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Abstract

Colonic stenting has had a significant positive impact on the management of
obstructive left-sided colon cancer (OLCC) in terms of both palliative treatment
and bridge-to-surgery (BTS). Notably, many studies have convincingly demon-
strated the effectiveness of stenting as a BTS, resulting in improvements in short-
term outcomes and quality of life, safety, and efficacy in subsequent curative
surgery, and increased cost-effectiveness, whereas the safety of chemotherapy
after stenting and the long-term outcomes of stenting as a BTS are controversial.
Several studies have suggested an increased risk of perforation in patients
receiving bevacizumab chemotherapy after colonic stenting. In addition, several
pathological analyses have suggested a negative oncological impact of colonic
stenting. In contrast, many recent studies have demonstrated that colonic stenting
for OLCC does not negatively impact the safety of chemotherapy or long-term
oncological outcomes. The updated version of the European Society of
Gastrointestinal Endoscopy guidelines released in 2020 included colonic stenting
as a BTS for OLCC as a recommended treatment. It should be noted that the
experience of endoscopists is involved in determining technical and clinical
success rates and possibly oncological outcomes. This review discusses the
positive and negative impacts of colonic stenting on OLCC treatment, particularly
in terms of oncology.

Key Words: Colonic stents; Obstructive left-sided colon cancer; Bridge to surgery;
Chemotherapy; Long-term outcomes; European Society of Gastrointestinal Endoscopy
guidelines
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Core Tip: Colonic stenting has been widely used in the management of obstructive left-sided colon cancer,
and its effectiveness has been convincingly demonstrated. However, some controversies remain, including
the safety of chemotherapy after stenting and the long-term outcomes of stenting as a bridge to surgery
(BTS). Nevertheless, many recent studies have demonstrated that colonic stenting exerts no negative
impact on long-term oncological outcomes, and this technique is recommended as a BTS in the European
Society of Gastrointestinal Endoscopy guidelines. Herein, we review and discuss the positive and negative
effects of colonic stenting in colon cancer treatment.

Citation: Suzuki H, Tsujinaka S, Sato Y, Miura T, Shibata C. Oncologic impact of colonic stents for obstructive
left-sided colon cancer. World J Clin Oncol 2023; 14(1): 1-12

URL: https://www.wjgnet.com/2218-4333/full/v14/i1/1.htm

DOI: https://dx.doi.org/10.5306/wjco.v14.i1.1

INTRODUCTION

Colorectal cancer remains one of the most common malignant diseases worldwide. Among all patients
with colorectal cancer, approximately 10% present with large bowel obstruction[1]. The most common
location for obstructive colon cancer (OCC) is the sigmoid colon, and more than 75% of OCC are located
on the left side, i.e., distal to the splenic flexure[2].

Emergency surgery (ES) has traditionally been the mainstay of OCC management. There are several
options for ES procedures to treat obstructive left-sided colon cancer (OLCC); however, a stoma is often
needed in any case. Patients with clinically severe instability or in whom resection is not possible should
be treated with diverting loop colostomy[3]. Hartmann’s procedure, that is, resection of the diseased
colon or rectum with end colostomy, has been widely performed for resectable OLCC[4]. Resection with
primary anastomosis could be considered an option during ES for resectable cases; due to the risk of
anastomotic leakage, a temporary diverting stoma can be created simultaneously in many cases.
However, the reversal rate of stomas is relatively low when created under these conditions. Oistamé et
al[5] retrospectively analyzed acute cases of OLCC and demonstrated that 35% of stomas created with
the intention of being temporary were never reversed. Stomas can have a negative impact on the
patient’s body image and quality of life (QOL). Additionally, diverting stoma formation in colorectal
resection for OCC is related to increased postoperative complications, failure to wean off the ventilator,
and longer hospital stays[6].

Colonic stenting is a powerful modality for intestinal decompression to resolve problems associated
with ES. In addition, recent advances in stent technology have profoundly impacted OLCC
management. Herein, we review the current state of colonic stenting and discuss its impact on colorectal
cancer treatment, particularly focusing on its relationship with oncology.

HISTORY AND INDICATION

Palliative purpose and bridge to surgery

There are two main purposes of colonic stenting for OCC: palliative treatment and bridge to surgery
(BTS). In this context, palliative treatment involves stenting applied to patients with an unresectable
lesion, while BTS comprises preoperative stenting for intestinal decompression until the condition
suitable for curative surgery is improved[7]. In comparison, colonic stenting for palliative purposes has
a long history of use. Colonic stents were first reported by Dohmoto ef al[8] in 1991. This study reported
using stents for palliative treatment of OCC. Since then, many studies have elucidated the usefulness of
colonic stents for palliative treatment in patients requiring intestinal decompression. In addition, the
effectiveness of short-term outcomes of stent placement for unresectable colorectal cancer has been
widely recognized, at least in the late 20™ century[9,10].

Recently, self-expandable metallic stents (SEMS) as BTS have been widely used. Relief from
obstruction with BTS enables restoration of dilated intestinal conditions prior to surgery, decreases
mortality and morbidity, avoids stoma, and improves the quality of life[11]. Importantly, colonic
stenting as a BTS should be performed under strict indications compared with stenting for palliative
treatment, as BTS ultimately aims at a radical cure and requires long-term safety.

Left-sided vs right-sided colon

Stents can be placed not only in the left-sided colon but also in the right-sided colon. Although some
reports have suggested that obstructive right-sided colonic cancer is also a good indication of SEMS, the
effectiveness of SEMS for right-sided colonic obstruction has been less reported than that for left-sided
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colonic obstruction[9]. Morita et al[12] analyzed the advantages of SEMS as a BTS over primary surgery
in a retrospective, multicenter cohort study. When patients with left-sided colon cancer were compared,
the rates of primary resection with anastomosis and stoma-free surgery were significantly higher in the
SEMS group, whereas when patients with right-sided colon cancer were compared, no significant
difference in the rates was observed between the SEMS and primary surgery groups. In addition,
several disadvantages of SEMS placement in the right-sided colon have been pointed out, including a
lower technical success rate and longer procedure time[13-15]. The authors of the European Society of
Gastrointestinal Endoscopy (ESGE) guidelines also suggested the difficulty of stenting in the colon
proximal to the splenic flexure and emphasized that SEMS recommendations should be applied to left-
sided colon cancer[16].

TECHNICAL AND CLINICAL SUCCESS RATES

Recent studies have reported high technical and clinical success rates of SEMS placement for OCC. In a
meta-analysis published in 2021, Neo et al[17] examined the technical and clinical success rates of SEMS
for colorectal obstruction. In this study, technical success was defined as successful placement and
deployment of the stent, and clinical success was defined as colonic decompression within 96 h after the
stent was successfully placed. The technical and clinical success rates of SEMS were 92% in 1550 patients
[95% confidence interval (CI): 0.88-0.95] and 82% in 1105 patients (95%ClI: 0.77-0.87), respectively. In
another meta-analysis published in 2021, the success rates were compared between SEMS and transanal
decompression tubes (TDT). The overall success rates of SEMS and TDT were 92.1% and 71.9%,
respectively, and both the technical and clinical success rates of SEMS were significantly better than
those of TDT([18].

Some reports have suggested that technical and clinical success rates depend on the operators’
experience, with experience of at least 20-30 cases required to ensure safety and effectiveness[15,19]. In
addition, Boyle et al[20] identified short strictures and wide angulations distal to the stricture as factors
indicating successful stenting in colonic obstruction. A post hoc analysis of a multicenter clinical trial in
Japan identified several factors related to the difficulty of SEMS placement, including peritoneal carcino-
matosis or expansive strictures[13].

The Japan Colonic Stent Safe Procedure Research Group proposed a scoring system for the clinical
features of colorectal obstruction according to the patient’s oral intake status, termed the ColoRectal
Obstruction Scoring System (CROSS). This system scores patients on a scale of 0-4 as follows: 0,
requiring continuous decompression; 1, no oral intake; 2, liquid or enteral nutrition; 3, oral intake of soft
solids, low-residue diet, or full diet with symptoms of stricture; and 4, oral intake of soft solids, low-
residue diet, or full diet without symptoms of stricture[21]. The above-mentioned post-hoc analysis
suggested that CROSS 0 before stenting was one of the factors related to the difficulty of SEMS
placement[13]. In contrast, another post-hoc analysis of multicenter clinical trials showed that SEMS as
BTS in CROSS 0 patients showed comparable technical and clinical success rates, safety, and short-term
outcomes to those in CROSS 1 and 2 patients[22]. Thus, it is inconclusive whether CROSS 0 before SEMS
placement affects the technical and clinical success rates of SEMS.

COMPLICATIONS

Perforation

Perforation is one of the most common and critical complications of SEMS placement. A recent meta-
analysis demonstrated that the overall perforation rate of colonic stenting for OLCC is 5%[17]. In
addition, several studies have reported the outcomes of patients with stent-related perforations or
factors related to stent-related perforations.

According to the meta-analysis mentioned above, when the studies were compared between
perforation rates > 8% and < 8%, the perforation rate > 8% group showed poorer technical success rates,
although the 5-year overall and disease-free survival rates were not significantly different[17]. In a
Dutch randomized clinical trial, the SEMS in the BTS group tended to have a lower 4-year disease-free
survival rate than that in the ES group. In addition, the subgroup with stent-related perforation had a
significantly poorer disease-free survival than the ES group, which suggested that stent-related
perforation exacerbated oncological outcomes. However, it should be noted that in this trial, the number
of patients was small, and the stent-related perforation rate was high (approximately 23%)[23].
Furthermore, it should also be noted that ES had better postoperative outcomes than BTS by stent
because of the lower success rate of stent placement reported prior to 2014.

Datye et al[24] aggregated articles on perforation after SEMS placement for OCC until 2008 and
analyzed data such as causes and mortality. The overall perforation rate was 4.9%, and concomitant
chemotherapy, steroids, and radiotherapy were identified as risk factors for perforation; however, no
significant difference was observed in the perforation rate between palliative treatment and BTS. The
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authors also emphasized a high mortality rate of perforation cases (16%); however, the data did not
necessarily show a negative impact of SEMS itself, considering the low overall perforation-related
mortality rate (0.8%) and high mortality rate of ES (15%-20%).

van Halsema et al[25] pointed to the stent type as a risk factor for perforation. The authors defined
stent types with high (< 10%) (WallFlex, Comvi, and Niti-S D-type) and low (< 5%) (Hanarostent and
Niti-S covered) perforation rates. In fact, the perforation rates of certain stent types, especially the
WallFlex stent, vary across reports. For example, Meisner et al[26] demonstrated that the overall
perforation rate of WallFlex stent placement for OCC was 5.1% in 255 cases in prospective and multi-
center studies. In a prospective multicenter study using WallFlex stent in Japan, the perforation rate was
reported to be 1.6%[27]. van Halsema et al[25] reported a relatively high occurrence of delayed
perforation after WallFlex stent placement and considered that the short follow-up period may have
reduced the overall perforation rate of the stent.

