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Abstract
BACKGROUND 
Breast cancer (BC) has become the most common malignancy in women. The 
incidence and detection rates of BC brain metastasis (BCBM) have increased with 
the progress of imaging, multidisciplinary treatment techniques and the extension 
of survival time of BC patients. BM seriously affects the quality of life and sur-
vival prognosis of BC patients. Therefore, clinical research on the clinicopatho-
logical features and prognostic factors of BCBM is valuable. By analyzing the 
clinicopathological parameters of BCBM patients, and assessing the risk factors 
and prognostic indicators, we can perform hierarchical diagnosis and treatment 
on the high-risk population of BCBM, and achieve clinical benefits of early 
diagnosis and treatment.

AIM 
To explore the clinicopathological features and prognostic factors of BCBM, and 
provide references for diagnosis, treatment and management of BCBM.

METHODS 
The clinicopathological data of 68 BCBM patients admitted to the Air Force 
Medical Center, Chinese People’s Liberation Army (formerly Air Force General 
Hospital) from 2000 to 2022 were collected. Another 136 BC patients without BM 
were matched at a ratio of 1:2 based on the age and site of onset for retrospective 
analysis. Categorical data were subjected to χ2 test or Fisher’s exact probability 
test, and the variables with P < 0.05 in the univariate Cox proportional hazards 

https://www.f6publishing.com
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model were incorporated into the multivariate model to identify high-risk factors and independent prognostic 
factors of BCBM, with a hazard ratio (HR) > 1 suggesting poor prognostic factors. The survival time of patients was 
estimated by the Kaplan–Meier method, and overall survival was compared between groups by log-rank test.

RESULTS 
Multivariate Cox regression analysis showed that patients with stage III/IV tumor at initial diagnosis [HR: 5.58, 
95% confidence interval (CI): 1.99–15.68], lung metastasis (HR: 24.18, 95%CI: 6.40–91.43), human epidermal growth 
factor receptor 2 (HER2)-overexpressing BC and triple-negative BC were more prone to BM. As can be seen from 
the prognostic data, 52 of the 68 BCBM patients had died by the end of follow-up, and the median time from 
diagnosis of BC to the occurrence of BM and from the occurrence of BM to death or last follow-up was 33.5 and 14 
mo, respectively. It was confirmed by multivariate Cox regression analysis that patients with neurological 
symptoms (HR: 1.923, 95%CI: 1.005–3.680), with bone metastasis (HR: 2.011, 95%CI: 1.056-3.831), and BM of HER2-
overexpressing and triple-negative BC had shorter survival time.

CONCLUSION 
HER2-overexpressing, triple-negative BC, late tumor stage and lung metastasis are risk factors of BM. The presence 
of neurological symptoms, bone metastasis, and molecular type are influencing prognosis factors of BCBM.

Key Words: Breast cancer; Brain metastasis; Clinicopathological features; High-risk factors; Prognostic analysis

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

Core Tip: We aimed to identify the high-risk factors of breast cancer brain metastasis (BCBM) and conducted prognostic 
analyses. Sixty-eight BCBM patients diagnosed and treated in the Air Force Medical Center in 2000–2022 were enrolled. 
Patients with human epidermal growth factor receptor 2 overexpressing and triple-negative breast cancer were more prone to 
BM and had shorter survival time. Late tumor stage and lung metastasis were independent risk factors for BM. The presence 
or absence of neurological symptoms and bone metastasis, and molecular type were independent prognostic factors for 
BCBM. Early screening of high-risk patients for BM helps improve survival rate.

Citation: Chen YR, Xu ZX, Jiang LX, Dong ZW, Yu PF, Zhang Z, Gu GL. Analysis of clinicopathological features and prognostic 
factors of breast cancer brain metastasis. World J Clin Oncol 2023; 14(11): 445-458
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/445.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i11.445

INTRODUCTION
Breast cancer (BC) has become the malignancy with the highest morbidity rate in women[1]. The overall survival (OS) of 
BC patients has been prolonged with the popularization of universal screening and advances in treatment and 
management. The proportion of patients with BC brain metastasis (BM) (BCBM) is about 15%[2], which increases with the 
extension of OS[3]. BM seriously threatens the life expectancy and quality of life of BC patients, and leads to poor 
prognosis, with a median OS of only 7.4 mo[4]. At present, medical surveillance of the brain is not regarded as a routine 
follow-up item for BC patients in China and globally. BM has an insidious onset, and most patients are not given targeted 
diagnosis and treatment of the brain until clinical symptoms emerge, thus losing the best opportunity of diagnosis and 
treatment and, affecting the survival rate. Therefore, clinical research on the clinicopathological features and prognostic 
factors of BCBM is required. To identify the clinicopathological features and prognostic factors of BCBM, guide targeted 
medical monitoring and intervention and raise the survival rate of BCBM patients, 68 BCBM patients were screened from 
2238 BC patients admitted to our center from 2000 to 2022, and their clinical data were retrospectively studied.

MATERIALS AND METHODS
Inclusion and exclusion criteria
Inclusion criteria: patients pathologically diagnosed with BC in the Air Force Medical Center (formerly Air Force General 
Hospital) from 2000 to 2022 were retrospectively collected. Patients with BM (including brain parenchymal metastasis 
and meningeal metastasis) identified by imaging, cytology or histology were selected.

Exclusion criteria: (1) Patients with concomitant malignancy or with a history of malignancy of other origin; (2) patients 
with incomplete clinical data; (3) patients diagnosed with other neurological diseases; (4) patients complicated with 
serious fatal clinical diseases; and (5) male patients with BC.

https://www.wjgnet.com/2218-4333/full/v14/i11/445.htm
https://dx.doi.org/10.5306/wjco.v14.i11.445
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Enrolled cases and follow-up: 2238 BC patients were admitted to the Air Force Medical Center between 2000 to 2022, of 
whom, 101 (4.5%) developed BM. After ineligible cases were excluded, 68 patients were enrolled. Another 136 BC patients 
without BM (control group) were matched at a ratio of 1:2 based on the age and tumor site at initial diagnosis. Follow-up 
was performed by telephone interview, outpatient re-examination and inpatient examination until April 2023.

Indicators and parameters
Clinicopathological parameters of BC patients were statistically analyzed. Univariate Cox proportional hazards model 
analysis was performed on age (at diagnosis of BC; menstrual status (at diagnosis of BC); family history of tumors; lymph 
node stage; primary tumor size; tumor stage at initial diagnosis; estrogen receptor (ER) and progesterone receptor (PR) 
status; molecular and pathological type; presence or absence of liver, lung and bone metastasis; number of liver, lung and 
bone metastases; presence or absence of metastasis to other sites; number of metastases to other sites; and whether or not 
surgical treatment was performed. Covariates with statistical significance were further incorporated into a multivariate 
Cox proportional hazards model for analysis.

Prognostic indicators: age at diagnosis of BM; time from diagnosis of BC to occurrence of BM; menstrual status at 
diagnosis of BM; molecular type; presence or absence of liver, lung and bone metastasis; number of liver, lung and bone 
metastases; presence or absence of metastasis to other sites; number of metastases to other sites; tumor stage at initial 
diagnosis; lymph node stage; pathological type; presence or absence of symptoms at diagnosis of BM; size and number of 
BMs; and treatment means for BM (systemic or local therapy).

Parameters of local therapy: surgical resection and radiotherapy [mainly including whole brain radiation therapy 
(WBRT) and stereotactic radiotherapy (SRT) of brain tumor].

Multidisciplinary treatment (MDT) was defined as systemic therapy combined with radiotherapy or surgery. The 
presence or absence of symptoms was determined according to whether abnormal vision, ataxia, symptoms of 
intracranial hypertension (headache, nausea and vomiting, lethargy, etc.), motor dysfunction, and paresthesia occurred in 
patients diagnosed previously with BC.

Parameters of hormone receptor: hormone receptor and human epidermal growth factor receptor 2 (HER2) status was 
determined by immunohistochemistry. HER2 positive was defined as HER2(3+), or HER2(2+) was positive in in situ 
hybridization test, and HER2 negative was defined as HER2(-), HER2(+), or HER2(2+) was negative in in situ hybrid-
ization test. The positive threshold of ER and PR in immunohistochemistry was ≥ 1%. Molecular typing of BC was 
performed according to hormone receptor status and HER2 expression: luminal A type (ER- and/or PR-positive, and 
HER2-negative); luminal B type (ER- and/or PR-positive, and HER2-positive); HER2-overexpressing type (ER- and PR-
negative, and HER2-positive); and triple-negative type (ER-, PR- and HER2-negative). Tumor–node–metastasis (TNM) 
staging was carried out based on the American Joint Committee on Cancer 8th Edition Staging System.

Statistical analysis
Numerical data were compared between the two groups by χ2 test or Fisher’s exact probability test. The risk factors 
associated with BM at initial diagnosis of BC were first subjected to univariate Cox proportional hazards model analysis, 
and then covariates with P < 0.05 (selected by the backward conditional method) were incorporated into the multivariate 
Cox proportional hazards model. OS, defined as the time from the initial diagnosis of BM to death from any cause, or last 
follow-up, was compared between the groups using the log-rank test, and the survival time of patients was estimated by 
the Kaplan–Meier method. In the prognostic analysis of BCBM patients, univariate Cox proportional hazards model 
analysis was first performed, and then covariates with P < 0.05 (selected by the forward conditional method) were 
incorporated into the multivariate Cox proportional hazards model to identify the covariates related to survival 
outcomes, with a 95% confidence interval (95%CI). P < 0.05 was considered statistically significant. All statistical analyses 
were conducted with SPSS version 27.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS
Tumor characteristics of BCBM patients
Among the 2238 patients with BC, BM was found at the initial diagnosis in two cases (0.089%) and during follow-up in 99 
cases (4.42%). In the BCBM group, the median age at diagnosis of BC was 47 (29–69) years; 35 cases (51.5%) were 
postmenopausal, eight (11.8%) had a family history of malignancy, and most patients (51.5%) had stage III/IV tumors. In 
terms of molecular type, there were 13 cases (19.1%) of luminal A BC, 22 (32.4%) of luminal B BC, 14 (20.6%) of HER2-
overexpressing BC, and 14 (20.6%) of triple-negative BC. Fifty-one cases (75.0%) were pathologically classified as invasive 
ductal carcinoma. Bone metastasis was the most common (55.9%), followed by lung and liver metastasis. Ten cases 
(14.7%) developed liver, lung and bone metastasis and BM during the course of disease. Modified radical mastectomy 
dominated in both groups, and the proportion of patients undergoing neoadjuvant chemotherapy, radiotherapy and 
HER2-targeted therapy in the BCBM group was higher than that in the non-BCBM group (Table 1).

Risk factors of BM
Sixty-eight BCBM patients were matched at a ratio of 1:2 with 136 BC patients of the same age and tumor site at initial 
diagnosis. The median time from the diagnosis of BC to the occurrence of BM was 33.5 (0–181) mo in BCBM patients. The 
risk factors of BCBM are shown in Table 2. In univariate Cox analysis, lymph node stage; tumor stage at the initial 
diagnosis; ER status; PR status; molecular type; presence or absence of bone metastasis, liver metastasis and lung 
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Table 1 Clinicopathological features and tumor characteristics of patients

Item Non-BCBM group (n = 136) [n (%)] BCBM group (n = 68) [n (%)] P 

Age at diagnosis of BC (yr)

≤ 35 9 (6.6) 12 (17.6)

35-55 79 (58.1) 43 (63.2)

> 55 48 (35.3) 13 (19.2)

0.009

Menstrual status at diagnosis of BC

Premenopause 69 (50.7) 33 (48.5)

Menopause 67 (49.3) 35 (51.5)

0.77

Family history of cancer

None 112 (82.4) 60 (88.2)

Other malignancies 16 (11.8) 8 (11.8)

BC 8 (5.9) 0 (0.0)

0.12

Lymph node stage

N0 56 (41.2) 19 (27.9)

N1 43 (31.6) 14 (20.6)

N2 25 (18.4) 17 (25.0)

N3 12 (8.8) 15 (22.1)

Missing 0 (0.0) 3 (4.4)

0.01

Tumor size

T1 53 (39.0) 18 (26.5)

T2 67 (49.3) 37 (54.4)

T3 13 (9.6) 11 (16.2)

T4 1 (0.7) 0 (0.0)

Missing 2 (1.5) 2 (2.9)

0.17

Tumor stage at the initial diagnosis

IA 29 (21.3) 3 (4.4)

IIA 39 (28.7) 19 (27.9)

IIB 29 (21.3) 7 (10.3)

IIIA 22 (16.2) 17 (25.0)

IIIB 2 (1.5) 0 (0.0)

IIIC 11 (8.1) 11 (16.2)

IV 3 (2.2) 7 (10.3)

Missing 1 (0.7) 4 (5.9)

< 0.001

ER

Negative 42 (30.9) 32 (47.1)

Positive 94 (69.1) 32 (47.1)

Missing 0 (0.0) 4 (5.9)

0.009

PR

Negative 52 (38.2) 39 (57.4)

Positive 84 (61.8) 25 (36.8)

Missing 0 (0.0) 4 (5.9)

0.003

Molecular type < 0.001
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Luminal A type 71 (52.2) 13 (19.1)

Luminal B type 28 (20.6) 22 (32.4)

HER2-overexpressing type 18 (13.2) 14 (20.6)

Triple-negative type 19 (14.0) 14 (20.6)

Missing 0 (0.0) 5 (7.4)

Pathological type

Noninvasive carcinoma 10 (7.4) 2 (2.9)

Invasive ductal carcinoma 95 (69.9) 51 (75.0)

Invasive lobular carcinoma 5 (3.7) 2 (2.9)

Others 26 (19.1) 8 (11.8)

Missing 0 (0.0) 5 (7.4)

0.42

Metastasis

Bone metastasis

Yes 12 (8.8) 38 (55.9)

No 124 (91.2) 30 (44.1)

< 0.001

Liver metastasis

Yes 7 (5.1) 20 (29.4)

No 129 (94.9) 48 (70.6)

< 0.001

Lung metastasis

Yes 8 (5.9) 35 (51.5)

No 128 (94.1) 33 (48.5)

< 0.001

Number of liver, lung and bone metastases

0 123 (90.4) 21 (30.9)

1 8 (5.9) 19 (27.9)

2 3 (2.2) 18 (26.5)

3 2 (1.5) 10 (14.7)

< 0.001

Number of metastases to other sites

0 118 (86.8) 33 (48.5)

1 15 (11.0) 24 (35.3)

2 2 (1.5) 8 (11.8)

3 1 (0.7) 3 (4.4)

< 0.001

Surgical treatment

No 3 (2.2) 7 (10.3)

Breast-conserving surgery 20 (14.7) 5 (7.4)

Modified radical mastectomy 106 (77.9) 43 (63.2)

Others 7 (5.1) 13 (19.1)

< 0.001

Radiotherapy

No 76 (55.9) 24 (35.3)

Yes 60 (44.1) 44 (64.7)

0.006

Chemotherapy

Neoadjuvant chemotherapy

No 119 (87.5) 55 (80.9)

Yes 17 (12.5) 13 (19.1)

0.21
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Anthracyclines

No 28 (20.6) 35 (51.5)

Yes 107 (78.7) 32 (47.1)

Missing 1 (0.7) 1 (1.5)

< 0.001

Taxane

No 35 (25.7) 22 (32.4)

Yes 101 (74.3) 46 (67.6)

0.35

HER2 targeted therapy

No 118 (86.8) 36 (52.9)

Yes 18 (13.2) 32 (47.1)

< 0.001

BC: Breast cancer; BCBM: Breast cancer brain metastasis; ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor 
receptor 2.

metastasis; number of bone, liver and lung metastases; number of metastases to other sites; and surgical mode were 
statistically significant. The above factors were incorporated into multivariate Cox analysis, and it was found that patients 
with stage III/IV tumor at initial diagnosis [hazard ratio (HR): 5.58, 95%CI: 1.99–15.68], lung metastasis (HR: 24.18, 
95%CI: 6.40–91.43), and HER2-overexpressing and triple-negative BC were more prone to BM.

Prognostic analysis
The median age in 68 BCBM patients at diagnosis of BM was 50.5 (30–70) years. Presence or absence of bone metastasis, 
molecular type, and presence or absence of neurological symptoms at initial diagnosis of BCBM were significant 
covariates in multivariate Cox analysis. The median time from initial diagnosis of BM to death from any cause or last 
follow-up was 14 (2–138) mo in the 68 BCBM patients. The survival time of BCBM patients with different molecular types 
is shown in Figure 1. Of the 68 BCBM patients, 44 (64.7%) were diagnosed with BM due to neurological symptoms; 
mainly dizziness, which was the initial symptom of 23 (52.3%) patients with BCBM. In addition, typical symptoms of BM 
included headache (19 cases), nausea and vomiting (10 cases), walking instability (7 cases), blurred vision (5 cases), 
memory loss (4 cases) and slow response (3 cases), and they often occurred simultaneously. The median survival time 
was 12 mo among BCBM patients with neurological symptoms, 30 mo among asymptomatic patients (Figure 2), 14 mo 
among BCBM patients with bone metastasis, and 23 mo among those without bone metastasis (Figure 3). The relevant 
results are presented in Table 3.

Of the 68 BCBM patients, four (5.9%) underwent no treatment, 27 (39.7%) underwent MDT with local therapy plus 
systemic medication, 30 (44.1%) were given local therapy only, and seven (10.3%) were given medication only. The 
median survival time of patients receiving MDT was 21 mo, which was superior to that of patients receiving medication 
or local therapy alone. Tumor resection was performed in 11 cases and all of them were treated with postoperative 
radiotherapy. After BM, 16 patients received HER2-targeted therapy, including trastuzumab single targeted therapy for 
five cases, trastuzumab plus tyrosine kinase inhibitors (TKIs) for two cases, and capecitabine plus TKI for seven cases, 
and their median survival time was 17, 23 and 54 mo, respectively. The remaining two patients received trastuzumab + 
pertuzumab dual-targeted therapy, and they were still alive as of the follow-up endpoint (Table 4).

DISCUSSION
In this study, the median time from the diagnosis of BC to the occurrence of BCBM was 33.5 (0–181) mo. The risk of BM 
varied among patients with different molecular subtypes of BC. HER2-overexpressing and triple-negative BC had a high 
tendency to BM, consistent with previous reports[5]. Patients with advanced stage and lung metastasis were also at high 
risk of BM. Due to the specificity of the physiological structure of the brain (such as the presence of the blood–brain 
barrier), there is still a lack of effective intervention means, and BM predicts poor survival outcomes. The results of 
descriptive statistics, univariate and multivariate Cox proportional hazards model analysis showed that the molecular 
type, and presence or absence of neurological symptoms and bone metastasis at diagnosis of BM were independent 
prognosis factors of patients with BM.

In this study, it was found that HER2-overexpressing and triple-negative types were high-risk molecular types of 
BCBM. Patients with HER2-overexpressing and triple-negative BC accounted for 20.6% of BM patients, in line with 
research findings that the incidence rate of BM in HER2-overexpressing type and triple-negative BC is 20%–30%[6]. Sixty-
nine studies involving 28 countries on risk factors of BCBM concluded that young age, ER-negative, HER2 overex-
pression, later tumor stage, histological grade, tumor size, and lymph node metastasis are all independent risk factors of 
BCBM[7]. Univariate analysis of this study showed that lung, liver and bone metastasis, the number of liver, lung and 
bone metastases, and the number of metastases to other sites were associated with an increased risk of BM in BC patients. 
In multivariate analysis, only lung metastasis was statistically significant (HR: 24.18, 95%CI: 6.40–91.43). As shown in 
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Table 2 High-risk factors of breast cancer brain metastasis

Univariate Cox Multivariate Cox
Item

HR (95%CI) P HR (95%CI) P 

Age at diagnosis of BC (yr)

≤ 35 Reference

> 35 0.008 (0-1.89) 0.083

Menstrual status at diagnosis of BC

Premenopause Reference

Menopause 1.29 (0.52-3.20) 0.59

Family history of cancer

None Reference

Yes 0.62 (0.26-1.44) 0.26

Lymph node stage

N0-N1 Reference

N2-N3 2.77 (1.40-5.48) 0.004 NS

Tumor size

T1-T2 Reference

T3-T4 1.44 (0.65-3.15) 0.37

Tumor stage at the initial diagnosis

I-II Reference

III-IV 3.84 (1.89-7.78) < 0.001 5.58 (1.99-15.68) 0.001

ER

Negative Reference

Positive 0.49 (0.27-0.87) 0.015 NS

PR

Negative Reference

Positive 0.36 (0.18-0.69) 0.002 NS

Molecular type

Luminal A type Reference

Luminal B type 3.95 (1.71-9.14) 0.001 5.36 (1.61-17.76) 0.006

HER2-overexpression type 4.01 (1.61-9.96) 0.003 5.0 (1.30-19.25) 0.019

Triple-negative type 4.34 (1.55-12.11) 0.005 NS NS

Pathological type

Others Reference

Invasive ductal carcinoma 1.83 (0.83-4.05) 0.14

Invasive lobular carcinoma 1.31 (0.22-7.69) 0. 77

Surgical treatment

Others Reference

Modified radical mastectomy 0.48 (0.26-0.90) 0.021 NS

Bone metastasis

No Reference

Yes 7.19 (3.13-16.52) < 0.001 NS

Liver metastasis
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No Reference

Yes 7.44 (2.77-20.01) < 0.001 NS

Lung metastasis

No Reference

Yes 15.87 (5.61-44.89) < 0.001 24.18 (6.40-91.43) < 0.001

Number of liver, lung and bone metastases

< 2 Reference

≥ 2 17.78 (5.38-58.73) < 0.001 NS

Number of metastases to other sites

< 2 Reference

≥ 2 7.33 (2.05-26.27) 0.002 NS

95%CI: 95% confidence interval; NS: Not statistically significant; HR: Hazard ratio; ER: Estrogen receptor; PR: Progesterone receptor; BC: Breast Cancer; 
HER2: Human epidermal growth factor receptor 2.

Figure 1 Survival analysis of patients with different molecular types.

Figure 2 Survival analysis of patients with or without symptoms.

previous studies, cyclooxygenase 2 and epidermal growth factor receptor ligand can serve as mediators of cancer cells 
passing through the blood–brain barrier[8], and they are associated with lung cancer infiltration, which may account for 
the predisposition of patients with lung metastases to BM[9]. Lymph node status and age at diagnosis of BC have been 
verified to be associated with the risk of BM[10], but no clear association was observed in this study. The later tumor 
stage often corresponds to later seeking of treatment, greater tumor burden, greater lymph node infiltration, and 
increased risk of metastasis and recurrence, including BM[11].

Clinically, the treatment regimen is often selected based on the number, location and size of BMs, the patient’s physical 
condition, extracranial metastasis, and the possible benefits of treatment. SRT is mainly applied to BM patients with < 4 
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Table 3 Prognostic factors of breast cancer brain metastasis

Univariate Cox Multivariate Cox
Item

HR (95%CI) P HR (95%CI) P 

Age at diagnosis of BM (yr)

≤ 35 Reference

> 35 1.033 (0.315-3.385) 0.957

Time from BC to BM (mo)

≤ 24 Reference

> 24 0.896 (0.482-1.664) 0.727

Menstrual status at diagnosis of BM

Premenopause Reference

Menopause 0.685 (0.331-1.416) 0.307

Molecular type

Luminal A type 0.253 (0.087-0.730) 0.011 0.227 (0.074-0.693) 0.009

Luminal B type 0.279 (0.128-0.607) 0.001 0.293 (0.129-0.663) 0.003

HER2-overexpressing type 0.274 (0.121-0.618) 0.002 0.319 (0.135-0.754) 0.009

Triple-negative type Reference

Bone metastasis

No Reference

Yes 1.980 (1.135-3.453) 0.016 2.011 (1.056-3.831) 0.034

Liver metastasis

No Reference

Yes 1.121 (0.626-2.007) 0.701

Lung metastasis

No Reference

Yes 1.616 (0.929-2.810) 0.089

Number of liver, lung and bone metastases

≤ 2 Reference

> 2 1.548 (0.894-2.682) 0.119

Number of metastases to other sites

< 2 Reference

≥ 2 1.425 (0.711-2.858) 0.318

Tumor stage

I-II Reference

III-IV 0.813 (0.466-1.419) 0.466

Lymph node stage

N0-N1 Reference

N2-N3 0.843 (0.486-1.464) 0.545

Pathological type

Others 0.287 (0.073-1.133) 0.075

Invasive lobular carcinoma Reference

Invasive ductal carcinoma 0.208 (0.060-0.725) 0.014 NS

Symptoms
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No Reference

Yes 2.171 (1.191-3.959) 0.011 1.923 (1.005-3.680) 0.048

Size of BM (cm)

≤ 3 Reference

> 3 0.803 (0.449-1.439) 0.462

Number of BM

≤ 3 Reference

> 3 1.248 (0.721-2.160) 0.428

Surgery for BM

No Reference

Yes 0.744 (0.348-1.591) 0.446

Treatment after BM

Local therapy Reference

Medication alone 1.531 (0.638-3.674) 0.064

Systemic therapy 0.748 (0.317-1.765) 0.507

Local therapy

SRT 1.350 (0.513-3.549) 0.543

WBRT 1.600 (0.633-4.043) 0.320

Both 1.935 (0.680-5.506) 0.216

Neither Reference

95%CI: 95% confidence interval; NS: Not statistically significant; HR: Hazard ratio; BC: Breast Cancer; BM Brain Metastasis; WBRT: Whole brain radiation 
therapy; SRT: Stereotactic radiotherapy; HER2: Human epidermal growth factor receptor 2.

Figure 3 Survival analysis of patients with or without bone metastasis.

tumor lesions and brain tumor < 3 cm. In this study, the median survival time was 12 mo among patients treated with 
WBRT alone, 16 mo among patients treated with SRT alone, 18 mo among patients treated with WBRT + SRT, and 18 mo 
among patients undergoing surgery for brain tumors. Consistent with this study, a study showed that WBRT produces 
no OS benefit but significant neurocognitive decline[12]. Of the 68 patients, 24 had BMs ≤ 3 cm, and 22 patients (91.7%) 
underwent SRT. SRT has become the first-line treatment for BC patients with small brain metastases[13].

Despite advances in early diagnosis and effective treatment, distant metastasis remains an important factor threatening 
the survival of BC patients[14]. In this study, the median survival time of patients with luminal A, luminal B, HER2-
overexpressing and triple-negative BC was 26, 30, 21 and 8 mo, respectively. The prognosis of HER2-overexpressing and 
triple-negative BC patients was poor. It is difficult for most drugs to reach effective blood concentration in the brain due 
to the presence of the blood–brain barrier. With the progress made in novel targeted drugs in the past decade, 
breakthroughs have been made in the treatment of HER2-positive BC. Trastuzumab, pertuzumab, antibody-drug 
conjugate and TKIs (lapatinib, pyrotinib, etc.) have been marketed successively, extending the OS of HER2-positive 
patients. Studies have revealed that lapatinib + capecitabine can delay the time of WBRT[15]. The PERMEATE study 
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Table 4 Treatment methods of brain metastasis

Item Patients with BM (n = 68) Median survival time (mo)

Medication 7 12

MDT 27 21

Local therapy alone 30 15

Neither 4

Local therapy n = 57

SRT alone 19 16

Surgery + SRT 6 19

SRT + WBRT 10 18

Surgery + WBRT 3 30

WBRT 17 12

Surgery + SRT + WBRT 2 21

HER2 targeted therapy n = 16

Trastuzumab 5 17

Trastuzumab + pertuzumab 2

Trastuzumab + TKI 2 23

Capecitabine + TKI 7 54

MDT: Multidisciplinary treatment; WBRT: Whole brain radiation therapy; SRT: Stereotactic radiotherapy; TKI: Trastuzumab plus tyrosine kinase 
inhibitors; BM: Brain Metastasis; HER2: Human epidermal growth factor receptor 2.

explored the efficacy of lapatinib plus capecitabine in the treatment of patients with HER2-positive BM, and found that 
the objective response rate of brain can reach 74.6% in patients undergoing the initial neurological radiotherapy[16]. In 
this study, the median survival time of patients given capecitabine plus TKIs was 54 mo. As of April 2023, the median 
survival time of HER2-positive BCBM patients enrolled in PERMEATE is up to 31.5 mo[16]. In this study, the patients 
treated from 2000 to 2022 were enrolled, and trastuzumab was marketed in China since 2002, so some patients did not 
undergo targeted therapy due to early drug shortage and high treatment cost, which may be one of the reasons for poor 
prognosis of HER2-overexpressing BC patients. In view of the current effective treatment, HER2-positive patients should 
be more active in undergoing brain examination and timely treatment.

