

Others 5 (0.3) 3 (0.2) 0.741 1.38 (0.33-5.78)

Adenoma per colonoscopy 0.33 ± 0.68 0.28 ± 0.62 0.06

Adenoma polyp 690 590

Size 0.44

≤ 5 mm 338 (49.0) 294 (49.8) 0.98 (0.88-1.10)

6-9 mm 211 (30.6) 163 (27.6) 1.11 (0.93-1.32)

≥ 10 mm 141 (20.4) 133 (22.5) 0.91 (0.74-1.12)

Shape 0.39

Pedunculated 72 (10.4) 76 (12.9) 0.81 (0.60-1.10)

Subpedunculated 186 (27.0) 154 (26.1) 1.03 (0.86-1.24)

Flat 432 (62.6) 360 (61.0) 1.03 (0.94-1.12)

Pathology 0.80

Tubular adenoma 670 (97.1) 569 (96.4) 1.01 (0.99-1.03)

Tubulovillous adenoma 18 (2.6) 19 (3.2) 0.81 (0.43-1.53)

Villous adenoma 2 (0.3) 2 (0.3) 0.86 (0.12-6.05)

Site 0.50

Left 258 (37.4) 236 (40.0) 0.94 (0.81-1.07)

Right 357 (51.7) 299 (50.7) 1.02 (0.92-1.14)

Rectum 75 (10.9) 55 (9.3) 1.17 (0.84-1.62)

1Using fisher exact test.
Others in image-enhanced endoscopy group: Dermatofibroma × 1, fibroepithelial polyp × 1, neuroendocrine tumor × 1, soft fibroma × 1, gland hyperplasia 
× 1. Others in white light imaging group: Neuroendocrine tumor × 1, lymphoid polyps × 1, inflammatory granulation tissue × 1. Dates are n or n (%). PDR: 
Polyp detection rate; IEE: Image-enhanced endoscopy; WLI: White light imaging; CI: Confidence interval.

differences in the size, morphology, pathology, or site of polyps detected by NBI and LCI (all P > 0.05).

DISCUSSION
IEE was developed to meet the need improve the ADR, but the superiority of IEE is controversial. This 
randomized trial compared the ADR achieved with IEE and WLI in a large population, which, to the 
best of our knowledge, largest endoscopy study in China even over the world.

In this study, IEE had a higher ADR than WLI, but the difference was not statistically significant 
(24.0% vs 21.8%, P = 0.09). The lack of difference may have resulted from the 54.3 percentage of 
adenomas detected by the 1G-NBI modality, which, in the subgroup analysis had an ADR similar to that 
of WLI (21.2% vs 21.8%, P = 0.67). The NBI generally required better bowel preparation, as residual 
debris severely impaired visualization of the colonic mucosa and dim light reduced the recognizability 
of adenoma, weakening its effect. It was consistent with previous literature reports. One meta-analysis 



Qi ZP et al. Efficacy of IEE for colorectal AD

WJGO https://www.wjgnet.com 885 May 15, 2023 Volume 15 Issue 5

Table 4 Overall adenoma detection rate in patients of the subgroup

NBI group (n = 
2016)

LCI group (n 
= 97)

WLI group (n = 
2098)

P 
value1

RR 
(95%CI)

P 
value2 RR (95%CI) P 

value3

RR 
(95%CI)

ADR 478/2016 (23.7) 30/97 (30.9) 458/2098 (21.8) 0.15 1.09 (0.97-
1.22)

0.04 1.42 (1.04-
1.93)

0.10 0.77 (0.56-
1.04)

Advanced ADR 122/2016 (6.1) 5/97 (5.2) 116/2098 (5.5) 0.47 1.10 (0.86-
1.40)

0.87 0.93 (0.39-
2.23)

0.72 1.17 (0.49-
2.80)

Diminutive ADR 304/2016 (15.1) 19/97 (19.6) 286/2098 (13.6) 0.19 1.11 (0.95-
1.28)

0.10 1.44 (0.95-
2.18)

0.23 0.77 (0.51-
1.17)

ADR in different ages

< 50 yr 55/538 (10.2) 12/48 (25.0) 54/557 (9.7) 0.77 1.05 (0.74-
1.51)

0.01 2.58 (1.49-
4.48)

0.01 0.41 (0.24-
0.71)

≥ 50 yr 423/1478 (28.6) 18/49 (36.7) 404/1541 (26.2) 0.14 1.09 (0.97-
1.23)

0.10 1.40 (0.96-
2.04)

0.22 0.78 (0.54-
1.14)

ADR in different 
gender

Male 270/953 (28.3) 18/49 (36.7) 254/982 (25.9) 0.22 1.10 (0.95-
1.27)

0.09 1.42 (0.97-
2.08)

0.21 0.77 (0.53-
1.13)

Female 208/1063 (19.6) 12/48 (25.0) 204/1116 (18.3) 0.44 1.07 (0.90-
1.27)

0.24 1.37 (0.83-
2.27)

0.36 0.78 (0.47-
1.30)

ADR with different 
indications

Diagnostic

< 50 yr 23/247 (9.3) 3/23 (13.0) 23/256 (9.0) 0.90 1.04 (0.60-
1.80)

0.464 1.45 (0.47-
4.47)

0.474 0.71 (0.23-
2.20)

≥ 50 yr 171/590 (29.0) 8/20 (40.0) 166/620 (26.8) 0.39 1.08 (0.90-
1.30)

0.19 1.49 (0.86-
2.60)

0.29 0.73 (0.42-
1.26)

Surveillance

< 50 yr 8/96 (8.3) 1/8 (12.5) 7/93 (7.5) 0.84 1.11 (0.42-
2.93)

0.504 1.66 (0.23-
11.87)

0.534 0.67 (0.10-
4.69)

≥ 50 yr 134/496 (27.0) 4/13 (30.8) 126/508 (24.8) 0.42 1.09 (0.88-
1.34)

0.754 1.24 (0.54-
2.84)

0.764 0.88 (0.38-
2.01)

Screening

< 50 yr 24/195 (12.3) 8/17 (47.1) 24/208 (11.5) 0.81 1.07 (0.63-
1.81)

0.01 4.08 (2.17-
7.65)

0.014 0.26 (0.14-
0.49)

≥ 50 yr 118/392 (30.1) 6/16 (37.5) 112/413 (27.1) 0.35 1.11 (0.89-
1.38)

0.40 1.38 (0.72-
2.65)

0.58 0.80 (0.42-
1.54)

Withdrawal time 7.90 ± 3.46 7.82 ± 2.67 7.85 ± 3.47 0.47 0.02 0.05

1The P value between narrow band imaging group and white light imaging group.
2The P value between linked color imaging group and white light imaging group.
3The P value between narrow band imaging group and linked color imaging group.
4Using fisher exact test.
Dates are n or n (%). ADR: Adenoma detection rate; RR: Relative risk; NBI: Narrow band imaging; WLI: White light imaging; LCI: Linked color imaging; 
CI: Confidence interval.

with nine RCTs and 2936 subjects comparing the ADR between 1G-NBI and WLE showed that ADR was 
similar on both group (36% vs 34%; P = 0.413)[17]; Another meta-analysis also show that 1G-NBI failed 
to express a better ADR compared with HD-WLE [odds ratio (OR) = 1.01, 95%CI: 0.74- 1.37][8]. 
However, 2G-NBI having been changed to obtain brighter images than 1G-NBI, even brighter than 
WLE, to improve ADR. In our subgroup analysis, 2G-NBI depicted a better ADR than WLE as 
previously reported. An RCT comparing 2G-NBI with WLE showed that the 2G-NBI could detect more 
adenomas per patient compared with WLE (2.0 vs 1.51, P = 0.031)[18]. One meta-analysis enrolling 11 
RCTs, including 3 RCTs using 2G-NBI, showed 2G-NBI had a better ADR than WLE (OR = 1.28; 95%CI: 
1.05-1.56, P = 0.02)[7]. The great number of 1G-NBI covered the advantage of 2G-NBI, leading to IEE 
failed to improve ADR. However, 2G-NBI had a better ADR showed by our subgroup analysis, and it 
can help improve the quality of colonoscopy.
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Table 5 Subgroup analysis of all polyps