Migration and re-obstruction

According to a systematic review, the rate of stent migration is approximately 10% (interquartile range
3%-22%). In this report, laser pretreatment and chemotherapy were identified as factors that promote
stent migration[28]. Because the high risk of perforation and migration has been mentioned, laser or
balloon dilation prior to stent placement is not recommended[28-30]. The overall re-obstruction rate was
reported to be 10% (interquartile range 0%-15%), and when the cases were limited to palliative
treatment, the re-obstruction rate was 16% (interquartile range 0%-23%)[28].

Safety of chemotherapy

The negative impact of SEMS on colorectal cancer management has been demonstrated in several
respects, including chemotherapy after SEMS placement, which raised the concern that chemotherapy
after SEMS placement may increase the risk of perforation. In theory, chemotherapy destroys prolif-
erating cancer cells in the colonic wall; therefore, it can provoke stent-related perforation[25]. Although
the safety of chemotherapy after SEMS placement remains to be fully elucidated[31], several recent
studies have suggested an answer.

In a retrospective study that reviewed patients who underwent SEMS placement, the perforation
rates were 13% in patients receiving no chemotherapy, 6% in patients receiving chemotherapy without
bevacizumab, and 20% in patients receiving chemotherapy with bevacizumab[32]. Another
retrospective study also suggested that subsequent bevacizumab therapy increased the risk of complic-
ations after SEMS insertion, and the perforation risk increased nearly threefold[33]. A meta-analysis of
studies between 2005 and 2011 further revealed that the perforation rate in patients receiving
bevacizumab-based chemotherapy was significantly higher than that in patients receiving no
chemotherapy, whereas the perforation rate in patients receiving non-bevacizumab-based chemo-
therapy was significantly lower than that in patients who received no chemotherapy[25].

Some reports have demonstrated that chemotherapy does not affect the SEMS complications.
However, a recent retrospective analysis indicated that chemotherapy before SEMS increased the risk of
stent-related complications, whereas chemotherapy after SEMS had no impact on complications[34]. In a
single-center retrospective study, Lee et al[35] compared the adverse events of SEMS as a palliative
treatment for OCC between patients receiving bevacizumab therapy and those not receiving
bevacizumab therapy. In this study, the perforation rate in the bevacizumab group was only 1%, which
was equivalent to that of the non-bevacizumab group (3%). The authors considered that the low
perforation rate might be related to the many years of experience of endoscopists. Additionally, one
retrospective study showed the effectiveness and safety of SEMS before neoadjuvant chemotherapy and
curative surgery, although the sample size was small. This study suggested the relatively low toxicity
and high tolerability of neoadjuvant chemotherapy with two cycles of CAPOX or three cycles of
mFOLFOX6 after SEMS. The resected specimens were also analyzed, suggesting a low risk of perineural
invasion[36].

POSITIONING IN GUIDELINES

The degree of recommendation for SEMS as palliative management or BTS for OLCC has been
described in many international guidelines, and the description seems to change with time. Herein,
recent changes in the positioning of SEMS in the guidelines and the impact of changes in the description
of SEMS are discussed below.

Webster et al[37] reviewed 19 international guidelines for the management of OLCC between 2010
and 2018. Stenting for palliative management was recommended in most guidelines, whereas opinions
regarding the recommendation of emergency stenting as a BTS were divided. Eight guidelines
recommended ES, two from the United States recommended emergency stenting as BTS, and nine
suggested either ES or stenting as BTS could be selected. Guidelines from countries other than the
United States did not actively recommend SEMS as a BTS until recently.
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However, the description of the recommendations in the ESGE guidelines has recently changed. In
the ESGE guidelines published in 2014, SEMS as BTS for OLCC was not recommended because of the
risk of stent-related complications, particularly perforation[38]. In recent years, many studies have
revealed the long-term safety of SEMS as a BTS; therefore, the description of the ESGE guidelines
regarding the use of SEMS for OCC was updated in 2020, and SEMS as a BTS for OLCC has become a
recommended treatment[16].

The impact of these updated recommendations in the guidelines has also been reported. The national
colorectal cancer guidelines were updated in the Netherlands in 2014, and SEMS as a BTS for OLCC is
clearly recommended. Consequently, the application rates of ES and SEMS for OLCC were reversed,
and some changes occurred after 2014 in the Netherlands: the proportion of laparoscopic surgery
increased, and the permanent stoma rate and total hospital stay decreased[39].

Despite the major impact of the guidelines on treatment, it should be noted that concerns regarding
the quality of the guidelines have also been reported. Gavriilidis et al[40] used the Appraisal of
Guidelines for Research and Evaluation II instrument to evaluate the quality of the 14 current guidelines
describing the management of OLCC. The authors pointed out a poor applicability score in many
guidelines and concerns regarding variations in guideline quality. Further research may trigger more
changes to the description of guidelines and improve their quality.

SHORT-TERM AND LONG-TERM OUTCOMES

Short-term outcomes

Traditionally, in many cases of OCC, emergency decompression surgery was performed without
adequate evaluation of preoperative staging and comorbidity. As a result, the risk of morbidity and
mortality was unavoidably involved. SEMS as a BTS is considered a valid option for these cases as it can
offer plenty of time to evaluate preoperative problems and improve the medical condition of patients
[9]. Based on this perspective, it is not surprising that SEMS as a BTS has been reported to be advant-
ageous in terms of short-term outcomes compared to ES. In a meta-analysis of randomized controlled
trials comparing SEMS as BTS and ES for OLCC, the need for stoma creation, the incidence of
postoperative complications, and the occurrence of wound infection were significantly reduced in the
SEMS group[41].

TDT is another option for BTS of OCC; however, TDT has more disadvantages than SEMS: Slow
decompression, bad odor, complicated management, difficult oral intake, and poor QOLI[42].
Furthermore, several meta-analyses have compared the short-term outcomes between SEMS and TDT,
and TDT was found to have poorer short-term outcomes. TDT showed lower clinical and technical
success rates, solid food intake, and temporal discharge in a subsequent operation; TDT increased blood
loss, prolonged operative time, and enhanced stoma rates[18,43]. In the context of these circumstances,
the ESGE guidelines updated in 2020 do not recommend TDT placement over SEMS placement[16].

Negative reports on long-term outcomes

The advantages of SEMS as a BTS in short-term outcomes have been convincingly demonstrated,
whereas the long-term outcomes of SEMS as a BTS have been controversial. In other words, the
oncological safety of SEMS as a BTS remains unclear. However, high-quality research on the long-term
outcomes of SEMS as a BTS has been increasing in recent years. Thus far, several studies have suggested
the negative oncological impact of SEMS placement (Table 1). In a meta-analysis of randomized control
trials, although no significant differences were observed in 3-year disease-free survival or overall
survival between the SEMS as BTS group and ES group, the risk of systemic recurrence was significantly
higher in the SEMS group than in the ES group[44]. Katsuki ef al[45] analyzed a nationwide inpatient
database in Japan and conducted a retrospective cohort study using propensity score-matching. The
authors compared the long-term outcomes of patients with OLCC between SEMS as BTS and ES and
demonstrated that the SEMS group showed significantly worse overall survival than the ES group.
Gorissen et al[46] analyzed OLCC patients aged 75 years and younger from a prospective cohort study.
In this study, the local recurrence rate in the SEMS group was significantly higher than that in the ES
group, and the authors concluded that SEMS was associated with an increase in local recurrence, partic-
ularly in younger patients. Uehara et al[47] retrospectively evaluated the oncological outcomes of SEMS
in patients with stage II or Il OCC. The authors reported a higher distant metastatic recurrence rate in
the SEMS group than in the ES group. Mege et al[48] examined the overall and disease-free survival of
patients who underwent SEMS placement or creation of decompression stoma as a BTS for OLCC in a
multicenter retrospective study. The authors demonstrated a significantly lower overall survival rate in
the SEMS group, which may be related to an increase in worse pathological findings, such as tumor
perforation. Sabbagh et al[49] reported significantly lower overall survival and significantly higher
cancer-specific mortality in the SEMS group than in the ES group.
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Table 1 Recent reports on long-term outcomes of colonic stenting as a bridge to surgery for obstructive left-sided colon cancer

Ref Publication Study type Number of stent Disease-free Overall ~ Overall Systemic Local
’ year y P placements survival survival  recurrence recurrence  recurrence

Foo et al 2019 Meta-analysis 222 NS NS SEMS > ES SEMS > ES NS
[44]
Katsukiet 2021 Multi-center 498 NA SEMS <ES NA NA NA
al[45] retrospective

study
Gorissenet 2013 Single-center 62 NS NS NS NS SEMS > ES in
al[46] prospective study patients aged <

75

Uehara et al 2022 Single-center 43 NS NS NA SEMS > ES NS
[47] retrospective

study
Megeetal 2019 Multi-center 191 NS SEMS<DS NA NA NA
[48] retrospective

study
Sabbagh et 2013 Multi-center 48 NS SEMS<ES NS NA NA
al[49] retrospective

study
Cirocchiet 2021 Meta-analysis 102-148 NS NS NS NS NS
al[56]
Arezzo etal 2017 Multi-center RCT 56 NS NS NS NS NS
[57]
Amelunget 2019 Multi-center 222 NS NS NS NS NS
al[58] retrospective

study
Veld et al 2020 Multi-center 121 NS NS NS NS NS
[59] retrospective

study
Endoetal 2021 Multi-center 113 TDT > ES NA TDT > ES NS NS
[60] retrospective (SEMS vs ES: (SEMS vs ES:

study NS) NS)
Kim et al 2022 Single-center 98 NS NS NA NA NA
[61] retrospective

RCT: Randomized clinical trial; SEMS: Self-expandable metallic stent; ES: Emergency surgery; DS: Decompression stoma; TDT: Transanal decompression
tube; NS: Not significant; NA: Not available.
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Negative reports in pathological studies

As mentioned above, the potential negative impact of SEMS on oncological outcomes has also been
suggested through histopathological examinations. Sabbagh et al[50] conducted a pathological analysis
and revealed that tumor and peritumor ulceration, perineural invasion, and lymph node invasion were
seen more frequently in resected specimens after SEMS placement than in cases of surgery only. These
pathological features are associated with poor prognosis. Other authors have also reported negative
factors for SEMS placement from a pathological viewpoint. Zhang et al[51] analyzed the histopatho-
logical findings of specimens resected after SEMS or TDT for OLCC. The authors reported that vascular
invasions, wound abscesses, and ulcer formation was more frequently observed in the SEMS group than
in the TDT group.

