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A novel web-based dynamic
prognostic nomogram for
gastric signet ring cell
carcinoma: a multicenter
population-based study
Yujuan Jiang1†, Haitao Hu1†, Xinxin Shao1, Weikun Li1,
Yiming Lu1, Jianwei Liang2* and Yantao Tian1*

1Department of Pancreatic and Gastric Surgery, National Cancer Center/National Clinical Research
Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing, China, 2Department of Colorectal Surgery, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, China
Background: Gastric signet ring cell carcinoma (GSRCC) is a rare and highly

malignant disease with a poor prognosis. To assess the overall survival (OS)

and cancer-specific survival (CSS) of patients with GSRCC, prognostic

nomograms were developed and validated using common clinical factors.

Methods: This retrospective cohort study included patients diagnosed with

GSRCC between 2011 and 2018 from the National Cancer Center (n = 1453)

and SEER databases (n = 2745). Prognostic nomograms were established by

identifying independent prognostic factors using univariate and multivariate

Cox regression analyses. The calibration curve and C-index were used to

assess the predictions. The clinical usefulness of the survival prediction model

was further evaluated using the DCA and ROC curves. The models were

internally validated in the training cohort and externally validated in the

validation cohort. Two web servers were created to make the nomogram

easier to use.

Results: Patients with GSRCC were divided into training (n= 2938) and validation

(n= 1260) cohorts. The nomograms incorporated six predictors: age, race, tumor

site, tumor size, N stage, T stage, and AJCC stage. Excellent agreement was

observed between the internal and exterior calibration plots for the GSRCC

survival estimates. The C-index and area under the ROC curve were roughly

greater than 0.7. Both nomograms had adequate clinical efficacy, as

demonstrated by the DCA plots. Furthermore, we developed a dynamic web

application utilizing the constructed nomograms available at https://

jiangyujuan.shinyapps.io/OS-nomogram/ and https://jiangyujuan.shinyapps.io/

DynNomapp-DFS/.
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Conclusion: We developed web-based dynamic nomograms utilizing six

independent prognostic variables that assist physicians in estimating the OS

and CSS of patients with GSRCC.
KEYWORDS

gastric signet ring cell carcinoma, prognosis, dynamic nomogram, overall survival,
cancer-specific survival
Introduction

Gastric cancer (GC) ranks fifth in incidence and fourth in

cancer-related mortality, leading to approximately 768,793 deaths

annually (1). Gastric signet ring cell carcinoma (GSRCC) is a

unique type of GC characterized by abundant mucus, with the

nucleus pushed to the side by intracytoplasmic mucin, representing

35–45% o f new adenoca r c inomas (2 ) . Due to the

underdevelopment of screening technologies in previous years,

the majority of GSRCC patients were diagnosed with an advanced

disease. The prognosis of GC patients has improved due to recent

advancements in surgery, chemotherapy, radiation, targeted

therapy, and immunotherapy; still, the 5-year survival rate of

GSRCC is only about 32.1% (3). Notably, the biological behavior

of GSRCC is significantly heterogeneous compared to that of non-

GSRCCs, which can be attributed to the depth of tumor infiltration

(4). GSRCC is typically an advanced tumor stage that is resistant to

chemotherapy (2). Radical tumor resection (R0) is the most effective

treatment for GSRCC. However, the R0 resection rate of GSRCC

was significantly lower than that of non-GSRCC (56.0% vs. 74%,

P = 0.019), and the postoperative peritoneal recurrence rate was

much higher than that of non-GSRC (52.2% vs. 21.4%) (2). Hence,

there is a need to improve the postoperative clinical outcomes of

patients with GSRCC through individualized treatment.

Tumor-node-metastasis (TNM) staging is currently used to

regularly estimate the prognosis of GC patients. However, due to

the considerable genetic heterogeneity in GC, recurrence and

mortality may differ significantly even among GC patients with

similar TNM stage. Nomograms, which are commonly used for

assessing cancer patient prognosis and personally predicting

survival rates, are more suitable for clinical patient management

than the TNM staging system. However, despite the establishment

of several postoperative nomograms that have significantly

contributed to the management of patients with GSRCC, some

issues have arisen (5–8). First, these models focused solely on the

overall postoperative survival and did not predict cancer-specific

survival. Second, calibration tests, external model validations, and

evaluations of the clinical usefulness of these models are lacking,

making it difficult to assess their accuracy and practicability.

Moreover, the traditional predictive models are not sufficiently

simple. A web-based dynamic nomogram that calculates the

probability of a disease is a more precise and practical tool than
026
standard nomograms and some predictive models. To classify the

prognosis of GSRCC patients, it is thus essential to create a

straightforward, user-friendly, and rel iable prognosis

prediction model.

This study established two new postoperative web-based

nomograms for patients with stage I-III GSRCC to predict 1-, 3-,

and 5-year overall survival (OS) and cancer-specific survival (CSS).
Materials and methods

Study population

Patients diagnosed with GSRCC between 2011 and 2018 from

the Surveillance, Epidemiology, and End Results (SEER) database

(http://www.seer.cancer.gov) were identified using the SEER*Stat

software (version 8.4.2). The eligibility criteria were as follows: (1)

ICD-O-3 histology code of 8490, (2) site code of C16.0–16.9, (3)

lack of other synchronous malignancies, (4) age between 20 and 80

years, and (5) radical surgical treatment. The exclusion criteria were

as follows: (1) patients who did not undergo radical surgery, (2)

patients who survived less than one month or had an unknown

survival status, (3) patients with distant metastasis, and (4) patients

with unclear clinicopathological characteristics such as TNM stage.

Patients diagnosed with GSRCC between 2011 and 2018 at the

National Cancer Center (NCC cohort) were included based on the

above criteria. The patient screening process is illustrated in

Figure 1. Ethical approval was obtained from the Ethics

Committee of the National Cancer Center/Cancer Hospital, the

Chinese Academy of Medical Science, and Peking Union Medical

College (NCC2023C-657). Due to the retrospective nature of this

study, informed consent was not required.
Prognostic variables

Patient variables such as age, sex, race, tumor size, tumor site,

grade, AJCC TNM stage, pathological N stage, pathological T stage,

survival time, and status were collected. All patients underwent

restaging based on the criteria outlined in the AJCC on Cancer 8th

edition staging manual. OS was the primary endpoint and was

determined from the date of diagnosis until death from any cause or
frontiersin.org
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last follow-up. CSS was the secondary endpoint and was selected

from the date of diagnosis until GSRCC cancer-related death or last

follow-up. In the SEER cohort, CSS is defined by the SEER cause-

specific death category. In the NCC cohort, we carefully monitored

every patient in the after surgery, and we included those who lost

their lives due to GSRCC in the CSS survival analysis. Patients were

categorized into two age groups: young (<60 years) and old (>60

years). The patient groups were stratified based on tumor

size: <5 cm and >5 cm.
Establishment and validation of
the nomogram

The patients were randomly assigned to the training (70%)

and validation (30%) cohorts. Independent prognostic factors

were chosen using a backward stepwise method with AIC to

minimize information loss. Subsequently, a univariate Cox

proportional hazard regression analysis was performed for the

training cohort. Factors associated with a P value < 0.1 according

to the univariate analysis were subsequently included in the

multivariate Cox analysis to determine the hazard ratio (HR)

and p-value for each independent prognostic variable. The factors
Frontiers in Immunology 037
with P <0.05 in COX multivariate regression analyses were

considered independent risk factors for prognosis, and the

prognostic prediction models were constructed on the basis of

these factors. When building a multivariate regression model, we

derive the regression coefficient b for each variable. The

nomogram scores the variable with the largest regression

coefficient in the regression model as 100 points. All other

variables are converted using it as a criterion, e.g. b=2 with a

score of 100. If the other variables b=1, the score is 1*100/2. After
converting the regression coefficients to a 0–100 point scale based

on multivariate analysis, we developed two prognostic

nomograms to predict OS and CSS in patients with GSRCC

using independent predictive variables. The accuracy of the

nomograms was validated internally and externally using

calibration curves. The C-index and area under the ROC curve

(AUC) were used to evaluate the discriminative ability. To

evaluate the models’ clinical applicability, decision curve

analysis (DCA) was used to calculate the net benefit at various

threshold probabilities. The net benefit is defined as that true

positive minus false positive. To put it succinctly, all patient death

curves and none patient death curves were drawn as two

references. DCA calculates the clinical benefit compared with

the reference lines. The higher the net benefit, the more
FIGURE 1

Flow chart of the construction and validation of the nomogram models.
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practical and effective the prediction model is in clinical practice.

The patients were categorized into low- and high-risk groups

based on the risk score calculated for each patient. Finally,

Kaplan–−Meier plots were generated to assess potential

disparities in overall survival between the high- and low-risk

patient groups.
Statistical analysis

Categorical variables are presented as numbers and percentages.

Pearson’s correlation analysis was used to ensure that there was no

collinearity between the screened variables (Supplementary Figure 2).

Univariable and multivariable Cox proportional hazards models were

used to analyze DFS and OS, in which hazard ratios (HRs) and their

95% confidence intervals (CIs) were calculated. Survival analysis was

performed using the Kaplan–−Meier method and log-rank test. A

two-tailed significance level of P < 0.05 (two-tailed) was used for all

statistical tests. Statistical analysis was conducted using R (version

4.0.2 (https://www.r-project.org/). The “caret” package was used to

partition the training and validation cohorts randomly. Dynamic

nomogram models were constructed with the “rms” and

“Dynnom” packages.
Results

Clinicopathological characteristics
of patients

A total of 4198 patients diagnosed with GSRCC between 2011

and 2018 were included in this study and were randomly divided

into two cohorts: the training cohort (n = 2938; 70%) and the

validation cohort (n = 1260; 30%). Comprehensive descriptive

statistics are presented in Table 1. Most patients were white (n =

1883; 44.9%) or male (n = 2416; 57.5%). More than half of the

patients (51.0%) were in the older age group. Moreover, 2277

patients (54.2%) had a tumor size of ≤5 cm. The predominant

grade was III (n =3423, 81.5%). Moreover, 1857 patients (44.2%)

underwent surgery, 1126 (26.8%) underwent surgery plus

chemotherapy, and 821 (19.6%) underwent surgery with

neoadjuvant therapy. The gastric antrum, encompassing the

pylorus, was the most common site of GSRCC (32.1%). The

median follow-up duration for all patients was 45 months (IQR,

25–69 months).
Univariate and multivariate analysis of
clinicopathological features

A ratio of 7:3 was used to randomly assign the patients to the

training and validation cohorts. Preliminary univariate analysis of the

training dataset revealed significant correlations (all P < 0.1) between

OS and several variables including age, race, tumor size, tumor site,

depth of invasion, pN, and AJCC stage. Subsequently, the predictive

features that exhibited significant associations with OS in univariate
Frontiers in Immunology 048
TABLE 1 The demographic and clinical characteristics of the patients
with GSRCC in the SEER and NCC cohorts.

Factor
Total
cohort

(n = 4198)

SEER
cohort

(n = 2745)

NCC
cohort

(n = 1453)

Sex (%)

Male 2416 (57.5%) 1468 (53.5%) 948 (65.2%)

Female 1782 (42.4%) 1277 (46.5%) 505 (34.8%)

Age

≤60 years 2057 (49.0%) 1162 (42.3%) 895 (61.6%)

>60 years 2141 (51.0%) 1583 (57.7%) 558 (38.4%)

Race (%)

Black 331 (7.9%) 331 (12.1%) 0

White 1883 (44.9%) 1883 (68.6%) 0

Chinese 1554 (37.0%) 101 (3.7%) 1453 (100%)

Other 430 (10.2%) 430 (15.7%) 0

Site (%)

1/3 U 973 (23.2%) 628 (22.9%) 345 (23.7%)

1/3 M 428 (10.2%) 330 (12.0%) 98 (6.7%)

1/3 L 1349 (32.1%) 778 (28.3%) 571 (39.3%)

Curvature 761 (18.1%) 415 (15.1%) 346 (23.8%)

Total stomach 414 (9.9%) 329 (12.0%) 85 (5.9%)

others 273 (6.5%) 265 (9.7%) 8 (0.6%)

Size (%)

≤5 cm 2277 (54.2%) 1268 (46.2%) 1009 (69.4%)

>5 cm 1921 (45.8%) 1477 (53.8%) 444 (30.6%)

Grade (%)

I 34 (0.8%) 7 (0.3%) 27 (1.9%)

II 371 (8.8%) 58 (2.1%) 313 (21.5%)

III 3423 (81.5%) 2311 (84.2%) 1112 (76.5%)

IV 66 (1.6%) 65 (2.4%) 1 (0.1%)

NA 304 (7.2%) 304 (11.1%) 0

AJCC stage (%)

IA 907 (21.6%) 568 (20.7%) 339 (23.3%)

IB 398 (9.5%) 276 (10.1%) 122 (8.4%)

IIA 442 (10.5%) 304 (11.1%) 138 (9.5%)

IIB 580 (13.8%) 400 (14.6%) 180 (12.4%)

IIIA 537 (12.8%) 387 (14.1%) 150 (10.3%)

IIIB 585 (13.9%) 375 (13.7%) 210 (14.5%)

IIIC 749 (17.8%) 435 (15.8%) 314 (21.6%)

pT stage (%)

T1 1166 (27.8%) 751 (27.4%) 415 (28.6%)

(Continued)
frontiersin.org

https://www.r-project.org/
https://doi.org/10.3389/fimmu.2024.1365834
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Jiang et al. 10.3389/fimmu.2024.1365834
analyses were subjected to multivariate Cox proportional hazards

regression analysis. Multivariate analysis results indicated that only

age (hazard ratio 1.60, 95% CI 1.45-1.76, P < 0.001), race (P < 0.05),

tumor site (P < 0.05), tumor size (hazard ratio 1.80, 95% CI 1.62-

2.00 P < 0.001), AJCC stage (P < 0.05), and pN stage (P < 0.001) were

significantly associated with OS (Table 2). A forest plot illustrating

the hazard ratios (HRs) and 95% confidence intervals (CIs) for OS

based on the Cox proportional hazards regression analysis is

presented in Supplementary Figure 1A.

In the training cohort, univariate analysis revealed that age,

race, tumor size, tumor site, invasion depth, pN stage, and AJCC

stage were associated with CSS in patients with GSRCC. Subsequent

multivariate analysis identified age (hazard ratio 1.46, 95% CI 1.31-

1.62, P < 0.001), race (P < 0.05), tumor site (P < 0.05), tumor size

(hazard ratio 1.93, 95% CI 1.72-2.16, P < 0.001), AJCC stage

(P < 0.001), and pN stage (P < 0.005) as independent factors

(Table 3; Supplementary Figure 1B).
The nomograms for OS and CSS
were established

We integrated age, race, tumor size, tumor site, AJCC stage,

and pN stage to develop comprehensive prognostic nomograms

for evaluating the OS and CSS probabilities of patients with
TABLE 1 Continued

Factor
Total
cohort

(n = 4198)

SEER
cohort

(n = 2745)

NCC
cohort

(n = 1453)

pT stage (%)

T2 493 (11.7%) 320 (11.7%) 173 (11.9%)

T3 1232 (29.3%) 906 (33.0%) 326 (22.4%)

T4 1307 (31.1%) 768 (28.0%) 539 (37.1%)

pN stage (%)

N0 1876 (44.7%) 1284 (46.8%) 592 (40.7%)

N1 759 (18.1%) 566 (20.6%) 193 (13.3%)

N2 575 (13.7%) 355 (12.9%) 220 (15.1%)

N3 988 (23.5%) 540 (19.7%) 448 (30.8%)

Therapy (%)

surgery only 1857 (44.2%) 1664 (60.6%) 193 (13.3%)

surgery plus
neo/chemo

392 (9.3%) 172 (6.3%) 220 (15.1%)

surgery plus chemo 1126 (26.8%) 678 (24.7%) 448 (30.8%)

surgery plus neo 821 (19.6%) 229 (8.3%) 592 (40.7%)

NA 2 (0.5%) 2 (0.1%) 0
F
rontiers in Immunology
pN, pathologic N stage; pT, pathologic T stage.
The tumor site was divided into 1/3 U (cardia, fundus, gastroesophageal junction), 1/3 M
(body), 1/3 L (antrum, pylorus), curvature, total stomach, and other (gastric remnant,
anastomosis, and linitis plastica) parts of the stomach. NA, not applicable.
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TABLE 2 Univariate and multivariate analyses of overall survival in the
training cohort.

Factor Univariate analyses Multivariate
analyses

p Value HR
(95% CI)

p Value HR
(95% CI)

Sex 0.143 0.266

Male Reference Reference

Female
0.93

(0.84-1.02)
0.94

(0.85-1.04)

Age <0.001 <0.001

≤60 years Reference Reference

>60 years
1.73

(1.57-1.90)
1.60

(1.45-1.76)

Race

Black Reference Reference

White
0.994 1(0.85-1.18) 0.030 0.84

(0.72-0.98)

Chinese
<0.001 0.34

(0.29-0.41)
<0.001 0.41

(0.34-0.49)

Other
<0.001 0.68

(0.55-0.83)
0.001 0.71

(0.57-0.87)

Site

1/3 U Reference Reference

1/3 M
<0.001 0.62

(0.52-0.75)
0.606 0.95

(0.77-1.16)

1/3 L
<0.001 0.54

(0.48-0.62)
0.387 0.93

(0.80-1.09)

Curvature
<0.001 0.52

(0.45-0.61)
0.280 0.91

(0.76-1.08)

Total
stomach

0.010 1.23
(1.05-1.45)

<0.001 1.39
(1.15-1.67)

others
<0.001 1.53

(1.28-1.82)
0.023 1.28

(1.03-1.58)

Size <0.001

≤5 cm Reference Reference

>5 cm
<0.001 2.85

(2.58-3.14)
1.80

(1.62-2.00)

Grade (%)

I Reference Reference

II
0.730 1.28

(0.31-5.21)
0.985 1.01

(0.32-3.23)

III
0.097 3.23

(0.81-12.93)
0.461 1.54

(0.49-4.80)

IV
0.097 3.36

(0.80-14.01)
0.693 1.27

(0.39-4.20)

NA
0.064 3.74

(0.93-15.06)
0.286 1.87

(0.59-5.91)

(Continued)
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TABLE 3 Univariate and multivariate analyses of cancer‐specific survival
in the training cohort.

Factor Univariate analyses Multivariate
analyses

p Value HR
(95% CI)

p Value HR
(95% CI)

Sex 0.474 0.519

Male Reference Reference

Female
0.96

(0.87-1.07)
0.97

(0.87-1.07)

Age <0.001 <0.001

≤60 years Reference Reference

>60 years
1.57

(1.41-1.73)
1.46

(1.31-1.62)

Race

Black Reference Reference

White
0.473 0.94

(0.79-1.12)
0.155 0.88

(0.74-1.05)

Chinese
<0.001 0.40

(0.33-0.48)
<0.001 0.46

(0.37-0.56)

Other
<0.001 0.61

(0.48-0.76)
0.004 0.71

(0.56-0.90)

Site

1/3 U Reference Reference

1/3 M
<0.001 0.67

(0.55-0.81)
0.741 0.96

(0.77-1.20)

1/3 L
<0.001 0.59

(0.52-0.68)
0.224 0.90

(0.77-1.06)

Curvature
<0.001 0.52

(0.44-0.61)
0.207 0.89

(0.73-1.07)

Total
stomach

0.004 1.28
(1.08-1.51)

0.003 1.35
(1.10-1.64)

others
<0.001 1.55

(1.27-1.88)
0.034 1.27

(1.02-1.60)

Size <0.001 <0.001

≤5 cm Reference Reference

>5 cm
3.01

(2.71-3.35)
1.93

(1.72-2.16)

Grade (%)

I Reference

II
0.989 0.99

(0.24-4.04)

III
0.216 2.40

(0.60-9.61)

IV
0.189 2.62

(0.62-11.02)

(Continued)
fr
TABLE 2 Continued

Factor Univariate analyses Multivariate
analyses

p Value HR
(95% CI)

p Value HR
(95% CI)

AJCC stage

IA Reference Reference

IB
<0.001 1.57

(1.25-1.97)
<0.001 1.83

(1.35-2.47)

IIA
<0.001 1.85

(1.49-2.29)
<0.001 2.29

(1.53-3.41)

IIB
<0.001 2.58

(2.14-3.11)
<0.001 3.50

(2.21-5.54)

IIIA
<0.001 3.07

(2.55-3.70)
<0.001 4.22

(2.41-7.38)

IIIB
<0.001 4.08

(3.40-4.89)
<0.001 5.78

(3.19-10.46)

IIIC
<0.001 4.96

(4.18-5.89)
<0.001 8.04

(3.93-16.45)

pT stage

T1 Reference Reference

T2
0.007 1.31

(1.08-1.61)
0.146 0.80

(0.59-1.08)

T3
<0.001 2.73

(2.37-3.14)
0.626 0.91

(0.64-1.31)

T4
<0.001 3.43

(2.98-3.95)
0.389 0.82

(0.52-1.29)

pN stage

N0 Reference Reference

N1
<0.001 1.59

(1.39-1.82)
0.095 0.85

(0.70-1.03)

N2
<0.001 1.58

(1.36-1.83)
0.002 0.66

(0.51-0.86)

N3
<0.001 2.42

(2.15-2.73)
0.007 0.64

(0.46-0.89)

Therapy

surgery only Reference

surgery plus
neo/chemo

0.115 0.57
(0.47-0.68)

surgery
plus chemo

0.322 0.87
(0.78-0.97)

surgery
plus neo

0.979 1.00
(0.82-1.21)

NA
0.751 1.25

(0.31-5.01)
pN, pathologic N stage; pT, pathologic T stage; CI, confidence interval; HR, hazard ratio.
Bold represents significant statistical difference (P<0.05).
NA, not applicable.
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GSRCC, as depicted in Figure 2. The survival probabilities at 1, 3,

and 5 years were computed graphically considering the individual

patient’s unique characteristics, resulting in an interactive

function. After converting the regression coefficients to a 0–100

point scale based on multivariate analysis. A vertical line is drawn

from the value of the prognostic factor to the “Points” axis to

determine the risk points associated with each prognostic factor.

Subsequently, a vertical line is traced from the “Total Points,”

representing the accumulation of risk points toward the final three

axes, displaying the 1-year, 3-year, and 5-year survival rates,

respectively, to determine the OS and CSS probability for a

specific patient. To use the nomograms to predict the prognosis

of an individual GSRCC patient, first determine the score for every

variable based on the value on the topmost point row

corresponding to its parameter.

For instance, we examined a patient of white ethnicity with upper

gastric cancer (28 points) at TNM stage IIIA (82 points) and pN2 (18

points) with a tumor size ≤ 5 cm (30 points) and aged > 60 years (45

points). Consequently, the total number of risk points is 173, and the

survival probability axis can be determined by drawing a vertical line.

The 1-, 3-, and 5-year survival probabilities of the patients were

90.0%, 72.7%, and 68.0%, respectively. The length of each variable

line in these nomograms indicates its contribution to prognosis. For

instance, our nomograms showed that AJCC stage had the most

prominent impact on both CSS and OS in GSRCC patients among

the included clinical parameters. Furthermore, we developed a

dynamic web application that utilizes the constructed nomograms

(Figure 3). Hyperlinks (https://jiangyujuan.shinyapps.io/OS-

nomogram/ and https://jiangyujuan.shinyapps.io/DynNomapp-

DFS/) can be accessed.
Validation of the protein-associated
prognostic model

The calibration plot, concordance index (c-index), area under

the curve (AUC), and DCA curve were used to evaluate the

performance of the predictive models in both the training and

validation cohorts. Initially, calibration curves were constructed,

revealing a close alignment between the actual outcomes of

GSRCC patients in the training and validation cohorts and the

1-, 3-, and 5-year OS and CSS probabilities predicted by the

nomogram models. These results indicated a high level of

predictive accuracy (Figure 4). Second, the nomogram

demonstrated favorable accuracy in predicting survival, as

evidenced by c-index values of 0.735 ± 0.012 and 0.743 ± 0.012

for OS and CSS, respectively, in the training cohort, and 0.715 ±

0.019 and 0.719 ± 0.020, respectively, in the validation cohort.

ROC curves were generated to assess the predictive sensitivity and

specificity of the nomogram prediction models. For the training

cohort, the 1-, 3-, and 5-year area under the curve (AUC) values

for OS were 0.76, 0.82, and 0.81, respectively, and those for CSS

were 0.76, 0.82, and 0.83, respectively. The area under the curve

(AUC) values for the prediction models were consistently above

0.70 in the validation cohort (Figure 5).
TABLE 3 Continued

Factor Univariate analyses Multivariate
analyses

p Value HR
(95% CI)

p Value HR
(95% CI)

Grade (%)

NA
0.105 3.18

(0.79-12.86)

AJCC stage

IA Reference Reference

IB
0.004 1.52

(1.15-2.01)
<0.001 1.91

(1.35-2.70)

IIA
<0.001 2.17

(1.70-2.77)
<0.001 2.94

(1.90-4.54)

IIB
<0.001 3.37

(2.71-4.19)
<0.001 4.85

(2.97-7.91)

IIIA
<0.001 4.23

(3.42-5.24)
<0.001 6.06

(3.35-10.95)

IIIB
<0.001 5.35

(4.34-6.59)
<0.001 8.66

(4.64-16.18)

IIIC
<0.001 6.89

(5.64-8.42)
<0.001 12.55

(5.94-26.53)

pT stage

T1 Reference Reference

T2
0.001 1.46

(1.16-1.83)
0.078 0.74

(0.53-1.03)

T3
<0.001 3.37

(2.85-3.98)
0.317 0.82

(0.56-1.21)

T4
<0.001 4.76

(4.05-5.61)
0.211 0.74

(0.46-1.19)

pN stage

N0 Reference Reference

N1
<0.001 1.94

(1.68-2.24)
0.173 0.87

(0.71-1.06)

N2
<0.001 1.91

(1.63-2.24)
<0.001 0.62

(0.47-0.81)

N3
<0.001 2.91

(2.55-3.30)
0.002 0.58

(0.42-0.82)

Therapy

surgery only Reference

surgery plus
neo/chemo

0.155 0.65
(0.54-0.78)

surgery
plus chemo

0.133 0.92
(0.81-1.03)

surgery
plus neo

0.981 1.00
(0.81-1.24)

NA
0.155 0.72

(0.10-5.10)
pN, pathologic N stage; pT, pathologic T stage; CI, confidence interval; HR, hazard ratio.
NA, not applicable.
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A B

FIGURE 2

Dynamic nomograms for predicting the prognosis of patients with GSRCC. Nomograms for predicting the overall survival (A) and cancer specific
survival (B) of GSRCC patients were created by integrating the six pivotal clinical prognostic factors. By drawing a vertical line straight upward from
the factor’s associated parameter to the points axis, one may find the score for each risk factor. The survival probability of GSRCC patients after one,
three, and five years after surgery can then be obtained by adding the scores of all risk factors together and drawing a straight line from the total
points axis to the OS or CSS axis.
A

B

FIGURE 3

Web-based prognostic nomogram for patients with GSRCC. (Available at https://jiangyujuan.shinyapps.io/OS-nomogram/. and https://jiangyujuan.
shinyapps.io/DynNomapp-DFS/.) (A) Overall survival. (B) Cancer-specific survival.
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In summary, these findings substantiate the relatively high

sensitivity and specificity of our nomogram models. Furthermore,

DCA has frequently been employed to assess the clinical utility of

nomograms. The nomograms outperformed conventional TNM

staging and demonstrated a substantial positive net benefit in terms

of mortality risk, as depicted in Figure 6. These findings indicate the

significant clinical utility of nomograms in predicting the OS and

CSS of patients with GSRCC.
Performance of the dynamic nomogram in
stratifying patient risk status

Predictor variable scores were calculated using the nomogram

and then combined to determine the total scores for individual

patients. Patients with GSRCC were categorized into low- and

high-risk groups based on their nomogram scores, using a

threshold value of 125.0 points for the CSS nomogram and

157.0 points for the OS nomogram. Patients with scores
Frontiers in Immunology 0913
exceeding the threshold were assigned to the high risk group.

Survival analysis revealed that the probabilities of CSS (P = 0.029)

and OS (P = 0.024) were significantly lower in the high-risk group

than in the low-risk group, indicating the potential of these

nomograms for risk stratification in GSRCC patients (Figure 7).
Discussion

GSRCC is a heterogeneous malignancy with a high risk of

recurrence and death. For recurrent and metastatic GSRCC, there

are currently few effective treatment options. To identify high-risk

patients and implement early intervention and tailored treatment, it

is crucial to create efficient prognostic prediction models. This study

used data from the public SEER and NCC cohorts to develop and

validate a predictive nomogram model for estimating the OS rate

and CSS in patients with GSRCC. The nomograms incorporated six

prognostic variables: age, race, tumor size, tumor site, N stage, and

AJCC stage. Furthermore, a dynamic web application was
A

B

FIGURE 4

Calibration curves for predicting the survival of GSRCC patients. (A) Overall survival. (B) Cancer-specific survival. Our nomogram is represented by
the solid line, while the ideal nomogram is represented by the 45-degree dotted line. The forecast is accurate if it falls on the 45-degree diagonal for
the expected survival probability. The blue, green, and red lines represent 1, 3, and 5-year survival rates, respectively.
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developed to facilitate clinical decision making using these

nomograms. The calibration of the nomograms demonstrated

strong performance, with internal and external validations

confirming their reliability. The OS and CSS nomograms also

exhibited a C-index and AUC exceeding 0.7, indicating their

effective discriminatory capability. Moreover, the decision curve

analysis illustrated that our novel nomogram models provided a

more significant net clinical benefit than the AJCC staging system

across various threshold probabilities. These findings suggest that

our nomograms could aid in developing tailored therapeutic

strategies for the more effective treatment of patients with GSRCC.

This study focused on the GSRCC nomogram because of its

controversial prognosis. Compared to other types of GC, GSRCC

has unique tumorigenic properties and atypical epidemiological

distribution (9). Zu et al. reported advanced GSRCC has a poorer

prognosis than the other advanced gastric adenocarcinoma

subtypes (10). The current staging system developed by the AJCC

staging system for evaluating the prognosis of patients with AJCC

staging system, cannot be used to effectively monitor GSRCC.
Frontiers in Immunology 1014
Only a few studies have revealed the prognostic factors of

patients with GSRCC, and the related prognostic prediction

models have been developed, although the models remain

imperfect. For instance, the GSRCC prediction model that

was presented by Liu et al. (5) and Zhang et al. (7) did not

predict CSS; instead, it only addressed the OS. Nie et al. (8) only

used data from the SEER database; hence, it is challenging to

evaluate its accuracy and viability because there are insufficient

external validations. Furthermore, a number of important

clinicopathological parameters that have a substantial impact

on patient survival—such as age, sex, and treatment type—are

not taken into consideration by the GSRCC monitoring

prediction models that are now in use. Therefore, further

investigation is necessary to examine the factors influencing the

long-term survival of patients with GSRCC and to develop

valuable predictive models tailored to GSRCC. In this study, we

conducted univariate and multivariate Cox regression analyses

using extensive clinical data to identify independent risk factors

for OS and CSS in patients with GSRCC.
A

B

FIGURE 5

Validation of the prognostic nomograms using ROC curves. (A) Overall survival. (B) Cancer-specific survival. AUC, area under the curve. The blue,
yellow, and green lines represent 1, 3, and 5-year survival rates, respectively.
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A

B

FIGURE 6

Validation of the prognostic nomograms using DCA curves. (A) Overall survival. (B) Cancer-specific survival. All, all the patients died or relapsed;
None, no patients died or relapsed. The pink line represents the TNM staging and the yellow curve represents our prediction model.
A B

FIGURE 7

Nomogram-based risk stratification. GSRCC patients were divided into low- and high-risk subgroups by the nomogram score, and Kaplan-Meier
survival analysis was performed to verify the clinical significance of the nomogram models. (A) Overall survival; (B) Cancer-specific cancer.
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GSRCC is associated with advanced disease, with a higher

incidence of patients at AJCC stage IV, more advanced T and N

stages, and higher tumor grade. These findings are consistent with

those of a previous study that reported a greater frequency of

advanced-stage GSRCC than early-stage GSRCC (11). In line with

the AJCC staging system, our newly developed nomogram

demonstrated a significant influence of lymph node presence on

predicting survival outcomes. Furthermore, the independent

prognostic factors identified within the context of GSRCC

included age, race, tumor size, and tumor site. Leveraging these

variables as independent prognostic factors in a nomogram has the

potential to enhance the predictive efficacy of the model. Previous

reports have indicated that young patients with GSRCC with low-

stage tumors who underwent radical surgery exhibited a more

favorable prognosis than other GSRCC patients in terms of

survival (12). Previous studies have indicated that older age and

advanced tumor stage are associated with poorer OS. Ren et al.

stated that age was the primary factor influencing survival, with

individuals older than 74 years experiencing poorer survival than

those younger than 45 years old (13). Chu et al. discovered that OS

significantly deteriorates in patients older than 60 years (14). Our

results are consistent with those of previous studies. Therefore, early

detection, diagnosis, and treatment of tumors are crucial to enhance

patient survival rates.

According to multivariate analysis, the identified optimal cutoff

for tumor size was deemed a significant independent prognostic

factor. Consequently, tumor size was incorporated into the

nomogram. In a prior study, Im et al. reported that larger tumor

size was an independent prognostic factor associated with poorer

prognosis (15). A larger tumor size stimulates angiogenesis, leading

to increased tumor cell proliferation. However, the underlying

mechanism requires further investigation. Environmental factors,

lifestyle, diet, and genetics significantly influence the development

of gastric cancer. Wang et al. and Sun et al. reported that individuals

of white and black ethnicities have poorer survival rates than

individuals of other ethnic groups (16, 17). These findings are

consistent with our results. Ethnic differences play an essential role

in the occurrence and development of gastric cancer. In conclusion,

these findings are consistent with those of the present study.

Nomograms are graphical tools that transform clinicopathological

feature scores to predict the likelihood of clinical occurrence.

Integrating patient data from other ethnic groups and cancer

registries with the SEER database raises the possibility that this

methodology can be universally used. According to previous

research, nomograms offer a substantial likelihood of predicting the

survival of patients with malignant tumors (18, 19), even surpassing

the traditional TNM staging system (20). Currently, mature

prognostic models for GSRCC that can be widely implemented in

clinical practice are lacking. Our nomograms have the potential to be

utilized for clinical and predictive assessments of patients with

GSRCC, aiding individualized treatment planning.

The strength of our research lies in the two dynamic prediction

models we successfully created and validated, one of which was used

to predict GSRCC patients with CSS, and the other to forecast their

OS. Additionally, we created two web-based predictive model
Frontiers in Immunology 1216
applications. These devices will be put into practice by clinical

surgeons and will be made convenient. Additionally, we included

the SEER database and the NCC cohort. The two current prediction

models are based on these two large databases, covering both

Western and Eastern populations, so we believe that the models

are universal and can predict the prognosis of gastric signet ring cell

carcinoma in different populations to a large extent generalizability.

Finally, our findings demonstrated that our nomograms had good

clinical benefits and high discriminant and accurate predictive

power. In addition, another outstanding advantage of our study is

the simultaneous analysis of postoperative OS and CSS in patients

with GSRCC. Currently, the majority of research has overlooked the

examination of CSS in favor of concentrating more on the

prognostic factors of postoperative OS in patients with GSRCC.

CSS refers to death caused by a specific disease, and at this time, the

concern about whether the cause of death is caused by a specific

disease begins. If it is not due to a specific disease, it is not included

in the outcome measures. It is a good indicator of the clinical benefit

of a specific disease. In this work, we constructed prediction models

based on both OS and CSS, which can assist physicians in

recognizing the clinical factors affecting the postoperative survival

of GSRCC patients globally, and also pay attention to the clinical

prognostic factors that are actually associated with cancer.

However, our study had certain limitations. First, several

important details, such as the surgical margin and technique,

precise postoperative chemotherapy regimen and course, and

patient’s medical conditions, were missing from our study.

Second, the retrospective nature of this study is another drawback

that could lead to a recollection bias. Third, we excluded patients

whose variables had uncertain data, to prevent selection bias.

Further prospective studies are warranted in the future. Finally,

another limitation of our study is that it only analyzes common

clinicopathological factors and does not include molecular markers

related to gastric cancer. In future studies, we will further

incorporate molecular markers of gastric cancer such as Her-2,

PD-1, and claudin18.2 to further enhance our prognostic

prediction models.

In summary, using data from two sizable cohorts, we developed

and validated two postoperative web-based nomograms to predict

the 1-, 3-, and 5-year OS and CSS of patients with stage I–III

GSRCC. We verified the great discriminating power, good

consistency, and high clinical availability of the nomogram by

comparing it with the AJCC staging system. The prediction

models may offer useful prognostic data, such as a patient’s

probability of death and recurrence, making it easier to treat

GSRCC with precision and individualization. This approach will

assist physicians in managing patients with GSRCC after surgery.

Nevertheless, the performance of the models needs to be validated

by multicenter prospective studies in the future.
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A nomogram for predicting 
survival in patients with 
gastrointestinal stromal tumor: a 
study based on the surveillance, 
epidemiology, and end results 
database
Xiaxi Li †, Lijuan You †, Qinghua Liu †, Wenhua He , Xiaobing Cui  
and Wei Gong *

Department of Gastroenterology, Shenzhen Hospital of Southern Medicine University, Shenzhen, 
China

Purpose: The objective of this investigation was to construct and validate a 
nomogram for prognosticating cancer-specific survival (CSS) in patients afflicted 
with gastrointestinal stromal tumor (GIST) at 3-, 5-, and 8-years post-diagnosis.

Methods: Data pertaining to patients diagnosed with GIST were acquired from the 
Surveillance, Epidemiology, and End Results (SEER) database. Through random 
selection, a training cohort (70%) and a validation cohort (30%) were established 
from the patient population. Employing a backward stepwise Cox regression 
model, independent prognostic factors were identified. Subsequently, these 
factors were incorporated into the nomogram to forecast CSS rates at 3-, 5-, and 
8-years following diagnosis. The nomogram’s performance was assessed using 
indicators such as the consistency index (C-index), the area under the time-
dependent receiver operating characteristic curve (AUC), the net reclassification 
improvement (NRI), the integrated discrimination improvement (IDI), calibration 
curves, and decision-curve analysis (DCA).

Results: This investigation encompassed a cohort of 3,062 GIST patients. By 
analyzing the Cox regression model within the training cohort, nine prognostic 
factors were identified: age, sex, race, marital status, AJCC (American Joint 
Committee on Cancer) stage, surgical status, chemotherapy status, radiation 
status, and income status. The nomogram was subsequently developed and 
subjected to both internal and external validation. The nomogram exhibited 
favorable discrimination abilities, as evidenced by notably high C-indices and 
AUC values. Calibration curves confirmed the nomogram’s reliability. Moreover, 
the nomogram outperformed the AJCC model, as demonstrated by enhanced 
NRI and IDI values. The DCA curves validated the clinical utility of the nomogram.

Conclusion: The present study has successfully constructed and validated the 
initial nomogram for predicting prognosis in GIST patients. The nomogram’s 
performance and practicality suggest its potential utility in clinical settings. 
Nevertheless, further external validation is warranted.