NBI group (n 
= 2016)

LCI group 
(n = 97)

WLI group (n 
= 2098) P value1 RR (95%CI) P value2 RR (95%CI) P value3 RR (95%CI)

PDR 839/2016 
(41.6)

43/97 (44.3) 757/2098 
(36.1)

0.01 1.15 (1.07-
1.25)

0.10 1.23 (0.98-
1.55)

0.60 0.94 (0.75-
1.18)

All polyps 1519 69 1319

Inflammatory 
polyp

421 (27.7) 5 (7.2) 341 (25.9) 0.26 1.07 (0.95-
1.21)

0.01 0.28 (0.12-
0.66)

0.01 3.83 (1.64-
8.93)

Hyperplastic polyp 164 (10.8) 15 (21.7) 150 (11.4) 0.63 0.95 (0.77-
1.17)

0.01 1.91 (1.19-
3.07)

0.01 0.50 (0.31-
0.80)

Adenoma polyp 647 (42.6) 43 (62.3) 590 (44.7) 0.25 0.95 (0.88-
1.04)

0.01 1.39 (1.15-
1.69)

0.01 0.68 (0.56-
0.83)

Sessile serrated 
adenoma

10 (0.7) 0 (0) 11 (0.8) 0.59 0.79 (0.34-
1.85)

1.004 1.004

Chronic inflam-
mation

259 (17.1) 3 (4.3) 211 (16.0) 0.45 1.07 (0.90-
1.26)

0.01 0.27 (0.09-
0.83)

0.01 3.92 (1.29-
11.93)

Cancer 13 (0.9) 3 (4.3) 13 (1.0) 0.72 0.87 (0.40-
1.87)

0.044 4.41 (1.29-
15.12)

0.034 0.20 (0.06-
0.68)

Others 5 (0.3) 0 (0) 3 (0.2) 0.734 1.45 (0.35-
6.04)

1.004 1.004

Adenoma per 
colonoscopy

0.32 ± 0.67 0.44 ± 0.87 0.28 ± 0.62 0.11 0.03 0.10

Adenoma polyp 647 43 590

Size 0.56 0.22 0.33

≤ 5 mm 315 (48.7) 23 (53.5) 294 (49.8) 0.98 (0.87-
1.09)

1.07 (0.80-
1.44)

0.91 (0.68-
1.22)

6-9 mm 196 (30.3) 15 (34.9) 163 (27.6) 1.10 (0.92-
1.31)

1.26 (0.82-
1.94)

0.87 (0.57-
1.33)

≥ 10 mm 136 (21.0) 5 (11.6) 133 (22.5) 0.93 (0.76-
1.15)

0.52 (0.22-
1.19)

1.81 (0.78-
4.18)

Shape 0.43 0.79 1.004

Pedunculated 68 (10.5) 4 (9.3) 76 (12.9) 0.82 (0.60-
1.11)

0.72 (0.28-
1.88)

1.13 (0.43-
2.95)

Subpedunculated 174 (26.9) 12 (27.9) 154 (26.1) 1.03 (0.86-
1.24)

1.07 (0.65-
1.76)

0.96 (0.59-
1.58)

Flat 405 (62.6) 27 (62.8) 360 (61.0) 1.03 (0.94-
1.12)

1.03 (0.81-
1.31)

1.00 (0.79-
1.26)

Pathology 0.90 0.684 0.67

Tubular adenoma 627 (96.9) 43 (100) 569 (96.4) 1.01 (0.98-
1.03)

Tubulovillous 
adenoma

18 (2.8) 0 (0) 19 (3.2) 0.86 (0.46-
1.63)

Villous adenoma 2 (0.3) 0 (0) 2 (0.3) 0.91 (0.13-
6.45)

Site 0.57 0.294 0.31

Left 246 (38.0) 12 (27.9) 236 (40.0) 0.95 (0.83-
1.09)

0.70 (0.43-
1.14

1.36 (0.83-
2.23)

Right 330 (51.0) 27 (62.8) 299 (50.7) 1.01 (0.90-
1.12)

1.24 (0.97-
1.58)

0.81 (0.64-
1.04)

Rectum 71 (11.0) 4 (9.3) 55 (9.3) 1.18 (0.84-
1.64)

1.00 (0.38-
2.62)

1.18 (0.45-
3.08)

1The P value between narrow band imaging group and white light imaging group.
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2The P value between linked color imaging group and white light imaging group.
3The P value between narrow band imaging group and linked color imaging group.
4Using fisher exact test.
Dates are n or n (%). Others in narrow band imaging group: Dermatofibroma × 1, fibroepithelial polyp × 1, neuroendocrine tumor × 1, soft fibroma × 1, 
gland hyperplasia × 1. Others in white light imaging group: Neuroendocrine tumor × 1, lymphoid polyps × 1, inflammatory granulation tissue × 1. PDR: 
Polyp detection rate; RR: Relative risk; NBI: Narrow band imaging; WLI: White light imaging; LCI: Linked color imaging; CI: Confidence interval.

Figure 2 The distribution of adenoma detection rate and adenoma. A: The adenoma detection rate and polyp detection rate of image-enhanced 
endoscopy and white-light imaging endoscopy group; B: The distribution of adenomas in the colorectum. aP < 0.05. IEE: Image-enhanced endoscopy; WLI: White-
light imaging endoscopy; ADR: Adenoma detection rate; PDR: Polyp detection rate; NBI: Narrow-band imaging; LCI: Linked color imaging; 1G-NBI: First-generation 
narrow-band imaging.

The experience of endoscopists is known to affect the ADR[5]. Munroe et al[4] showed that the 
adenoma miss rate of trainees decreased as their experience increased and competency improved 
during tandem colonoscopy training. In another retrospective study involving 24943 procedures and 14 
endoscopists, the number of procedures was independently associated with ADR. Endoscopists with > 
1000 procedures had a higher ADR than those with < 200 procedures (OR = 1.51, 95%CI: 1.33-1.71, P = 
0.001)[19]. All endoscopists in our study had at least 5 years of colonoscopy experience, and had a 
higher ADR (21.8%) than the 20% aspirational target recommended by the working group in the United 
Kingdom and Ireland[20], and most Asian endoscopists (ADR: 8%-20.3%)[16,21,22]. Operator 
experience might narrow the difference between WLI and IEE. Endoscopist performance may also be 
affected by the Hawthorne effect. Several studies reported that endoscopists paid more attention during 
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the procedure than usual when they knew they were being monitored[23,24]. The high ADR of our 
endoscopists might explain the smaller than expected differences between the ADR achieved with WLI 
and IEE.

Although the difference between the ADR observed with IEE and WLI was similar, the PDR of IEE 
was higher than that of WLI (41.7% vs 36.1%, P = 0.01), which meant that IEE had a higher sensitivity of 
polyp detection than WLI. The result is consistent with previous reports that IEE (NBI, i-SCAN, and 
autofluorescence) benefited polyp detection[25-27]. However, most small non-neoplastic lesions of < 5 
mm diameter are benign and need not be removed. Therefore, it is important to distinguish neoplastic 
from non-neoplastic polyps before endoscopic biopsy to avoid additional treatment-related complic-
ations and costs. We were unable to accurately assess the specificity of IEE because of incomplete NBI 
and LCI classification records, but many studies have previously confirmed that IEE was better than 
WLI for the differentiation of neoplastic from non-neoplastic polyps[28-30]. A randomized study 
showed that NBI with magnification had a sensitivity of 90.5% and a specificity of 89.2% for the differ-
entiation of neoplastic and non-neoplastic lesions, which was comparable to magnifying chromoen-
doscopy. Therefore, IEE detected more polyps and more accurately differentiated neoplastic from non-
neoplastic polyps. We recommend that trainees use IEE to reduce messed diagnoses. Although NBI 
reduced brightness, it significantly improved the visual characterization of polyps. Therefore, senior, 
expert endoscopy experts can choose white light or IEE mode according to their preference, but for 
trainees, NBI or LCI mode are recommended to improve the ADR whenever it is difficult to identify 
lesions in the white light mode.