Some reports have also indirectly suggested the negative impact of SEMS on colorectal cancer
treatment through analysis of the peripheral blood of patients. Maruthachalam et al[52] reported that
circulating cytokeratin 20 mRNA levels after stent placement for left-sided colon cancer was
significantly higher than before stenting, suggesting the possibility of tumor manipulation by inserting a
guidewire or dilating and deploying the stent. Yamashita et al[53] showed an increase in viable
circulating tumor cells after SEMS placement for OCC, which suggested that SEMS placement and
expansion could allow the release of colorectal cancer cells into circulation. Recent technological
developments in genome sequencing and molecular diagnosis have allowed the measurement of
circulating tumor DNA (ctDNA), which is released from tumor cells undergoing apoptosis or necrosis
into the systemic circulation[54]. The use of ctDNA has been extensively evaluated as a promising
biomarker for the treatment of colorectal cancer. Takahashi et al[55] demonstrated that the plasma levels
of ctDNA in patients with OCC increased after SEMS placement, although this increase was not
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observed after TDT insertion. These findings indicate that SEMS placement may induce tumor cell
dissemination. However, it remains unclear whether these changes in peripheral blood are related to the
long-term oncological prognosis of patients.

Positive reports on long-term outcomes
As mentioned below, the oncological prognosis of SEMS as BTS is equivalent to that of ES and has been
increasing in recent years (Table 1). In a meta-analysis of randomized controlled trials comparing SEMS
as BTS and ES for OCC, SEMS showed the same mortality and significantly lower morbidity than ES. In
addition, recurrence and survival outcomes were not significantly different between SEMS and ES[56].
Arezzo et al[57] demonstrated no significant differences in 3-year overall survival rates or progression-
free survival rates observed between SEMS as a BTS and ES in a large multicenter randomized
controlled trial. In addition, considering the significantly lower stoma rate in the SEMS group, the
authors concluded that SEMS as a BTS was a viable approach for OCC. Amelung et al[58] retro-
spectively compared the long-term outcomes of patients with OLCC between SEMS as BTS and ES
using propensity score matching, showing no significant differences in the 3-year disease-free survival
rates, overall survival rates, or locoregional recurrence rates, whereas the SEMS group showed a lower
permanent stoma risk. In a cohort study in the Netherlands, decompressing stoma and SEMS were
compared to determine which has advantages as a BTS for OLCC. The study showed no significant
differences in the 3-year locoregional recurrence rates, disease-free survival rates, or overall survival
rates[59]. Endo et al[60] reported that the long-term oncologic outcome of SEMS as BTS for patients with
OLCC was comparable to that of ES, whereas the long-term outcome of TDT was poorer than that of ES.
A recent Korean retrospective study examining the long-term outcomes of SEMS as BTS for OCC
further found no significant difference in the 5-year overall survival and 5-year disease-free survival
between the SEMS and ES groups. The authors emphasized the high technical and clinical success rates
(99% and 92.9%, respectively) and a low perforation rate (1%) in the study, which could be due to the
highly experienced endoscopist. Similarly, SEMS placement performed by experienced endoscopists
may improve oncological outcomes[61]. Thus, endoscopist experience also seems to influence the long-
term prognosis of patients. Amelung et al[62] performed a systematic review and meta-analysis of
patients with OLCC to compare the long-term oncological outcomes after SEMS as a BTS with those
after ES. The authors demonstrated that SEMS placement showed a significant survival benefit in more
than 40 patients. The ESGE also recommends that an experienced endoscopist should perform or
directly supervise stent placement[16].

CURATIVE SURGERY AFTER COLONIC STENTING

In cases of resectable OLCC, SEMS can facilitate the performance of minimally invasive one-stage
surgery safely and effectively, which is one of the major benefits of SEMS as a BTS. Enomoto et al[63]
compared laparoscopic and open surgery after SEMS insertion for OCC. Blood loss in the laparoscopic
surgery group was less than that in the open surgery group, whereas the operative time was
significantly shorter in the open surgery group.

The safety and efficacy of robot-assisted laparoscopic surgery after SEMS placement have also been
reported recently[64]. Li et al[65] analyzed 79 cases where SEMS placement was performed for OCC in
the largest single center in Singapore from 2013 to 2020. The authors showed that 14% of the patients
underwent robot-assisted surgery for curative surgery. The progression and spread of minimally
invasive surgery for colorectal cancer can strengthen the benefits of SEMS as BTS.

No consensus has yet been reached regarding the proper waiting period between SEMS insertion and
curative surgery. Sato et al[66] retrospectively analyzed the long-term oncological outcomes of patients
with OCC who underwent SEMS placement and curative surgery. The authors found that relapse-free
survival was significantly shortened when the interval between stenting and curative surgery was
longer than 16 d. Another retrospective study examining long-term outcomes after SEMS as a BTS for
OCC further demonstrated that the risk of recurrence is associated with a long interval (longer than 18
d) between stenting and curative surgery[67]. In a nationwide cohort study in the Netherlands, patients
with OLCC receiving SEMS as a BTS were divided into three groups according to the interval between
stenting and surgery, as follows: 5-10 d group, 11-17 d group, and > 17 d. No significant differences
were observed in 3-year disease-free survival or overall survival between the groups, although short-
term outcomes were generally better in the 11-17 d group than in the 5-10 d and > 17 d groups[68]. In
the ESGE guidelines published in 2014, the suggested time interval from colonic stenting as BTS to
elective surgery was 5-10 d in patients with left-sided colon cancer; however, recent ESGE guidelines
suggested a time interval of approximately 2 wk until resection[16,38]. In addition, the authors of the
recent ESGE guidelines further described that the time interval should be determined considering the
balance between stent-related adverse events and surgical outcomes because a short interval can reduce
stent-related adverse events, whereas a long interval can improve surgical outcomes[16]. It should also
be noted that ctDNA concentration was reported to increase over time following SEMS placement,
which implies that a long interval may worsen the oncological outcome[55]. At any rate, as there is no
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prospective comparative study on this matter[16], the optimal time interval between SEMS and curative
surgery remains uncertain, and further research is required.

COST-EFFECTIVENESS

Many reports have shown that SEMS is cost-effective for both palliative intervention and BTS. Quinn ef
al[69] analyzed the costs and effectiveness in patients with unresectable or metastatic colorectal cancer
who received SEMS or ES for acute colonic obstruction using decision tree analysis. The authors
demonstrated that SEMS is a more cost-effective treatment for palliative intervention than ES. In a
Japanese single-center retrospective study, short-term outcomes and total healthcare costs were
compared between the SEMS, curative surgery, and ES groups. The study showed earlier oral intake,
shorter total hospital stay, and lower total costs in the SEMS group than in the ES group, which
suggested that SEMS as BTS was a more cost-effective treatment[70]. A Canadian decision analysis
performed in 2006 elucidated the cost-effectiveness of SEMS as a BTS compared with the conventional
surgical approach for acute OLCC[71].

Despite these studies, many clinicians may still regard SEMS for BTS as a treatment with lower cost-
effectiveness. Suen et al[72] administered a questionnaire to Oceanian surgeons, surveying their
intention to participate in randomized controlled trials on stent placement for OCC. Most surgeons gave
a positive response to using stents for palliative treatment, whereas the majority of surgeons gave a
negative response to using stents as BTS because they considered stenting as a BTS less cost-effective
than ES.

CONCLUSION

Colonic stenting has had a positive impact on the management of OLCC, including facilitating the
avoidance of stoma and reducing postoperative complications in the subsequent curative surgery,
whereas a negative impact of colonic stenting on long-term oncologic outcomes seemed to have been
emphasized until a decade ago. Many recent studies have demonstrated the long-term safety of colonic
stenting for OLCC, which led to a change in the ESGE guidelines updated in 2020 as follows: SEMS as a
BTS for OLCC is a recommended treatment. It should be noted that the experience of endoscopists is
involved in determining the technical and clinical success rates and possibly the oncological outcomes.
Uncertainty remains regarding SEMS placement for OLCC, including the long-term oncologic prognosis
and safety of chemotherapy after SEMS; further investigation will be needed to clarify these points in
the future.
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Abstract

BACKGROUND
Esophageal squamous cell carcinoma (ESCC) is causing a high mortality rate due
to the lack of efficient early prognosis markers and suitable therapeutic regimens.

The prognostic role of genes responsible for the acquisition of radioresistance in
ESCC has not been fully elucidated.

AIM

To establish a prognostic model by studying gene expression patterns pertinent to
radioresistance in ESCC patients.

METHODS
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Datasets were obtained from the Gene Expression Omnibus and The Cancer Genome Atlas
databases. The edgeR, a Bioconductor package, was used to analyze mRNA expression between
different groups. We screened genes specifically responsible for radioresistance to estimate overall
survival. Pearson correlation analysis was performed to confirm whether the expression of those
genes correlated with each other. Genes contributing to radioresistance and overall survival were
assessed by the multivariate Cox regression model through the calculation of i and risk score

using the following formula: Xi=; Bi X PSI,

RESULTS

We identified three prognostic mRNAs (cathepsin S [CTSS], cluster of differentiation 180 [CD180],
and SLP adapter and CSK-interacting membrane protein [SCIMP]) indicative of radioresistance.
The expression of the three identified mRNAs was related to each other (r > 0.70 and P < 0.05). As
to 1-year and 3-year overall survival prediction, the area under the time-dependent receiver
operating characteristic curve of the signature consisting of the three mRNAs was 0.716 and 0.841,
respectively. When stratifying patients based on the risk score derived from the signature, the
high-risk group exhibited a higher death risk and shorter survival time than the low-risk group (P
< 0.0001). Overall survival of the low-risk patients was significantly better than that of the high-
risk patients (P = 0.018).