KEYWORDS

surveillance, epidemiology, and end results, cancer-specific survival, nomogram, 
gastrointestinal stromal tumor, predicting survival
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1 Introduction

Gastrointestinal stromal tumor (GIST) is a rare form of cancer 
that originates in the gastrointestinal tract (1). It primarily affects the 
connective tissue cells, known as stromal cells, found in the walls of 
the digestive system (2). GISTs can occur in various locations within 
the gastrointestinal tract, including the stomach, small intestine, and 
less commonly, the esophagus, colon, and rectum (3).

The incidence of GIST is relatively low compared to other 
gastrointestinal malignancies (4). However, it represents a distinct 
entity with unique characteristics that necessitate focused investigation 
and analysis (5). Despite its rarity, GIST has garnered significant 
attention due to its potential for aggressive behavior and variable 
clinical outcomes (6). To date, the understanding of GIST and its 
prognostic implications remains limited (7). To address this gap, 
researchers have explored potential risk factors and developed 
predictive models to aid in assessing patient prognosis and guiding 
treatment decisions (8).

One widely used tool in tumor prediction models is the 
nomogram, which provides a straightforward and accurate means of 
estimating a patient’s chances of survival based on various clinical and 
demographic factors (9). While nomograms have been established for 
several cancer types, including tonsil, parotid-gland, and breast cancer 
(10–12), the development of a nomogram specifically designed for 
GIST is yet to be  reported. Consequently, there exists a need to 
construct a comprehensive nomogram for GIST patients, utilizing 
pertinent data from reliable sources such as the Surveillance, 
Epidemiology, and End Results (SEER) database.

The aim of our study was to develop and evaluate a novel 
nomogram for GIST patients, utilizing the extensive data available in 
the SEER database. This nomogram would incorporate key 
demographic information, clinicopathologic features, and therapeutic 
approaches to provide a personalized and thorough estimation of 
patient survival probabilities. By analyzing relevant treatment 
modalities, our nomogram would offer clinicians a valuable tool for 
guiding treatment decisions and optimizing patient outcomes.

The development of a specialized nomogram for GIST patients 
represents a significant advancement in personalized medicine. By 
incorporating essential patient characteristics and treatment 
approaches, this nomogram surpasses conventional methods, 
providing clinicians with a comprehensive and tailored approach to 
predicting patient survival. Through our study, we aimed to enhance 
the understanding of GIST and contribute to improved clinical 
decision-making for this distinct malignancy.

2 Patients and methods

2.1 Data sources and research factors

The SEER database was utilized, employing the SEER*Stat 
software, to filter and extract the relevant data. While a portion of the 
SEER database is accessible to the public, additional access to the 
SEER plus database was requested for comprehensive data retrieval 
(13). Gastrointestinal stromal tumor (GIST) cases were collected by 
applying the histology/behavior codes from the third revision of the 
International Classification of Diseases for Oncology (ICD-O-3), 
specifically “8935/3: Stromal sarcoma, NOS” and “8936/3: 

Gastrointestinal stromal sarcoma.” Furthermore, cases located in the 
digestive tract were selected for analysis.

Through a series of meticulous calculations and screenings using 
both univariate and multivariate Cox regression analyses, we identified 
a subset of these variables that demonstrated statistically significant 
associations with survival. The selection was guided by a rigorous 
statistical threshold to ensure that the included variables were not only 
statistically significant but also clinically meaningful. Age, race, sex, 
marital status, American Joint Committee on Cancer (AJCC) stage, 
income, summary of stage, surgery status, radiotherapy status, and 
chemotherapy status. Given the substantial multicollinearity arising 
from the inclusion of all these factors, the analysis focused solely on 
the AJCC staging system. The primary outcome variable of interest 
was cancer-specific survival (CSS). As the SEER database used in this 
study does not contain personally identifiable information, patient-
informed consent was not required.

The selection of patients for analysis was based on the availability 
of complete baseline and survival data. The seventh edition of the 
AJCC staging system was adopted. Following the aforementioned 
methodology, an initial cohort of 16,794 GIST patients diagnosed 
between 2000 and 2019 was identified. After excluding patients with 
any missing information, a final cohort of 3,062 GIST patients was 
included in the study (14). To assess the model, these patients were 
randomly divided into a training cohort (70%) and a validation cohort 
(30%), with R software (version 4.2.01) utilized for the analysis. 
Figure 1 provides a visual representation of the data screening process.

2.2 Nomogram and statistical analysis

The assignment of subjects to training and validation groups was 
followed by a log-rank test, which revealed no statistically significant 
difference between the groups. Baseline characteristics of each variable 
in the study cohort were subsequently summarized using SPSS 
Statistics software (version 27.0, IBM SPSS, Chicago, IL, USA). The 
presentation of other variable data was in the form of frequencies and 
percentages, while age at diagnosis was expressed as a median and 
interquartile range (IQR) value.

Nomograms were employed to estimate the probabilities of 
cancer-specific survival (CSS) at 3, 5, and 8 years for patients with 
GIST, and Cox regression analysis was conducted to identify factors 
associated with CSS in GIST (p = 0.05). Following the development of 
the nomogram, an evaluation of the model was undertaken using a set 
of metrics. Two metrics, namely the concordance index (C-index) and 
the area under the curve (AUC) of the time-dependent receiver 
operating characteristic (ROC), were utilized to assess the model’s 
discrimination capabilities. However, despite the common use of AUC 
and C-index, their improvements were found to be insignificant when 
compared to the existing model. To determine whether the new model 
exhibited superiority, two relatively recent metrics, the Net 
Reclassification Improvement (NRI) and the Integrated Discriminant 
Improvement (IDI), were additionally employed. While IDI considers 
multiple thresholds for assessing overall model performance, NRI 
primarily evaluates the prediction capacity of the old and new models 

1  http://www.r-project.org
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at a specific threshold level (15, 16). These two markers are better 
understood and more applicable in clinical settings.

Furthermore, a calibration plot was generated to visually depict 
the variation between predicted and actual values. The level of model 
calibration indicates the consistency between predicted and observed 
outcomes. Improved model consistency is evident when the 
calibration curve aligns closely with the 45-degree reference line. 
Lastly, decision curve analysis (DCA) curves were employed to 
evaluate the clinical validity of the model. The abscissa and ordinate 
of the DCA curve represent the model’s threshold probability and net 
benefit, respectively. A higher net benefit indicates an increased utility 
of the model (17).

All statistical analyses were conducted using the R software 
package and SPSS Statistics. The fundamental characteristics of the 
cohort were characterized using SPSS Statistics. Subsequently, R 
software was utilized to randomly assign data to training and 
validation groups, and the log-rank test was performed. Various R 
packages, including survival, rms, foreign, survival ROC, nricens, and 
DCA packages, were employed for Cox regression analysis, 
proportional hazards construction testing, nomogram development, 
and assessment. Statistical significance was defined as two-sided 
probability values with p < 0.05.

3 Results

3.1 General characteristics

After randomizing 3,062 patients into 2 cohorts, applying the 
log-rank test yielded a probability value (p = 0.5) that indicated no 
significant difference between these cohorts. The fundamental 
demographic and clinical characteristics of the two cohorts were then 
described using SPSS, as shown in Table 1. In the training cohort, the 

median age at diagnosis was 65 years (IQR 54–77 years), while in the 
validation cohort, it was 64 years (IQR 55–73 years). The gender 
distribution and surgery were fairly even. The majority of patients in 
the training and validation cohorts were white (68.36 and 69.31%, 
respectively) and married (60.9 and 58.65%). AJCC stage I was seen 
in the majority of cases. The majority of patients were not treated with 
radiation or chemotherapy. Most patients earn about $60,000 to 
$74,999 a year.

3.2 Constructing a nomogram using the 
training cohort

Following a multivariate Cox stepwise regression analysis 
(p < 0.05), nine variables were identified as significant factors. These 
variables, along with their hazard ratios (HR) and p-values, are 
presented in Table  2. Age at diagnosis demonstrated a significant 
association with cancer prognosis (HR 1.051, p < 0.0001), while sex 
exhibited a protective effect (HR 0.667, p < 0.0001). The variable of 
race revealed a higher hazard ratio for black individuals compared to 
white individuals (HR 1.412, p < 0.0001). Marital status also played a 
role, with married individuals having a lower hazard ratio compared 
to those who were single (HR 0.688, p < 0.0001). The AJCC stage 
variable demonstrated notable associations with disease prognosis. 
Specifically, AJCC stage II had a higher hazard ratio compared to 
AJCC stage I  (HR 1.249, p = 0.0608), AJCC stage III exhibited a 
significantly increased hazard ratio (HR 2.408, p < 0.0001), and AJCC 
stage IV showed the highest hazard ratio (HR 3.247, p < 0.0001) when 
compared to AJCC stage I.

Treatment-related factors were also found to be  significant 
predictors. Patients who did not receive or had unknown radiation 
therapy had a lower hazard ratio compared to those who underwent 
radiation therapy (HR 0.728, p < 0.0001). Similarly, patients without 

FIGURE 1

Flow chart of patient selection.
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or with unknown chemotherapy had a higher hazard ratio than those 
who received chemotherapy (HR 1.484, p < 0.0001). Moreover, 
individuals who did not undergo or had unknown surgical 
intervention exhibited an increased hazard ratio compared to those 
who underwent surgery (HR 1.979, p < 0.0001). Income level was 
identified as a significant variable, with an income of $75,000 or more 
associated with a lower hazard ratio when compared to an income less 

than $35,000 or between $35,000 and $44,999 (HR 0.71, p < 0.0001). 
These findings highlight the impact of age, sex, race, marital status, 
AJCC stage, treatment modalities, and income level on the prognosis 
of patients with gastrointestinal stromal tumor (GIST).

The final nomogram, depicted in Figure  2, provides a 
comprehensive visualization of the multiple regression model for 
predicting cancer-specific survival (CSS) probabilities based on the 
relevant factors identified earlier. Among these factors, AJCC stage 

TABLE 1  Demographic and clinical characteristics of the 2 cohorts of 
patients.

Variable Training cohort 
(%)

Validation cohort 
(%)

N 2,143 919

Age of diagnosis 65 (54–74) 64 (55–73)

Sex

Male 1,103 (51.47) 473 (51.47)

Female 1,040 (48.53) 446 (48.53)

Race

White 1,465 (68.36) 637 (69.31)

Black 370 (17.27) 152 (16.54)

Other 308 (14.37) 130 (14.15)

Marital status

Single 369 (17.22) 170 (18.5)

Married 1,305 (60.9) 539 (58.65)

DSW 469 (21.89) 210 (22.85)

AJCC stage

I 1,025 (47.83) 458 (49.84)

II 373 (17.41) 145 (15.78)

III 354 (16.52) 157 (17.08)

IV 391 (18.25) 159 (17.3)

Summary of Stage

Localized 1,517 (70.79) 664 (72.25)

Regional 255 (11.9) 101 (10.99)

Distant 371 (17.31) 154 (16.76)

Radiation

Yes 8 (0.37) 10 (1.09)

No/unknow 2,135 (99.63) 909 (98.91)

Chemotherapy

Yes 960 (44.8) 383 (41.68)

No/unknow 1,183 (55.2) 536 (58.32)

Surgery

Yes 1917 (89.45) 831 (90.42)

No/unknow 226 (10.55) 88 (9.58)

Income

< $35,000, $35,000–

$44,999

212 (9.89) 66 (7.18)

$45,000–$59,999 472 (22.03) 221 (24.05)

$60,000–$74,999 775 (36.16) 338 (36.78)

$75,000+ 684 (31.92) 294 (31.99)

TABLE 2  Selected variables by multivariate Cox stepwise regression 
analysis.

Multivariate analysis

Variable HR 95% CI p-value

Age of diagnosis 1.051 1.045–1.057 <0.0001

Sex

Male reference

Female 0.667 0.579–0.768 <0.0001

Race

White reference

Black 1.412 1.19–1.676 <0.0001

Other 0.941 0.757–1.169 0.5805

Marital status

Single reference

Married 0.688 0.571–0.83 <0.0001

DSW 0.987 0.801–1.215 0.8997

AJCC stage

I reference

II 1.249 0.99–1.576 0.0608

III 2.408 1.952–2.971 <0.0001

IV 3.247 2.259–4.668 <0.0001

Summary of Stage

Localized reference

Regional 1.208 0.957–1.525 0.1126

Distant 1.375 0.979–1.931 0.0658

Radiation

Yes reference

No/unknow 0.728 0.398–1.331 0.0302

Chemotherapy

Yes reference

No/unknow 1.484 1.27–1.734 <0.0001

Surgery

Yes reference

No/unknow 1.979 1.648–2.376 <0.0001

Income

< $35,000, $35,000–

$44,999

reference

$45,000–$59,999 0.999 0.787–1.268 0.9903

$60,000–$74,999 0.81 0.644–1.018 0.0711

$75,000+ 0.71 0.558–0.905 0.0056
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exerts the most significant influence on the survival rate, followed by 
surgery, race, chemotherapy, age at diagnosis, marital status, income, 
and sex. This figure shows scores at the top for different patient signs. 
Each patient’s scores are added together to get a total score. This total 
score matches up with the chances of dying in 3, 5, or 8 years, shown 
at the bottom of the nomogram. This helps doctors and patients see 
how likely it is that someone might die within these times. The 
nomogram serves as a practical tool for clinicians to estimate an 
individual patient’s prognosis based on the identified risk factors.

3.3 Evaluating the nomogram using the 
validation cohort

The performance of the nomogram model was assessed using the 
concordance index (C-index) and the area under the receiver 
operating characteristic (ROC) curve (AUC). In the training cohort, 
the C-index for the nomogram model was determined to be 0.764, 
indicating a good discriminatory ability to predict cancer-specific 
survival. Similarly, the validation cohort yielded a C-index of 0.76, 
further confirming the reliability of the model’s predictive capacity.

To evaluate the model’s discriminative power at different time 
points, ROC curves were constructed for 3, 5, and 8 years. The AUC 
values were then calculated as performance metrics. In the training 
cohort, the AUC values for years 3, 5, and 8 were found to be 0.789, 
0.792, and 0.801, respectively. These values indicate a favorable ability 
of the model to differentiate between patients with different CSS 

probabilities at each time point. Similarly, in the validation cohort, the 
AUC values were 0.773, 0.796, and 0.778 for years 3, 5, and 8, 
respectively, further validating the model’s predictive accuracy 
(Figure 3).

To further assess the nomogram’s performance, additional metrics 
such as the Net Reclassification Improvement (NRI) and Integrated 
Discrimination Improvement (IDI) were employed. In the training 
cohort, the NRI values for the 3-, 5-, and 8-year CSS probabilities were 
0.584 (95% CI 0.462–0.689), 0.641 (95% CI 0.543–0.729), and 0.663 
(95% CI 0.598–0.777), respectively. Similarly, in the validation cohort, 
the NRI values were 0.569 (95% CI 0.347–0.721), 0.672 (95% CI 
0.494–0.883), and 0.681 (95% CI 0.507–0.87). These NRI values 
indicate that the nomogram provides improved reclassification of 
patients into appropriate risk categories compared to the 
existing model.

The IDI values, which also assess the improvement in prediction 
performance, were found to be statistically significant in both the 
training and validation cohorts. In the training cohort, the IDI values 
for the 3-, 5-, and 8-year CSS probabilities were 0.095, 0.126, and 
0.145, respectively (p < 0.001). Similarly, in the validation cohort, the 
IDI values were 0.091, 0.130, and 0.150 (p < 0.001). These results 
further demonstrate the enhanced predictive ability of the nomogram 
compared to the existing model.

To evaluate the calibration of the nomogram, calibration plots 
were generated. A calibration plot shows how closely the predictions 
from the nomogram match actual patient results, which is key for 
its use in clinical settings. The calibration plots for the 3-, 5-, and 

FIGURE 2

Nomogram predicting 3-, 5-, and 8-years CSS probability. Mari, marital status; Surg, surgery status; Rad, radiotherapy status; Chem, chemotherapy 
status.
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8-year CSS probabilities in Figure 4 show a close alignment between 
the predicted probabilities and the ideal 45-degree reference line. 
This indicates a high level of calibration, suggesting that the 
nomogram accurately estimates the survival probabilities for 
GIST patients.

Overall, the NRI, IDI, and calibration plot analyses provide 
evidence for the nomogram’s discriminative ability, improved 
reclassification of patients, and accurate calibration, respectively, 
further supporting its reliability and clinical utility.

Finally, to assess the clinical validity of the nomogram, Decision 
Curve Analysis (DCA) curve was constructed. This analysis shows 
the range of probabilities at which the nomogram provides a net 
benefit, supporting its use in making clinical decisions. Figure  5 
displays the survival probability curves for the new nomogram model 
compared to the AJCC model. Notably, the survival probability 
curves for the new model consistently surpass those of the AJCC 
model across the 3-, 5-, and 8-year time frames. This indicates that 
utilizing the new nomogram to predict CSS probabilities provides 

FIGURE 3

Receiver operating characteristic curves. The area under the ROC curve (AUC) for 3-, 5-, and 8-year CSS probability of the training cohort (A–C) and 
validation cohort (D–F).

23

https://doi.org/10.3389/fmed.2024.1403189
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Li et al.� 10.3389/fmed.2024.1403189

Frontiers in Medicine 07 frontiersin.org

greater overall benefits compared to relying solely on the AJCC 
staging system.

4 Discussion

The development of a specialized nomogram for patients 
diagnosed with gastrointestinal stromal tumors (GIST) signifies a 
noteworthy stride in the realm of personalized medicine. GIST, a rare 

form of malignancy primarily affecting the connective tissue cells in 
the gastrointestinal tract, has garnered considerable attention due to 
its potential for aggressive behavior and the varying clinical outcomes 
it presents (18). However, our comprehension of GIST and its 
prognostic implications remains limited, underscoring the imperative 
for comprehensive predictive models (19).

Nomograms have become a ubiquitous tool in cancer prediction 
models, providing a straightforward and accurate means of estimating 
survival probabilities based on a range of clinical and demographic 

FIGURE 4

Calibration curves. Calibration curves for 3-, 5-, and 8-years CSS probability depict the calibration of each model in terms of the agreement between 
the predicted probabilities and observed outcomes of the training cohort (A–C) and validation cohort (D–F).
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factors (9). Notwithstanding, the absence of a tailored nomogram 
specifically designed for GIST patients had been conspicuous prior to 
the inception of this study. Recognizing this void, the researchers 
sought to leverage the extensive data within the Surveillance, 
Epidemiology, and End Results (SEER) database, specifically 
pertaining to GIST cases, with the intention of bridging this gap and 
equipping clinicians with an invaluable tool for prognostication and 
guiding treatment decisions (20).

Backward stepwise selection in Cox regression models 
effectively addresses potential overfitting by iteratively removing the 

least significant predictors, thus simplifying the model and 
enhancing its generalizability. This method begins with a full model, 
including all potential predictors, and eliminates those with the 
highest p-values, typically based on the Wald test, indicating their 
low statistical significance (often using a threshold such as p > 0.05 
or p > 0.10). The process continues until removing further variables 
would significantly worsen the model fit, assessed using criteria like 
the Akaike Information Criterion (AIC) or the Bayesian 
Information Criterion (BIC). These criteria help balance the model’s 
complexity against its goodness of fit, ensuring the final model is 

FIGURE 5

Decision curve analysis curves. Decision curve analysis of the training cohort (A–C) and validation cohort (D–F) for 3-, 5-, and 8-years CSS probability.
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robust, not overly complex, and retains all necessary predictors for 
accurate predictions. This systematic reduction of predictors 
minimizes overfitting, making the model more applicable to 
new data.

The outcomes of this investigation demonstrated the successful 
construction and validation of a nomogram specifically tailored for 
predicting prognosis in GIST patients. This nomogram ingeniously 
incorporated nine indispensable prognostic factors, encompassing 
age, sex, race, marital status, American Joint Committee on Cancer 
(AJCC) stage, surgical status, chemotherapy status, radiation status, 
and income status (21, 22). These factors were meticulously identified 
through a backward stepwise Cox regression model, thereby 
illuminating their profound significance in delineating patient 
outcomes. The nomogram exhibited a commendable ability to 
discriminate, substantiated by high values of the C-index and the area 
under the receiver operating characteristic curve (AUC) (23, 24). The 
calibration curves further validated the nomogram’s reliability, while 
the net reclassification improvement (NRI) and integrated 
discrimination improvement (IDI) values unequivocally showcased 
its superiority over the existing AJCC model. Furthermore, the 
decision curve analysis (DCA) curves provided additional validation 
of the nomogram’s clinical utility (25). In the training cohort, the Net 
Reclassification Improvement (NRI) revealed noteworthy 
advancements in accurately classifying Conditional Survival 
Probability (CSS) at 3, 5, and 8 years, with increments of 58.4, 64.1, 
and 66.3%, respectively. Similarly, the validation cohort exhibited 
substantial increases of 56.9, 67.2, and 68.1% (p < 0.001). Another 
crucial metric, the Integrated Discrimination Improvement (IDI), 
complements the NRI by considering diverse threshold values and 
reflecting the overall enhancement of the model. The IDI values 
further substantiate that the novel model surpasses the AJCC model 
in predictive efficacy for CSS probabilities at 3, 5, and 8 years. 
Specifically, the new model demonstrates improvements of 9.5, 12.6, 
and 14.5% in the training cohort, and 9.1, 13, and 15% in the 
validation cohort (p < 0.001).

The development of this nomogram represents a substantial 
contribution to the realm of personalized medicine in the context of 
GIST. By assimilating essential patient characteristics and treatment 
approaches, the nomogram surpasses conventional methods, 
endowing clinicians with a comprehensive and bespoke approach to 
prognostication and treatment decision-making. The nomogram’s 
notable performance and practicality augur its potential utility in 
diverse clinical settings.

Nevertheless, it is incumbent upon us to acknowledge the 
limitations inherent in this study. The nomogram’s development and 
validation were based on data procured exclusively from the SEER 
database, which may not fully encapsulate the diversity and nuances 
of GIST patients encountered in real-world clinical practice. Hence, 
external validation is paramount to evaluate the generalizability and 
robustness of the nomogram. The SEER database, while a crucial 
resource for cancer research, has several limitations including 
geographic and demographic representation, as it covers only about 
34.6% of the U.S. population and may not adequately represent all 
racial or ethnic groups. It also lacks detailed variables on lifestyle, 
genetics, and environmental factors, as well as comprehensive 
treatment data, limiting the scope of research on cancer etiology and 
treatment outcomes. Furthermore, it is worth noting that this study 
predominantly focused on cancer-specific survival (CSS) as the 

primary outcome variable, without considering other pivotal 
endpoints such as overall survival or recurrence-free survival.

5 Conclusion

In summary, drawing upon a substantial retrospective population, 
we  have successfully constructed the pioneering nomogram for 
estimating 3-, 5-, and 8-year cancer-specific survival (CSS) 
probabilities in patients diagnosed with gastrointestinal stromal 
tumors (GIST). This innovative nomogram integrates a comprehensive 
array of demographic and clinicopathological characteristics. Rigorous 
validation and assessment protocols have underscored the utility and 
user-friendliness of this model, empowering physicians with a valuable 
resource to inform their clinical decision-making for individual 
patients. Notably, the nomogram has demonstrated its capacity to 
provide meaningful and advantageous recommendations. Moving 
forward, our aspirations encompass the development of more intricate 
nomograms, drawing from a broader range of data sources, with the 
aim of further enriching the predictive capabilities of these models.
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Clinical efficacy of Endostar 
continuous infusion combined 
with concurrent 
chemoradiotherapy in the 
treatment of oesophageal 
squamous cell carcinoma
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Department of Radiotherapy, The Affiliated Chuzhou Hospital of Anhui Medical University, Chuzhou, 
China

Objective: To evaluate the effectiveness and safety of concurrent 
chemoradiotherapy using Endostar continuous infusion for treating oesophageal 
squamous cell carcinoma (OSCC).

Method: A total of 62 patients with oesophageal carcinoma were divided into 
three groups: the Endostar continuous infusion group (n = 27), the Endostar 
intravenous drip group (n = 21) and the concurrent chemoradiotherapy group 
(n = 14). All patients underwent oesophageal radiotherapy (56–60 Gy) alongside 
concurrent chemotherapy (4 mg of raltitrexed +100 mg of oxaliplatin, two cycles). 
In the Endostar continuous infusion group, 210 mg of Endostar was administered 
via infusion once every 3 weeks for 72 h, repeated for two cycles. The Endostar 
intravenous drip group received a dosage of 15 mg/day of Endostar, administered 
once daily for 14 days, repeated for two cycles. The objective response rate (ORR) 
(complete remission + partial remission), progression-free survival (PFS), 2-year 
overall survival (2y-OS) and adverse reactions were observed.

Results: In the Endostar continuous infusion, intravenous drip and concurrent 
chemoradiotherapy groups, the ORR was 100, 95.2 and 78.6%, respectively 
(p  <  0.05). There was a statistically significant difference between the continuous 
infusion and concurrent chemoradiotherapy groups (p  <  0.05). However, 
there was no statistically significant difference between the continuous 
infusion and intravenous drip groups or the intravenous drip and concurrent 
chemoradiotherapy groups (p  >  0.05). The continuous infusion and intravenous 
drip groups had higher PFS rates than the concurrent chemoradiotherapy 
group (p  <  0.05). Regarding the 2y-OS rate, no statistically significant difference 
was observed among the three groups (p  >  0.05). Furthermore, there was no 
statistically significant difference in adverse reactions among the groups 
(p  >  0.05).

Conclusion: Concurrent chemotherapy based on endostatin is effective and 
safe in the treatment of OSCC. Continuous 3-day Endostar infusion treatment 
can significantly enhance both short-and long-term therapy efficacy in patients 
while maintaining a high level of safety.

KEYWORDS

Endostar, continuous infusion, concurrent chemoradiotherapy, oesophageal 
squamous cell carcinoma, clinical efficacy
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1 Introduction

Concurrent chemoradiotherapy has emerged as the primary 
approach for the radical treatment of oesophageal carcinoma, notably 
extending survival time (1). Raltitrexed, which is capable of inhibiting 
thymidylate synthase with minimal side effects, is increasingly 
incorporated into concurrent chemotherapy regimens for 
oesophageal cancer, yielding enhanced efficacy (2, 3). Currently, the 
standard approach to treating oesophageal cancer typically involves 
a combination of concurrent chemoradiotherapy alongside 
immunotherapy and targeted anti-angiogenesis medications (4, 5). 
Angiogenesis is pivotal in the progression, invasion and metastasis of 
malignant solid tumors. Consequently, anti-angiogenesis therapy 
holds significant promise in treating various tumor types. As a result, 
there is a growing focus on incorporating anti-vascular drugs into the 
comprehensive management of oesophageal cancer. Approximately 
95% of cases of oesophageal carcinoma in China are squamous cell 
carcinomas (6). Since patients with oesophageal carcinoma have 
varying degrees of dysphagia, most small-molecule anti-angiogenic 
drugs cannot be taken orally.

Endostar is an innovative recombinant human endostatin 
injection, a new generation of biologics that has shown significant 
potential in the field of cancer treatment. Its therapeutic mechanism 
primarily relies on the inhibition of tumor angiogenesis (7), a 
critical component of tumor growth and metastasis. By specifically 
targeting vascular endothelial growth factor (VEGF), Endostar 
blocks the binding of VEGF to its receptors, thereby inhibiting the 
proliferation of vascular endothelial cells and effectively reducing 
the formation of new blood vessels (8). This process not only cuts 
off the tumor’s supply of nutrients, limiting its growth, but also 
reduces the risk of tumor cells migrating to other parts of the body 
through blood vessels to form metastatic tumors. Additionally, it 
can work synergistically with other treatment modalities, such as 
chemotherapy and radiotherapy, to enhance their efficacy. Clinical 
studies have shown promising results for Endostar in various 
cancer types, including lung cancer, nasopharyngeal carcinoma and 
gastric cancer (9–11). Pan-target anti-angiogenesis modulates the 
dynamic equilibrium of angiogenesis within the tumor 
microenvironment, facilitating its normalization. This 
normalization enhances chemotherapy sensitivity, consequently 
impeding tumor growth and metastasis, leading to objectively 
prolonged patient survival time (12, 13). When combined with 
chemoradiotherapy, Endostar has demonstrated improved efficacy 
in treating lung cancer (14) and nasopharyngeal cancer (15), as well 
as other tumor types, alleviating concerns about bleeding associated 
with squamous cell carcinoma. Moreover, it has relatively few side 
effects and relatively high safety levels (16, 17). Endostar has a half-
life of 8–12 h. The traditional route of administration of Endostar 
is 7.5 mg/m2 via intravenous drip for 3–4 h per day for 14 
consecutive days. However, the traditional use of intravenous drip 
causes large fluctuations in drug concentration and limits the 
compliance of patients with long-term administration of Endostar. 
Studies have shown that the anti-tumor effect of Endostar is 
time-and concentration-dependent, and its anti-tumor effect will 
increase with the extension of medication time and the increase of 
blood drug concentration within a certain range. Kisker (18) found 
that after a single intraperitoneal injection of Endostar to mice, the 

drug in the tumor tissue was quickly cleared within 2 h. Moreover, 
continuous administration through a micro-osmotic pump can 
keep the blood drug concentration stable for a long time, and the 
same anti-tumor effect can be obtained with one-eighth of the dose 
of a single injection. This may be due to the continuous intravenous 
pumping of Endostar, which allows the drug solution to 
be continuously and evenly infused, prolongs the infusion time and 
can maintain a stable blood drug concentration, such that the drug 
can continue to act on the endothelial cells of the new blood vessels, 
thereby achieving a better anti-tumor effect. Clinical studies have 
indicated that the continuous intravenous infusion of recombinant 
human endostatin yields superior outcomes compared with 
intravenous drip treatment (19–21), without an associated increase 
in side effects.

In the treatment of locally advanced oesophageal squamous cell 
carcinoma (LA-OSCC), concurrent chemoradiotherapy has become 
the standard treatment plan. With the rise of immunotherapy, 
researchers have begun to explore new combined treatment plans to 
improve therapeutic outcomes. Recently, a single-center, open-label 
phase II study demonstrated the potential of Endostar in combination 
with envafolimab (a PD-L1 checkpoint inhibitor) and concurrent 
chemoradiotherapy for the treatment of LA-OSCC. In this study, 
patients received 50.4 Gy of radiotherapy, chemotherapy with 
paclitaxel liposome and carboplatin, and treatments with Endostar 
and envafolimab. Preliminary results showed that this combined 
treatment plan has good tolerability and controllable toxicity, and all 
patients experienced a reduction in target lesion size, with an 
objective response rate (ORR) of 100% and an endoscopic complete 
remission rate of 88.9%. These promising results provide strong 
support for the ongoing phase II study and offer new therapeutic 
hope for patients with LA-OSCC (22).

However, there has been no study reporting the efficacy of 
Endostar continuous infusion combined with raltitrexed-based 
concurrent chemoradiotherapy in the treatment of OSCC. Therefore, 
this study reports the efficacy and safety of Endostar continuous 
infusion combined with concurrent chemoradiotherapy in treating 
this disease.

2 Information and methodology

2.1 Inclusion criteria

The inclusion criteria for patients were as follows: (1) aged 
45–75 years; (2) pathological confirmation of squamous cell 
carcinoma; (3) ability to tolerate concurrent chemoradiotherapy; (4) 
no previous history of bleeding and concomitant diseases; (5) routine 
physical examination, blood routine, liver function, kidney function 
and other auxiliary examinations not contraindicated by radiotherapy 
and chemotherapy; and (5) informed consent obtained and signed 
prior to treatment. The exclusion criteria were as follows: (1) severe 
underlying diseases and unable to tolerate concurrent chemotherapy; 
(2) a history of significant peptic ulcer; and (3) a history of previous 
bleeding. The general information collected included age, location, 
differentiation, tumor stage and angiographic classification. Tumor 
staging was performed using the Union for International Cancer 
Control (UICC) guidelines (2002 edition).
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2.2 General information

A total of 62 patients (38 men and 24 women) with OSCC 
admitted to the department of radiotherapy between February 2017 
and December 2020 were randomly divided into three groups. The 
patients’ ages ranged from 45 to 75 years, with a median age of 63.0 
and an average age of 63.60 ± 7.34. The distribution skewness was 
−0.283 ± 0.304, which conformed to a normal distribution. The ages 
provided were those at the time of the patient’s initial radiation 
treatment. In addition, the time between the first diagnosis and first 
radiation treatment for all patients did not exceed 3 months. Patients 
were randomly assigned to either the Endostar continuous infusion 
group, the Endostar intravenous drip group or the concurrent 
chemoradiotherapy group based on the day of the week of admission. 
Patients admitted on Monday and Thursday were assigned to the 
Endostar continuous infusion group, those admitted on Tuesday and 
Friday were assigned to the Endostar intravenous drip group and 
those admitted on Wednesday and Saturday were assigned to the 
concurrent chemoradiotherapy group. None of the patients assigned 
to these groups had received any anti-tumor treatment prior to the 
therapy. Ethical approval for this study was obtained from the 
institutional ethical committee. The treatment choice for the randomly 
assigned patients was independent of both gender and age. The 
general treatments administered to the enrolled patients are detailed 
in Table 1.

2.3 Methods

All patients underwent radiotherapy alongside concurrent 
chemotherapy based on raltitrexed. The concurrent 
chemoradiotherapy group received radiotherapy combined with 
concurrent chemotherapy alone. The Endostar continuous infusion 
group received Endostar administered via a pump in addition to 
concurrent chemoradiotherapy. The Endostar intravenous drip 
group received Endostar administered intravenously via a drip in 
addition to concurrent chemoradiotherapy.

2.3.1 Radiotherapy
The patient’s position was fixed with thermoplastic film, and 

enhanced computed tomography (CT) simulation localisation was 
performed. The image was uploaded to the Pinnacle intensity-
modulated radiation therapy (IMRT) system. The target area was 
delineated based on the CT scan image, gastroscopy and 
oesophagography. Gross tumor volume (GTV) delineated the focus of 
oesophageal carcinoma, whereas nodal GTV (GTVn) included 
enhanced CT images of metastatic lymph nodes. Clinical target 
volume (CTV) encompassed both GTV and GTVn, extending the 
upper and lower ends of GTVn outward by 0.5 cm and incorporating 
the corresponding lymph node drainage area with a 0.6-cm margin at 
each end. Planning gross tumor volume (PGTV) comprised GTV and 
GTVn, with the upper and lower ends of GTV extended by 3–5 cm 
and the upper and lower ends of GTVn extended outward by 0.5 cm, 
along with an additional extension of 0.5 cm on the anterior, posterior, 
left and right sides. Planning target volume underwent a three-
dimensional (3D) CTV expansion of 0.5 cm, followed by adjustments 
to organs at risk, such as large blood vessels and vertebral bodies. In 
terms of prescription dose, 95% of PGTV received 50.4–60 Gy in 

1.8–2 Gy fractions over 28–30 fractions, and 95% of PGTV received 
59.92 Gy in 2.14 Gy fractions over 28 fractions. The maximum dose to 
organs at risk was as follows: spinal cord, maximum <40 Gy; lungs, 
V20 < 28%; and heart, V40 < 30%. Routine segmentation occurred 
once per day, five times per week. Following the completion of the 
radiotherapy plan, the deputy chief physician confirmed and verified 
the treatment dose before execution. The treatment was administered 
using a Siemens accelerator (6MV-X IMRT; Siemens AG, Munich, 
Germany).

2.3.2 Chemotherapy
All patients received concurrent chemotherapy based on 

raltitrexed. The first week of radiotherapy was followed by 4 mg of 
raltitrexed +100 mg of oxaliplatin and was repeated for 3 weeks, 
completing two cycles.

2.3.3 Nutritional support and other treatments
Raltitrexed (Nanjing Zhengda Tianqing Pharmaceutical Co., Ltd., 

Nanjing, China) was administered at a dose of 2 mg per vial, whereas 
oxaliplatin (Jiangsu Hengrui Pharmaceutical Co., Ltd., China; Jinan 
Qilu Pharmaceutical Co., Ltd., China) was given at a dose of 100 mg 
per vial.

2.3.4 Targeted therapy
The Endostar continuous infusion group received 210 mg of 

endostatin +102 mL of normal saline (NS) at the beginning of the first 
day of radiotherapy for 72 h once every 3 weeks, totalling two cycles. 
The Endostar intravenous drip group received 15 mg of endostatin 
+500 mL of NS intravenously for 3 h from the first day of radiotherapy 
once daily for 14 consecutive days, followed by 7 days of rest, 
completing two cycles. Endostar was used at a concentration of 15 mg/
mL (First Sound Pharmaceutical, Jiangsu, China).

2.4 Observation index and judging standard

The TNM staging was performed for all patients using the UICC 
guidelines (2002 edition) staging system. Enhanced CT and 
oesophagography were performed within 1–2 months of radiotherapy. 
Wan et al. (23) initially proposed the efficacy standard for oesophageal 
carcinoma, categorizing oesophageal lesions as either in complete 
remission (CR), in partial remission (PR), stable (SD) or progressive 
(PD) based on oesophagography. Mediastinal lymph nodes were 
identified as complete response (CR), partial response (PR), SD or PD 
using chest CT according to the World Health Organization’s 
RECIST1.1 criteria. The overall therapeutic effect was judged in 
combination with the changes in oesophageal lesions and mediastinal 
lymph nodes. If the results of the two tests were not completely 
consistent, this study adopted the lowest therapeutic effect as the 
comprehensive therapeutic effect result (see Table 2). The ORR was 
defined as including the comprehensive therapeutic effect results of 
CR and PR. For long-term effects, the median progression-free 
survival (mPFS) and the median 2-year overall survival (median 
2y-OS) were observed. The mPFS was defined as the point prior to 
which 50% of the patients had not shown disease progression after the 
start of radiation therapy. The median 2y-OS was defined as the 
number of patients who survived at least 2 years after the start of 
radiation treatment. Adverse reactions to the chemotherapy drugs 
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TABLE 1  Patient general information.

ENDOSTAR continuous 
infusion group (n  =  27)

ENDOSTAR intravenous 
drip group (n  =  21)

Concurrent chemoradiotherapy 
group (n  =  14)

χ2/F value p value

Male 16 (59%) 13 (62%) 9 (64%) 0.103 p = 0.950

Female 11 (41%) 8 (38%) 5 (36%)

Age 63.22 ± 1.01 64.09 ± 1.12 63.57 ± 2.07 1.043 p = 0.439

Smoking

 � Yes 18 (67%) 14 (67%) 10 (71%) 0.112 p = 0.945

 � No 9 (33%) 7 (33%) 4 (29%)

Alcohol drinking

 � Yes 20 (74%) 15 (71%) 11 (79%) 0.224 p = 0.894

 � No 7 (26%) 6 (29%) 3 (21%)

TNM stage

 � Stage II 4 (15%) 4 (19%) 3 (21%) 0.369 p = 0.985

 � Stage III 17 (63%) 13 (62%) 8 (57%)

 � Stage IV 6 (22%) 4 (19%) 3 (22%)

Highly differentiated 8 (30%) 6 (29%) 4 (29%) 0.321 p = 0.988

 � Intermediate differentiation 15 (56%) 11 (52%) 7 (50%)

Low differentiation 4 (14%) 4 (19%) 3 (21%)

 � ≤6 cm 19 (70%) 16 (76%) 10 (71%) 0.213 p = 0.899

 � >6 cm 8 (30%) 5 (24%) 4 (29%)

Medullary type 20 (74%) 18 (86%) 10 (71%) 7.465 p = 0.280

 � Ulcer type 2 (7%) 0 (0%) 1 (7%)

 � Narrow type 2 (7%) 1 (5%) 1 (7%)

 � Intracavity type 3 (12%) 2 (9%) 2 (14%)
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were assessed according to the Common Terminology Criteria for 
Adverse Events (CTCAE) 4.0 standard (May 2009), and the Radiation 
Therapy Oncology Group’s (RTOG) acute radiation injury grading 
standard (24) was used to assess the side effects of radiation therapy.