Subgroup analysis showed 2G-NBI not only had advantage of ADR, but detecting the small adenoma 
or polyp. Our result revealed that 2G-NBI depicted more small adenomas than WLI and 1G-NBI (P < 
0.05). What’s more, the proportion of inflammatory polyps, usually having a small size, was higher in 
2G-NBI than others (all P < 0.05). Rex et al[31] recorded that 2G-NBI could demonstrate a better ADR 
with 5-10 mm than WLI (P = 0.032). Another RCT in 2015 also showed that 2G-NBI might have priority 
to adenoma with < 5 mm than WLI (P = 0.039)[18]. Combining our data, we recommend 2G-NBI as the 
major IEE modality.

Subgroup analysis also found a significant difference in the ADR achieved with LCI and WLI (30.9% 
vs 21.8%, P = 0.04) and the mean number of adenomas per colonoscopy (0.44 ± 0.87 vs 0.28 ± 0.62, P = 
0.03). ADR and the mean number of adenomas per colonoscopy are both critical indicators reflecting the 
quality of colonoscopy[32], and improved performance might be clinically relevant because a highly 
quality colonoscopy has been associated with an increased ADR[15]. LCI, using an appropriate balance 
of combined narrow-band short-wavelength light and white light, achieves a bright, clear image, 
making up for the shortcomings of NBI[33]. Therefore, in clinical practice, when NBI or WLI is too dim 
to identify a polyp, LCI can be of assistance. Although our results are similar to those of previous 
studies[6,15], the limit of insufficient sample size in the LCI group could cause bias, which required a 
larger sample size to provide statistical significance for the ADR. The detection rate for sessile serrated 
lesions was low, reflecting a different prevalence in Chinese patients[16], and the detailed results was 
attached in Supplementary Table 10.

When we calculated the sample size, we assumed that the ADR was around 10% when WLI was 
used. That was far lower than the final result, but it does not impair the reliability of the study, and may 
even make it more reliable. If the ADR used to calculate the sample size was, then fewer than 4200 
subjects were needed. Consequently, the result based on the protocol was reasonable and reliable.

This study strengths included its large sample (4211) which was the largest endoscopic study in 
China even over the word. In additional, it was the first large, multicenter endoscopic RCT in China, 
which provided strong evidence with Asian population for guideline development and provided 
reference for other populations. What’s more, multi-center involved hospitals of different regions and 
levels in China making the data become more popularize. Furthermore, IEE and WLI procedures had 
similar withdrawal time, which improving the comparability of ADR between the two groups. Finally, 
we included two IEE modalities, NBI and LCI, providing a reference for follow-up studies.

The study limitations included a lack of double blinding because of the obvious image characteristics 
of IEE. Furthermore, the proficiency of different operators in different enhancement modes may have 
introduced selection bias[34]. Moreover, most patient re-examinations were performed after the study 
had ended, and the results were not included in the analysis. It was thus difficult to verify the missed 
diagnosis and misdiagnosis rates of IEE and WLI. In addition, there were objective differences in 
population distribution and medical conditions in various regions of our country, resulting in different 
sample sizes of groups enrolled in each center.

CONCLUSION
In summary, in this RCT performed in an expert setting, IEE did not increase the proportion of patients 
with at least one detected adenoma compared with WLI. However, the 2G-NBI depicted a better ADR 
than WLI.

https://f6publishing.blob.core.windows.net/03296594-0f3b-4164-b56d-c61c558ffda6/WJGO-15-878-supplementary-material.pdf


Qi ZP et al. Efficacy of IEE for colorectal AD

WJGO https://www.wjgnet.com 889 May 15, 2023 Volume 15 Issue 5

ARTICLE HIGHLIGHTS
Research background
Adenoma detection rate (ADR) as main outcome quality parameter of colonoscopy is under contro-
versial with the use of the image-enhanced endoscopy (IEE). Although there have some randomized 
controlled trials (RCTs) to compare different IEE with white-light imaging (WLI), the sample is limited 
and there is still lacking the RCT of IEE with Asian population.

Research motivation
To compare IEE with WLI for the detection and identification of colorectal adenoma and provide the 
solid outcomes.

Research objectives
To compare IEE with WLI endoscopy for the detection and identification of colorectal adenoma.

Research methods
We designed a prospective, multicenter, randomized, controlled trial to compere the ADR between the 
IEE group and WLI group.

Research results
The ADR in two group were not significantly different [24.0% vs 21.8%,1.10, 95% confidence interval 
(CI): 0.99-1.23, P = 0.09]. The polyp detection rate was higher with IEE group (41.7%) than with WLI 
group (36.1%, 1.16, 95%CI: 1.07-1.25, P = 0.01). Differences in mean withdrawal time (7.90 ± 3.42 min vs 
7.85 ± 3.47 min, P = 0.30) and adenomas per colonoscopy (0.33 ± 0.68 vs 0.28 ± 0.62, P = 0.06) were not 
significant. Subgroup analysis found that with narrow-band imaging (NBI), between-group differences 
in the ADR, were not significant (23.7% vs 21.8%, 1.09, 95%CI: 0.97-1.22, P = 0.15), but were greater with 
linked color imaging (30.9% vs 21.8%, 1.42, 95%CI: 1.04-1.93, P = 0.04). The second-generation NBI (2G-
NBI) had an advantage of ADR than both WLI and 1G-NBI (27.0% vs 21.8%, P = 0.01; 27.0% vs 21.2.0%, P 
= 0.01).

Research conclusions
This prospective study confirmed that, among Chinese, IEE didn’t increase the ADR compared with 
WLI, but 2G-NBI increase the ADR. Colonoscopists with low ADR might consider using 2G-NBI for 
performance.

Research perspectives
The efficacy of various modes of IEE still needs to be verified by clinical research.
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Abstract
BACKGROUND 
Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide 
and has a high mortality. However, the treatment options for advanced HCC are 
limited to tyrosine kinase inhibitors, such as sorafenib and lenvatinib. Since 
previous regimens have an insufficient efficacy, the combination therapy of 
atezolizumab and bevacizumab (Ate/Bev) has been investigated, which showed 
an improvement in progression-free and overall survival. However, the adverse 
events of this combination therapy in advanced HCC have not been established. 
Herein, we report a novel case of an unresectable HCC and acute respiratory 
distress syndrome (ARDS) after a combination therapy of Ate/Bev.

CASE SUMMARY 
An 82-year-old male visited our outpatient clinic for an incidentally detected liver 
mass. Liver magnetic resonance imaging and enhanced chest computed 
tomography (CT) were performed, which showed arterial hyperenhancement 
with washout in delayed phase suggesting HCC, and a well-defined metastatic 
solid nodule, respectively. F-18 fluorodeoxyglucose positron emission tomo-
graphy (PET)-CT exhibited multiple hypermetabolic lesions in the iliac bone, 
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lumbar vertebrae, and femur. Because of the high burden of the intrahepatic tumor, transarterial 
radioembolization was initially performed; after 37 d, a combination therapy of Ate/Bev was 
administered. The patient visited the emergency department three days after Ate/Bev treatment 
complaining of dyspnea. He was diagnosed with severe pneumonitis based on CT. Despite 
administering oxygen via a high-flow nasal cannula, the P/F ratio was only 74; therefore, the 
patient was diagnosed with ARDS based on the overall examination results. Low tidal volume 
with high positive end-expiratory pressure, sedative agents combined with a neuromuscular 
blocker, and a systemic steroid were promptly applied to manage the ARDS. However, the patient 
did not recover from the hypoxia and expired 31 h after being admitted.

CONCLUSION 
Clinicians should be aware of severe pneumonitis due to the immune-related adverse events of 
this combination therapy, and patients should be closely monitored after therapy.

Key Words: Hepatocellular carcinoma; Systemic therapy; Adverse events; Pneumonitis; Atezolizumab; 
Acute respiratory distress syndrome

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Nowadays, the combination therapy of atezolizumab and bevacizumab is recommended as the 
first-line systemic treatment for advanced hepatocellular carcinomas. A global phase III study and recent 
real-world studies demonstrated rare life-threatening adverse events of atezolizumab and bevacizumab. 
However, our patient underwent acute respiratory distress syndrome and finally died three days after 
treatment. To the best of our knowledge, this is the first case of severe respiratory failure resulting in death 
with a very short interval from atezolizumab and bevacizumab administration. Therefore, we suggest close 
monitoring of lung toxicity after therapy.