The results of multivariate Cox regression analysis showed that the HR value of BM patients with neurological 
symptoms was 1.923 times (95%CI: 1.005–3.680) that of asymptomatic patients (P = 0.048), suggesting that the presence of 
neurological symptoms at diagnosis is associated with a poor prognosis. The median survival time was 30 mo for 
asymptomatic patients and 12 mo for symptomatic patients. A study involving long-term survivors of BCBM showed that 
asymptomatic BCBM patients are more likely to achieve long-term survival of > 15 mo[17]. In this study, asymptomatic 
patients with BM had a smaller diameter of brain tumor (≤ 3 cm: 95.8% vs 75.0%, P = 0.031), fewer brain metastases (≤ 3: 
58.3% vs 43.2%, P = 0.232), and younger age at diagnosis of BC (≤ 35 years: 95.8% vs 75%, P = 0.031) than symptomatic 
patients, consistent with the characteristics (young age, small diameter of brain tumor, small number of brain tumors, and 
good physical status without neurological burden) of asymptomatic patients[18]. Due to smaller size and number of brain 
tumors of asymptomatic patients, a wider range of treatment options is available, and SRT is preferred, which is 
associated with milder neurological impairment[17]. A prospective study on 1196 asymptomatic patients with BCBM 
treated with SRT also confirmed that compared with symptomatic patients, asymptomatic BM patients have good 
neurological status and reduced neurological mortality[18]. A previous study showed that early detection of BM is 
associated with longer OS as compared to symptomatic BM[19]. Considering the health economic benefits, however, 
brain screening has not been utilized as routine follow-up for BC patients in China and globally. According to an 
American study, regular head magnetic resonance imaging screening can save an average of USD 1326 in treatment costs 
for each BCBM patient. Although there are differences in the medical system between the USA and China, some 
references are still provided for the formulation of follow-up plans for BC patients in China[20].

The presence of extracranial metastases was identified as an independent prognostic factor in the 2020 version of the 
Breast Graded Prognostic Assessment. Bone metastasis is the most common mode of metastasis, accounting for 60%–70% 
of metastatic BC[21]. In this study, 38 (55.9%) patients with BM had bone metastasis. The prognosis of BC bone metastases 
is better than that of other distant metastases, with a median survival time of 36 mo[22], and the survival rate significantly 
declines when complicated with metastasis to other sites[23]. In a cohort of 1330 triple-negative BC patients with BM, the 
median OS was 13 mo (95%CI: 11.5–14.5 mo) for bone metastasis alone and 8 mo (95%CI: 6.3–9.7 mo) for bone metastasis 
+ metastasis to other sites[24]. In this study, the median survival time was 14 mo for patients with BM + bone metastasis 
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and 23 mo for patients without bone metastasis, and the HR value in multivariate analysis was 2.011 times that of patients 
without bone metastasis (95%CI: 1.056–3.831) (P = 0.034). Common skeletal-related events in patients with bone 
metastasis include pathological fracture, spinal cord compression, hypercalcemia, and bone pain[21], resulting in limited 
daily activity and reduced quality of life. In this study, the median age of 68 BCBM patients was 50.5 (30–70) years. The 
mean menopausal age of Chinese women is 49.5 years, and menopausal women are prone to osteoporosis as well as an 
increased risk of pathological fracture when complicated with bone metastasis. Fracture-induced immobilization, 
decrease of physical performance score, and long-term complications related to immobilization (thromboembolism, 
respiratory tract infection, etc.) are all reasons for the decrease in survival rate. In the case of paralysis caused by spinal 
cord compression, the survival rate declines further, with a 1-year survival rate of only 17.6%[25].

There were some limitations to this study, such as its small sample size and single-center, retrospective nature, which 
inevitably introduced selection and recall bias. The clinical data collected from 2000 to 2022 may have had missing follow-
up data. Notably, the absence of pathological results and imaging data for some patients diagnosed before 2010 may have 
influenced the analytical outcomes. Moreover, shifts in clinical guidelines, the introduction of new medications, and 
advances in the healthcare economy during this period have altered the diagnostic criteria, treatment modalities, and 
patient management approaches. Other potential confounding factors like the genotype of BC patients were not 
extensively analyzed due to their low detection rate. The lack of prospective studies introduced uncertainty in pin-
pointing the precise onset time for patients with asymptomatic BM. Currently, the efficacy of early screening for BCBM, 
its potential for early intervention, and whether early detection enhances survival rate, necessitate validation through 
multicenter prospective studies.

CONCLUSION
Stage III/IV, lung metastasis, and HER2-overexpressing and triple-negative types are high-risk factors of BCBM, and 
aggressive monitoring of BM is required. It is recommended that BC patients undergo regular brain examinations since 
detecting and treating BC before neurological symptoms emerge may produce better outcomes. Patients with central 
nervous system symptoms, HER2-overexpressing and triple-negative BC, and bone metastasis have poor prognosis.

ARTICLE HIGHLIGHTS
Research background
Breast cancer (BC) brain metastasis (BCBM) is an important influencing factor of the long-term prognosis of BC patients. 
Triple-negative type is a known risk factor of BCBM, suggesting that patients with different clinicopathological types 
have differences in survival time.

Research motivation
To explore the influencing factors of the occurrence, development, and prognostic survival of BCBM to provide references 
for the diagnosis, treatment and management of patients with BM.

Research objectives
To perform more aggressive screening of high-risk patients of BCBM, benefiting patients from early diagnosis and 
treatment, and producing better outcomes.

Research methods
Clinicopathological data of 68 BCBM patients admitted to the Air Force Medical Center (formerly Air Force General 
Hospital) between 2000 and 2022 and another 136 matched BC patients were retrospectively analyzed. The high-risk 
factors and prognostic factors of BCBM patients were analyzed by univariate and multivariate Cox regression analyses, 
the survival time of patients was estimated by the Kaplan–Meier method, and the overall survival was compared 
between two groups by log-rank test.

Research results
Stage III/IV, lung metastasis, and human epidermal growth factor receptor 2 (HER2)-overexpressing and triple-negative 
types were high-risk factors of BCBM. Patients with neurological symptoms, bone metastasis, and HER2-overexpressing 
and triple-negative BC had poor prognosis, requiring more effective treatment to improve the survival rate of these 
patients.

Research conclusions
The prognosis of BCBM is poor. Active follow-up and screening of the brain should be performed for patients with late 
stage at initial treatment, lung metastasis, and HER2-overexpressing and triple-negative BC. The median survival time of 
patients with neurological symptoms, bone metastasis, and HER2-overexpressing and triple-negative BC significantly 
decreases.
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Research perspectives
More multicenter large studies on BCBM are required to provide references for the management of high-risk patients, 
and more effective treatment is needed to raise the survival rate of patients with poor prognosis.
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Abstract
BACKGROUND 
Liver cancer resection, especially in patients with hemihepatectomy or extended 
hemihepatectomy, often leads to poor prognosis, such as liver insufficiency and 
even liver failure and death, because the standard residual liver volume (SRLV) 
cannot be fully compensated after surgery.

AIM 
To explore the risk factors of poor prognosis after hemihepatectomy for hepato-
cellular carcinoma and evaluate the application value of related prognostic 
approaches.

METHODS 
The clinical data of 35 patients with primary liver cancer in Nantong Third 
People's Hospital from February 2016 to July 2020 were retrospectively analyzed. 
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The receiver operating characteristic curve was created using medcac19.0.4 to compare the critical values of the 
SRLV in different stages of liver fibrosis after hemihepatectomy with those of liver dysfunction after hemihep-
atectomy. It was constructed by combining the Child-Pugh score to evaluate its application value in predicting 
liver function compensation.

RESULTS 
The liver stiffness measure (LSM) value and SRLV were associated with liver dysfunction after hemihepatectomy. 
Logistic regression analysis showed that an LSM value ≥ 25 kPa [odds ratio (OR) = 6.254, P < 0.05] and SRLV ≤ 
0.290 L/m2 (OR = 5.686, P < 0.05) were independent risk factors for postoperative liver dysfunction. The accuracy 
of the new liver reserve evaluation model for predicting postoperative liver function was higher than that of the 
Child-Pugh score (P < 0.05).

CONCLUSION 
SRLV and LSM values can be used to evaluate the safety of hemihepatectomy. The new liver reserve evaluation 
model has good application potential in the evaluation of liver reserve function after hemihepatectomy.

Key Words: Hepatocellular carcinoma; Hemihepatectomy; Prognosis; Standard residual liver volume; Liver stiffness measure 
value

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

Core Tip: To explore the risk factors and predictive methods of poor prognosis after hemihepatectomy for hepatocellular 
carcinoma and evaluate its application value. The clinical data of 35 patients with primary liver cancer were retrospectively 
analyzed. The critical values of standard residual liver volume (SRLV) in different stages of liver fibrosis after hemihep-
atectomy were compared with those of liver dysfunction after hemihepatectomy. We found that SRLV and liver stiffness 
measure values can be used to evaluate the safety of hemihepatectomy.

Citation: Yue ZQ, Zhang P, Yan S, Ju LL, Wang HX, Yuan LX, Chen L, Wu JZ, Cao YL. Clinical study of standard residual liver 
volume and transient elastography in predicting poor prognosis of patients after hemihepatectomy. World J Clin Oncol 2023; 14(11): 
459-470
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/459.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i11.459

INTRODUCTION
Liver cancer is a malignant tumor associated with high mortality worldwide[1-3]. Hepatocellular carcinoma (HCC), one 
of the main types of liver cancer, is often found in advanced stages and cannot be cured[4-6]. As a highly heterogeneous 
disease, HCC mostly develops as a result of hepatitis B cirrhosis[7]. China has the largest number of hepatitis B virus 
infections in the world; therefore, the number of HCC patients accounts for more than half of the total number of HCCs 
worldwide[8]. To date, surgical resection and liver transplantation are still effective treatments for HCC; however, due to 
the shortage of liver sources, the main treatment for HCC is surgery[9]. Liver cancer resection, especially in patients with 
hemihepatectomy or extended hemihepatectomy, often leads to poor prognosis, such as liver insufficiency and even liver 
failure and death, because the standard residual liver volume (SRLV) cannot be fully compensated after surgery[10]. 
Research suggests that preoperative liver fibrosis and cirrhosis are the main causes[11]. In recent years, an increasing 
number of studies have shown that the liver stiffness measure (LSM) value is significantly related to the degree of 
cirrhosis, which can reflect the degree of liver inflammation and fibrosis[12,13]. Accordingly, the purpose of this study 
was to investigate the risk factors and predictive methods of poor prognosis after hemihepatectomy for HCC and verify 
whether the changes in liver structure can be reflected by the LSM value and SRLV to assess the liver's compensatory 
capacity. Finally, we established a liver reserve function evaluation model by combining the LSM value and Child-Pugh 
scores and evaluated its application value.

MATERIALS AND METHODS
Patient characteristics
The clinical case data were obtained from 35 HCC patients undergoing hemihepatectomy in the Nantong Third People’s 
Hospital between February 2016 and July 2020, and all patients met the inclusion criteria for this study. The study was 
approved by the Ethics Committee of the Nantong Third People's Hospital Affiliated with Nantong University. Written 
informed consent was obtained from all patients before being enrolled in the study. The inclusion criteria were as follows: 
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(1) According to the China liver cancer staging for the diagnosis and treatment standard of primary liver cancer (2019 
edition), the stage of liver cancer was stage Ia, Ib or IIa, the tumor was located only in the left or right half of the liver, and 
hemihepatectomy was needed; (2) all patients were positive for HBsAg before the operation, and HCC was confirmed by 
pathology after surgery; (3) liver enhancement computed tomography (CT) was performed before the operation; (4) the 
LSM value was detected by transient elastography (Fibro Touch) before the operation; and (5) patients had more 
complete clinical case data. The exclusion criteria were as follows: (1) The patient did not have a standard hemihep-
atectomy; (2) the postoperative pathology of the patients was confirmed as cholangiocarcinoma or metastatic carcinoma; 
(3) the patient had a preoperative intervention, ablation, or chemoradiotherapy; (4) secondary operation; (5) other 
complications affecting liver function before the operation, such as hepatic encephalopathy, abdominal dropsy, and other 
conditions; and (6) the presence of other malignant tumors or serious diseases.

Surgical procedure
The patient was placed in a supine position with a soft pad on the high right lumbar back (no pad height was required for 
left hemihepatectomy), an oblique incision was made at the right abdominal costal margin, approximately 30 cm in 
length, layer by layer into the abdominal cavity; adhesions were separated, and each connective tissue and ligament of 
the liver were cut to fully expose the liver. The texture and morphology of the liver and spleen were observed, the 
completely free left or right lobe of the liver was selected according to the location of the tumor, the lesions that had not 
been detected before the operation were examined by intraoperative ultrasound, and the abdominal cavity was explored 
for the presence or absence of tumor implantation and metastasis. Subsequently, the liver hilum was selectively blocked, 
and the left or right hemiliver was resected, along with the gallbladder removal and extended hemihepatectomy 
according to the preoperative conditions, with surgical margins generally larger than 1 cm from the tumor margin. The 
operation area was carefully checked for the presence or absence of bleeding and biliary fistula, an abdominal drainage 
tube was placed, and each layer of the abdominal wall was closed layer by layer.

Determination of SRLV
Preoperatively, Philips brilliance CT was used to perform a routine double-phase scan of the patient's liver with a 
thickness of 1.25 mm. Then, portal vein stage tomography was selected, and rapid liver volume measurement software 
was used to draw the liver boundary layer-by-layer (the inferior vena cava and gallbladder were avoided) and calculate 
the total liver volume (TLV). The volume of half of the liver was measured by drainage after the liver was isolated. The 
body surface area (BSA) was calculated according to the literature[14,15]. Finally, postoperative remnant liver volume 
(RLV) = TLV-the volume of half of the liver, and SRLV = RLV/BSA.

Determination of LSM values
According to the measurement requirements of the American Association for the Study of Liver Diseases[16], we 
measured the LSM value using a liver FibroTouch (FT) device developed by Haskell Medical Technology Company. In 
detail, the LSM value was measured 10 consecutive times for each patient, the quartile spacing was specified to be less 
than 30% as the effective measurement, and the median was chosen as the LSM value. All operations were performed by 
the same physician with extensive experience in the diagnosis of hepatobiliary diseases using ultrasound. A schematic 
illustration of the measurement results is shown in Figure 1. Then, a new model of liver reserve assessment was 
constructed according to the combination of the Child-Pugh score and the LSM value (Table 1).

Evaluation of postoperative hepatic fibrosis
By observing the paraffin sections of the liver under the microscope, we phased fibrosis according to the Scheuer scoring 
system as follows[17]: S0 stage, no liver fibrosis; S1 stage, liver fibrosis limited to the portal region; S2 stage, liver fibrosis 
extending to the portal region or portal interval, but the vascular relationship was normal; S3 stage, liver fibrosis with 
structural changes but not obvious cirrhosis; and S4 stage, cirrhosis (Figure 2).

Evaluation of postoperative liver function
According to the definition of liver dysfunction after hepatectomy from the International Study Group of Liver Surgery
[18], we defined liver dysfunction as the results of a 5-d laboratory examination after hepatectomy that showed elevated 
international normalized ratio (INR) and total bilirubin (INR > 1.5; total bilirubin > 20.5 mmol/L); additionally, the 
patient was assessed for liver function, kidney function, respiratory function and the need for special assessment and 
special clinical treatment.

Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics 25.0, and the measurement data were compared using 
the t test or single-factor analysis of variance (ANOVA). The Wilcoxon rank-sum test was used when the variance was 
uneven, and the Chi square test was used for counting data. Analysis of independent risk factors was completed using 
unconditional logistic regression. We used medcalc19.0.4 to draw the receiver operating characteristic (ROC) curve of the 
subjects and analyzed the area under the ROC curve under different factors. P < 0.05 was considered statistically 
significant.
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Table 1 The new liver reserve assessment model

Score 1 2 3 

HE No 1-2 3-4

ABD No Mild Moderate to severe

TIBL (μmol/L) < 34 34-51 > 51

ALB (g/L) > 35 28-35 > 28

Prothrombin Time (secprolonged) < 15 15-17 > 17

LSM (kPa) < 15 15-25 > 25

Note-scoring criteria: A score less than 9 = grade I; a score between 9 and 12 = grade II; a score greater than 12 = grade III. HE: Hepatic encephalopathy; 
ABD: Abdominal dropsy; TIBL: Total bilirubin; ALB: Albumin; LSM: Liver stiffness measure.

Figure 1 Schematic diagram of transient elastography results of the liver.

RESULTS
Risk factors for liverdysfunction after hemihepatectomy
The 35 patients in this study were grouped according to the presence or absence of liver dysfunction after surgery as 
follows: 12 patients had postoperative liver dysfunction, and 23 patients had no liver dysfunction. Then, the following 25 
factors were analyzed. The results showed that the preoperative LSM value and SRLV were correlated with liver 
dysfunction after hemihepatectomy in HCC patients (P < 0.05, Table 2).

LSM value and SRLV are independent risk factors for liver dysfunction after hemihepatectomy
The preoperative LSM value and SRLV were selected as independent variables, and regardless of whether liver 
dysfunction was selected as the dependent variable, a logistic regression model was developed for analysis. The results 
showed that the preoperative LSM value and SRLV were independent risk factors for liver dysfunction after hemihep-
atectomy (P < 0.05, Table 3).
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Table 2 Comparison of the clinical features of the surgical safety group and liver dysfunction group (mean ± SD)

Postoperative liver function
Variables Total

No liver dysfunction Liver dysfunction
P value

Sex

Male 19 12 7 1.000

Female 16 11 5

Age (yr)

< 60 20 14 6 0.721

≥ 60 15 9 6

BMI

< 24 kg/m2 21 13 8 0.721

> 24 kg/m2 14 10 4

BSA (m2) 1.71 ± 0.18 1.75 ± 0.16 0.514

WBC (× 109/L) 5.51 ± 2.39 5.19 ± 1.55 0.672

RBC (1012/L) 4.30 ± 0.65 4.61 ± 0.44 0.146

PLT (× 109/L) 126.17 ± 53.74 149.33 ± 79.83 0.314

ALB (g/L) 40.71 ± 4.23 39.63 ± 4.18 0.478

Scr (μmol/L) 76.98 ± 39.07 64.87 ± 10.63 0.303

ALT [U/L, M (QR)] 67.26 ± 94.41 46.58 ± 30.40 0.468

AST [U/L, M (QR)] 45.61 ± 23.63 58.00 ± 68.68 0.436

TB [umol/L, M (QR)] 15.63 ± 7.20 20.99 ± 8.36 0.056

GGT [U/L, M (QR)] 115.17 ± 112.78 124.00 ± 145.78 0.844

AFP [ng/mL, M (QR)] 9999.23 ± 25773.40 8545.66 ± 15372.77 0.859

PIVKA-II [μg/L, M (QR)] 1799.54 ± 5017.78 3574.73 ± 6543.79 0.378

PT (s) 12.59 ± 1.46 12.39 ± 1.04 0.682

INR (s) 1.10 ± 0.12 1.05 ± 0.11 0.227

LSM value (kPa) 20.34 ± 4.89 25.78 ± 5.38 0.005a

ICG R15 (%) 7.99 ± 5.13 11.96 ± 6.43 0.055

SRLV (L/m2) 0.349 ± 0.075 0.276 ± 0.036 0.003a

Tumor-localizing

Left half liver 15 10 5 1.000

Right half liver 20 13 7

Tumor diameter [cm, M (QR)] 6.63 ± 3.86 7.81 ± 4.91 0.436

Time of hepatic portal occlusion 
[min, M (QR)]

14.65 ± 19.42 15.75 ± 14.10 0.864

Intraoperative bleeding [mL, M 
(QR)]

908.70 ± 818.76 1541.67 ± 1612.57 0.130

Operation time (min) 176.30 ± 49.98 185.83 ± 72.89 0.651

aP < 0.01 vs group of safe operation (no liver dysfunction) and liver dysfunction. PIVKA-II was abnormal prothrombin. BMI: Body mass index; BSA: Body 
surface area; WBC: White blood cell; RBC: Red blood cell; PLT: Platelet; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; 
TB: Total bilirubin; GGT: γ-glutamyl transpeptidase; AFP: Alpha fetoprotein; PT: Prothrombin time; INR: International normalized ratio; LSM: Liver 
stiffness measure; ICG: Indocyanine green; SRLV: Standard residual liver volume.
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The critical value of SRLV for different stages of postoperative fibrosis
The staging results of postoperative liver fibrosis showed 0 cases in the S0 stage, 6 cases in the S1 stage, 14 cases in the S2-
S3 stage, and 15 cases in the S4 stage. Then, we compared and analyzed the critical values of SRLV for different stages, 
and the results showed that the difference in SRLV among the three phases was statistically significant (P < 0.05, Table 4). 
ROC curve analysis showed that the area under the curve for the S2-S3 stage was 0.743, the sensitivity was 0.467, the 
specificity was 0.100, and the critical value of SRLV was 0.257 L/m2; the area under the curve for the S4 phase was 0.861, 
the sensitivity was 0.857, the specificity was 0.762, and the critical value of SRLV was 0.311 L/m2 (Figure 3).

The critical value of SRLV for postoperative liver dysfunction
In 12 patients with postoperative liver dysfunction, the staging results of postoperative liver fibrosis showed 0 cases in 
the S0 stage, 1 case in the S1 stage, 7 cases in the S2-S3 stage, and 4 cases in the S4 stage. Additionally, the corresponding 
SRLVs were compared and analyzed, and the results showed that the difference in SRLV among the three phases was 
statistically significant (P < 0.05, Table 5). ROC curve analysis showed that the area under the curve for stage S2-S3 was 
0.943, the sensitivity was 0.857, the specificity was 0.100, and the safety-critical value for SRLV was 0.285 L/m2; the area 
under the curve for stage S4 was 0.938, the sensitivity was 0.100, the specificity was 0.750, and the safety-critical value of 
SRLV was 0.285 L/m2 (Figure 4).

Application of a new assessment model in predicting liver dysfunction after hemihepatectomy
We reviewed and analyzed the clinical data of 35 patients in this study and followed up with the patients. The results 
showed that there were no postoperative deaths, and all patients were discharged within 3 wk after the operation. 
Statistical analysis showed that with Child-Pugh score was grade A, the accuracy rate of predicting postoperative liver 
function compensation was 54.8%; the accuracy rate of grade B was 25.0%. The new model was classified as grade I, and 
the accuracy rate of predicting postoperative liver function compensation was 100.0%, which was higher than that of the 
Child-Pugh score (χ2 = 7.452, P = 0.007). Similarly, that of grade II was 91.3%, which was higher than the Child-Pugh score 
(χ2 = 9.928, P = 0.013). There was a significant difference between the two models in evaluating the prognosis after 
hemihepatectomy (P < 0.05, Table 6).

DISCUSSION
HCC is one of the most common malignant tumors. With the improvement of the technical level of hepatectomy, the 
mortality rate after HCC resection has decreased significantly[19-21]. However, the mortality rate is still 5%-8%, 
especially in patients with hemihepatectomy[21]. The main cause of death after hemihepatectomy is liver failure[22]. The 
surgical resection range is so large such that the postoperative remnant liver cannot meet the needs of the body; more 
importantly, doctors lack a comprehensive understanding of the liver reserve function of patients before surgery. As a 
single evaluation indicator, indocyanine green (ICG) is better than many biochemical indicators. When many conven-
tional liver function indicators have not yet become abnormal in value, the ICG retention rate at 15 min (ICG R15) can 
reflect liver function damage or occult liver disease in a timely manner[23]. However, ICG has certain limitations and is 
easily interfered with by factors such as the patient's cooperation ability, liver cell uptake capacity, liver blood flow, bile 
duct obstruction, bilirubin, etc[24,25]. SRLV is a reliable index of preoperative liver reserve function at home and abroad
[26,27]. However, considering that HCC patients often have varying degrees of liver fibrosis before the operation, the 
liver reserve and regeneration function in such patients may vary depending on the extent of liver fibrosis, even if the 
SRLV is the same; therefore, it is not satisfactory to evaluate liver reserve function only in terms of liver volume. The 
diagnosis of preoperative liver fibrosis mainly depends on liver histopathological examination; however, because of 
invasive examination, a low positive rate, difficulty in follow-up, and dynamic detection, the need to consider the wishes 
of patients and other factors, scholars at home and abroad have explored the use of elastic techniques instead of liver 
biopsy to assess the extent of liver fibrosis or cirrhosis by measuring the LSM value[17]. Therefore, it is very important to 
evaluate the safety of hemihepatectomy by correctly staging the degree of liver fibrosis before surgery.

First, in this study, the factors that may be related to liver dysfunction in HCC patients after hemihepatectomy were 
statistically analyzed. The results showed that preoperative LSM and SRLV were associated with liver dysfunction in 
HCC patients after hemihepatectomy (P < 0.05). Multivariate logistic regression analysis showed that preoperative LSM 
and SRLV were independent risk factors for liver dysfunction in HCC patients after hemihepatectomy.

Then, according to the Scheuer score standard, we observed the degree of liver fibrosis using microscopy and analyzed 
the SRLV critical value of different stages of liver fibrosis in all patients and the SRLV critical value of different stages of 
liver fibrosis in postoperative liver insufficiency cases by ROC curve analysis. The results showed that the critical values 
of SRLV were 0.257 L/m2 and 0.310 L/m2 in patients with liver fibrosis in stages S2-S3 and S4, respectively, and 0.285 
L/m2 in patients with postoperative liver dysfunction. SRLV critical values were similar in both cases, suggesting that it is 
safe and feasible to predict the SRLV threshold of HCC patients undergoing hemihepatectomy by pathological stages of 
liver fibrosis. It is suggested that the operation is safe if SRLV > 0.310 L/m2.

At present, the elastic technique has been used to evaluate the degree of liver fibrosis or cirrhosis. It has been widely 
accepted because of its simplicity, repeatability, noninvasiveness, low cost, and other factors. At present, studies have 
reported that the sensitivity and specificity of the LSM value to predict the degree of hepatitis cirrhosis are high, and the 
LSM value is confirmed to be related to complications after partial hepatectomy in patients[28]. However, there is no 
uniform standard for the patient's disease background, and the operation is limited to only partial or segmental 
hepatectomy. There is no study on the application of transient elastography to predict the degree of liver fibrosis and 
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Table 3 Logistic regression analysis based on preoperative the liver stiffness measure value and standard residual liver volume

Independent variables P value OR 95%CI

LSM ≥ 25 kPa 0.032 6.254 1.172-33.374

SRLV ≤ 290 ML/m2 0.048 5.686 1.017-31.793

OR: Odds ratio; CI: Confidence interval; LSM: Liver stiffness measure; SRLV: Standard residual liver volume.

Table 4 The standard residual liver volume of different stages of liver fibrosis in 35 patients after hemihepatectomy (mean ± SD)

Liver fibrosis stage Number SRLV (L/m2) F value P value

S1 6 289.43 ± 22.36 8.164 0.001

S2-S3 15 290.33 ± 56.70

S4 14 375.53 ± 72.24

SRLV: Standard residual liver volume.

Table 5 The standard residual liver volume of different liver fibrosis stages in 12 patients with liver insufficiency after hemihepatectomy

Liver fibrosis stage Number SRLV (L/m2) F value P value

S1 1 234.20 4.768 0.039

S2-S3 7 263.14 ± 31.28

S4 4 308.98 ± 18.02

SRLV: Standard residual liver volume.