The ORR included the CR and PR, and the lowest curative effect 
was taken as the standard. Progression-free survival and 2y-OS were 
observed during telephone and outpatient follow-ups of 24 months. 
The side effects of radiotherapy were assessed according to the May 
2009 CTCAE 4.0 criteria for adverse reactions to chemotherapy and 
the RTOG’s acute radiation injury grading criteria (24).

2.5 Follow-up

Telephone and outpatient follow-ups were conducted for all 
patients following radiotherapy and chemotherapy. Follow-up 
examinations were performed every 3 months in the first year and 
every 4–5 months in the second year. The follow-up indices included 
alleviation of eating obstruction, oesophagography and chest CT 
imaging. All patients were followed up for 24 months, and the deadline 
for follow-up was December 2022. One patient died from an 
accidental incident and two died from heart disease; none of the 
patients were lost to follow-up, with a 100% follow-up rate.

2.6 Statistical methods

All results were analyzed using the SPSS 25.0 statistical software. 
The mean ± standard error was used to summarize the measurement 
data, and the ORR was expressed as a percentage. Patient data and 
adverse drug reactions were analyzed using the chi-square (χ2) test. 
The ORR was assessed using analysis of variance with a random block 
design. The PFS and 2y-OS were evaluated for differences in survival 
using the Breslow test. Kaplan–Meier survival curves were 
subsequently constructed, with a significance level (α) set at 0.05.

3 Results

3.1 Comparison of short-term efficacy

The CR, PR and SD were 9 (33.30%), 18 (66.7%) and 0 (0%), 
respectively, in the Endostar continuous infusion group. The CR, PR 

and SD were 6 (28.6%), 14 (66.7%) and 1 (4.8%), respectively, in the 
Endostar intravenous drip group. In the concurrent 
chemoradiotherapy group, the CR, PR and SD were 3 (21.4%), 8 
(57.1%) and 3 (21.4%), respectively. The ORRs of the three groups 
were 100, 95.2 and 78.6%, respectively, and the difference among the 
three groups was statistically significant (p = 0.031). The ORR of the 
Endostar continuous infusion group (100%) was significantly higher 
than that of the concurrent chemoradiotherapy group (78.2%) 
(p = 0.014). There was no significant difference between the 
continuous infusion and intravenous drip groups or between the 
intravenous drip and concurrent chemoradiotherapy groups (p > 0.05; 
see Table 2).

3.2 Survival analysis

3.2.1 Progression-free survival
The mPFS was 19.9 [95% confidence interval (CI): 18.39–21.42] 

months in the Endostar continuous infusion group, 17.7 (95% CI: 
16.46–18.87) months in the Endostar intravenous drip group and 
15.6 (95% CI: 14.3–16.84) months in the concurrent 
chemoradiotherapy group, and the difference was statistically 
significant (p = 0.003). Following correction using the Bonferroni 
method, the intergroup significance level was set at α = 0.017. 
Further analysis between the two groups revealed a statistical 
difference between the Endostar continuous infusion group and the 
concurrent chemotherapy group (p < 0.017), but there was no 
statistically significant difference between the intravenous drip 
group and the concurrent chemotherapy group or between the 
continuous infusion group and the intravenous drip group 
(p > 0.017; see Figure 1).

3.2.2 Two-year overall survival
The median 2y-OS response rate was 20.35 (95% CI: 17.77–22.93), 

17.7 (95% CI: 16.46–18.87) and 16.6 (95% CI: 15.32–17.83) months in 
the Endostar continuous infusion, Endostar intravenous drip and 
concurrent chemotherapy groups, respectively, and the difference was 
not statistically significant (p = 0.090). Following correction with the 
Bonferroni method, the intergroup significance level was set at 
α = 0.017. Further analysis found no statistical difference between the 
Endostar continuous infusion and concurrent chemotherapy groups, 
between the intravenous drip and concurrent chemotherapy groups 
or between the Endostar continuous infusion and intravenous drip 
groups (p > 0.017; see Figure 2).

3.3 Adverse reactions

The major adverse events were radiation oesophagitis (grades 
I–II and III–IV), decreased neutrophil counts and fatigue, and 
neutropenia was managed with CSF3. Thrombocytopenia treatment 
with interleukin 11 and thrombopoietin was successfully 
completed. During that period, one case of III–IV grade 
hypertension was relieved by adjusting the dose of antihypertensive 
drugs, and the treatment was resumed. One case in each group of 
grade I–II haematemesis was found in all three groups, and no 
radiation pneumonitis occurred in any of the three groups (see 
Table 3).

TABLE 2  Comparison of short-term efficacy among three groups.

ENDOSTAR 
continuous 

infusion 
group (N  =  27)

ENDOSTAR 
intravenous 
drip group 

(N  =  21)

Concurrent 
chemotherapy 
group (N  =  14)

CR 9/27 (33.3%) 6/21 (28.6%) 3/14 (21.4%)

PR 18/27 (66.7%) 14/21 (66.7%) 8/14 (57.1%)

SD 0/27 (0) 1/21 (4.8%) 3/14 (21.4%)

ORR (%) 100 95.2 78.6

The p- value for comparison between the 3 groups was p = 0.031 (p < 0.05). Comparisons 
between subgroups require a corrected P value of P′. P′ ENDOSTAR continuous infusion 
group/Concurrent chemotherapy group = 0.014 (p′<0.017), P′ ENDOSTAR continuous 
infusion group / ENDOSTAR intravenous drip group = 0.508 (p′>0.017), P′ ENDOSTAR 
intravenous drip group/Concurrent chemotherapy group = 0.143 (p′ > 0.017).
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4 Discussion

This study concluded that Endostar continuous infusion 
combined with concurrent chemoradiotherapy can improve the ORR 
of oesophageal carcinoma. Inhibition of the VEGF-related signaling 
pathway may promote the efficacy of radiotherapy for this type of 
carcinoma (25). Fan et al. (26) found that Endostar combined with 
concurrent chemoradiotherapy increased the ORR of OSCC 
(p = 0.026). The ORR of concurrent chemoradiotherapy with 
Endostar and tetrandrine for recurrent oesophageal cancer was 
66.7%, significantly surpassing that of the control group (39.3%) 
(p < 0.05) (27). In a study by Liang (28), which included 62 patients 
with advanced ovarian cancer, the findings indicated that there was 
no difference in the overall response rate between the paclitaxel/
platinum plus Endostar intravenous infusion and intravenous 
infusion regimens (p > 0.05). However, some clinical studies have 
revealed that the ORR of Endostar continuous infusion is better than 
that of intravenous infusion. Zhang et al. (21) reported 100 cases of 
advanced non-small cell lung carcinoma cancer (NSCLC) treated 
with Endostar continuous infusion and infusion combined with 
platinum-containing dual-drug chemotherapy. The results 
demonstrated that the intravenous infusion of ORR (p = 0.026) and 
disease-control rate (p = 0.017) were superior to intravenous infusion. 
In the present study, the ORR was 95.2 and 78.2% in the Endostar 
intravenous drip and concurrent chemoradiotherapy groups, 
respectively, and there was no statistically significant difference 
(p > 0.05). These results differ from those of existing clinical studies. 
The absence of a statistical difference between the two groups may 
be attributed to an increased likelihood of random error due to the 
smaller number of patients in both groups. However, there was a 
significant difference between the Endostar continuous infusion and 
concurrent chemotherapy groups (p = 0.036). It may be advantageous 
to explore cumulative differences between the Endostar continuous 

infusion and Endostar intravenous drip groups, as well as between 
the intravenous and concurrent chemoradiotherapy groups.

This study found that there was a significant difference in mPFS 
between the three groups, and subgroup analysis showed that the 
difference in PFS between the Endostar continuous infusion group 
and the concurrent chemotherapy group was significant. It is suggested 
that Endostar combined with radiotherapy and chemotherapy can 
enhance the PFS of patients, with continuous infusion potentially 
offering more pronounced benefits. A retrospective analysis suggested 
that concurrent chemoradiotherapy combined with Endostar injection 
can improve the 3-year PFS rate of patients with locally advanced 
nasopharyngeal carcinoma (29). Another study suggested that the PFS 
of patients with nasopharyngeal cancer treated with concurrent 
chemoradiotherapy plus Endostar was significantly longer than that 
of concurrent chemoradiotherapy by approximately 4 months (30). 
However, in the present study, there was no significant difference 
between the Endostar continuous infusion group and the Endostar 
intravenous drip group, or between the Endostar intravenous drip 
group and the concurrent chemotherapy group, which is different 
from the results of published studies. A previous study suggested that 
continuous infusion of Endostar combined with chemotherapy may 
decrease the risk of locally advanced disease compared with 
intravenous drip, and the mPFS of NSCLC increased from 4.4 to 
8.0 months (p = 0.019) (16). Xu et al. found that the PFS of 40 patients 
with intermediate-to-advanced NSCLC treated by the two routes of 
Endostar combined with a gemcitabine/cisplatin (GP) regimen was 
7.5 and 5.9 months, respectively (p < 0.05) (31). A real-world analysis 
assessing the effectiveness of Endostar combined with chemotherapy 
in treating 54 cases of non-driver gene mutation NSCLC revealed that 
the mPFS of 7-day continuous infusion was superior to that of 14-day 
intravenous drip (6 vs. 4.5 months) (32).

The difference in our results can be attributed to the study’s design, 
which involved comparing three groups using two subgroups. This 

FIGURE 1

Progression-free survival curve of ENDOSTAR continuous infusion group, ENDOSTAR intravenous drip group and concurrent chemotherapy group. 
The curves depict the rates at which patients in each group maintained disease progression-free status over time since the commencement of 
treatment.
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contrasts with other clinical studies, which typically compare only two 
groups. Furthermore, this study’s statistical test employed p < 0.017 as 
the threshold for test significance, whereas other studies typically used 
p < 0.05 as the criterion for significance. Moreover, the limited number 
of cases and short follow-up time may have introduced 
experimental bias.

This study suggests that whether or not Endostar is used, and 
irrespective of whether it is administered via continuous infusion or 
intravenous drip, there were no benefits in terms of the 2y-OS (p = 0.196). 
Moreover, the study did not demonstrate that the use of Endostar in 
combination with chemoradiotherapy can significantly improve long-
term survival rates compared with chemoradiotherapy alone. Endostar 
also showed no significant benefit in the 2y-OS of patients with other 
tumors. The OS of recombinant human endostatin combined with a GP 
regimen and GP regimen alone was 12.7 and 12.3 months in 40 patients 

with advanced NSCLC, respectively (p > 0.05) (31). No prolonged OS was 
seen in a real-world study of the efficacy of chemotherapy combined with 
recombinant human endostatin following 7-day continuous infusion and 
14-day intravenous infusion in 54 patients with NSCLC (p = 0.111) (32).

In the present study, radiation-induced oesophagitis, neutrophil 
levels, fatigue and vomiting were the primary adverse events. These 
adverse reactions (graded >3) occurred in 16.0% (10/62), 14.5% (9/62), 
12.9% (8/62) and 8.1% (5/62) of patients, respectively. No oesophageal 
perforation or severe haematemesis occurred. The study assessed 
whether Endostar was used in combination and whether the drug was 
administered continuously over 3 days or infused intravenously over 
14 days without causing life-threatening side effects. The results showed 
that Endostar is safe and reliable. Additionally, Endostar can 
be considered safe and manageable in other cancer combinations. A 
3-day regimen of continuous intravenous infusion of recombinant 

FIGURE 2

The overall survival curve of ENDOSTAR continuous infusion group, ENDOSTAR intravenous drip group and concurrent chemotherapy group. The 
curves reflect the survival conditions of patients in each group from the start of treatment until the end of follow-up.

TABLE 3  The adverse reactions of 62 cases of esophageal carcinoma with different therapeutic schemes.

Adverse 
reactions

ENDOSTAR 
continuous infusion 

Group

ENDOSTAR 
intravenous drip 

group

Concurrent 
chemoradiotherapy group

X2 value p- value

I-II III-IV I-II III-IV I-II III-IV

Thrombocytopenia 7 2 6 2 4 1 0.017 0.895

Less neutrophil 14 3 11 3 10 2 0.021 0.796

Vomiting blood 1 0 1 0 1 0 0 1.000

High blood pressure 7 1 8 0 1 0 −0.111 0.288

Radiation esophagitis 24 3 16 5 12 2 0.083 0.241

Hoarse voice 4 0 2 0 0 0 −0.286 0.439

Hard to breathe 1 0 1 0 1 0 0 1.000

Fatigue 23 4 18 3 12 2 −0.004 0.958

Nausea/vomiting 17 2 18 1 10 2 −0.032 0.589
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human endostatin combined with chemotherapy was found to have a 
manageable adverse effect and an acceptable safety profile in 127 
patients with solid tumors (33). A phase II study of Endal plus 
etoposide/cisplatin in 22 patients with small-cell carcinoma found that 
all patients tolerated the treatment. The main adverse reactions were 
myelosuppression, proteinuria, nausea and vomiting, and the incidence 
of grade 3 and 4 adverse reactions was 7.2%. No treatment-related 
deaths occurred (34). Endostar combined with chemoradiotherapy can 
further expand the benefits of treating the population with OSCC 
and, for more extensive cases, improve effective and safe 
treatment opportunities.

This study provides important insights in the field of concurrent 
chemoradiotherapy for OSCC. Based on this study, the use of 
Endostar combined with chemotherapy and radiotherapy for OSCC 
may have a range of potential long-term effects on patients. First, 
we  discovered that combining Endostar with chemotherapy and 
radiotherapy yields notable efficacy and safety in treating this 
carcinoma type. Specifically, continuous infusion of Endostar notably 
enhances ORRs and PFS rates, offering fresh therapeutic avenues for 
clinical practice. Although no statistically significant difference in 
2y-OS was found in this study, the improved treatment effect may 
help prolong patient survival. This result may be limited by sample 
size or follow-up time. Improved treatment efficacy and longer 
survival may reduce patients’ symptoms and complications, thereby 
improving their quality of life. Second, this study emphasizes the 
importance of personalized treatment approaches. By comparing 
various regimens, it was found that continuous Endostar infusion 
outperforms intravenous administration and simple 
chemoradiotherapy. This highlights the need to tailor treatments 
based on individual patient characteristics and pathology, ultimately 
improving treatment outcomes and survival rates. In addition, as an 
anti-angiogenic drug, Endostar may help reduce tumor recurrence 
and metastasis by inhibiting tumor angiogenesis, providing patients 
with longer-term disease control. However, although the side effects 
of Endostar were controllable in this study, the unknown long-term 
side effects that may be caused by long-term use need to be managed 
through continuous monitoring and evaluation. This study highlights 
the need for improved treatment options. Finally, this study may 
provide new directions for future research on Endostar and other 
anti-angiogenic drugs in OSCC, and even other types of cancer, to 
explore their long-term effects and optimal use strategies.

Despite our progress, limitations persist, including sample size 
constraints and short follow-up periods. Therefore, future research 
should prioritize enlarging the sample size, and further research 
involving more diverse populations and extended follow-up durations 
is needed to validate our findings and explore novel therapeutic 
strategies and drugs.

In summary, Endostar combined with raltitrexed-based 
concurrent chemoradiotherapy is safe and effective for the treatment 
of OSCC. Furthermore, 3D continuous infusion can improve the ORR 
and PFS rate. A 3-day continuous infusion of Endostar constitutes a 

short treatment duration, associated with mild adverse reactions, 
meaning it may offer an effective and safe approach to treating OSCC.
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Statin exposure and risk of 
colorectal cancer in patients with 
inflammatory bowel disease: a 
systematic review and 
meta-analysis
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1 Pharmacy Department, The 960th Hospital of PLA, Jinan, China, 2 State Key Laboratory for Diagnosis 
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Infectious Diseases, The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou, 
China

Background: While epidemiological studies have linked statin use to a reduced 
risk of advanced colorectal adenomas, its impact on colorectal cancer (CRC) 
risk in patients with inflammatory bowel disease (IBD) remains unclear. To our 
knowledge, no meta-analysis to date has specifically examined this association. 
Therefore, we conducted a systematic review and meta-analysis of the available 
observational studies to investigate the risk of CRC associated with statin use in 
IBD patients.

Methods: We searched three databases for articles published in English before 
September 2024, focusing on the protective effects of statins against CRC in IBD 
patients. We calculated multivariate odds ratios (ORs) and their 95% confidence 
intervals (CIs) to assess this association. A random-effects meta-analysis was 
conducted using the generic inverse variance method.

Results: The meta-analysis included 4 studies encompassing 22,250 IBD 
patients, 6,712 of whom were statin users. The methodological quality of three 
of the studies was deemed high. We found a significantly lower risk of CRC in 
statin users compared to non-users, with a pooled relative risk of 1.88 (95% CI 
1.54–2.30). Sensitivity analyses confirmed the consistency of these findings.

Conclusion: Statin use appears to be  associated with a reduced risk of CRC 
in patients with IBD. However, given the limited number of studies available, 
further prospective research with large sample size is necessary to confirm the 
potential chemopreventive role of statins in this population.

KEYWORDS

lipid-lowering, colon, rectum, neoplasm, cancer

Introduction

Inflammatory bowel disease (IBD) encompasses a group of immune-mediated disorders 
that exhibit a relapsing–remitting course, including ulcerative colitis (UC), Crohn’s disease 
(CD), and IBD-unclassified colitis (IBD-U) (1). The global incidence of IBD is on the rise, 
presenting significant economic and social challenges to healthcare systems due to its high 
prevalence, early onset, and the requirement for lifelong treatment (2). IBD is associated with 
various complications such as anemia, stenosis, abscesses, and fistulas (3). Notably, colorectal 
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cancer (CRC) represents a significant morbidity factor in IBD patients, 
with studies showing an estimated 2-fold increased risk compared to 
the general population (4). This risk is further elevated in patients with 
concomitant primary sclerosing cholangitis (5, 6). Recognizing the 
risk factors for CRC in IBD could aid in preventing the disease and 
guiding targeted interventions.

Statins are primarily prescribed to treat hypercholesterolemia 
and reduce cardiovascular morbidity and mortality (7). Beyond 
their lipid-lowering effects, statins have demonstrated anti-
proliferative, anti-inflammatory, and anti-neoplastic properties in 
numerous preclinical studies (8–10). As a result, research has 
suggested a potential benefit of statins in reducing cancer 
incidence. In terms of CRC risk in the general population (11, 12), 
meta-analyses of observational studies have indicated a modest 
reduction in CRC risk, though randomized controlled trials have 
not shown significant benefits (13). Subsequently, several studies 
(14–17) have explored the link between statin use and CRC risk 
in patients with IBD. In the earliest study, Samadder et al. found 
no protective effect of statins against CRC. Similar results were 
reported in a U.S.-based hospital analysis. However, two larger 
population-based studies identified an inverse association 
between statin use and CRC. These findings raise the question of 
whether statin use is linked to a reduced risk of CRC in the 
IBD population.

In light of the growing prevalence of IBD and widespread use of 
statins, we  conducted a systematic review and meta-analysis to 
evaluate the relationship between statin use and CRC risk among IBD 
patients. This review aimed to support the development of evidence-
based clinical guidelines and inspire further research in this area.

Methods

Search strategy

This systematic review and meta-analysis was conducted in 
accordance with the PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) guidelines. We conducted a 
comprehensive search in PubMed and Embase databases for studies 
published up to September 10, 2024. Our search terms included 
combinations of “inflammatory bowel disease,” “IBD,” “Crohn’s 
disease,” “CD,” “ulcerative colitis,” “UC,” “statin(s),” “HMG-CoA 
reductase inhibitor(s),” “simvastatin,” “atorvastatin,” “pravastatin,” 
“fluvastatin,” “rosuvastatin,” “lovastatin,” and terms related to 
colorectal conditions such as “colon,” “rectal,” “colorectal,” along with 
“cancer,” “tumor,” “carcinoma,” and “neoplasm.” In addition, a manual 
search of the reference lists of the retrieved articles was conducted.

Inclusion criteria

The inclusion criteria of our study followed the PICO (Population, 
Intervention, Comparison, Outcome) framework: (1) Population: 
patients diagnosed with IBD; (2) Intervention: statin use; (3) 
Comparison: non-use of statins; (4) Outcome: incidence of 
CRC. Randomized controlled trials (RCTs), cohort studies, and case–
control studies were included, while case series, case reports, animal 
studies, editorials, and reviews were excluded.

Data extraction and quality assessment

Data from the included studies were extracted and summarized 
in an Excel spreadsheet. Extracted information included the first 
author, publication year, study design, study location, subject 
characteristics (age and IBD type), methods for assessing IBD, the 
number of IBD patients exposed and unexposed to statins, CRC 
definitions, statistical adjustments for confounders, and study 
quality assessment.

Each article was independently evaluated using the Newcastle-
Ottawa Quality Assessment Scale (NOS) (18), as recommended by 
the Cochrane Collaboration for assessing the quality of 
observational studies. A score higher than 7 points indicated a high-
quality study.

Statistical analysis

Statistical analyses were conducted using Stata 12.0 software 
(Stata Corp., College Station, TX, USA). Heterogeneity was assessed 
using the I2 statistic, with I2 > 50% indicating significant 
heterogeneity (19). In cases of significant heterogeneity, random-
effects models were applied. The risks of CRC were expressed as 
odds ratios (ORs) with 95% confidence intervals (CI) for case–
control studies, and as relative risks (RRs) or hazard ratios (HRs) 
with 95% CIs for cohort studies (20). ORs were treated as 
approximations of RRs or HRs due to the rarity of CRC in all 
populations. Fixed-effect models were used when no significant 
heterogeneity was found. A funnel plot was not generated because 
<10 studies were included (21). A 2-sided test was performed, and 
p < 0.05 was considered statistically significant.

Results

Search results

We identified 262 studies from two databases using relevant 
keywords. After screening titles and abstracts, 32 duplicates and 220 
studies were excluded, leaving 10 for full-text review. Six studies were 
excluded due to multiple reasons. Ultimately, four studies involving 
patients with IBD were included in our analysis. The selection process 
was further refined by addressing potential duplicates (due to shared 
databases and common co-authors) and by excluding case reports. 
Figure 1 provides a flow diagram outlining the literature search and 
selection process.

Characteristics of included studies

Table 1 summarizes the characteristics of the included studies: two 
were conducted in North America, one in Europe, and one in Asia. 
These studies were published between 2011 and 2023, with sample 
sizes ranging from 60 to 11,001 participants. Of the four studies, three 
were cohort studies and one was a case–control study. Based on 
methodological quality assessments, three studies were deemed high 
quality, while one was categorized as low quality. 
Supplementary Tables S1, S2 provide detailed score breakdowns.
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Meta-analysis

We analyzed 4 studies, comprising 6,712 statin-exposed and 
15,537 unexposed patients with IBD, to assess the risk of CRC 
associated with statin use. The combined OR for CRC was 0.53 (95% 
CI 0.31–0.92; p = 0.024), indicating a protective effect, although there 
was significant heterogeneity (I2 = 65.7%) (Figure  2). When the 
analysis was limited to three high-quality cohort studies, the protective 
effect of statins on CRC risk remained consistent (OR = 0.58, 95% CI 
0.35–0.97, p = 0.037; I2 = 69.1%). Sensitivity analysis showed no 
substantial change in the pooled risk estimates; the pooled ORs for 
CRC ranged from 0.41 to 0.58.

Further analysis by type of IBD revealed that statin-exposed UC 
patients had a lower risk of CRC (OR = 0.58, 95% CI 0.46–0.73, 

p < 0.001; I2 = 0%) (Figure 3A), whereas no significant protective effect 
was observed in CD patients (OR = 0.55, 95% CI 0.04–7.02, p = 0.649; 
I2 = 94.9%) (Figure 3B). In sex-based analyses, a protective effect was 
seen in male IBD patients exposed to statins (OR = 0.49, 95% CI 
0.27–0.88, p = 0.018; I2 = 74.2%) (Figure  3C), but not in female 
patients (OR = 0.56, 95% CI 0.17–1.17, p = 0.122; I2 = 70.3%) 
(Figure 3D).

Discussion

This is the first meta-analysis to investigate the association 
between statin use and the risk of CRC in patients with IBD. Our 
findings suggest a significantly reduced risk of CRC in statin users 

FIGURE 1

Flow chart of the search process and study selection.
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compared to non-users, even after adjusting for potential confounding 
factors. However, due to the limited number of included studies, 
caution is warranted when interpreting these results.

The exact pharmacological mechanisms behind the antitumor 
effects of statins are not yet fully understood, but several explanations 
have been proposed. One of the primary mechanisms involves the 
inhibition of HMG-CoA reductase, the enzyme statins target to 
lower cholesterol. This inhibition reduces mevalonate synthesis, 
which is essential for cholesterol production (22). Interestingly, 
disruptions caused by statins in the mevalonate synthesis pathway 
inhibit cancer growth and lead to apoptotic cell death, and the 
depletion of cholesterol may inhibit cancer cell growth (23). 
Additionally, statins may inhibit the synthesis of isoprenoids, which 
are essential lipid attachments for intracellular signaling molecules, 
such as Rho, Rac, and Cdc42 (24). These related-proteins are 
overpresented in CRC and are associated with tumor invasion. 
Furthermore, statins may reduce the formation of aberrant crypt foci 
and polyps, and reduce tumor metastasis (25). Non-HMG-CoA-
related effects of statins include anti-proliferative actions, regulation 
of cell adhesion, antioxidant properties, and anti-inflammatory 
effects (26). Finally, several reports have demonstrated that the use 
of statins may reshape the balance of gut microbiota in patients with 
hyperlipidemia and favors the growth of species whose metabolites 
may exert anti-inflammatory effects as Bifidobacterium (27). The 
anti-tumor effect of Bifidobacterium has been proved in in vitro and 
in vivo (28, 29).

Chronic intestinal inflammation is thought to play a critical role 
in the development of CRC (30). Persistent inflammation in IBD 
patients increases the risk of colorectal neoplasia and its long-term 
consequences, including CRC. A meta-analysis by Lutgens et al. (4) 
reported that IBD patients have a 70% higher risk of CRC compared 
to the general population. Since 2010, several meta-analyses (11, 12) 
based on observational studies have shown a lower CRC risk in the 
general population. Given the high incidence of CRC in IBD and the 
potential antitumor effects of statins, it is important to explore 
further the association between statin use and CRC risk in 
IBD patients.

Although the potential protective effects of statins on CRC in 
IBD are biologically plausible, the studies included in our meta-
analysis reported inconsistent results, which is reflected in the 
significant clinical heterogeneity observed. A key source of this 
heterogeneity is the variation in sample sizes. Two studies reporting 
no protective effect of statins enrolled only 703 IBD patients and 
identified 44 CRC cases, making it reasonable to speculate that their 
findings may be influenced by small sample sizes. In contrast, the 
other 2 studies, with a combined total of 21,545 IBD patients, 
observed a protective role for statins in CRC prevention.

Previous meta-analysis (31) have demonstrated that colonoscopy 
can effectively reduce the incidence of CRC. In one of the included 
studies, Shah et al. explored the relationship between statin use and 
CRC in a cohort of IBD patients undergoing regular colorectal 
surveillance, which may have minimized the observed protective 
effect of statins. Additionally, the statin-exposed group in this study 
were older than the unexposed group, which is notable since CRC 
incidence increases with age. This uneven age distribution may have 
masked the effect of statins.

Other factors, such as exposure to chemopreventive agents, IBD 
medications, IBD severity, and the presence of primary sclerosing T
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cholangitis, have also been associated with CRC development in 
IBD patients (32–34). However, the studies included in our meta-
analysis adjusted for these confounding variables to varying 
degrees. The failure to account for these important factors in some 
studies may have influenced the strength and reliability of 
their conclusions.

This is the first and most comprehensive systematic review and 
meta-analysis to investigate the risk of CRC in statin users with 
IBD. However, our study has some limitations, particularly regarding 
unknown confounders. Given ethical and practical constraints, 
conducting RCTs to evaluate the chemopreventive effects of statins on 
CRC risk is not feasible. Future well-designed studies that account for 
additional variables, such as smoking status, chronic comorbidities, 
and other medication use, are needed to examine further this 
association. Second, another limitation is the high heterogeneity with 
respect to the characteristics of the included studies, and finding 
sources of heterogeneity is one of the most important goals of meta-
analysis. In the present meta-analysis, this heterogeneity could not 
be explained by the sensitivity, or subgroup analyses based on type of 
IBD or gender. The existence of clinical heterogeneity would be the 
source of statistical heterogeneity in the results. One included study 
(14) observed a significant duration-dependent benefit. With respect 
to statin type, previous meta-analysis (35) showed a significant 
association between lipophilic statin use and CRC risk and a null 
association between hydrophilic statin use and CRC risk among the 

general population. However, the included studies provided limited 
data on the dose, duration, and type of statins used, preventing us 
from conducting further analyses about how these factors might 
influence CRC risk. Third, the number of eligible studies and the 
sample size of IBD patients and CRC cases were relatively small, which 
may have affected the accuracy of our findings. These results should 
be interpreted with caution, and more clinical and basic research is 
needed to confirm the potential protective effects of statins in IBD 
patients. Fourth, we  were unable to assess the causal relationship 
between statin use and CRC risk, which would provide a deeper 
understanding of the association. Finally, most of the included studies 
were conducted in Western countries, limiting the generalizability of 
our findings to other populations.

In conclusion, our results suggest that statin use is associated 
with a reduced risk of CRC in patients with IBD, indicating potential 
for statins as a chemopreventive agent in this population. However, 
these findings need to be confirmed through larger, well-designed 
prospective studies.
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FIGURE 2

Forest plot of the overall risk of CRC in relation to exposure to statin among patients with IBD.
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Nomogram for predicting 
post-progression-free survival in 
patients with recurrent pancreatic 
ductal adenocarcinoma after 
radical surgery: a retrospective 
analysis
Dailei Qin †, Pu Xi †, Kewei Huang †, Lingmin Jiang , Zehui Yao , 
Ran Wei * and Shengping Li *

State Key Laboratory of Oncology in South China, Guangdong Provincial Clinical Research Center for 
Cancer, Sun Yat-sen University Cancer Center, Guangzhou, China

Background: Radical resection is the only curative method for patients with 
pancreatic adenocarcinoma (PDAC). However, nearly 85% of PDAC patients 
suffer from local or distant recurrence within 5 years after curative resection. The 
progression of recurrent lesions accelerates the mortality rate in PDAC patients. 
However, the influence of clinicopathological factors on post-progression-free 
survival (PPFS), defined as the period from tumor recurrence to the timing of the 
progression of recurrent lesions, has rarely been discussed. The present study 
aimed to explore the independent prognostic factors for PPFS and construct a 
nomogram for PPFS prediction.

Materials and methods: The 200 recurrent PDAC patients were divided into 
training and validation groups by leave-one-out cross-validation. The patients’ 
clinicopathological characteristics were compared through a chi-square test. 
Meanwhile, these factors were enrolled in the univariate and multivariate COX 
regression to find the independent prognostic factors of PPFS. Moreover, the 
Kaplan–Meier survival analysis based on the independent prognostic factors 
was performed. Finally, we constructed a nomogram model for PPFS prediction, 
followed by an effectiveness examination.

Results: PDAC patients who received multi-agent chemotherapy after surgery 
showed a longer PPFS than the single-agent chemotherapy group. PDAC patients 
who received multi-agent chemotherapy after recurrence showed a similar PPFS 
compared to the single-agent chemotherapy group. Local recurrence with 
distant metastases, early recurrence, lympho-vascular invasion, higher T stage, 
and higher N stage predicted shorter PPFS in recurrent PDAC patients. Finally, a 
nomogram to indicate the progression of recurrent lesions was constructed.

Conclusion: Multi-agent chemotherapy is recommended for PDAC patients after 
surgery. Meanwhile, single-agent chemotherapy also deserves consideration 
after tumor recurrence. Moreover, the nomogram could be  used in PPFS 
prediction.

KEYWORDS

nomogram, recurrence, chemotherapy, pancreatic adenocarcinoma, post-
progression-free survival
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Introduction

PDAC is the major component of pancreatic cancer (1, 2). As 
reported in previous research, the 5-year overall survival rate of PDAC 
is less than 10% (3). Moreover, PDAC was expected to become the 
second leading cause of cancer-related death by 2030 (4). So far, 
radical resection has been the only curative method for PDAC (5). 
Unfortunately, even though the adjuvant chemotherapy has been 
performed, nearly 85% of resected cases eventually experience tumor 
recurrence (6, 7). The relationship between the clinicopathological 
factors and tumor recurrence in PDAC has been explored previously. 
In detail, PDAC patients who received adjuvant chemotherapy 
achieved longer progression-free survival and overall survival 
compared to untreated patients (8, 9). However, the restriction effect 
of chemotherapy on recurrent PDAC has been rarely discussed.

The advancement of recurrent lesions was defined as follows: at 
least 20% increase in maximum diameter of the primary recurrent 
lesions, or detection of any new recurrent lesions in the distant tissue. 
Meanwhile, the period from tumor recurrence to the timing of the 
progression of recurrent lesions was defined as PPFS. The progression 
of relapse lesions reflects the weakness of the anti-tumor immune 
system and the production of circulating tumor cells, predicting poor 
prognosis (10–12). According to the NCCN guidelines, a change to an 
alternate chemotherapy regimen is usually recommended for recurrent 
PDAC patients. However, there lacked of a definite chemotherapeutic 
regimens for recurrent PDAC patients in the NCCN guidelines (13). 
Therefore, exploring independent prognostic factors of PPFS and 
further creating an analysis tool to predict the risk of PPFS is crucial 
for developing suitable adjuvant chemotherapy regimens for recurrent 
PDAC patients.

Several prediction models have been used to estimate the overall 
survival or progression-free survival of PDAC patients (14–16). Some 
independent factors in these models such as tumor markers or 
chemotherapy regimens were only collected before or soon after 
surgeries. The updated data after tumor recurrence were scarcely 
mentioned. Moreover, previous partial research only recorded 
whether PDAC patients received chemotherapy or not, the detailed 
classification of chemotherapy regimens has rarely been established. 
However, the PPFS of recurrent PDAC patients is greatly impacted by 
characteristics of relapse lesions rather than primary tumor features. 
Therefore, prior nomogram models may be less effective for PPFS 
prediction. Considering the lack of a specific predictive model for 
PPFS estimation, it was necessary to build a novel nomogram model 
for recurrent PDAC patients.

In order to ensure the quality and reliability of data analysis, all 
participants were screened by their clinical and pathologic features. 
The flow chart has been established in Figure 1. Finally, a total of 200 
recurrent PDAC patients were collected from 394 surgically resected 
cases with pancreatic cancer.

Materials and methods

Patient’s enrollment and grouping

A total of 394 patients who underwent radical resection for PDAC 
from January 2008 to December 2019 were collected from medical 
records (Figure  1). Pancreaticoduodenectomy and distal 

pancreatectomy are the main type of radical resection (17, 18). 
Tumoral resectability was investigated by a professional 
multidisciplinary team for PDAC based on imaging findings from 
computed tomography (CT), magnetic resonance imaging (MRI), and 
positron emission tomography-CT (PET-CT). Three chief physicians 
skilled in pancreaticoduodenectomy and distal pancreatectomy 
performed all of the surgeries included in this study. The attending 
clinician and resident physician were also required to participate in 
the surgical procedure. Furthermore, open, laparoscopic, and robotic 
surgery was chosen according to the clinical tumor state with consent 
obtained from patients.

The inclusion criteria concluded as follows: (1) histopathological 
examination reveals a definite diagnosis of PDAC, (2) diagnosed with 
tumor recurrence postoperatively according to the results of CT, tumor 
markers, and biopsy pathology, (3) the medical records were available, 
(4) Patients received multiagent chemotherapy: modified-FOLFIRINOX, 
FOLFIRINOX (oxaliplatin, Irinotecan, calcium folinate, fluorouracil), 
AG (nab-paclitaxel, gemcitabine), GS (gemcitabine, tegafur), (5) Patients 
received single-agent chemotherapy: Gemcitabine or tegafur, (6) Patients 
never received chemotherapy. On the contrary, the exclusion criteria 
were represented as follows: (1) patients with a second tumor before 
surgery, (2) patients who received neoadjuvant chemotherapy, (3) 
patients without R0 resection (the margin for R0 resection was described 
as 1.5–2 mm in the previous study) (19), (4) lost follow-up, (5) the 
number of dissected lymph nodes was no more than 15.

The patients enrolled in the present study were subsequently 
divided into training and validation group by leave-one-out cross-
validation (LOOCV) method. In detail, one patient was enrolled into 
validation group each time, while the rest of patients served as a 
training group. Then, the accuracy of this model was recorded from 
analysis tool. The above procedure was repeated until all of the 
patients were tested as a validation sample. The final grouping schemes 
was determined by the average accuracy.

The consent to use the medical records has been obtained from all 
of patients enrolled in the present study. The Ethics Committee 
approved the retrospective study. This study was registered with www.
researchregistry.com. This work has been reported according to the 
STROCSS (Strengthening the Reporting of Cohort Studies in Surgery) 
criteria (20).

Collection of clinicopathological 
characteristics

The clinicopathological factors included in this research were 
chosen based on the results of previous prognostic analyses (9, 14). It is 
worth mentioning that some of the factors were acquired at the time 
points after tumor recurrence because the present study focused on the 
progression of relapse lesion in PDAC patients. In detail, the 
pathological diagnosis was acquired from experienced pathologists, 
including the tumor size, tumor differentiation, lymph node metastasis, 
microvascular invasion, lymph vascular invasion, and adjacent organ 
invasion. Moreover, several inflammation indices, such as the 
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 
(PLR), were involved in this study. Besides, this study also registered 
clinical factors such as age, gender, serum levels of carbohydrate antigen 
19-9 (CA19-9), and carcinoembryonic antigen (CEA) after 
confirmation of tumor recurrence. Moreover, the key features of tumor 

45

https://doi.org/10.3389/fmed.2024.1486750
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://www.researchregistry.com
http://www.researchregistry.com


Qin et al.� 10.3389/fmed.2024.1486750

Frontiers in Medicine 03 frontiersin.org

recurrence were also registered in this research, including time to 
recurrence (the cut-off value to define early and late recurrence was one 
year after surgery) and recurrence patterns (the definition of different 
relapse patterns referred from the research by Groot) (7, 21).

Development and classification criteria of 
chemotherapy regimens

The chemotherapy regimens mentioned in the present study were 
applied after radical surgery or tumor recurrence according to the 
recommendation from NCCN (2021 Ver2.0) guidelines for PDAC 
respectively (13). Meanwhile, the patients’ will and Eastern 
Cooperative Oncology Group Performance Status (ECGO PS) were 
considered before developing the chemotherapy schema. The 
modified-FOLFIRINOX or FOLFIRINOX were the preferred option 
for PDAC patients in better physical condition or ECGO PS range 
from 0 to 1 point. If patients had a poor overall physical condition 
(ECGO PS range from 2 to 5 point), gemcitabine or tegafur will 

be  recommended. AG or GS chemotherapy schema were usually 
applied in recurrent PDAC patients who were not sensitive to 
FOLFIRINOX chemotherapy schema. Furthermore, the chemotherapy 
regimens were divided into three levels through the variety of drug 
utilization. Firstly, the patients who never received chemotherapy after 
surgery or tumor recurrence were classified as “untreated.” Then, the 
patients who got only gemcitabine or tegafur therapies were defined 
as “single-agent chemotherapy.” Finally, the patients who underwent 
modified-FOLFIRINOX or FOLFIRINOX, AG, GS chemotherapy 
schema were categorized as “multi-agent chemotherapy.”