Citation: Cho SH, You GR, Park C, Cho SG, Lee JE, Choi SK, Cho SB, Yoon JH. Acute respiratory distress 
syndrome and severe pneumonitis after atezolizumab plus bevacizumab for hepatocellular carcinoma treatment: A 
case report. World J Gastrointest Oncol 2023; 15(5): 892-901
URL: https://www.wjgnet.com/1948-5204/full/v15/i5/892.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i5.892

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third leading cause of cancer-
related mortality globally[1]. HCC can be treated with various options depending on the tumor stage, 
remaining liver function, performance status score, and tumor burden[2]. Early-stage HCC has curative 
treatment options, such as surgical resection, radiofrequency ablation, or liver transplantation. 
However, only 10%–20% of patients are candidates for curative therapies, and 80% of patients have 
unresectable HCCs that can only be treated with locoregional therapies, such as transarterial chemoem-
bolization, transarterial radioembolization (TARE), radiotherapy, or palliative management, including 
systemic therapy[3]. Despite the various locoregional therapies, many patients eventually progress to 
advanced stages of HCC. Therefore, systemic therapy for managing advanced HCC is clinically 
significant.

Since 2008, sorafenib, an oral multi-kinase inhibitor, has been used as a first-line systemic 
chemotherapy based on the SHARP trial, which demonstrated the increased overall survival of patients 
with advanced HCC compared with placebo-treated advanced HCC patients[4]. In 2018, lenvatinib, 
another oral multi-kinase inhibitor, was approved as a first-line therapy for advanced HCC according to 
the REFLECT trial, which demonstrated its non-inferiority over sorafenib in terms of overall survival
[5]. However, in large-scale real-world GIDEON study, which comprised of 3202 HCC patients, the 
presented median overall survival was 13.6 mo in Child-Pugh A group and 5.2 mo in the Child-Pugh B 
group. The ELEVATOR study, which investigated the real-world efficacy of lenvatinib, showed that the 
median overall survival was 10.7 mo in the Child-Pugh A group and 5.3 mo in the Child-Pugh B group. 
Efforts have been devoted to improve the clinical outcomes of patients with advanced HCC undergoing 
systemic chemotherapy.

With the introduction of various immune checkpoint inhibitors (ICIs), several clinical trials had 
attempted to verify their treatment efficacy. The CheckMate 459 trial compared the overall survival 
between nivolumab and sorafenib, of which nivolumab treatment did not significantly improve overall 

https://www.wjgnet.com/1948-5204/full/v15/i5/892.htm
https://dx.doi.org/10.4251/wjgo.v15.i5.892


Cho SH et al. Severe pneumonitis after atezolizumab and bevacizumab in advanced HCC

WJGO https://www.wjgnet.com 894 May 15, 2023 Volume 15 Issue 5

survival[6]. Also, the KEYNOTE-240 trial compared the overall survival and progression free survival 
between pembrolizumab and placebo in advanced HCC patients who were previously treated with 
sorafenib, and failed to reach statistical significance[7]. The IMbrave150 trial investigated the efficacy of 
the combination therapy of atezolizumab, an anti-PD-L1 antibody, and bevacizumab, a vascular 
endothelial growth factor (VEGF) -targeting antibody, for treating advanced HCC. The progression-free 
and overall survival were longer in the combination therapy group than in the sorafenib treatment 
group, with no differences in grade 3 or 4 adverse events[8,9]. Based on these results, many clinical 
guidelines have been updated to include atezolizumab and bevacizumab as a first-line systemic 
treatment for advanced HCC[2]. However, regarding the safety of atezolizumab and bevacizumab, few 
reports have described the adverse events, especially drug-related pneumonitis.

Herein, we present the novel case of a patient who had an unresectable HCC and experienced acute 
respiratory distress syndrome (ARDS) due to severe pneumonitis three days after being treated with 
atezolizumab and bevacizumab.

CASE PRESENTATION
Chief complaints
An 82-year-old male visited our outpatient clinic for an incidentally detected liver mass discovered on 
abdominal ultrasonography.

History of present illness
He denied fever, night sweats, weight loss, and abdominal pain.

History of past illness
The patient was on medication for hypertension and diabetes mellitus for 20 and 10 years, respectively. 
He also had underlying liver cirrhosis of an unknown cause, which was diagnosed 13 years ago.

Personal and family history
The patient had no family history.

Physical examination
There were no abnormal findings on physical examination.

Laboratory examinations
The laboratory workup showed the following: platelet count, 510 × 109/L (reference range, 130–450 × 109

/L); total bilirubin, 0.63 mg/dL (reference range, 0.22–1.3 mg/dL); aspartate aminotransferase level, 37 
U/L (reference range, 10–37 U/L); alanine aminotransferase level, 46 U/L (reference range, 10–37 U/L); 
albumin level, 4.0 g/dL (reference range, 3.5–5.2 g/dL); and prothrombin time, 0.97 international 
normalized ratio (INR; reference range, 0.8–1.2 INR). In the serum laboratory examinations for viral 
hepatitis, the hepatitis B surface antigen and hepatitis C antibody were negative, whereas the hepatitis B 
core antibody and hepatitis B surface antibody were positive, implying a prior hepatitis B viral infection. 
The alpha-fetoprotein level was 84.97 IU/mL, and the protein level induced by vitamin K absence-II 
(PIVKA-II) was 60232 mAU/mL.

Imaging examinations
Abdominal CT revealed a 16 cm × 11 cm × 10 cm mass with early arterial enhancement and early 
washout in the delayed phase. Several daughter nodules were found around the main mass. Ascites was 
not detected (Figure 1). Liver magnetic resonance imaging with Gadoxetate disodium (Primovist®) and 
enhanced chest CT were performed as the staging workup for the HCC, which showed showed arterial 
hyperenhancement with washout assessed in the portal venous phase in the enhanced T1-weighted 
images, and a 7-mm well-defined solid nodule suspected to be a metastatic nodule in the right middle 
lobe with interstitial lung abnormality (ILA) findings, such as bilateral subpleural reticulation and non-
emphysematous cysts with traction bronchiectasis, respectively (Figure 1). Although the patient did not 
have respiratory symptoms such as dyspnea, pulmonary function tests were performed for ILA 
evaluation. His forced vital capacity (FVC) and 1-second forced expiratory volume (FEV1) were 1.87 L 
(52.4% of predicted value) and 1.39 L (63.2% of predicted value), respectively. The FEV1/FVC ratio was 
109.7% of predicted value that showed restrictive patterns of lung disease. Because of the suspicious 
malignant metastatic pulmonary lesions, F-18 fluorodeoxyglucose (FDG) positron emission tomography 
(PET)-CT was performed to thoroughly evaluate the extrahepatic metastasis, which showed multiple 
hypermetabolic lesions in both iliac bones, lumbar vertebrae, and the right femur (Figure 2). A solid 
nodule in the right middle lobe also had mild focal hypermetabolic activity compared to the 
surrounding lung parenchyma with a maximum standardized uptake value of 1.0.



Cho SH et al. Severe pneumonitis after atezolizumab and bevacizumab in advanced HCC

WJGO https://www.wjgnet.com 895 May 15, 2023 Volume 15 Issue 5

Figure 1 The patient’s abdominal dynamic computed tomography (CT) at the initial diagnosis. (A, C, D; arterial phase, B; delayed phase). A and 
B: An oval mass with a size of 16 cm × 11 cm × 10 cm was located in the right hepatic lobe with early enhancement and delayed washout features; C and D: Several 
satellite nodules were examined in the liver (orange arrows); E: The lung window of the transverse CT scan obtained at the level of the inferior pulmonary veins 
shows a well-defined round nodule, suspected to be a metastatic nodule, in the right middle lobe (arrow), as well as subpleural reticulation and non-emphysematous 
cysts (arrowhead).