CONCLUSION
We have developed a novel three-gene prognostic signature consisting of CTSS, CD180, and
SCIMO for ESCC, which may facilitate the prediction of early prognosis of this malignancy.

Key Words: Esophageal squamous cell carcinoma; CTSS; CD180; SCIMP; Radioresistance; TNM stage;
Prognosis

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

Core Tip: The current study identified a novel three-gene prognostic signature consisting of CTSS, CD180,
and SCIMO for esophageal squamous cell carcinoma, which may facilitate the prediction of early
prognosis of this malignancy.
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INTRODUCTION

Esophageal cancer is one of the most commonly occurring gastrointestinal tumors and ranks 7* in
incidence and 6™in death among all malignancies worldwide. The highest incidence rate was reported
in Chinal[l]. Esophageal cancer includes two main pathological types, namely, esophageal adenocar-
cinoma and esophageal squamous cell carcinoma (ESCC), and 88% of ESCC cases originate in central
and southern Asia[2]. Surgery is the conventional method of treatment for early-stage esophageal cancer
patients. Neoadjuvant radiotherapy is also reported to be a crucial therapeutic modality for treating
advanced stage ESCC patients[3]. However, the differences in sensitivity of each patient to radiation
therapy result in variable prognoses among ESCC patients. ESCC is an aggressive malignancy with a
poor overall survival[4]. The available staging system is not very satisfactory in predicting the treatment
outcome in ESCC patients, and the application of cancer genomics to predict clinical outcomes may
improve the treatment of ESCC[5,6].

Tumor radiotherapy can induce either direct damage to DNA by inducing DNA double-strand
breaks, or indirectly modulate cell signaling cascades to foster tumor cell death[7]. However, the clinical
outcomes of radiotherapy in most esophageal tumor patients predominantly depend on the inherent
sensitivity of tumor cells to radioactive rays. Furthermore, tumor cell insensitivity can lead to the
occurrence of radioresistance, which involves several cellular mechanisms including cell cycle
checkpoint regulation[8], stemness acquisition[9,10], epithelial mesenchymal transformation (EMT)[11],
and activation of multiple pro-survival and pro-proliferation signaling pathways[12,13]. Furthermore,
radioresistance is also mediated by tumor-associated microenvironment factors, such as hypoxia-
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induced HIF-1 signaling factors[14,15], tumor-associated fibroblasts (CAFs)[16], and tumor-associated
macrophages[17,18]. Hence, radioresistance is one of the significant reasons for the failure of
radiotherapy in ESCC patients. High-throughput sequencing technology is a promising novel approach
to identify genes that are related to tumor radioresistance in ESCC. Maher et al[19] identified a set of five
genes including EPB41L3, RTKN, STAT5B, NMES1, and RNPC1 as biomarkers for response to
neoadjuvant radiotherapy in esophageal cancer. Overexpression of PTK7 can activate NF-kB to enhance
raidoresistance in radiosensitive ESCC cells[20]. Transcriptome analysis delineated that the MALATI-
ATG9B and DDIT4-MB-PLAT genes could regulate radioresistance in in vitro models of ESCC cells by
modulation of autophagy and hypoxia pathways[21]. The prognostic role and underlying genomic
pathways pertinent to the acquisition of radioresistance in ESCC patients have not yet been fully
unraveled. Therefore, it is crucial to identify biomarkers and genes pertaining to radioresistance in
ESCC for selecting novel therapeutic modalities to mitigate radioresistance in this malignancy.

The current study identified mRNAs as potential radioresistance markers in ESCC cells with the aid
of merged mRNA data collected from the Gene Expression Omnibus (GEO) and Cancer Genome Atlas
(TCGA) databases. The study identified a three-gene signature, including CTSS, CD180, and SCIMP,
that may predict the development of radioresistance in ESCC cells. Furthermore, we constructed a
prognostic model for radioresistant ESCC based on the risk scores derived from clinical features and the
three-gene signature.

MATERIALS AND METHODS

GEO database search: Identifying ‘radioresistance-promoting mRNAs’

Primarily, the microarray profiles in GSE81812 dataset pertaining to ‘non-radiated KYSE-180 cells” and
“12 and 30 Gy radiated KYSE-180 cells” were downloaded from the GEO database (http://www.
ncbinlm.nih.gov/geo/) to identify mRNAs contributing to radioresistance in ESCC cells. The edgeR
package (www.bioconductor.org/packages/release/bioc/html/edgeR html) was used to analyze the
differential expression of mRNAs between different groups (‘0 Gy group vs 12 Gy group’ and ‘0 Gy
group vs 30 Gy group’) to identify genes related to radioresistance. The cutoff parameters were false
discovery rate < 0.05 and | Log, fold change | >2.

TCGA database search: Identification of ‘radioresistance-promoting mRNAs’ associated with overall

survival

Gene expression profile and clinical information of ESCC patients in the TCGA database were
downloaded (https:/ /gdc-portal.nci.nih.gov/). Overall survival rates were determined to ascertain the
prognostic significance of the identified radioresistance promoting mRNAs in the TCGA database; the
overall survival rates were analyzed by using survival package in R through Kaplan-Meier analysis and
finally compared using the Log-rank test and Cox proportional hazards regression analysis. Then,
radioresistance-promoting mRNAs associated with overall survival were screened.

Multivariate Cox regression analysis: Construction of prognostic model based on ‘radioresistance-

promoting mRNAs’ associated with overall survival

The association of radioresistance-promoting mRNAs with overall survival was estimated using the
multivariate Cox regression model, adjusted for age, gender, grade, and stage, to calculate pi. The forest
plot was plotted to exhibit the hazards regression (HR) of the multivariate Cox regression model results.

Later, risk score was estimated by using the following formula: 2i=i Bi X PSI, By using the maximally
selected rank statistics from the ‘survminer” package in R, all samples were divided into a low-risk
group and a high-risk group subsequently, and survival analysis was conducted to assess prognosis
differences between the two groups.

Confirmation of relationship of ‘radioresistance-promoting mRNAs’ with overall survival, tumor

stage, and tumor grade

Pearson correlation coefficients (P < 0.05) were calculated using r.test () in R to confirm whether the
identified radioresistance-associated mRNAs were typically related to the stage and grade of ESCC. The
results are shown in violin plots.

Kyoto Encyclopedia of Genes and Genomes pathway analysis

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of mRNAs associated
with radioresistance in ESCC was performed using the ClusterProfile package (http://www.biocon-
ductor.org/packages/release/bioc/html/clusterProfiler.html) for a more comprehensive under-
standing of biological features. A P value < 0.05 was set as the cut-off criterion in the KEGG pathway.
Data pertinent to KEGG pathway analysis is attached as a supporting file.
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Statistical analysis

Statistical analyses were executed with the aid of SPSS 22.0 software (IBM, Chicago, IL, United States)
and R version 3.6.0. Overall survival rate was estimated using the Kaplan-Meier method. Multivariate
Cox proportional HR analysis was executed to identify prognostic factors (the three-gene signature, age,
gender, tumor stage, and tumor grade). Differences between groups were compared using the Student’s
t-test or paired samples t-test. P < 0.05 was considered to have statistical significance.

RESULTS

GEO database search of mRNA expression profiles to identify radioresistance-promoting mRNAs

The gene count data of expression profiles of 22456 mRNAs in 41 samples of 0 Gy, 92 samples of 12 Gy,
and 89 samples of 30 Gy were obtained from the GSE81812 dataset downloaded from GEO. We
identified upregulation of 1168 mRNAs in the ‘0 Gy group vs 12 Gy group’ comparison and 497 mRNAs
in the ‘0 Gy group vs 30 Gy group’ comparison by using the edgeR package. To distinguish the differen-
tially expressed mRNAs at different X-ray levels, the top 50 mRNAs are shown in a heatmap and
principal component analysis (PCA) was performed (Figure TA-D). A total of 379 intersection mRNAs
were identified from the 0-12 Gy and 0-30 Gy comparisons as radioresistance associated genes.

Prognostic significance of radioresistance-promoting mRNAs from TCGA database

Log-rank test and Cox proportional hazards regression were adjusted for other confounding factors
such as gender, age, stage, and grade. These statistical analyses were used to screen for prognostic
genes, and a total of 5293 mRNAs were selected. Among them, 44 mRNAs were significantly associated
with radioresistance. We selected 23 mRNAs that were negatively correlated with prognosis for further

analysis. The intersection of radioresistant prognostic mRNAs is visualized in a Venn diagram
(Figure 1E).

Determination of correlations among radioresistance-promoting mRNAs

For the 23 mRNAs mentioned above, we primarily investigated whether their expression correlated
with each other based on the data in the TCGA database. Although they were expressed at different
levels in ESCC patients, the results showed strong correlations among three mRNAs, namely, CTSS,
CD180, and SCIMP (r > 0.70 and P < 0.05). The correlations of 23 mRNAs are shown in a heatmap
(Figure 2A). Hence, we selected these three mRNAs as radioresistance-promoting mRNAs of interest.
Correlations of these three mRNAs are shown in a scattergram (Figure 2B-D).

Establishment of a gene signature as prognostic model for radioresistance

To explore the potential prognostic value of the above three mRNAs pertinent to radioresistance, we
evaluated the overall survival rates of ESCC patients based on the expression patterns of these three
mRNAs based on the data in the TCGA database by using Kaplan-Meier curves. As shown in Figure 3A,
their low expression was associated with a good overall survival (TCGA database), and the median
survival time was statistically significant (P < 0.05) for all the three mRNAs.

Subsequently, the connection between the three-gene signature and overall survival was explored
through multivariate Cox regression model adjusted for patient age, gender, tumor grade, and tumor
stage, for which, the HR with 95% confidence interval was depicted through the forest plot (Figure 3B).
ROC analysis for the model is shown in Figure 3C (area under the curve: 0.716 and 0.841 for 1- and 3-
year survival, respectively). Accordingly, the risk score of each patient was calculated, and all the
patients were divided into either a high risk group or a low risk group based on the risk score.

The patients of the high-risk group exhibited a ‘higher death risk and shorter survival time’ than the
patients in the low-risk group; the heatmap of the three genes (CTSS, CD180, and SCIMP) showed that
the high-risk patients typically had higher expression of these genes than the low-risk patients
(Figure 3D-F). The Kaplan-Meier curves revealed that the low-risk patients typically with low
expression of these three genes exhibited a good overall survival (Figure 3G).