Follow-up and outcome adjudication

The follow-up began at the time of tumor recurrence after radical 
surgery. The patients were recommended to undergo outpatient 
review every 3 months. Meanwhile, abdominal and chest CT, CA19-9, 
and CEA were performed regularly after surgery. If the outpatient 
review were unavailable for some patients, telephone contact would 

FIGURE 1

Flow chat of patients’ enrollment and study design.
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be  the alternative method. The endpoint of the present study was 
progression in recurrent lesions, which is defined as follows: (A) 
≥20% increase in maximum diameter of the primary recurrent 
lesions, (B) or detection of any new recurrent lesions in the distant 
tissue. The outcome adjudication was made after the imaging 
examination or pathology diagnosis during follow-up.

Statistical analysis

The comparison of clinicopathological characteristics between the 
early and late recurrent groups was conducted using the chi-square 
test. The relationship between clinicopathological factors and PPFS 
was investigated using Kaplan–Meier methods. In detail, the log-rank 
test was utilized when the survival curve was not crossed, while the 
landmark analysis was applied when the survival curve was crossed. 
Multivariate Cox regression analysis was used to detect the 
independent prognostic factors for PPFS after completing the study of 
univariate Cox regression. The concordance indexes (C-indexes), 
calibration plots, and decision curve analyses (DCA) were utilized to 
compare the predictive ability between the nomogram and TNM-stage 
prediction models. A two-tailed p < 0.05 was considered statistically 
significant in the present study. All statistical analyses were conducted 
using SPSS software version 22 and R software version 4.2.2 (R 
Development Core Team; http://www.r-project.org). Moreover, the R 
packages “getsummary, tidyverse, survival, plyr, broom, forestmodel, 
ggplot2, rms, survminer, and ggDCA” were used in this research.

Results

Patient’s clinicopathological characteristics

A total of 394 PDAC patients received radical surgery between 
January 2008 and December 2019, while 212 cases of them were 
eventually diagnosed with tumor recurrence. Meanwhile, 12 recurrent 
PDAC patients were eliminated from the research according to the 
exclusion criteria as follows: patients with a second tumor before 
surgery (2 cases), patients who received neo-adjuvant chemotherapy 
(1 case), patients without R0 resection (1 case), lost follow-up (6 cases), 
the number of dissected lymph nodes was less than 15 (2 cases). At last, 
200 recurrent PDAC patients were enrolled in the present study. 
Subsequently, the 200 patients were divided into a training cohort (132 
cases) and a validation cohort (68 cases) by the 200 recurrent PDAC 
patients were divided into training and validation groups by 
LOOCV. For the training cohort, the median PPFS was 5.25 months. 
For the validation cohort, the median PPFS was 5.25 months. The 
clinicopathological characteristics of the two groups were established 
in Table 1. Based on the results of the chi-square test, T stage, TNM 
stage, tumor differentiation, chemotherapy after recurrence, and 
recurrence patterns showed a significant difference between the 
training and validation cohorts.

Prognostic factors for PPFS

As shown in Table 2, 18 factors were enrolled into univariate Cox 
regression in the training cohort. As the results showed, 11 factors were 
described to be correlated with PPFS: tumor differentiation, T stage, N 

stage, time to recurrence, CA19-9, NLR, adjacent organ invasion, 
lymph vascular invasion, recurrence pattern, chemotherapy after 
surgery, chemotherapy after recurrence. Consequently, these factors 
were enrolled into the multivariate Cox regression, and the results were 
established in Table 3. The T stage, N stage, time to recurrence, Lymph 
vascular invasion, recurrence pattern, chemotherapy after surgery, 
chemotherapy after recurrence were considered as independent 
prognostic factors for PPFS in recurrent PDAC patients.

Survival analysis for independent 
prognostic factors

The patients who received multi-agent therapy showed better 
PPFS than patients treated with single-agent therapy (p = 0.009) 
(Figure  2A). Meanwhile, the patients treated with multi-agent or 
single-agent chemotherapy regiments after tumor relapse were 
estimated to have a similar prognosis (p = 0.011) (Figure 2B). The 
PDAC patients in the T1 stage had a finer prognosis than patients in 
the T2 or T3 stage (p = 0.011) (Figure  2C). Worse outcomes are 
observed in patients with higher N stages (p = 0.005) (Figure 2D). The 
patients with local recurrence had the best prognosis among the four 
relapse patterns mentioned in this study (p = 0.038) (Figure  2E). 
PDAC patients with late recurrence had a relatively better prognosis 
than early recurrent patients (p = 0.019) (Figure 2F). Finally, positive 
lymph vascular invasion in PDAC patients predicted worse outcomes 
when compared with negative lymph vascular invasion (p = 0.026) 
(Figure 2G).

Construction and validation of a 
nomogram for PPFS prediction

As shown in Figure 3, a specific nomogram for PPFS prediction 
in patients with PDAC was built on independent prognostic factors. 
The recurrence patterns are the factor that displayed the most 
prominent effect in this model, followed by the lymph vascular 
invasion, T-stage, N-stage, chemotherapy after recurrence, 
chemotherapy after surgery, and time to recurrence. Furthermore, to 
detect the accuracy of the nomogram model, the calibration plots were 
produced, demonstrating a high conformity between the actual and 
predictive PPFS in both training and validation groups (Figure 4). 
Meanwhile, to assess the discriminatory ability between the 
nomogram and TNM stage system, the C-index was calculated based 
on the training cohort and validation cohort; as shown in Table 4, the 
C-index of the nomogram model was significantly higher than that in 
the TNM stage in both training and validation cohort. Finally, the 
decision curve analysis was fabricated to compare the clinical benefits 
of the nomogram and the TNM stage system (Figure 5). It means that 
the nomogram built in the present study could be more beneficial for 
clinical prediction than the TNM stage system.

Discussion

PDAC was a lethal disease in which micro-metastatic lesions 
occurred in the early stage of carcinogenesis (22). Therefore, nearly 
85% of the PDAC patients who received radical surgery would suffer 
from tumor relapse in the early postoperative period (6, 7). Tumor 
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TABLE 1  Clinicopathological characteristics of PDAC patients in the training and validation cohort.

Characteristic Training, N = 132 Validation, N = 68 p-value

Gender 0.7

 � Female 80 (61%) 43 (63%)

 � Male 52 (39%) 25 (37%)

Age 0.3

 � <60 42 (32%) 27 (40%)

 � ≥60 90 (68%) 41 (60%)

Tumor site >0.9

 � Head 103 (78%) 53 (78%)

 � Body and Tail 29 (22%) 15 (22%)

T stage <0.001

 � T1 7 (5.3%) 14 (21%)

 � T2 54 (41%) 14 (21%)

 � T3 71 (54%) 40 (59%)

N stage 0.064

 � N0 28 (21%) 19 (28%)

 � N1 51 (39%) 33 (49%)

 � N2 53 (40%) 16 (24%)

TNM stage 0.033

 � I 15 (11%) 12 (18%)

 � II 64 (48%) 41 (60%)

 � III 53 (40%) 15 (22%)

Tumor differentiation 0.005

 � Well-Moderate 34 (26%) 31 (46%)

 � Poor 98 (74%) 37 (54%)

Adjacent organ invasion 0.2

 � Absence 52 (39%) 21 (31%)

 � Presence 80 (61%) 47 (69%)

Microvascular invasion 0.4

 � Absence 67 (51%) 39 (57%)

 � Presence 65 (49%) 29 (43%)

Lymph vascular invasion 0.12

 � Absence 85 (64%) 36 (53%)

 � Presence 47 (36%) 32 (47%)

Perineural invasion 0.5

 � Absence 27 (20%) 17 (25%)

 � Presence 105 (80%) 51 (75%)

Chemotherapy after surgery >0.9

 � Untreated 52 (39%) 25 (37%)

 � Single-agent therapy 57 (43%) 31 (46%)

 � Multi-agent therapy 23 (17%) 12 (18%)

Chemotherapy after recurrence <0.001

 � Untreated 47 (36%) 15 (22%)

 � Single-agent therapy 29 (22%) 37 (54%)

 � Multi-agent therapy 56 (42%) 16 (24%)

(Continued)

48

https://doi.org/10.3389/fmed.2024.1486750
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Qin et al.� 10.3389/fmed.2024.1486750

Frontiers in Medicine 06 frontiersin.org

recurrence was portrayed as a crucial time point for PDAC patients 
since 80% of them may die from tumor recurrence or metastasis during 
the next five years (23, 24). Moreover, the advancement of recurrent 
lesions was also demonstrated as another primary concern, from which 
the alternative chemotherapy regimen should be  considered for 
restricting the growth of recurrent lesions (13, 25). Therefore, exploring 
the factors independently influencing the PPFS and precisely predicting 
the PPFS through the nomogram model was essential for developing 
alternative chemotherapy regimens and improving patient outcomes. 
However, the correlation between the clinicopathological factors and 
PPFS has not been explored clearly. The present study determined that 
lymph vascular invasion, N stage, T stage, recurrence patterns, time to 
recurrence, chemotherapy after surgery, and chemotherapy after 
recurrence were independent prognostic factors for PPFS. Furthermore, 
we  also constructed a nomogram based on those independent 
prognostic factors with favorable predictive capacity.

Since the high invasive capacity of PDAC, micro-metastatic 
lesions and residual tumor foci commonly co-existed in the same 
patient (22, 26, 27), adjuvant chemotherapy was imminent after 
radical resection (28–31). The preceding research declared that 
chemotherapy inhibited tumor progression and metastasis (32–35). 
However, the tumor-inhibiting effect of chemotherapy on the relapse 
lesions had been rarely discussed before. The present study found that 
PDAC patients received multi-agent chemotherapy after surgery 
showed better PPFS than patients received single-agent 
chemotherapy. Meanwhile, we  also found that multi-agent 
chemotherapy and single-agent chemotherapy had similar efficacy in 
limiting the progression of relapse foci. Drug-tolerant tumor cells was 

fundamental for drug-resistant clones and contribute to relapse and 
disease progression (36). It means that the resistance to chemotherapy 
was significantly strengthened in the recurrent lesion compared with 
the primary tumor. Meanwhile, the progression of recurrent lesions 
was too fast to be restricted by the chemotherapeutic agent (37, 38). 
Therefore, the superiority of the multi-agent regimen was masked 
when compared with the single-agent schema in recurrent PDAC 
patients (39–43). Based on the results of the present study, we argue 
that multi-agent chemotherapy brings more survival benefits to 
PDAC patients after radical surgery compared with a single-agent 
scheme. However, single-agent chemotherapy regimens should also 
be  recommended for recurrent PDAC patients with poor 
chemotherapy tolerance to reduce the toxic side effects of 
chemotherapeutic agents (44, 45).

In previous research, lymph node metastasis was explained as an 
essential predictor for tumor progression (46–49). Meanwhile, the 
consensus in the Japanese Pancreatic Society also cited that 
confirmation of N9 and N16 lymph node metastasis was intimately 
linked with tumor relapse and distant metastasis (14). Similarly, the 
higher N stage and positive lymph vascular invasion portended early 
advancement of recurrent lesions in the present research. 
Dissemination into the lymphatic system was the major routes for 
PDAC metastasis (50). Meanwhile, lymph node metastasis was an 
initial step in PDAC metastasis. It was also crucial for determination 
of clinical staging, prognosis and survival in PDAC patients (51, 52). 
Therefore, recurrent PDAC patients with lymph vascular invasion or 
lymph node metastasis may benefit from chemotherapy for inhibiting 
the relapse lesion progression.

TABLE 1  (Continued)

Characteristic Training, N = 132 Validation, N = 68 p-value

Recurrence patterns 0.006

 � Local 13 (9.8%) 18 (26%)

 � Lung only 29 (22%) 9 (13%)

 � Liver only 35 (27%) 22 (32%)

 � Local and distant 55 (42%) 19 (28%)

Time to recurrence 0.9

 � Early recurrence 89 (67%) 45 (66%)

 � Late recurrence 43 (33%) 23 (34%)

CA199 (U/ml) 0.5

 � <35 31 (23%) 19 (28%)

 � ≥35 101 (77%) 49 (72%)

CEA (ng/ml) 0.8

 � <5 61 (46%) 33 (49%)

 � ≥5 71 (54%) 35 (51%)

NLR 0.078

 � <224.65 38 (29%) 28 (41%)

 � ≥224.65 94 (71%) 40 (59%)

PLR 0.3

 � <2.28 88 (67%) 50 (74%)

 � ≥2.28 44 (33%) 18 (26%)

The bold values represents p-values less than 0.05.
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The T stage represented the tumor diameters measured by the 
pathologists, indicating the tumor burden. Moreover, it has also been 
estimated as the reference standard for chemotherapeutic efficacy (13, 53, 
54). The probability that a cancer contains drug-resistant clones depended 
on the size of the tumor (55). In this study, we found that the higher T 
stage was one of the independent prognostic factors for PPFS, portending 
a shorter PPFS. The residual disease of PDAC patients after surgery my 
cause tumor recurrence or relapse lesions progression. Hence, the 
radiotherapy or nano knife against the resection margin may reduce the 
local recurrence rate in PDAC patients with large tumor volumes.

Different recurrence patterns of PDAC patients are usually linked 
with diverse post-progression survival (7, 21, 56). In the earlier study, 
the local and distant recurrence pattern heralded the poorest post-
progression survival among the four abovementioned recurrence 
patterns (7). The present study also estimated that the local and distant 
recurrence patterns predicted poorer PPFS compared to the local 
recurrence patterns. The late tumor stage may be one of the most 
important causes leading to this result (7, 57). Therefore, PDAC 
patients with local and distant recurrence are warranted to received 
chemotherapy when compared with local recurrent cases.

TABLE 2  The results of univariate cox regression in the training cohort.

Characteristics HR p CI Characteristics HR p CI

Gender Perineural invasion

 � Male Ref  � Absence Ref

 � Female 0.86 0.412 0.59 – 1.24  � Presence 1.18 0.473 0.75 – 1.83

Age Microvascular invasion

 � <60 Ref  � Absence Ref

 � ≥60 1.01 0.956 0.68 – 1.5  � Presence 1.1 0.603 0.77 – 1.58

Tumor site Adjacent organ invasion

 � Head Ref  � Absence Ref

 � Body and Tail 1.28 0.264 0.83 – 1.97  � Presence 1.47 0.044 1.01 – 2.14

Tumor differentiation Lymph vascular invasion

 � Well-Moderate Ref  � Absence Ref

 � Poor 1.68 0.019 1.09 – 2.59  � Presence 1.54 0.026 1.05 – 2.25

T stage Recurrence patterns

 � T1 Ref  � Local Ref

 � T2 2.85 0.019 1.19 – 6.81  � Lung only 3.42 0.011 1.32 – 8.86

 � T3 3.47 0.005 1.47 – 8.17  � Liver only 3.64 0.007 1.41 – 9.39

N stage  � Local and distant 3.31 0.011 1.32 – 8.31

 � N0 Ref Chemotherapy after surgery

 � N1 1.51 0.108 0.91 – 2.51  � Untreated Ref

 � N2 2.19 0.002 1.34 – 3.57  � Single-agent therapy 0.65 0.035 0.44 – 0.97

Time to recurrence  � Multi-agent therapy 0.45 0.005 0.26 – 0.78

 � Early recurrence Ref Chemotherapy after recurrence

 � Late recurrence 0.61 0.020 0.41 – 0.92  � Untreated Ref

CA199  � Single-agent therapy 0.63 0.081 0.38 – 1.06

 � <35 Ref  � Multi-agent therapy 0.54 0.003 0.36 – 0.82

 � ≥35 1.64 0.033 1.04 – 2.59

CEA

 � <5 Ref

 � ≥5 1.27 0.214 0.87 – 1.85

PLR

 � <2.28 Ref

 � ≥2.28 0.91 0.629 0.61 – 1.35

NLR

 � <224.65 Ref

 � ≥224.65 1.57 0.036 1.03 – 2.38

The bold values represents p-values less than 0.05.
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Last but not least, we investigated the relationship between the 
time to recurrence and PPFS. The results declared that PDAC 
patients with late relapse had exclusively longer PPFS compared with 
the early relapse patients. In the previous research, early recurrence 
reflected the malignant phenotype of PDAC (8, 14, 58). Most of the 
early relapse patients were combine with late tumor stage, poorer 
tumor differentiation, and stronger drug-resistant effect, causing a 
more rapid progression of recurrent lesions (7, 59, 60). Therefore, 
chemotherapy-only may be  not enough to restrain the tumor 
progression in early recurrent PDAC patients. Combination 
therapies may be more suitable for early recurrent cases. In detail, 
secondary surgery could be  performed in PDAC patients with 
isolated local recurrent or oligometastatic lesions. Besides this, 
radiofrequency ablation or radiation therapy combined with 
chemotherapy could be another option for early recurrent patients 
with multiple metastases.

The development of recurrent lesions was a crucial time point 
for replacing chemotherapy schemes according to the NCCN 
guidelines (13). Furthermore, individualized intervention for PDAC 
patients should be managed based on the risk of relapse lesions 
advancement. Therefore, precise prediction for PPFS is essential for 
clinical decision-making. After statistical analysis, our research 
selected several independent prognostic factors from high-
dimensional radiological and pathological variables. Furthermore, 
we  also constructed a nomogram for PPFS prediction based on 
those independent prognostic factors. The results of contrast 
analysis (the calibration curve, DCA, and C-index) between the 
training and validation cohort demonstrated this nomogram 
system’s strong predictive and discriminative power. Thus, clinicians 

can precisely assess the risk of progression in relapse lesions for 
PDAC patients by using the nomogram system fabricated in 
this study.

There are still some limitations to the present study. First, this 
study adopted a single-center retrospective design. The regional 
difference of clinical practices might affect the extrapolation of the 
results in our current analysis. A multi-center control study was 
needed to better estimate the predictive capacity of the nomogram 
constructed in the present study. Meanwhile, a major potential bias in 
this analysis is selection bias. For example, there was a lower 
readmission probability in the PDAC patients with history of stroke 
or coronary artery disease because of the higher surgical risk when 
compared with PDAC patients with better physical condition. It may 
limit the predictive power of the nomogram in the PDAC patients 
with poor physical status.

Hence, to minimize such bias, we inflated the sample size by 
including the resected PDAC patients from 2008 to 2019, and 
we  also set strict inclusion criteria and exclusion criteria for 
screening. On the other hand, some variables, such as serum total 
bilirubin levels, C-reactive protein, and albumin, had not been 
included in this research. It was beneficial to explore the impact of 
nutritional status and inflammatory response on the progression of 
relapse lesions in PDAC patients. Meanwhile, some of the 
characteristics were only vaguely described during the information 
collection. For example, the specific chemotherapy regimens and 
the lymph node metastasis group had not been displayed in detail. 
The involvement of the characteristics mentioned above could 
further refine the predictive effect of the nomogram. For instance, 
more precise results would be  established in future exploration 

TABLE 3  The results of multivariate cox regression in the training cohort.

Characteristics HR p CI Characteristics HR p CI

Tumor differentiation Adjacent organ invasion

 � Well-Moderate Ref  � Absence Ref

 � Poor 1.09 0.753 0.64 – 1.87  � Presence 0.99 0.9613 0.63 – 1.56

T stage Lymph vascular invasion

 � T1 Ref  � Absence Ref

 � T2 3.23 0.017 1.24 – 8.42  � Presence 4.21 0.001 2.42 – 7.33

 � T3 3.86 0.010 1.39 – 10.71 Recurrence patterns

N stage  � Local Ref

 � N0 Ref  � Lung only 4.77 0.004 1.65 – 13.82

 � N1 2.43 0.007 1.28 – 4.62  � Liver only 5.02 0.002 1.79 – 14.06

 � N2 2.59 0.002 1.43 – 4.7  � Local and distant 5.11 0.002 1.84 – 14.18

Time to recurrence Chemotherapy after surgery

 � Early recurrence Ref  � Untreated Ref

 � Late recurrence 0.54 0.035 0.3 – 0.96  � Single-agent therapy 0.64 0.058 0.4 – 1.02

CA199  � Multi-agent therapy 0.36 0.003 0.18 – 0.7

 � <35 Ref Chemotherapy after recurrence

 � ≥35 1.18 0.559 0.68 – 2.07  � Untreated Ref

NLR  � Single-agent therapy 0.57 0.058 0.32 – 1.02

 � <224.65 Ref  � Multi-agent therapy 0.48 0.002 0.3 – 0.77

 � ≥224.65 0.67 0.169 0.38 – 1.18

The bold values represents p-values less than 0.05.
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FIGURE 2

The PPFS analysis based on the independent risk factors in the training cohort. (A) PPFS analysis based on chemotherapy after surgery; (B) PPFS 
analysis based on chemotherapy after recurrence; (C) PPFS analysis based on T stage; (D) PPFS analysis based on N stage. (E) PPFS analysis based on 
recurrence patterns; (F) PPFS analysis based on time to recurrence; (G) PPFS analysis based on lymph vascular invasion.
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FIGURE 3

Nomogram for predicting the 1-year PPFS rates of PDAC patients after radical resection in the training cohort.

when a larger sample size was available. Finally, some modified 
described methods for lymph node metastasis, such as lymph node 
ratio and log odds of positive lymph nodes, have already been 
proposed in some research (61). However, we still referred to the 
description of lymph node metastasis from the AJCC guidelines in 
the present study. More persuasive results would be  available if 
future research could apply the modified methods to lymph node 
metastasis discrimination.

FIGURE 4

The calibration plot for predicting PPFS rates in recurrent PDAC. (A) The calibration plot for predicting the 1-year PPFS rates in the training cohort; 
(B) The calibration plot for predicting the 1-year PPFS rates in the validation cohort.

TABLE 4  Comparison of the C-index between nomogram and TNM stage.

Cohort Model C-index

Validation cohort Nomogram 0.739

TNM stage 0.726

Training cohort Nomogram 0.609

TNM stage 0.596
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Conclusion

Multi-agent chemotherapy is recommended for PDAC patients 
after surgery. The single-agent chemotherapy also deserves 
consideration after tumor recurrence. The nomogram model 
provided a new way for PPFS prediction in recurrent PDAC patients. 
Moreover, the predictive value and accuracy of the present 
nomogram will be  improved if validated in a larger and multi-
center cohort.
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Postoperative adjuvant 
immunotherapy for pathological 
stage II–IVa esophageal 
squamous cell carcinoma after 
radical surgery does not improve 
disease-free recurrence rates
Xihao Xie 1,2†, Hai Zhang 2†, Haiquan He 2, Bomeng Wu 2, 
Ying Chen 2, Wanli Lin 2, Qingyi Feng 2* and Qunqing Chen 1*
1 Department of Thoracic Surgery, Zhujiang Hospital, Southern Medical University, Guangzhou, China, 
2 Department of Thoracic Surgery, Gaozhou People’s Hospital Affiliated to Guangdong Medical 
University, Gaozhou, China

Background/objectives: Postoperative adjuvant therapy for esophageal 
squamous cell carcinoma (ESCC) primarily includes chemotherapy and 
chemoradiotherapy. The survival benefits of postoperative adjuvant therapy 
for R0-resected ESCC remain controversial. Immunotherapy is being gradually 
applied perioperatively for esophageal cancer, but the efficacy of postoperative 
immunotherapy in ESCC is unclear. This study aimed to evaluate the effectiveness 
of postoperative immunotherapy for esophageal cancer. Toward this goal, 
we explored the differences between postoperative immunotherapy combined 
with chemotherapy and postoperative adjuvant chemotherapy alone.

Methods: This retrospective study evaluated patients who underwent radical 
surgery for esophageal cancer at Gaozhou People’s Hospital between January 
2020 and August 2022 and received postoperative adjuvant therapy. Patients 
were divided into two groups according to the adjuvant treatment regimens: 
postoperative adjuvant chemotherapy (aCT) and postoperative adjuvant 
immunotherapy combined with chemotherapy (aICT) groups. Data on baseline 
characteristics, surgical-related indicators, adverse event rates during adjuvant 
therapy, and 2-year postoperative follow-up were collected for both groups.

Results: A total of 76 patients were included: 36 and 40 patients in the aICT and 
aCT groups, respectively. There were no significant differences in baseline data 
between the two groups. During the adjuvant treatment period, the incidence of 
hypothyroidism was significantly higher in the aICT group than in the aCT group 
(25.0% vs. 2.5%, p = 0.007). During the 2-year follow-up, local and recurrence 
rates were 17.5 and 12.5% in the aCT group and 13.9 and 5.6% in the aICT 
group, respectively, showing no significant difference between the two groups 
(p = 0.489).

Conclusion: For patients with pathologically confirmed locally advanced ESCC 
after surgery, postoperative immunotherapy did not confer better disease-free 
recurrence rates compared to postoperative adjuvant therapy. Nonetheless, 
with research advancements, the role of immunotherapy in the treatment of 
ESCC is likely to expand, offering new hope for these patients.
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1 Introduction

Surgery is the primary treatment modality for early- and 
mid-stage esophageal squamous cell carcinoma (ESCC). Surgical 
techniques have rapidly advanced over the past decade, with new 
technologies being increasingly applied in clinical practice, 
particularly in minimally invasive treatments and robotic surgeries for 
esophageal cancer (1). These advancements and innovations have 
significantly improved the patients’ quality of life; however, long-term 
efficacy remains less than satisfactory (2, 3). Current research indicates 
that patients may still experience local recurrence or distant metastasis 
within 2 years after radical surgery for esophageal cancer. This directly 
affects their survival prognosis, with a 5-year survival rate of 
approximately 25–30% (4–6). Particularly, postoperative pathological 
findings indicating positive lymph nodes directly influence patient 
survival outcomes (7). To further improve long-term survival rates, 
perioperative neoadjuvant and adjuvant therapies for locally advanced 
esophageal cancer have become key research focuses (8, 9). Meta-
analyses show that neoadjuvant chemoradiotherapy or neoadjuvant 
chemotherapy is beneficial in improving survival outcomes for 
patients with locally advanced esophageal cancer. In clinical practice, 
it is common to combine neoadjuvant treatment with surgery, 
combine surgery with adjuvant treatment, or implement a 
comprehensive treatment approach that includes perioperative 
adjuvant therapies (neoadjuvant treatment, surgery, and postoperative 
adjuvant treatment), although specific protocols may vary across 
different clinical centers (10–12).

Neoadjuvant therapy encompasses neoadjuvant 
chemoradiotherapy, neoadjuvant chemotherapy, and, increasingly, 
neoadjuvant immunotherapy adopted in clinical trials. These 
therapeutic approaches have been shown to enhance R0 resection 
rates, prolong disease-free survival, and potentially improve long-term 
survival rates (13, 14). Postoperative adjuvant therapy is routinely 
offered as a complementary treatment to mitigate the risk of 
postoperative recurrence and improve the survival of esophageal 
cancer patients with postoperative pathological stages of T2 or higher, 
N+, or other high-risk factors. Postoperative adjuvant chemotherapy 
is the most common adjuvant regimen, although some institutions 
also perform postoperative chemoradiotherapy (15). However, there 
exists some controversy regarding the ability of postoperative adjuvant 
therapy to improve long-term survival for esophageal cancer. For 
select patients with R0-resected T3, N+ ESCC, postoperative adjuvant 
radiotherapy can reduce postoperative recurrence and improve 
survival (16). Conversely, postoperative adjuvant chemotherapy may 
be  a risk factor for poor disease-free survival (DFS) and overall 
survival (OS) (17). Immunotherapy has demonstrated promising 
efficacy in the treatment of advanced esophageal cancer, improving 
survival outcomes. Consequently, the exploratory application of 
immunotherapy in the perioperative period of esophageal cancer has 
become increasingly prevalent (18). Researchers are actively 
investigating whether immunotherapy can effectively identify and 
attack cancer cells in postoperative patients, thereby providing these 
patients with more comprehensive and durable therapeutic effects 

(19). However, there are fewer studies on the safety and efficacy of the 
novel treatment paradigm of postoperative adjuvant immunotherapy 
compared to those on traditional postoperative adjuvant 
chemotherapy. Hence, this study aimed to assess the real-world short-
term efficacy of immunotherapy in the adjuvant setting for 
postoperative patients with ESCC.

2 Methods

2.1 Study design and patients

This retrospective study was approved by the Ethical Committee 
of Gaozhou People’s Hospital and was conducted according to the 
tenets of the Declaration of Helsinki. The requirement for individual 
consent was waived.

Patients with esophageal cancer who underwent surgical resection 
and postoperative adjuvant therapy at Gaozhou People’s Hospital 
between January 2020 and August 2022 were evaluated. The inclusion 
criteria were as follows: (1) age 18–75 years; (2) underwent minimally 
invasive Mckeown surgery; (3) postoperative pathological 
confirmation of ESCC; (4) postoperative pathological stage I–IVa 
ESCC; (5) received postoperative adjuvant chemotherapy or immune 
therapy combined with chemotherapy; and (6) complete clinical data. 
The exclusion criteria were as follows: (1) preoperative severe 
cardiovascular and cerebrovascular complications; (2) preoperative 
coexistence of other malignancies; (3) preoperative neoadjuvant 
therapy; (4) non-R0 resection of esophageal cancer; and (5) 
postoperative adjuvant radiotherapy. The patients were divided into 
two groups based on the adjuvant treatment regimen received: 
postoperative adjuvant chemotherapy (aCT) or postoperative adjuvant 
immunotherapy combined with chemotherapy (aICT).

2.2 Postoperative adjuvant treatment 
regimens

2.2.1 Postoperative adjuvant chemotherapy
Postoperative adjuvant chemotherapy was administered every 

3 weeks for a total of 4 cycles. Chemotherapy drugs included docetaxel 
(75 mg/m2), paclitaxel injection (135 mg/m2), paclitaxel injection 
(albumin bound, 260 mg/m2), fluorouracil injection (0.5–1 g, d1–5), 
and vinorelbine bitartrate injection (25–30 mg/m2, d1 and d8) in 
combination with cisplatin (75 mg/m2) or carboplatin injection 
(200–400 mg/m2).

2.2.2 Postoperative adjuvant chemotherapy 
combined with immunotherapy

Postoperative adjuvant chemotherapy combined with 
immunotherapy was administered every 3 weeks for a total of 4 cycles. 
The chemotherapy regimen was the same as that in the postoperative 
adjuvant chemotherapy group. The immunotherapy drugs included 
sintilimab injection (200 mg every 3 weeks), tislelizumab injection 
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(200 mg every 3 weeks), camrelizumab injection (200 mg every 
3 weeks), toripalimab (3 mg/kg, every 2 weeks), pembrolizumab 
injection (2 mg/kg every 2 weeks), or nivolumab injection (3 mg/kg 
every 2 weeks).

2.3 Observation indicators

Patient data, including demographic information, past medical 
history, personal history, tumor pathological stage, tumor location, 
surgery-related indicators (operative time, intraoperative blood loss, 
number of lymph node stations dissected, number of lymph nodes 
dissected, postoperative hospital stay, and postoperative complication 
rate), incidence of adverse events during postoperative adjuvant 
treatment, tumor recurrence pattern at 2 years after surgery, and 
recurrence-free survival time at 2 years after surgery, were collected. 
Postoperative pathological staging was based on the 8th edition of the 
American Joint Committee on Cancer/Union for International Cancer 
Control staging of cancers of the esophagus and esophagogastric 
junction. The incidence of adverse events during postoperative 
adjuvant treatment was assessed using the Common Terminology 
Criteria for Adverse Events version 5.0 Local recurrence and 
metastasis was defined as those involving the mediastinal lymph node, 
supraclavicular lymph node, and local anastomotic recurrence. 
However, distant metastasis was defined as metastasis to distant organs.

2.4 Statistical analysis

Age, operative time, intraoperative blood loss, number of lymph 
node dissection, number of lymph node dissection stations, and 
postoperative hospitalization days were expressed as the 
mean ± standard deviation and analyzed using Student’s t-test. Sex, 
combined history of hypertension and diabetes, tumor location, 
postoperative pathological G-grade, postoperative pathological tumor 
stage, incidence of postoperative anastomotic fistula, pulmonary 
infections, myelosuppression during postoperative adjuvant therapy, 
liver function impairment, hypothyroidism, and diarrhea were 
analyzed. The rates of local recurrence and distant metastasis at 2 years 
after surgery were assessed using the Chi-square test. The DFS was 
calculated using the Kaplan–Meier method, and differences in relapse-
free survival rates were evaluated with the log-rank test. Confidence 
intervals (CIs) were set at 95%. All statistical analyses were performed 
using SPSS (Version 23; IBM, Armonk, NY, USA) and GraphPad 
Prism version 9.0 software (GraphPad Software, La Jolla, CA, USA). 
A two-sided p-value <0.05 was considered statistically significant.

3 Results

A total of 76 patients were included; among them, 40 and 36 
patients belonged to the aCT and aICT groups, respectively. The study 
flowchart is shown in Figure 1. The aICT group was older but the 
difference in age was not significant (mean: 61.850 ± 7.973 years vs. 
65.194 ± 8.558 years, p > 0.05). There were also no significant 
between-group differences in sex, postoperative pathological G 
grading, pathological staging, perioperative surgical-related indicators, 
and the incidence of postoperative complications. The patient 

characteristics are shown in Table 1. The main complications during 
the adjuvant treatment period included bone marrow suppression, 
elevated liver transaminases, hypothyroidism, and diarrhea. The 
incidence rates of hypothyroidism were 2.5% (n = 1, grade 1) in the 
aCT group and 25% in the aICT group (n = 9, 2 [5.6%] patients with 
grade 2 hypothyroidism), with a significant difference (p < 0.05, 
Table 2). The median follow-up time for the overall population was 
28.5 months. The rates of local recurrence and distant metastasis were 
higher in the aCT than in the aICT group, although the difference was 
not significant (Table 3). There was also no significant between-group 
difference in DFS (HR = 1.042, 95% CI = 0.378–2.871, p = 0.934). The 
survival curves for both groups are shown in Figure 2.

4 Discussion

The introduction of immune checkpoint inhibitors in clinical 
practice has led to notable advancements in the treatment of 
esophageal cancer. The KEYNOTE-590 study demonstrated that the 
first-line administration of immunotherapy significantly enhanced 
long-term survival rates (20). Furthermore, a meta-analysis confirmed 
the efficacy of immunotherapy as a first-line treatment for advanced 
esophageal cancer (21). The success of immunotherapy as first-line 
treatment for advanced esophageal cancer has prompted the focus on 
its clinical application in the perioperative setting. However, the 
controversy continues. Nevo et al. (22) reported negative outcomes 
associated with the combination of neoadjuvant immunotherapy and 
chemotherapy. In contrast, Zhang et al. (23) found that neoadjuvant 
immunotherapy may provide significant survival benefits for patients 
with resectable locally advanced ESCC. Postoperative adjuvant 
therapy is currently not a standard treatment modality for resectable 
esophageal cancer. There is relatively fewer research data on 
postoperative adjuvant immunotherapy than on neoadjuvant 
immunotherapy. There are ongoing clinical trials exploring the role of 
immune checkpoint inhibitors in postoperative adjuvant treatment, 
either alone or in combination with other therapies, in solid tumors 
(24). Given the high recurrence rate of esophageal cancer, there is 
hope for more clinical studies to further explore this new treatment 
model of postoperative adjuvant immunotherapy for esophageal 
cancer (25–27).

Immunotherapy can activate the patient’s immune system and 
enhance its ability to attack cancer cells, but it also has side effects. 
Adjuvant therapy has clinical specificity, particularly for patients who 
have undergone R0 surgical resection, as the patient’s physical 
condition postoperatively is worse than that preoperatively. In the 
current study, the addition of immunotherapy agents did not 
significantly increase the incidence of common hematological and 
biochemical complications (e.g., as bone marrow suppression and 
liver dysfunction) during the adjuvant chemotherapy period. 
However, the incidence of hypothyroidism during the postoperative 
immunotherapy period was higher in those receiving postoperative 
adjuvant immunotherapy combined with chemotherapy than in those 
receiving adjuvant chemotherapy alone, although this was limited to 
grade 1 hypothyroidism. For other common immune-related adverse 
events, no significant increase was found in this study, which may 
be due to the short postoperative immunotherapy cycle and the small 
study sample size. In the CheckMate 577 study, the incidence of 
grade ≥ 3 adverse events was less than 1% in the postoperative 
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maintenance immunotherapy group (25). In a prospective clinical trial 
of patients with locally advanced esophageal cancer conducted by Park 
et  al. (27), the immunotherapy-related complications following 
durvalumab maintenance after neoadjuvant chemoradiotherapy was 
largely limited to grades 1 and 2. Collectively, these findings indicate 
that adding immunotherapy to adjuvant treatment does not 
significantly increase the incidence of adverse events.

A meta-analysis on postoperative adjuvant treatment of gastric 
cancer that included 11 randomized controlled clinical studies 
reported better improvement in OS rates in patients who received 
postoperative adjuvant combined immunotherapy than in those 
who received surgery alone (HR = 0.72; 95% CI = 0.61–0.85; 
p < 0.001) (28). In the GERCOR NEONIPIGA study, which 
included patients with locally defective mismatch repair/high 
microsatellite instability gastric or gastroesophageal junction 
adenocarcinoma, no recurrences or metastases were observed after 
neoadjuvant treatment followed by postoperative adjuvant 
immunotherapy until the reporting cutoff date (29). These findings 

indicate that in patients with locally advanced esophageal cancer 
after R0 resection, whether postoperative immunotherapy can 
achieve good therapeutic effects remains an important question. In 
the current study, both patient groups experienced varying degrees 
of local recurrence and distant metastasis within 2 years 
postoperatively. However, the incidence rates of local recurrence 
and distant metastasis were lower in the patients who received 
postoperative immunotherapy combined with chemotherapy than 
in those who received postoperative adjuvant chemotherapy alone, 
although the difference was not significant. In the CheckMate 577 
trial, patients who underwent R0 resection after preoperative 
neoadjuvant chemoradiotherapy and received nivolumab as 
postoperative adjuvant treatment demonstrated superior DFS 
compared to those who received placebo (25). However, a report 
by Park et  al. indicated that using durvalumab as maintenance 
therapy postoperatively did not provide superior DFS or OS 
compared to placebo (27). Thus, the role of postoperative 
immunotherapy in improving survival outcomes for resectable 

FIGURE 1

Study flowchart. aCT, adjuvant chemotherapy; aICT, adjuvant immunotherapy combined with chemotherapy; DFS, disease-free survival.
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locally advanced esophageal cancer remains controversial. The 
PILOT trial aims to evaluate the efficacy of perioperative 
tislelizumab use, with hopes of achieving better 2-year DFS (30). 
Similarly, the multicenter phase III clinical trial NCT05495152 is 
further assessing the efficacy of postoperative immunotherapy in 
ESCC (31).