FINAL DIAGNOSIS
The patient was diagnosed with compensated liver cirrhosis, Child-Pugh A (score, 5) and HCC with 
multiple extrahepatic metastases [modified Union for International Cancer Control Stage (mUICC) IVB, 
Barcelona Clinic Liver Cancer (BCLC) C]. His performance status score was 0. He was willing to receive 
anticancer treatment. Although the patient demonstrated an extrahepatic metastasis, TARE of the 
primary intrahepatic HCC in the right lobe was planned to address the high tumor burden of the mass 
and to debulk it. Systemic therapy was administered for the remaining lesions.
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Figure 2 F-18 fluorodeoxyglucose positron emission tomography/computed tomography images. A: A large hypermetabolic tumor was noted in 
the right hepatic lobe [maximum standardized uptake value (SUVmax) 5.1]; B and C: Multiple hypermetabolic lesions (SUVmax 4.8) are seen in both iliac bones, 
lumbar vertebrae, and the right femur (white arrowheads); D: A solid nodule with mild hypermetabolic activity was noted in the right middle lobe (blue arrowheads).

TREATMENT
Prior to the TARE, a Technetium-99m macro aggregated albumin (99mTc-MAA) perfusion lung scan 
was performed to assess the hepatopulmonary shunt. The calculated lung shunt fraction was only 
8.44%, and the TARE was conducted as scheduled. A hypervascular mass (about 15 cm) with several 
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daughter nodules in the right hepatic lobe fed by branches of the right hepatic, left hepatic, and left 
inferior phrenic arteries was examined via angiography. An Yttrium-90 (Y90) infusion was performed 
by feeding the branches of the right hepatic artery, and the mean dose volumes were 108.419 Gy on the 
tumor, 85.543 Gy on the liver, and 0.873 Gy on both lungs (0.714 and 0.159 Gy on the right and left 
lungs, respectively). Additionally, chemoembolization using a doxorubicin-lipiodol mixture was 
performed through the branches of the right hepatic artery, while bland embolization of the left inferior 
phrenic artery was simultaneously conducted (Figure 3).

Postoperatively, the patient’s general condition was tolerable without abdominal pain, and no 
complications, such as liver failure or post-embolization syndrome, were observed. The patient was 
discharged after two days. A restaging baseline CT was performed 34 d after the initial TARE and 
before the systemic therapy. Abdominal CT showed more necrotic changes in the known primary HCC 
lesion, with some sparse lipiodol uptake in several daughter nodules. Chest CT showed no remarkable 
changes in the 7-mm metastatic nodule. Since the patient’s general condition was tolerable, systemic 
therapy using the combination of atezolizumab and bevacizumab was administered the day after the CT 
scan. For the systemic therapy, 1200 mg of atezolizumab and 870 mg (15 mg/kg body weight) of 
bevacizumab were infused for 60 and 90 min, respectively. No acute side effects occurred during the 
injections, and the patient returned home in the same day.

OUTCOME AND FOLLOW-UP
However, three days after the combination therapy of atezolizumab and bevacizumab, the patient 
visited the emergency room for severe dyspnea (Modified Medical Research Council Dyspnea Grade 4). 
The serum laboratory workup showed that the total bilirubin was 0.49 mg/dL (reference range, 0.22–1.3 
mg/dL), aspartate aminotransferase level was 59 U/L (reference range, 10–37 U/L), and alanine 
aminotransferase level was 36 U/L (reference range, 10–37 U/L). The arterial blood gas test showed 
hypoxemia [partial pressure of oxygen (pO2), 84 mmHg] under 0.9 of the fraction of inspired oxygen 
(FiO2) level. Chest CT revealed newly detected diffused ground-glass opacities with bilateral septal 
thickening and consolidations (Figure 4). Infectious pneumonia was ruled out due to lack of related 
symptoms, such as fever or purulent sputum, and negative microbiological test (e.g., sputum culture 
and respiratory virus exam) results. Although oxygen was administered via a high-flow nasal cannula, 
the P/F ratio was only 74; therefore, the patient was diagnosed with ARDS based on the overall 
examination results. The patient was immediately admitted to the intensive care unit after tracheal 
intubation. Low tidal volume with high positive end-expiratory pressure, sedative agents combined 
with a neuromuscular blocker, and a systemic steroid (125 mg of methylprednisolone per day) were 
promptly applied to manage the ARDS. However, the patient’s P/F ratio worsened, and he did not 
recover from the hypoxia. Unfortunately, he expired 31 h after being admitted.

DISCUSSION
The paradigm in the systemic treatment of HCC has shifted from conventional tyrosine kinase inhibitors 
(TKI) to a combination of an ICI with a TKI or another ICI[10]. According to the IMBrave150 trial, a 
pivotal study on the use of atezolizumab and bevacizumab for unresectable HCCs, the progression-free 
survival of this combination treatment was better than that of sorafenib[8]. Follow-up results 
demonstrated a meaningful survival benefit of the combination therapy of atezolizumab and 
bevacizumab[9]. Therefore, the HCC treatment guidelines have been updated, including the 
combination therapy of atezolizumab and bevacizumab as a first-line therapy for advanced HCCs[2,11]. 
Conventional TKI agents, such as sorafenib, lenvatinib, and cabozantinib, are considered second-line 
treatments or alternatives to the first-line treatment for ineligible patients for the combination therapy of 
atezolizumab and bevacizumab.

In addition to treatment efficacy, the safety profile of drug administration is an essential concern. 
Conventional TKI agents have various treatment-related adverse events, such as diarrhea, hypertension, 
proteinuria, and skin toxicities, such as rash, desquamation, and hand-foot skin reactions[12]. The 
IMBrave 150 trial showed a better safety profile for atezolizumab and bevacizumab compared with that 
of sorafenib. The most common grade 3 or grade 4 adverse events with an incidence of more than 10% 
in the IMBrave150 trial were hypertension (15.2%), increased aspartate aminotransferase levels (7.0%), 
and increased alanine aminotransferase levels (3.6%), which were mostly consistent with the follow-up 
study. Although 1.2% of the patients experienced grade 1–2 pneumonitis, no patients with severe grade 
toxicity were found. This finding was consistent with the follow-up study (2.0% of patients had grade 
1–2 pneumonitis).

Considering the timeline of the combination therapy of atezolizumab and bevacizumab into clinical 
practice, few real-world studies regarding the treatment efficacy and safety profile have been 
completed, reporting conflicting results. D'Alessio et al[13] conducted a multi-national, retrospective 
study on 202 patients with HCC treated with the combination of atezolizumab and bevacizumab. They 
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Figure 3 Digital subtraction angiography and completion angiography after transarterial radioembolization and chemoembolization. A: 
The common hepatic artery angiogram shows a large hypervascular staining of the main mass. The satellite nodules of the right inferior lobe are not identified in this 
image. No tumor staining is found at the cranial portion of the tumor; B: The left inferior phrenic artery angiogram shows a hypervascular staining of the cranial portion 
of the tumor. This branch was embolized with tris-acryl gelatin microspheres and gelatin sponge particles; C: The completion angiogram shows the decreased 
staining of the main mass and lipiodol-laden tumors (orange arrows) in the right hepatic lobe.

Figure 4 Development of acute respiratory distress syndrome three days after the combination therapy of atezolizumab and beva-
cizumab. The lung window of the transverse computed tomography (CT) scan obtained at the level of the left main pulmonary and main pulmonary trunk arteries 
shows the mixed areas of ground-glass opacity and bilateral consolidation with the anteroposterior gradient (B), compared to baseline CT which was scanned 3 and 4 
d prior to atezolizumab and bevacizumab therapy and acute respiratory distress syndrome, respectively, (A) which demonstrated no inflammatory changes and 
minimal pulmonary fibrosis.

observed that 1.0% of the patients experienced treatment-related pneumonitis of more than grade 3. 
Tada et al[14] compared the results of the combination of atezolizumab and bevacizumab in elderly (≥ 
75 years old) and nonelderly (< 75 years old) HCC patients, and revealed that the treatment efficacy and 
safety did not differ between the groups, and reported no drug-related pneumonitis. However, Ng et al
[15] performed a study on the immune-related adverse events (irAEs) associated with the use of ICIs, 
including atezolizumab, in advanced HCCs, and found that pneumonitis occurred in 3.0%–10.0% of the 
patients (2.4% of which had pneumonitis of grade 3 or higher) and the pneumonitis was lethal in 
0.2%–2.0% of the patients. Additionally, Endo et al[16] recently reported two fatal cases after applying 
atezolizumab plus bevacizumab on patients with pre-existing lung diseases. One patient showed 
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honeycomb lungs before treatment and died 5 d after treatment. Another patient previously underwent 
right lower lobectomy due to lung adenocarcinoma. She died after 11 courses of treatment.