Table 6 The comparison of two assessment methods, n (%)

Grade 3 wk after surgery (cases)
Model Total Grade Number

A (I) B (II) C (III)

A 31 17 (54.8) 14 (45.2) 0

B 4 0 1 (25) 3 (75)

Child-Pugh score 35

C 0 0 0 0

I 11 11 (100)a 0 0

II 23 0 21 (91.3)b 2 (18.7)

The new evaluation model 35

III 1 0 0 1

aP < 0.05 vs new evaluation model grade I and Child-Pugh grade A.
bP < 0.05 vs new evaluation model grade II and Child-Pugh grade B.

cirrhosis in hemihepatectomy, and there is no study on the LSM value in evaluating liver function reserve before 
hemihepatectomy. In addition, recent studies have shown that transient elastography cannot be used to accurately assess 
patients with obstructive jaundice. Therefore, more rigorous inclusion and exclusion criteria were adopted in this study. 
We used Fibro Touch elastic imaging equipment (FT-3.5R50) developed by Haskell Medical Technology Company and a 
two-dimensional ultrasonic probe to avoid the influence of liver tumors and large blood vessels inside and outside the 
liver on the measurement results. The measured LSM value was 22.20 ± 5.63 kPa, which is similar to that reported at 
home and abroad[12]. We established a new liver reserve assessment model based on the Child-Pugh score combined 
with the LSM value and observed its application in the evaluation of liver reserve function in patients with HCC 
undergoing hemihepatectomy. The results showed that the accuracy of the new evaluation model in predicting 
postoperative liver function compensation was 100.0% (P < 0.05), and the accuracy rate of predicting mildly poor liver 
function compensation after the operation was 91.3% (P < 0.05), which was higher than that of the Child-Pugh score. 



Yue ZQ et al. Predicting prognosis of with after hemihepatectomy

WJCO https://www.wjgnet.com 466 November 24, 2023 Volume 14 Issue 11

Figure 2 The different stages of liver fibrosis in 35 cases of hemihepatectomy (hepatic encephalopathy × 200). A: Stage S1; B: Stage S2; C: 
Stage S3; D: Stage S4.

Figure 3 The receiver operating characteristic curve of the standard residual liver volume in different stages of liver fibrosis. A: Stages S2-
S3; B: Stage S4.
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Figure 4 The receiver operating characteristic curve of the standard residual liver volume in different stages of liver fibrosis in patients 
with liver dysfunction. A: Stage S2-S3; B: Stage S4.

Therefore, we believe that the new liver reserve assessment model can provide a reference for preoperative safety 
assessment of patients with liver cancer undergoing hemihepatectomy, which can increase patient safety during the 
perioperative period and reduce the incidence of liver failure after the operation. Additionally, it can provide a reference 
for patients with liver cancer who are expected to receive hemihepatectomy or extended hemihepatectomy.

CONCLUSION
In summary, through this study, we found that for patients with moderate or severe liver fibrosis, when the predicted 
SRLV is greater than 0.310 L/m2, the new evaluation model of liver function reserve predicts that the postoperative liver 
function compensation is good before the operation, and hemihepatectomy is safe; when the predicted SRLV is less than 
0.285 L/m2, the new liver reserve assessment model predicts poor liver function compensation after hepatectomy, and the 
probability of liver dysfunction after hemihepatectomy is higher. A blind operation should be avoided, and the operation 
should be evaluated after full liver protection. Patients in whom severe liver dysfunction is expected after surgery need to 
undergo antiviral treatment and undergo portal vein embolization or associated life partition and portal vein ligation for 
staged hepatectomy, and the values of SRLV and LSM should be reevaluated after liver regeneration. After contralateral 
liver regeneration, the SRLV and LSM values are reevaluated. It is expected that hemihepatectomy is still feasible for 
patients with well-compensated liver function. The LSM value combined with SRLV is safe and reliable.

However, the sample size involved in this study is too small and has no statistical significance in theory; nevertheless, 
the author believes that the LSM value and SRLV are useful safety indices for the evaluation of HCC hemihepatectomy. 
The new liver reserve evaluation model based on the Child-Pugh score combined with the LSM value can improve on the 
Child-Pugh score; it has important clinical guiding importance for the evaluation of liver reserve function in HCC 
patients with hemihepatectomy and provides a theoretical basis for further investigations conducted by our research 
group.

ARTICLE HIGHLIGHTS
Research background
Liver cancer resection often leads to poor prognosis, because the standard residual liver volume (SRLV) cannot be fully 
compensated after surgery.

Research motivation
Hemihepatectomy or extended hemihepatectomy often leads to liver insufficiency and even liver failure.
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Research objectives
This study aimed to explore the risk factors of poor prognosis after hemihepatectomy for hepatocellular carcinoma and 
evaluate the application value of related prognostic approaches.

Research methods
The clinical data of 35 patients with primary liver cancer were retrospectively analyzed. The critical values of SRLV in 
different stages of liver fibrosis after hemihepatectomy were compared with those of liver dysfunction after hemihep-
atectomy.

Research results
Logistic regression analysis showed that the liver stiffness measure (LSM) value ≥ 25 kPa [odds ratio (OR) = 6.254, P < 
0.05)] and SRLV ≤ 0.290 L/m2 (OR = 5.686, P < 0.05) were independent risk factors for postoperative liver dysfunction. 
The accuracy of the new liver reserve evaluation model for predicting postoperative liver function was higher than that of 
the Child-Pugh score (P < 0.05).

Research conclusions
LSM values and SRLV can be used to evaluate the safety of hemihepatectomy.

Research perspectives
The new liver reserve evaluation model has good application potential in the evaluation of liver reserve function after 
hemihepatectomy.
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Abstract
BACKGROUND 
Flap reconstruction after resection of a superficial malignant soft tissue tumor 
extends the surgical field and is an indicator for potential recurrence sites.

AIM 
To describe a grading system for surgical field extension of soft tissue sarcomas.

METHODS 
Grading system: CD-grading is a description system consisting of C and D values 
in the surgical field extension, which are related to the compartmental position of 
the flap beyond the nearby large joint and deeper extension for the pedicle, 
respectively. C1/D1 are positive values and C0/D0 are negative. With a known 
location, 1/0 values can be "p" (proximal), "d" (distal), and "b" (in the tumor bed), 
and the description method is as follows: flap type, CxDx [x = 0, 1, p, d or b].

RESULTS 
Four representative patients with subcutaneous sarcomas who underwent 
reconstruction using fasciocutaneous flaps are presented. The cases involved a 
distal upper arm (elbow) synovial sarcoma reconstructed using a pedicled 
latissimus dorsi (pedicled flap: CpDp); a distal upper arm (elbow) pleomorphic 
rhabdomyosarcoma reconstructed using a transpositional flap from the forearm 
(transpositional flap: CdD0); an undifferentiated pleomorphic sarcoma in the 
buttocks reconstructed using a transpositional flap (transpositional flap: C0D0); 
and a myxofibrosarcoma in the buttocks reconstructed using a propeller flap from 
the thigh (pedicled flap: CdDd).

CONCLUSION 
The reconstruction method is chosen by the surgeon based on size, location, and 
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other tumor characteristics; however, the final surgical field cannot be determined based on preoperative images 
alone. CD-grading is a description system consisting of C and D values in the surgical field extension that are 
related to the compartmental position of the flap beyond the nearby large joint and deeper extension for the 
pedicle, respectively. The CD-grading system gives a new perspective to the flap reconstruction classification. The 
CD-grading system also provides important information for follow-up imaging of a possible recurrence.

Key Words: Soft tissue; Sarcoma; Surgery; Sarcoma; Grading system; Surgical flap

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

Core Tip: Flap reconstruction after resection of a superficial malignant soft tissue tumor extends the surgical field and is an 
indicator for potential recurrence sites. CD-grading is a description system consisting of C and D values in the surgical field 
extension that are related to the compartmental position of the flap beyond the nearby large joint and deeper extension for the 
pedicle, respectively. C1/D1 and C0/D0 are positive and negative values, respectively. The CD-grading system gives a new 
perspective to flap reconstruction classification. The CD-grading system also provides important information for follow-up 
imaging of a possible recurrence.

Citation: Sakamoto A, Noguchi T, Matsuda S. System describing surgical field extension associated with flap reconstruction after 
resection of a superficial malignant soft tissue tumor. World J Clin Oncol 2023; 14(11): 471-478
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/471.htm
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INTRODUCTION
Soft tissue sarcomas comprise a group of rare heterogeneous neoplasms that account for < 1% of all cancers[1]. Soft tissue 
sarcomas can occur in any soft tissue, but are most common in the extremities. Wide resection of the sarcoma and the 
surrounding normal tissue is necessary to reduce the recurrence rate[2]. Flap reconstruction is used to repair soft tissue 
defects after resection of a soft tissue sarcoma, especially a superficial soft tissue sarcoma[3,4].

The term “tumor bed” refers to the area of tissue remaining after a malignant tumor is removed. The tumor bed 
includes the tumor and surrounding healthy tissues where cancer cells may exist[5]. Use of a reconstruction flap 
following soft tissue sarcoma resection can extend the surgical field or tumor bed because of flap elevation or dissection 
of recipient vessels.

The current Cancer Staging Manual of the American Joint Committee on Cancer (AJCC) of soft tissue sarcoma is 
widely used based upon tumor size, histologic grade, and the presence of metastasis[6]. AJCC supports the R classification, 
which categorizes surgical margins as negative (R0), microscopically positive (R1), or grossly positive (R2)[7,8]. Flaps can 
be classified based on several factors (pedicled, free, or the tissue type from which the flap is made). Classification of flaps 
according to clinical complications has also been reported[9]; however, there is no system describing surgical field 
extension related to flap reconstruction.

In the current report we propose a grading classification, the CD-grading system, to describe extension of the surgical 
field related to flap reconstruction after superficial soft tissue sarcoma resection. Representative cases are also presented.

MATERIALS AND METHODS
Classification: CD-grading system for a superficial sarcoma in the extremities
The new grading system (CD-grading system) was used herein for superficial soft tissue sarcomas with extremity 
resection reconstructed by fascio-(musculo)-cutaneous flaps. Upper extremity tumors are defined as lesions arising distal 
to the acromioclavicular joint and include tumors of the shoulder girdle and axilla. Lower extremity tumors are defined 
as lesions arising distal to the iliac crest, including tumors of the gluteal region[9]. Additional skin grafting does not affect 
the grade; the skin grafting cases were not excluded.

The CD-grading system consists of C- and D-values. The C-value indicates the "compartmental position of the flap 
beyond the nearby large joint " and when the flap crosses a nearby large joint, the C-value is positive (C1). When the flap 
is within the compartment, the C-value is negative (C0). Large joints include the shoulders, elbows, wrists, hips, knees, 
and ankles. If the location of a flap crossing the joint location is proximal, the C-value is Cp (p = proximal) and when 
crossing a distal large joint the C-value is Cd (d = distal).

D-value means “deeper extension for the pedicle.” The pedicle is already exposed, and the negative D-value is D0. If 
dissection of the pedicle is necessary, the positive D-value is D1. When the dissected pedicle is located proximal to the 
surgical field, the D-value is Dp (p = proximal), when the dissected pedicle is located distally, the D-value is Dd (d = 
distal), and when the pedicle dissection is within the surgical bed, the D-value is Db (b = surgical bed; Tables 1 and 2).

https://www.wjgnet.com/2218-4333/full/v14/i11/471.htm
https://dx.doi.org/10.5306/wjco.v14.i11.471
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Table 1 C-value for flap location beyond the nearby large joint

C-value Description

Within the compartment 0 C0

1: any C1

p: proximal Cp

Extra compartment

d: distal Cd

Table 2 D-value for surgical field extension for the pedicle dissection

Pedicle D-value Description

Already exposed 0 D0

1: Any D1

p: Proximal Dp

d: Distal Dd

Dissection of the pedicle

b: Within tumor bed Db

The flap type is described before the CD-values as “flap type, CxDx,” in which x can be 0, 1, p, d, or b. There is no strict 
rule in the description of the flap type; however, an easy and understandable description, such as distinguishing between 
a local or free flap, would be required.

Transpositional fascial flap/propeller flap
In cases involving transpositional fasciocutaneous or propeller flaps[10], the flap is located within the compartment, the 
C-value is C0, the D-value is D0, and the CD-grade is C0D0. When the flap is from the extra compartment across the large 
joint, the C-value is C1, the D-value is D0, and the CD-grade is C1D0. When the flap is obtained proximally and crosses a 
large joint, the CD-grade is CpD0, and when the flap is derived distally and crosses a large joint, the CD-grade is CdD0 
(Tables 3 and 4).

Pedicled flap
The C-value in the pedicle flap is the same as the transpositional flap. The flap is located within the compartment and the 
C-value is C0. When the flap comes from the extra compartment across the joint, the C-value is C1. C1 can be Cp or Cd 
depending on the flap location (proximal or distal). The D-value reflects the location of the pedicle. The pedicle flap needs 
extension of the surgical field to deeper tissues, therefore the D-value is always D1. When the pedicle is located proximal 
to the surgical field, D1 can be Dp (p = proximal), and when the pedicle is located distal to the surgical field, the D1 can 
be Dd (d = distal; Tables 3 and 5).

Free flap
The donated area of the flap does not affect the surgical field in terms of tumor contamination, and the C-value in the free 
flap is always C0. When the pedicle is already exposed at the surgical field, the D-value is D0. When the pedicle is not 
exposed, and the pedicle needs to be exposed, then the D-value is D1. When the pedicle is located proximal to the surgical 
field, D1 can be Dp (p = proximal), and when the pedicle is located distal to the surgical field, the D1 can be Dd (d = 
distal). When the pedicle is exposed at the deeper tissues within the surgical field, the D-value is Db (Tables 3 and 6).

RESULTS
Herein we present four cases of superficial soft tissue sarcomas. Two elbow soft tissue sarcomas and two buttock soft-
tissue sarcomas are presented. One elbow soft tissue sarcoma patient was a 47-year-old female with a synovial sarcoma at 
the elbow (distal upper arm) reconstructed with a pedicled latissimus dorsi; the CD-grade was CpDp (pedicled flap, 
CpDp; Figure 1). The second elbow soft tissue sarcoma patient was an 85-year-old male with a pleomorphic rhabdomy-
osarcoma at the elbow (distal upper arm) reconstructed using a transpositional flap from the forearm; the CD-grade was 
CdD0 (transpositional flap, CdD0; Figure 2). The first patient with a buttock soft tissue sarcoma was a 65-year-old female 
with an undifferentiated pleomorphic sarcoma at the buttock reconstructed using a transpositional flap; the CD-grade 
was C0D0 (transpositional flap, C0D0[11]; Figure 3). The second patient with a buttock sarcoma was a 46-year-old male 
with a myxofibrosarcoma that was reconstructed using a propeller flap from the thigh; the CD-grade was CdDd (pedicled 
flap, CdDd; Figure 4).
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Table 3 Possible classification of flap reconstruction

CD-grade Transpositional flap Pedicled flap Free flap

C0D0 C0D0 Not applied C0D0

C0D1 NA C0Dp, C0Dd C0Dp, C0Dd, C0Db

C1D0 CpD0, CdD0 NA NA

C1D1 NA CpDp, CdDd NA

NA: Not available.

Table 4 Transpositional fasciocutaneous flap/propeller flap

Flap location C-value D-value CD-grade

Within the compartment 0 0 C0D0

Extra compartment: from any 1 0 C1D0

From proximal p 0 CpD0

From distal d 0 CdD0

Table 5 Pedicled flap

Flap location C-value D-value (pedicle location) CD-grade

Within the compartment 0 1 (any) C0D1

From proximal 0 p (proximal) C0Dp 

From distal 0 d (distal) C0Dd

Extra compartment 1 1 (any) C1D1

From proximal p p (proximal) CpDp

From distal d d (distal) CdDd

Table 6 Free flap

Pedicle location C-value D-value (pedicle location) CD-grade

Already exposed 0 0 C0D0

Necessary for dissection 0 1 (any) C0D1

From  proximal 0 p (proximal) C0Dp

From  distal 0 d (distal) C0Dd

Within tumor bed 0 b (within tumor bed) C0Db

DISCUSSION
Soft tissue sarcomas require wide resection with healthy tissue margins[12,13]. Thus, the surgical field is wider than the 
tumor size. The extension of the tumor bed has the possibility of tumor contamination. Therefore, recognition of tumor 
bed extension is necessary. Discrepancies between the preoperative tumor burden and postoperative tumor bed contour 
have been identified after tumor burden replacement with a latissimus dorsi flap[14]. Flap reconstruction increases the 
surgical field during superficial soft tissue sarcoma resection[15].

A flap is applied to the defect after resection of a soft tissue sarcoma, especially a superficial soft tissue sarcoma. The 
choice of flap is often determined by the surgeon's preference, as well as the location of the tumor. The tumor bed after 
resection of soft tissue sarcomas cannot be predicted solely based on preoperative imaging. If amputation is necessary in 
the case of a re-occurrence, the level of amputation is important. Extension of the tumor bed due to flap reconstruction 
carries the risk of tumor contamination and may require more proximal amputation. The C-value gives information that 
indicates the likelihood of tumor contamination across the greater joint.
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Figure 1 Synovial sarcoma at the distal upper arm (elbow) reconstructed by a pedicled latissimus dorsi (pedicled flap, CpDp). A: A 47-year-
old female with a synovial sarcoma at the elbow (distal upper arm). Magnetic resonance imaging showed a tumor with heterogenous low-to-high signal intensity on 
the T2-weighted image. Before (A-I) and after (A-II) chemotherapy of doxorubicin and ifosfamide, the tumor size was reduced. B-D: A wide surgical resection was 
performed with a pedicled latissimus dorsi. The CD-grade was CpDp (pedicled flap, CpDp).

Figure 2 Pleomorphic rhabdomyosarcoma at the distal upper arm (elbow) reconstructed by transpositional flap (transpositional flap, 
CdD0). A: An 85-year-old male with a pleomorphic rhabdomyosarcoma at the elbow (distal upper arm); B: Magnetic resonance imaging showed a tumor with 
homogenous high-signal intensity on T2-weighted images (B-I) and low-signal intensity on T1-weighted images (B-II). A wide surgical resection was performed. The 
transpositional flap was obtained from the upper arm and forearm; C-G: Skin grafting was performed at the forearm. The CD-grade was CdD0 (transpositional flap, 
CdD0).

There is a risk of tumor contamination if deep tissues are created in the surgical field. The D-value represents the 
location of the pedicle. Dissection of the pedicle and recipient vessels requires dissection to the deeper layers, resulting in 
extension of the surgical field, with a D-value of D1. Transposition flaps in the compartment do not require exposure of 
the donor vessels, therefore less deep tissue exposure is advantageous in terms of reducing the potential for tumor 
recurrence, with a D-value of D0. Similarly, even in cases of a free flap requiring microsurgery, if the recipient vessels are 
already exposed, the D-value is D0 because deeper tissue dissection is not necessary.

The AJCC Staging of Soft Tissue Sarcomas (eighth edition) is based upon the tumor size, histologic grade, and the 
presence of metastasis. Tumor size is classified into four categories with border values of 5, 10, and 15 cm. The notation 
regarding tumor depth (superficial or deep from the superficial fascia) has been eliminated from the seventh edition of 
the AJCC Staging of Soft Tissue Sarcomas[6]. The surgical staging of musculoskeletal sarcomas has 4 types of surgical 
margins [intralesional, marginal, wide, and radical (compartmental)], as proposed by Enneking et al[16]. A 2-3 cm 
surgical margin provides reasonable local control of soft tissue sarcomas[17]. The AJCC supports the R classification, 
which categorizes margins as negative (R0), microscopically positive (R1), or grossly positive (R2)[7,8]. Furthermore, the 
Union Against Cancer (UICC) proposed a R + 1 mm classification that requires 1 mm of healthy tissue between the tumor 
and margin to define a negative margin (R0)[18,19], thus resulting in more resections being considered microscopically 
positive (R1). Radiation therapy can be performed as adjuvant therapy, especially if cancer cells remain after the 
resection. Radiation has a role in reducing the risk of recurrence in soft tissue sarcoma resection[5]. The term, tumor bed, 
refers to the area of tissue remaining after a malignant tumor is removed. The tumor bed may have cancer cells[5]. 
Recognition of tumor bed extension is necessary for postoperative radiation. Without flap reconstruction following soft 
tissue sarcoma resection, the tumor bed can largely be predicted with the preoperative staging based upon the images 
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Figure 3 Undifferentiated pleomorphic sarcoma at the buttock reconstructed by a transpositional flap (transpositional flap, C0D0). A: A 65-
year-old female with an undifferentiated pleomorphic sarcoma at the buttock. Magnetic resonance imaging revealed a subcutaneous tumor. The tumor had a cystic 
appearance and contained liquid with slightly high signal intensity on the T2-weighted image. The periphery of the cystic wall was thick with a solid neoplastic lesion 
and intermediate signal intensity on T2-weighted images (A-I). Computed tomography showed that the lesion is located at the buttock (A-II); B: A resection of the 
tumor was designed; C and D: The tumor was resected and the defect was reconstructed with a transpositional flap donated from the lateral abdomen. The CD-grade 
was C0D0 (transpositional flap, C0D0).

Figure 4 Myxofibrosarcoma at the buttock reconstructed by a propeller flap (pedicled flap, CdDd). A: A 46-year-old male with a myxofibrosarcoma 
at the buttock. Magnetic resonance imaging revealed that the tumor showed heterogenous low-to-high signal intensity on the T2-weighted image. Before (A-I) and 
after (A-II) chemotherapy of doxorubicin and ifosfamide, the tumor size was reduced; B: The resection of the tumor was designed (B-I) and performed (B-II); C and E: 
A propeller flap from the thigh was designed (C-I) and the pedicle was preserved (C-II) and performed. The CD-grade was CdDd (pedicled flap, CdDd).

and the histologic findings. With flap reconstruction, tumor bed prediction is difficult without the surgical method 
information. Indeed, the new grading system can give information of surgical field extension associated with flap 
reconstruction.

There are several limitations in the new grading system. First, this classification is completely new and still theoretical. 
Clinical use of the assembled clinical data would be necessary, and some modification may be required for improvement. 
Second, the new grading system was used for superficial soft tissue sarcomas resected in the extremities and fascio-
(musculo)-cutaneous flaps, in which hands and feet were not included. The new grading system might be modified for 
any part of bones and soft tissue sarcomas. Third, flap type description is not strictly defined in the new grading system, 
which may result in ambiguity; however, according to the flap technique improvement, description of the flap would be 
diverse. Therefore, no flap description restrictions were used in the new grading system. Finally, the new grading system 
cannot describe the length or area required for postoperative radiation. Excessive information in the grading system, 
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however, would make the new grading system difficult for clinical use.

CONCLUSION
We have proposed a method to describe extension of the surgical field in reconstruction after superficial soft tissue 
sarcoma resection. The method described can give values for tumor bed extension after flap reconstruction. The 
description of whether or not the operative field has been extended due to reconstruction is considered to be important 
information for image evaluation of recurrence.

ARTICLE HIGHLIGHTS
Research background
Flap reconstruction can extend the surgical field or tumor bed because of flap elevation or dissection of recipient vessels 
during resection of superficial soft tissue sarcomas. There is currently no method describing extension of the surgical 
field.

Research motivation
Extension of the surgical field cannot be predicted based on preoperative images for flap reconstruction after superficial 
soft tissue sarcoma resection. Knowledge of the surgical field extension is important information for evaluation of 
recurrence images or possible postoperative radiation.

Research objectives
A theoretical CD-grading system was developed consisting of C and D values in the surgical field extension. The C-value 
represents the flap beyond the nearby large joint and the D-value pertains to a deeper extension.

Research methods
C1/D1 and C0/D0 are positive and negative values, respectively. With a known location, C values are "p" (proximal), "d" 
(distal), and "b" (in the tumor bed). The description method is as follows: flap type, CxDx [x = 0, 1, p, d or b].

Research results
Classification and possible values are shown in the tables (transpositional fascial flap/propeller, pedicled, and free flaps). 
Four representative patients with subcutaneous sarcomas who underwent reconstruction using fasciocutaneous flaps are 
presented.

Research conclusions
The new grading system can give values for tumor bed extension after flap reconstruction following superficial soft tissue 
sarcoma resection. The description of whether or not the operative field has been extended due to reconstruction is 
thought to be important information for evaluation of recurrence images.

Research perspectives
Clinical use of assembled clinical data would be necessary and some modification may be required for improvement, 
especially if the new grading system is modified for any part of bone and soft tissue sarcomas.
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Abstract
BACKGROUND 
The COP9 signalosome subunit 6 (COPS6) has been implicated in cancer 
progression, while its precise role in most types of cancer remains elusive.

AIM 
To investigate the functional and clinical relevance of COPS6 across various 
tumor types using publicly available databases.

METHODS 
We used R software and online analysis databases to analyze the differential 
expression, prognosis, mutation and related functions of COPS6 in pan-cancer.

RESULTS 
Differential expression analysis and survival analysis demonstrated that COPS6 
was highly expressed and associated with high-risk profiles in the majority of 
cancer types. Possible associations between COPS6 expression level and pro-
gnostic outcomes were found using data from public databases. Mutational 
analysis revealed that missense mutations were the predominant type of COPS6 
mutation. Additionally, positive correlations were identified between COPS6 
expression level and tumor mutational burden and microsatellite instability in 
most types of cancer. Immune infiltration analysis demonstrated a negative 
correlation between COPS6 expression level and CD8+ T cell infiltration in certain 
types of cancer. The correlation between COPS6 expression level and cancer-
associated fibroblast infiltration exhibited heterogeneity, in which a positive 
correlation was found in head and neck squamous cell carcinoma and tenosy-
novial giant cell tumor, and a negative correlation was identified in diffuse large 
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B-cell lymphoma and thymoma. The correlation between COPS6 expression level and macrophage infiltration was 
closely related to macrophage type. Gene co-expression and enrichment analysis highlighted transcription 
elongation factor B polypeptide 2 and G protein pathway suppressor 1 were significantly and positively associated 
with COPS6 expression level. These genes were predominantly involved in processes, such as ubiquitin-mediated 
proteolysis and human immunodeficiency virus 1 infection.

CONCLUSION 
In conclusion, this study systematically explored the significance of COPS6 across different tumor types, providing 
a solid foundation for considering COPS6 as a novel biomarker in cancer research.

Key Words: COPS6; Biomarker; Tumor mutational burden; Immune infiltration; Prognostic analysis
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Core Tip: The COP9 signalosome subunit 6 COPS6 has been implicated in several cancer types. However, its precise role in 
most cancer types remains poorly understood. Therefore, we aimed to investigate the function of COPS6 in various tumor 
types. Through our analysis, we discovered that COPS6 is highly expressed and associated with high-risk profiles in most 
cancers. Meanwhile, COPS6 expression was positively correlated with tumor mutation burden, microsatellite instability, and 
immune infiltration of the tumor microenvironment. Our findings suggest that COPS6 could be a potential biomarker for 
cancer research. Our study contributes to the understanding of the role of COPS6 in cancer progression and highlights the 
clinical applications.
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INTRODUCTION
According to recent data from the American Cancer Society, it is projected that the United States will witness 1958310 
new cancer cases and 609820 cancer-related deaths by 2023[1]. While there has been a 1.5% decrease in cancer mortality 
rates between 2019 and 2020, with an overall decline of 33% since 1991, the incidence of breast cancer, prostate cancer, 
and uterine cancer is on the rise, imposing potential challenges to the future progress. Furthermore, these types of cancer 
demonstrate significant disparities in mortality rates among different ethnic groups. Conversely, gastric cancer, 
esophageal cancer, and cervical cancer have shown downward mortality rates, while lung cancer, colorectal cancer 
(CRC), and female breast cancer continue to exhibit gradually upward mortality rates[2,3]. These trends underscore the 
persisting challenges caused by cancer. Hence, it is imperative to explore new targets for early diagnosis and personalized 
treatment, as emphasized by previous studies[4,5]. The identification and analysis of novel pan-cancer genes can provide 
valuable insights into the intricate process of tumorigenesis. Public databases and online analysis tools, such as The 
Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) provide convenient access to comprehensive cancer-
related functional genomics datasets across diverse cancer types, enabling in-depth pan-cancer analysis[6,7].