Neoadjuvant therapy combined with surgery is the standard 
treatment regimen for locally advanced esophageal malignancies. The 
efficacy of postoperative adjuvant therapy after R0 resection varies 
among different centers as the modalities used differ, with 
postoperative adjuvant chemotherapy being more frequently 
implemented in China. Early animal model studies suggest that 
neoadjuvant immunotherapy may be more effective than postoperative 
adjuvant treatments (32). In this study, patients in the aICT group did 
not achieve improved PFS compared to those in the aCT group. 
We posits that following primary tumor resection, the human body 
lacks specific antigens related to the primary tumor, resulting in 
ineffective postoperative immunotherapy. Therefore, whether 
postoperative adjuvant chemotherapy combined with immunotherapy 

can enhance antitumor efficacy and improve postoperative prognosis 
for esophageal cancer remains a matter of debate. As such, patients 
considering postoperative adjuvant immunotherapy must have a 
thorough understanding of relevant treatment information. This 
includes comprehensive knowledge of the treatment’s purpose, 
potential effects, and risks and side effects, as well as alternative 
treatment options. Furthermore, to ensure the ethical and legal 
integrity of the treatment process, oversight and review by an ethics 
committee is required.

Postoperative adjuvant chemotherapy typically consists of four 
cycles. Currently, the number of cycles for postoperative 
immunotherapy has not been defined. Based on studies in lung cancer, 
postoperative immunotherapy maintenance treatment is commonly 
administered for a duration of 1 year (33, 34); however, a real-world 
study by Kwak et  al. indicated that many patients are unable to 
complete the postoperative immunotherapy maintenance treatment 
on schedule (35). Therefore, further clinical trials are needed to verify 
the appropriate number of cycles of postoperative immunotherapy in 
esophageal cancer. Given the lack of imaging techniques targeting the 

TABLE 1  Comparison of baseline data between the two groups.

Clinical features aCT group (n = 40) aICT group (n = 36) χ2/t p

Age 61.850 ± 7.973 65.194 ± 8.558 −1.764 0.082

Sex (%) 0.045 0.831

Male 28 (70.0) 25 (72.2)

Female 12 (30.0) 11 (27.8)

History of hypertension (%) 4 (10.0) 3 (8.3) 0.062 0.802

History of diabetes (%) 1 (2.5) 1 (2.8) 0.006 0.940

Tumor location (%) 1.935 0.380

Upper 3 (7.5) 3 (8.3)

Middle 13 (32.5) 17 (47.2)

Lower 24 (60.0) 16 (44.4)

G stage (%) 0.381 0.827

G1 2 (5.0) 3 (8.3)

G2 21 (52.5) 19 (52.8)

G3 17 (42.5) 14 (38.9)

Pathological stage (%) 0.663 0.718

II 9 (22.5) 6 (16.7)

III 29 (72.5) 27 (75.0)

IV 2 (5.0) 3 (8.3)

Operation time (min) 288.475 ± 57.751 302.722 ± 59.100 −1.062 0.292

Intraoperative blood loss (mL) 88.000 ± 28.029 94.444 ± 35.411 −0.884 0.380

Number of lymph nodes dissected 28.825 ± 7.382 31.277 ± 12.427 −1.058 0.293

Number of lymph node dissection 

stations

11.625 ± 1.705 12.416 ± 2.622 −1.575 0.119

Postoperative hospital stay 12.250 ± 5.623 13.388 ± 10.340 −0.605 0.547

Postoperative pulmonary  

infection (%)

2 (5.0) 3 (8.3) 0.015 0.903

Anastomotic fistula (%) 2 (5.0) 1 (2.8) 2.47 0.619

Data are presented as n (%) or mean ± SD.
aCT, adjuvant chemotherapy; aICT, adjuvant immunotherapy combined with chemotherapy.

61

https://doi.org/10.3389/fmed.2024.1517001
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Xie et al.� 10.3389/fmed.2024.1517001

Frontiers in Medicine 06 frontiersin.org

primary lesion as a main evaluation measure for effectiveness, Powles 
et al. reported the guiding role of ctDNA in adjuvant immunotherapy 
for urothelial carcinoma (36). It is essential to determine which 
patients will benefit from postoperative adjuvant immunotherapy for 
esophageal malignancies and to identify effective monitoring methods 
during the immunotherapy period of adjuvant treatment.

This study has some limitations. It was a single-center 
retrospective study with a small sample size, and the results may 
be  influenced by specific factors related to the center’s 
environment, equipment, and personnel, thereby limiting their 
generalizability and applicability. Nevertheless, retrospective 
studies can still hold significant value in certain contexts. Future 
research should consider expanding the sample size and adopting 
a multicenter design to enhance the study’s representativeness 
and credibility.

In conclusion, based on our 2-year follow-up results, adjuvant 
chemotherapy combined with immunotherapy after R0 surgical 
resection does not provide superior DFS compared to 
postoperative chemotherapy alone for locally advanced 
esophageal malignancies.

FIGURE 2

Comparison of 2-year disease-free survival between the two groups 
of patients after surgery. aCT, adjuvant chemotherapy; aICT, adjuvant 
immunotherapy combined with chemotherapy; DFS, disease-free 
survival.

TABLE 2  Comparison of the incidence of adverse events during adjuvant therapy after surgery between the two groups of patients.

Variables aCT group (n = 40) aICT group (n = 36) Z p

Myelosuppression (%) 1.566 0.815

 � Grade 0 25 (62.5) 21 (58.3)

 � Grade 1 5 (12.5) 7 (19.4)

 � Grade 2 6 (15.0) 5 (13.9)

 � Grade 3 3 (7.5) 3 (8.3)

 � Grade 4 1 (2.5) 0 (0.0)

Glutamic pyruvic transaminase increased (%) 1.134 0.567

 � Grade 0 31 (77.5) 24 (66.7)

 � Grade 1 7 (17.5) 9 (25.0)

 � Grade 2 2 (5.0) 3 (8.3)

Glutamic oxaloacetic transaminase increased (%) 0.086 0.958

 � Grade 0 29 (72.5) 25 (69.4)

 � Grade 1 8 (20.0) 8 (22.2)

 � Grade 2 3 (7.5) 3 (8.3)

Hypothyroidism (%) 9.818 0.007

 � Grade 0 39 (97.5) 27 (75.0)

 � Grade 1 1 (2.5) 7 (19.4)

 � Grade 2 0 (0.0) 2 (5.6)

Diarrhea (%) 0.773 0.379

 � Grade 0 37 (92.5) 30 (83.3)

 � Grade1 3 (7.5) 6 (16.7)

aCT, adjuvant chemotherapy; aICT, adjuvant immunotherapy combined with chemotherapy.

TABLE 3  Comparison of postoperative recurrence patterns between the two groups.

Variables aCT group (n = 40) aICT group (n = 36) Z p

Tumor recurrence (%) 1.430 0.489

Mediastinal lymph nodes/esophagus 7 (17.5) 5 (13.9)

Distant metastasis 5 (12.5) 2 (5.6)

aCT, adjuvant chemotherapy; aICT, adjuvant immunotherapy combined with chemotherapy.
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Case report: Exploring Lynch 
Syndrome through genomic 
analysis in a mestizo Ecuadorian 
patient and his brother
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Lynch Syndrome (LS) is a hereditary disorder characterized by genetic mutations 
in DNA mismatch repair genes, affecting approximately 0.35% of the population. 
LS primarily increases the risk of colorectal cancer (CRC), as well as various other 
cancer types like endometrial, breast, and gastric cancers. Microsatellite instability, 
caused by MMR gene mutations, is a key feature of LS, impacting genes such as 
MLH1, MSH2, MSH6, and PMS2. Pathology tests studying microsatellite instability 
and immunohistochemical staining are used to diagnose LS. Furthermore, next-
generation sequencing (NGS) allows for a thorough investigation of cancer 
susceptibility genes. This approach is crucial for identifying affected individuals and 
managing their care effectively. This study evaluated two siblings who harbored a 
mutation in the MLH1 gene associated with LS. The older brother was diagnosed 
with CRC at 24, while the younger brother remains asymptomatic at 7 years old. 
Genetic testing confirmed the presence of the MLH1 mutation in both siblings. 
Ancestry analysis showed a mix of African, European, and Native American heritage, 
common among Ecuadorians. Both siblings shared a family history of cancer, 
suggesting hereditary factors. Treatment involved surgery and chemotherapy for 
the older brother, emphasizing the importance of genetic testing for siblings with 
a cancer family history. NGS plays a pivotal role in identifying genetic mutations 
and guiding treatment decisions, demonstrating its significance in managing LS 
and other hereditary cancers.

KEYWORDS

lynch syndrome, colorectal cancer, genomic, ancestral, Ecuadorian

Introduction

Lynch Syndrome (LS) is an autosomal dominant inherited disorder characterized by 
germline pathogenic variants in DNA mismatch repair (MMR) genes. LS carriers account for 
0.35% of the general population (1). Furthermore, the lifetime risk of developing cancer in 
individuals LS varies depending on the mutated MMR gene, with estimates of 80% for high 
penetrance genes such as MLH1 and MSH2 (2). Individuals with LS have an elevated risk of 
various cancers, primarily colorectal cancer (CRC) (up to 80%), as well as other cancers, 
including endometrial cancer (approximately 60%) (3, 4).

Colorectal cancer is the third most frequent type of cancer worldwide (5). LS represents 
the predominant hereditary form of CRC. Individuals with LS have an estimated cumulative 
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lifetime risk of developing CRC of up to 52.2% in women and 68.7% 
in men (6). Approximately 15% of all CRCs exhibit a MMR-deficient 
phenotype, resulting in microsatellite instability (MSI) and lack of 
expression of MMR proteins (7, 8). Microsatellite instability is 
characterized by the accumulation of abnormal lengths of tandemly 
repeated mono- or dinucleotide sequences, which are caused by 
mutations in one or both alleles of MMR genes.

The primary MMR genes are MLH1, MSH2, MSH6, or PMS2 and 
their function involves detecting and repairing DNA mismatches 
generated during DNA replication (9). The incidence of CRC varies 
based on the specific MMR gene mutation and the implementation of 
surveillance colonoscopies. Notably, higher cumulative incidence rates 
have been reported for individuals with mutations in MLH1 (36–52%) 
and MSH2 (30–50%) under surveillance, compared to those with 
mutations in MSH6 (10–17%) and PMS2 (3–11%) (10).

The diagnosis of LS typically relies on a combination of pathology 
tests including MSI testing and immunohistochemical staining. 
Furthermore, next-generation sequencing (NGS) has complemented 
this process by enabling simultaneous analysis of multiple cancer 
susceptibility genes through multiplex panels. This approach provides a 
cost-effective alternative compared to single-gene testing (11). Molecular 
testing, especially for LS, has garnered attention due to its ability to 
precisely identify affected individuals and its evolving significance in 
managing prognostic and therapeutic interventions (12, 13).

This study presents a case involving two young siblings from 
Ecuador, both harboring a mutation in the MLH1 gene associated 
with LS. The older brother, aged 24 years, has been diagnosed with 
CRC, while the 7-year-old brother remains asymptomatic. Our study 
aims to highlight the role of NGS as a fundamental tool in the 
management and monitoring of cancer patients and their families.

Case presentation

This report presents a case involving two brothers, a 26-year-old 
man (Individual A) and an 8-year-old boy (Individual B), both of 
whom have a significant family history of cancer.

Individual A

Individual A reported alterations in his intestinal habits, muscle 
pain, and spots on the face. Hematological analysis and biochemical 
parameters revealed hemoglobin in the stool and anemia. A subsequent 
colonoscopy identified a tumor mass in the cecum, measuring 
approximately 6 cm. The tumor was partially obstructing the lumen of 
the cecum, with evidence of ulcers (Figure 1). Furthermore, a gastric 
biopsy revealed a well-differentiated tubulovillous adenocarcinoma of 
the colon. Lymph nodes were positive for malignancy, indicating 
lymphatic spread of the disease. The presumptive diagnosis was 
CRC. Genomic analyses were performed to confirm the diagnosis and 
assess the genetic predispositions, including LS.

Individual B

Individual B did not exhibit any symptoms. However, due to a 
family history of cancer, the parents authorized genomic testing to 

investigate potential mutations that could affect his health in 
the future.

Next generation sequencing (NGS)

The NGS analyses were conducted at the Centro de Investigación 
de Genética y Genómica (CIGG), Universidad UTE. Individual A and 
the legal guardians of individual B provided their informed consent 
before the process.

DNA extraction was performed from peripheral blood samples 
taken from individuals A and B, using the PureLink™ genomic DNA 
mini kit (Invitrogen, USA). In the case of Individual A, DNA was 
extracted from tissue samples in paraffin-embedded blocks with the 
same kit (PureLink™ genomic DNA mini kit).

The DNA concentrations were obtained using the Qubit™ 
fluorometer with the 1X dsDNA high-sensitivity (HS) and broad-
range (BR) assay kits. NGS was performed on MiSeq platform 
(Illumina, USA), using the TruSight™ Cancer sequencing panel 
(Illumina, USA), which includes 255 kb and 94 genes related to 
different types of cancer. The bioinformatics analyses used were 
DRAGEN Enrichment v3.9.5, Annotation Engine v3.15, PolyPhen, 
Sift and Variant Interpreter v2.16.1.300.

Ancestry analysis

For ancestry analysis, a multiplex polymerase chain reaction 
(PCR) of 46 ancestry-informative INDEL markers (AIMs) was 
conducted, following the protocol of Zambrano et al. (2019) (14). 
Fragment detection was performed using Genetic Analyzer 3,500 
(Applied Biosystems, USA) equipment. Data Collection v3.3 and 
Gene Mapper v.5 software were used for data collection and analysis, 
respectively. The STRUCTURE v.2.3.4 software was used for 
ancestry study.

Results

In individual A, genomic analyses identified a missense mutation 
in exon 4/19 (NM_000249.3:c.350C > T) of the MLH1 gene and a 
Frameshift insertion–deletion (InDel) mutation in exon 8/9 
(NM_000314.6c.968dup) of the PTEN gene, these mutations were 
detected in the paraffin-embedded tissue sample. In addition, the 
same MLH1 gene mutation was observed in the DNA analysis from a 
blood sample. The Variant Interpreter Platform (Illumina) classified 
these mutations as Pathogenic for both the MLH1 and PTEN genes. 
These analyses suggest a diagnosis consistent with LS, attributed to the 
variant in the MLH1 gene.

For Individual B, who is asymptomatic and appears healthy, 
genomic testing revealed the presence of the same MLH1 mutation as 
individual A (NM_000249.3:c.350C > T) and another mutation in the 
FH gene (NM_000143.3:c.580G > A). The latter mutation is classified 
as a variant of uncertain significance (VUS) and it is noteworthy 
because mutations in the FH gene have been implicated in 
predisposition to other cancer types (Table 1).

Furthermore, the ancestry test revealed that individual A carried 
6.6% African, 13.2% European, and 80.2% Native American ancestry 
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proportions, while Individual B showed slightly different proportions 
with 5.4% African, 17.1% European, and 77.5% Native American 
ancestry (Supplementary Figure S1).

Family history

Both siblings shared a family history of cancer. Their maternal 
grandfather was diagnosed with stomach cancer, and their paternal 
relatives had been diagnosed with pancreatic, liver, esophageal, and 
breast cancer. The shared genetic mutation in the MLH1 gene between 
the two siblings suggests hereditary cancer (Figure 2).

Treatment

After diagnosis, both patients were informed about the results of the 
genomic test and the implications of LS. Subsequently, individual A 
underwent an extended right hemicolectomy and ileotransverse 
isoperistaltic anastomosis. Individual A was subsequently treated with 
chemotherapy. On the other hand, Individual B was advised to continue 

with follow-up medical care. This case highlights the importance of 
genetic testing for siblings with a family history of cancer (Figure 3).

Discussion

Lynch Syndrome screening aims to enhance future cancer 
surveillance for the patient and offer germline variant testing for their 
at-risk relatives. However, traditional LS screening protocols, such as 
those based on clinical criteria like Amsterdam I and II or Bethesda 
guidelines, exhibit limited sensitivity, failing to detect over 40% of LS 
carriers (15). The advent of NGS has revolutionized clinical laboratory 
practices, enabling simultaneous sequencing of multiple cancer 
susceptibility genes with improved efficiency (11). In our investigation, 
we utilized NGS to analyze individuals with a familial cancer history, 
successfully identifying various variants, including a pathogenic mutation 
in the MutL Homolog 1 (MLH1) gene, present in two young siblings.

The MLH1 gene encodes a protein essential for the DNA 
mismatch repair system forming heterodimer with the mismatch 
repair endonuclease PMS2, to generate MutL alpha complex. The 
encoded protein also participates in DNA damage signaling and can 

FIGURE 1

The results of the colonoscopy performed on Individual A indicated (A,B) Tumor mass in the cecum; (C,D) Hematoxylin and eosin-stained slides 
showing adenocarcinoma of the colon mucosa in Individual A.
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heterodimerize with MLH3 protein to form MutL gamma, involved 
in meiosis (16, 17). Disruption of the MLH1-PMS2 heterodimer 
compromises MMR, leading to the accumulation of replication errors 
and increased microsatellite instability. Also, disruption of the 
heterodimer MLH1-MLH3 could contribute to tumor growth by 
accumulating errors during meiosis (18–20).

LS is an autosomal dominant disorder caused by germline 
mutations in MMR genes, primarily MLH1 and MSH2. In families 
with LS, over 90% of the mutations are found in these two genes (10). 
Mutations in the MLH1 gene impair the protein’s ability to recognize 
and repair DNA damage. This leads to the accumulation of genetic 
errors and hinders apoptosis signaling, which could promote the 
development of cancer (16, 17). LS is associated with an increased 
predisposition to different cancer types, primarily colon cancer 
(occurring in 46–61% of individuals with a pathogenic MLH1 variant) 
or endometrial cancer (occurring in 34–54% of individuals with a 
pathogenic MLH1 variant) (2, 21). Colorectal cancer, associated with 
Lynch syndrome, tends to manifest at an earlier age, with an average 
age of diagnosis around 40 years (22).

In both subjects, the MLH1 gene variant c.350C > T (p.Thr117Met) 
was identified, and notably, in Individual A, this variant was present in 

both blood and tissue samples. According to the InSiGHT classification, 
the MLH1 variant is classified as class 5 (pathogenic) (23, 24). The 
c.350C > T variant affects a highly conserved domain in exon 4 of the 
MLH1 gene. This genetic change arises from cytosine to thymine 
substitution at position 350 in the nucleotide sequence (25, 26), causing 
codon 117 undergoes a pathogenic transformation, replacing a polar 
threonine with a hydrophobic methionine in a highly conserved domain 
of the MLH1 gene.

Different tests are used for the detection of LS associated with 
CRC, such as colonoscopy, genetic testing, MSI, 
immunohistochemistry (IHC) and others. Immunohistochemistry, 
used for screening patients with suspected LS, can detect 
approximately 74% of MLH1 germline mutations when using MLH1-
specific antibodies (27). This test uses antibodies against four MMR 
proteins (MLH1, MS2, MSH6, and PMS2) to assess their expression 
in colorectal cancer tissue (28). For example, the biological 
interpretation of the MLH1 gene mutation could be shown by IHC 
that has demonstrated a reduction in DNA repair activity in cells 
carrying the Thr117Met variant which is associated with increased 
MSI. Functional analyses reveal reduced protein expression and 
compromised mismatch repair (MMR) activity linked to the 

TABLE 1  Genetic variants identified using TruSight™ Cancer sequencing panel.

Gene Chr HGVSP DNA 
reference

HGVS Protein 
reference

Consequence Predicted 
effect

dbSNP/
dbVar ID

Genotype

MLH1+* 3
NM_000249.3

c.350C > T

NM_000249.3

p.(Thr117Met)
Missense variant Pathogenic rs63750781 Heterozygous

PTEN+ 10
NM_000314.6

c.968dup

NM_000314.6

p.(Asn323LysfsTer2)
Frameshift Indels Pathogenic rs121913291 Heterozygous

FH* 1
NM_000143.3

c.580G > A

NM_000143.3

p.(Ala194Thr)
Missense variant VUS rs587782215 Heterozygous

MLH1 variant found in both subjects A and B. PTEN variant found in subject A. FH variant found in subject B. VUS, variants of uncertain significance. +Variants of subject A; *Variants of 
subject B.

FIGURE 2

Genealogical tree of the family. Circles represent females, and squares represent males. Diagonal lines through a symbol indicate that the individual is 
deceased. The white circles or squares represent unaffected (healthy) individuals. Probands are indicated by the arrows.
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disruption caused by the Thr117Met variant (29, 30). Moreover, this 
missense mutation likely impairs mismatch repair function by 
affecting the mutant protein’s ATP binding and hydrolysis, interfering 
with the formation of protein complex like hPMS2.

Considering that individual A has adenocarcinoma of the colon 
and carries a mutation in the MLH1 gene, MSI analysis of the tumor 
samples is recommended. This test is essential not only for confirming 
the diagnosis of LS but also for its prognosis, as MSI has been 
established as a key biomarker in CRCs. In the general population, the 
rate of MSI varies between 12 and 17% but has been reported to be as 
high as 27 to 35% in patients younger than 30 years (31). In the case 
of 26-year-old A, an evaluation of MSI would not only contribute to a 
better understanding of his diagnosis but is also essential to guide 
appropriate follow-up and treatment for both him and his brother.

Determination of MSI has important prognostic value, as tumors 
with high instability are often associated with a better clinical prognosis. 
In addition, MSI has been established as a predictive biomarker in the 
context of immunotherapy, suggesting that immune checkpoint inhibitors 
may be more effective in these cases. This is because tumors with a higher 
mutational burden, characteristic of elevated MSI, generate a greater 
number of neoantigens (32). These neoantigens can stimulate an immune 
response, making MMR-deficient tumors particularly responsive to 
immune checkpoint inhibitors, such as anti-PD-1/PD-L1 therapies (33–
35). In our case, the MLH1 c.350C > T variant, associated with increased 
microsatellite instability, could potentially create a pro-inflammatory 
tumor microenvironment. Understanding the interplay between 
mismatch repair gene mutations and immune response could lead to 
personalized immunotherapeutic strategies for Lynch Syndrome patients 
(14, 15). In this context, performing MSI analysis is not only crucial for 
the diagnosis and treatment of individual A, but also for the preventive 
management and follow-up of individual B, given the possible heritable 
involvement of mutations in the MLH1 gene (36).

This study marks the first report of this variant in Ecuadorian 
patients. Nevertheless, the variant has also been previously identified 
in unrelated families from Uruguay and Argentina, suggesting that the 
c.350C > T variant may be present within the broader Latin American 
gene pool (37). Notably, the reported frequency of the alternative allele 
T is 0,000 in the Latin American population (38).

Furthermore, this variant was identified in other populations. For 
instance, Yanus et al. (39) studied Russian individuals with either 
colorectal or endometrial cancer, who were referred for LS testing, 
revealing the MLH1 c.350C > T variant. The results are consistent with 
the UMD-MMR database, which includes 55 entries for the mutation 
in French laboratories until 2015 (40). Moreover, another study 
focused on analyzing the MLH1 gene in Polish and Baltic State 
families, revealing the mutation in one family with colon cancer (19). 
Another study reported the mutation in a hereditary nonpolyposis 
colorectal cancer patient in Slovakia (26). These studies collectively 
highlight the recurrent nature of the mutation across diverse 
geographical regions. Despite its global prevalence, the mutation has 
not been previously reported in Ecuador (14).

In the tumor sample from individual A, a PTEN c.968dup variant 
was identified. This variant results in a frameshift and a premature 
stop codon, probably producing absent or truncated PTEN protein. 
The truncation caused by c.968dup disrupts critical domains such as 
C2, C-tail, and PDZ, which play pivotal roles in protein localization, 
stability, and interaction with other proteins (41, 42).

PTEN is a tumor suppressor that regulates the PI3K/Akt signaling 
pathway, which is crucial for cell growth and survival. In colorectal cancer, 
loss of PTEN function leads to increased activity in this pathway, 
promoting tumorigenesis (43, 44). Other research suggests that loss of 
PTEN in CRC is closely associated with increased genomic instability and 
worse clinical outcomes, such as more advanced disease stages and the 
development of liver metastasis (45, 46). In this case study, the pathogenic 

FIGURE 3

Timeline of subject A and B. The relevant episodes related to the siblings.
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variants in the PTEN and MLH1 genes identified in individual A could 
trigger an additive effect from mutations in different genes, leading to a 
more aggressive disease phenotype.

However, this relationship is not consistently observed across all 
studies, suggesting that the role of PTEN in tumor progression may 
be influenced by other genetic or epigenetic factors (45–48). Moreover, 
in an extensive study involving 1,093 cases of CRC, PTEN mutations 
were detected in 43 tumors. Among these mutations, 47.3% were 
identified as nonsense mutations, 38.2% as frameshift mutations, 9.1% 
as missense mutations, and 5.5% as splice site mutations. Notably, the 
c.968dup variant was among the frameshift mutations closely related 
to CRC (49). This variability highlights the molecular complexity of 
CRC, particularly in cases linked to LS, and underscores the 
importance of further investigation to fully understand the impact of 
PTEN on CRC development and progression.

On the other hand, individual B carries a FH c.580G > A mutation, 
which has been implicated in hereditary cancer predisposition (50). The 
variant frequency has not been reported among the Latin American 
population. The c.580G > A variant, also denoted as p.Ala194Thr, is 
situated within the coding sequence of exon 5 in the FH gene. This genetic 
alteration arises from the substitution of alanine for threonine at codon 
194. Notably, alanine is characterized as neutral and non-polar, whereas 
threonine possesses a neutral and polar nature. Consequently, advanced 
protein modeling techniques, coupled with the scrutiny of their physical 
properties, have revealed that this missense variant disrupts the 
functionality of FH protein (51). Despite this, the variant has been 
categorized as a variant of uncertain significance, primarily due to 
findings from RNA analysis suggesting that its impact on mRNA splicing 
does not significantly alter splicing patterns. Furthermore, associations 
have been made between this variant and other types of cancer such as 
pheochromocytoma, paraganglioma, and renal cell cancer. However, its 
low population frequency (0.00007), mainly present in individuals of 
European descent, makes it uninformative for assessing its pathogenicity 
(51, 52).

Furthermore, the PTEN protein has a physical or functional 
interaction with MLH1, while the FH protein does not show any 
interaction with PTEN or MLH1 (Supplementary Figure S2). 
However, the coexistence of these variants in individuals could have 
synergistic effects, potentially increasing their cancer risk. Even 
though the assay employed in this investigation covered some genes 
implicated in mismatch repair, it would be  interesting to utilize a 
multigene panel encompassing an extensive spectrum of genes or 
SNPs associated with LS.

The genetic analysis of the ancestral components of the two 
brothers harboring the MLH1 c.350C > T variant, along with 
additional variants (PTEN c.968dup for individual A and FH 
c.580G > A for individual B), has provided a further understanding of 
the possible relationship between genetic ancestry and specific 
mutations associated with hereditary cancer predisposition.

Moreover, the ancestral composition of the individuals revealed a 
mosaic of African, European, and Native American components, as 
previously reported for the Ecuadorian (14). However, both siblings 
have high levels of Native American ancestry, which is notable given a 
lack of data on population specific genetic risks in this group. Although 
ancestry data does not directly elucidate cancer predisposition in this 
case, the Native American heritage may offer insights into 
underrepresented genetic variants relevant to Lynch Syndrome and 
cancer. Further studies on larger cohorts are needed to explore the 
relationship between ancestry and cancer risk in Latin American (14).

The MLH1 c.350C > T variant, associated with Lynch syndrome, 
has been extensively studied and reported in different regions, such as 
Latin America (37) and Europe (19, 26, 39, 40). Besides, a study 
compared the racial differences in MLH1 mutations between the 
Caucasian and East Asian races and found that this variant ranks 
among the top ten mutations in both ethnic groups (53). The 
prevalence of this mutation in individuals with predominantly Native 
American ancestry is of particular interest and has not been previously 
reported, which could provide insights into population-specific 
genetic risk factors. However, the PTEN and FH variants have not 
been previously described in other populations.

Consequently, employing multiple gene sequencing may benefit 
patients, especially those with personal or familial histories. The 
identification of individuals with hereditary cancer predispositions, such as 
Lynch syndrome, holds significant promise for reducing cancer incidence 
and mortality rates. Nonetheless, accessing comprehensive mutation 
screening may present challenges in certain scenarios. However, once 
mutations are identified, screening other family members for the same 
mutation can be achieved using relatively straightforward methods (15).

In this study, we used NGS panels that included the MMR genes 
(MLH1, MSH2, MSH6, or PMS2), identifying a pathogenic MLH1 
mutation in both siblings. This finding underscores the importance of 
genomic testing in detecting germline mutations within families. 
Clinically, it enables a more precise diagnosis and treatment for 
Individual A, who is symptomatic, while providing necessary 
follow-up for Individual B, who remains asymptomatic.

A limitation of this study is the budget constraint, because NGS could 
not be performed on all family members. Despite this constraint, the 
screening process remains informative and contributes significantly to 
continuous patient monitoring. Consequently, the adoption of massive 
sequencing approaches may provide valuable insights, enabling the 
implementation of effective cancer prevention strategies, personalized 
screening protocols, and tailored therapeutic interventions to mitigate 
cancer-related morbidity and mortality linked to Lynch Syndrome 
(11, 54).

In conclusion, the ancestral components, and associated variants 
of the two siblings provide the first data of a mainly Native American 
composition and mutations related to LS and cancer predisposition. 
Further studies on diverse populations and larger cohorts could 
improve the understanding of population-specific variants, their 
implications, and healthcare strategies.
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Exploring the therapeutic 
potential of “Zhi-Zhen” formula 
for oxaliplatin resistance in 
colorectal cancer: an integrated 
study combining 
UPLC-QTOF-MS/MS, 
bioinformatics, network 
pharmacology, and experimental 
validation
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1 Department of Traditional Chinese Medicine, Shanghai General Hospital, Shanghai Jiao Tong 
University School of Medicine, Shanghai, China, 2 Department of Traditional Chinese Medicine, 
Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai, China, 
3 Department of Pharmacy, Shanghai General Hospital, Shanghai Jiao Tong University School of 
Medicine, Shanghai, China

Background: Chemoresistance is a critical factor compromising the survival of 
patients with colorectal cancer (CRC). The “Zhi-Zhen” formula (ZZF), a traditional 
prescription developed by Chinese national medicine masters, has been 
extensively used in clinical practice to treat gastrointestinal cancer. Notably, 
ZZF has the potential to enhance tumor sensitivity to chemotherapy. Although 
previous in vitro studies have demonstrated the efficacy of ZZF in overcoming 
chemoresistance in colorectal cancer (CRC), its precise molecular mechanisms 
remain poorly understood.

Materials and methods: We used an integrated approach of bioinformatics and 
network pharmacology to predict the potential active ingredients and targets 
of ZZF in alleviating chemoresistance. The top five active ingredients identified 
by degree in the network analysis were validated using mass spectrometry. 
We  then established an oxaliplatin-resistant CRC cell model to explore the 
potential targets and regulatory mechanisms through which ZZF overcomes 
chemoresistance at the cellular level.

Results: Network pharmacology and bioinformatics analyses jointly identified 
29 active compounds and 13 potential key targets of ZZF, associated with 
chemoresistance. Among these targets, the differential expression of CASP7 
significantly affected the progression-free survival of patients with CRC. 
We  established two oxaliplatin-resistant CRC cell lines and observed an 
upregulation of CASP7 expression in these resistant cells. Furthermore, ZZF 
increases the expression and activation of CASP7 in resistant cells, promoting 
apoptosis, and thereby ameliorating chemoresistance. Additionally, β-catenin 
knockdown led to an upregulation of CASP7 expression, whereas activation 
of the Wnt/β-catenin signaling pathway reduced CASP7 protein levels. ZZF 
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decreases the activity of the Wnt/β-catenin signaling pathway by decreasing 
β-catenin transcription and nuclear localization.

Conclusion: ZZF has potential clinical value in the treatment of chemoresistance 
in CRC by inhibiting the transcription and nuclear localization of β-catenin, 
thereby increasing the expression of CASP7 and enhancing the apoptotic 
response in chemoresistant CRC cells.

KEYWORDS

traditional Chinese medicine, colorectal cancer, chemoresistance, caspase-7, Wnt/β-
catenin signaling

1 Introduction

Colorectal cancer (CRC) is a prevalent malignant tumor with high 
morbidity (9.6%) and mortality (9.3%) rates among newly diagnosed 
cancer cases and cancer-related deaths, as reported by Global Cancer 
Statistics 2022 (1). Population-based data from the National Cancer 
Institute indicates that the 5-year survival rate of patients with 
metastatic CRC is approximately 14% (2). Recent advances in targeted 
therapy and immunotherapy, which have changed the treatment 
strategies for CRC. The combination of anti-PD-1 and chemotherapy 
has been the standard first-line treatment for advanced CRC (3). 
Additionally, chimeric antigen receptor (CAR)-T cell therapy has 
shown strong anti-tumor effects in CRC. However, treatment efficacy 
is limited by chemoresistance, the immunosuppressive 
microenvironment of solid tumors, the lack of tumor-specific 
antigens, and post-treatment side effects (4). Therefore, chemotherapy 
remains a key strategy in CRC treatment. It is the primary approach 
to reduce the risk of recurrence after curative surgery and serves as the 
cornerstone treatment for metastatic CRC. Oxaliplatin-based 
chemotherapy regimens (FOLFOX or CAPOX) are the standard first-
line treatments for CRC (5). However, chemotherapy often results in 
acquired chemoresistance, leading to tumor progression and adverse 
effects on patient survival (6). Overall, acquired chemoresistance is a 
significant factor contributing to disease recurrence and metastasis, 
profoundly affecting the prognosis of patients with CRC. Enhancing 
the sensitivity of CRC to chemotherapy is crucial for improving 
clinical outcomes.

Chemoresistance arises from a complex interplay of biological 
processes including multidrug resistance gene expression, apoptosis, 
epigenetics, and the tumor microenvironment (7). Traditional 
Chinese medicine (TCM), with its multi-component, multi-target 
network, and diverse regulatory methods (8), has the potential to 
enhance the efficacy of chemotherapy. The “Zhi-Zhen” formula (ZZF), 
developed by the renowned TCM practitioner Zhang Jingren, is 
composed of herbs including Huang Qi, Nv Zhenzi, Shi Jianchuan, 
Teng Ligen, Xiang Fu, Ye Putaoteng, and Yi Yiren. Our preliminary 
studies suggest that ZZF, when combined with chemotherapy, 
enhances the therapeutic effects on gastrointestinal tumors. As a 
traditional Chinese herbal formula, ZZF contains numerous herbs and 
active ingredients with various mechanisms of action. Experimental 
research has shown that ZZF can reverse chemoresistance in CRC 
through several mechanisms (9–13): (1) inhibition of P-glycoprotein 
(P-gp) expression; (2) suppression of IκB-α phosphorylation, reducing 
NF-κB/p65 protein expression; (3) inhibition of the Hedgehog 
signaling pathway; (4) reduction of P-gp efflux function and inhibition 
of ERK pathway activity; (5) inhibition of cell proliferation in resistant 

cells; (6) modulation of M2 macrophage-derived exosomes to alter the 
immune microenvironment. However, the specific targets and 
mechanisms of ZZF require further investigation.

This study aims to elucidate the mechanisms and therapeutic 
targets of ZZF in reversing chemoresistance in CRC through an 
integrated analysis of bioinformatics, network pharmacology, and 
cellular experiments. The research aims to provide theoretical insights 
and empirical data to support the development of future treatment 
strategies for chemoresistance.

2 Materials and methods

2.1 Drugs and reagents

Herbs, including Huang Qi, Nv Zhenzi, Shi Jianchuan, Teng 
Ligen, Xiang Fu, Ye Putaoteng, and Yi Yiren, were procured from Cai 
Tongde (Shanghai, China). Oxaliplatin, MSAB, Wnt/β-catenin agonist 
2, and Cell Counting Kit-8 (CCK-8) reagents were sourced from 
Haoyuan MedChemExpress (Shanghai, China). HyperScript III RT 
SuperMIX (with gDNA remover) and S6 Universal SYBR qPCR Mix 
were obtained from NovaBio (Shanghai, China). NE-PER Nuclear and 
Cytoplasmic Extraction reagents were acquired from Thermo Fisher 
Scientific (USA). Annexin V-adenomatous polyposis coli 
(APC)/7-AAD apoptosis kit was purchased from Multi Sciences 
(Hangzhou, China). Immunostaining Blocking Buffer, DAPI Stain 
Solution, and Alexa Fluor 594 AffiniPure goat anti-rabbit IgG (H + L) 
were obtained from Yeasen (Shanghai, China).

2.2 Identification of differentially expressed 
genes

Transcriptome sequencing data and corresponding annotation 
files from CRC tissues and adjacent normal tissues were acquired from 
The Cancer Genome Atlas (TCGA). Transcriptome sequencing data 
of HCT-116 cells with β-catenin (CTNNB1) knockdown were 
obtained from the Gene Expression Omnibus (GEO) database. Raw 
sequencing data, along with sample and platform information, were 
downloaded from the GEO database. Data annotation was performed 
using Python 3.9 (64-bit), resulting in a complete gene expression 
matrix. Differential expression analysis was conducted using the 
limma package in R 4.0.3, with genes considered differentially 
expressed if log2|FC| > 1 and the adjusted p-value was <0.05. A 
volcano plot was generated for data visualization using the ggplot2 
package in R 4.0.3.
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2.3 Screening of candidate components 
and targets of ZZF

ZZF consists of Huang Qi (Astragali Radix), Nv Zhenzi (Ligustri 
Lucidi Fructus), Shi Jianchuan (Salvia Chinensis), Teng Ligen (Radix 
actinidiae), Xiang Fu (Cyperi rhizoma), Ye Putaoteng (Hairy grape 
stem), and Yi Yiren (Coicis semen). The chemical components of these 
herbs were obtained from the Traditional Chinese Medicine Systems 
Pharmacology Database (TCMSP) (14, 15). Additionally, compounds 
for Ye Putaoteng were obtained from the Chinese Academy of Sciences 
Chemistry Database and other research (16). These additional 
compounds were linked to specific TCMSP mol-IDs using their 
InChIKey and CAS codes. The active ingredients were selected based 
on the criteria of oral bioavailability (OB) being ≥30% and drug-like 
properties (DL) being ≥0.18. TCMSP predicts the potential targets of 
these candidate components. Finally, the protein names of all the targets 
were converted to gene names using the UniProt protein database.

2.4 Identification of chemoresistance 
targets

Chemoresistance-related targets were identified by searching the 
GeneCards and OMIM databases using “chemoresistance” and 
“chemoresistance.” The GeneCards database assigns a score to each 
target reflecting its relevance to chemoresistance. When many targets 
were identified, they were filtered these potential targets based on their 
scores. To compile a comprehensive list of chemoresistance targets, the 
results from both databases were integrated and the duplicate entries 
were removed using R (version 4.0.3).

2.5 Construction of the network of 
potential targets of ZZF-herb-active 
ingredients

To identify candidate therapeutic targets, we  analyzed the 
intersection of targets of the active ingredients of ZZF, DEGs in CRC, 
and targets related to chemoresistance. Using R (version 4.0.3), 
we created a Venn diagram to visualize this intersection. Overlapping 
genes are considered therapeutic targets for overcoming chemoresistance 
(hereafter referred to as therapeutic targets). Subsequently, we imported 
the data file into Cytoscape (version 3.7.0) software to construct and 
visualize the network of potential targets of ZZF-herb-active ingredients 
of chemoresistance. Furthermore, the network was treated as an 
undirected network using NetworkAnalyzer in Cytoscape (version 3.7.0).