Pneumonitis is an uncommon but possible adverse event closely related to the use of various ICIs in 
HCC patients. The KEYNOTE-240 trial studied the use of pembrolizumab, an anti-PD-1 monoclonal 
antibody, in HCC patients, and reported an occurrence of pneumonitis of any grade in 18.3% of the 
patients, and grade 3 or 4 pneumonitis in 7.2% of the patients[17]. Lung-related irAEs due to ICIs have 
been investigated in other malignancies, such as lung cancer, renal cell cancer, and melanoma[18]. 
Lung-related irAEs should be managed based on the grade of pneumonitis. In patients with grade 3 or 
grade 4 pneumonitis with severe symptoms and life-threatening respiratory compromise, ICI use must 
be permanently discontinued, and glucocorticoids and empirical antibiotics must be administered[19]. 
Discontinuing ICI therapy and initiating systemic steroids are highly effective treatments for ICI-related 
pneumonitis. However, ICI-induced pneumonitis accounts for 35.0% of PD-1/PD-L1 inhibitor-related 
deaths and may have a similar fatal clinical course to that of our case[20].

Although the associated factors for predicting the development of pneumonitis have been invest-
igated, limited data are available. Decreased pulmonary function and a history of smoking likely 
increase the risk of pneumonitis[21]. Concurrent radiation therapy, combination immunotherapy, and 
previous high-dose chemotherapy have also been proposed as potential risk factors[22]. Furthermore, 
the presence of ILAs is associated with the risk of complications from medical interventions, such as 
chemotherapy and surgery[23]. Chest CT done on our patient before atezolizumab and bevacizumab 
therapy showed ILA findings, which may have influenced the rapid onset of ARDS. Although our 
patient underwent combination therapy of ICI and TKI a meta-analysis by Nishino et al[24] reported 
significantly higher incidences of all-grade pneumonitis (6.6% vs 1.6%; P < 0.001) and grade 3 or higher 
pneumonitis (1.5% vs 0.2%; P = 0.001) in the ICI-combination therapy group than in the monotherapy 
group. Despite varying reported onset times of pneumonitis after treatment initiation (range, 9 d–19 mo)
[21], the median time to onset is reported to be shorter when a combination therapy of ICIs is used[25,
26]. The presenting symptoms of ICI-induced pneumonitis are nonspecific, including dyspnea (53.0%), 
cough (35.0%), and fever (12.0%)[17], and the incidence level for these risk factors in clinical practice in 
terms of atezolizumab and bevacizumab combination therapy is not yet established. Therefore, 
clinicians must be aware of the possibilities and characteristics of immune-related pneumonitis 
associated with these treatments.

This study has some limitations. First, thorough post-treatment pulmonary pathological and 
laboratory examinations may have clarified the patient’s diagnosis; however, a biopsy was not eligible 
because of the rapid course of the ARDS, and the family did not want an autopsy. Additionally, several 
serum biomarkers, such as Krebs von den Lungen-6 (KL-6), were related to the diagnosis of interstitial 
lung disease. If the results of the biomarkers were available, an acute exacerbation of interstitial lung 
disease could have been ruled out; unfortunately, these laboratory tests were not performed. Second, 
radiation pneumonitis due to the initial TARE likely occurred. However, the calculated radiation dose 
to both lungs was 0.873 Gy (left lung, 0.159 Gy; right lung, 0.714 Gy), which was lower than the 
recommended dose for preventing pneumonitis[27]. Considering that the CT results were from three 
days before the combination therapy of atezolizumab and bevacizumab, the possibility of radiation 
pneumonitis due to the TARE was substantially low. However, although respiratory symptoms such as 
cough, dyspnea and immune-associated pneumonia are well-known ICI-related adverse events, fatal 
ARDS with an extremely short duration from therapy, as was in our case, has not been reported; 
therefore, our case report may be of value.

CONCLUSION
Our case implies that the combination therapy of atezolizumab and bevacizumab to treat HCCs might 
cause fatal pneumonitis leading to ARDS; however, the benefit of this treatment could outweigh the 
irAEs in terms of survival. Additionally, the severe adverse events of the newly introduced atezol-
izumab and bevacizumab therapy are uncommon. However, clinicians should be aware of the possible 
lung toxicity caused by this treatment, especially in newly developed respiratory symptoms of patients. 
Once the diagnosis is made, management based on the severity of pneumonitis is highly required. 
Furthermore, future studies should verify the risk factors of developing pneumonitis to identify high-
risk patient groups.
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Abstract
BACKGROUND 
After the failure of second-line standard therapy, effective treatment options for 
metastatic colorectal cancer are limited, and the duration of remission cannot meet 
clinical needs. In addition, associated drug toxicity may lead to treatment 
interruption that may affect patient outcomes. Therefore, more safe, effective and 
convenient treatments are urgently needed.

CASE SUMMARY 
Here, we describe a patient with advanced colorectal cancer with multiple 
metastases in both lungs. Oxaliplatin combined with 5-fluorouracil or cape-
citabine was given as the first-line treatment, and bevacizumab combined with 
irinotecan was given as the second-line treatment after disease progression. 
However, treatment was interrupted due to recurrent grade 2 nausea and grade 1 
diarrhea. He received targeted therapy with fruquintinib starting on August 26, 
2020 and responded well for 12 mo. After slow progression of the lung me-
tastases, progression-free survival was again achieved over 13.5 mo by continued 
treatment of fruquintinib in combination with tegafur-gimeracil-oteracil 
potassium chemotherapy. Overall treatment duration was more than 25.5 mo. The 
treatments delayed tumor progression, reduced drug side effects, maintained a 
good quality of life, and further extended overall survival.

CONCLUSION 
This case report detailed preliminary evidence showing that the combination of 
fruquintinib with tegafur-gimeracil-oteracil potassium chemotherapy double oral 
therapy may result in longer progression-free survival in patients with advanced 
colorectal cancer.

Key Words: Fruquintinib; Tegafur-gimeracil-oteracil potassium (S-1); Advanced colorectal 
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Core Tip: After the failure of second-line standard therapy, effective treatment options for metastatic 
colorectal cancer (CRC) are limited. Here, we describe a patient with CRC with multiple lung metastases. 
Disease progression occurred after oxaliplatin + 5-fluorouracil or capecitabine as first-line treatment and 
bevacizumab + irinotecan as second-line treatment. The patient received targeted therapy with fruquintinib 
and responded well for 12 mo. Progression-free survival was again achieved over 13.5 mo by continuing 
fruquintinib in combination with tegafur-gimeracil-oteracil potassium chemotherapy. This case detailed 
preliminary evidence showing that the combination of fruquintinib with tegafur-gimeracil-oteracil 
potassium resulted in longer progression-free survival in patients with CRC.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers worldwide and the second most common 
cause of cancer-related deaths worldwide[1,2]. The most common cause of death in patients with CRC is 
distant metastasis, with approximately 25%-40% of patients with CRC already having metastases at the 
time of initial diagnosis[3,4].

Treatment recommendations for metastatic CRC (mCRC) include single or combination 
chemotherapy [5-fluorouracil (5-FU), capecitabine, oxaliplatin, and irinotecan] with or without targeted 
therapy (bevacizumab and cetuximab)[5]. These regimens are generally used for first-line and second-
line treatments. The median overall survival for advanced CRC has now reached 30 mo by rational drug 
distribution[6]. For patients who do not respond to first-line and second-line standard therapies, the 
drugs approved for third-line treatment of mCRC in China currently include regorafenib, fruquintinib 
and garcia-carbonero (TAS-102), but the efficacy of these three regiments is limited[7,8,10].

5-FU combined with anti-vascular therapy showed synergistic efficacy and increased antitumor 
activity in refractory mCRC. The toxicity of the combined regimen was considered tolerable[11]. 
However, the use of bevacizumab needs to be carried out in the hospital. If the combination of two oral 
drugs is selected, it may reduce the inconvenience of repeated visits to the hospital and improve patient 
compliance and quality of life.