External validation based on GEO dataset

To further validate the prognostic value of the three mRNAs, GSE53625 dataset was downloaded from
the GEO database. As shown in Figure 4A, downregulation of SCIMP expression was associated with a
good survival outcome. When patients were divided into two groups based on CTSS expression, there
was no statistically significant difference in their survival. CD180 expression also showed no significant
correlation with survival. In the same manner, the risk score of GEO samples was calculated, and the
overall survival of patient samples in the low-risk group was also higher than that of patient samples in
the high-risk group (Figure 4B). The risk curve, scatter plot, and heatmap results were also similar to
those obtained based on TCGA dataset (Figure 4C-E).
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Figure 1 Comparative principal component analysis and heatmap analysis of up-regulated mRNAs between non-radiated and radiated
KYSE-180 cell samples. A and B: Principal component analysis. Samples were clustered into two groups: 0 Gy group vs 12 Gy group (A) and 0 Gy group vs 30
Gy group (B); C and D: Heatmap analysis. Upregulated genes are indicated in red whereas downregulated ones are indicated in green. The expression of mMRNAs in
radiated samples was comparatively higher than that in non-radiated samples: 0 Gy group vs 12 Gy group (C) and 0 Gy group vs 30 Gy group (D); E: Venn diagram
of radioresistance-promoting mRNAs associated with prognosis in esophageal squamous cell carcinoma.
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Association of the three mRNAs with pathological grade and tumor-node-metastasis stage

We next explored the association between the three radioresistance-promoting mRNAs and pathological
grade (Figure 5A-C) and tumor-node-metastasis (TNM) stage (Figure 5D-F). CTSS, CD180, and SCIMP
exhibited significantly higher expression in advanced pathological grades (2-3 vs 1) and tumor stages
(I-IV ws I).

Functional characteristics of CTSS, CD180, and SCIMP mRNAs

To further explore the underlying biological features of the three mRNAs in ESCC, we performed
Pearson correlation between the three mRNAs, namely, CTSS, CD180, and SCIMP, and the other
mRNAs to identify co-expressed mRNAs. A total of 539 mRNAs were selected for KEGG pathway
enrichment analysis (P < 0.01, r > 0.4). Our results showed that the co-expressed mRNAs were mainly
enriched in 50 pathways, including NF-kB, JAK-STAT, cell adhesion molecules signaling, and PD-L1
expression & PD-1 checkpoint pathways (Figure 6).

DISCUSSION

Prolonged and fractionated irradiation during radiotherapy in ESCC patients could confer radiores-
istance and result in distant metastasis, which may lead to treatment failure[22,23]. CAFs can foster
radioresistance in ESCC tumor cells through the long noncoding RNA DNM3OS by modulating the
PDGEFB/PDGFRB/FOXOT1 signaling pathway, suggesting that CAFs-promoted DNM3OS could be a
crucial target to reverse radioresistance in ESCC tumor cells. A study by Zhao et al[24] in 2020, showed
that three genes (FOXL2, TCF4, and NR2F2) exhibited a significant correlation with the prognosis of
endometrial carcinoma; biological pathways associated with the low expression of these three genes
were significantly enriched in cell cycle and fatty acid metabolism of cancer cells. However, there is
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Figure 2 Heatmap and scattergram depicting the correlations of mRNAs. A: Heatmap showing correlations of 23 mRNAs contributing to
radioresistance; B-D: Scattergram showing correlations between two of the three mRNAs: CTSS vs SCIMP (B), CTSS vs CD180 (C), and CD180 vs SCIMP (D).
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limited evidence to validate the gene signatures involved in conferring radioresistance in ESCC patients
to delineate accurate and efficient disease prognosis[25]. Ma et al[26] demonstrated that HMGB1
promotes radioresistance through the activation of autophagy. Furthermore, differentially expressed
genes (DEGs) including ‘CFLAR, LAMAS, ITGA6, ITGB4, and SDC#4’ in five signaling cascades (PI3K-
AKT pathway, CYCS gene-based apoptosis pathway, SI00AX-AKT3-related pathway, SDC4 and
HSPG2 pathway, and mTOR signaling pathway) were reported to be associated with radioresistance in
in vitro ESCC models, and tissue biopsies of ESCC patients[27]. In the present study, we, for the first
time, constructed a risk score model based on three radioresistance-associated mRNAs (CTSS, CD180,
and SCIMP) and clinical features of ESCC patients; this model could facilitate oncologists to predict
overall survival of ESCC patients with acquired radioresistance in radiotherapy.

A research study showed that the insulin-like growth factor 2 mRNA-binding protein 3 can
contribute to the development of radioresistance in ESCC[28]. miR-205 promotes radioresistance in
ESCC typically through enhancing DNA repair, impairing apoptosis, and stimulating EMT[29]. Another
factor i.e., eEF2K, could foster the progression of radioresistance in ESCC[30]. In our study, the
involvement of three mRNAs (CTSS, CD180, and SCIMP) in radioresistance was analyzed through the
transcriptome profiling of ESCC samples between non-radiated KYSE-180 cells and 12 or 30 Gy far
infrared radiation-treated KYSE-180 cells and by constructing a risk score model. However, the overall
survival information in GSE81812 dataset is unavailable, so we conducted univariate and multivariate
Cox regression analysis based on the TCGA database, and identified 49 radioresistance-associated
mRNAs associated with survival, of which 23 were inversely correlated with survival. After compre-
hensive correlation analysis, we selected three radioresistance-associated mRNAs (CTSS, CD180, and
SCIMP) that were strongly correlated with each other based on the data in the TCGA database.
Subramanian et al[31] deciphered that the well-developed genomic signatures are significantly
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Figure 3 Kaplan-Meier curves. A: Kaplan-Meier survival curves by expression of CTSS, SCIMP, and CD180 based on data from TCGA database; B: Forest plot
established with a hazard ratio calculated through multivariate Cox regression model adjusting for age, gender, grade, and stage (P < 0.05); C: Receiver operating
characteristic analysis for 1- and 3-year overall survival prediction; D-F: Risk score distribution for patients in high risk group and low risk group. SCIMP, CD180, and
CTSS had higher expression in high risk group than in low risk group; G: Kaplan—Meier survival curves for the high risk group and low risk group.
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beneficial for improving clinical outcomes in ESCC patients. Results of the overall survival of patients in
this study suggested that patients with a higher risk score exhibited a poorer prognosis. Moreover, we
downloaded the GSE53625 dataset as independent validation data to validate the prognostic role of the
three-mRNA signature. Our result confirmed that the risk score model could also predict the survival
outcome based on the external validation datasets.

Among the three mRNAs investigated, CTSS encodes a cysteine protease. Seo et al[32] showed
radiation-induced CTSS overexpression, which can consequently promote radioresistance, and
knockdown of CTSS could induce impairment of radioresistance by modulating the ROS-IFN-y
pathway[32]. Additionally, a plethora of research studies have found that CTSS is particularly involved
in modulating autophagy pathways[33], PI3K/ Akt and Ras/Raf/MAPK signaling pathways[34], and
EGFR-ERK signaling pathway[35] as these signaling cascades are more or less involved in conferring
radioresistance. However, there are no reports available in the literature to delineate that CD180 and
SCIMP are involved in causing radioresistance in ESCC patients. CD180 belongs to the family of Toll-
like receptors. Its expression has been reported to be associated with acute or chronic leukemia[36].
SCIMP encodes a transmembrane adaptor protein that shapes host defense and inflammation via direct
modulation of TLR4[37].

A report by Yang et al[27] described the activation of the PI3K-Akt signaling pathway (KEGG ID:
hsa05200) with upregulation of DEGs such as LAMA5, LAMB2, LAMB3, ITGA6, and ITGB4 at 12-Gy and
30-Gy fractionated irradiation. Thus, PI3K-Akt is reported to be involved in protecting KYSE-180 cells
from undergoing apoptosis after irradiation. CYCS gene-based apoptosis pathway (KEGG ID: hsa04210)
is impaired after 12-Gy irradiation due to the induction of CYCS downregulation. KEGG pathway
analysis of SI00AX-AKT3 signaling depicted that the activation of this pathway could enhance the
migration and metastasis of HSCC KYSE-180-12 Gy and KYE-180-30 Gy cells[27,38]. SDC4 and HSPG2
[KEGG ID: hsa05205] are two proteoglycans that were reported to be upregulated during the irradiation
of KYSE-180 cells at doses of 12 Gy and 30 Gy. These genes are responsible for tumor cell invasion and
metastasis[27]. In the present study, KEGG pathway analysis was performed to clarify the underlying
mechanisms of the three mRNAs contributing to the radioresistance of ESCC cells. Our results showed
that these mRNAs were mainly enriched in pathways that are related to radioresistance, such as the
JAK-STAT signaling pathway[39] and NF-kB signaling pathway[40]. Our results also demonstrated the
radioresistance-promoting ability of these three mRNAs. Besides, these mRNAs were enriched in
immune-related pathways, such as antigen processing and presentation, cytokine-cytokine receptor
interaction, and Th17 cell differentiation. Hence, these three radioresistance-associated mRNAs might
be involved in the regulation of immune pathways contributing to ESCC cell radioresistance.
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Figure 4 Validation of prognostic value of the three mRNAs based on dataset downloaded from the Gene Expression Omnibus database.
A: Kaplan-Meier survival curves for SCIMP, CD180, and CTSS based on GSE53625 dataset; B: Kaplan-Meier survival curves for the high risk group and low risk

Guiewidenge WICO | https://www.wijgnet.com 21 January 24,2023 | Volume14 | Issuel |



Wang XY et al. Novel signature for radiotresistant ESCC

group; C-E: Risk score distribution for patients in high risk group and low risk group. SCIMP, CD180, and CTSS had higher expression in high risk group than in low
risk group.
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Figure 5 Association of the three radioresistance-promoting mRNAs (CTSS, CD180, and SCIMP) with tumor characteristics. A-C: Box plots
showing a positive correlation of SCIMP, CD180, and CTSS with pathological grade; D-F: Box plots showing a positive correlation of SCIMP, CD180, and CTSS with
tumor-node-metastasis stage.

CONCLUSION

In summary, our study proved that CTSS, CD180 and SCIMP can promote the development of radiores-
istance in ESCC patients. The novel three-gene signature developed based on the three genes can be
used as a prognostic model to predict the prognosis of patients with radioresistant ESCC.
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Figure 6 Kyoto Encyclopedia of Genes and Genomes enrichment analysis of co-expressed mRNAs. CTSS, CD180, and SCIMP genes can
interact with other co-expressed mRNAs, which were mainly enriched in 50 pathways, such as NF-kB, JAK-STAT, PD-L1 expression & PD-1 checkpoint pathway,
and cell adhesion molecules signaling pathways.
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ARTICLE HIGHLIGHTS

Research background
Esophageal squamous cell carcinoma (ESCC) is causing a high mortality rate due to the lack of efficient
early prognosis markers and suitable therapeutic regimens.