2.6 Gene ontology and Kyoto encyclopedia 
of genes and genomes enrichment analysis 
of therapeutic targets

Enrichment analysis of therapeutic targets, including the Gene Ontology 
(GO) Biological Processes, GO Molecular Function, GO Cellular 
Components, and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
Pathway, was performed using the “clusterProfiler” and “enrichplot” packages 
in R 4.0.3. The results were visualized using the “ggplot2” package to facilitate 
interpretation in R (version 4.0.3).

2.7 Survival analysis

The survival data of patients was downloaded from the TCGA 
database. The ‘survival’ and ‘survminer’ packages in R (version 4.0.3) 
were used for survival analysis and visualization.

2.8 Preparation of the extracts of ZZF

A total weight of 175 g of Huang Qi, Nv Zhenzi, Yi Yiren, Shi 
Jianchuan, Teng Ligen, Ye Putaoteng, and Xiang Fu was mixed in 
a ratio of 6:3:6:6:6:6:2. The mixture was then soaked in 95% 
ethanol for 20 min and refluxed for 2 h. After filtration, the 
solution was concentrated with a rotary steamer and converted 
into a powder by lyophilization, resulting in an ethanol 
extract of ZZF.

2.9 Cell lines and cell culture

Human CRC cell lines, HCT-116 and HCT-8 were acquired from 
Obio Technology (Shanghai, China) and verified through STR 
profiling. The cells were cultured in RPMI-1640 medium (Gibco, 
Carlsbad, CA, United States) supplemented with 10% fetal bovine 
serum and 1% antibiotics. To establish an oxaliplatin-resistant cell 
model, HCT-8 and HCT-116 cells were exposed to increasing 
concentrations of oxaliplatin, ranging from 0.5 μM to 10 μM. The 
established oxaliplatin-resistant cell lines, HCT-8/LOHP and 
HCT-116/LOHP were maintained in a complete medium containing 
4 μg/mL and 3 μg/mL oxaliplatin, respectively. All cell cultures were 
maintained at 37°C in a 5% CO2 humidified atmosphere.

2.10 Real-time quantitative PCR

Total RNA was extracted with the TRIzol reagent and reverse-
transcribed into cDNA using HyperScript III RT SuperMIX (with 
gDNA remover). Real-time quantitative PCR (RT-qPCR) was conducted 
using the S6 Universal SYBR qPCR Mix according to the instructions of 
the manufacturer. The primer pairs are shown in Supplementary Table S1. 
Gene expression levels were calculated as follows:

	 ( )
CT C reated – C ontrol,Relative expressiT_t T_c on

2 T .^ C
∆∆ = ∆ ∆
= ∆∆

2.11 Drug inhibition analysis

Cells were seeded in 96-well plates at a density of 10,000 cells/well 
and incubated in fresh medium with or without ZZF for 24 h. Next, 
the medium was replaced with fresh medium containing various 
concentrations of oxaliplatin, and the cells were cultured for an 
additional 24 h. Subsequently, the cells were treated with a medium 
containing 10% CCK-8 solution for 1 h, and the absorbance at 450 nm 
was measured using a microplate reader. The inhibition rate was 
calculated using the following formula:
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The half-maximal inhibitory concentration (IC50) was 
determined using GraphPad Prism 8.

2.12 Colony formation assay

Cells were diluted to different concentrations, seeded into 6-well 
plates, and incubated in a growth medium for 48 h. Oxaliplatin was 
then added to the growth medium and incubated for 10 d. The 
plates were washed with PBS, fixed with 4% paraformaldehyde, and 
stained with crystal violet. Finally, images were obtained using a 
camera and the established colonies were manually counted.

2.13 Protein extraction

To obtain total protein, cells were lysed in RIPA buffer containing 
protease and phosphatase inhibitors. The lysate was then centrifuged, 
and the supernatant was collected.

Nuclear and cytosolic proteins were extracted using the NE-PER 
Nuclear and Cytoplasmic Extraction Kit. Briefly, cells were harvested 
using trypsin and washed with PBS, and the supernatant was 
discarded to leave the cell pellet. Cells were lysed with Cytoplasmic 
Extraction Reagent I (CERI), vortexed, and incubated on ice. The 
supernatant containing cytoplasmic proteins was collected after the 
addition of Cytoplasmic Extraction Reagent II (CER II) and 
centrifugation. The remaining pellet was resuspended in Nuclear 
Extraction Reagent (NER), vortexed, and incubated on ice multiple 
times to extract nuclear proteins. Following the final centrifugation, 
the supernatant containing the nuclear proteins was collected. All 
protein solutions were boiled in 5× loading buffer at 100°C 
for 10 min.

2.14 Western blotting

Proteins were separated by 10% SDS-PAGE and transferred to 
PVDF membranes. Membranes were blocked with 2% skim milk for 
1.5 h at room temperature. Subsequently, the membranes were 
incubated with primary antibodies overnight at 4°C. The following 
day, the membranes were incubated with horseradish peroxidase-
conjugated secondary antibodies for 1.5 h at room temperature. After 
washing with TBST, the bands were visualized. The intensities of the 
bands were analyzed for grayscale values using ImageJ software. The 
antibodies in this experiment were as follows: Anti-Caspase-7(1:1000, 
ABclonal), Anti-Bax (1:1000, CST), Anti-Bcl2 (1:1000, CST), Anti-
Cleaved-Caspase-7 (1:1000, CST), Anti-Caspase-3 (1:1000, CST), 
Anti-Cleaved-Caspase-3 (1:1000, CST), Anti-Cleaved-PARP (1:1000, 
CST), Anti-β-catenin (1:1000, CST), Anti-Lamin A/C (1:1000, CST), 
Anti-GSK-3β (1:1000, CST), Anti-phospho-GSK-3β(Ser9) (1:1000, 
CST), and Anti-GADPH (1:1000, CST).

2.15 Flow cytometry analysis of apoptosis

The cells were seeded in 6-well plates and treated with various 
reagents for 24 h. Subsequently, the cells were trypsinized, washed 
twice, and immediately stained with Annexin V-APC and 7-AAD. The 
apoptosis rate was visualized using the BD Accuri C6 software (BD 
Biosciences, United States).

2.16 Immunofluorescence

A total of 1 × 104 cells were seeded in glass-bottomed cell culture 
dishes for 24 h before treatment for an additional 24 h. The cells were 
then fixed with 4% paraformaldehyde for 15 min, washed three times 
with PBS buffer, and blocked in blocking buffer for 1 h. Subsequently, 
the cells were incubated with an anti-β-catenin antibody (1:100, CST) 
overnight at 4°C. The next day, cells were washed and incubated with 
Alexa Fluor 594 AffiniPure goat anti-rabbit IgG (H + L) (1:200, 
Yeasen) for 1.5 h at room temperature. DAPI staining was performed, 
and the cells were photographed using a laser scanning confocal 
microscope (Leica, Italy).

2.17 UPLC-QTOF-MS/MS analysis

ZZF (1 mg) was thoroughly dissolved in 1 mL 95% ethanol by 
ultrasonication for 20 min (50 kHz, 300 W), followed by vortexing 
and shaking for 30 s. After centrifugation at 4°C and 12,000 rpm for 
5 min, the supernatant (800 μL) was used for UPLC-QTOF-MS/MS 
analysis. Chromatographic separation was performed on a Waters 
ACQUITY UPLC system using an ACQUITY UPLC BEH C18 
column (2.1 mm × 100 mm, 1.7 μm). The mobile phase consisted of 
eluent A (0.1% formic acid aqueous solution, v/v) and eluent B 
(acetonitrile). The gradient elution program was as follows: 0–8 min, 
10–11% B; 8–14 min, 11–21% B; 14–20 min, 21–27% B; 20–24 min, 
27–38% B; 24–31 min, 38–53.5% B; 31–38 min, 53.5–90% B; 
38–40 min, 90–10% B. The flow rate was adjusted to 0.4 mL/min, 
with the column temperature kept steady at 40°C, and an injection 
volume of 2 μL was used.

The UPLC system was coupled with a Synaptic Q-TOF mass 
spectrometer. An electrospray ionization source (ESI) was used in 
both positive and negative ion modes. The MS and MS/MS scan 
range was m/z 100–1700. The temperatures of the drying gas and 
sheath gas were 350°C. The capillary voltage was set at 3500 V. The 
flow rate of the drying gas was 8 L/min. The collision voltage was 
150 V and the collision energies were set to 5, 20, 35, and 50 eV. The 
nebulizer pressure was 50 psi (1 psi, 6.895 kPa).

An Excel table was created to record the compound names, 
molecular formulae, precise molecular weights of the adducts,  
and CAS registry numbers (Supplementary Table S2). The table 
was imported into the PCDL database using PCDL Manager 
B.08.00. Qualitative Analysis software (version 10.0) was used to 
identify the components of ZZF based on the chemical structure 
formula, charge-to-mass ratio, and secondary fragment 
ion information.
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FIGURE 1

Caspase-7 presented as a potential target in the mechanism of ZZF against colorectal cancer chemoresistance. (A) Characterization of differentially 
expressed genes (DEGs) between colorectal cancer (CRC) and normal tissues in the TCGA database. DEGs were screened with log2 (FC) ≥ 1 and 
adjusted p-value ≤0.01. Blue, significantly downregulated genes; red, markedly upregulated genes. (B) Venn diagram shows the overlap of DEGs in 
CRC, chemoresistance targets, and potential targets of ZZF. (C) ZZF-herb-active ingredient-potential targets network diagram. (D) Survival analysis of 
CRC patients grouped based on CASP7 expression level. Data from the TCGA database. (E) GO enrichment analysis of therapeutic targets. (F) KEGG 
pathway enrichment analysis of therapeutic targets.

77

https://doi.org/10.3389/fmed.2025.1516307
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Li et al.� 10.3389/fmed.2025.1516307

Frontiers in Medicine 06 frontiersin.org

TABLE 1  Mass spectrometry identification of the top five ingredients in the ZZF-herb-active ingredient-potential target network.

Sheared 
Name

Chemical 
name

Degree Formula CAS RT (min) Adduct 
[M + H]+

MS/MS 
fragments

D Quercetin 90 C15H10O7 117–39-5 5.328 303.0445
229.0471, 165.0189, 

153.0184

C Kaempferol 42 C15H10O6 520–18-3 6.914 287.0542
213.0546, 153.0167, 

135.0360, 115.0542

F Beta-sitosterol 30 C29H50O 83–46-5 11.974 415.2104 119.0853

E Luteolin 16 C15H10O6 491–70-3 6.911 285.0385 151.0030, 133.0286

B Isorhamnetin 12 C16H12O7 491–70-3 -

2.18 Statistical analysis

Differences between the two groups were assessed using the 
Student’s t-test. For data involving more than two groups, we used a 
one-way analysis of variance (ANOVA) followed by Dunnett’s t-test 
for multiple comparisons. Differences were considered statistically 
significant at a p-value <0.05. Statistical analyses were performed 
using GraphPad Prism version 8 for Windows. Each experiment was 
repeated at least three times.

3 Results

3.1 Caspase-7 presented as a potential 
target in the mechanism of ZZF against 
CRC chemoresistance

To elucidate how ZZF relieves chemoresistance in CRC, we used 
bioinformatics and network pharmacology tools in a preliminary study. 
A total of 2,748 DEGs were identified by analysis of the differences in 
RNA-seq data between CRC tissues and adjacent normal mucosal 
tissues in TCGA (Figure 1A). An aggregate of 1,074 chemoresistance-
related genes were identified in the databases. By intersecting these 
genes, we identified 127 potential chemoresistance targets. Additionally, 
we identified 42 potential active ingredients and 243 potential targets of 
ZZF from various databases. Intersecting these with 127 
chemoresistance targets resulted in 13 potential targets in 
chemoresistant CRC (Figure 1B). Based on these data, we constructed 
a ZZF-herbs-active ingredients-potential targets network, comprising 
50 nodes (one formula, seven herbs, 29 potential ingredients, and 13 
therapeutic targets) and 280 edges (Figure  1C). Network analysis 
ranked the top five active ingredients by degree, which was validated by 
mass spectrometry (Table  1; Supplementary Figure S1). To further 
explore the mechanism of ZZF, we conducted analyses for GO and 
KEGG enrichment to investigate the common biological functions of 
the 13 therapeutic targets (Figures  1E,F). We  performed KEGG 
enrichment analysis on the candidate genes and identified several 
pathways associated with tumorigenesis and drug metabolism. Notably, 
the “Platinum drug resistance” pathway was enriched among those. A 
deeper analysis of this pathway revealed the inclusion of BCL2 and 
GSTM1, both of which are involved in. Furthermore, we found several 
genes in this pathway closely related to apoptosis, including CASP3, 
CASP8, CASP9, and BAX. However, the role of CASP7 was not 
prominently represented. In line with this, Patients with low caspase-7 
expression had higher progression-free survival in survival analysis 

(p = 0.0088) (Figure 1D). These findings suggest that caspase-7 is a 
crucial target for the anti-chemoresistant effect of ZZF in CRC.

3.2 ZZF enhanced the apoptotic response 
of oxaliplatin-resistant cells by 
upregulating the expression and activation 
of caspase-7

With the aim of ascertaining the role of caspase-7 in ZZF’s effects on 
chemoresistance, we established two oxaliplatin-resistant CRC cell lines, 
HCT-116/LOHP and HCT-8/LOHP, by sequential drug administration 
(Figure 2A). The IC50 of oxaliplatin was significantly higher in HCT-116/
LOHP cells at 234.17 ± 47.3 μM compared to 30.28 ± 6.46 μM in 
HCT-116 cells (p < 0.05). Similarly, HCT-8/LOHP cells exhibited an IC50 
of 142.80 ± 4.30 μM, much higher than 32.62 ± 4.37 μM in HCT-8 cells 
(p < 0.05) (Figure  2B). The colony formation assay confirmed that 
HCT-116/LOHP and HCT-8/LOHP cells exhibited a greater ability to 
form colonies in the presence of oxaliplatin than the parental cell lines, 
indicating increased resistance (Figure 2D). Preconditioning with ZZF 
reduced the IC50 of oxaliplatin in drug-resistant cells (p < 0.05) 
(Figure  2C), suggesting that ZZF could potentiate chemotherapy 
sensitivity in CRC. Consistent with previous findings that identified 
caspase-7 as a putative target of ZZF in reversing chemoresistance, 
we  found that the expression of caspase-7 was significantly lower in 
oxaliplatin-resistant cells compared to parental cells (p < 0.05) 
(Figures 2E,F). Treatment with ZZF reversed this downregulation, leading 
to an increase in the expression and activation of caspase-7 in resistant cell 
lines (Figures  2G,H). Consequently, ZZF treatment combined with 
oxaliplatin resulted in higher caspase-7 expression and activation, which 
increased apoptosis in oxaliplatin-resistant cell lines (Figures 2I–K).

3.3 ZZF regulated caspase-7 expression by 
the upstream Wnt/β-catenin pathway

To further explore the upstream pathways through which ZZF 
regulates CASP7-expression, we  searched the UALCAN database 
using the keyword “CASP7,” and subsequently selected the colon 
cancer dataset for further analysis. The results revealed that activating 
Wnt/β-catenin signaling led to a significant reduction in caspase-7 
expression (p  < 0.05) (Figure  3A). Conversely, the knockdown of 
β-catenin, a vital component of the Wnt/β-catenin pathway (17), 
significantly elevated the transcript level of caspase-7 (FC = 2.15, 
p  < 0.05) (Figure  3B). Western blotting results indicated higher 
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FIGURE 2

ZZF enhanced the apoptotic response of oxaliplatin-resistant cells by upregulating the expression and activation of caspase-7. (A) Schematic diagram 
of the construction of the oxaliplatin-resistant cell model, HCT-8/LOHP and HCT-116/LOHP, with “wks” denoting weeks. (B) The IC50 values of 

(Continued)
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oxaliplatin in parental and resistant cell lines were calculated using GraphPad Prism 8. (C) The IC50 of oxaliplatin in drug-resistant cell lines with or 
without ZZF pretreatment. (D) Colony formation assays of the parental and oxaliplatin-treated resistant cell lines. (E,F) Expression levels of caspase-7 in 
parental and resistant cell lines. (G,H) Expression levels of apoptosis-related proteins of HCT-116/LOHP in different groups. (I–K) Flow cytometry 
analysis of apoptosis rate of oxaliplatin-resistant cell lines in different groups. *p < 0.05, **p < 0.01, ***p < 0.001 (n = 3); ns, no significance (n = 3).

FIGURE 2 (Continued)

expression of β-catenin in HCT-116/LOHP and HCT-8/LOHP than 
parental cells (p  < 0.05) (Figures  3C,D), along with the observed 
downregulation of caspase-7 in chemoresistant cells. Furthermore, 
activators of the Wnt/β-catenin signaling pathway were observed to 
downregulate caspase-7 expression in HCT-116 and HCT-8 (p < 0.05) 
(Figures 3E,F). These findings suggest that the Wnt/β-catenin pathway 
is an upstream regulator of CASP7 expression. Moreover, ZZF 
downregulated β-catenin expression in chemoresistant cells (p < 0.05) 
(Figures 3G,H). Flow cytometry results further demonstrated that 
ZZF and a specific β-catenin inhibitor, MSAB, had a synergistic effect, 
significantly enhancing oxaliplatin-induced apoptosis (p  < 0.05), 
respectively (Figures 3I–K). Conversely, Wnt/β-catenin agonist 2, a 
specific β-catenin activator, antagonized the chemosensitization effect 
of ZZF, inhibiting apoptosis in a concentration gradient (p < 0.05) 
(Figures 3L–N). These results support the role of Wnt/β-catenin as an 
upstream regulator of CASP7-expression in the ZZF mechanism to 
reverse chemoresistance.

3.4 ZZF regulated the Wnt/β-catenin 
pathway by modulating β-catenin during 
transcription and localization

For a more comprehensive understanding of the regulatory 
mechanisms of ZZF, we investigated the transcription, degradation, 
and cellular localization of β-catenin. The qRT-PCR results indicated 
that ZZF markedly decreased the mRNA expression of CTNNB1 in 
chemoresistant cells (p < 0.05) (Figures 4A,B). Additionally, GSK3β is 
a crucial component of the Wnt/β-catenin signaling pathway, 
contributing to forming the β-catenin degradation complex and 
promoting β-catenin degradation (18). Western blotting showed that 
neither ZZF nor oxaliplatin significantly impacted the levels of GSK3β 
or p-GSK3β (Figures 4E,F). Moreover, the subcellular localization of 
β-catenin closely links to its function (18). Western blotting revealed 
that ZZF decreased β-catenin expression, mainly in the nucleus 
(p < 0.05) (Figures 4C,D). Immunofluorescence results demonstrated 
that the nuclear aggregation of β-catenin was diminished in the ZZF 
group compared to the control group. Additionally, the nuclear 
distribution of β-catenin was further decreased in the oxaliplatin 
combined with the ZZF group versus the oxaliplatin group 
(Figure 4G). These results indicate that ZZF regulates the Wnt/β-
catenin pathway by influencing the transcription and cellular 
localization of β-catenin.

4 Discussion

CRC, with complex pathogenesis and regulatory circuits, stands 
as one of the most lethal malignancies (19). For decades, oxaliplatin 
has been the cornerstone chemotherapeutic agent for CRC (20, 21). 
However, chemoresistance continues to be a significant obstacle that 

greatly reduces the effectiveness of CRC treatments. Although the 
mechanisms underlying chemoresistance have been studied to some 
extent, further investigations are necessary to develop more effective 
therapeutic strategies (22).

As research on TCM has progressed, scientists have recognized its 
potential to enhance tumor sensitivity to chemotherapy by modulating 
cell survival, metabolism, and death through multiple mechanisms 
(23). ZZF is clinically used to treat CRC owing to its potentiating and 
detoxifying effects. However, unlike monomolecules, ZZF comprises 
complex active components that modulate diverse targets, making it 
challenging to ascertain its pharmacological mechanisms. Network 
pharmacology and bioinformatics offer tools for investigating the 
active components and underlying targets of TCM formulae, such as 
ZZF (24, 25). Utilizing these methodologies, we  analyzed and 
identified the active ingredients and targets of ZZF involved in CRC 
chemoresistance. We  constructed a ZZF–herb–compound–target 
network and performed mass spectrometry identification of the top 
five ingredients in the network based on the degree value. The mass 
spectrometry results demonstrated a certain degree of reliability. 
However, isorhamnetin, a flavonoid, was not identified in the mass 
spectrometry ions of ZZF, possibly because of its very low water 
solubility than quercetin [<3.5 μg/mL (26) and 2.15 mg/L (27) at 
25°C]. Further annotation of the targets revealed that the critical 
targets of ZZF’s anti-chemoresistance effects in CRC were related to 
platinum-based chemoresistance. This suggests that ZZF regulates 
platinum resistance through these specific targets. In this study, 
we established an oxaliplatin-resistant cell model and confirmed the 
chemosensitizing effects of ZZF in drug-resistant cells.

Additionally, survival analysis identified CASP7, a member of the 
caspase family involved in apoptosis signaling pathways (28), as a 
potential target for ZZF to overcome chemoresistance in CRC in our 
study. The caspase family of proteases is essential for the execution of 
apoptosis, which is the process of programmed cell death. In both the 
extrinsic and intrinsic pathways of apoptosis, caspase-3 and caspase-7 
are hydrolytically activated and processed by effector cysteine 
asparaginases to promote the degradation of cellular components and 
execute cell death (29). Chemoresistance is associated with the evasion 
of apoptosis through the downregulation of caspase-3 (30). XIAP, 
belonging to the inhibitor of apoptosis (IAP) protein family, inhibits 
the activity of caspase-9, caspase-7, and caspase-3, thereby preventing 
cell death. XIAP is highly expressed in various chemoresistant cancer 
cells (31, 32). The XIAP/caspase-7 complex has been linked to 
chemoresistance in caspase-3-deficient breast cancer (33). Inhibition 
of this complex and reactivation of caspase-7 can sensitize cancer cells 
to chemotherapy-induced apoptosis (34, 35). Conversely, caspase-7 
deficiency confers resistance to endotoxin-induced lymphocyte 
apoptosis and increases the tolerance of chicken lymphoma cells to 
chemotherapeutic agents (36). Therefore, reactivating caspase-7 may 
be a practical approach to overcome chemoresistance. However, the 
specific mechanism through which caspase-7 affects CRC 
chemosensitivity remains unclear. Notably, we verified the difference 
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FIGURE 3

ZZF regulated caspase-7 expression by the upstream Wnt/β-catenin pathway. (A) Proteomic data for CASP7 were retrieved from the UALCAN database 
by selecting the CPTAC colon cancer dataset. Expression profiles were analyzed under the “Total Protein” section based on Wnt pathway status, and a 

(Continued)
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Jitter Plot visualization was generated. Statistical data, including p-values, were obtained and used for result interpretation. (B) DEGs between wild-type 
HCT-116 cells and β-catenin knockdown HCT-116 cells in GSE87429. DEGs screened with log2(FC) ≥ 1 and adjusted p-value ≤0.01. (C,D) β-expression 
between drug-resistant and parental cell lines was detected by Western blotting (WB). (E,F) Effect of Wnt/β-catenin agonist 2 on caspase-7 expression 
in parental cell lines. (G,H) Effect of different treatments on the expression level of β-catenin in drug-resistant cell lines. (I–K) Resistant cells were 
treated with different agents, and flow cytometry was used to investigate the effect of MSAB on ZZF and oxaliplatin-induced apoptosis. The groups 
were as follows: CTR, the group treated with oxaliplatin alone; MASB, the group treated with both MSAB and oxaliplatin; ZZF, the group treated with 
ZZF and oxaliplatin; ZZF + MASB represents, the group treated with varying concentrations of MSAB, ZZF, and oxaliplatin in combination. (L–N) Flow 
cytometry analysis of the effect of Wnt/β-catenin agonist 2 on apoptosis induced by the combination of ZZF and oxaliplatin in the resistant cell lines, 
with the grouping method consistent with figures (I–K). *p < 0.05, **p < 0.01 (n = 3); ns, no significance (n = 3).

FIGURE 3 (Continued)

in the expression of caspase-7 between the resistant and parental cell 
lines. These findings revealed a significant downregulation of 
caspase-7  in drug-resistant cells, indicating that cancer cells 
proactively decreased the levels of caspase-7 to gain tolerance to 
apoptotic stimuli. Moreover, treatment with ZZF in combination with 
oxaliplatin upregulated caspase-7 expression, ultimately increasing 
apoptosis in drug-resistant cells. These results suggest that ZZF 
modulates caspase-7 expression and restores the sensitivity to 
chemotherapeutic agents.

The Wnt/β-catenin signaling pathway is essential for both 
embryogenesis and maintaining adult tissue homeostasis (37). This 
pathway regulates the proliferation and differentiation of intestinal 
epithelial cells (38) and is intricately involved in the initiation and 
advancement of CRC (39). Aberrant signaling of the Wnt/β-catenin 
pathway has been implicated in chemoresistance in several tumors 
(40, 41). The β-catenin, a key molecule in the Wnt/β-catenin 
signaling pathway, also functions as an adhesion junction protein 
(42), but when APC proteins are mutated, β-catenin accumulates in 
the cytoplasm and then shuttles to the nucleus, where it acts as a 
transcriptional cofactor interacting with TCF family members (e.g., 
TCF4) to regulate target gene expression (43). Dominant negative 
TCF/LEF induced the expression of caspase proteins, suggesting that 
the Wnt/β-catenin signaling pathway may participate in the 
regulation of caspase-7 (44). This hypothesis is corroborated by 
observations of a negative correlation between β-catenin and 
caspase-7 in CRC, and the knockdown of β-catenin upregulates the 
transcription of caspase-7. Furthermore, activation of the Wnt/β-
catenin signaling pathway induced the downregulation of caspase-7 
expression. These results indicate that the Wnt/β-catenin signaling 
pathway is an upstream regulator of caspase-7 expression. From the 
perspective of cellular function, inhibitors and activators of the 
Wnt/β-catenin signaling pathway exhibited significant interactions 
alongside ZZF and directly influenced ZZF-induced sensitization of 
resistant tumor cells to apoptosis. This implies that ZZF can regulate 
the expression level of caspase-7 by affecting the Wnt/β-catenin 
signaling pathway, thereby enhancing sensitivity for 
CRC chemotherapy.

The Wnt /β-catenin signaling pathway, which is regulated by 
multiple cellular signals, is primarily influenced by the abundance, 
activity, and subcellular localization of β-catenin. We discovered 
that the decrease in β-catenin expression mediated by ZZF was 
attributed to reduced transcription instead of increased protein 
degradation. This regulatory mechanism may circumvent the 
activation of other oncogenic factors caused by GSK3β upregulation 
(45). In addition, ZZF reduced the intranuclear amount and 
distribution of β-catenin. This indicates that ZZF influences the 

intracellular localization of β-catenin, thereby impeding 
its functionality.

The Wnt signaling pathway is a complex regulatory network, 
with the Wnt/β-catenin pathway being the most well-studied 
component. β-catenin, as a key effector molecule in this pathway, 
directly influences various biological properties of tumors through 
its stability and nuclear localization, making it a critical 
therapeutic target for inhibiting this pathway (46). However, 
β-catenin is considered an “undruggable” molecule due to its 
inherent challenges in directly targeted by drugs. Current efforts 
to develop β-catenin inhibitors primarily focus on identifying 
compounds that can disrupt its interactions with other proteins. 
For example, the natural compound PKF115-584 has been 
identified as capable of disrupting the interaction between 
β-catenin and TCF complexes, thereby inhibiting the proliferation 
of CRC cells (47). Additionally, Sec62 binds to β-catenin, 
inhibiting its degradation and enhancing Wnt signaling, which 
promotes CRC stemness and chemoresistance (48). Despite 
promising preclinical and clinical results, no drugs targeting the 
Wnt/β-catenin pathway have been approved (49). Challenges 
include unknown mechanisms, regulatory factors, and potential 
safety risks (50). Multi-target strategies offer new directions. ZZF, 
a traditional Chinese medicine formula, has shown unique multi-
target advantages. This study demonstrates that ZZF suppresses 
β-catenin activity, increases Caspase-7 expression, and enhances 
the apoptotic response in chemotherapy-resistant colorectal 
cancer cells, overcoming the limitations of single-target therapies 
and improving chemoresistance.

Although this study delivers valuable insights into the effects of 
ZZF on ameliorating oxaliplatin resistance in CRC by regulating the 
Wnt/β-catenin/Caspase-7 signaling pathway, it is essential to 
acknowledge certain limitations. This study primarily relied on 
in vitro experiments, and the effects of ZZF have not been validated 
in animal models. The in vivo environment is more complex, with 
factors such as the tumor microenvironment and drug metabolism 
potentially influencing the efficacy of ZZF. Therefore, the lack of 
in vivo validation may limit the generalizability of the results. ZZF is 
a multi-component herbal formula, and variations in ingredient 
composition across different batches may affect its therapeutic 
efficacy. Factors such as cultivation, harvesting, and storage 
conditions can influence the concentration of active compounds, 
leading to variability in therapeutic outcomes. Future research 
should focus on optimizing and standardizing its composition to 
ensure consistent and reliable therapeutic effects. Although a 
correlation between β-catenin and caspase-7 has been observed, its 
precise mechanism remains unclear. Future research should aim to 
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FIGURE 4

ZZF regulates the Wnt/β-catenin pathway by modulating β-catenin during transcription and localization. (A,B) GSK3β and p-GSK3β expression with 
different treatments in the resistant cell lines. (C) ZZF treatment at different concentrations followed by qRT-PCR to assess the mRNA expression level 
of β-catenin (CTNNB1) in the resistant cell lines. (D–F) The resistant cell lines were treated with ZZF for 24 h. Nuclear and cytoplasmic proteins were 
isolated from the samples, followed by the analysis of β-catenin expression using WB. (G) Immunofluorescence image of cells to detect the subcellular 
localization of β-catenin in the resistant cell lines treated with different treatments. *p < 0.05, **p < 0.01 (n = 3); ns, no significance (n = 3).
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FIGURE 5

ZZF reinstates apoptotic capacities via regulating β-catenin and caspase-7 in chemoresistant colorectal cancer. ZZF regulates the nonconstitutive 
expression of caspase-7 and the expression and nuclear localization of β-catenin to influence the sensitivity of chemoresistant CRC cells to apoptosis.

elucidate this mechanism to understand better how the Wnt/β-
catenin pathway regulates caspase-7 and its role in CRC 
chemoresistance. Additionally, future studies could explore the 
therapeutic potential of various combinations of chemical 
components from the ethanol extract of ZZF to determine whether 
specific combinations or individual components are primarily 
responsible for its effects and provide new insights for formulation 
optimization and novel drug development.

5 Conclusion

In this study, we  utilized bioinformatics and network 
pharmacology to identify the active components and potential 
target genes of the traditional herbal formula ZZF involved in 
overcoming chemoresistance in colorectal cancer. These findings 
offer a novel perspective on addressing chemoresistance. 
Validation experiments using an oxaliplatin-resistant CRC cell 

model demonstrated that ZZF enhances the response of 
chemoresistant CRC cells to apoptosis by inhibiting the 
transcription and nuclear localization of β-catenin and increasing 
the expression of caspase-7 to reverse chemoresistance. 
Additionally, an analysis of ZZF components highlighted the 
unique role of traditional Chinese medicine in multi-target, multi-
level regulation, emphasizing the need for further research to fully 
elucidate the molecular mechanisms by which ZZF reverses 
chemoresistance. Such insights could pave the way for the 
development of new adjuvant therapeutic strategies for 
chemotherapy (Figure 5).
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Background: Colorectal cancer (CRC) ranks among the most common 
gastrointestinal cancers globally, with both its incidence and mortality rates 
showing an upward trend. In particular, the 5-year survival rate for stage IV 
CRC patients is only 14%. Conventional treatments such as chemotherapy 
and immunotherapy can lead to drug resistance, exacerbate gastrointestinal 
function damage, and induce immunosuppression. Sijunzi decoction (SJZD), 
as a fundamental formula of Traditional Chinese medicine (TCM), has been 
demonstrated to confer distinct advantages in treatment of CRC. Therefore, 
we  designed this trial to explore the efficacy of SJZD for the treatment of 
advanced refractory CRC.

Methods: A multicenter, randomized, double-blind, placebo-controlled trial is 
being conducted to assess the effectiveness of SJZD combined with standard 
therapy for treating advanced refractory CRC. Patients with advanced CRC will 
be recruited and randomly allocated to either the SJZD treatment group or the 
placebo group in a 1:1 ratio. Both groups will receive standard treatment. The 
intervention period will last for 6 months, with follow-up assessments every 8 to 
10 weeks. Progression-free survival (PFS) is the main outcome measure. And the 
secondary outcomes contain duration of disease control (DDC), overall survival 
(OS), completion rate of chemotherapy, incidence of treatment-related adverse 
events, quality of survival scale score for tumor patients and changes in spleen 
deficiency patient-reported outcome (PRO) scores following the intervention.

Expected outcomes: To the best of our knowledge, this trial marks the first 
clinical investigation into the therapeutic potential of SJZD for managing 
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advanced refractory CRC. The primary aim of this study is to provide robust 
clinical evidence to support the integration of TCM with Western medicine in 
the treatment of advanced refractory CRC.

Trial registration: The trial was registered at Chinese Clinical Trial Registry, 
http://www.chictr.org.cn (Registration No: ChiCTR2200065434); Date: 2022-
11-04.

KEYWORDS

traditional Chinese medicine, Sijunzi decoction, randomized controlled trial, 
colorectal cancer, spleen deficiency syndrome

Introduction

Colorectal cancer (CRC) is among the most common 
gastrointestinal malignancies worldwide (1, 2) and ranks third among 
the most common tumors in China, with increasing incidence and 
mortality rates (3, 4). Early stage CRC can be treated with radical 
surgery, with a 5-year survival rate of more than 90% (5). However, 
postoperative recurrence occurs in at least 40% of CRC patients (6, 7), 
and most patients are initially diagnosed at an advanced stage (8, 9), 
with unsatisfactory 5-year survival and overall mortality rates (10). In 
particular, the 5-year survival rate for patients with stage IV CRC is 
only 14% (11), and patients with RAS mutations have an even worse 
prognosis. Consequently, to identify effective treatment strategies for 
stage IV CRC patients with RAS mutations holds significant 
clinical importance.

Currently, for advanced CRC patients with RAS mutations, 
chemotherapy combined with targeted therapy has become the 
primary treatment. Nevertheless, standard medicine treatment has 
serious side effects, drug resistance and a poor prognosis. The long-
standing history and proven efficacy of traditional Chinese medicine 
(TCM) make it a prominent treatment option for CRC in China. TCM 
has been demonstrated to confer distinct advantages in reducing 
toxicity, enhancing efficacy, preventing recurrence and metastasis, 
prolonging survival, and improving quality of life (12, 13).

Spleen deficiency syndrome (SDS) is recognized as one of the 
most common TCM syndromes in patients with CRC (14), and it 
mainly includes gastrointestinal symptoms such as anorexia and 
diarrhea, as well as systemic symptoms such as fatigue, perspiration, 
and aversion to cold. To enhance the accuracy of diagnosing this 
syndrome, a patient-reported outcome (PRO) scale specific to SDS has 
been developed. It includes 10 symptoms, each with its own weighting 
factor (Table  1) (15). A diagnosis of SDS is confirmed when the 
cumulative score of all symptoms exceeds 20. And our previous 
clinical study demonstrated the feasibility of this scoring scale (16).

Sijunzi decoction (SJZD), consisting of four key ingredients—
Radix Ginseng (Renshen), Rhizoma Atractylodis Macrocephalae 

(Baizhu), Poria (Fuling), and Radix Glycyrrhizae Preparata 
(Gancao)—is a foundational formula used in the clinical treatment of 
SDS. The standard dosages, as prescribed by classical texts and the 
2015 Chinese Pharmacopoeia, are 9 g, 9 g, 9 g, and 6 g. Our 
preliminary clinical study showed that a Chinese herbal formula based 
on SJZD could extend the disease-free survival (DFS) of CRC patients 
after curative surgery. Chinese researchers have shown that SJZD can 
promote the apoptosis and autophagy of CRC cells through the PI3K/
Akt/mTOR pathway, thus exerting a therapeutic effect on CRC (17). 
Several researchers have confirmed the effectiveness of SJZD in 
preventing and treating advanced CRC and studied its therapeutic 
targets and relevant mechanisms (17, 18). However, there are few 
clinical trials on SJZD for the treatment of CRC, so we designed a 
randomized, double-blind, placebo-controlled clinical trial to assess 
the efficacy and safety of SJZD-based integrated TCM combined with 
Western medicine for treating advanced refractory CRC.

Methods and analysis

Study design and setting

This study protocol was approved by the Medical Ethics 
Committee of Longhua Hospital, affiliated with Shanghai University 
of Traditional Chinese Medicine (approval number: 2022LCSY082). 

TABLE 1  Spleen deficiency rating scale.

Questions Scoring weight (%)

Do you feel tired and too lazy to speak? 20

Do you sweat easily? 5

Do you feel food is tasteless? 10

Are your stools thin and shapeless? 20

Do you drool a lot? 5

Do you have bleeding gums? 5

Do you feel your hands and feet are not 

warm?

10

Do you suffer from insomnia? 5

Do you feel you can easily catch a cold? 10

Do you have any abnormal changes in 

your eating habits recently, such as 

decreased appetite and abdominal 

distension after eating?

10

Abbreviations: CRC, Colorectal cancer; TCM, traditional Chinese medicine; SDS, 

spleen deficiency syndrome; SJZD, Sijunzi decoction; PFS, progression-free 

survival; DDC, duration of disease control; OS, overall survival; PRO, patient-

reported outcome; DFS, disease-free survival; INR, International Normalized Ratio; 

ULN, upper limit of normal; aPTT, activated partial thromboplastin time; LLN, lower 

limit of normal; NCCN, National Comprehensive Cancer Network; CRF, case 

report form; DMC, data monitoring committee; ITT, intention-to-treat; MSI-H, 

microsatellite instability-high; ICIs, immune checkpoint inhibitors.
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And it was also registered with the Chinese Clinical Trial Registry 
(ChiCTR2200065434) on November 4, 2022.1 The trial flowchart is 
illustrated in Figure 1.

This is a multicenter, double-blind, randomized controlled trial 
involving two parallel groups. A total of 320 participants will 
be recruited through advertisements and referrals from clinicians in 
outpatient and inpatient settings. Patients who meet the inclusion 
criteria will be informed about the opportunity to participate in this 
study during their outpatient visits or upon admission. Detailed 
interviews will be  conducted to explain the study’s objectives, 
interventions, examinations, and follow-up procedures. After 
obtaining informed consent, patients will be randomly allocated to 
either the SJZD group or the placebo group at a 1:1 ratio. During the 
intervention period, both groups will receive standard therapy. 
Additionally, the SJZD group will be administered SJZD granules, 
while the control group will receive a placebo as part of the treatment 
simulation. The key components of SJZD are outlined in Table 2. 
Treatment will continue for 6 months or until disease progression, 
resectable lesions are identified, patients are unable to tolerate the 
drug toxicity, patients withdraw their consent, patients are lost to 
follow-up, or patients die. Follow-up appointments will be scheduled 
every 8 to 10 weeks, as detailed in Table 3.