The COP9 signalosome (COPS) is a multiprotein complex involved in protein degradation, transcriptional activation, 
signal transduction, and tumor progression[8,9]. COPS6, together with its dimerization partner COPS5, plays a crucial 
role in the activation process of deneddylase activity by embedding into the core of the helical bundle[10]. While the 
literature has reported the mechanisms of COPS6 in human malignancies, such as cervical cancer, papillary thyroid 
carcinoma (THCA), CRC, breast cancer, lung adenocarcinoma (LUAD), and glioblastoma, the available information is 
incomplete and the underlying mechanisms remain to be fully elucidated[11].

The present study aimed to comprehensively elucidate the involvement and clinical implications of COPS6 in many 
diverse types of cancer. This involved an in-depth analysis of differential expression patterns, prognostic values, gene 
mutations, immune infiltration, correlation analysis, and functional enrichment assessment, utilizing publicly available 
databases.

MATERIALS AND METHODS
Differential expression analysis
GEPIA2 (http://gepia2.cancer-pku.cn/#degenes) was utilized for analysis of RNA-seq expression data collected from 
TCGA and Genotype-Tissue Expression (GTEx) projects, enabling differential analysis, correlation analysis, and survival 
analysis[12]. Genetic difference analysis was conducted using TIMER2 (http://timer.cistrome.org/)[13]. COPS6 
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expression level in tumor and normal samples was compared using R (ver. 4.0.3), TIMER2, and GEPIA2. Box plots were 
generated using the ggpubr R (ver. 4.0.3) package, and differential expression of COPS6 in TCGA samples was 
determined using the Wilcoxon test. For cancers lacking normal controls in the TCGA database, the TIMER2 website was 
employed for differential analysis of the COPS6 gene.

For protein analysis, UALCAN online portal (http://ualcan.path.uab.edu/analysis-prot.html) was utilized to examine 
gene, protein, methylation, and phosphorylation differences[14]. UALCAN facilitated the comparison of differential 
expression of COPS6 protein between tumor and normal tissues. Age-differential expression data was obtained using the 
limma and ggpubr R packages, while clinical stage differential expression of COPS6 was obtained from the GEPIA2 
website.

Survival analysis
To perform survival analysis for COPS6, the "Survival Map" feature of GEPIA2 was utilized. This facilitated plotting 
heatmaps representing overall survival (OS) and disease-free survival (DFS) using data from TCGA database. Forest 
plots, encompassing OS, progression-free interval (PFI), disease-specific survival (DSS), and disease-free interval (DFI), 
were generated using the survival and forestplot R packages in association with Cox analysis.

In March 2022, the pan-cancer data were downloaded from the TCGA database, including tumor stage, tumor grade, 
survival time, and mutation information. The raw data were preprocessed by the R programming language. The 
survminer R package was utilized to generate Kaplan-Meier survival curves for OS, PFI, DSS, and DFI, with a 
significance level set at P < 0.05.

Genetic alteration analysis
For mutation analysis, cBioPortal (https://www.cbioportal.org/) was utilized[15]. In this study, the "Quick Search" 
feature of cBioPortal was employed to examine the mutation frequency, type, copy number alteration (CNA), and 
structural variants of TCGA tumors involving COPS6. Furthermore, information related to the specific mutation sites and 
three-dimensional (3D) structure of the COPS6 protein was collected. To assess the impact of COPS6 alterations on 
patient survival, "TCGA, PanCancer Atlas" and "Compassion/Survival" modes were utilized to plot OS, DSS, DFS, and 
progression-free survival curves for TCGA cases with and without COPS6 alterations, respectively, using the log-rank 
test.

Immune infiltration analysis
To investigate immune infiltration, TIMER2 web server was used. In the present study, the presence of CD8+ T cells, 
cancer-associated fibroblasts, natural killer (NK) cells, and macrophages was assessed using the "Immune" module. To 
explore the relationship between immune inflammatory cells and COPS6 expression, multiple algorithms were utilized, 
including XCELL, EPIC, TIMER, MCPCOUNTER, CIBERSORT-ABS, TIDE, CIBERSORT, and QUANTISEQ. P values and 
partial correlation values were obtained using the purity-adjusted Spearman's rank correlation test to quantify the 
strength and significance of the observed correlations.

Enrichment analysis and correlation analysis
The "Similar Gene Detection" module on the GEPIA2 website was utilized to identify the top 100 genes correlated with 
COPS6. Further analysis using the "correlation analysis" module on the same website narrowed down the selection to the 
top 5 genes with the highest correlation coefficients. Heatmap analysis of these genes was conducted using the 
"Gene_Corr" module available on the TIMER2 website. The purity-adjusted Spearman's rank correlation test was applied 
to obtain P-values and partial correlation values.

For protein-protein interaction (PPI) analysis, the STRING database (https://string-db.org/) was employed[16]. 
COPS6 was submitted to the database to generate a PPI network with Homo sapiens as the reference organism. The 
network settings included a full network type, evidence-based network edges, experiments as active interaction sources, a 
minimum required interaction score of high confidence (0.7), and a maximum number of interactors shown in the 1st and 
2nd shells.

To identify overlapping genes between the COPS6-related genes obtained from the GEPIA2 and STRING, a Venn 
diagram was generated using GraphPad Prism 9.0.0 software (GraphPad Software Inc., San Diego, CA, United States). 
The gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were 
performed using the DAVID database (https://david.ncifcrf.gov/home.jsp) with involvement of parameters, such as 
"OFFICIAL_GENE_SYMBOL", "Homo sapiens", and "functional annotation chart".

RESULTS
COPS6 expression level varied in various tumors
The overview of the pan-cancer analysis workflow is shown in Figure 1A. Differential expression analysis of COPS6 was 
conducted on TCGA data using R programming language. Significant differential expression (P < 0.05) of COPS6 was 
found between normal and tumor tissues in several cancer types, including bladder cancer (BLCA), breast invasive 
carcinoma (BRCA), cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD), esophageal carcinoma (ESCA), 
glioblastoma multiforme (GBM), head and neck squamous cell carcinoma (HNSC), kidney chromophobe (KICH), kidney 
renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), liver hepatocellular carcinoma (LIHC), 
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Figure 1 Differential expression analysis of COP9 signalosome subunit 6 in pan-cancer. A: Overview of the pan-cancer analysis workflow; B: 
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Differential expression analysis of COP9 signalosome subunit 6 (COPS6) in the The Cancer Genome Atlas (TCGA) database using the Wilcoxon test in R software; 
C: Differential expression analysis of COPS6 in matched TCGA normal and Genotype-Tissue Expression data using the GEPIA2 website with specific cutoff criteria. b
P  0.01 cP  0.001. CHOL: Cholangiocarcinoma; DFI: Disease-free interval; DLBC: Diffuse large B-cell; DSS: Disease-specific survival; GO: Gene ontology; KEGG: 
Kyoto Encyclopedia of Genes and Genomes; LAML: Acute myeloid leukemia; MIS: Microsatellite instability; OS: Overall survival; PAAD: Pancreatic adenocarcinoma; 
PFI: Progression-free interval; SKCM: Skin cutaneous melanoma; THYM: Thymoma; TMB: Tumor mutational burden.

LUAD, lung squamous cell carcinoma (LUSC), prostate adenocarcinoma (PRAD), rectum adenocarcinoma (READ), 
THCA, and uterine corpus endometrial carcinoma (UCEC) (Figure 1B). Differential expression analysis results of COPS6 
in these tumors and normal samples were obtained from the GEPIA2 website. Furthermore, COPS6 expression level 
exhibited significant differences in skin cutaneous melanoma (SKCM), pancreatic adenocarcinoma (PAAD), thymoma 
(THYM), diffuse large B-cell lymphoma (DLBCL), acute myeloid leukemia (LAML), and CHOL (Figure 1C) compared 
with TCGA normal samples using GTEx data.

To compare protein expression level of COPS6 among multiple types of cancer, protein expression differences between 
tumor and normal tissues from the CPTAC database on the UALCAN website were compared. The results revealed the 
elevated expression level of COPS6 in hepatocellular carcinoma and clear cell renal cell carcinoma tissues (Figure 2A). 
Additionally, the relationship between COPS6 expression level and clinical parameters was investigated using the 
GEPIA2 website, indicating the presence of association between COPS6 expression level and clinical stages of LUAD, 
KICH, KIRP, and LIHC (P < 0.05) (Figure 2B). Furthermore, significantly upregulated COPS6 expression level in ESCA, 
LUAD, and LUSC in cases who aged < 65-years-old in TCGA database was found, whereas COPS6 expression level was 
reduced in KIRC (P < 0.05) (Figure 2C).

COPS6 expression level was associated with the prognosis of patients with diverse types of cancer
To assess the relationship between COPS6 expression level and patient prognosis across various tumors, patients were 
divided into high and low COPS6 expression groups based on the median COPS6 expression level. Utilizing the GEPIA2 
website, it was revealed that high expression level of COPS6 was significantly associated with poor OS in GBM (P = 
0.017), KICH (P = 0.031), mesothelioma (MESO) (P = 0.0026), lower grade glioma (LGG) (P = 0.007), LIHC (P = 0.011), and 
LUAD (P = 0.018) (Figure 3A). Conversely, low expression level of COPS6 was correlated with poor DFS in KIRP (P = 
0.042), while high expression level of COPS6 was associated with poor DFS in LGG (P = 0.0013), LIHC (P = 0.024), adreno-
cortical carcinoma (ACC) (P = 0.034), KIRC (P = 0.009), MESO (P = 0.0027), and stomach adenocarcinoma (STAD) (P = 
0.049) (Figure 3B). Cox regression analysis indicated that COPS6 was a high-risk gene for OS in HNSC, KICH, KIRC, 
LGG, LIHC, and MESO (P < 0.05), while it was appeared as a low-risk gene for OS in BRCA (P < 0.05). Additionally, 
COPS6 was identified as a high-risk gene for DSS in KICH, KIRC, LGG, MESO, and READ (P < 0.05), as well as a low-risk 
gene for DSS in BRCA (P < 0.05). Moreover, COPS6 was found as a high-risk gene for DFI in ACC, LGG, LIHC, and STAD 
(P < 0.001), as well as a high-risk gene for PFI in KICH, KIRC, LGG, MESO, and STAD (P < 0.05), while a low-risk gene 
for PFI in BRCA (P < 0.05). These findings were derived from TCGA database using the survival and forestplot R package 
(Figure 3C). The association between COPS6 expression level and OS (Figure 4A), PFI (Figure 4B), DSS (Figure 4C), and 
DFI (Figure 4D) was further confirmed through Kaplan-Meier survival analysis in pan-cancer patients from TCGA 
database.

Correlation between COPS6 mutation and tumor progression
Using the cBioPortal website, comprehensive information was obtained regarding the mutation types, frequency, CNAs, 
and structural variants of COPS6 across all TCGA tumors. Missense mutations were identified as the predominant 
mutation type. Among all TCGA tumors, the highest frequency of variations was found in esophageal adenocarcinoma 
(9.89%), with amplification being the most frequent alteration (9.34%) (Figure 5A). A 3D representation of the COPS6 
protein (Figure 5B) was constructed, revealing a notable mutation site, R197C/H, observed in one case each of adreno-
cortical carcinoma and endometrioid carcinoma (Figure 5C). Investigation of the relationship between COPS6 mutations 
and prognosis in TCGA cases revealed no significant impact of mutation status on the prognosis of all types of cancer 
(Figure 5D).

Furthermore, the correlations between COPS6 expression level and tumor mutational burden (TMB) and microsatellite 
instability (MSI) were analyzed. Positive correlations were identified between COPS6 expression level and TMB in 
LUAD, KIRP, LUSC, HNSC, PAAD, KICH, LIHC, KIRC, UCEC, LGG, BRCA, and PRAD (P < 0.05), while negative correl-
ations were found in THYM, COAD, ESCA, and LAML (P < 0.05) (Figure 5E). Positive associations between COPS6 
expression level and MSI were observed in BRCA, USC, THCA, SKCM, SARC, PRAD, PAAD, KIRP, KIRC, HNSC, DLBC, 
and LIHC (P < 0.05), with a positive association observed in COAD (P < 0.05) (Figure 5F). Additionally, comparison of the 
COPS6 promoter methylation level between normal and tumor samples revealed a higher methylation level in the tumor 
group in PRAD, LUSC, HNSC, BRCA, and KIRC, whereas a lower methylation level in BLCA (Figure 5G).

Correlation between COPS6 expression level and immune infiltration
The relationship between COPS6 expression level and immune-infiltrating cells in TCGA tumors was examined using the 
TIMER2 website. Across multiple algorithms, a negative correlation was found between COPS6 expression level and 
CD8+ T cell infiltration in BRCA-LumA, HNSC, HNSC-HPV-, SKCM, SKCM-metastasis, and tenosynovial giant cell 
tumor (TGCT) (Figure 6A and B). Conversely, the correlation between cancer-associated fibroblast infiltration and COPS6 
expression level exhibited heterogeneity. Negative correlations were identified in DLBCL, OV, SARC, THYM, and THCA, 
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Figure 2 Association between COP9 signalosome subunit 6 and clinical parameters in pan-cancer. A: Differential analysis of COP9 signalosome 
subunit 6 (COPS6) protein expression in pan-cancers using the CPTAC database accessed through the UALCAN website; B: Relationship between COPS6 
expression and clinical stage analyzed with the GEPIA2 website; C: Correlation between COPS6 expression and age using R software. KICH: Kidney chromophobe; 
KIRC: Kidney renal clear cell carcinoma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma.

while positive correlations were found in HNSC, HNSC-HPV-, and TGCT (Figure 6C and D). The relationship between 
COPS6 expression level and macrophage infiltration varied depending on macrophage subtype. An inverse association 
was detected between COPS6 expression level and M1 macrophages, along with a positive association between COPS6 
expression level and M2 macrophages in certain tumors (Figure 6E and F). For instance, in DLBCL, four algorithms 
demonstrated a negative association between COPS6 expression level and M1 macrophages, while TIDE algorithm 
revealed a positive association between COPS6 expression level and M2 macrophages. Moreover, in BRCA, KIRC, THCA, 
and THYM, the TIDE algorithm indicated a positive correlation between COPS6 expression level and M2 macrophages. 
In most of the tumors, NK cell infiltration exhibited a weak correlation with COPS6 expression level, and clear associ-
ations were found only in a few tumors (Figure 6G and H). For instance, in THCA and THYM, COPS6 expression level 
showed a negative correlation with NK cell infiltration. Further analysis of NK cell subtypes revealed a negative 
correlation between COPS6 expression level and activated NK cell infiltration, as well as a positive correlation between 
COPS6 expression level and resting NK cell infiltration.

Enrichment analysis and correlation analysis of COPS6-associated genes
To gain deeper insights into the molecular mechanisms involving COPS6 in growth and progression of tumors, the 
GEPIA2 website was employed to screen the top 100 COPS6-associated genes. Subsequently, the top 5 genes with the 
highest correlation coefficients were identified and summarized as follows: POLR2J (r = 0.69, P < 0.001), BUD31 (r = 0.65, 
P < 0.001), TAF6 (r = 0.66, P < 0.001), ALKBH4 (r = 0.62, P < 0.001), and POP7 (r = 0.61, P < 0.001) (Figure 7A and B). The 
PPI network analysis was performed using the STRING website, resulting in the establishment of a network of 35 node 
genes (Figure 7C). The intersection of COPS6-associated genes obtained from the GEPIA2 and STRING led to the identi-
fication of GPS1 and TCEB2 (Figure 7D). Furthermore, the genes derived from both databases were merged, resulting in 
the detection of a total of 135 COPS6-related genes. Subsequently, GO and KEGG pathway enrichment analyses were 
conducted (Figure 7E and F). The KEGG pathway analysis revealed that COPS6-associated genes were enriched in 
pathways, such as ubiquitin-mediated proteolysis, nucleotide excision repair, human immunodeficiency virus 1 infection, 
Parkinson's disease, and circadian rhythm. The GO enrichment analysis indicated enrichment in the proteasomal protein 
catabolic process, proteasome-mediated ubiquitin-dependent protein catabolic process, protein modification by small 
protein removal, intrinsic apoptotic signaling pathway, protein deneddylation, COPS, Cullin-RING ubiquitin ligase 
(CRL) complex, SCF ubiquitin ligase complex, Cul4A-RING E3 ubiquitin ligase complex, Cullin family protein binding, 
ubiquitin-protein transferase activity, and ubiquitin-like protein transferase activity.

DISCUSSION
The COP9 signalosome (CSN) is a complex protein composed of eight subunits (CSN1-CSN8), participating in various 
physiological processes. The CSN1, 2, 3, 4, 7, and 8 subunits contain a percutaneous coronary intervention domain, which 
acts as a scaffold in CSN assembly, while the COPS6 and COPS5 subunits possess an Mpr1-Pad 1-N-terminal (MPN) 
domain[17]. COPS5 primarily exerts catalytic enzymatic activity, whereas COPS6, as an essential component of CSN, 
lacks the metal-binding site and isopeptidase activity associated with the COPS5 MPN domain. The precise function of 
COPS6 remains has still remained elusive[18]. COPS6 is involved in various processes, including the ubiquitin 
proteasome system, signal transduction, DNA damage response, and tumor progression. It exhibits a high expression 
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Figure 3 Survival analysis of COP9 signalosome subunit 6. A: Overall survival (OS) and disease-free survival analysis conducted with the GEPIA2 
website using the log-rank test (P < 0.05); B: Forest plots illustrating disease-specific survival (DSS), OS, progression-free interval (PFI), and disease-free interval 
(DFI) analyzed with Cox analysis in R software. ACC: Adrenocortical carcinoma; GBM: Glioblastoma multiforme; KICH: Kidney chromophobe; KIRP: Kidney renal 
papillary cell carcinoma; LGG: Lower grade glioma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma; MESO: Mesothelioma; STAD: Stomach 
adenocarcinoma.

level in diverse tumors, and studies have explored its role in cancer[19].
At present, there is a growing interest among researchers in investigating the role of COPS6 in tumors, as it has been 

shown to predominantly promote cancer. The CRLs are involved in the ubiquitination of Myc, and Fbxw7, a CRL 
component, which participates in Myc ubiquitination. In mouse experiments, Chen et al[20] demonstrated that COPS6 
enhances Fbxw7 degradation through binding, thereby maintaining Myc stability and promoting tumor progression. 
Additionally, in a mouse model, Zhao et al[21] revealed that COPS6 attenuates p53-mediated tumor suppression, 
promotes tumor growth by stabilizing MDM2 protein, and participates in DNA damage-associated apoptosis. In human 
tumors, COPS6 also plays a significant role in tumor progression. Fang et al[22] demonstrated that COPS6 overexpression 
in CRC is associated with a worse prognosis. Mechanistic studies suggested that ERK2 directly binds to CSN6 Leu163/
Val165 and phosphorylates COPS6 at Ser148, thereby regulating β-Trcp and stabilizing β-catenin expression, 
consequently blocking the ubiquitin-proteasome pathway and promoting CRC development.
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Figure 4 Kaplan-Meier survival analysis of COP9 signalosome subunit 6 in the The Cancer Genome Atlas database performed in R 
software. A: Overall survival analysis. B: Progression-free interval analysis; C: Disease-specific survival analysis; D: Disease-free interval analysis. ACC: 
Adrenocortical carcinoma; BRCA: Breast invasive carcinoma; KIRC: Kidney renal clear cell carcinoma; LGG: Lower grade glioma; LIHC: Liver hepatocellular 
carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; MESO: Mesothelioma.

Programmed death-1/programmed death-ligand 1 (PD-1/PD-L1) checkpoint blockade is an emerging immunotherapy 
modality in various tumors, while its regulatory mechanism remains uncertain. Su et al[23] demonstrated that COPS6 
expression level could be regulated by the EGFR-ERK pathway, inhibiting PD-L1 degradation and maintaining PD-L1 
stability in GBM. Additionally, several studies have reported the involvement of COPS6 in the epithelial-mesenchymal 
transition process in various tumors, promoting tumor invasion and metastasis. For instance, Zhang et al[24] revealed that 
the COPS6-UBR5-CDK9 axis could control melanoma proliferation and metastasis, while Mao et al[25] found that COPS6 
could promote migration and invasion of cervical cancer cells by regulating the expression level of cathepsin L through 
the autophagy-lysosomal system. Furthermore, COPS6 was found to maintain the key transcription factor Snail1, 
promoting the invasion of breast cancer cells by inhibiting Snail1 ubiquitination[26].

While previous studies have highlighted the significant role of COPS6 in the progression of specific tumors, the hetero-
geneity of tumors suggests potential variations in its function across different cancer types. Therefore, a comprehensive 
analysis and screening are necessary to validate existing findings and provide direction for the future COPS6-related 
studies. In the present study, it was attempted to conduct comprehensive multilevel differential analysis and survival 
analysis of COPS6 in pan-cancer data collected from various public databases and online analysis tools, including TCGA, 
GEO, CPTAC, GEPIA2, TIMER2, and UALCAN. The findings demonstrated that the expression level of the COPS6 gene 
was significantly upregulated in the most types of cancer compared with normal tissues, except for KICH and LAML. 
Prognostic analysis revealed that the high expression level of COPS6 was typically associated with worse prognosis in the 
majority of tumors, while showing a favorable prognosis in KIRP, BRCA, LUSC, and PCPG. Mutational analysis 
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Figure 5 Mutation analysis of COP9 signalosome subunit 6. A: Mutation frequency and types visualized through the cBioPortal website; B: Three-
dimensional structure highlighting the R197C/H mutation site in COP9 signalosome subunit 6 (COPS6); C: Mutation sites depicted in the cBioPortal website; D: 
Survival analysis of COPS6 mutations in pan-cancer; E: Correlation of COPS6 with tumor mutational burden (tumor mutational burden) in pan-cancer using R 
software; F: Correlation of COPS6 with microsatellite instability (microsatellite instability) in pan-cancer using R software; G: Promoter methylation levels of COPS6 in 
prostate adenocarcinoma (PRAD), lung squamous cell carcinoma (LUSC), head and neck squamous cell carcinoma (HNSC), breast invasive carcinoma (BRCA), 
bladder cancer (BLCA), and kidney renal clear cell carcinoma (KIRC) accessed through the UALCAN website. OS: Overall survival; DFS: Disease-free survival; PFS: 
Progression-free survival; DSS: Disease-specific survival.

indicated that missense mutations were the predominant mutation type found in COPS6. Additionally, TMB and MSI 
exhibited a positive correlation with COPS6 expression level in most of the tumors, and only few tumors showed a 
negative correlation. Further exploration of the impact of COPS6 mutations on patient outcomes revealed that these 
mutations did not significantly contribute to a worse prognosis in any specific tumor types. However, a comprehensive 
analysis across all tumors indicated a trend towards a shorter OS associated with COPS6 mutations. Therefore, it can be 
concluded that COPS6 mutations have a limited effect on patient prognosis.

Subsequently, the association between COPS6 expression level and the tumor immune microenvironment (TMIE) was 
investigated in various types of cancer. The TMIE plays a pivotal role in tumor progression, immune evasion, and 
therapeutic resistance, involving key components, such as CD8+ T cells, cancer-associated fibroblasts, macrophages, and 
NK cells[27]. The findings of the present study demonstrated a negative correlation between COPS6 expression level and 
CD8+ T cell infiltration in several tumors, such as BRCA, HNSC, and TGCT. This aligns with Du et al[28]’s results, 
demonstrating that COPS6 could inhibit CD8+ T cell infiltration within the tumor microenvironment (TME), thereby 
facilitating tumor immune evasion. Furthermore, a negative correlation was identified between COPS6 expression level 
and the M1 phenotype of tumor-associated macrophages (TAMs), while a positive correlation was found with the M2 
phenotype. TAMs, which are macrophages that infiltrate tumor tissue and differentiate from monocytes, predominantly 
adopt the immunosuppressive M2 phenotype in the TMIE[29]. The present study revealed a positive correlation between 
COPS6 expression level and the M2 phenotype in the TIDE algorithm for DLBCL, BRCA, KIRC, THCA, THYM, and other 
tumors, while other algorithms exhibited a negative correlation with the M1 phenotype. However, it is noteworthy that in 
some tumors, only the TIDE algorithm yielded consistent results, while other algorithms suggested a negative or no 
correlation between COPS6 expression level and the M2 phenotype. This discrepancy could be attributed to variations in 
the statistical methods employed by each algorithm, necessitating further experimental validation of these findings.

There is a scarcity of research regarding the interaction between COPS6 Level and TME, highlighting the urgent need 
to explore the role of COPS6 in the TME. Furthermore, in the present study, correlation and enrichment analyses of 
COPS6 were conducted, and GPS1 and TCEB2 were identified as the two genes, exhibiting the strongest correlation. This 
investigation sheds light on the potential function and significance of COPS6 as a novel biomarker in cancer, setting the 
stage for further research on its molecular mechanisms and the development of targeted therapies. Moreover, the 
findings emphasize the importance of studying the COPS6-related TIME. However, it should be noted that the current 
study of COPS6 is preliminary, and the specific mechanisms of its action in different types of cancer remain elusive. 
Therefore, additional resources and efforts are warranted to delve deeper into the role of COPS6 in cancer.

The present study revealed a potential association of COPS6 with survival outcomes in various tumors. Notably, GPS1 
and TCEB2 were identified as the two genes exhibiting the strongest correlation with COPS6 at both the gene and protein 
levels, making them promising targets for future investigations. Additionally, a significant association was found 
between COPS6 expression level and immune infiltration in diverse types of cancer, such as BRCA, HNSC, and TGCT, 
where research on the TIME remains limited.

CONCLUSION
This study is the first to explore the role of COPS6 in pan-cancer, taking full use of the existing public database to 
investigate COPS6 from the aspects of gene expression level, mutation, TIME, and prognosis. However, there are also 
some deficiencies in this study. For instance, only a multifaceted analysis of COPS6 was conducted through 
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Figure 6 Immune infiltration analysis of COP9 signalosome subunit 6 in the The Cancer Genome Atlas database using the TIMER2 
website. A: Heatmap depicting the correlation between COP9 signalosome subunit 6 (COPS6) and CD8+ T cells; B: Scatter plot illustrating the relationship between 
COPS6 and CD8+ T cells; C: Heatmap displaying the correlation between COPS6 and cancer-associated fibroblasts; D: Scatter plot demonstrating the relationship 
between COPS6 and cancer-associated fibroblasts; E: Heatmap indicating the correlation between COPS6 and macrophages; F: Scatter plot showing the 
relationship between COPS6 and macrophages; G: Heatmap presenting the correlation between COPS6 and natural killer (NK) cells; H: Scatter plot depicting the 
relationship between COPS6 and NK cells. TPM: Transcripts per million.
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Figure 7 Correlation analysis and enrichment analysis of COPS6. A: Heatmap displaying the top 5 genes correlated with COPS6 in pan-cancer 
accessed through the TIMER2 website; B: Scatter plot illustrating the correlation between COPS6 and the top 5 genes in pan-cancer using the GEPIA2 website; C: 
Protein-protein interaction network of COPS6 obtained from the STRING database; D: Intersection of COPS6-related genes screened in GEPIA2 and STRING, 
resulting in GPS1 and TCEB2; E: Kyoto Encyclopedia of Genes and Genomes enrichment analysis of the combined COPS6-related genes from GEPIA2 and 
STRING; F: Gene ontology enrichment analysis of the combined COPS6-related genes from GEPIA2 and STRING. TPM: Transcripts per million.

bioinformatics, while no experiment was carried out to verify the results, hindering the generalization of the findings.
In conclusion, the present study provided early evidence that COPS6 could be associated with clinicopathological 

characteristics in various tumors and could play a role in several cancer hallmarks. Additional research is needed to 
further elucidate the role of COPS6 in cancer progression.

ARTICLE HIGHLIGHTS
Research background
The COP9 signaling body subunit 6 (COPS6) has been implicated in cancer progression, but its precise role in most types 
of cancer is unknown.

Research motivation
This study aimed to investigate the functional and clinical relevance of COPS6 in different tumor types, using publicly 
available databases.
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Research objectives
This study hopes to provide a basis for COPS6 as a novel biomarker for cancer research by exploring the role of COPS6 in 
different cancer types.