CASE PRESENTATION
Chief complaints
A 58-year-old male presented for treatment in March 2018 due to continuous increased frequency of 
defecation. Colonoscopy and biopsy revealed sigmoid adenocarcinoma, while chest computed 
tomography (CT) during the same period indicated multiple pulmonary nodules, which was considered 
metastasis.

History of present illness
He underwent laparoscopic radical resection of the left half colon on March 28, 2020. The postoperative 
pathological examination showed: (Sigmoid lesion) moderately differentiated adenocarcinoma; tumor 
size: 6.5 cm × 4.5 cm; invasion of the whole layer; and 19 lymph nodes around the intestine were 
negative for cancer metastasis. Immunohistochemistry examinations revealed the following: MSH2 (+), 
MLH1 (+), PMS2 (+), MSH6 (+), and suggestive pMMR. Genetic testing revealed KRAS, NRAS, BRAF 
wildtype, microsatellite stable, and UGT1A1 GG type.

History of past illness
He had a history of hypertension and paroxysmal atrial fibrillation for 3 years.
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Imaging examinations
In April 2018, reexamination by chest CT 1 mo after surgery revealed that the pulmonary nodules were 
larger than before, and abdomen CT showed no active findings.

FINAL DIAGNOSIS
The patient was diagnosed with stage IV sigmoid adenocarcinoma with multiple lung metastases.

TREATMENT
The patient refused to use bevacizumab and cetuximab because of concerns about adverse events such 
as hypertension and rash associated with targeted drug therapy. Instead starting in April 2018, the 
patient received six cycles of first-line treatment with mFOLFOX6 regimen (oxaliplatin 165 mg IV on 
day 1 + leucovorin 0.6 g IV on day 1 + 5-FU 0.75 g IV on day 1 + 5-FU 4.5 g CIV 46 h q2w), during which 
the intrapulmonary metastases were stable. In August 2018, the patient voluntarily stopped taking the 
mFOLFOX6 regimen due to personal reasons and did not receive maintenance treatment. Follow-up CT 
examination during drug withdrawal indicated slow progression of lung lesions.

In February 2019, the patient began the XELOX protocol (oxaliplatin 200 mg IV on day 1 
+capecitabine 1.5 g PO bid on days 1–14 q3w) for five cycles of intermittent treatment. After the lung 
lesions were stable for a period of time, the patient stopped treatment again in July 2019. CT reexam-
ination in October 2019 indicated that the lesions in the lung were enlarged. We judged the efficacy as 
progressive disease, and the progression-free survival (PFS) time of first-line treatment was 19 mo.

The major adverse events during treatment were grade 2 nausea and vomiting after chemotherapy, 
myelosuppression (grade 1 leukopenia and neutropenia and grade 2 thrombocytopenia), grade 1 liver 
dysfunction, and grade 1 numbness of the hands and feet. These adverse reactions and the 
inconvenience of repeated visits to the hospital were the main reasons the patient decided to stop 
treatment many times. The patient had no coughing and wheezing during treatment and maintained an 
Eastern Cooperative Oncology Group performance score of 0.

The patient was still unable to receive cetuximab due to anxiety about the rash. Second-line 
bevacizumab combined with irinotecan was initiated in November 2019 for a total of eight cycles. 
Bevacizumab (500 mg) and irinotecan (350 mg) were given every 3 wk. During second-line treatment, 
the patient’s treatment was interrupted for 2 mo due to the coronavirus disease 2019 pandemic. The 
treatment evaluation was stable disease. However, grade 2 nausea and vomiting and grade 1 diarrhea 
occurred repeatedly during the treatment, and the patient could not tolerate these adverse events. 
Second-line treatment continued until July 2020. Due to no signs of disease progression (Figure 1A-C), 
the patient again requested that the treatment be discontinued and replaced with oral medication.

Therefore, treatment with oral fruquintinib [5 mg once a day (qd) on days 1–21 every 4 wk] was 
administrated as a third-line treatment starting on August 26, 2020. CT reexamination after 3 mo of 
treatment showed no significant change in the size of the metastatic lesions in both lungs, but the cavity 
in the lesions increased (Figure 1D-F). Subsequent follow-up and CT examination of the lung lesions 
remained stable (Figure 1G-I), while the main toxicity experienced by the patient during this period was 
hypertension, which could be well managed.

After 12 mo, some lesions in the lung slowly enlarged again (Figure 1J-L). After communication with 
the patient, the patient refused to receive intravenous therapy. Considering the slow growth of the 
lesions and no new metastatic lesions after comprehensive evaluation, our treatment group suggested 
that the patient should continue fruquintinib in combination with another oral chemotherapy drug: 
tegafur-gimeracil-oteracil potassium capsules (S-1). After repeated consultations with the patient and 
the signing of informed consent, the regimen of fruquintinib + S-1 was initiated as fourth-line treatment 
in September 2021. Fruquintinib (5 mg) was given once daily, 2 wk on and 1 wk off; S-1 (60 mg) was 
given twice daily, 2 wk on and 1 wk off.

During administration, the patient experienced grade 2 leukocyte decline and grade 1 diarrhea. 
Considering the patient’s high quality of life requirements, we decided to adjust the dose of S-1 based 
on toxicity 9graded according to National Cancer Institute CTCAE V.4.0) and possible benefits. S-1 was 
adjusted from 60 mg twice daily to 40 mg in the morning and 60 mg in the evening. At the same time, 
nifedipine sustained release tablets and skin moisturizing care were given regularly to monitor the 
adverse reactions (grade I hypertension, grade I hand-foot syndrome). Follow-up during medication 
was regular, and chest CT examination showed stable lung metastases until August 2022 (Figure 2). The 
patient maintained good quality of life, and the Eastern Cooperative Oncology Group score was 0.

Unfortunately, another chest CT examination in October 2022 revealed the enlargement of pulmonary 
metastases and the appearance of multiple new lesions (Figure 2), which was judged to be disease 
progression. In addition, abdomen CT still showed no active findings. PFS of 13.5 mo was achieved by 
fruquintinib S-1.
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Figure 1 Chest computed tomography before and after treatment with fruquintinib showed multiple metastases in both lungs. A-C: A 
baseline chest computed tomography (CT) scan before fruquintinib treatment on August 24, 2020; D-F: CT after fruquintinib treatment was given for 3 mo (November 
30, 2020); G-I: CT after fruquintinib treatment was given for 8 mo (May 31, 2021); J-L: CT after fruquintinib treatment was given for 12 mo (August 31, 2021).

OUTCOME AND FOLLOW-UP
The patient achieved a continuous survival benefit from continued treatment with fruquintinib 
monotherapy after diagnosis of mCRC and subsequent combination therapy with S-1, including at least 
25.5 mo of PFS and 30 mo of overall survival (Figure 3).

Considering that the second-line treatment of irinotecan had not shown resistance combined with the 
genetic test results of the patient, we started the cetuximab plus irinotecan regimen as the fifth-line 
treatment starting in October 2022. The efficacy of this regimen was not available by the submission 
date.

In this case report, informed consent was obtained before each treatment. The therapeutic effect was 
evaluated by the Response Evaluation Criteria in Solid Tumors criteria. The nature and severity of 
adverse events were evaluated according to the National Cancer Institute CTCAE 4.0.

Informed consent for treatment was signed by the patient before each treatment, and written 
informed consent was obtained from the patient in order to publish relevant clinical and imaging data. 
These situations are in line with the ethical standards to be implemented in research involving human 



Qu FJ et al. Fruquintinib combined with S-1 for advanced CRC

WJGO https://www.wjgnet.com 906 May 15, 2023 Volume 15 Issue 5

Figure 2 Chest computed tomography before and after treatment with fruquintinib plus tegafur-gimeracil-oteracil potassium showed 
multiple metastases in both lungs. A-C: Computed tomography (CT) before fruquintinib plus tegafur-gimeracil-oteracil potassium (S-1) treatment (August 31, 
2021); D-F: CT after fruquintinib plus S-1 treatment was given for 2 mo (November 1, 2021); G-I: CT after fruquintinib plus S-1 treatment was given for 10 mo (June 
13, 2022); J-L: CT after fruquintinib plus S-1 treatment was given for 13.5 mo (October 12, 2022).

participants by institutions and/or national research councils as well as the Declaration of Helsinki 
(2013 revision).