Objectives

The primary goal of this study is to assess the efficacy of integrating 
TCM with Western medicine, using the SJZD formula, in extending 
progression-free survival (PFS) and enhancing the quality of life for 
patients with advanced refractory CRC.

1  http://www.chictr.org.cn/listbycreater.aspx

Participants

Patients will be enrolled from oncology departments and Chinese 
Medicine departments in 5 hospitals—3 hospitals affiliated with the 
Shanghai University of Traditional Chinese Medicine, namely, 
Longhua Hospital, Yueyang Hospital of Integrated Traditional Chinese 
and Western Medicine, and Shanghai Traditional Chinese Medicine-
Integrated Hospital; 1 hospital affiliated with the Shanghai Jiaotong 
University School of Medicine, Ruijin Hospital; and 1 hospital 
affiliated with Fudan University, Minhang Hospital.

Inclusion criteria

Participants will be  eligible if they meet  all of the following 
inclusion criteria:

	(1)	 Patients with stage IV CRC and a definitive pathologic 
diagnosis of adenocarcinoma;

	(2)	 Presence of at least one clearly measurable tumor lesion as 
defined by RECIST 1.1 criteria;

	(3)	 Individuals aged over 18 years and of either sex;
	(4)	 Molecular pathology test results showing the RAS (including 

KRAS, NRAS and HRAS) mutant phenotype;
	(5)	 Organ function levels must meet the following requirements: 

(a) normal hematologic function: neutrophil count 
≥1.5 × 109/L, white blood cell count ≥3 × 109/L, hemoglobin 
≥90 g/L, and platelet count ≥75 × 109/L. (b) Hepatic function: 
total bilirubin ≤1.5 × upper limit of normal (ULN), ALT and 
AST ≤2.5 × ULN (≤5 × ULN for patients with liver 
metastases). (c) Renal function: serum creatinine ≤1.5 × ULN, 
and estimated creatinine clearance >50 mL/min. (d) 
Coagulation function: prothrombin time (PT) ≤1.5 × ULN, 
activated partial thromboplastin time (aPTT) ≤1.5 × ULN, and 
International Normalized Ratio (INR) ≤1.5 × ULN. (e) 
Electrolyte levels: serum magnesium and potassium ≥lower 
limit of normal (LLN); electrolyte correction is permitted 
during the screening period.

	(6)	 Patients who are proposed to receive first-line therapy or who 
have previously withdrawn from first-line therapy (regardless 
of molecularly targeted agent) due to intolerance of drug 
toxicity or imaging-confirmed disease progression or who have 
relapsed within 6 months of adjuvant chemotherapy completion;

FIGURE 1

The flowchart of the trial.

TABLE 2  Main components of Sijunzi decoction.

Chinese 
name

Latin name Source plant Amount 
(g)

Renshen Ginseng Radix et 

Rhizoma

Panax ginseng C. A. 

Mey.

9

Baizhu Atractylodis 

Macrocephalae 

Rhizoma

Atractylodes 

macrocephala Koidz.

9

Fuling Poria Poria 

cocos(Schw.)Wolf

9

Gancao Glycyrrhizae 

Radix et Rhizoma

Glycyrrhiza uralensis 

Fisch.

6
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	(7)	 Patients assessed as having spleen deficiency prior to enrolment 
for treatment;

	(8)	 ECOG performance status of 0 or 1;
	(9)	 Estimated life expectancy of at least 3 months;
	(10)	Patients who have provided informed consent and are willing 

to participate in long-term follow-up.

Exclusion criteria

Participants will be  excluded if they meet any of the 
following criteria:

	(1)	 Histologic type of CRC other than adenocarcinoma;
	(2)	 Patients with wild-type RAS (including KRAS, HRAS 

and NRAS);
	(3)	 Bowel obstruction (except for patients whose obstruction has 

been relieved by fistula or stent placement) or active 
inflammatory bowel disease (patients who currently require 
medical intervention or are symptomatic) prior to study entry;

	(4)	 Pregnant women and lactating women;
	(5)	 Patients with mental disorders or other conditions that 

impede cooperation;
	(6)	 Active cardiovascular disease, such as cerebrovascular events, 

myocardial infarction, unstable angina, NYHA class II-IV 
congestive heart failure, or severe arrhythmias requiring 

TABLE 3  Schedule of trial.

Visit Screening Drug intervention period 
(weeks)

After drug 
withdrawal

Further follow-up (months)

0d 9 ± 1 18 ± 1 24 ± 1 6 month 9 12 15 18

Informed consent form ×

Demographic 

information

×

Inclusion and exclusion 

criteria

×

General information ×

Vital signs ×

History of CRC and its 

treatment

×

History of other 

diseases and their 

treatments

×

Spleen deficiency rating 

scale

× × × × × × × ×

ECOG score × × × × × × × ×

Routine blood tests × × × × × × × ×

Routine urine test × × × × × × × ×

Routine stool test × × × × × × × ×

Liver function × × × × × × × ×

Renal function × × × × × × × ×

Coagulation function × × × × × × × ×

Electrocardiograph × × × × × × × ×

Quality of Survival 

Scale Score (EORTC 

QLQ-CR30)

× × × × × × × ×

Serum and stool 

samples collection

× ×

Adverse events × × × × × × ×

Release drugs/placebo × × ×

Retrieve empty 

packages

× × × ×

Drug combination × × × × × × × × ×

Survival × × × × × ×
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medication that occurred within 6 months before the initiation 
of treatment in this study;

	(7)	 Uncontrollable high blood pressure;
	(8)	 Long-term use of high-dose aspirin (>325 mg/d);
	(9)	 Bleeding tendency or severe coagulation disorders;
	(10)	Patients who cannot take medications orally, have structural 

abnormalities of the upper gastrointestinal tract, or suffer from 
malabsorption syndromes or other conditions that the 
investigators deem likely to interfere with gastrointestinal 
motility or absorption;

	(11)	Patients with severe proteinuria (nephrotic syndrome);
	(12)	Patients with a history of active tuberculosis (Mycobacterium 

tuberculosis) infection;
	(13)	Patients with severe, nonhealing wounds, ulcers or fractures;
	(14)	Patients with brain metastases, spinal cord compression, or 

primary brain tumors;
	(15)	Patients with a history or physical evidence of uncontrolled 

central nervous system disorders (e.g., epilepsy or stroke);
	(16)	Patients who have undergone surgery or open biopsy within 

28 days prior to the initiation of study treatment;
	(17)	Patients with a history of other malignancies within the past 

5 years, excluding basal cell carcinoma of the skin and/or 
cervical carcinoma in situ following radical surgery;

	(18)	Patients currently participating in other clinical trials;
	(19)	Any other conditions where investigators determine the patient 

is unsuitable for participation.

Withdrawal/termination criteria

Participants will be withdrawn or terminated from the trial if any 
of the following conditions are met:

	(1)	 Serious adverse events occur at any time, rendering patients 
unable to continue;

	(2)	 Patients decline to proceed with the clinical trial;
	(3)	 Patients who do not formally withdraw but discontinue 

medication and testing and are lost to follow-up.

Additionally, researchers will document the last date of drug 
administration and collect assessment data for participants who 
discontinue or deviate from the intervention protocols.

Interventions

Drug intervention
TCM intervention: The intervention phase will span 

6 months. Both the SJZD and placebo are formulated as granules, 
each weighing 1.77 g per pack and packaged identically to ensure 
uniform appearance, texture, smell, and taste. However, the 
placebo granules lack therapeutic effects. Patients will 
be instructed to dissolve each pack of granules in 200 mL of hot 
water and take two packs orally twice daily (totaling 3.54 g/day). 
The dosage and frequency will remain constant throughout the 
study. The SJZD and placebo granules are supplied by Sichuan 
Neo-green Pharmaceutical Technology Development Co., Ltd. 
(Sichuan, China).

The ingredients of the placebo are a one-tenth dose of SJZD 
(Radix ginseng, Rhizoma Atractylodis macrocephalae, Poria and 
Radix Glycyrrhizae Preparata) and maltodextrin. All of the processing 
and preparation of the medications and placebo will be conducted by 
qualified personnel.

Participants experiencing severe adverse events (AEs) related 
to this trial will receive posttrial care along with additional 
compensation if necessary. For participants who have adverse 
reactions unrelated to the trial medication, the relevant medical 
interventions will be  implemented based on the comprehensive 
information of the patients, including their previous medical 
history, symptoms and signs, and laboratory, imaging and other 
examination results.

The placebo composition includes a one-tenth dose of SJZD along 
with maltodextrin. All processing and preparation of both the 
medications and placebo will be conducted by qualified personnel.

Participants who experience severe adverse events (AEs) related 
to this trial will receive post-trial care and additional compensation if 
necessary. For participants with adverse reactions not associated with 
the trial medication, appropriate medical interventions will 
be  implemented based on comprehensive patient information, 
including their medical history, symptoms, signs, and results from 
laboratory tests, imaging, and other examinations.

Standard medicine intervention: The standard treatment will 
follow the recommendations outlined in the National Comprehensive 
Cancer Network (NCCN) Guidelines (2022 edition).

1.	 First-line chemotherapy regimen:
	(1)	 FOLFOX+ Bevacizumab [oxaliplatin 85 mg/m2, ivgtt for 2 h, 

Day 1; calcium folinate 400 mg/m2, ivgtt for 2 h, Day 1; 
fluorouracil 400 mg/m2, i.v., Day 1, 1,200 mg/(m2d) × 2 d, 
continuous ivgtt]; (total 2,400 mg/m2 for 46–48 h); 
bevacizumab 5 mg/kg, ivgtt, Day 1; a course of 14 days, with an 
expected total of 12 chemotherapy treatments;

	(2)	 FOLFIRI+ Bevacizumab [irinotecan 180 mg/m2, ivgtt for 
30–90 min, Day 1; calcium folinate 400 mg/m2, ivgtt for 2 h, 
Day 1; fluorouracil 400 mg/m2, i.v., Day 1, 1,200 mg/(m2d) × 2 
d, continuous ivgtt]; (total 2,400 mg/m2 for 46–48 h); 
bevacizumab 5 mg/kg, ivgtt, Day 1; a course of 14 days, with an 
expected total of 12 chemotherapy treatments;

	(3)	 CAPEOX+ Bevacizumab (oxaliplatin 130 mg/m2, ivgtt for 
more than 2 h, Day 1); capecitabine was taken orally 1,000 mg/
m2 twice a day (once in the morning and once after meals) for 
the 1st to 14th days; bevacizumab 5 mg/kg, ivgtt, Day 1; a 
course of 21 days, with an expected total of 8 
chemotherapy treatments.

2.	 Second-line chemotherapy regimen:
	(1)	 First-line treatment with oxaliplatin: FOLFIRI+ Bevacizumab;
	(2)	 First-line treatment with irinotecan: FOLFOX/CAPEOX+ 

Bevacizumab;
	(3)	 First-line treatment without irinotecan or oxaliplatin: 

FOLFOX/FOLFIRI/CAPEOX+ Bevacizumab.
3.	 Maintenance therapy: Maintenance therapy is given to patients 
whose disease has not progressed and who tolerate the drug well after 
the completion of standard chemotherapy. Maintenance therapy is 
continued until the disease has progressed, the lesion is resectable, the 
patient is unable to tolerate the toxic effects of the drug, or the patient 
withdraws consent, is lost to follow-up, or dies.
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Maintenance treatment options:

	(1)	 FOLFOX+ Bevacizumab [calcium folinate 400 mg/m2, ivgtt for 
2 h, Day 1; fluorouracil 400 mg/m2, i.v., Day 1, 1,200 mg/
(m2d) × 2 d, continuous ivgtt]; (total 2,400 mg/m2 for 46–48 h); 
bevacizumab 5 mg/kg, ivgtt, Day 1; 14 days for each course 
of treatment;

	(2)	 FOLFOX+ Bevacizumab [calcium folinate 400 mg/m2, ivgtt for 
2 h, Day 1; fluorouracil 400 mg/m2, i.v., Day 1, 1,200 mg/
(m2d) × 2 d, continuous ivgtt]; (total 2,400 mg/m2 for 46–48 h); 
bevacizumab 5 mg/kg, ivgtt, Day 1; 14 days for each course 
of treatment;

	(3)	 CAPEOX+ Bevacizumab (capecitabine taken orally 1,000 mg/
m2 twice a day; once in the morning and once after meals) for 
the 1st to 14th days; bevacizumab 7.5 mg/kg, ivgtt, Day 1; 
21 days for each course of treatment.

Concomitant treatment regulations

During the trial, participants will be prohibited from using any 
other medications or interventions that could influence the evaluation 
of efficacy and safety. For participants with coexisting chronic 
conditions requiring ongoing treatment, any concurrent interventions 
must be documented in the case report form (CRF).

Outcomes

The primary outcome measure is PFS. This is defined as the time 
interval from the date of patient enrollment to the first occurrence of 
malignant tumor progression or death from any cause.

The secondary outcomes include the following: (1) duration of 
disease control (DDC); (2) overall survival (OS); (3) completion rate 
of chemotherapy; (4) incidence of treatment-related adverse events; 
(5) quality of survival scale score for tumor patients, European 
Organization for Research and Treatment of Cancer Quality of Life 
Questionnaire-Colorectal 30 (EORTC QLQ-CR30); and (6) changes 
in the spleen deficiency PRO scores following the intervention.

The safety assessment will include physical examinations, 
monitoring of vital signs, and laboratory tests at each visit, along with 
ongoing surveillance of AEs during the intervention period. The 
laboratory assessments will include routine blood, urine, and stool 
analyses; evaluations of liver and renal function; and 
electrocardiograms (ECGs). AEs will be  defined and graded in 
accordance with the National Cancer Institute’s Common Terminology 
Criteria for Adverse Events (CTCAE), Version 5.0 (US Department of 
Health and Human Services, 2017).

Randomization and blinding

To ensure balanced allocation, a permuted block randomization 
method, stratified by the recruitment locations, will be employed to 
assign participants to either the SJZD group or the placebo group in a 
1:1 ratio using the SAS statistical software. Each medication dose will 
be  placed in identical opaque envelopes marked with distinct 
randomized identification numbers. Participants will be  enrolled 

sequentially by clinical staff and assigned an envelope based on their 
order of entry into the study. An independent statistician will manage 
the randomization procedure. All individuals involved in the trial—
including clinicians, nurses, researchers, and patients—will remain 
unaware of the treatment assignments. The randomization codes and 
treatment allocations will be  securely stored by the principal 
investigators until the trial and data analysis are completed, except in 
cases of serious AEs. In the event of such occurrences, sealed 
emergency letters containing unblinding information will 
be distributed to each recruitment site as needed. These letters will 
provide details about the treatment assignment and any urgent 
conditions. If any serious AEs arise, the emergency letter will 
be opened, and the affected participant will be withdrawn from the 
study. A report of any serious AEs must be submitted to the principal 
investigators within 24 h. After the follow-up period ends, the 
treatment codes will be  disclosed, and the specific interventions 
associated with these codes will be revealed following the completion 
of data analysis.

Sample size

The sample size for this study was calculated based on the primary 
efficacy indicators. According to previous cohort studies conducted 
by the research team of Longhua Hospital, it was found that patients 
with advanced CRC who received a combination of traditional 
Chinese medicine and standard Western medicine had a median PFS 
of 9.21 months. In contrast, the median PFS for patients treated solely 
with standard Western medicine was 7.5 months. Following the 1:1 
parallel control principle, SAS statistical analysis software was used to 
generate the sample size with a double-sided significance level of 0.05 
and a power of 80% (α = 0.05, β = 0.2). Assuming that the dropout 
rate in each group will be 10%, 320 patients are required (n = 160 in 
each group). In accordance with the 1:1 parallel control design, 
we utilized SAS statistical software to calculate the required sample 
size, considering a two-sided significance level of 0.05 and a power of 
80% (α = 0.05, β = 0.2). Anticipating a dropout rate of approximately 
10% in each group, the total number of patients needed is 320, with 
160 patients in each arm of the study.

Data collection and registration

Information will be  documented in CRF and subsequently 
uploaded to REDcap,2 a web-based electronic data management 
system. All clinical investigators will receive training on patient 
communication, information collection, and inputting data into the 
electronic database. Researchers will secure informed consent from 
participants, evaluate their general and demographic details, and 
gather baseline biomedical and tumor-related data.

Individuals meeting the NAE criteria will be recruited and started 
chemotherapy in combination with the herbal/placebo treatment. 
After enrolment and initiation of treatment, participants will undergo 
follow-up assessments every 8 to 10 weeks, and the treatment will 

2  http://longhua.site/redcap3

92

https://doi.org/10.3389/fmed.2025.1523913
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://longhua.site/redcap3


Nie et al.� 10.3389/fmed.2025.1523913

Frontiers in Medicine 07 frontiersin.org

be continued until the disease progresses, the lesions are resectable, 
the patients cannot tolerate the toxic side effects of drugs, or the 
patients withdraw their consent, are lost to follow-up, or die. During 
the course of the study, if the patient’s CEA level continues to increase 
abnormally or if other evidence of a suspected recurrence is found, the 
frequency of follow-up will be accelerated promptly. Additionally, 
physical examination, colonoscopy, chest/abdominal/pelvic CT 
scanning with enhancement, and PET-CT will be  performed 
if necessary.

The initial data and collected samples will be  retained for a 
minimum of 5 years following the completion of the trial. An 
independent Data Monitoring Committee (DMC) will be formed, 
consisting of clinical epidemiologists, data monitors, and statisticians 
who are not involved in the trial and have no affiliation with the 
sponsors. This committee will ensure there are no conflicts of interest. 
The DMC will conduct biannual reviews of documents, CRFs, and 
relevant data to oversee trial safety, verify the accuracy of participant 
profiles, and safeguard the confidentiality of participants’ information. 
Additionally, the DMC will offer recommendations regarding 
potential modifications to the study design or considerations for 
trial termination.

Statistical analysis

Data analysis will be conducted using SAS statistical software. The 
efficacy and safety of the study will be evaluated according to the 
intention-to-treat (ITT) principle. Missing data will be imputed using 
the last-observation-carried-forward method. Continuous variables 
will be  presented as means ± standard deviations or medians 
(interquartile ranges), depending on the distribution and uniformity 
of variance. Categorical variables will be compared between the SJZD 
and placebo groups using the χ2 test. Within-group comparisons will 
be analyzed using paired t-tests, while between-group comparisons 
will employ independent sample t-tests. Logistic regression analysis 
will be utilized to assess factors influencing the recurrence rate. An 
interim analysis is planned after 50% of the sample has been collected. 
Subgroup analyses will be  conducted based on participant 
characteristics such as sex, chemotherapy regimen, and tumor stage. 
A p-value of less than 0.05 will be considered statistically significant.

Trial status

Participant enrollment is scheduled to begin in January 2023 and 
conclude by March 2025. Follow-up assessments are expected to 
be finalized by December 2025. Clinical data will be  secured and 
locked in January 2026. This study protocol was submitted prior to the 
completion of participant recruitment.

Ethics and dissemination

This research adheres to the guidelines outlined in the Declaration 
of Helsinki, the Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) 2013 Statement, and the Standard 
Protocol Items for Clinical Trials with Traditional Chinese Medicine: 
Recommendations, Explanation and Elaboration (SPIRIT-TCM) 

Extension 2018 Statement. The study protocol received approval from 
the ethics committee of Longhua Hospital, affiliated with Shanghai 
University of Traditional Chinese Medicine (Approval No. 
2022LCSY082), and is registered with the Chinese Clinical Trial 
Registry (ChiCTR2200065434). Any modifications to the study design 
will be promptly reported to the ethics committee. Enrollment will 
be  restricted to individuals who have provided written 
informed consent.

Upon completion of the study, the findings will be submitted for 
publication in a peer-reviewed journal. Clinical insights and trial 
experiences will be shared with participants and the broader public 
via conferences and publications. Authorship of the final report will 
be determined based on individual contributions to the study.

Discussion

The incidence of CRC remains a significant global health 
challenge, with over 1.9 million cases reported worldwide in 2020, 
resulting in approximately 935,000 deaths, accounting for 
approximately one-tenth of all cancer cases and deaths (19). 
Furthermore, the burden of CRC is projected to increase to 3.2 million 
new cases and 1.6 million deaths by 2040 (20). Consequently, the 
management of CRC presents an urgent clinical challenge. Current 
standard therapies for CRC encompass a range of approaches, 
including surgical intervention, chemotherapy, immunotherapy, 
targeted therapy, radiation therapy, and various combinations thereof.

Surgery is the primary treatment for CRC; however, serious 
complications, such as anastomotic leakage, intestinal obstruction, 
and hernia, are common after surgery (21) and can lead to 
gastrointestinal dysfunction and abnormal nutrient metabolism.

Recent advances in tumor immunotherapy have been remarkable. 
Pembrolizumab improves the median survival time of patients with 
metastatic CRC from 8.2 to 16.5 months and has become the standard 
first-line treatment for microsatellite instability-high (MSI-H) and 
mismatch repair-deficient (dMMR) metastatic CRC (22). However, 
immune checkpoint inhibitors (ICIs) are only effective in CRC 
patients with MSI-H/dMMR, which accounts for only about 15% of 
CRC cases (23). Targeted therapies such as cetuximab and 
bevacizumab have significantly improved OS for patients, but 
resistance can easily develop (24).

In recent years, scientists have studied novel molecular factors 
(KRASs, BRAFs, and microsatellite instability markers) to improve the 
prognostic stratification and personalized treatment of CRC (25). 
KRAS mutations are found in approximately 40% of CRC patients (all 
stages) and are associated with a poor prognosis. According to the 
National Comprehensive Cancer Network (NCCN) guidelines, only 
patients with wild-type RAS should be  treated with anti-EGFR 
inhibitors after evaluation of RAS mutations, as BRAF and RAS 
mutations (including mutations in KRAS and NRAS) are associated 
with primary resistance to EGFR therapy (26, 27). Unfortunately, until 
recently, no drugs were available to directly target mutant KRAS (28). 
Currently, the most effective treatment for advanced CRC is based on 
the combination of fluorouracil and oxaliplatin (FOLFOX/XELOX) or 
fluorouracil and irinotecan (FOLFIRI) (29, 30). With the development 
of targeted drugs such as bevacizumab and cetuximab, a standardized 
treatment scheme for advanced CRC involving the combination of 
chemotherapy with targeted therapy has been developed (31). 
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However, chemotherapy can cause drug resistance, worsen 
gastrointestinal function damage, and cause immunosuppression (32, 
33), leading to a series of adverse reactions in elderly or weak patients 
and preventing them from tolerating further chemotherapy, ultimately 
resulting in a poor prognosis (34).

TCM is an important component of comprehensive treatment for 
cancer, and it has accumulated rich experience in the long-term 
treatment of malignancies (35, 36). TCM has unique advantages in 
reducing toxicity, enhancing efficacy, preventing recurrence and 
metastasis, prolonging survival, improving the quality of life for 
patients treated with chemotherapy, reducing adverse reactions, and 
enhancing immunity (12, 13). Patients with advanced CRC are mostly 
in the pathological stage of deficiency of positive qi and residual evils, 
which is in line with the pathological mechanism and clinical 
manifestations of SDS. Treatment is mainly based on supporting 
positive qi, and the nutritional status and immune function of patients 
can be improved through tonic formulae. SDS is recognized as one of 
the most common TCM syndromes in patients with CRC (14). 
Additionally, a study suggested that patients with advanced CRC had 
higher SDS scores than patients with early-stage CRC (37).

SJZD, a classical prescription for treating SDS in China for 
centuries, has been widely used for gastrointestinal diseases and is 
favored by clinicians due to its adaptability with the addition of other 
Chinese herbs under different pathological conditions (38). Wu and 
Xuan reported that SJZD could enhance the clinical symptoms of CRC 
patients, improve their quality of life and survival rate, and decrease 
the risk of tumor recurrence and metastasis (39). Shang demonstrated 
that SJZD induces autophagy and apoptosis in HCT116 and LOVO 
cancer cells by modulating PI3K/Akt/mTOR signaling in CRC (17). 
Another study confirmed that the core genes HSPB1, SPP1, IGFBP3 
and TGFB1, which are involved in the therapeutic mechanism of SJZD 
in the CRC TME, affect CRC development and prognosis by regulating 
hypoxia, protein binding and EMT in the extracellular matrix (40). 
Modified SJZ was observed to have a suppressive impact on liver 
metastasis of colon cancer in vivo, both as a standalone treatment and 
in combination with 5-Fu. The potential mechanism may be attributed 
to its ability to stimulate cytokines such as GM-CSF, leading to an 
increase in the number of macrophages in the spleen and the timely 
clearance of colon cancer cells from the vascular system (41).

Nevertheless, randomized clinical trials evaluating the 
combination of TCM with standard therapies for advanced CRC 
remain limited. Consequently, we designed this study to investigate 
the efficacy and safety of SJZD in treating patients with refractory 
advanced CRC.

This study has several limitations. Firstly, the design does not 
include planned dose reduction or escalation, precluding a comparison 
of dose–response effects. Secondly, all participating sites are located 
in Shanghai, which limits the generalizability of the findings. Future 
studies should aim for a larger and more diverse sample size to 
enhance external validity.

In conclusion, this trial will employ a randomized, double-blind, 
placebo-controlled design to investigate a combination of TCM and 
Western medicines for the treatment of advanced refractory CRC, 
using SJZD as the foundational formula. The study aims to assess the 
efficacy and safety of this combined approach in managing advanced 
CRC, with PFS serving as the primary efficacy endpoint, aiming to 
provide a robust scientific foundation for the clinical application of 
TCM and Western medicine in the diagnosis and treatment of CRC.
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Predictive value of osteopenia as 
prognostic marker for survival 
and recurrence in patients with 
gastrointestinal cancers: a 
systematic review and 
meta-analysis
Xinmei Zou  and Yang Wang *

Ward 13 (Respiratory Digestive Geriatrics), Huzhou Third Municipal Hospital, The Affiliated Hospital of 
Huzhou University, Huzhou, Zhejiang, China

Background: Early detection, systematic prevention, and personalized therapy 
are crucial to reduce mortality in patients with gastrointestinal (GI) cancers. 
This systematic review and meta-analysis aimed to clarify the predictive value 
of osteopenia and osteosarcopenia as prognostic markers of survival and 
recurrence in patients with GI cancers.

Methods: Medline, Google Scholar, and Science Direct databases were 
searched for English-language studies that included patients who underwent 
surgical resection following a pathologically diagnosed GI cancer and reported 
the association between osteopenia and osteosarcopenia on the overall survival 
(OS) and recurrence-free survival (RFS). Meta-analysis was done using STATA 
14.2, and the results were reported as pooled hazard ratios (HR) with 95% 
confidence intervals (CI). Heterogeneity was assessed using the I2 statistic and 
the Chi-square test. Study quality was evaluated using the Newcastle Ottawa 
Scale (NOS).

Results: A comprehensive literature search yielded 23 eligible studies, primarily 
from Japan. Osteopenia emerged as a significant risk factor for both OS (pooled 
HR 2.20, 95% CI: 1.74–2.79) and RFS (pooled HR 2.15, 95% CI: 1.60–2.89). 
Patients with osteosarcopenia exhibited threefold higher mortality rates (pooled 
HR 2.96, 95% CI: 1.99–4.40) and heightened risk of recurrence (pooled HR 2.75, 
95% CI: 1.79–4.24). Subgroup analyses underscored the consistency of these 
associations across diverse contexts.

Conclusion: This meta-analysis establishes osteopenia and osteosarcopenia as 
robust prognostic indicators for survival and recurrence in GI cancers. Integrating 
musculoskeletal assessments into routine oncological care is imperative for 
timely interventions and optimized patient outcomes.
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Introduction

Gastrointestinal (GI) cancers include malignancies of the 
esophagus, stomach, pancreas and biliary apparatus, liver and colon 
(1). GI cancers represent a formidable global health challenge, 
contributing significantly to morbidity and mortality (2). The 
prognosis of GI cancers may be influenced by many factors, such as 
tumor size, extent of metastases, and musculoskeletal status of patients 
that emerges as a critical determinant of overall well-being (3, 4).

Numerous studies have focused on the relationship between body 
composition and cancer prognosis. Recent reports have shown that 
osteopenia, characterized by low bone mineral density [BMD], 
sarcopenia, marked by loss of skeletal muscle mass, and osteosarcopenia, 
defined as the coexistence of osteopenia along with sarcopenia in cancer 
patients, are conditions that may potentially impact GI cancer outcomes 
(5, 6). Low BMD is often linked with an increased risk of falls, fractures, 
hospitalization, and even death, thereby negatively impacting the health-
related quality of life (5). Additionally, bone loss in cancer patients may 
reflect osteopenia, malnutrition, and systemic inflammation (7). Recent 
studies demonstrated that in cancer patients, sarcopenia may be viewed 
not just as a malnutritional alteration but also as a systemic inflammatory 
change (8, 9). Furthermore, cancer-induced changes in metabolism, 
inflammatory status, and hormonal regulation may in turn contribute 
to the development and progression of osteopenia and sarcopenia (9).

The intricate relationship between osteopenia, sarcopenia, and 
cancer outcomes is still unclear. Existing studies often focus on 
individual components—tumor characteristics, treatment modalities, 
and patient demographics—neglecting the combined impact of bone 
and muscle health on patient outcomes (10, 11). GI cancers often 
impair nutrient absorption, leading to deficiencies that contribute to 
bone loss and worse clinical outcomes. Osteopenia is linked to 
increased chemotherapy toxicity, poor surgical recovery, and higher 
recurrence rates, making it a valuable early predictor of prognosis (7, 
12). Therefore, due to the strong association of osteopenia with 
malnutrition, sarcopenia, and cancer cachexia, all of which are 
prevalent in GI cancer patients, it is crucial to further assess its value 
as a potential prognostic marker in this type of cancer. This 
comprehensive systematic review and meta-analysis aim to evaluate 
the predictive value of osteopenia and osteosarcopenia as prognostic 
markers of survival and recurrence in patients with GI cancers. Our 
results may contribute to developing tailored interventions and 
improving the prognostic accuracy of GI cancer outcomes.

Materials and methods

Research questions

Is there an association between osteopenia and osteosarcopenia 
with outcomes such as overall survival (OS) and recurrence-free 
survival (RFS) among patients with gastrointestinal cancers?

Objective

To evaluate the predictive value of osteopenia and osteosarcopenia 
as prognostic markers of survival and recurrence in patients with 
GI cancers.

Inclusion and exclusion criteria (PECO)

Population
Cancer patients who underwent surgical resection following a 

pathologically diagnosed digestive tract cancer (gastric, colorectal, 
esophageal, liver, biliary tract, pancreatic, and gallbladder) were 
chosen as study participants.

Exposure
Preoperative osteopenia was the main exposure of interest. 

Osteopenia was defined using the BMD, in accordance with the 
individual studies (The individual author’s cut-offs for BMD were 
considered to categorize osteopenia). This study also included 
osteosarcopenia (coexistence of osteopenia and sarcopenia together). 
The definitions used for osteopenia and sarcopenia are elaborated in 
Table 1.

Outcome
The primary outcomes of interest were OS and RFS. OS was 

defined as the patient’s death between the date of resection and the last 
point of contact with the patient. RFS was calculated from the date of 
the tumor’s resection to the first recurrence at any site.

Study design
The review included all analytical designs, including cross-

sectional, prospective, and retrospective studies.

Exclusion criteria

Studies not reported in English, studies that were not retrievable, 
case reports, case series, and grey literature were excluded. The search 
was not restricted to a specific region or publication year.

Our literature search encompassed three databases: Medline, Google 
Scholar, and Science Direct, from inception until December 2023.

Primary and secondary data screenings were independently 
conducted by both authors. Any conflicts that arose between them 
were resolved through mutual consensus. The reporting of our review 
adhered to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) framework (13). During the primary 
screening, both authors screened titles and abstracts of the studies, 
removing any duplicates. In the subsequent secondary screening, full 
texts of the selected studies were reviewed using the inclusion criteria, 
and relevant information was extracted.

Both authors created and meticulously checked a data extraction 
template to ensure completeness and accuracy. Information such as 
author details, region, study design, inclusion criteria, type of cancer, 
sample size, definition of OS, SP, OSP, and the cut-offs used were 
extracted from individual studies and entered into the template.

The databases and PROSPERO were examined to ascertain the 
absence of prior systematic reviews on the same topic, confirming the 
novelty of our review (CRD42023493216).

Search strategy

The following Medical subject heading (MeSH) terms were used: 
“Digestive tract cancer” OR “Digestive tract tumours” OR 
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TABLE 1  Characteristics of included studies, n = 23.

Study Country Cancer type Sample size Study type Measurement 
of osteopenia

Measurement 
of sarcopenia

Formula for 
osteopenia

Formula for 
sarcopenia

Age 
(median 

and range/ 
Mean (SD))

Inclusion criteria Outcomes Quality of 
study 
(NOS)

Takeda et al. (16) Japan
Biliary tract cancer 

(BTC)
306 Retrospective

Non-contrast CT scan 

images at the level of 

the 11th thoracic 

vertebra were used

SMI analyzed at the 

level of L3 vertebra 

before surgery

cut-off of <135 HU

SMI < 42 cm2 /m2 

for men and 

SMI < 38 cm2 /m2 

for women

70 (64–76)

Patients diagnosed with 

unresectable or recurrent 

BTC

OS, DFS 8

Matsumoto et al. 

(17)
Japan

Extrahepatic biliary 

cancer (EHBC)
138 Retrospective

Non-contrast CT scan 

images at the level of 

the 11th thoracic 

vertebra were used

PMA at 3rd lumber 

vertebra

men = [308.82–

2.49 × age]; 

women = [311.84–

2.41 × age]

length of the major 

axes × length of the 

minor axes × π

71 (35–87)
Patients with EHBC 

underwent resection
OS, DFS 8

Miki et al. (18) Japan

Intrahepatic 

Cholangiocarcinoma 

(IHCC)

71 Retrospective

Non-contrast CT scan 

images at the level of 

the 11th thoracic 

vertebra were used

CT scan images at the 

third lumbar spine 

(L3) level were used to 

measure the psoas 

muscle mass index 

(PMI)

cut-off of <160 HU
6.36 for men and 

3.92 for women
68.3 ± 8.6

Adult patients who 

underwent hepatectomy for 

IHCC

Overall Survival 

(OS), Recurrence 

Free Survival 

(RFS)

8

Kato et al. (19) Japan Colorectal cancer (CRC) 1,086 Retrospective

Non-contrast CT scans 

at the level of the 11th 

thoracic vertebra were 

used to measure BMD

Not evaluated

308.82–2.49 × age 

in men and 311.84–

2.41 × age in 

women

Not evaluated 69 (59–76)

Patients who underwent 

curative surgical resection 

of stage I to III CRC

OS, RFS 8

Yanagaki et al. (20) Japan
Hepatocellular cancer 

(HCC)
227 Retrospective

Average pixel density 

within a circle in the 

mid-vertebral core at 

the bottom of the 11th 

thoracic vertebra 

(Th11) on preoperative 

computed tomography

Lengths of the major 

and minor axes of the 

psoas muscle at the 

caudal end of the third 

lumbar vertebra and 

calculated the area of 

the psoas muscle

308.82–2.49 × age 

in men and 311.84–

2.41 × age in 

women

Skeletal muscle 

index (SMI) cut off 

of 11.0 cm2/m2 for 

men and 7.4 cm2/

m2 for women

69 (62–74)

Patients with HCC who 

underwent primary hepatic 

resection

OS, RFS 8

Taniai et al. (21) Japan IHCC 41 Retrospective

BMD was measured in 

trabecular bone at the 

bottom of 11th thoracic 

vertebra (Th11) by 

calculating average 

pixel density within a 

circle

Psoas muscle mass 

area (PMA) below the 

sex-specific cutoffs 

level determined by a 

receiver-operating 

characteristics (ROC)

308.82–2.49 × age 

in men and 

3.11.84–2.41 × age 

in female

major axis × the 

minor axis × π at 

the level of the 3rd 

lumber vertebra

63 (55–68)

Patients with IHCC 

undergoing hepatic 

resection

OS, RFS 7

(Continued)
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TABLE 1  (Continued)

Study Country Cancer type Sample size Study type Measurement 
of osteopenia

Measurement 
of sarcopenia

Formula for 
osteopenia

Formula for 
sarcopenia

Age 
(median 

and range/ 
Mean (SD))

Inclusion criteria Outcomes Quality of 
study 
(NOS)

Abe et al. (22) Japan

Pancreatic ductal 

adenocarcinoma 

(PDAC)

265 Retrospective

Average pixel density 

within an oval core at 

the level of the Th11 

vertebra before surgery

SMI analyzed at the 

level of L3 vertebra 

before surgery

men: 308.82–

2.49 × age (yr) and 

women: 311.84–

2.41 × age (yr)

Cut-off 

preoperative SMI 

value of 47.1 and 

36.6 for male and 

female patients

68.2 ± 8.3

Patients with no evidence of 

distant metastases and 

underwent surgical 

resection for PDAC

OS, RFS 9

Meister et al. (23) Germany HCC 176 Retrospective
At the level of 11th 

Thoracic vertebra
Not evaluated cut-off of <175 HU Not evaluated 79 (75, 84)

All patients who underwent 

partial hepatectomy for 

HCC

OS, RFS 7

Fukushima et al. 

(24)
Japan Gastric cancer (GC) 224 Retrospective

Average pixel density 

within a circle of the 

mid-vertebral core at 

the bottom of the 11th 

thoracic vertebra 

(Th11) on preoperative 

plain CT

PMA at 3rd lumber 

vertebra

men = [308.82–

2.49 × age]; 

women = [311.84–

2.41 × age]

length of the major 

axes × length of the 

minor axes × π

73 (66–79)
Patients with GC underwent 

initial gastrectomy
OS, RFS 8

Takano et al. (25) Japan CRC 136 Retrospective

Average pixel density 

within a circle in the 

mid-vertebral core at 

the bottom of the Th11 

on the preoperative 

plain CT image

Cross-sectional area 

(cm2) of skeletal 

muscle at the level of 

the third lumbar 

vertebra and 

normalizing it by the 

patient’s height (cm2/

m2)

308.82–2.49 × age 

in men and 311.84–

2.41 × age in 

women

SMI of 

≤43.75 cm2/m2 for 

men 

and ≤ 41.10 cm2/

m2 for women

72.6 (16.6) years

Stage I-III CRC aged 65–98 

y who underwent curative 

resection.