Research methods
We used R software and online analysis databases to analyze the differential expression, prognosis, mutation and related 
functions of COPS6 in pan-cancer.

Research results
Differential expression analysis and survival analysis demonstrated that COPS6 was highly expressed and associated 
with high-risk profiles in the majority of cancer types. Missense mutations are the main type of COPS6 mutations, and in 
most types of cancer, the levels of COPS6 expression are positively correlated with tumor mutation burden and 
microsatellite instability. Immune infiltration analysis found COPS6 to play different roles in different cancers. Gene co-
expression and enrichment analysis highlighted COPS6-related genes were predominantly involved in processes, such as 
ubiquitin-mediated proteolysis and human immunodeficiency virus 1 infection.

Research conclusions
This study provides early evidence that COPS6 may be associated with the clinicopathological features of various tumors 
and may play a role in several cancer features, providing a basis for subsequent studies related to COPS6.

Research perspectives
Since this study mainly focused on data analysis, subsequent studies required experimental validation of relevant results.
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Abstract
BACKGROUND 
Pancreatic cancer is difficult to be diagnosed early clinically, while often leads to 
poor prognosis. If optimal personalized treatment plan can be provided to 
pancreatic cancer patient at an earlier stage, this can greatly improve overall 
survival (OS). Circulating tumor cells (CTCs) are a collective term for various 
types of tumor cells present in the peripheral blood (PB), which are formed by 
detachment during the development of solid tumor lesions. Most CTCs undergo 
apoptosis or are phagocytosed after entering the PB, whereas a few can escape 
and anchor at distal sites to develop metastasis, increasing the risk of death for 
patients with malignant tumors.

AIM 
To investigate the significance of CTCs in predicting the prognosis of early 
pancreatic cancer patients.

METHODS 
The PubMed, EMBASE, Web of Science, Cochrane Library, China National 
Knowledge Infrastructure, China Biology Medicine, and ChinaInfo databases 
were searched for articles published through December 2022. Studies were 
considered qualified if they included patients with early pancreatic cancer, 
analyzed the prognostic value of CTCs, and were full papers reported in English 
or Chinese. Researches were selected and assessed using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses protocol and the Newcastle-
Ottawa Scale criteria. We used a funnel plot to assess publication bias.

RESULTS 
From 1595 publications, we identified eight eligible studies that collectively 
enrolled 355 patients with pancreatic cancer. Among these original studies, two 
were carried out in China; three in the United States; and one each in Italy, Spain, 
and Norway. All eight studies analyzed the relevance between CTCs and the 
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prognosis of patients with early-stage pancreatic cancer after surgery. A meta-analysis showed that the patients 
that were positive pre-treatment or post-treatment for CTCs were associated with decreased OS [hazard ratio (HR) 
= 1.93, 95% confidence interval (CI): 1.197-3.126, P = 0.007] and decreased relapse-free/disease-free/progression-
free survival (HR = 1.27, 95%CI: 1.137-1.419, P < 0.001) in early-stage pancreatic cancer. Additionally, the results 
suggest no statistically noticeable publication bias for overall, disease-free, progression-free, and recurrence-free 
survival.

CONCLUSION 
This pooled meta-analysis shows that CTCs, as biomarkers, can afford reliable prognostic information for patients 
with early-stage pancreatic cancer and help develop individualized treatment plans.
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Core Tip: There is no consensus regarding the prognostic value of circulating tumor cells (CTCs) in early-stage pancreatic 
cancer after surgery. This is the first systematic review and meta-analysis to investigate the potential of CTCs in predicting 
survival time in early pancreatic cancer. We pooled the analyses of the relationship between CTCs and overall/disease-
free/progression-free/relapse-free survival in related studies. Patients testing positive for CTCs pre- or intra-surgery may 
have worse prognoses, requiring more intense chemotherapy and closer follow-up.
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INTRODUCTION
Pancreatic cancer is a fatal disease with poor prognosis. In 2018, pancreatic cancer was the seventh leading cause of 
cancer-related mortality worldwide[1]. The number of annual diagnoses of and deaths related to pancreatic cancer in 
China have exceeded those in the United States[2]. The incidence of pancreatic cancer continues to increase at a rate of 
0.5%-1.0% each year, and it is projected to be the second deadliest cancer by 2030 in Western countries[3]. Despite 
continuous advances in chemotherapy, radiation, and surgical techniques; the prognosis of patients with pancreatic 
cancer remains significantly poor. Approximately half of the patients experience reoccurrence within the first year, 
mainly due to metastatic disease occurrence after surgical resection. Consequently, one of the most important challenges 
is to identify a factor that can assess the survival outcome of patients with early pancreatic cancer before surgery, 
optimize treatment, and assist in the development of monitoring strategies.

Currently, technological innovations in imaging and endoscopy are being used to improve the diagnostic accuracy of 
pancreatic cancer. Computed tomography (CT) and magnetic resonance imaging (MRI) remain first-line diagnostic 
modalities for clinical suspicion. Endoscopic ultrasound (EUS) and EUS-guided fine-needle aspiration (EUS-FNA), also 
play important roles in its diagnosis. However, imaging features of early pancreatic cancer are subtle, and the general 
consensus is that it is difficult to detect early lesions[4]. Liquid biopsy is a new technology that detects biomarkers, such 
as carcinoembryonic antigen, carbohydrate antigen 19-9 (CA19-9), or CA125, from nonsolid biological tissues, such as 
blood[5], and has received increased attention because of its convenience and noninvasiveness[6]. However, these 
biomarkers all lack sufficient sensitivity and specificity for diagnostic purposes.

With the development of medical testing technologies, circulating tumor cells (CTCs) have emerged as a popular 
research topic over the last few decades. CTCs are a small number of tumor cells that detach from primary tumors, 
circulate through the bloodstream, and are the main source of its dissemination and metastasis[7]. Unlike traditional 
histopathological examinations, which are usually complex and risky for difficult-to-biopsy tumors such as pancreatic 
cancer, CTCs are noninvasive. CTCs can provide real-time and comprehensive information about the tumor because they 
are enriched in the bloodstream and originate from different regions of the original tumor or metastasis. Moreover, CTCs 
can present large-scale health information, such as the expression of genes and proteins and alteration of cellular contents 
and cell membranes, which are essential for improving diagnostic accuracy and developing individualized treatments[8]. 
Recently, an increasing number of studies have revealed that CTCs show promise for prognostic evaluation in several 
tumors, including lung[9], renal[10], breast[11], gastric[12], and colorectal cancers[13].

Nonetheless, the prognostic effect of CTCs in early pancreatic cancer remains ambiguous, mainly because of the 
increasing number of CTC isolation methods and different study designs. Therefore, this study aimed to perform a 
structural meta-analysis of currently available evidence on the prognostic value of CTCs in early-stage pancreatic cancer.

https://www.wjgnet.com/2218-4333/full/v14/i11/504.htm
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MATERIALS AND METHODS
Search strategy
Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, we conducted 
a comprehensive literature search of all studies published in database repositories before December 2022 that were 
related to the use of CTCs for the diagnosis of pancreatic cancer. The search was performed only in English and Chinese 
databases including PubMed, EMBASE, Web of Science, Cochrane Library, China National Knowledge Infrastructure 
(CNKI), China Biology Medicine (CBM), and ChinaInfo. Only studies published in Chinese and English were included in 
the analysis. Search terms included these keywords, MeSH (medical subject headings) terms, and their entry terms: 
“Pancreatic Neoplasms”(MeSH), “Neoplasm, Pancreatic,” “Pancreatic Neoplasm,” “Pancreas Neoplasms,” “Neoplasm, 
Pancreas,” “Neoplasms, Pancreas,” “Pancreas Neoplasm,” “Neoplasms, Pancreatic,” “Cancer of Pancreas,” “Pancreas 
Cancers,” “Pancreas Cancer,” “Cancer, Pancreas,” “Cancers, Pancreas,” “Pancreatic Cancer,” “Cancer, Pancreatic,” 
“Cancers, Pancreatic,” “Pancreatic Cancers,” “Cancer of the Pancreas,” “Neoplastic Cells, Circulating”(MeSH), 
”Neoplasm Circulating Cells,” “Circulating Neoplastic Cells,” “Cell, Circulating Neoplastic,” “Cells, Circulating 
Neoplastic,” “Circulating Neoplastic Cell,” “Neoplastic Cell, Circulating,” “Circulating Tumor Cells,” ”Cell, Circulating 
Tumor,” “Cells, Circulating Tumor,” “Circulating Tumor Cell,” ”Tumor Cell, Circulating,” “Tumor Cells, Circulating,” 
“Cells, Neoplasm Circulating,” “Cell, Neoplasm Circulating,” “Neoplasm Circulating Cell,” “Circulating Cells, 
Neoplasm,” “Tumor Cells, Embolic,” “Cell, Embolic Tumor,” “Cells, Embolic Tumor,” “Embolic Tumor Cell,” ”Tumor 
Cell, Embolic,” “Embolic Tumor Cells,” “Embolism, Tumor,” “Embolisms, Tumor,” “Tumor Embolism,” “Tumor 
Embolisms,” “Prognostic,” “Prognosis,” “Prognos*”. These terms were supplemented by the logical operators “and” and 
“or.” To expand the literature, we reviewed and evaluated the references of the included studies.

Selection criteria
Two independent investigators reviewed the article titles and abstracts according to inclusion and exclusion criteria to 
exclude irrelevant studies. Subsequently, the full texts of the included studies were analyzed to determine their suitability 
for meta-analysis. In case of any contradictions, a third reviewer was consulted for adjudication. The inclusion and 
exclusion criteria were formulated based on the PRISMA of Diagnostic Test Accuracy Studies guidelines. Inclusion 
criteria: (1) Studies included participants of any age with histologically or cytologically confirmed early pancreatic cancer 
(early pancreatic cancer was defined as pancreatic adenocarcinoma with a maximum tumor diameter of 4 cm, regional 
lymph node metastasis of no more than three nodes, and no distant metastasis); (2) studies that investigated pre- or intra-
operative CTCs as a prognostic biomarker in blood for early pancreatic cancer patients’ survival results after surgery; (3) 
sufficient published data available for calculating hazard ratio (HR) and 95% confidence interval (CI) of overall survival 
(OS) and progression-free survival (PFS); (4) studies that were published in English or Chinese; and (5) studies that were 
reported as full paper publications. Exclusion criteria: (1) Patients were diagnosed with pancreatic cancer at advanced 
stages or studies that didn’t analyze the results of early pancreatic cancer patients independently; (2) studies that did not 
provide adequate data on the prognostic performance of CTCs for early pancreatic cancer patients; (3) patients didn’t 
receive surgical therapy; and (4) articles were published in languages other than English and Chinese. Overall, five non-
human studies, case reports, comments, meta-analyses, reviews, and published clinical and treatment guidelines were 
excluded.

Data extraction
To decrease systematic errors during data collection, two reviewers independently selected the studies. Any conflicting 
cases were carefully reviewed, and a third reviewer was consulted to reach a consensus. Data extraction from the eligible 
papers included the following items: (1) General information about the article: first author, publication date, and country; 
(2) study information: number of patients, evidence of confirmed pancreatic cancer, CTCs separation solution, CTCs 
determination criteria, and follow-up time; and (3) data for the meta-analysis: HR with 95%CI for OS, PFS or disease-free 
survival (DFS), recurrence-free survival (RFS). For articles without HR and 95%CI, we used Engauge Digitizer 11.3 to 
calculate them based on the survival rate extracted from Kaplan-Meier curves.

Risk of bias
The quality of the included studies was assessed based on the Newcastle-Ottawa Scale (NOS) criteria for non-randomized 
studies, which included three key domains covering “selection,” “comparability,” and “outcome.” A star rating system 
was used to semi-quantitatively evaluate study quality, and those who met the standards for each item were awarded 
one or two stars. Scores range from zero to nine. A score equal to or greater than seven indicates high quality. This tool 
objectively evaluates the risk of bias and assesses concerns regarding its applicability. The quality assessment was 
performed by two independent reviewers. Any disagreements were discussed until an agreement was reached. 
Publication bias was investigated using a funnel plot, with P < 0.05 indicating a significant publication bias.

Statistical analysis
Review Manager 5.3 software (The Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark) was 
used to assess the pooled HR effect size. Heterogeneity between studies was assessed using Cochran’s Q test and I2 
statistics. According to Higgins and Thompson, I2 > 50% or P < 0.1 was viewed as consistent significant heterogeneity. A 
fixed-effect model was used when minor heterogeneity was observed. Otherwise, a random-effects model was used to 
calculate the pooled HR. Subgroup analyses based on ethnicity, separation solution, treatment, and follow-up time were 
performed to explore potential sources of heterogeneity. Finally, we conducted a sensitivity analysis to evaluate the effect 
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of a single study on overall outcomes.

RESULTS
Characteristics and quality of the included studies
A total of 1963 articles were collected, including 91 from CNKI, 273 from ChianInfo, 90 from CBM, 258 from PubMed, 55 
from EMBASE, 31 from Cochrane, and 1165 from Web of Science. After deleting 368 duplicate references, we screened the 
titles and abstracts of 1595 residual articles. In total, 1551 articles were excluded (520 meta-analyses or reviews; 32 non-
human studies; 15 articles published in languages other than English and Chinese; 161 meeting abstracts, case reports, 
guidelines, or letters; and 823 irrelevant studies). According to the inclusion and exclusion criteria, we read the full text of 
the 44 remaining studies, of which 36 articles were ultimately excluded (5 irrelevant studies and 31 articles with data 
deficiency). Consequently, eight studies involving 355 patients with early-stage pancreatic cancer were included in our 
meta-analysis[14-21]. A flow diagram of the literature search and filtering process is shown in Figure 1.

The characteristics of these studies are summarized in Table 1. The overall research quality was rated as moderate by 
the NOS, with an average score of 6.75 (Table 2). Among these original studies, two were conducted in China; three in the 
United States; and one each in Italy, Spain, and Norway. The publication years were 2014 (n = 1), 2018 (n = 1), 2021 (n = 
5), and 2022 (n = 1). All eight studies analyzed the correlation between CTCs and prognosis in patients with early-stage 
pancreatic cancer after surgery. While four studies included early pancreatic cancer patients only[14,19-21], the remaining 
four studies contained early and advanced pancreatic cancer patients with early pancreatic cancer patients accounting for 
at least 30% of the total patients[15-18]. In total, five studies detected CTCs in the peripheral blood (PB), two studies 
detected CTCs in the PB and portal venous blood (PVB), and one study detected CTCs in the central venous catheter and 
portal blood. Blood samples were collected solely before surgery in four studies[16,17,21], before and after surgery in 
three studies[14,15,18], and during surgery in only one study[19]. Only pre- and intra-operative CTC data were included 
in this meta-analysis. Although eight studies applied different CTC enrichment and separation methods, including 
commercially available CTC detection kits[14,17], dielectrophoresis-field flow fractionation (DEP-FFF)[15], and CTC 
isolation systems[18-21], most methods essentially rely on the density characteristics of CTCs as well as the epithelial and 
mesenchymal markers expressed by CTCs. Most studies applied DFS, OS, PFS, and RFS as survival outcomes, while only 
Hugenschmidt et al[20] adopted cancer-specific survival as an outcome indicator. Seven of the eight studies reported the 
adjusted HR and 95%CI for the association between DFS/PFS/RFS and positive CTCs. For the one that did not, we 
calculated these values according to the Kaplan-Meier curves provided in the articles. In addition, only three of the eight 
included studies reported the adjusted HR and 95%CI for the association between OS and positive CTCs while another 
two studies provided Kaplan-Meier curves for OS.

The relationship between CTCs and prognosis of early-stage pancreatic cancer patients after surgery
We conducted a meta-analysis to assess the association between CTCs detected in the blood samples of patients with 
early-stage pancreatic cancer and their prognosis after surgery. The degree of heterogeneity among the five studies that 
provided the adjusted HR and 95%CI for OS was low (I2 = 41%, P = 0.15); therefore, we chose a fixed-effect model for 
analysis. The pooled analyses of the five studies, containing 169 patients, showed that positive detection of pre-treatment 
or post-treatment CTCs was associated with decreased OS (HR = 1.93, 95%CI: 1.20-3.13) that was statistically significant (
Z = 2.69, P = 0.007) (Figure 2A). There was a moderate degree of heterogeneity among the seven studies available for the 
adjusted HR and 95%CI of RFS/DFS/PFS (I2 = 65%, P = 0.01); therefore, we chose a random-effects model for analysis. 
The results showed that positive pre-treatment or post-treatment CTCs were associated with decreased DFS/PFS/RFS 
(HR = 1.97, 95%CI: 1.20-3.25) that were statistically significant (Z = 2.67, P = 0.008) (Figure 2B).

Subgroup analysis
Because of the high heterogeneity in the DFS/PFS/RFS results, meta-regression was conducted to explore the sources of 
heterogeneity. No apparent deviation was found in the ethnicity, treatment, and follow-up time subgroups. Later analysis 
demonstrated that CTC-positive patients were associated with decreased DFS/PFS/RFS in subgroups that detected CTCs 
by the CellSearch system (HR = 2.62, 95%CI: 1.65-4.16, Z = 4.09, P < 0.001), and the heterogeneity between subgroups was 
low (P = 0.018) (Figure 3).

Sensitivity analysis
To explore the potential sources of this difference, we conducted sensitivity analysis by sequentially excluding each 
study. When the study by Xing et al[14] was excluded, the heterogeneity of the remaining studies was significantly 
reduced (OS: I2 = 0%, P = 0.44; DFS/PFS/RFS: I2 = 0%, P = 0.76), and the pooled results for both OS and DFS/PFS/RFS 
were increased (OS: HR = 3.06 95%CI: 1.59-5.86, Z = 3.36, P < 0.001; DFS/PFS/RFS: HR = 2.60 95%CI: 1.78-3.812, Z = 
4.001, P < 0.001) (Figure 4). Nevertheless, the direction of the pooled results for the OS and DFS/PFS/RFS subgroups 
were not affected, indicating a negative association between CTC positivity and lower OS or DFS/PFS/RFS.

Publication bias
We used a funnel plot to assess publication bias in this meta-analysis. The results showed no publication bias for OS (P = 
0.653) and DFS/PFS/RFS (P = 0.117) (Figure 5).
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Table 1 Characteristics of the included studies

Ref. Year Country Sample Separation 
Solution

Markers and 
expression 
level on PC 
CTC

Cases No-
positive Treatment Outcome Follow-

up time

Xing et al[14] 2021 China Peripheral 
blood

SE-iFISH CD44+ CTEC: 
DAPI 
+/CD45-
/CD31 
+/CD44 
+/Vimentin (+ 
or -) with 
aneuploid 
CEP8

73 Not 
reported

Surgery OS/DFS Median 
10.8 mo 
(1.2-31.8 
mo)

Semaan et al
[15]

2021 United 
States

Peripheral 
blood

DEP-FFF pEMT-CTC: 
CD45 -, 
EpCAM + 
and/or Pan-
CK +, 
Vimentin +, 
DAPI +

31 early 
stages 
(74 
total)

28 Surgery/neoadjuvant 
treatment

OS/PFS Median 
15.4 mo 
(0-43.1 
mo)

Padillo-Ruiz et 
al[21]

2021 Spain Central 
venous 
catheter and 
portalblood

ICC DAPI +/CK 
+/CD45 -

35 35 Surgery/chemotherapy OS/DFS 24 mo

Court et al[16] 2018 United 
States

Peripheral 
blood

NanoVelcro 
chip

DAPI +/CD45 
-/CK +; CD45 
positivity 
greater than 2 
× background

40 early 
stages 
(126 
total)

27 Surgery/chemotherapy OS/RFS ≥ 24 mo

Cheng et al[17] 2022 China Peripheral 
blood

LT-PCR FR + CTC 25 early 
stages 
(44 
total)

13 Surgery/chemotherapy OS/DFS Median 
20 mo (6-
28 mo)

White et al[18] 2021 United 
States

Peripheral 
blood and 
portal 
venous 
blood

CellSearch DAPI +/CK + 
/CD45 -

33 early 
stages 
(34 
total)

21 Surgery/neoadjuvant 
treatment

OS/RFS Median 
14.1 mo 
(0.86-1.97 
mo)

Bissolati et al
[19]

2014 Italy Peripheral 
blood and 
portal 
venous 
blood

CellSearch DAPI +/CK 
+/CD45 -

20 9 Surgery/chemotherapy OS/PFS Median 
39.2 mo 
(36-45 
mo)

Hugenschmidt 
et al[20]

2021 Norway Peripheral 
blood

CellSearch EpCAM 
+/DAPI +/CK 
+/CD45 -

98 7 Surgery CSS/DFS Median 
96 mo 
(63-126 
mo)

DEP-FFF: Dielectrophoresis-field flow fractionation; ICC: Immunocytochemistry; SE-iFISH: Subtraction enrichment and immunostaining-fluorescence in 
situ hybridization; PC: Pancreatic cacner ; CTCs: Circulating tumor cells; LT-PCR: Ligand-targeted polymerase chain reaction; CK: Cytokeratin; DAPI: 4',6-
diamidino-2-phenylindole; EpCAM: Epithelial cell adhesion molecule; CSS: Cancer specific survival; DFS: Disease-free survival; OS: Overall survival; PFS: 
Progression-free survival; pEMT: Partial epithelial-mesenchymal transition.

The relationship between CA19-9 and the prognosis of early-stage pancreatic cancer patients after surgery
In order to compare the potential of CTC and CA19-9 in predicting patient prognosis, we extracted the adjusted HR and 
95%CI of DFS related to CA19-9 in the included articles. Only four studies had the required data[14,16-18]. The degree of 
heterogeneity of the adjusted HR and 95%CI for DFS was high (I2 =73%, P = 0.01), so we used a random-effects model for 
the analysis. The pooled analyses of the four studies, containing 171 patients, showed that the CA19-9 level in the PVB of 
early-stage pancreatic cancer patients was not an independent predictor of a shorter time to recurrence (HR = 1, 95%CI: 
1.00-1.00; Z = 0.36, P = 0.72) (Figure 6). Considering the impact of sampling time on the results, we excluded the study of 
White et al[18], which collected venous blood after resection. Though the heterogeneity of the remaining studies was 
significantly reduced (I2 = 48%, P = 0.15), the combined HR was still 1 (95%CI: 1.00-1.00; Z =2.20, P = 0.03) (Figure 7).
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Table 2 Quality assessment of the included studies according to the Newcastle-Ottawa Scale criteria for non-randomized studies

Selection Comparability Outcome Total 
stars

Ref.
Representativeness Selection of 

non-exposed
Ascertainment of 
exposure

Outcome not 
present at start

Comparability on most 
important factors

Comparability on 
other risk factors

Assessment of 
outcome

Long enough 
follow-up (median 
 24 mo)

Completeness of 
follow-up

Xing et al[14] - 1 1 1 1 - 1 - 1 6

Semaan et al[15] - 1 1 1 1 - 1 - 1 6

Padillo-Ruiz et al
[21]

- 1 1 1 1 - 1 1 1 7

Court et al[16] - 1 1 1 1 - 1 1 1 7

Cheng et al[17] 1 1 1 1 1 - 1 - 1 7

White et al[18] - 1 1 1 1 - 1 - 1 6

Bissolati et al[19] 1 1 1 1 1 - 1 1 1 8

Hugenschmidt et 
al[20]

- 1 1 1 1 - 1 1 1 7

1Meets the criteria of the scale. A maximum of one ‘star’ for each item within the ‘Selection’ and ‘Outcome’ categories; maximum of two ‘stars’ for ‘Comparability’; -Does not meet the criteria of the scale.

DISCUSSION
In this meta-analysis, we found that CTC detected in patients with early pancreatic cancer is negatively correlated with 
the prognosis time after surgery. After data collection and filtering, eight studies from 2014 to 2022, including 355 patients 
with early-stage pancreatic cancer, were included in our analysis. Through data sorting and meta-analysis, we 
demonstrated that testing positive pre- or intra-treatment for CTCs was associated with decreased OS and RFS/DFS/PFS 
in early-stage pancreatic cancer. Nevertheless, our meta-analysis showed a high degree of heterogeneity in DFS/PFS/
RFS. To determine the potential sources of the heterogeneity, we conducted a subgroup analysis. The pooled results were 
not affected by ethnicity, treatment, or follow-up time, whereas subgroup analysis by CTCs separation solution decreased 
the heterogeneity between the groups, indicating that this might have caused the heterogeneity. Studies that enumerated 
CTCs by the CellSearch system demonstrated a more obvious correlation between CTC-positive patients and decreased 
DFS/PFS/RFS. However, except for this system, all other separation solutions contained only one study; therefore, we 
were unable to obtain pooled results. Sensitivity analysis was conducted by using the “leave-one-out method.” Notably, 
when a study by Xing et al[14] was removed, the heterogeneity of the remaining studies was significantly reduced, and 
the pooled results for both OS and DFS/PFS/RFS were relatively elevated. We infer that the differences present in this 
study may be derived from the separation solutions employed as well as the stemness markers used to identify the stem 
cell-like phenotype of CTCs. Importantly, the results demonstrating the survival-jeopardizing effects of CTCs were 
maintained. We suggest that patients testing positive for CTCs pre- or intra-treatment may have a worse prognosis and 
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Figure 1 Flow diagram for searching and filtering eligible studies included in the meta-analysis.

require more intense chemotherapy and closer follow-up. Furthermore, we collected data regarding CA19-9 in the 
included studies and four studies containing 171 patients, that met our requirements. Our meta-analysis showed that the 
preoperative CA19-9 level in the PVB of early-stage pancreatic cancer patients was not an independent predictor for 
shorter time of recurrence after resection.

The prevalence of pancreatic cancer has increased dramatically globally, and is expected to become a leading cause of 
cancer-related mortality[22]. Only 10%-15% of patients have localized pancreatic cancer suitable for surgery[3], which is 
the only potentially curative therapy known to date. Even for patients with a localized disease, a high proportion 
experience postoperative recurrence within 5 years, caused by local tumor recurrence or distant metastases. The 1- and 5-
year survival rates are 63% and 17%, respectively[23]. Therefore, identifying high-risk populations for screening and 
prevention, early diagnosis, and establishing personalized treatment plans are currently the primary challenges[24].

Imaging, including EUS, CT and MRI, which can provide a convenient and noninvasive diagnosis, remains the first-
line diagnostic modality for pancreatic cancer and is used to evaluate therapeutic efficacy in many organs[25-28]. 
However, cross-sectional imaging is limited in the visualization of small and metastatic tumors, which can frequently 
result in underestimation of the pancreatic cancer stage[29]. EUS-FNA or EUS-fine needle biopsy (EUS-FNB) can localize 
pancreatic lesions measuring < 3 cm, providing a minimally invasive tissue biopsy[30]. EUS-FNB is increasingly 
becoming a practical tool for diagnosing malignancy in various pancreatic solid lesions[31,32]. EUS-FNA combined with 
needle-based confocal laser endomicroscopy (nCLE) can achieve real-time imaging for in vivo tissue analysis[33]. 
However, these examinations requires anesthesia and may be accompanied by complications such as acute pancreatitis, 
tumor dissemination, and postoperative hemorrhage. Besides, nCLE is limited by the duration of the surgical time and 
the operability of the 19G FNA needle[33]. More recently, liquid biopsy has received a great deal of attention for its ability 
to assess a comprehensive cancer profile in a noninvasive and real-time manner[26]. Serum CA19-9 level is the only 
diagnostic biomarker approved by the United States Food and Drug Administration for pancreatic cancer. Moreover, 
CA19-9 can be an independent predictor of prognosis for pancreatic cancer patients[34]. An elevated CA19-9 level after 
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Figure 2 Forest plots of the five studies show a shorter overall survival and disease-free survival/progression-free survival/recurrence-
free survival in early pancreatic patients with positive pre-treatment or post-treatment circulating tumor cells detection. A: Overall survival; 
B: Disease-free survival/progression-free survival/recurrence-free survival. CI: Confidence interval.