Research motivation
The prognostic role of genes responsible for the acquisition of radioresistance in ESCC has not been
fully elucidated.

Research objectives
To establish a prognostic model by studying gene expression patterns pertinent to radioresistance in
ESCC patients.

Research methods

Datasets were obtained from the Gene Expression Omnibus and The Cancer Genome Atlas databases.
The edgeR, a Bioconductor package, was used to analyze mRNA expression between different groups.
We screened genes specifically responsible for radioresistance to estimate overall survival. Pearson
correlation analysis was performed to confirm whether the expression of those genes correlated with
each other. Genes contributing to radioresistance and overall survival were assessed by the multivariate
Cox regression model through the calculation of Bi and risk score using the following formula:

Yi, Bi x PSI.

Research results
We identified three prognostic mRNAs (cathepsin S [CTSS], cluster of differentiation 180 [CD180], and
SLP adapter and CSK-interacting membrane protein [SCIMP]) indicative of radioresistance. The

WJCO | https://www.wjgnet.com 23 January 24,2023 | Volume14 | Issuel |



Wang XY et al. Novel signature for radiotresistant ESCC

Jaishideng®

expression of the three identified mRNAs was related to each other (r > 0.70 and P < 0.05). As to 1-year
and 3-year overall survival prediction, the area under the time-dependent receiver operating charac-
teristic curve of the signature consisting of the three mRNAs was 0.716 and 0.841, respectively. When
stratifying patients based on the risk score derived from the signature, the high-risk group exhibited a
higher death risk and shorter survival time than the low-risk group (P < 0.0001). Overall survival of the
low-risk patients was significantly better than that of the high-risk patients (P = 0.018).

Research conclusions

We have developed a novel three-gene prognostic signature consisting of CTSS, CD180, and SCIMO for
ESCC.

Research perspectives
The three-gene signature developed in this study may facilitate the prediction of early prognosis of this
malignancy.
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Abstract

BACKGROUND
Lung adenocarcinoma (LUAD) is the most common non-small-cell lung cancer,
with a high incidence and a poor prognosis.

AIM

To construct effective predictive models to evaluate the prognosis of LUAD
patients.

METHODS

In this study, we thoroughly mined LUAD genomic data from the Gene
Expression Omnibus (GEO) (GSE43458, GSE32863, and GSE27262) and the Cancer
Genome Atlas (TCGA) datasets, including 698 LUAD and 172 healthy (or adjacent
normal) lung tissue samples. Univariate regression and LASSO regression
analyses were used to screen differentially expressed genes (DEGs) related to
patient prognosis, and multivariate Cox regression analysis was applied to
establish the risk score equation and construct the survival prognosis model.
Receiver operating characteristic curve and Kaplan-Meier survival analyses with
clinically independent prognostic parameters were performed to verify the
predictive power of the model and further establish a prognostic nomogram.

RESULTS

A total of 380 DEGs were identified in LUAD tissues through GEO and TCGA
datasets, and 5 DEGs (TCN1, CENPF, MAOB, CRTAC1 and PLEK2) were
screened out by multivariate Cox regression analysis, indicating that the
prognostic risk model could be used as an independent prognostic factor (Hazard
ratio = 1.520, P < 0.001). Internal and external validation of the model confirmed
that the prediction model had good sensitivity and specificity (Area under the
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curve = 0.754, 0.737). Combining genetic models and clinical prognostic factors, nomograms can
also predict overall survival more effectively.

CONCLUSION

A 5-mRNA-based model was constructed to predict the prognosis of lung adenocarcinoma, which
may provide clinicians with reliable prognostic assessment tools and help clinical treatment
decisions.

Key Words: Lung adenocarcinoma; Differentially expressed genes; Prognostic signature; Risk score;
Nomogram
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INTRODUCTION

Lung adenocarcinoma (LUAD) is a common histological type of lung cancer that is a malignant tumor
that seriously threatens human health, accounting for approximately 40% of lung cancers[1]. In recent
years, some progress has been made in diagnostic and treatment strategies of clinical and experimental
oncology for lung cancer. However, LUAD patients with localized or locally advanced disease still have
a high risk of death, and their 5-year overall survival rate is still less than 15%[2]. Assessing the patient's
prognosis can help choose effective treatments to balance side effects with treatment benefits and decide
whether to give more aggressive treatment. Although tumor-node-metastasis (TNM) classification
plays an important role in the prognosis assessment of LUAD patients, the prognosis of some patients is
significantly different even if the stages are similar. Therefore, the identification of reliable prognostic
biomarkers to predict clinical outcomes and help make accurate clinical treatment decisions is clearly
critical. The rapid development of gene chips and high-throughput sequencing have facilitated the
development of new predictive tools based on prognostic genes for lung cancer. These relevant studies
involved in prognostic genes of lung cancer have identified several prognostic models that have
predicted the overall survival rate of LUAD patients (Table 1)[3-14]. For example, a six-gene model
(RRAGB, RSPH9, RPS6KL1, RXFP1, RTL1 and RRM2) based on the weighted gene coexpression
network predicted the overall survival rate of non-small-cell lung cancer patients[13]. A 3-gene
prognostic model (URKA, CDC20, and TPX2A) also accurately predicted overall survival in smoking-
related lung adenocarcinoma[14]. In addition, through analysis of TCGA data, the risk score of the 12-
mRNA signature was correlated with poor prognosis in patients with lung adenocarcinomal3].
Therefore, the in-depth exploration of public databases such as the Gene Expression Omnibus (GEO)
and the Cancer Genome Atlas (TCGA) databases, discovery of other genes related to the prognosis of
LUAD and development of a comprehensive prognosis assessment system including multiple
biomarkers may be effective ways to predict the prognosis of lung adenocarcinoma and individual
treatment.

Here, we first integrated three lung adenocarcinoma datasets from the GEO database to screen for
differentially expressed genes (DEGs). Then, the TCGA-LUAD data set was used to identify DEGs.
Univariate Cox and LASSO regression analyses were further used to determine the DEGs associated
with overall survival. The risk score was calculated by multiplying multiple Cox coefficients by gene
expression. The prognostic model was also combined with clinical parameters to construct a prognostic
nomogram to predict overall survival. Finally, Gene set enrichment analysis (GSEA) was performed to
identify the potential biological pathways of the five genes in the model.
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Table 1 Data and studies involved several prediction models for the prognostic signature of non-small cell lung cancer/ lung

adenocarcinoma

Datasets

Model-related genes

Application

Ref.

GEO (GSE19188, GSE33532)

GEO (GSE31210, GSE37745,
GSE50081) + TCGA

GEO (GSE31210, GSE37745,
GSE50081) + TCGA

TCGA

GEO (GSE3141, GSE30219,
GSE50081) + TCGA

GEO (GSE50081, GSE30219,

GSE31210, GSE19188, GSE37745,
GSE3141, GSE31908)

DLGAP5, KIF11, RAD51AP1, CCNB1,
AURKA, CDCé, OIP5, NCAPG

PLEKHH2, ISCU, CLUL1, CHRDL1, PAIP2B,
CDCP1

CDCP1, HMMR, TPX2, CIRBP, HLF, KBTBD?,
SEC24B-AS1, SH2B1

RHOV, CD109, LINC00941, FRRS1

ADAM12, BTK, ERG

ABCC4, ADRBK2, KLHL23, PDS5A, UHRF1,
ZNF551

Prognostic signature for predicting overall
survival in lung adenocarcinoma

Prognostic signature for predicting both
disease-free and overall survival in non-small
cell lung cancer

Prognostic Signature for predicting overall
survival of early-stage non-small cell lung
cancer

Prognostic signature for predicting overall
survival in lung adenocarcinoma

Prognostic gene signature associated with the
microenvironment of lung adenocarcinoma

Prognostic signature for predicting overall
survival in non-small cell lung cancer

Li et al[3], 2018

Zuo et al[4],
2019

He et al[5], 2019

Shukla et al[6],
2016

Yue et al[7],
2019

Huang et al[8],
2016

GEO (GSE50081, GSE31210, STAT1, CLU, GTSE1, NUSAP1, ABCAS, Prognostic signature for predicting overall Shahid et al[9],
GSE30219, GSE29013, GSE68465, TNNT1, ENTPD3, CPA3 survival in non-small cell lung cancer 2016
GSE42127) + E-MTAB-923

GEO (GSE8894, GSE14814, GSE30219, KIF15, DLGAP5, ASPM, ADAM10, Prognostic gene expression signature for early  Krzystanek et al
GSE31210, GSE37745, GSE50081) RAD51AP1, FGFR10P, NCGAP stage lung adenocarcinoma [10], 2016

TCGA BCHE, CCNA1, CYP24A1, DEPTOR, MASP2,  Prognostic signature for predicting overall Zengin et al
MGLL, MYO1A, PODXL2, RAPGEF3, SGK2, survival in lung adenocarcinoma [11], 2020
TNNI2, ZBTB16

TCGA PTPRH, OGFRP1, LDHA, AL365203.1, Prognostic signature for predicting overall Li et al[12], 2018
LINC02178, AL512488.1, LINC01312, survival in lung adenocarcinoma
AL353746.1, DRAXINP1, LINC02310

14 GEO datasets ABCC4, ADRBK2, KLHL23, PDS5A, UHRF1, Prognostic signature for predicting overall Xie et al[13],
ZNF551 survival in non-small cell lung cancer 2019

GEO (GSE31210, GSE32863,
GSE40791, GSE43458, GSE75037) +
TCGA

AURKA, CDC20, TPX2 Prognostic signature for predicting overall
survival in smoking-related lung adenocar-

cinoma

Zhang et al[14],
2019

GEO: the Gene Expression Omnibus; TCGA: the Cancer Genome Atlas.