DISCUSSION
Angiogenesis plays a critical role in the neoplastic growth, progression, and metastasis of CRC[12]. It 
was reported that vascular endothelial growth factor (VEGF) secreted by tumor cells can stimulate 
endothelial cell survival and proliferation, causing changes in vascular permeability and promoting 
neo-angiogenesis[12]. Anti-angiogenetic therapy is an important strategy for mCRC treatment. Anti-
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Figure 3 Treatment timeline of the patient. mFOLFOX6: Oxaliplatin, leucovorin, and 5-FU; PFS: Progression-free survival; S1: Tegafur-gimeracil-oteracil 
potassium; XELOX: Oxaliplatin and capecitabine.

angiogenic agents include the small molecule inhibitors that block the activity of VEGF receptor kinases 
and the neutralization antibody of VEGF (monoclonal antibodies), which inhibit angiogenesis, cause 
vascular degeneration, and normalize tumor blood vessels[14]. Bevacizumab is the most successful 
antibody for neutralizing VEGF, and it has been authorized for mCRC first-line and second-line 
treatment combined with chemotherapy[5,15,16]. Nonetheless, there are some disadvantages associated 
with the use of bevacizumab as a monoclonal antibody, including immunogenicity and intravenous 
administration.

Fruquintinib is a highly selective and potent small-molecule inhibitor against VEGF receptor 1, 2, and 
3[17]. It originated and was developed by Hutchison MediPharma and was authorized for third-line 
treatment in mCRC in China. Fruquintinib is a highly selective inhibitor of the VEGF signaling pathway, 
which can decrease cell proliferation of human umbilical vein endothelial cells and human lymphatic 
endothelial cells. It also decreases tumor angiogenesis and lymphangiogenesis, effectively reduces blood 
vessel density, inhibits tumor proliferation and migration, and has strong antitumor activity[17].

In clinical studies, fruquintinib has shown a survival benefit in mCRC patients. In the phase III 
FRESCO trial, the fruquintinib group had significantly prolonged median overall survival compared 
with the placebo group [9.3 mo; 95% confidence interval (CI): 8.2-10.5 vs 6.6 mo; 95%CI: 5.9-8.1]. The 
median PFS of fruquintinib was also significantly increased (3.7 mo; 95%CI: 3.7-4.6 vs 1.8 mo; 95%CI: 
1.8-1.8)[8]. Fruquintinib also showed an acceptable safety and tolerability profile[8,9].

Our patient chose fruquintinib after drug resistance and intolerance of first-line and second-line 
treatments. He achieved 12 mo of PFS with monotherapy while maintaining a good quality of life. 
However, fruquintinib also faced the challenge of drug resistance.

In addition to molecular targeted therapy drugs, chemotherapy is still the main treatment for patients 
with advanced CRC, among which 5-FU based chemotherapy combined with oxaliplatin or irinotecan is 
the preferred standard treatment for patients with advanced or recurrent CRC[18]. However, if a patient 
does not respond to chemotherapy or has a toxic reaction, there are few remaining options.

In 2017, another oral drug, trifluridine-tipiracil (TAS-102), was approved by the United States Food 
and Drug Administration, which finally offered another potential option for patients with mCRC[19]. 
TAS-102 has shown a significant overall survival benefit compared with placebo in patients with 
chemorefractory mCRC in the phase III RECOURSE trial, with a longer median overall survival (7.1 mo 
vs 5.3 mo) and a longer median PFS (2.0 mo vs 1.7 mo) in the TAS-102 group[10]. Unfortunately, neither 
fruquintinib nor TAS-102 gave patients with refractory mCRC a satisfactory PFS[8,10].

Considering that targeted anti-angiogenic drugs combined with chemotherapy play a synergistic 
antitumor role by inhibiting neovascularization, inducing vascular normalization, and enhancing 
cytotoxic drug delivery, anti-angiogenic therapy combined with chemotherapy drugs have been 
explored for refractory CRC. Pfeiffer et al[11] conducted a phase II clinical study after previous studies 
achieved good results and continued to explore the safety and effectiveness of the combination of 
bevacizumab and TAS-102. The median PFS was 2.6 mo in the TAS-102 group and 4.6 mo in the TAS-
102 + bevacizumab group. TAS-102 combined with bevacizumab showed significant clinically relevant 
improvement in PFS with tolerable toxicity compared to TAS-102 monotherapy.

Based on these results, continuous anti-vascular targeted therapy combined with cytotoxic drugs may 
have clinical significance in patients with refractory advanced CRC. This combination therapy may 
change practice in the future, but we do not yet understand the characteristics of patients most suitable 
for second-line post-combination therapy. At present, the price of TAS-102 is relatively high in China, 
and it is not covered by medical insurance. Meanwhile, bevacizumab requires intravenous infusion. 
Therefore, a safe, effective, and more convenient and economical treatment plan is urgently needed in 
clinic.

S-1, a novel oral 5-FU derivative developed by Taiho Pharmaceuticals Company (Japan), has been 
widely used in the treatment of gastrointestinal malignancies[20]. S-1 monotherapy has an effectiveness 
rate of 19%-39% in the treatment of advanced CRC[21,22] and has been shown to be as effective as 5-FU 
and capecitabine[23,24]. In these studies, the toxicity of S-1 treatment was primarily hematological, 
while hand-foot syndrome was more common in the capecitabine group. However, there was no statist-
ically significant difference between the two groups. Therefore, S-1 is also an option for the treatment of 
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advanced CRC[22,23,24].
Based on the above information, it is reasonable to conclude that fruquintinib combined with S-1 may 

be superior to fruquintinib or S-1 alone in some patients with refractory CRC who do not respond to 
standard therapy. The therapeutic mechanism of this combination regimen may be associated with the 
synergistic antitumor action in addition to the respective antitumor effects of fruquintinib and S-1.

In this case, some lung metastases slowly enlarged after 12 mo of monotherapy with fruquintinib. 
Combined with the results of the above related studies and after repeated communication with the 
patient and signing the informed consent, the patient began treatment with the combination of 
fruquintinib and cytotoxic drug S-1. The patient gained 13.5 mo of PFS, and the lung metastases were 
again well controlled. Only grade 2 leukopenia, grade 1 diarrhea, grade 1 hypertension, and grade 1 
hand-foot syndrome were observed during the treatment period.

In the phase III CORRECT, FRESCO, and RECOURSE trials, the median PFS of patients in the 
regorafenib group, fruquintinib group, and TAS-102 group were 1.9 mo, 3.7 mo, and 2.0 mo, 
respectively[7,8,10]. Considering that the absolute PFS benefit time of third-line treatment was shorter in 
previous clinical trials, we hypothesize that the combination of fruquintinib and S-1 caused the longer 
survival benefit. At the same time, the combination of the two oral drugs reduced the inconvenience of 
repeated visits to the hospital and improved the patient’s quality of life. This treatment combination 
may have potential clinical significance in future salvage treatment of advanced CRC. Since China is still 
a developing country, we also need to consider the factors of pharmacoeconomics to reduce the 
economic burden of patients as much as possible[25]. The strategy of using oral drugs also reduced the 
risk of exposure to coronavirus disease 2019 during the pandemic. To our knowledge, this is the first 
time that fruquintinib combined with S-1 in the treatment of advanced CRC has been reported with a 
good efficacy.

CONCLUSION
In conclusion, the prognosis of CRC after advanced multiline therapy is extremely poor, and survival 
after existing third-line and post-third-line therapies is limited. Therefore, it is very important to explore 
suitable therapies for patients with refractory advanced CRC to prolong the overall survival time of 
patients and enhance the quality of life of patients as much as possible.

Although fruquintinib combined with S1 is not currently the standard treatment for mCRC, this case 
provides evidence for its antitumor activity and safety. Given that only 1 patient was observed in this 
report and the clinical data is very limited, further investigation and accumulation of more experience 
are needed. Further clinical studies can be conducted to demonstrate the efficacy and safety of this 
combination regimen.
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