Figure 3 Forest plot of the three studies that used the CellSearch system shows a decreased disease-free survival/progression-free 
survival/recurrence-free survival in early pancreatic patients that were positive pre-treatment or post-treatment for circulating tumor 
cells. CI: Confidence interval.

resection or during chemotherapy predicts a high probability of tumor recurrence or progression[35]. However, the 
prognostic ability of preoperative CA19-9 is still disputed, since it is mostly detected in advanced stages, it is neither 
sensitive nor specific enough to identify early-stage patients or for the differential diagnosis of patients at different stages; 
additionally, it is also positive in many other benign and malignant pancreatic diseases such as pancreatitis, cholestasis, 
and gastric cancer[7]. In this meta-analysis, the pooled results of the four studies, that we examined, demonstrated that 
the prognostic effect of CA19-9 in peripheral venous blood on early postoperative recurrence of early-stage pancreatic 
cancer is not as obvious as that of CTCs.

In the past decade, an increasing number of studies have examined the prognostic value of CTCs in cancers of various 
organs, as the formation of tumor metastases relies heavily on the survival of CTCs and their ability to mediate 
angiogenesis in target organs[36]. CTCs are tumor cells shed from both primary and secondary foci and are found 
circulating in the bloodstream; therefore, they can provide valuable information about primary tumors and secondary 
deposits. In addition, isolation and in vivo cultures of animal xenografts provide deeper information on individual tumor 
characteristics[37]. Prospective observational studies have also revealed that CTC numbers rarely drop to zero even after 
complete resection in both chemo-naïve and post-neoadjuvant patients and can be observed longitudinally before disease 
recurrence[38]. However, the deficiency of relevant studies and different research designs make the clinical significance of 
CTCs in early pancreatic cancer prognosis a controversial topic. A thorough analysis of the prognostic performance of 
CTCs is critical for monitoring and developing treatment strategies for patients with pancreatic cancer.

CTCs in the bloodstream are difficult to capture and identify because their concentration in the circulatory system is 
extremely low (1-10 cells/10 mL) in most cases[39]. Furthermore, CTCs are scattered among an enormous number of 
erythrocytes and leukocytes, posing tremendous challenges for their complete collection and accurate detection. To 
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Figure 4 Sensitivity analysis of the influence of each study on the pooled results for the overall survival and disease-free sur-
vival/progression-free survival/recurrence-free survival subgroups. A: Overall survival; B: Disease-free survival/progression-free survival/recurrence-
free survival.
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Figure 5 Funnel plots were generated for the included studies to determine whether or not publication bias was found for both the overall 
survival and disease-free survival/progression-free survival/recurrence-free survival subgroups. A: Overall survival; B: Disease-free 
survival/progression-free survival/recurrence-free survival.

Figure 6 Forest plots of the four studies show that the carbohydrate antigen 19-9 level in the venous blood of early-stage pancreatic 
cancer patients was not an independent predictor of a shorter time to recurrence. CI: Confidence interval.

Figure 7 Forest plots of the three studies, that detected the carbohydrate antigen 19-9 level in the venous blood before surgery, show 
that it was not an independent predictor of a shorter time to recurrence for early-stage pancreatic cancer patients. CI: Confidence interval.

improve this situation, several methods have been used for CTC enrichment, such as density centrifugation, immuno-
magnetic enrichment with anti-CD45 monoclonal antibodies, epithelial cell adhesion molecule (EpCAM), and cell 
filtration technology. Additionally, epithelial cell-specific markers, such as the cytokeratin (CK) family, and mesenchymal 
markers, such as N-cadherin and vimentin, have been used to identify epithelial and mesenchymal CTCs, respectively[40,
41]. Numerous platforms based on these technologies have been developed. The CellSearch system is the only platform 
approved by the Food and Drug Administration for confirming the presence of CTCs in patients with pancreatic cancer. 
This system first enriches CTCs by taking advantage of their characteristic expression of the EpCAM on their membrane 
surface and then distinguishing different cells by immunostaining markers such as CD45, 4',6-diamidino-2-phenylindole 
(DAPI), and CK 8, 18, 19[42]. However, the detection rates are only 20% and 5%-42% for resectable and advanced 
pancreatic cancers, respectively [19,43]. This is because most CTCs undergo epithelial-mesenchymal transition (EMT) and 
thus lack or express low levels of epithelial markers that are generally used as the basis for the detection of these cells
[44]. In addition, separation solutions based on these epithelial markers may exclude cells that play important roles in 
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metastasis and chemoresistance[45]. In our included studies, Court et al[16] used the microfluidic NanoVelcro CTC chip 
to evaluate the presence and number of CTCs. This platform greatly improves CTC capture and identification by utilizing 
anti-EpCAM-coated 3D-nanosubstrates in conjunction with microfluidic chaotic mixers and by adding tumor identi-
fication markers, which enhance the synergistic effects of cell–substrate contact frequency as well as its affinity[46]. This 
platform also allows seamless integration with laser capture microdissection for single CTC isolation[47]; moreover, the 
separated cells can be subjected to downstream molecular analyses[48]. However, an important limitation of this assay is 
that it is similar to the CellSearch system. In addition, using membrane filtration may reduce specificity, as some CTCs 
are found to be equal or smaller in size than nucleated blood cells[49]. The combination of specific mesenchymal markers 
may be a future direction for these assays. Considering their failure to detect EpCAM- or CK-negative CTCs, Lin et al[50] 
developed an integrated tumor cell surface molecule-independent SE-iFISH platform in 2015. Using fluorescence in situ 
hybridization with a specific chromosome centromere probe, this system can detect aneuploidy in the PB, which is a 
common manifestation of chromosome instability and malignant solid tumors. Moreover, Semaan et al[15] used an 
antigen-independent approach called DEP-FFF, which utilizes the physical properties of cells and allows the isolation of 
phenotypically distinct CTCs. In doing so, they obtained not only epithelial and mesenchymal CTCs, but also 
intermediate-state CTCs, which may show greater invasiveness and therapeutic resistance. Another valid method to 
detect the molecular characterization of CTCs is PCR. This is most likely due to the detection of multiple tumor markers, 
which could downgrade the effect of the heterogeneity that exists in CTCs. Among the included studies, Cheng et al[17] 
used immunomagnetic depletion and ligand-targeted polymerase chain reaction to detect the expression rate of folate 
receptor + CTCs in patients with different stages of pancreatic cancer. Traditional genetic studies of CTCs are limited by 
the low specificity of the enrichment methods, which contributes to the presence of nuclear blood cells, necrotic cells, 
tumor-derived exosomes, and cellular fragments. Therefore, the obtained nucleic acids may not accurately reflect the 
hereditary properties of CTCs[42]. In recent years, single-cell separation and whole-genome amplification of CTCs have 
been developed to overcome this challenge. However, studies on pancreatic cancer are still lacking.

Although the pooled results of our meta-analysis indicated that CTCs were associated with shorter OS and DFS/PFS/
RFS in patients with early pancreatic cancer after surgery, three of the eight included studies showed no significant 
correlation between the existence of CTCs and both OS and DFS/PFS/RFS. Colin et al[48] found that CTCs were 
independent predictors of RFS following surgery and could correctly identify patients with occult metastatic disease 
preoperatively. However, when the analysis was limited to the early-stage subset, CTC count was no longer associated 
with shorter RFS. One possibility is that they used only 4 mL of PB, which may be too small to detect CTCs in patients 
with early-stage pancreatic cancer. For example, White et al[18], the CTC number in the PB did not contribute to 
predicting the OS or RFS of patients after resection, and the CTC number in the PVB was not associated with RFS. 
However, their results showed complete collinearity between the number of CTCs detected in the PVB and the OS. They 
hypothesized that this was caused by pancreatic venous drainage, as well as the capture and dilution effects of the liver 
for CTCs in the portal circulation. Similarly, the research of Bissolati et al[19] showed no significant correlation between 
the number of CTCs and survival time. However, they found that patients with a positive intraoperative detection of 
CTCs in the PVB had a higher liver metastasis rate, indicating that CTCs are of great significance for guiding adjuvant 
chemotherapy and postoperative follow-up monitoring. Overall, these studies revealed that CTCs in the blood of patients 
with pancreatic cancer are difficult to detect, particularly in early-stage patients.

In contrast, despite the different separation technologies and biomarkers used, the prognostic value of CTCs as a 
survival indicator for patients with early-stage pancreatic cancer was demonstrated in the remaining five studies. 
Moreover, they indicated that CTCs could provide tumor characteristics. Xing et al[14] used CD44+ as a marker to detect 
CTCs, which represent a more stem-like phenotype and can cause tumor metastasis, promoting tumor growth, 
angiogenesis, and drug resistance. Semaan et al[15] detected the longitudinal characterization of CTC subtypes and 
described EMT-CTCs as a more aggressive phenotype that is more prone to therapeutic resistance. In addition, the 
preoperative CTCs level in the PVB of early-stage pancreatic cancer patients may be a better prognostic marker then the 
preoperative CA19-9 level. This may broaden the selectivity of biomarkers for pancreatic cancer.

Our study has several limitations. First, the small number of included studies as well as the numerous types of 
separation strategies and research designs limited the power of our analysis. Second, several studies did not provide HR 
and 95%CI directly; therefore, we estimated them based on Kaplan-Meier curves, which may cause deviations. Finally, 
four of the eight studies recruited patients with pancreatic cancer at all stages, and we only extracted data about patients 
with early-stage pancreatic cancer; hence, the information was not detailed.

CONCLUSION
This meta-analysis reveals the potential of CTCs as a prognostic biomarker for early-stage pancreatic cancer. Although we 
rigorously gathered and analyzed the data, the essential limitations of the included studies caused a high degree of 
heterogeneity and hindered deeper exploration, which reduced the confidence level of our study. To overcome these 
difficulties, large-scale multicenter cohort studies are urgently needed to explore the full potential of CTCs.
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ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer is a terribly invasive and poorly prognosis disease with a five-year survival less than 10%. Recently, 
more and more studies demonstrated that circulating tumor cells (CTCs) can be a significant prognostic marker of 
pancreatic cancer.

Research motivation
In this study, we conducted a meta-analysis to analyse the prognostic role of CTCs in patients with pancreatic cancer and 
investigated whether CTCs can provide prognostic information and assist develop personalized treatment plans.

Research objectives
Our research aims at exploring the predictive effect of CTCs on survival indicators of pancreatic cancer patients in 
different studies.

Research methods
A standardized literature search of databases was conducted for articles about CTCs published through December 2022. 
After screening based on inclusion and exclusion criteria, data relevant to prognosis were extracted for analysis. We used 
a fixed- or random-effect model to calculate the pooled hazard ratio (HR) and 95% confidence interval (CI) of overall 
survival (OS) and progression-free survival (PFS) according to the degree of heterogeneity.

Research results
Eight eligible studies with a total number of 355 patients with early-stage pancreatic cancer were included. This meta-
analysis showed that positive pre-treatment or post-treatment CTCs was associated with shorter OS (HR = 1.93, 95%CI: 
1.197-3.126, P = 0.007) and decreased relapse-free/disease-free/PFS (HR = 1.27, 95%CI: 1.137-1.419, P < 0.001) in patients 
with early-stage pancreatic cancer. While the CA19-9 level in the portal venous blood of early-stage pancreatic cancer 
patients showed no significant correlation with postoperative recurrence time of patients (HR = 1, 95%CI: 1.00-1.00, P = 
0.03).

Research conclusions
Our meta-analysis indicates that CTCs are closely related to the prognosis of early pancreatic cancer patients and can 
serve as a guiding indicator for developing patient important treatment plans.

Research perspectives
Researchers should extend follow-up time to observe the relationship between CTC and OS. Besides, large-scale 
multicenter cohort studies are urgently needed to explore the full potential of CTCs.
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Abstract
BACKGROUND 
The development of cancer is thought to involve the dynamic crosstalk between 
the tumor cells and the microenvironment they inhabit. Such crosstalk is thought 
to involve mechanotransduction, a process whereby the cells sense mechanical 
cues such as stiffness, and translate these into biochemical signals, which have an 
impact on the subsequent cellular activities. Bibliometric analysis is a statistical 
method that involves investigating different aspects (including authors’ names 
and affiliations, article keywords, journals and citations) of large volumes of 
literature. Despite an increase in mechanotransduction-related research in recent 
years, there are currently no bibliometric studies that describe the global status 
and trends of mechanotransduction-related research in the cancer field.

AIM 
To investigate the global research status and trends of mechanotransduction in 
cancer from a bibliometric viewpoint.

METHODS 
Literature on mechanotransduction in cancer published from January 1, 1900 to 
December 31, 2022 was retrieved from the Web of Science Core Collection. Excel 
and GraphPad software carried out the statistical analysis of the relevant author, 
journal, organization, and country information. The co-authorship, keyword co-
occurrence, and keyword burst analysis were visualized with VOSviewer and 
CiteSpace.
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RESULTS 
Of 597 publications from 745 institutions in 45 countries were published in 268 journals with 35510 citation times. 
With 270 articles, the United States is a well-established global leader in this field, and the University of California 
system, the most productive (n = 36) and influential institution (n = 4705 citations), is the most highly active in 
collaborating with other organizations. Cancers was the most frequent publisher with the highest H-index. The 
most productive researcher was Valerie M. Weaver, with 10 publications. The combined analysis of concurrent and 
burst keywords revealed that the future research hotspots of mechanotransduction in cancer were related to the 
plasma membrane, autophagy, piezo1/2, heterogeneity, cancer diagnosis, and post-transcriptional modifications.

CONCLUSION 
Mechanotransduction-related cancer research remains a hot topic. The United States is in the leading position of 
global research on mechano-oncology after almost 30 years of investigations. Research group cooperations exist but 
remain largely domestic, lacking cross-national communications. The next big topic in this field is to explore how 
the plasma membrane and its localized mechanosensor can transduce mechanical force through post-transcrip-
tional modifications and thereby participate in cellular activity regulations and cancer development.

Key Words: Bibliometric analysis; Mechanotransduction; Cancer; Visualization; Signal transduction

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

Core Tip: Through bibliometric analysis, we found that mechanotransduction-related cancer research remains a hot topic, 
with approximately 100 papers and 5000 citations generated per year in the past three years. Additionally, the United States 
is a well-established global leader of this field, and the University of California system is the most influential organization in 
this field. We predict that investigating how the plasma membrane and its localized mechanosensors transduce mechanical 
forces via post-transcriptional modifications and thereby participate in the regulation of cellular activity will be the next big 
research topic in the cancer field.

Citation: Zhang YZ, Li MZ, Wang GX, Wang DW. Bibliometric analysis of the global research status and trends of mechanotrans-
duction in cancer. World J Clin Oncol 2023; 14(11): 518-534
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/518.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i11.518

INTRODUCTION
Cancer is a devastating disease characterized by the transduction of abnormal cell signals, which leads to oncogenic 
cellular behaviors such as uncontrolled proliferation and resistance to death[1]. According to the latest statistics, cancer is 
the second most common cause of death worldwide after cardiovascular disease[2]. Therefore, it is crucial to determine 
the pathogenesis of this disease so that effective therapeutic approaches can be identified. Although cancer is primarily 
regarded as being a genetic disease caused by the stepwise accumulation of gene mutations, an increasing number of 
studies suggest that environmental factors might also have a significant influence on the development of this disease[3]. 
The tumor microenvironment (TME) consists of cancer-associated fibroblasts (CAFs), endothelial cells, immune cells, and 
the extracellular matrix (ECM), and together these provide the biochemical and mechanical signals required to stimulate 
the occurrence, survival, and development of cancer[4]. While the importance of biochemical stimuli (such as small 
molecules, growth factors, and cytokines) in cancer progression is well-established, the role of mechanical force is still 
relatively underexplored although recent investigations suggest that it is on par with the chemical factors[5-7].

In cancerous tissues, mechanical forces such as shear stress, tension, and compression, are suggested to be generated 
during cell-TME and cell-cell contact events[8]. These forces are then translated into biochemical signaling cascades with 
the help of various mechanoreceptors, including G protein-coupled receptors, ion channels, and cell junction proteins[9,
10]. This process of transducing specific mechanosignals into distinct intracellular biochemical signals is called mechano-
transduction[5]. Abnormal mechanical signals (generated by the environment or cells), can alter the expression of genes 
and transduction of signaling pathways. This leads to the dysregulated cell behaviors that are associated with many 
diseases, including cancer[11]. For example, when compared with normal tissues, cancerous tissues have a more rigid 
ECM, which contributes to the aberrant mechanotransduction observed[12]. This leads to an increase in the expression of 
many oncogenic transcription factors (such as YAP/TAZ, Twist1, and β-catenin), which enhances cell proliferation, the 
epithelial-mesenchymal transition (EMT), and/or cell migration in cancer cells[13]. Interestingly, YAP/TAZ has also been 
reported to contribute to tissue stiffness by increasing the expression of the crucial ECM modifiers, CTGF and CYR61[14-
17]. Therefore, a positive mechanotransductive feedback loop between cancer cells and the ECM is regarded as one of the 
major culprits for cancer malignancy[17]. In addition, when cancer cells are surrounded by a rigid, crosslinked ECM, then 
this impedes immune cell invasion and drug distribution, which leads to immune surveillance escape and drug resistance

https://www.wjgnet.com/2218-4333/full/v14/i11/518.htm
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[6,18].
The concept of mechanotransduction also helps to explain the mechanisms of cancer initiation, invasion, and 

metastasis from a new perspective. Considering the fundamental role of mechanotransduction in cancer development, 
researchers are now developing new cancer therapeutics based on the specific mechanical properties of and mechano-
signal transducers generated by tumors. For example, Simtuzumab and Simvastatin, which reduce ECM stiffness and 
inhibit YAP/TAZ hyperactivation, respectively, have been evaluated for their anti-cancer efficacy in preclinical studies
[18-20]. Mechanotransduction is therefore already showing great promise for clinical applications, and so further compre-
hensive investigations in this field will likely reveal more therapeutic strategies for cancer treatment. Thus, gaining a 
better understanding of the current research status of mechanotransduction in cancer is likely to shed light on important 
research questions and directions for future study.

Bibliometric analysis is a useful quantitative method to comprehensively analyze publications from many different 
aspects (including the authors and their affiliations, journal title and article keywords), to reveal collaborative networks 
and emerging trends in specific research areas[21-23]. Although increasing numbers of research papers now focus on the 
role of mechanotransduction in cancer, to date, no bibliometric analysis has been conducted to quantify the situation. To 
this end, here we present the updated bibliometric analysis of research conducted on mechanotransduction in cancer and 
reveal the current research being conducted in this field. In this way, we aim to provide a better understanding of the 
present status of this study area and predict key topics of future investigation in this promising research field.

MATERIALS AND METHODS
Searching strategies
We retrieved literature on ‘mechanotransduction in cancer’ research from the Web of Science Core Collection (WoSCC). 
The publication period was set from January 1, 1900 to December 31, 2022, and only English publications were included. 
The search strategy is illustrated in Figure 1. All recorded data, including the authors’ names, institutions, and countries, 
as well as keywords, were downloaded from the WoSCC and normalized to a standard format. To avoid ambiguity, we 
cross-checked duplicate authors among the documents. Meeting abstracts, editorial materials, corrections, and retractions 
were excluded from our research.

Keyword analysis
The keywords were extracted from the keyword section of articles. To avoid potential deviations, similar or same 
keywords with different expressions were manually standardized to correct and/or group similarities as previously 
suggested[23-25], before VOSviewer or CiteSpace analysis. Burst keywords were assessed using CiteSpace (V6.2R4 SE) 
with the following parameters: time slicing (from January 1994 to December 2022), years per slice (1), node type 
(keyword), the minimum burst duration (1 year), γ (0.39) and others (default). A keyword co-occurrence analysis was 
conducted with VOSviewer (version 1.6.18) with the following parameters: Type of analysis (co-occurrence), unit of 
analysis (keywords), counting method (full counting), minimum number of occurrences of a keyword (3).

Data visualization
The number of publications and citations in the indicated time was presented using GraphPad Prism 8. Visualization of 
bibliometric information, including co-authorship analysis, keyword co-occurrence, and burst analysis, was conducted 
with VOSviewer (version 1.6.18) and CiteSpace (V6.2R4 SE).

RESULTS
General information
A total of 597 publications comprising 388 research and 209 review articles, were extracted for deep analysis. Although 
the concept of mechanotransduction was established progressively from the 1950s to the 1980s[26-28], the first paper 
describing mechanotransduction in cancer was only published in 1994[29]. Since then, this topic has gradually gained 
more attention from researchers in the cancer research field. Based on the number of publications and citations analysed 
in our bibliometric study on mechanotransduction-related cancer research, we prepared a growth curve comprising three 
clear stages. The first stage described the period from 1994 to 2010, during which time < 10 papers were published each 
year. In the second stage, which ran from 2012 to 2017, a slow growth rate was observed, and in the third stage (2018-
2022), the growth rate started to accelerate, with almost 100 articles being published in the final year (Figure 2A).

In the 597 articles that were published, there was an average of 59.48 citations per paper. The top 10 most cited papers 
included six reviews and four research articles; these are listed in Supplementary Table 1 and they are ranked by the 
number of times they were cited. The most highly cited review article (n = 2882 citations) was published by Chambers et 
al[30], and the most highly cited research article (n = 1021 citations) was contributed by Aragona et al[31].

During our exploration of mechanotransduction in cancer, we sub-divided the publications into 56 research categories 
to indicate the multidisciplinary crossovers that occurred. After the top 10 categories were generated (Figure 2B), we 
found that cell biology (n = 191), oncology (n = 130), and biochemistry molecular biology (n = 117), accounted for 73.37% 
of all the publications. This indicates that molecular cytology is a key contributor to research on the role of mechanical 
force in cancer development.

https://f6publishing.blob.core.windows.net/b5e42013-e4ef-4f1a-b187-52c9aa6706dc/WJCO-14-518-supplementary-material.pdf
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Figure 1 The strategy we used to search for publications about mechanotransduction in cancer. 597 publications closely correlated with 
mechanotransduction in cancer were extracted based on this strategy.

Analysis of countries and institutions
Although a total of 45 countries was found to contribute publications on the topic of mechanotransduction in cancer, the 
top 10 most productive countries generated 87.6% of all the papers. Of these, the United States was the most productive 
as it was responsible for 270 (i.e., 45.23%) of the publications. China (n = 119, 19.93%) and Italy (n = 41, 6.87%) held the 
second and third positions, respectively, but both lagged behind the United States (Table 1). However, when we ranked 
the countries in terms of the average citation times, Canada occupied the first place with an average of 197.33 citations per 
paper. This was followed by Italy and Spain with values of 109.17 and 93.09, respectively. In addition, according to this 
ranking approach, the United States (73.74 times) held a middle position, whereas China (20.34 times) was at the bottom 
of the ranking list. To evaluate the cooperation between different countries, a co-authorship network was established with 
a criterion of at least three publications in each country. As shown in Figure 3, the United States (with the most extended 
research history in this field), collaborated most with other countries, followed by the United Kingdom. In addition, it 
was interesting to find that although 37.78% (i.e., 17/45) of the countries only published one or two papers, most of this 
work was conducted in the recent five years. This indicates that more countries are stepping into this research field.

Our data analysis also showed that 745 organizations were involved in research related to mechanotransduction in 
cancer. After ranking these according to the number of publications, we found that the top 10 organizations accounted for 
35.85% (214/597) of all papers. The University of California system ranked first with 36 articles, and this was followed 
sequentially by UDICE-French Research Universities (n = 27), Centre National de la Recherche Scientifique (n = 25), the 
University of Illinois system (n = 21), and Institut National de la Sante et de la Recherche Medicale (Inserm). It was 
striking to find that three institutions from France occupied three of the top five positions with a total of 31 publications 
(Table 2). Another analysis of the global inter-institutional network showed that the University of California system 
collaborated most with other organizations, followed sequentially by the University of Padua, Harvard University, and 
University College London (Figure 4).

Analysis of journals and authors
Articles related to the field of mechanotransductive cancer research were distributed among 268 different academic 
journals. The top 10 journals to publish papers in this field accounted for 22.61% (135/597) of all the articles 
(Supplementary Table 2), but 162 journals (60.45%) only published one paper in this research area. Cancers ranked first 
with 29 (4.86%) publications, followed by the International Journal of Molecular Sciences (n = 20, 3.35%) and the Journal of 
Cell Science (n = 17, 2.85%).

We also found that a total of 3001 authors contributed to these 597 publications. After analyzing the top 10 authors in 
terms of the number of papers (Supplementary Table 3), we found that Valerie M. Weaver from the University of 
California system was the most productive researcher with n = 10 publications. She was followed by Stefano Piccolo from 
the University of Padua (n = 9), Antonios Gargalionis from the National & Kapodistrian University of Athens (n = 9), and 
Marc D. Basson from John D. Dingell Veterans Affairs Medical Center (n = 8). Notably, according to the total (T) and 
average (A) citation times of the papers generated from each author, Stefano Piccolo (T = 3167; A = 351.89), Tito Panciera 
(T = 2076, A = 296.57), Valerie M. Weaver (T = 2495, A = 249.5), Michelangelo Cordenonsi (T = 1983, A = 330.5), and 
Patricia J. Keely (T = 1478, A = 246.33) ranked the top 5, indicating that they were in positions of authority. To investigate 
if there were any collaborations between the various authors in this field, an authorship network analysis was performed 
by identifying those with at least three publications. As shown in Figure 5, the authors were distributed into 43 clusters, 

https://f6publishing.blob.core.windows.net/b5e42013-e4ef-4f1a-b187-52c9aa6706dc/WJCO-14-518-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5e42013-e4ef-4f1a-b187-52c9aa6706dc/WJCO-14-518-supplementary-material.pdf


Zhang YZ et al. Bibliometrics of mechanotransduction in cancer

WJCO https://www.wjgnet.com 522 November 24, 2023 Volume 14 Issue 11

Table 1 The top 10 productive countries that published papers about mechanotransduction in cancer

Rank Country Publications % Total citations Average citations Connections H-index

1 United States 270 45.23 19911 73.74 22 69

2 China 119 19.93 2421 20.34 10 25

3 Italy 41 6.87 4476 109.17 12 22

4 Germany 37 6.20 2072 56.00 10 18

5 United Kingdom 34 7.54 2098 61.71 15 20

6 France 31 5.19 2466 79.55 12 19

7 Spain 22 3.69 2048 93.09 11 14

8 Canada 21 3.52 4144 197.33 8 13

9 Japan 20 3.35 761 38.05 4 14

10 South Korea 20 3.35 355 17.75 2 9

Table 2 The top 10 productive organizations publishing papers about mechanotransduction in cancer

Rank Organization Publications Citations Average citation Country % H-index

1 University of California System 36 4705 130.69 United States 6.03 21

2 UDICE-French Research Universities 27 1875 69.44 France 4.52 17

3 Centre National de la Recherche Scientifique 25 1843 73.72 France 4.19 16

4 University of Illinois System 21 1013 48.24 United States 3.52 14

5 Institut National de la Sante et de la Recherche Medicale 20 1845 92.25 France 3.35 13

6 University of Texas System 20 1619 80.95 United States 3.35 15

7 University of London 18 1388 77.11 United Kingdom 3.02 13

8 University of Padua 16 3399 212.44 Italy 2.68 12

9 Harvard University 16 2463 153.94 United States 2.68 13

10 Vanderbilt University 15 691 46.07 United States 2.51 10

with 4 clusters containing at least ten authors. This indicates that there were partial connections between the different 
groups in this research area.