MATERIALS AND METHODS

Gene expression profile data collection from the GEO and TCGA databases

The GEO database (https://www.ncbi.nlm.nih.gov/geo/) was used for the mRNA expression and
clinical data of lung adenocarcinoma that needed to meet the following criteria: (1) Human lung
adenocarcinoma tissue samples; (2) tumor and nontumor lung control tissue samples; and (3) = 50
samples. Finally, three gene expression microarray data sets (GSE43458, GSE32863 and GSE27262),
which included 163 LUAD tumor tissue samples and 113 adjacent normal tissue samples, were
downloaded for DEG analysis. On the other hand, the original count data and corresponding clinical
data of LUAD patients in the training set and test set, which includes 535 LUAD patient samples and 59
control samples, were downloaded from TCGA project (https:/ /tcga-data.nci.nih.gov/tcga/). Complete
survival information and gene expression profile data of 494 patients were obtained from the TCGA
database after excluding samples that could not be assessed for tumor histological grade or had no
overall survival (OS) information. The model was validated using transcriptome analysis of 90 LUAD
patients from the GSE11969 dataset. The workflow of our LUAD biomarker analysis process is shown in
Supplementary Figure 1.

Screening and verification of DEGs in lung adenocarcinoma tissue

To identify DEGs between LUAD and lung tissues, GE02R was used for differential expression analysis
of the GSE43458, GSE32863, and GSE27262 data sets. The DEGs of the TCGA-LUAD dataset were
analyzed using the "limma" software package of R software, and the threshold of DEG screening was
|log FC| > 2 and P < 0.05 according to our previous study[15]. Human protein mapping (https://
www.proteinatlas.org/) evaluates lung adenocarcinoma and DEG protein expression in normal lung
tissue[16]. Mutation data in lung adenocarcinoma patients were obtained from cBioPortal (
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https:/ /www.cbioportal.org/)[17].

Identification of prognostic differential genes and establishment of prognostic models

TCGA-LUAD data were randomly divided into a training set (n = 346) and a test set (n = 148). In the test
set, we performed univariate Cox regression analysis for DEGs determined by a comprehensive analysis
of the GEO data set to determine the relationship between patient survival and gene expression. P < 0.01
was considered statistically significant and was included in subsequent analysis. Next, we applied
LASSQO regression to further reduce the number of DEGs in the selected panel with the best predictive
performance by 10-fold cross-validation of the R-based glmnet package. Finally, multivariate Cox
regression analysis was performed to obtain the five optimal prognostic gene regression coefficients
from the multivariate Cox proportional hazard regression model. A prognostic risk score for the five
genes was then established based on the multivariate Cox regression model regression coefficient
multiplied by a linear combination of its mRNA expression level.

Identification of prognostic models and related genes

The Lung Adenocarcinoma (TCGA, PanCancer Atlas) database in cBioPortal was used to analyze the
genetic mutation model. We used data from the TCGA to analyze model-related gene expression. The
THPA (http:/ /www.proteinatlas.org) database was used to analyze the protein expression of model-
related genes[16]. Patients in the training set were divided into high-risk and low-risk groups according
to the median risk score as the cutoff point. Kaplan-Meier (KM) survival curves and Wilcoxon tests
combined with the R package "survival" were used to compare the survival differences between the
high-risk and low-risk groups. Time-dependent receiver operating characteristic (ROC) curve analysis
was conducted using the R software package "survivalROC" to assess the prediction model's forecasting
capacity. P < 0.05 was considered statistically significant. The test cohort and the entire cohort were
used for internal validation, the GSE11969 dataset was downloaded from the GEO database for external
validation, and the risk score of each patient was calculated using the same model based on the
prognostic gene signature to further verify the predictive value of the prognostic gene signature.

Establish and verify the forecast nomograms

To provide clinicians with a quantitative method for predicting 1-year, 3-year, and 5-year overall
survival in LUAD patients, we used a combined model of all independent prognostic factors selected by
multivariate Cox regression analysis to construct a nomogram. KM analysis, area under the curve
(AUCQ), consistency index (C-index), and comparison of predicted and observed overall survival were
used to evaluate the prognostic nomographs' performance[18].

Functional enrichment analysis of model genes

GSEA was used to analyze the signaling pathways of relevant genes involved in the development of
lung adenocarcinoma to clarify the molecular mechanism of the prognostic gene signature. GSEA
software (GSEA 4.0.3) was downloaded from the Broad Institute website (http://software.broadin-
stitute.org/gsea/index.jsp), and the analyzed access was from the c2.cp.kegg.v7.0.symbols.gmt data set
in the Molecular Signature Database (MsigDB). The enrichment analysis was carried out by the
weighted enrichment method, and the number of random combinations was set as 1000. All other
parameters were set as default values. Gene sets with P < 0.05 were regarded as significantly enriched
gene sets.

Statistical analysis

Statistical analysis and corresponding graph drawing were performed using R3.6.3 software, and Cox
regression analysis of the hazard ratio (HR) and 95% confidence interval (CI) was used to evaluate the
association between DEG expression and prognosis. A t-test of paired samples or a nonparametric
Wilcoxon rank sum test of unpaired samples was used for analysis of continuous variables, and
categorical variables were tested by the chi-square test or Fisher’s exact test. P < 0.05 indicated a
significant difference.

RESULTS

Screening and identification of differentially expressed genes in the TCGA-LUAD database

We researched the results as described in the flowchart (Supplementary Figure 1). This study analyzed
three GEO datasets (GSE43458, GSE32863, and GSE27262), and 886, 1270, and 1921 DEGs were found,
respectively. Then, we found 380 common DEGs by Venn diagram analysis. DEGs were verified in the
TCGA-LUAD database (535 Lung adenocarcinoma tissues and 59 Lung cancer tissues), further
confirming the differential expression of these 380 genes in lung adenocarcinoma and normal lung
tissues (Figure 1A-D).
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Figure 1 Screening of differential genes and establishing LASSO regression. A: Volcano map of the differential genes in the GSE43458; B: Volcano
map of the differential genes in the GSE32863; C: Volcano map of the differential genes in the GSE27262; D: Venn diagram of the three Gene Expression Omnibus
datasets; E: LASSO coefficients profiles of 380 common differential genes; F: LASSO regression with ten- fold cross-validation constructed the models.
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Screening of prognostic differential genes and establishment of prognostic models

Univariate Cox regression analysis was performed on 380 DEGs in the training set. A total of 30 DEGs
were related to the survival of patients with lung adenocarcinoma (P < 0.05) and further screened by
LASSO regression (Figure 1E). Cross-validation was used to establish the model, as shown in Figure 1F.
A total of 5 mRNAs (TCN1, CENPF, MAOB, CRTAC1, and PLEK2) were included in the model.
Multivariate Cox regression analysis was performed for the above 5 mRNAs, and the risk scoring
equation was established according to the corresponding regression coefficient. Risk score (RS) =
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(0.00288+ TCN1 EXP) + (0.0387+ CENPF EXP) + (-0.0291* MAOB EXP) + (-0.0198 *CRTAC1 EXP) +
(0.0214* PLEK2 EXP).

Verification of mRNA expression and genetic changes associated with 5 prognostic genes

Among the 566 patients included in the cBioPortal for Lung Adenocarcinoma (TCGA, PanCancer Atlas)
database, 93 patients (16.4%) showed genetic changes in these 5 genes, among which missense
mutations were the most common mutation type (Figure 2A). In the TCGA LUAD cohort, the mRNA
expression levels of TCN1, CENPF, and PLEK2 were significantly increased in lung adenocarcinoma
tissues compared with those in normal lung tissues, while MAOB and CRTAC1 were significantly
decreased in lung adenocarcinoma tissues (Figure 2B). A human protein mapping database (http://
www.proteinatlas.org) was used to explore the protein expression level. Immunohistochemical (IHC)
results of four genes (TCN1 was not included in the database) in lung cancer and normal lung gland
tissues are shown in Figure 2C. Consistent with the mRNA results, IHC results showed that CENPF and
PLEK2 had significantly higher mean expression levels in lung adenocarcinoma tissue than in normal
lung tissue. In contrast, the CRTAC1 expression level was higher in normal lung tissue than in lung

adenocarcinoma tissue. MAOB showed no difference between normal and lung adenocarcinoma tissues
(Figure 2C).

Evaluation of five-mRNA prognostic model

Each patient's risk score in the training group was calculated based on the above risk score function. The
"SurvMiner" R software package was used to obtain the median critical point, and the patients were
divided into a high-risk group and a low-risk group (Figure 3A). As the RS score increased, the patients'
survival time was shortened, and the number of deaths increased significantly (Figure 3B). Figure 3C
shows the heatmap of 5 prognostic genes in the high- and low-risk groups. The KM survival curve
indicated a lower overall survival in the high-risk group than in the low-risk group (P < 0.001)
(Figure 3D). To further verify the prognostic assessment model's accuracy, we used the R "survival
ROC" package to draw the ROC curve (Figure 3E). The results showed that the AUC values of the risk
score model for predicting the overall survival at 1, 3 and 5 years in patients with lung adenocarcinoma
were 0.711, 0.668 and 0.728, respectively, indicating that the multigene model had a good predictive
ability for the OS of patients with lung adenocarcinoma. Multiple Cox regression analysis showed that
RS, along with patient age and stage, could be independent prognostic factors for lung adenocarcinoma
patients (Figure 3F).

Internal and external validation of the five-mRNA prognostic signature

To verify the predictive value of the 5-mRNA prognostic signature, we used the same formula to
calculate risk scores for patients with the internal validation set (n = 160), entire validation set (1 = 535),
and external validation set (GSE11969, n = 90). Consistent with the training group results, the OS of
LUAD patients in the high-risk group was significantly lower than that in the low-risk group (Figure 4A
-C). The KM survival analysis of the prognostic signature showed that the AUC values of the 1-year, 3-
year, and 5-year OS of the internal validation set, the overall validation set and external validation set
were 0.754, 0.630, 0.684, and 0.737, 0.701, 0.680, and 0.779, 0.752, 0.715, respectively (Figure 4D-F). Taken
together, our results suggest that this 5-gene signature performs well in predicting overall survival in
patients with lung adenocarcinoma.

Establish and verify the nomogram

To establish clinically applicable methods for predicting survival in patients with lung adenocarcinoma,
we established a nomogram using three independent prognostic factors (including age, stage, and risk
score) to predict 1-year, 3-year, and 5-year OS in patients with lung adenocarcinoma
(Supplementary Figure 2A). The calibration diagram showed that the nomogram performs well
(Supplementary Figure 2B). The AUC values of the 1-year, 2-year, and 3-year overall survival
predictions of the nomograph were 0.760, 0.712, and 0.709, respectively (Supplementary Figure 3A). The
KM chart effectively distinguishes the various risks of these categories, with people with higher scores
having significantly poorer overall survival (P < 0.001) (Supplementary Figure 3B). The C-index (95%CI)
of the age, stage, and risk score and combination models was 0.501 (0.480-0.522), 0.684 (0.662-0.076),
0.625 (0.604-0.646), and 0.726 (0.702-0.750), respectively (Supplementary Table 1). Thus, the nomogram
performs well in predicting overall survival in patients with lung adenocarcinoma, which may be useful
for patient counseling and clinical decision-making.