Keyword analysis
To explore the current research themes and discover hot topics in mechanotransduction-related cancer research, we 
acquired 666 keywords by collating those with the same meaning or category from all 597 papers. Among them, the top 4 
co-occurrent keywords that were consistent with our research topic, were: Mechanotransduction, cancer, mechanical 
force, and mechanical property. However, when these keywords were restricted to at least 3 co-occurrences, only 93 items 
could satisfy this criterion. We next established a network based on these 93 keywords and found that they could be 
further subdivided into eight clusters (Figure 6A and Supplementary Table 4). We found that 19 keywords were included 
in cluster 1 (red) as follows: Angiogenesis, cadherin, caveolin, cell death, endothelial cell, epithelial cell, growth factor/
receptor, hypoxia, integrin, invadopodia, mitogen-activated protein kinases/extracellular signal-regulated kinase 
(MAPK/ERK), mechanical force, matrix metalloproteinases (MMPs), mechanistic target of rapamycin (mTOR), NF-κB, 
phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT), plasma membrane, signal transduction, and traction force 
microscopy. Cluster 2 (green) also contained 19 items. These were: AMP-activated protein kinase, cell cycle, cell 
morphology, cytoskeleton or cytoskeleton remodeling, epigenetic regulation, gene regulation, heterogeneity, lamin, linc 
complex, mechanotransduction, metabolism, microfluidics, migration, nuclear envelope, nuclear mechanics, nucleo-
skeleton, nucleus, pancreatic stellate cell, and SRC. Cluster 3 (blue) contained the following 16 items: Calcium, cancer, 
DNA damage, dormancy, immunology, invasion, ion channel, mechanobiology, metastasis, motility, oxidative stress, 
piezo1/2, post-translational modification, SRF, stem cell, and TRP. Cluster 4 (yellow) contained 11 items: 3D culture, 
autophagy, cancer diagnosis, cancer stem cell (CSC), drug resistance, hydrogel, immunotherapy, organoid, programmed 
cell death protein 1/programmed cell death ligand 1, pharmacology, and polycystin. Cluster 5 (purple) contained 8 items: 
Atomic force microscopy, CAF, ECM or ECM remodeling, mechanical property, oncophysics, therapy, TME, and tumor 
model. Cluster 6 (cyan) contained 8 items: Contact inhibition, G protein-coupled receptor (GPCR), growth, Hippo, 
polarity, TAZ, transcription factor, and YAP. Cluster 7 (orange) contained 7 items: Catenin, EMT, fibrosis, noncoding 

https://f6publishing.blob.core.windows.net/b5e42013-e4ef-4f1a-b187-52c9aa6706dc/WJCO-14-518-supplementary-material.pdf
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Figure 2 Trends and categories of publications about mechanotransduction in cancer. A: The annual number of publications and citations from 
1994 to 2022; B: The research categories of publications related to mechanotransduction in cancer.

RNA, transforming growth factor-beta (TGF-β), transcription, and Wnt, and cluster 8 (brown) had 5 items: Adhesion, 
focal adhesion kinase (FAK), mechanical microenvironment, morphogenesis, and RhoA/Rho/ROCK. These grouped 
keywords were further marked according to the average publication year to reflect their yearly development. Figure 6B 
shows that the keywords in clusters 1 and 8 were mainly labeled in purple, suggesting that they appeared relatively early 
on in this field. In contrast, there were more keywords labeled in yellow in clusters 4 and 5, indicating that the topics in 
these two clusters gained more attention in recent years. Of note, some keywords exhibited a relatively late mean 
publication year and low mean frequency of occurrence, and so we suggest that these might be the next big topics to be 
investigated in this area. These include “plasma membrane [average appearing year (AAY) = 2021.00]”, “autophagy 
(AAY = 2021.00)”, “piezo1/2 (AAY = 2021.17)”, and “heterogeneity (AAY = 2021.25)”.

In addition to our analysis of co-occurring keywords, a burst keyword analysis (which identifies keywords that were 
frequently used over a certain period), was carried out with the CiteSpace software. We found that “mechanical force” 
was the most potent keyword; this appeared in 2006 with a burst strength of 3.99. In addition, the longest burst duration 
occurred for “signal transduction” (with a burst strength of 2.19); this started in 2004 and lasted for 9 years. Apart from 
these two keywords, “cancer diagnosis”, “post-transcriptional modification” and “plasma membrane” were shown to 
have the highest more recent burst time (Figure 6C), indicating possible new research topics in mechanotransduction-
associated cancer studies.

DISCUSSION
The concept of mechanotransduction developed gradually between the 1950s and 1980s as researchers studied how 
stretching forces influenced membrane depolarization in excitable cells such as nerves[26-28]. The fact that mechanotrans-
duction might play a role in cancer was first suggested in 1994, and since then it has helped to explain many puzzles in 
the cancer research field[29]. However, compared to biochemical signal transduction, the role of mechanotransduction in 
cancer development was largely overlooked from 1994 to 2006. The field then gradually received more attention, and 
more than 40 papers were published between 2006 and 2016, probably due to the boom in research on the Hippo 
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Figure 3 Analysis of countries working on mechanotransduction in cancer. A: CiteSpace was used to conduct the cooperation network between 
countries. The number of publications is represented by the node size and the different publication years are indicated by the different colors; B: VOSviewer was used 
to visualize the cooperation between country network. The number of publications is represented by the size of the node and the connection strength is indicated by 
the line thickness.

pathway[32]. Notably, there was then a slight reduction in the number of publications in 2017, followed by a substantial 
increase in 2018. Since then, this field has become far more popular among cancer researchers, such that in the last three 
years, > 80 papers were published per year. As the number of publications increased, so did the number of times that the 
publications were cited. Indeed, the average citation time reached 59.48 citations per paper, suggesting the high quality of 
research conducted in this field. Furthermore, Drs David Julius and Ardem Patapoutian were awarded the 2021 Nobel 
Prize in Physiology or medicine for their work on mechanosensitive ion channels[33]. Therefore, this might encourage 
more groups to conduct mechanotransduction-related cancer research.
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Figure 4 Network analysis of organizations. The collaboration between organizations was analysed with VOSviewer.

By ranking the top 10 productive countries in this area, we found that all except China are advanced countries. The 
United States has established the lead position of global research on mechano-oncology after nearly 30 years of investig-
ations. However, the number of publications from China indicates that they are in a catch-up position, although the 
average citation time for their papers is still relatively low. This might be due to the relatively low quality of the public-
ations so far, even though the quantity is high. In addition, the low number of publications in the past from China and the 
more recent fast growth rate might inherently overly inflate the contribution of highly cited papers to the average citation 
time. To address this phenomenon, the Chinese government should provide more financial and political support for this 
research field and encourage original research. For Chinese scholars, discovering new research frontiers as early as 
possible and carrying out in-depth research is indispensable for improving their international influence and academic 
standing. It is also important to note that although Canada published 21 articles and is ranked only eighth according to 
the number of publications, it has the highest average citation rate. One reason for this might be that a review paper 
published by a Canadian oncology group (Chambers et al[30]), systematically describes the role of mechanical factors on 
the various physiological stages of cancer metastasis, and this attracts the highest citation frequency in this field.

We also found that cooperations existed between each country, with China and the United States having the most 
exchanges and collaborations. At the institutional level, we found that cooperations existed in developed countries such 
as the United States, France, and the United Kingdom. However, in other countries mutual partnerships tended to be 
insufficient, especially in undeveloped countries, including China. In addition, although several connections between 
different research groups were found on our authorship network map, these group cooperations largely remained 
domestic, lacking cross-national communications. Furthermore, three of the top productive and influential scientists in 
this field (i.e., Valerie M. Weaver, Stefano Piccolo, and Antonios Gargalionis), have relatively few collaborations with 
other researchers. The study of mechanotransduction in cancer not only requires an in-depth exploration of molecular 
mechanisms but also necessitates a large number of clinical samples or populations for clinical validation or translation. 
At this point, inter-country or inter-institutional collaboration should be advocated, either by sharing clinical databases or 
by dividing the project into concrete tasks based on the respective expertise. With this approach, significant 
breakthroughs in this field might be achieved at the earliest time. In addition to collaboration between research groups, 
interdisciplinary collaborations are also essential for a research field to flourish. Mechanotransduction-related cancer 
research involves various different disciplines, including biology, physics, and medicine, and so interdisciplinary 
exchanges are beneficial for the diversity of research and to create new perspectives and questions. For example, in vivo 
mechanosensing is based on force-dependent protein deformation and reorganisation[34]. However, due to a lack of 
molecular resolution in cellular imaging techniques, the intracellular mechanisms are unknown. Recently, with the 
development of super-resolution microscopy and molecular force sensors, it is now possible to gain molecular insights 
into mechanosensing in living cells[35]. Moreover, the development of novel imaging techniques has helped to advance 
our knowledge of the molecular mechanisms involved in mechanotransduction[36].
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Figure 5 Visualization of author cooperation. VOSviewer was used to visualize the co-authorship network. The clusters are indicated by the different colors 
and the lines represent the various collaborations between authors.

The 597 papers we found were published in almost 300 journals. This suggests that this field is widely recognized by 
publishers. Notably, some highly prestigious and influential journals, such as Nature, Cell, and Cancer Cell, have accepted 
relevant articles in recent years, which indicates that this research direction is significant and holds great potential for 
future investigations. We also found that there was a positive correlation between the average number of times that 
papers published in the top 10 most productive journals were cited, and the impact factor of the journal. This reflects the 
vibrancy and attractiveness of this research field. However, except for the Proceedings of the National Academy of Science of 
the United States of America and Cancer Research, we found that most of these journals such as Cancers and International 
Journal of Molecular Sciences are less highly qualified; therefore, more in-depth explorations are required in the future.

Eight clusters were enriched through a keywords co-occurrence analysis. Cluster 1, with 19 keywords, appeared to 
elucidate the mechanisms of tumor angiogenesis from the viewpoint of mechanotransduction. Indeed, by providing 
oxygen and nutrition, tumor angiogenesis, which is initiated by vascular endothelial cell activation, is one of the most 
fundamental factors for tumor growth and metastasis[37,38]. Hypoxia and growth factors plus their receptors (including 
vascular endothelial-derived growth factor/vascular endothelial-derived growth factor receptor and fibroblast growth 
factor/fibroblast growth factor receptor) are known to induce endothelial cell proliferation via various signal transduction 
pathways such as via hypoxia-inducible factor-1, PI3K/Akt/mTOR, MAPK/ERK, integrin, and NF-κB signaling[39,40]. In 
addition, MMPs facilitate endothelial cell invasion by degrading the surrounding ECM components[41,42]. As well as 
these biochemical pathways, the shear force of the blood flow and stiffness of the tumor tissues are also considered to be 
essential parameters that influence angiogenesis by regulating endothelial (tip and stalk) cell migration and vessel stabil-
ization[43,44]. For example, it has been demonstrated that caveolin-1 and caveolae act as mechanosensors to respond to 
altered shear forces for endothelial cell stimulation[45,46]. The mechanical forces exerted on cells can be measured using 
traction force microscopy, and so this technique might help researchers discover more plasma membrane-localized 
mechanosensors during angiogenesis[47,48].

Clusters 2 and 3 emphasize the molecular mechanisms of mechanotransduction in cancer metastasis from the 
perspective of cytoskeletal and nucleoskeletal remodeling, and ion channels, respectively. During metastasis, cancer cells 
detach from the site of the primary tumor. They then migrate and invade the surrounding microenvironments, and after 
intravasation into vessels and escaping immune surveillance, they seed and colonize distant sites[49]. As essential initial 
steps during metastasis, the migration and invasion processes subject cancer cells to different mechanical forces. These are 
generated due to contact with the TME, and are characterized by increased solid stress, fluid pressure, and tissue stiffness 
when compared with their counterparts in normal tissue[17]. Although the rigid TME imposes compressive stress on 
migrating cancer cells, which can cause DNA damage, these mechanical forces can in turn activate the DNA repair 
system, which limits genotoxicity and maintains regular cellular activity[50]. Various ion channels, such as TRP, 
polycystin, and piezo1/2, are involved in this process as mechanosensors. For example, in the presence of membrane 
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Figure 6 Keyword co-occurrence and burst analysis. A: VOSviewer was applied in our keyword co-occurrence analysis. The colors indicate different 
clusters and the node size indicates the number of publications; B: A keyword overlay was visualized with VOSviewer. The circle size reflects the number of 
publications and the average published year is shown by different colored circles; C: CiteSpace was used to conduct the keyword burst analysis. The red rectangles 
represent the duration of a keyword.

tension, TRP or piezo1/2 undergo conformational changes, which leads to their activation and an influx of extracellular 
Ca2+[51-53]. Such alterations in the Ca2+ influx often result in cytoskeleton rearrangements, which directly affect downstream 
signaling by changing the affinity of cytoskeletal protein binding and regulatory proteins[54]. Then, with the assistance of 
the linker of the nucleoskeleton and cytoskeleton complex, the mechanical forces are transferred to the nucleoskeleton, 
which distorts the nuclear envelope, impacts the epigenetic state and regulates gene expression[55].

Clusters 4 and 5 highlight the contributing factors that determine the mechanical properties during cancer progression 
and so these might be useful for the development of relevant pharmaceutical interventions and therapeutical applic-
ations. CSCs are the main culprits for the heterogeneity of cancer as they are responsible for cancer initiation, invasive 
front formation, and drug resistance. It is suggested that the mechanical forces induced by the dense ECM might activate 
the autophagy and Hippo pathways to promote CSC proliferation and stemness[56,57]. Thus, an alternative explanation 
for the generation of heterogenous CSC populations (except for their intrinsic differences) might be that the heterogenous 
TME exerts differential mechanical forces on these cells[58]. CAFs are a key component of the TME in most solid tumor 
tissues, and the secretomes that originate from these cells contribute to the formation of the ECM[59]. During cancer 
development, CAFs and cancer cells secrete proteolytic enzymes, cytokines, growth factors, and/or other ECM 
components, which result in high ECM deposition and increased stiffness[60]. The upregulation of programmed cell 
death ligand 1 under these stiffer ECM conditions enables cancer cells to evade the immune system; a characteristic that is 
positively correlated with increased malignancy[61]. As expected, these unique cancer ECM characteristics have already 
been applied to cancer diagnosis[62]. The three-way biochemical and mechanical crosstalk between CAFs, cancer cells, 
and the ECM facilitate the remodeling of the latter. The resulting altered mechanical properties of the ECM are favorable 
for cancer survival, proliferation, drug resistance, and metastasis[63]. Therefore, mechanistic investigations of mechano-
transduction during oncogenesis are crucial for the development of relevant pharmaceutical interventions and 
therapeutical applications[64]. Due to the development of 3D cell culture systems and atomic force microscopy, the 
mechanical properties can now be mimicked and evaluated to reflect the TME and physical cell-matrix interactions 
in vivo. These methods could therefore be used to screen anti-cancer drugs and in mechanotransduction-related cancer 
research[65,66].

Cluster 6 shows how cancer cells can override contact inhibition from the viewpoint of mechanotransduction. In cell 
culture conditions, when the density of normal cells reaches a high enough level, the close physical contact between the 
cells leads to cell cycle arrest and the suppression of proliferation[67]. Several GPCRs can sense and transduce the higher 
pressure resulting from the increased cell contacts, to downstream signals. This leads to the cytoplasmic translocation of 
YAP and TAZ, which nullifies their transcriptional activation[68]. In addition to an inhibition of proliferation in cell dense 
regions, cell migration is also affected when two normal cells collide. Indeed, cell repolarisation is necessary to separate 
cells after a collision, and RACK1-dependent cytoskeletal reorganization at the migratory front is also crucial for this 
process[69,70]. However, these events do not occur during carcinogenesis, and so cancer outgrowth and metastasis is the 
result[71]. The hyperactivation of YAP and TAZ (caused by a loss of E-cadherin or spectrin), helps to explain the reduced 
contact inhibition that occurs in cancer from the proliferation perspective[72,73]. However, the reasons for the loss of 
contact inhibition from the cell migration viewpoint, remain elusive and require further investigation.

Cluster 7 describes the role of Wnt signaling in the mechanical force-driven EMT. The EMT is a process by which 
epithelial cells are transformed into mesenchymal cells, which then migrate and secrete more ECM components, and so it 
is crucial for cancer metastasis and drug resistance[74,75]. The activation of the WNT/β-catenin signaling pathway 
contributes to the transcription of EMT regulators such as Snail and Slug, both of which inhibit the expression of E-
cadherin, and therefore reduce intercellular adhesion and increase cell motility[76]. In addition, TGF-β and some long 
noncoding RNAs respond to the increase in ECM stiffness, and in this way, they regulate WNT/β-catenin activity and 
participate in the EMT[18,77].



Zhang YZ et al. Bibliometrics of mechanotransduction in cancer

WJCO https://www.wjgnet.com 529 November 24, 2023 Volume 14 Issue 11

Finally, cluster 8 demonstrates the impact of the mechanical microenvironment on cell adhesion. The three main 
characteristics of tumor mechanical microenvironments are an increase in matrix stiffness, solid stress, and interstitial 
fluid pressure, and these are proposed to activate FAK, which drives focal adhesion formation and primes the RhoA/
ROCK signaling cascade[78,79]. This signaling pathway is involved in regulating the organization of the actin 
cytoskeleton and, therefore, it enables cells to alter their shape and migrate from their primary sites[80].

After performing co-occurring and burst keyword analyses, we found that the keywords “plasma membrane”, 
“autophagy”, “piezo1/2”, “heterogeneity”, “cancer diagnosis”, and “post-transcriptional modification” are likely to be 
the next topics of interest in this field. Interestingly, both keyword analysis methods indicated that the plasma membrane, 
a mechanosensing structure that transduces the mechanical stimulus to downstream biochemical signal transduction 
pathways, is a popular topic for future research. Contrary to the increase in substrate stiffness that occurs in cancerous 
tissues, the plasma membrane of cancer cells is softer than in normal cells, which means that they can migrate more easily
[81]. Moreover, the softer plasma membrane along with the underlying cytoskeleton, are more likely to undergo 
alterations in configuration in response to external mechanical stimuli, and this affects the subsequent transmission of 
biochemical signals[82]. Since membrane tension is closely associated with cancer cell behavior, this characteristic has 
recently been used for the diagnosis and prognosis of a low-grade glioma via the establishment of a membrane tension-
related gene signature[83]. In addition, many cell membrane-localized proteins such as ion channels and other mechano-
sensitive proteins are reported to be highly expressed in cancers and act as mechanosensors, which respond to the rigid 
TME by changing their conformation[84,85]. Of note, the 2021 Nobel Prize was awarded for the discovery of piezo1/2 as 
mechanosensitive ion channel proteins, and this has initiated a burst of related studies, especially in the cancer research 
field[33]. Indeed, piezo proteins are closely associated with several cancers and so their potential as diagnostic and 
prognostic cancer biomarkers is indisputable. In addition, due to the contribution of mechanical force from the TME in 
the regulation of tumor heterogeneity, identifying the mechanical properties of areas surrounding a tumor and 
developing therapeutics to counter the mechanical forces with carcinogenic impact would be favorable for precise cancer 
diagnosis and treatment[86].

The main biochemical signals generated from the mechanical forces, are transduced in the form of phosphorylations. 
Therefore, identifying more post-transcriptional modification types under different mechanical stimuli might provide 
some novel perspectives for determining how extracellular cues influence intracellular activities[87,88]. For example, it is 
now accepted that autophagy is activated by mechanical stress and plays a role in tumorigenesis[89-91]. Therefore, 
further investigations to explore how the plasma membrane and its localized mechanosensors transduce mechanical 
forces through post-transcriptional modifications (and thereby participate in the regulation of cellular activity), will not 
only help to reveal the reasons behind tumor heterogeneity but will also benefit the diagnosis, treatment, and prognosis 
of cancer. For example, the increase in stiffness is a well-recognized feature of cancer mechanics that has been used 
previously for cancer diagnosis and prognosis[12]. The continued development and validation of mechanobiological 
biomarkers that reflect the mechanical properties of tissue microenvironments are likely to facilitate the clinical 
application of mechano-oncology. Moreover, the mechanosensitivity of cancer cells is suggested to promote malignant 
cell behaviors[92,93], and mechanical abnormalities are the main culprit that drives cancer chemoresistance via the 
activation of cellular drug efflux or DNA repair systems[94]. Therefore, deciphering the detailed signaling pathways such 
as autophagy and post-transcriptional modifications involved in mechanotransduction might allow the development of 
new drugs that can be used in combination with current cancer therapies. This would increase the likelihood of 
therapeutic success and minimize the chance of developing drug resistance, which is advantageous for the prognosis of 
cancer patients.

Limitations
Here, we used a bibliometric approach to analyze the trends and important issues regarding mechanotransduction 
studies in cancer research. While this analysis provides a relatively complete and understandable picture of the state of 
research today, there are several inevitable limitations. First, while the WoSCC used in this study, is regarded as being a 
reliable database for bibliometric analysis, the use of additional database sources would provide a more comprehensive 
view of the situation. Second, some papers that are already included in the associated databases might be delayed being 
included in the WoSCC, leading to statistical bias and a loss of precision. Finally, analyzing and summarizing research 
trends based on keywords alone, might be subjective and therefore lack a depth of exploration when compared with 
traditional literature reviews.

CONCLUSION
Our results show that mechanotransduction-related cancer research is an increasingly popular topic in the world today. 
The United States is in the leading position of global research on mechano-oncology after almost 30 years of investig-
ations, and the University of California system (with the largest number of collaborators), is the most influential 
organization based on its publication and citation times. Research group cooperations exist but remain largely domestic, 
lacking cross-national communications. Our findings suggest that investigations exploring how the plasma membrane 
and its localized mechanosensors might transduce mechanical force through post-transcriptional modifications and 
thereby participate in the cellular activity regulations and cancer development, will be the next big topic in this field.
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ARTICLE HIGHLIGHTS
Research background
Mechanical stimuli, generated by the contact between cells (both tumor and non-tumur) or with the non-cellular microen-
vironment, have been demonstrated to play a significant role in the development of cancer. Unlike biochemical 
transduction, which depends on small molecules, growth factors, and cytokines, mechanotransduction is a process 
whereby cells sense mechanical cues in their external environment and translate them into biochemical signals to impact 
their intracellular activities. Indeed, in recent investigations, the importance of mechanical stimulation in cancer 
development is described as being on par with biochemical factors. Drs David Julius and Ardem Patapoutian were 
awarded the 2021 Nobel Prize in Physiology or Medicine for their work on mechanosensitive ion channels, which has 
already acted as a new catalyst for the increasing numbers of researchers to conduct mechanotransduction-related cancer 
research. Bibliometrics is a useful quantitative method to comprehensively analyze publications in multiple aspects, 
including the authors, organizations, countries, journals, and keywords, to uncover collaboration conditions and 
emerging trends in specific research areas. Although increasing numbers of research papers are now starting to focus on 
the role of mechanotransduction in cancer, to date no bibliometric analysis has been conducted to quantify the situation.

Research motivation
The deep understanding of mechanotransduction in cancer will not only help determine the reasons behind the tumor 
heterogeneity, but also facilitate the development of more versatile approaches to cancer diagnosis and therapy.

Research objectives
To provides an objective evaluation of the dynamics and emerging trends of mechanotransduction-related cancer 
research.

Research methods
We present the first bibliometric analysis of research conducted on mechanotransduction in cancer and reveal the current 
trends and hot topics in this field.

Research results
This study showed that mechanotransduction-related cancer research remains a hot topic, with approximately 100 papers 
and 5000 citations generated per year in the past three years. Additionally, the United States is a well-established global 
leader of this field, and the University of California system is the most influential organization in this field. The keywords 
“plasma membrane”, “autophagy”, “piezo1/2”, “heterogeneity”, “cancer diagnosis”, and “post-transcriptional 
modification” are likely to be the next topics of interest in this field.

Research conclusions
Our results found that mechanotransduction-related cancer research is an increasingly popular topic in the world today. 
The United States is in the leading position of global research on mechano-oncology after almost 30 years of investig-
ations, and the University of California system (with the largest number of collaborators), is the most influential 
organization based on its publication and citation times. Research group cooperations exist but remain largely domestic, 
lacking cross-national communications.

Research perspectives
We predict that the next ‘hot’ topic in cancer research will be investigating how localized mechanosensors in the plasma 
membrane transduce mechanical forces via post-transcriptional modifications to participate in the regulation of cellular 
activity.
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Abstract
BACKGROUND 
Immunotherapy, specifically the use of checkpoint inhibitors such as pembrol-
izumab, has become an important tool in personalized cancer therapy. These 
inhibitors target proteins on T-cells that regulate the immune response against 
tumor cells. Pembrolizumab, which targets the programmed cell death 1 receptor 
on T-cells, has been approved for the treatment of metastatic melanoma and non-
small cell lung cancer. However, it can also lead to immune-related side effects, 
including pneumonitis, colitis, thyroid abnormalities, and rare cases of type 1 
diabetes.

CASE SUMMARY 
The case presented involves an adult patient in 30s with breast cancer who 
developed hyperglycemia after receiving pembrolizumab treatment. The patient 
was diagnosed with diabetic ketoacidosis and further investigations were 
performed to evaluate for new-onset type 1 diabetes. The patient had a history of 
hypothyroidism and a family history of breast cancer. Treatment for diabetic 
ketoacidosis was initiated, and the patient was discharged for close follow-up 
with an endocrinologist.

CONCLUSION 
This literature review highlights the occurrence of diabetic ketoacidosis and new-
onset type 1 diabetes in patients receiving pembrolizumab treatment for different 
types of cancer. Overall, the article emphasizes the therapeutic benefits of 
immunotherapy in cancer treatment, particularly pembrolizumab, while also 
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highlighting the potential side effect of immune-related diabetes that can occur in a small percentage of patients. 
Here we present a case where pembrolizumab lead to development of diabetes after a few cycles highlighting one 
of the rare yet a serious toxicity of the drug.

Key Words: Pembrolizumab; Breast cancer; Autoimmune diabetes; Keytruda; Immunotherapy; Case report

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

Core Tip: Our review highlights an important and rare adverse effect of Pembrolizumab. We have also reviewed the number 
of cycles patients were treated with Keytruda before the onset of diabetes. Clinicians should be watchful for the signs and 
symptoms. Early discontinuation of immunotherapy is needed to prevent significant morbidity and mortality.
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INTRODUCTION
Immunotherapy has become an essential tool in the treatment of cancers and represents therapeutic advancement in the 
individualized cancer therapy[1]. The role of immunotherapy is based on the ability to recognize abnormal tissue and 
enhance body’s immune system against tumor cells. Immune system has both stimulators and inhibitors for the immune 
response generation in order to maintain balance and avoid auto-immune response to self antigens by means of positive 
selection of T cells. But sometimes this positive selection leads to lack of required immune response against tumor cells, 
which leads to tumor growth[2]. There are multiple check-points in cell production have been identified like T cell 
immunoglobulin and mucin-domain containing-3, T cell immunoglobulin and ITIM domain, lymphocyte activation gene-
3, indoleamine 2, 3-dioxygenase 1, and V-domain immunoglobulin suppressor of T cell activation, but to date only United 
States Food and Drug Administration (FDA) approved check-point inhibitors are those which targets cytotoxic T 
lymphocyte antigen 4 (CTLA-4), programmed cell death protein 1 (PD-1), or programmed cell death protein-ligand 1 
(PD-L1)[3]. The mechanism behind is the inhibition of check point inhibitors namely CTLA-4, PD-1, or PD-L1 which 
results in the increased anti-tumor immune response. These check point inhibitors are expressed on T-cells and their 
activation leads to the decreased T-cell proliferation from inhibition of T-cell receptor mediated signaling, reduced 
cytokines secretion limiting inflammatory response and autoimmunity[4]. The immune check point inhibitors are the 
monoclonal antibodies directed against the above mentioned ligands which results in the immune activation against the 
tumor cells[5]. Pembrolizumab is a monoclonal antibody designed against check point inhibitor PD-1 receptor on surface 
of T-cells resulting in the proliferation of T-cells and enhanced intrinsic immune mediated anticancer activity[6]. PD-1 
receptor is a cell surface protein expressed on activated T cells which on binding with the ligands PD-L1 and PD-L2 leads 
to the inhibition of kinase signaling pathways causing suppression of T-cell[7]. Pembrolizumab was originally approved 
by FDA for metastatic melanoma in 2014 and for non-small cell lung cancer in 2014[1]. Since then it has been widely used 
in the treatment of different cancers especially those with resistance to first line therapies. Excessive immune activation 
has been a frequent and serious side effect of the immune therapies. Most common adverse effects reported from the 
clinical trials are pneumonitis, colitis, thyroid abnormalities, liver and kidney issues[8]. Type 1 diabetes was only reported 
in 0.1% of the patients in the clinical trials making this rare but significant side effect of the treatment[1]. Here we present 
a case of a young female who presented with hyperglycemia after getting treatment with the pembrolizumab for the 
breast cancer.

CASE PRESENTATION
Chief complaints
Nausea, Vomiting and Hyperglycemia at outpatient chemotherapy infusion center.

History of present illness
The patient presented to the emergency department for the evaluation of hyperglycemia, which was found at the infusion 
center during 4th cycle. The patient complained of nausea, vomiting which was non-bilious and non-bloody associated 
with dizziness. The patient denied any fever, shortness of breath, chest pain, abdominal pain or loss of consciousness, 
recent weight loss, travel history, constipation or diarrhea.

https://www.wjgnet.com/2218-4333/full/v14/i11/535.htm
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History of past illness
Hypothyroidism and triple negative left invasive mammary breast carcinoma with Ki 67%-90% diagnosed an year ago 
which was at anatomical stage 2A/Clinical prognostic stage 2B status post chemotherapy with carboplatin and Paclitaxel 
along with 3 cycles of Pembrolizumab.

Personal and family history
The patient social history was significant for 2-3 cigarettes a day before getting diagnosed with breast cancer and 
occasional alcohol consumption and marijuana consumption. The family history was significant for breast cancer in 
mother and sister.

Physical examination
Physical examination was unremarkable.

Laboratory examinations
The initial blood work up revealed Hemoglobin level of 12.8 g/dL, white cell count of 4.7 K/CMM, Hematocrits of 37.2% 
and platelet count of 332 K/CMM. Complete metabolic panel was significant for sodium level of 133 mEq/L, Bicarbonate 
level of < 10 mEq/L with anion gap of > 19 mEq/L, blood glucose level of 343 mg/dL. Liver and Kidney functions were 
benign. Beta hydroxy butyrate level was found to be elevated > 46.8 mg/dL. Urinalysis was positive for glucose and 
ketones. Amylase and lipase level were within normal limits. Arterial blood gas analysis showed pH of 7.13 with pCO2 of 
23 mmHg, pO2 of 65 mmHg, and bicarbonate level of 8 mmol/L. HbA1c level was found to be 6.8. During hospital-
ization, work up for the new onset type 1 diabetes mellitus (T1DM) was done. IA-2 antibody, Insulin antibody, glutamic 
acid decarboxylase antibody was negative. C-peptide level was found to be low at 0.24. Cortisol and Thyroid stimulating 
hormone level was within normal limits. So, involvements of other endocrine abnormalities were ruled out.

Imaging examinations
No imaging studies were done.

MULTIDISCIPLINARY EXPERT CONSULTATION
Endocrinologist was consulted because of labile glucose level and to optimize insulin regimen on discharge.

FINAL DIAGNOSIS
Diabetic ketoacidosis.

TREATMENT
Intensive care unit was consulted and the patient was managed as per protocol for diabetic ketoacidosis.

OUTCOME AND FOLLOW-UP
Patient was discharged for the close follow up with endocrinologist. Pembrolizumab was stopped and the chemotherapy 
was continued.

Our literature review mentions the prior studies highlighting the effects of pembrolizumab leading to autoimmune 
diabetes. The mean number of cycles was 4 and the mean number of weeks leading to presentation after the start of 
treatment was 15.4. The mean HbA1c of the patients was 7.97. Below mentioned are the baseline characteristics of the 
patients along with the disease presentation (Tables 1 and 2)[9-56].

DISCUSSION
This study presents a comprehensive literature review of similar cases that were reported on various databases. These 
patients were started on various chemotherapy regimens for different cancer, but after no or little improvement from 
those modalities, were eventually started on immunotherapy particularly pembrolizumab. These patients presented to 
the emergency department with various chief complaints including from asymptomatic hyperglycemia to diabetic 
ketoacidosis (DKA) and were eventually diagnosed with insulin dependent diabetes mellitus. The time of presentation 
for all these patients varied a lot in terms of range from after just one cycle to as long as 19 cycles with average 
beingcycles. This average number of cycles is skewed most probably, because the most number of patients developed this 
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Table 1 Baseline characteristics

Ref. No. of patients Age/Sex Type of cancer Time from first administration (wk) No. of cycle

de Filette et al[9], 2019 61/M NSCLC 8 2

de Filette et al[9], 2019 91 65 Melanoma/NSCLC 4.5

Clotman et al[10], 2018 73/F Melanoma 8 2

Clotman et al[10], 2018 14 63 6 3

Farina et al[11], 2019 10 62 Melanoma/Lung cancer 5

Kyriacou et al[12], 2020 68/F Lung cancer 7 2

Banatwalla et al[13], 2021 83/F Melanoma 23 7

Hernandez et al[14], 2021 67/M SCC tongue 3 1

Bansal et al[15], 2022 85/F Lung adeno 9 3

Kedzior et al[16], 2021 51/F Lung adeno 8 2

Cunha et al[17], 2022 59/F Lung adeno 3 1

Kähler et al[18], 2020 5 74-85, 3F and 2M Melanoma 4

Tohi et al[19], 2019 75/M Urothelial CA 10 3

Edahiro et al[20], 2019 61/F Lung adeno 25 8

Magis et al[21], 2018 41/F Melanoma 57 19

Samoa et al[22], 2020 12/M Hodgkin's lymphoma 15 5

Li et al[23], 2018 67/M NSCLC 10 3

Boyle et al[24], 2019 56/M Melanoma 22 months

Boyle et al[24], 2019 74/F Merkel cell cancer 23 7

Sankar et al[25], 2021 85/F Bladder CA 9 months

Hakami et al[26], 2019 52/M Melanoma 21 7

Chaudry et al[27], 2020 75/M NSCLC 12 4

Kotwal et al[28], 2019 11 61 4

Zand et al[29], 2022 81/F Melanoma 26 8

Maamari et al[30], 2019 47/F Cardiac angiosarcoma 6 1

Alrifai et al[31], 2019 69/M NSCLC 15 4

Hong et al[32], 2020 76/M Lung 11 3

Hong et al[32], 2020 78/F Melanoma 4 1

Hong et al[32], 2020 65/F Biliary CA 21 7

Skorpen et al[33], 2019 60s/M Lung adeno 8 2

Martin-Liberal et al[34], 2015 54/F Melanoma 9 3

Gaudy et al[35], 2015 44/F Melanoma 8 2

Aleksova et al[36], 2016 61/M Melanoma 6 1

M A et al[37], 2016 55/M Melanoma 27 9

Hansen et al[38], 2016 58/M Melanoma 17

Alhusseini et al[39], 2017 65/M Lung adenocarcinoma 3 1

F A et al[40], 2017 48/F Melanoma 2 1

Tay et al[41], 2017 74/F Melanoma 3 1

Chae et al[42], 2017 76/M Lung adenocarcinoma 1 1

Smith-Cohn et al[43], 2017 61/F Cholangiocarcinoma 18 6

C M et al[44], 2017 58/M Melanoma 4
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Abayev et al[45], 2018 71/M Melanoma 26

Ioana et al[46], 2018 52/M Melanoma 13

Kalkan et al[47], 2018 73/F NSCLC 9 3

Reslan et al[48], 2018 79/M Melanoma 24 5

Fernandez et al[49], 2019 15/M Soft tissue sarcoma 2 1

Sfeir et al[50], 2019 90/M Melanoma

Talib et al[51], 2019 67/F Esophageal squamous cell CA 8 2

Gunjur et al[52], 2019 77/F Melanoma 3 Days 1

Singh et al[53], 2019 70/M Melanoma 10 3

Akopyan et al[54], 2020 66/F Urothelial CA 6 months

Zagouras et al[55], 2020 52/M Lung adenocarcinoma 9 3

Kethireddy et al[56], 2021 85/M 9 3

NSCLC: Non-small cell lung cancer; SCC: Squamous cell carcinoma.

diabetic complication earlier rather than later in the course of starting immunotherapy. This observation is also supported 
by a relatively lower value of glycated hemoglobin value as compared to classic type 1 diabetic patients who develop 
diabetic ketoacidosis[57]. At the same time, a diagnosis of T1DM was established by presence of one or the other classic 
antibodies in most of the patients. Among patients who were tested for these antibodies, many of them were positive for 
anti-glutamic acid decarboxylase antibodiesand some of them were positive for others like islet cell antibodies or insulin 
antigen 2 antibodies. This conclusion is based on the data from the patients who were tested for these antibodies. To some 
extent this data suggest that presence of these antibodies is lower in these patients as compared to patients with classic 
T1DM, where a presence of at least one antibody in 97.8%[58]. On reviewing the literature it was found that incidence of 
newly diagnosed diabetic ketoacidosis is more in patients receiving pembrolizumab dose of 400 mg every 6 wk as 
compared to conventional 200 mg every 3 wk[18]. These patients are more prone to develop other endocrinopathies as 
well particularly thyroid related issues along with diabetes[59]. The pathophysiology of these immune checkpoint 
inhibitors induced diabetes mellitus is still not clear. Human leukocyte antigen is the key structure involved in the 
presentation of different peptides, one of which might be containing “diabetogenic peptide” in genetically susceptible 
individuals[60]. Recognition of this complex by T cell receptor stimulates cytotoxic T-cells that lead to destruction of B-
cells in pancreas. Alternatively, these auto-antigenic peptides gets presented to the regulatory T cells, stimulation of 
which leads to secretion of different kind of cytokines like Interleukin 1, Interleukin 2, Interferon gamma, Tumor necrosis 
factor alpha and beta. These cytokines in turn stimulate cytotoxic T cells and eventual destruction of B cells ensues. To 
avoid this phenomenon, interaction between PD-1 and its PD-L1 is really important to maintain self tolerance against 
pancreatic islets[9]. Different Immune checkpoint inhibitors affect different pathways. Pembrolizumab in particular 
inhibits the PD-1/PD-L1 pathway, which leads to destruction of pancreatic islet cells and development of T1DM.

The predisposing factors in an individual for development of immune checkpoint inhibitors induced diabetes is not 
well defined as opposed to individuals with classic T1DM. Individuals with certain genotypes like DR3-DQ2 and DR4-
DQ8 have shown to have higher risk of developing classic T1DM as compared to the general population[61]. In our 
study, we have not included genotypes of patients as there was not much data available regarding that in most cases, but 
studies particularly focusing on these aspects have shown that individuals with high risk genotypes have developed 
diabetes more while being on immune checkpoint inhibitors as compared individuals with other genotypes[9]. So, these 
individuals were at a high risk, but rapid onset of diabetes with presentation of ketoacidosis and relatively a low glycated 
hemoglobin value as compared to classic T1DM makes it different. In our study, some of the patients also had history of 
autoimmune disease, which makes them more susceptible to develop other autoimmune disease. Patients with already 
diagnosed and well controlled type 2 diabetes are also shown to be at high risk of worsening diabetes and presenting 
with diabetic ketoacidosis along with blood work showing presence of autoantibodies.

Although this is one of the rare side effects of the immunotherapies but with development of new immunotherapy 
agents, these cases should be kept in mind particularly while giving therapies to patients with high risk factors. Initial 
check for glycated haemoglobin before starting therapy for both diagnosed and undiagnosed diabetic patients can be 
useful for the risk stratification. A regular and timely checkup for glucose along with education for signs and symptoms 
of hyperglycemia should be introduced in patients receiving these agents. This could lead to detection of early 
development or worsening diabetes. Another significant finding in most of the patients was continuation of immuno-
therapy after initial management of diabetic ketoacidosis was possible with introduction of as needed long and short 
acting insulin regimen. This is not the best option, but stopping immunotherapy in advanced malignancies, where very 
few treatment options are available is not desirable. The prognosis particularly because of the development of these 
endocrinopathies did not seem to change in most of the patients.
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Table 2 Diabetes characteristics

Ref. Presentation HbA1C C-peptide Auto Ab Outcome

de Filette et al[9] DKA 0.02 nmol/L GADA Not known

de Filette et al[9] 71% DKA 7.6 Low in 84% 51% GADA 18% IA213% 
ICA26% Anti-Insulin

Not known

Clotman et al[10] DKA 7.1 Low GADA, ICA Stayed on insulin

Clotman et al[10] 70% DKA 7.5 Low in 93% 56% GADA

Farina et al[11] 69% DKA 7.76 0.1 50% GADA+ 97% remained on 
Insulin therapy

Kyriacou et al[12] DKA 7 Low GADA+ Stayed on insulin

Banatwalla et al[13] DKA 8.2 0.09 All neg Stayed on insulin

Hernandez et al[14] DKA 6.9 Stayed on insulin

Bansal et al[15] HHS 8.3 Normal GADA + Stayed on insulin

Kedzior et al[16] DKA 8.3 Undetected GADA+

Cunha et al[17] DKA 5.6 Undetected GADA+ Stayed on insulin

Kähler et al[18] DKA 9.7, 6.5, 7.5, No data 
for other 2

Low in 1 GADA+ in 2

Tohi et al[19] DKA 6.7 Undetected GADA negative Stayed on insulin

Edahiro et al[20] DKA 8.4 Low GADA negative Stayed on insuline

Magis et al[21] DKA 6.8 < 0.003 GADA negative,IA-2 Positive Stayed on insulin

Samoa et al[22] DKA 8.9, Intial was 6.0 Low GADA negative,IA-2 
PositiveIA Positive

Stayed on insulin

Li et al[23] DKA 8 Low All ab negative Stayed on insuline

Boyle et al[24] DKA 7.4 Low All ab negative Stayed on insulin

Boyle et al[24] DKA Low All ab negative

Sankar et al[25] DKA 6.8 All ab negative Stayed on insulin

Hakami et al[26] DKA 8.3 < 0.001 All ab negative Stayed on insulin

Chaudry et al[27] DKA GADA + Stayed on insulin

Kotwal et al[28] 8 DKA,1 HHS,1 Ketosis,1 
Hyperglycemia

9.7 5/6 Low 4/7 GADA+, 1/7 IAA+, 1/7 
IA2A+

Stayed on insulin

Zand et al[29] DKA 8.9 All ab negative Stayed on insulin

Maamari et al[30] DKA 6.4 Low GADA+ Stayed on insulin

Alrifai et al[31] DKA 9.2 Low GADA+ Stayed on insulin

Hong et al[32] DKA 10.4 Low All ab negative Stayed on insulin

Hong et al[32] DKA 11.4 Low All ab negative Stayed on insulin

Hong et al[32] DKA 5.8 Low All ab negative Stayed on insulin

Skorpen et al[33] DKA 8.4 Undetected All ab negative Stayed on insulin

Martin-Liberal et al
[34]

DKA GADA+ Stayed on insulin

Gaudy et al[35] DKA 6.85 Undetected All ab negative Stayed on insulin

Aleksova et al[36] DKA Low All ab negative Stayed on insulin

M A et al[37] DKA 10.7 All ab negative Stayed on insulin

Hansen et al[38] Simple T1DM 7.1 Low GADA+ Dced insulin

Alhusseini et al[39] DKA 8.5 Undectable GADA+, ICA+ Stayed on insulin

F A et al[40] DKA 8 Undectable GADA+, IA+ Stayed on insulin
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Tay et al[41] DKA 9.3 Undectable All ab Negative Stayed on insulin

Chae et al[42] DKA 5.8 Low GADA+, ICA+ Stayed on insulin

Smith-Cohn et al
[43]

DKA 8.7 GADA+ Stayed on insulin

C M et al[44] DKA 7.4 Undetectable All ab Negative

Abayev et al[45] DKA 11.8 Normal All ab Negative Stayed on insulin

Ioana et al[46] DKA 8.3 Undetectable All ab Negative

Kalkan et al[47] DKA Low All ab Negative

Reslan et al[48] DKA 7.5 Stayed on insulin

Fernandez et al[49] DKA 5.5 Low GADA+

Sfeir et al[50] DKA 10.2 Low All ab negative Stayed on insulin

Talib et al[51] DKA 7.9 Low GADA+

Gunjur et al[52] DKA 6.9 Low GADA+, ICA+ Stayed on insulin

Singh et al[53] DKA GADA+ Stayed on insulin

Akopyan et al[54] DKA All ab negative Stayed on insulin

Zagouras et al[55] Hyperglycemia 5.7 Low GADA+ Stayed on insulin

Kethireddy et al[56] T1DM 9 GADA+ Stayed on insulin

NSCLC: Non-small cell lung cancer; SCC: Squamous cell carcinoma; DKA: Diabetic ketoacidosis; GADA: Glutamic acid decarboxylase antibody; IA-2: Islet 
antibody; ICA: Islet cell antibodies; IAA: Insulin autoantibodies; ab: Antibodies.

CONCLUSION
In the end, there is a need for a lot of research in this particular aspect regarding recognition of high risk individuals for 
developing these rare side effects, which might eventually help patients to avoid these side effects. Identifying different 
biomarkers apart from classic autoantibodies can also help in early detection of diabetes. More studies are needed to find 
out exact pathophysiology behind this side effect which is also the need of the hour.
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Abstract
BACKGROUND 
Calcitriol-induced hypercalcemia has been rarely reported in cases of lung cancer; 
however, it is frequently reported in cases of lymphoid malignancy and granulo-
matous disease. We present a rare case of hypercalcemia associated with squamo-
us cell cancer of the lung with elevated calcitriol level.

CASE SUMMARY 
A 61-year-old Caucasian female with severe hypercalcemia of 15 mg/dL, which 
led to a new diagnosis of metastatic lung cancer. Since the parathyroid hormone-
related peptide (PTHrP) level was minimally elevated at 2.1 pmol/L, we believe 
excessive calcitriol production by tumor cells was the underlying mechanism for 
hypercalcemia. Calcitriol was significantly elevated at 130 pg/mL with a low 25-
hydroxyvitamin D level of 25.9 ng/mL and suppressed PTH level of 8 pg/mL. 
Corticosteroids are generally used to treat calcitriol-induced hypercalcemia, but 
we successfully treated our patient with bisphosphonate, highlighting the further 
utility of bisphosphonates in hypercalcemia treatment.

CONCLUSION 
We believe that the underlying cause of hypercalcemia, in this case of metastatic 
squamous cell lung carcinoma, was elevated calcitriol, which was likely produced 
by the tumor cells. In addition to PTHrP, calcitriol levels should be included in the 
workup for hypercalcemia in cases of lung cancer. However, the pathophysiology 
and prognostic significance of dysregulated calcitriol production in solid tumors 
remain unclear and warrant further research. Bisphosphonate may be used as a 
steroid-sparing therapy even in cases of calcitriol-induced hypercalcemia and 
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warrants further investigation.

Key Words: Hypercalcemia associated malignancy; Lung cancer; Denosumab; Calcitriol; Vitamin D; Case report
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Core Tip: Our case report illuminates a rare mechanism of hypercalcemia in lung malignancies, characterized by elevated 
calcitriol. Despite its rarity, it sheds light on the pathophysiology of hypercalcemia in solid malignancies, notably lung 
cancers. To the best of our knowledge, this is the first documented case in medical literature to present this mechanism. 
Moreover, the successful management of this condition with bisphosphonates highlights the potential efficacy of this 
treatment approach for future cases involving similar symptoms. By emphasizing this novel observation, our report 
contributes to the expanding body of knowledge regarding hypercalcemia in lung cancers and paves the way for the 
development of novel therapeutic strategies for the treatment of such cases.

Citation: Prakash A, Khalid F, Alalwan A, Bader H, Du D, Meghal T. Calcitriol induced hypercalcemia - a rare phenomenon in lung 
cancer: A case report. World J Clin Oncol 2023; 14(11): 544-548
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/544.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i11.544

INTRODUCTION
Hypercalcemia associated with malignancy (HAM) is a common clinical finding and may even present as an oncologic 
emergency. It has been found in up to 30% of cases of malignancy[1]. The estimated yearly prevalence of hypercalcemia 
for all cancers is 1.46% to 2.74%[2]. Calcitriol overproduction is a rare etiology of HAM and accounts for merely 1% of 
cases of HAM[3]. It has been frequently reported in cases of Hodgkin and non-Hodgkin lymphoma and also in some 
cases of ovarian dysgerminoma, pancreatic neuroendocrine tumors, seminomas, and renal cell carcinoma[4-6]. In our 
extensive literature search, we came across just one case report of squamous cell lung cancer by Akai et al[7], where 
calcitriol overproduction was exclusively responsible for hypercalcemia and treated with tumor resection. We present a 
rare case of squamous cell lung carcinoma with hypercalcemia and elevated calcitriol levels, which was treated succ-
essfully with bisphosphonate. To the best of our knowledge, bisphosphonates have never been reported for the treatment 
of calcitriol-induced hypercalcemia in the case of squamous cell lung carcinoma.

CASE PRESENTATION
Chief complaints
Hypercalcemia on routine blood work investigation.

History of present illness
The patient didn’t complain of any significant symptoms at the time of presentation. However, during detailed history 
taking, she reported vague complaints of nausea, fatigue, and generalized weakness but denied any other symptoms like 
constipation, palpitation, confusion, etc.

History of past illness
She has a past medical history of diabetes, hyperlipidemia, and depression.

Personal and family history
The patient has a remote history of tobacco smoking more than 15 years ago. She denies any supplementation with 
vitamin A, vitamin D, or calcium, frequent use of antacids, or excessive consumption of dairy products. Her current 
medications include atorvastatin and sertraline. Patient denies any significant family history.

Physical examination
Her vital signs and physical exam were within normal limits.

Laboratory examinations
Three months prior to the presentation, her calcium level was noted to be within the normal range of 10.1 (range: 8.6-10.3 
mg/dL). In a routine lab work performed one week before the presentation, her corrected serum calcium was noted to be 
elevated first time at 13 mg/dL. She was asymptomatic at that point so decision was made to monitor with serial labs. 
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Our patient presented for repeat lab draw a week later and now her corrected serum calcium was 14.3 mg/dL, so she was 
instructed to visit the emergency department for further evaluation. She was admitted 12 h later on the same day and her 
corrected serum calcium further worsened to 15 mg/dL with an ionized calcium value of 7.5 mg/dL (range: 4.5-5.6). Her 
albumin was 3.4 mg/dL, creatinine 0.5 mg/dL, estimated glomerular filtration rate > 60 mL/min/1.73 m2, magnesium 1.9 
mg/dL (range: 1.8-2.4), phosphorus 2.4 mg/dL (range: 2.5-4.9). 25-hydroxyvitamin D was noted to be low: 25.9 ng/mL 
(30-100 ng/mL), with elevated calcitriol level: 130 pg/mL (24.8-81.5 pg/mL) and suppressed intact parathyroid hormone 
(PTH) level: 8 pg/mL (15-65 pg/mL) and minimally elevated PTH-related peptide (PTHrP) 2.1 pmol/L (normal < 2.0 
pmol/L). Complete blood count and urinalysis were within normal limits.

Imaging examinations
Chest X-ray reveals a left hilar opacity, which was concerning for lung neoplasm. Upon further investigation with 
contrasted pan-computed tomography, the patient was noted to have a left lower lobe mass with an epicenter in the left 
lower lobe bronchus with invasion into the mediastinum and multiple hepatic metastases. No metastasis to bones, brain 
or spleen was noted. A core biopsy was performed on one of the liver metastases. Histopathology findings were consis-
tent with metastatic squamous cell carcinoma, moderately differentiated. Immunohistochemistry of biopsied tissue 
sample was positive for markers p63, cytokeratin 5/6 heterogeneously positive; negative for thyroid transcription factor, 
cytokeratins 7, caudal-related homeobox transcription factor 2 and GATA binding protein 3. Thus, immunohisto-
chemistry findings were also consistent with squamous cell carcinoma of lung. The tissue sample shows high progra-
mmed cell death ligand 1 expression (Figure 1).

FINAL DIAGNOSIS
Calcitriol induced hypercalcemia.

TREATMENT
Our patient was paucisymptomatic but had rapid rise in serum calcium level so we decided to treat her hypercalcemia. 
The patient was managed with intravenous normal saline, subcutaneous calcitonin administered twice, and a single 
infusion of zoledronic acid 4 mg during the course of the hospital stay. Her calcium level improved rapidly to 9.8 mg/dL 
within 48 h and she was discharged from the hospital. Her calcium level 2-wk later was noted to be elevated again at 13 
mg/dL and was given another dose of zolendronic acid. Four weeks after discharge, her calcium level was noted to be 
within the normal range at 9.9 mg/dL.

OUTCOME AND FOLLOW-UP
The patient is scheduled to receive infusion of zolendronic acid once every month to manage hypercalcemia. She is 
planned to undergo chemotherapy with carboplatin, paclitaxel and pembrolizumab.

DISCUSSION
Hypercalcemia results from dysregulation between normal bone formation and the degradation cycle. The patho-
physiology of HAM can be broadly classified into: (1) Local osteolytic hypercalcemia; (2) Humoral hypercalcemia 
mediated through PTHrP; and (3) Excess production of 1,25-dihydroxy vitamin D (calcitriol).

In the current case, calcitriol level was noted to be significantly elevated with suppressed PTH level and minimal 
elevation of PTHrP. The question is about what’s causing the calcitriol elevation in this case. Squamous cell cancer of the 
lung is usually associated with hypercalcemia driven by PTHrP elevation. In granulomatous disease such as sacrcoidosis, 
there is extrarenal production of calcitriol via autonomous 1-α-hydroxylase activity in tissue macrophages. PTHrP can 
also upregulate 1-alpha hydroxylase activity and calcitriol production in mice models, but it does not increase calcitriol 
production in humans[8,9]. In this patient, we tend to believe that hypercalcemia was due to a PTHrP-independent 
mechanism since PTHrP was minimally elevated. Additionally, extrarenal synthesis of calcitriol is dependent on its 
substrate 25-hydroxyvitamin D, which was low in this case, thus excluding extrarenal calcitriol production as an 
underlying mechanism. It’s very possible that it was being ectopically produced by tumor cells in an autonomous fashion
[10]. Although staining of the biopsy sample for 1,25-dihydroxy vitamin D and 1-alpha-hydroxylase was not done to 
confirm calcitriol’s ectopic production, the treatment response further solidifies our hypothesis. Increased calcitriol level 
in cases of granulomatous disease is believed to be due to the upregulation of 1-alpha hydroxylase activity, and its 
autocrine regulation is sensitive to corticosteroid therapy. Hence, corticosteroid is indicated in the treatment of 
hypercalcemia in such cases[11,12]. However, in our case, hypercalcemia responded remarkably to treatment with bispho
-sphonate and didn’t require any steroid treatment, making us doubtful of any increased 1-alpha-hydroxylase activity.
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Figure 1 Computed tomography images. A: Computed tomography (CT) showing left lower lobe mass involving left bronchus; B: CT abdomen with contrast 
showing liver metastases; C: CT chest showing left lower lobe mass invasion into mediastinum.

The standard treatment approach for HAM is aimed at: (1) Promoting renal calcium excretion through intravenous 
normal saline administration and even loop diuretics, sometimes; and (2) Reducing bone absorption through the use of 
bisphosphonates and denosumab in refractory cases. Calcitonin can also be used as an adjunctive therapy with bisphos-
phonates, but tachyphylaxis develops within 48 h. Corticosteroids are the first-line agents for the treatment of calcitriol-
mediated hypercalcemia by inhibiting the transcription of 25-hydroxyvitamin D-1-hydroxylase; however, it was not 
required in our case. That being said, bisphosphonates may have more of a role in the treatment of HAM. Bisphosphonate 
may inhibit the adhesion of osteoclast precursors to stromal osteoblasts through the increased expression of intercellular 
adhesion molecule-1, which is promoted by calcitriol[13,14]. In a case series reported by Rizzoli et al[15], bisphosphonate 
was more effective than steroids in the treatment of hypercalcemia, probably due to its bone anti-resorptive effect. 
Bisphosphonates may have additional effects, including induction of apoptosis, inhibition of invasion, and antiangiogenic 
properties, as seen in some preclinical studies[16]. It would be worthwhile to conduct further research to investigate the 
cellular effects of calcitriol and bisphosphonate in patients with lung cancer.

CONCLUSION
We believe that the underlying cause of hypercalcemia, in this case of metastatic squamous cell lung carcinoma, was 
elevated calcitriol, which was likely produced by the tumor cells. In addition to PTHrP, calcitriol levels should be 
included in the workup for hypercalcemia in cases of lung cancer. However, the pathophysiology and prognostic 
significance of dysregulated calcitriol production in solid tumors remain unclear and warrant further research. Bisphos-
phonate may be used as a steroid-sparing therapy even in cases of calcitriol-induced hypercalcemia and warrants further 
investigation.
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