Biological pathways of the five prognostic model genes were identified

GSEA was performed to identify the potential biological processes of the 5 prognostic genes and
showed that the samples with highly expressed TCN1, CENPF, and PLEK2 were enriched with focal
adhesion, the p53 signaling pathway, and Toll-like sensors, respectively. MAOB and CRTAC1 samples
were mediated in the cell cycle and ubiquitin-mediated proteolysis (Supplementary Figure 4),
respectively.
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Figure 2 The expression and genetic alterations of the 5 prognostic genes in Lung adenocarcinoma. A: Genetic alterations rate of 5 model genes;
B: Differential expression of the mRNA levels in lung adenocarcinoma tissues; C: Differential expression at the protein levels of the five model genes.

DISCUSSION

Recently, the tumor prognosis model based on the abnormal gene mRNAs has shown great potential
due to its high prediction accuracy. Traditional clinicopathological parameters, such as tumor stage,

Guishidenge WICO | hitps:/ /www.wignet.com 33 January 24,2023 | Volume14 | Issuel |



Xia QL et al. Prognostic signature of lung adenocarcinoma

A 8 « High risk s
« Low risk
6 -
<4
g :
o 4 ,
[72)
2
2 ‘/_/
04—

T T T T
0 50 100 150 200 250 300 350
Patients (increasing risk socre)

= Dead i
® Alive
A15—
Q
£ 104 o : .
z° P AS R T
ﬂ' = . - = ® ud
o % o ""b
0 o'snﬁ: ?-. ‘$¥‘~, -\ s0: ‘ﬁb’- ::‘ﬁcﬁ ..“'ﬁ -.‘ 4"
T

0 50 100 150 200 250 300 350

Patients (increasing risk socre)

Type
C Type High
Low

o N A O ®

CRTAC1

D Risk == High (n = 173) = Low (n = 173) E 10
1.00
0.8
0.75
% > 0.6
© =
o =
£ 0.50 g
= & 044
= " _— L
2
@
0251 . o.001 0.2+
—— AUC of 1 yr survival: 0.711
= AUC of 3 yr survival: 0.668
0.00 0.0 .» —— AUC of 5 yr survival: 0.728
01234567 8091011021314151617181920 00 02 04 06 08 10
tiyr 1-specificity
F P value Hazard ratio :
]
]
Age 0.045 1.016 (1.000-1.032) ]
]
1
]
Gender 0.334 0.855 (0.622-1.175) ——
]
]
Stage <0.001 1.640 (1.413-1.905) : ——
]
]
Risk score < 0.001  1.442 (1.287-1.616) !
I

—I

[ [
0.0 05 1.0 15

Hazard ratio
DOI: 10.5306/wjco.v14.i1.27 Copyright © The Author(s) 2023.

Figure 3 Risk score model, time-dependent receiver operating characteristic analysis, and survival analysis for the 5-gene signature in
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Lung adenocarcinoma. A: The risk score curve divided the patients into the high-risk and low-risk groups; B: Distribution map of the patient's survival status; C:
Heatmap of model genes in high and low risk groups; D: Kaplan-Meier survival analysis of the 5-mRNA-based prognostic signature; E: Receiver operating
characteristic curves to evaluate the prognostic signature; F: Multiple cox regression analysis of the risk scores and clinical parameters.
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Figure 4 Internal and external validation of the 5-gene prognostic signature. A: Internal validation by survival analysis; B: The entire dataset validation
by survival analysis; C: GSE11969-based external validation by survival analysis; D: Internal validation by receiver operating characteristic (ROC) curves; E: The
entire dataset validation by ROC curves; F: GSE11969-based external validation by ROC curves.

have been used to reflect and predict disease progression. However, a single clinical parameter has poor
predictive ability for prognosis[3,6,7,10]. In this study, we identified 380 reliable lung adenocarcinoma
differential genes by comprehensive analysis of three GEO datasets combined with data from the
TCGA-LUAD. Univariate, LASSO and multivariate Cox analyses of DEGs were performed to establish a
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prognostic risk model for lung adenocarcinoma based on 5 mRNAs (TCN1, CENPF, MAOB, CRTACI,
and PLEK?2). These five new genes were significantly correlated with the prognosis of LUAD patients.
MAOB and CRTACI were negative prognostic genes, while TCN1, CENPF and PLEK2 were positive
prognostic genes. Recently, several studies have revealed the important role of these five genes in cancer
progression. Monoamine oxidase B (MAOB) is an enzyme located on the outer mitochondrial
membrane. It is responsible for catalyzing monoamine oxidation to produce hydrogen peroxide and is
mainly involved in the metabolism of neurotransmitters[19]. The relationship between MAOB and
tumors is less reported. It has been reported that MAOB mRNA is significantly lower in the saliva of
oral squamous cell carcinoma patients than in that of healthy controls[20]. Xu et al[21] found that MAOB
is a key DNA methylation driver gene for prostate cancer and plays an important role in the DNA
methylation of prostate cancer patients through a comprehensive analysis of the TCGA methylation
data. There is no previous report about MAOB in lung adenocarcinoma. CRTAC1 encodes human
chondrogenic acid protein 1, which can be used as a marker of chondrocytes to distinguish human
chondrocytes from osteoblasts and mesenchymal stem cells in cultures[22]. Currently, this gene is rarely
reported in tumors. TCNI1 is a member of the vitamin B12-binding protein family and is a 60-70 kDa
molecular weight protein. High levels of TCN1 are primarily related to abnormal granulocyte prolif-
eration. TCN1 is overexpressed in a variety of malignancies, such as pancreas, breast, and colon cancer,
and is associated with tumor progression and metastasis[23-25]. TCN1 was significantly associated with
advanced colorectal cancer[24] and laryngeal cancer[26]. Centromere protein F (CENPF), as an
important member of the centromere protein family, is a component of the centromere complex and
plays an important regulatory role in mitosis[27]. CENPF expression is abnormally increased in a
variety of malignant tumors and is associated with the prognosis of patients[28,29]. Using
bioinformatics and immunohistochemical analysis, CENPF overexpression was associated with poor
prognosis of breast cancer and tumor bone metastasis[30]. Through comprehensive analysis of three
GEO databases, CENPF was identified as a key gene with prognostic value in lung adenocarcinoma,
which was consistent with our research results[31]. Pleckstrin-2 (PLEK2) is a 353 amino acid protein
encoded by the PLEK2 gene in the human genome and is widely expressed in various tissues. Its
overexpression contributes to the formation of large apolipoproteins, thereby promoting cell prolif-
eration[32]. PLEK2 has been found to be related to the invasion and metastasis of multiple tumors. In
gallbladder cancer (GBC), PLEK2 overexpression enhances the epithelial-mesenchymal transformation
(EMT) process in GBC cells, leading to subsequent higher rates of cell migration, invasion, and liver
metastasis[33]. The overexpression of PLEK2 also significantly promoted the EMT and migration of
non-small cell lung cancer and destroyed the vascular endothelial barrier[34]. After identifying the five
prognostic gene markers, we also conducted internal and external validation to confirm their predictive
value and revealed that the prognostic signatures had good prognostic diagnostic value. To improve the
prognostic predictive power of the five prognostic gene markers, a predictive nomogram combining risk
scores and conventional clinical prognostic parameters (including age and tumor stage) was constructed
to enable clinicians to determine the prognosis of each patient. Its graphical scoring system is easy to
understand and helps customize treatment and medical decisions. The prognostic models and
nomograms associated with five-gene characteristics have not been reported. Hence, our study may be
useful prognostic and diagnostic classification tools for lung adenocarcinoma. Our study still has some
limitations. First, the study only focuses on transcriptome sequencing data. If other omics techniques,
such as DNA methylation and single nucleotide polymorphisms, can be analyzed together, more
favorable results may be obtained. Second, our research is limited to the bioinformatics analysis of the
TCGA and GEO databases. Although we have verified the accuracy of the models internally and
externally, the verification of large samples in the clinical diagnosis and treatment process will further
enhance their diagnostic accuracy and clinical value.

CONCLUSION

In summary, our study identified a 5-gene model and prognostic nomogram that combined gene
models and clinical prognostic factors to predict the overall survival rate of lung adenocarcinoma
patients, and this nomogram may be of great significance for the selection of personalized treatment
options and clinical medical decisions in patients with lung adenocarcinoma.

ARTICLE HIGHLIGHTS

Research background
Lung adenocarcinoma patients with localized or locally advanced disease have a high risk of death, and
their 5-year overall survival rate is less than 15%.
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Research motivation
To evaluate the prognosis of Lung adenocarcinoma (LUAD) patients and optimize treatment, effective
clinical research prediction models.

Research objectives
To identify reliable prognostic biomarkers to predict clinical outcomes and to help clinicians to make
accurate clinical treatment decisions.

Research methods

The Cancer Genome Atlas (TCGA) and the Gene Expression Omnibus (GEO) were used to screen for
differential genes for lung adenocarcinoma. Univariate regression analysis combined with LASSO
regression analysis was used to screen for prognostic-related genes. Multivariate Cox regression
analysis was applied to establish the risk score equation and construct the survival prognosis model.

Research results

We establish a prognostic risk model for lung adenocarcinoma based on 5 mRNAs (TCN1, CENPF,
MAOB, CRTAC1, and PLEK?2). These five new genes were significantly correlated with the prognosis of
LUAD patients. To improve the prognostic predictive power of the five prognostic gene markers, a
predictive nomogram combining risk scores and conventional clinical prognostic parameters (including
age and tumor stage) was constructed to enable clinicians to determine the prognosis of each patient.

Research conclusions
A 5-mRNA-based model was constructed to predict the prognosis of lung adenocarcinoma, which may
provide clinicians with reliable prognostic assessment tools and help clinical treatment decisions.

Research perspectives
Our study identified a 5-gene model and constructed a nomogram which may have important implic-
ations for clinical medical decision and personalized treatment of patients with lung adenocarcinoma.
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