OS, RFS 7

Watanabe et al. (26) Japan

Perihilar 

Cholangiocarcinoma 

(PHCC)

256 Retrospective

Non-contrast CT scan 

images at the 11th 

thoracic (T11) vertebral 

level

Preoperative CT scan 

images at the level of 

the third lumbar (L3) 

vertebra

Cut-off of <160 HU
6.36 in males and 

3.92 in females
70.3 ± 7.2

Patients who underwent 

resection of PHCC
OS 7

Cameron et al. (27) United States PDAC 152 Case control
Lumbar vertebral 

radiodensity (LVR)

An axial image at the 

level of the third 

lumbar (L3) vertebra

Not provided Not provided 64.2 ± 12.6

Patients who underwent 

resection for histologically 

proven PDAC

OS 7

Kamada et al. (28) Japan CRC 230 Retrospective

Non-contrast CT 

images obtained at the 

11th thoracic vertebra 

(Th11)

PMA at 3rd lumber 

vertebra

men = [308.82–

2.49 × age]; 

women = [311.84–

2.41 × age]

length of the major 

axes × length of the 

minor axes × π

67 (32–89 years)
Patients who underwent 

surgical resection for CRC
OS, RFS 7

(Continued)
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TABLE 1  (Continued)

Study Country Cancer type Sample size Study type Measurement 
of osteopenia

Measurement 
of sarcopenia

Formula for 
osteopenia

Formula for 
sarcopenia

Age 
(median 

and range/ 
Mean (SD))

Inclusion criteria Outcomes Quality of 
study 
(NOS)

Ikuta et al. (29) Japan
Colorectal liver 

metastases (CRLM)
281 Retrospective

Non-contrast CT 

images obtained at the 

11th thoracic vertebra

Not evaluated BMD <141 HU Not evaluated 66 (35–88 years)

Patients with CRLM 

underwent initial hepatic 

resection

OS, RFS 7

Furukawa et al. (30) Japan
Colorectal liver 

metastases (CRLM)
118 Retrospective

Non-contrast CT 

images obtained at the 

11th thoracic vertebra 

(Th11)

PMA at 3rd lumber 

vertebra

men = [308.82–

2.49 × age]; 

women = [311.84–

2.41 × age]

length of the major 

axes × length of the 

minor axes × π

Not provided

Patients with CRLM 

underwent initial hepatic 

resection

OS, RFS 8

Takahashi et al. (31) Japan Esophageal cancer (EC) 229 Retrospective

Average pixel density 

(HU) within a circle in 

the midvertebral core at 

the bottom of the 11th 

thoracic vertebra on 

preoperative CT

Cross-sectional area of 

the total skeletal 

muscle volume (cm2) 

at the bottom level of 

L3

Any

SMI < 41.1 cm2/

m2 in females, and 

SMI < 43.0 cm2/

m2 in males

65.3 ± 8.0

Patients with EC who 

underwent McKeown 

esophagectomy

OS, RFS 9

Tamura et al. (32) Japan EHCC 111 Retrospective

Non-contrast CT 

images obtained at the 

11th thoracic vertebra 

(Th11)

The skeletal muscle 

area at the level of the 

third lumbar vertebra 

(L3) using transverse 

CT

308.82–2.49 × age 

in men and 311.84–

2.41 × age in 

women

Not provided Not provided Patients who underwent PD OS, RFS 7

Abe et al. (33) Japan PC 56 Retrospective

Non-contrast CT 

images obtained at the 

11th thoracic vertebra 

(Th11)

The skeletal muscle 

area at the level of the 

third lumbar vertebra 

(L3) using transverse 

CT

Cut-off of <160 HU

The cut-off values 

were 38 cm2/m2 

for women and 

42 cm2/m2 for men

73 years

Patients who underwent 

pancreaticoduodenectomy 

(PD) or distal 

pancreatectomy (DP)

OS, RFS 9

Toshima et al. (34) Japan HCC 193 Retrospective

trabecular bone by 

calculating average 

pixel density within a 

circle in midvertebral 

core at the bottom of 

11th thoracic vertebra

Cross-sectional areas 

(cm2) of skeletal 

muscles in L3 region

308.82–2.49 × age 

in men and 311.84–

2.41 × age in 

women

126.9 x body 

surface area (BSA)–

66.2 in men and 

125.6 x BSA–

81.1 in women

58 ± 6 Patients who underwent 

living donor liver 

transplantation

OS 8

Motomura et al. 

(35)

Japan Pancreatic cancer (PC) 109 Retrospective Non-contrast CT 

images at the Th11 

level, using the entire 

vertebra body as the 

region of interest (ROI)

SMI analyzed at the 

level of L3 vertebra 

before surgery

Cut-off of <148 HU Not provided 75 (49–90) Patients who underwent 

resection for PC

OS, RFS 8

(Continued)
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TABLE 1  (Continued)

Study Country Cancer type Sample size Study type Measurement 
of osteopenia

Measurement 
of sarcopenia

Formula for 
osteopenia

Formula for 
sarcopenia

Age 
(median 

and range/ 
Mean (SD))

Inclusion criteria Outcomes Quality of 
study 
(NOS)

Sharshar et al. (36) Japan PC 181 Retrospective BMD measurements 

were taken at the level 

of the 11th thoracic 

vertebra through 

calculation of the 

average pixel density 

within a circle

Psoas Muscle Index 

(PMI)

Males (137.5 HU) 

and females (128.8 

HU)

Not provided 68 years (33–

84)

Patients who underwent 

resection for PC

OS, RFS 7

Yao et al. (37) Japan EHBC 181 Case control BMD measured by the 

CT attenuation value in 

the trabecular bone at 

the eleventh thoracic 

vertebral (Th11)

Psoas Muscle Index 

(PMI)

cut-off of <169 HU Not provided 68 years (33–

84)

Patients who underwent 

resection for EHBC

OS, RFS 7

Miyachi et al. (38) Japan HCC 465 Retrospective BMD measured by the 

CT attenuation value in 

the trabecular bone at 

the eleventh thoracic 

vertebral (Th11)

Psoas Muscle Index 

(PMI)

cut-off of <160 HU ≤6.089 69 (62–75) Patients underwent primary 

hepatectomy for HCC

OS, RFS 7
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“Gastrointestinal neoplasms” AND “Osteopenia” OR “Low BMD” 
AND “Osteosarcopenia” AND “Survival” OR “Death” AND 
“Outcome” AND “Recurrence free survival” AND “Disease free 
survival” AND “Observational studies” OR “Cohort studies” OR 
“Prospective studies.” Reference list of included articles were screened 
for any potentially relevant studies. The detailed search strategy is 
provided as Supplementary material.

Statistical analysis

All statistical analyses were performed using STATA 14.2. Binary 
outcomes (OS, DFS & RFS) were analyzed using the inverse variance 
method to combine effects across various studies, expressing 
outcomes as pooled hazards ratios (HR) with 95% confidence 
intervals (CIs). The Freeman-Tukey double arcsine transformation 
was applied to mitigate the potential influences of both large and 
small studies on pooled estimates. Diligent attempts were made to 
contact the authors for missing data. Results, presented as pooled 
effect sizes, were visually depicted through forest plots. Publication 
bias was assessed using funnel plots, and statistical tests were 
conducted using Egger’s test (14). Heterogeneity was assessed by I2 
statistic and the Chi-square heterogeneity test. Heterogeneity levels 
were categorized as mild (I2 < 25%), moderate (I2 between 25 and 
75%), and substantial (I2 > 75%). Due to expected heterogeneity in 
study definition and population, a random-effects model was used to 
account for the variation in effect sizes among the included studies. 

The between-study variance (τ2) was estimated using the Der 
Simonian and Laird technique, and the pooled hazard ratios (HRs) 
for survival outcomes were calculated using the inverse variance 
approach. p < 0.05 was statistically significant.

Quality assessment of included studies

The Newcastle Ottawa Scale (NOS) (15) was used to evaluate study 
quality. This scale assesses studies based on outcomes, selection of study 
groups, and comparability, with a maximum score of nine for each study.

Results

Study selection

The initial search identified 1890 articles. After primary screening, 
741 studies were removed as duplicates, and an additional 862 studies 
were removed at the stage of titles and abstracts evaluation. Of the 
remaining 287 articles, 54 free full-texts were retrieved for secondary 
screening, and 23 articles were ultimately selected for this systematic 
review and meta-analysis (16–38).

The reasons for exclusion were as follows: 18 studies reported on 
patients with other cancers, 15 did not define the exposure clearly, and 
3 were not in English.

FIGURE 1

PRISMA 2020 flow diagram explaining the search flow.
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Characteristics of the included studies

The general characteristics of the included studies are outlined in 
Table 1. Of 23 studies, 21 were from Japan, and one study each was 
from Germany and the United States. Sample sizes of included studies 
ranged from 41 to 1,086. A majority (21/23) were retrospective. 
Figure 1 explains the study selection process. Twenty-one articles 
reported on the association between osteopenia and OS (18–38), 18 
reported on the association between osteopenia and RFS (18–25, 
28–33, 35–38). The association between OS and osteosarcopenia was 
reported by six studies (16, 17, 20–22, 25), RFS and osteosarcopenia 
were reported by five studies (17, 20–22, 25) and thus were pooled for 
the meta-analysis.

Association between osteopenia (low BMD) 
with OS and DFS

Patients with osteopenia or low BMD had significantly poorer OS 
(pooled HR of 2.20, 95% CI: 1.74–2.79, with high heterogeneity 
I2=75.5, p-value <0.001) (Figure 2). The osteopenia was associated with 
lower RFS (pooled HR of 2.15, 95% CI: 1.60–2.89, with high 
heterogeneity I2=88.4, p-value <0.001) (Figure 3). Due to the high 
heterogeneity observed across the studies, subgroup analysis was done 
to investigate the reasons for clinical heterogeneity. The type of GI 

cancer, geographical region of included studies, and sample size 
showed a significant association between incidences of osteopenia and 
survival outcomes (except for the association between low BMD with 
OS and low BMD with RFS among pancreatic cancer patients) 
(Supplementary Figures 1–6).

Association between osteosarcopenia with 
OS and DFS

GI cancer patients with osteosarcopenia had three 3 times higher 
mortality risk compared to patients without osteosarcopenia (pooled 
HR 2.96, 95% CI: 1.99–4.40, with high heterogeneity I2=73.9, p-value 
<0.001) (Figure 4). Osteosarcopenia was a significant risk factor for 
poor RFS (pooled HR of 2.75, 95% CI: 1.79–4.24, with high 
heterogeneity I2=74.8, p-value <0.001) (Figure 5).

Risk of bias

The asymmetric funnel plot showed evidence of publication bias 
for the association between osteopenia with OS and RFS 
(Supplementary Figures 7, 8).

Table 1 summarizes the risk of bias in the included studies, as 
assessed by NOS. Supplementary Figures 9, 10 show the effect of the 
risk of bias on the association between OS and RFS with osteopenia.

FIGURE 2

Forest plot of overall survival for osteopenia.
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Discussion

This meta-analysis showed that low BMD, osteopenia, and 
osteosarcopenia are potentially significant risk factors for poor OS and 
RFS among GI cancer patients. These findings highlight the need for 
preoperative assessment of GI cancer patients for timely interventions 
that may improve patient outcomes.

Together with genetics and ethnicity, BMD is a composite 
indicator reflecting exposure to multiple factors over the course of a 
patient’s life (19). BMD positively correlates with patient’s levels of 
estrogens, calcium and vitamin D intake, weight, and physical activity 
(39). Low BMD, therefore, is closely associated with factors that 
influence GI cancers either positively (calcium, vitamin D, oral 
contraceptives, physical activity) or negatively (age, BMI, smoking, 
alcohol) (40).

This study showed that GI cancer patients with osteopenia have 
2-fold higher risk of death [pooled HR of 2.20, 95% CI: 1.74–2.79] 
and cancer recurrence [pooled HR of 2.15, 95% CI: 1.60–2.89]. 
These findings are comparable to the previous study done by 
Watanabe et al. that reported pooled HR of 2.02 and 1.96 for OS 
and RFS, respectively (41) The observed high heterogeneity in the 
association between osteopenia/osteosarcopenia and the outcomes 
might be  attributed to variations in cancer types and stages, 
reflecting the heterogeneous nature of GI cancers. Despite the 
increased risk, the mechanism underlying osteopenia’s negative 
impact on prognosis is still unclear. One possible mechanism of 

this effect may be  osteoclast stimulation brought on by cancer 
cachexia (severe, unintentional loss of weight, muscle mass, and 
strength due to chronic inflammation and metabolic dysfunction), 
resulting in bone loss (42). The compromised structural integrity 
of bones in patients with osteopenia may render them more 
susceptible to the skeletal complications of cancer (such as 
osteoporosis, fracture, and bone loss), contributing to the observed 
increased rates of mortality and cancer recurrence. Additionally, 
cytokines produced from cancer cells, such as PTHrP, interleukin 
(IL)-1, IL-6, and IL-8, create and activate osteoclasts through 
activating the RANK/RANKL receptors, and subsequently, NF-κB 
(43), which leads to muscle loss and sarcopenia (5, 44, 45). This 
study revealed that osteosarcopenia that encompasses both bone 
and muscle deficits was associated with 3-times higher mortality in 
GI cancer patients.

The interplay between chronic inflammation (increased IL-6 and 
TNF-α leading to osteoclast activation and muscle protein breakdown, 
increased NF-κB and RANKL expression), muscle-bone crosstalk 
dysregulation (myostatin overexpression, irisin and osteocyte 
dysfunction), metabolic dysfunction, and tumor microenvironment 
alterations (IGF-1 suppression and adipokines and endocrine 
dysfunction) underlies the association between osteopenia/
osteosarcopenia and poor survival in GI cancers (44, 45).

The results of this study further corroborate other reports 
highlighting the compounded impact of this complex condition (46). 
While our findings were comparable with previous reports (16, 17, 

FIGURE 3

Forest plot of recurrence free survival for osteopenia.
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22), the observed mortality rates associated with osteosarcopenia were 
slightly lower compared to other studies [HR >5] (20, 21). It is 
plausible that variations in study design, sample size, patient 
demographics, and follow-up period could cause this disparity. It’s 
possible that selection bias was more likely to affect earlier research 
with smaller sample numbers, which resulted in inflated hazard ratios. 
Inconsistencies between studies may have also been caused by 
differences in diagnostic thresholds, imaging modalities, and 
definitions of osteosarcopenia (47).

Additionally, this study showed that osteosarcopenia was 
associated with poorer RFS (pooled HR of 2.75; p < 0.001). This 
observation further emphasizes the need for a comprehensive 
assessment that includes both musculoskeletal aspects.

The subgroup analysis showed that osteopenia was associated with 
poor OS in patients with colorectal cancer (HR of 2.5) and lower RFS 
in patients with bile duct and colorectal cancer (HR of 3 and 2.75, 
respectively). These results are in agreement with the previous meta-
analysis by Watanabe et al. that showed the highest mortality rates in 
patients with colorectal cancer in combination with osteopenia and a 
maximum risk for recurrence in patients with osteopenia and 
colorectal or bile duct cancer (41).

However, no association was detected in pancreatic cancer 
patients. This discrepancy may be due to the aggressive tumor biology 
and early metastatic spread of pancreatic cancer, which may 
overshadow the impact of osteopenia on survival. Additionally, 
treatment-related malabsorption (Whipple surgery leading to 

malabsorption, etc), cachexia, and vitamin D deficiencies might have 
confounded the relationship between survival and low bone mineral 
density. Variations in assessment methods, such as computer 
tomography (CT) vs. dual-energy X-ray absorptiometry (DXA) and 
heterogeneity in patient cohorts could also contribute to the 
inconsistency (48, 49).

It is also important to consider that cancer chemotherapies, 
including alkylating agents, FOLFIRI, antimetabolites, glucocorticoids, 
and platinum-derived cisplatin, cause direct dysregulation of bone 
turnover and nephrotoxicity, which expedite bone loss (46, 50). 
Additionally, low BMD-specific outcomes, especially frailty fractures, 
could significantly impair functional status and physical activity. This, 
in turn, could result in non-cancer mortality or non-adherence to 
cancer treatment, which triggers recurrence (51).

Strengths and limitations

The main strengths of this review and meta-analysis are the 
inclusion of a substantial number of studies, rigorous screening 
processes, and comprehensive subgroup analyses that enhance the 
robustness of our findings.

However, this study has certain limitations. The high heterogeneity 
between the studies might impact the precision of our estimates.

One major limitation is the lack of standardized definitions for 
osteopenia and sarcopenia, which varied across the included 

FIGURE 4

Forest plot of overall survival for osteosarcopenia.
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studies. This might have introduced heterogeneity in the findings, 
affecting the comparability of results. Additionally, while DXA is 
considered a gold standard for diagnosing osteopenia, all studies 
included in this review diagnosed osteopenia using preoperative 
CT. Thus, over-reliance on CT-based measurements instead of 
DXA to assess BMD presents another challenge. Moreover, 
different studies used different threshold values for defining 
osteopenia. Most included studies were from Japan, thus limiting 
the generalisability of the findings. The predominance of Japanese 
studies in this meta-analysis raises concerns about the 
generalizability of our findings due to cultural, genetic, dietary, 
and healthcare system differences. Traditional Japanese diets, 
lower obesity rates, and distinct genetic factors influencing bone 
and muscle metabolism may affect the prevalence and impact of 
osteopenia differently than in Western populations. Finally, this 
study was unable to rule out the potential publication and language 
biases (since the review included only studies published 
in English).

Conclusion and recommendations

In conclusion, this systematic review and meta-analysis show that 
osteopenia and osteosarcopenia are associated with significantly worse 
outcomes in patients with GI cancers. These results shed light on the 
intricate interplay between musculoskeletal health and outcomes in 

this population of patients. This study provides a robust foundation 
for integrating musculoskeletal assessments such as routine sarcopenia 
and osteopenia screening using tools like CT-based body composition 
analysis or DXA into the prognostic considerations for these cancers, 
and further strengthens the need of a holistic approach to GI cancer 
management that considers not only tumor characteristics but also 
patient’s bone and muscle health. Future research should also explore 
interventional strategies aimed at mitigating the negative impact of 
osteopenia and sarcopenia in GI cancer patients. Trials investigating 
the use of exercise therapies (resistance training and muscle mass 
training) nutritional supplementation, and pharmacological 
interventions (such as anti-resorptive agents like bisphosphonates or 
denosumab) among cancer patients with osteopenia and 
osteosarcopenia with standardized diagnostic criteria are necessary.
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Long-term electroacupuncture
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This study reports two cases of rectal cancer patients who developed low

anterior resection Syndrome (LARS) following rectal cancer surgery. Both

patients presented with significant bowel dysfunction, including frequent

defecation, urgency, fecal incontinence, and incomplete evacuation. Current

treatments for LARS are limited by variable responses, high costs, and adherence

issues, highlighting the need for practical, safe therapies with minimal side

effects. The patients underwent a 6-month electroacupuncture treatment

targeting Baliao points. Assessments were conducted using the LARS score,

Wexner fecal incontinence score, and the EORTC QLQ-C30 scale. Results

indicated a marked reduction in bowel frequency, significant relief of fecal

incontinence symptoms, and improvement in overall health status and quality of

life. In addition, emotional and cognitive functions were enhanced. These case

reports suggest that electroacupuncture may be a valuable adjunctive treatment

for managing LARS and improving patient emotional status and quality of life.

Further high-quality research is necessary to evaluate the long-term efficacy of

this treatment fully.

KEYWORDS

rectal cancer, low anterior resection, electroacupuncture, case report, Baliao points

1 Introduction

Low Anterior Resection Syndrome (LARS) is a common complication after rectal
cancer surgery, with a high incidence rate of up to 42–44% (1). After resection
of rectal cancer, patients often present with LARS-related clinical symptoms, including
frequent defecation, urgency, evacuation difficulties, and fecal incontinence (2). Low
anterior resection syndrome is characterized as a functional disorder of the bowel following
rectal resection, resulting in a decline in quality of life (3). Bowel dysfunction is associated
with quality of life, especially for overall health status, social functioning, and role
functioning (4, 5). Improving intestinal function and promoting overall well-being in
postoperative patients with rectal cancer is a critical challenge.
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Currently, there is still a lack of standardized and
comprehensive treatment plans for LARS internationally
(6). Interventions mainly include symptomatic treatment of
defecation, pelvic floor rehabilitation, transanal irrigation,
and sacral nerve stimulation therapy (7). Available treatment
strategies have significant limitations, such as poor adherence and
significant individual variability in treatment response, or high
costs and the risk of infection (8). Recent researches highlight
the development of new strategies for LARS management. The
MANUEL project proposed evidence-based algorithms for
LARS management, emphasizing personalized interventions (9).
Therefore, a safe and effective therapy with few adverse effects is
urgently needed (10).

Anal sphincter dysfunction and nerve injury are major causes
of Low Anterior Resection Syndrome (LARS) in rectal cancer
patients after surgery (11). Recent studies have indicated that
traditional acupuncture may be a safe and effective approach to
alleviate symptoms of LARS (12). The anatomical location of
Baliao points corresponds to the posterior sacral foramina. The
Shangliao (BL31), Ciliao (BL32), Zhongliao (BL33), and Xialiao
(BL34) points are anatomically aligned with the first, second, third,
and fourth posterior sacral foramina, respectively. The anterior and
posterior sacral foramina are connected to the sacral canal, through
which the anterior and posterior branches of the sacral nerves
pass, respectively (13). The Baliao points are close to the sacral
nerves, which innervate the muscles around the anus. Acupuncture
at the Baliao points has been demonstrated to reduce anorectal
pressure (14), improve pelvic floor nerve and muscle modulation,
and promote recovery from defecation dysfunction (15). This
could potentially help relieve symptoms in LARS patients,
such as increased stool frequency and fecal incontinence (16).
Electroacupuncture, an advancement of traditional acupuncture,
enables controlled adjustment of intensity, frequency, and duration
of stimulation, providing continuous stimulation, resulting in
longer-lasting therapeutic effects (17). Electroacupuncture offers a
promising option to clinical research on LARS, with advantages
of high patient acceptance, minor trauma, and few adverse effects
(18). This study presents two patients with rectal cancer showing
severe LARS symptoms, including increased bowel frequency, fecal
incontinence, urgency, and incomplete evacuation, demonstrating
the potential of electroacupuncture treatment in improving
symptoms of LARS, while also enhancing patients’ quality of life.
This study was approved by the Institutional Review Board of the
Third Hospital affiliated to Beijing University of Chinese Medicine
(no. ECHBZYYSL-ZYDSY2024-13).

2 Study intervention and evaluation
protocol

2.1 Electroacupuncture treatment
protocol

One well-trained person (T.A.) executed the
electroacupuncture treatment. The patient was placed in a prone
position, and the skin at the acupuncture points was disinfected.
Disposable sterile acupuncture needles (0.30 × 75 mm) and
an SDZ-V Hwato-brand electroacupuncture device were used

during the treatment. The selected acupuncture points were
Baliao points, including bilateral Shangliao (BL31), Ciliao (BL32),
Zhongliao (BL33), and Xialiao (BL34) (Figure 1A). The needles
were inserted in order from Xialiao to Shangliao. For Xialiao
points, the needles were inserted vertically. For Zhongliao points,
the needles were inserted obliquely at an approximate 70-degree
angle to the skin, directed inferomedially. For Ciliao points, the
insertions were at an approximate 50-degree angle, also directed
inferomedially. Finally, for Shangliao points, the insertions were
at an approximate 30-degree angle, pointing inferomedially. The
patient experienced mild sensations of soreness, numbness, or
distention, radiating toward the anus and perineum. Afterward, the
SDZ-V electroacupuncture device was connected, with electrodes
placed longitudinally, and a continuous wave with a frequency
of 50 Hz was applied. The needles were retained for 30 min.
Additionally, the Changqiang point (GV1) was obliquely needled
for 30 min (Figure 1B). The 50 Hz continuous stimulation and 30-
minute treatment duration have been used in electroacupuncture
for postoperative gastrointestinal and bowel dysfunction, including
rectal cancer patients (19, 20). These specific parameters have
been demonstrated to improve bowel function improve bowel and
enhance pelvic floor function (21). Based on our previous clinical
experience and expert recommendations, these specific parameters
may consistently improve bowel frequency, fecal incontinence,
and overall quality of life. Our research team has applied the
same electroacupuncture protocol targeting LARS in rectal cancer
patients. This protocol has been executed in a single-arm trial,
further supporting the efficacy of the parameters in our study (18).
Furthermore, the acupuncture angles applied in our case reports
are appropriate. The Baliao points are situated within the sacral
foramina and must be inserted obliquely or perpendicularly to
reach the sacral nerve branches. The acupuncture angles of the
Baliao points can be adjusted based on clinical expertise (20, 22).

2.2 Clinical assessment tools

This study primarily utilized three scales to assess postoperative
recovery in rectal cancer patients, including the LARS score
(LARSS), the Wexner incontinence score, and the European
Organization for Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 (EORTC QLQ-C30). These scales assessed
defecation function, fecal incontinence, and overall quality of life.

LARSS is the only recognized tool globally used explicitly for
assessing bowel function following LAR in rectal cancer patients.
The total score ranges from 0 to 42, and is categorized into three
severity levels, with 0–20 as no LARS, 21–29 as mild LARS, and
30–42 as severe LARS (23). We utilized the Chinese-translated and
validated version, which has been previously adopted within the
Chinese population and demonstrated high validity and reliability
(24). The validated Chinese version has been widely used in
research on bowel dysfunction following rectal cancer surgery.

The Wexner incontinence score offers a more comprehensive
assessment of fecal incontinence. It evaluates symptoms related to
incontinence for flatus, liquid stool, solid stool, wears pad usage and
lifestyle alteration (25). This allows for a more detailed evaluation
of changes in fecal incontinence symptoms (26). Wexner fecal
incontinence score has been extensively applied in Chinese patient
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FIGURE 1

Anatomical locations of Baliao points and corresponding electroacupuncture needle placements. (A) Shows the anatomical locations of Baliao
points, including Shangliao (BL31), Ciliao (BL32), Zhongliao (BL33), and Xialiao (BL34). (B) Shows positioning of electroacupuncture needles at Baliao
points.

populations (27), including in postoperative patients of colorectal
cancer, confirming its clinical feasibility and acceptability (28).

EORTC QLQ-C30 scale is a tool specifically designed for
cancer patients that provides high specificity. It can evaluate
multiple dimensions, including functional scales, symptom scales,
and global health status, to comprehensively assess the quality
of life in cancer patients (29). EORTC QLQ-C30 scale has been
culturally adapted and psychometrically validated in China. It has
demonstrated high reliability and validity (30, 31), and has been
widely applied in clinical research among Chinese colorectal cancer
patients (32).

3 Case presentation

3.1 Case no. 1

3.1.1 Management of rectal carcinoma
A 66-year-old male patient was diagnosed with rectal

adenocarcinoma with a TNM stage of pT3N2M0. The patient
had no prior history of gastrointestinal disease, diabetes, or
neurological disease and had not undergone abdominal surgery or
pelvic intervention. He denied prior abdominal operations and did
not have significant cardiovascular and endocrine comorbidities.
In September 2023, the patient underwent abdominal computed
tomography (CT) and colonoscopy due to increased bowel
movement frequency and hematochezia. The examinations
revealed a rectal mass 5 cm from the anal verge without distant
metastasis. Pathological examination confirmed rectal tubular
adenocarcinoma. A multidisciplinary team recommended
neoadjuvant chemotherapy followed by surgery. The patient
received two cycles of neoadjuvant chemotherapy with the
capecitabine and oxaliplatin (CAPOX) regimen. The specific
dosage included oxaliplatin 200 mg administered via intravenous
infusion on day 1 of each cycle and capecitabine 1.5 g orally, twice
daily from days 1 to 14, followed by a 7-day drug withdrawal.
The patient received a total of two chemotherapy cycles. The
patient completed neoadjuvant chemotherapy without any
grade ≥ 3 toxicities, and the regimen was generally well tolerated.

In November 2023, the patient underwent a sphincter-sparing
proctectomy. The postoperative pathology revealed a poorly
differentiated adenocarcinoma of the rectum (protruding type,
size 6 × 6 × 3 cm). The tumor invaded the muscularis and
extended into the perirectal adipose tissue, forming one cancerous
nodule. Perineural invasion and intravascular emboli were
noted. Metastasis was identified in 1 of 20 pericolic lymph
nodes, and 5 of 10 no. 253 lymph nodes located at the root of
the inferior mesenteric artery showed metastatic involvement.
Immunohistochemistry results showed negative HER-2 expression
(4B5: 0) and a high proliferative index (Ki-67 > 75%). The tumor
exhibited positive staining for MLH1, MSH2, MSH6, and PMS2.
From January to June 2024, the patient underwent six cycles of
chemotherapy, with the regimen consisting of oxaliplatin 180 mg
on day 1 and capecitabine 1.5 g orally, twice daily, from day 1 to
day 14. The chemotherapy was well tolerated, with no significant
adverse reactions observed. The patient did not undergo any
interventions for LARS prior to electroacupuncture, including
sacral nerve stimulation (SNS) or transanal irrigation.

3.1.2 Electroacupuncture treatment and
outcomes

The patient was severely affected by LARS symptoms after
surgery, including frequent defecation, with up to 10 times
a day, severely impacting his quality of life. In addition,
frequent nocturnal bowel movements led to sleep disruption and
considerable distress. Due to the persistence of LARS symptoms,
the first patient, a 65-year-old male, began electroacupuncture
treatment in February 2024, with a frequency of twice a week
for a total of 6 months. The patients felt only minor discomfort
from electrical stimulation. The discomfort was temporary and can
be alleviated by modifying the electrical current. During the first
4 weeks after rectal cancer surgery, the patient followed a low-
fiber, low-fat, and easily digestible soft diet, with adequate fluid
intake. After six weeks, the diet gradually returned to normal,
while caffeine, alcohol, and spicy foods were avoided. These
measures followed the routine postoperative management of rectal
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cancer and did not constitute structured interventions targeting
LARS. No other LARS-related interventions were implemented
during the treatment period, including structured dietary or
lifestyle interventions, PFR, TAI, or SNS. Therefore, the clinical
improvements observed in both cases are more likely attributable
to electroacupuncture alone.

After rectal cancer surgery, the patient experienced more than
ten bowel movements per day, accompanied by urgency and
incomplete evacuation, with a LARSS score of 41. During the initial
3 months of electroacupuncture treatment, the frequency of bowel
movements decreased from 10 times per day to approximately
5 times. Night-time bowel movements also decreased, allowing
the patient to sleep better. By the end of the 6-month treatment,
the symptoms of fecal incontinence, urgency and incomplete
evacuation had improved significantly, with bowel frequency
stabilizing 1 to 3 times per day, which was manageable for the
patient. The patient’s LARSS rating was assessed after 6 months of
electroacupuncture treatment, and it improved from severe LARS
(41 points) to no LARS (0 points) (Figure 2A). The Wexner score
also improved, dropping from 17 before treatment to 0 (Figure 2B).
In addition, according to the EORTC QLQ-C30 scale, we found
that electroacupuncture treatment led to significant improvements
in functional dimensions, including physical, emotional, cognitive,
and social functions, with post-treatment scores increasing to
100. Symptoms such as fatigue, pain, and nausea were completely
alleviated, with scores dropping to 0. Furthermore, sleep quality
improved, and anxiety and depressive feelings related to bowel
urgency were reduced. The patient’s overall health and quality of life
were significantly enhanced (Table 1). Follow-up in February 2025
showed that the patient had 1–2 bowel movements per day. There
were no bowel movements at night, and sleep was not disturbed.
Stool appearance was normal, and bowel movements were regular.
There was no more fecal incontinence or urgency. Both the LARSS
and Wexner scores were 0, signifying the resolution of intestinal
dysfunction. The EORTC QLQ-C30 questionnaire indicated that
the patient sustained a positive status in all dimensions, including
physical, emotional, cognitive and social functioning. The global
health score increased from 75 after treatment to 83. Symptoms like
fatigue and pain did not come back. Sleep quality stayed good. The
patient felt emotionally stable and reported a better quality of life.
Case no. 1 outcomes at different time points are shown in Table 2.

3.2 Case no. 2

3.2.1 Management of rectal carcinoma
A 65-year-old male patient underwent a colonoscopy in

April 2022 due to bloody stools and perianal pain. The
colonoscopy showed a rectal mass located 6 cm from the anal
verge, and pathological examination confirmed rectal tubular
adenocarcinoma. Contrast-enhanced abdominal CT and pelvic
MRI revealed a mid-rectal tumor extending beyond the muscularis
propria, with no signs of regional lymphadenopathy or distant
metastases. The patient had no prior history of gastrointestinal,
neurological, cardiovascular, or endocrine disorders. He had not
undergone any previous abdominal or pelvic surgery. The patient
underwent proctectomy in May 2022. The postoperative pathology
revealed a moderately differentiated adenocarcinoma of the rectum

(protruding type, size 5.5 × 5 × 2.5 cm). The tumor invaded
the muscularis and extended into the perirectal adipose tissue.
Perineural invasion was noted, but no evidence of vascular invasion
was detected. No regional lymph node metastasis was observed.
Immunohistochemistry results showed negative HER-2 expression
(4B5: 0) and a moderate proliferative index (Ki-67: 75%). The
tumor exhibited positive staining for MLH1, MSH2, MSH6, and
PMS2 with a TNM stage of pT3N0M0. After surgery, the patient
received eight cycles of a capecitabine chemotherapy regimen. The
specific dose was 1.25 g, orally twice daily from days 1 to 14
(d1–d14) of each chemotherapy cycle, followed by a 7-day drug
withdrawal. Each cycle lasted 21 days, and the patient completed
eight cycles. During chemotherapy, the patient experienced nausea
and fatigue. No grade ≥ 3 hematologic or gastrointestinal toxicities
were observed. The patient did not undergo any LARS intervention
postoperatively, including SNS or transanal irrigation.

3.2.2 Electroacupuncture treatment and
outcomes

The patient’s primary postoperative symptoms included an
increased frequency of defecation, up to 20 times a day, which was
difficult to control, accompanied by anal pain and discomfort, as
well as periodic intestinal fluid leakage. The patient had generalized
weakness, affecting daily life seriously. The patient underwent
6 months of electroacupuncture therapy at our hospital 1 year after
the operation, with treatments administered twice per week. The
electroacupuncture protocol was the same as that used for the first
patient. Following 30 min of stimulation, the patient felt mild skin
irritation at the needling sites. The current intensity (1–5 mA)
was adjusted to induce slight skin twitching around the acupoint
without pain. Additionally, each treatment session was limited to
30 min to minimize the risk of side effects caused by extended
electrical stimulation. The patient followed general postoperative
recommendations after rectal cancer surgery, including consuming
a light diet, avoiding irritant foods, and maintaining a regular daily
routine. During the treatment period, no additional interventions
for LARS were implemented, such as structured dietary or lifestyle
interventions, PFR, TAI, or SNS.

Following the rectal cancer surgery, the patient had significant
bowel dysfunction, with more than twenty bowel movements
per day, accompanied by a feeling of anal discomfort. The
LARSS score was 34, indicating severe LARS. The patient’s
symptoms gradually improved during the first 3 months of
electroacupuncture treatment. The daily frequency of bowel
movements gradually decreased from over twenty to about 10,
while the comfortlessness and pain diminished, and urgency
was significantly reduced. The patient’s overall emotional state
improved, which further enhanced the patients confidence in the
treatment and provided a strong foundation for continued care.
After 6 months of electroacupuncture treatment, a reassessment
of the patient’s LARSS score showed a reduction from severe
LARS (34 points) to mild LARS (9 points), indicating that
the patient’s bowel function had nearly returned to normal
(Figure 3A). Bowel frequency stabilized at 2–3 times per day, with
the sensation of anal discomfort and pain nearly disappearing,
and complete restoration of strength. The Wexner scale score
decreased from 20 before treatment to 0 (Figure 3B). The patient’s
ability to control bowel movements has improved significantly,
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FIGURE 2

LARSS and Wexner incontinence score before and after electroacupuncture treatment in the first patient. (A) Shows LARSS scores of incontinence
for flatus and liquid stools, frequency of bowel movements, clustering of stools, and urgency before and after treatment. (B) Shows Wexner
incontinence scores before and after treatment, including incontinence for flatus, liquid stool, and solid stool, as well as wears pad usage and
lifestyle alteration. EA, electroacupuncture.

TABLE 1 EORTC QLQ-C30 scores before and after electroacupuncture treatment for the first patient.

Dimension Item numbers Pre-treatment score Post-treatment score

Functioning subscale

Physical functioning Q1–Q5 27 100

Role functioning Q6–Q7 33 100

Emotional functioning Q21–Q24 33 100

Cognitive functioning Q20, Q25 33 100

Social functioning Q26–Q27 83 100

Symptom subscale

Fatigue Q10, Q12, Q18 88 0

Nausea and vomiting Q14, Q15 50 0

Pain Q9, Q19 83 0

Dyspnea Q8 100 0

Insomnia Q11 100 0

Appetite loss Q13 100 0

Constipation Q16 67 0

Diarrhea Q17 100 0

Financial difficulties Q28 0 0

Global health status subscale

Global health status Q29–Q30 17 75

and fecal incontinence has completely disappeared, which has
dramatically improved his quality of life. The results of the
EORTC QLQ-C30 scale showed that prior to treatment, the
patient had severe dysfunction in multiple dimensions, especially
fatigue, pain, and diarrhea, which seriously affected daily life
and overall health. Following electroacupuncture treatment, the
patient’s physical function recovered significantly, scoring 93. Role
function improved to 67, emotional function improved to 83,
cognitive function score improved to 50, and social function
remained at 50. Most notably, the symptoms of fatigue, pain,
and diarrhea completely alleviated, with scores dropping to 0.
The patient’s overall health status improved significantly, with the

global health score rising from 0 to 100, indicating a substantial
improvement in quality of life and health following treatment
(Table 3). At the November 2024 follow-up, the patient maintained
a bowel movement frequency of 2–3 times per day and regular
bowel movements, with no incontinence or urgency. The LARSS
score remained at 9 points, and the Wexner score remained
at 0. According to the EORTC QLQ-C30, the patient’s physical
function remained good, emotional status was positive, and the
global health score remained 100 points. The patient’s quality
of life was not affected by intestinal issues, with overall health
status. Case no. 2 outcomes at different time points are shown in
Table 4.
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TABLE 2 Case no. 1: patient bowel function and symptoms at different time points.

Time points Bowel
frequency*

Fecal
incontinence*

Fecal
urgency*

Sleep
quality

Emotional
state

LARSS
score

Wexner
score

EORTC
QLQ-C30
(Global
Health
Score)

Before EA (Feb
2024)

10–15 times/day 1–3 times/day 3–5
times/day

Poor Anxiety/
depression

41 17 17

After EA (Aug
2024)

1–3 times/day None None Good Positive 0 0 75

Follow-up (Feb
2025)

1–2 times/day None None Good Positive 0 0 83

*Bowel Frequency, The daily frequency of bowel movements, including both daytime and nocturnal occurrences; Fecal Incontinence, The frequency of involuntary expulsion of a large volume
of fecal material; Fecal Urgency, The frequency when the patient experiences an immediate compulsion to defecate, accompanied by an inability to postpone bowel movement.

FIGURE 3

LARSS and Wexner incontinence score before and after electroacupuncture treatment in the second patient. (A) Shows scores of incontinence for
flatus and liquid stools, frequency of bowel movements, clustering of stools, and urgency before and after treatment. (B) Wexner incontinence
scores before and after treatment, including incontinence for flatus, liquid stool, and solid stool, as well as wears pad usage and lifestyle alteration.
EA, electroacupuncture.

4 Discussion

Electroacupuncture is generally considered a safe treatment
in rectal cancer patients (33). In this study, no needling-related
adverse reactions were observed in all subjects. Patients were
closely monitored throughout the treatment period, particularly
during the initial electroacupuncture session, to prevent potential
adverse reactions. The findings revealed that side effects from
electroacupuncture on Baliao points were mild and temporary,
consistent with the safety profiles observed in previous studies
(14). Compared to conventional interventions, electroacupuncture
offers a minimally invasive approach with fewer associated risks.
Sacral nerve stimulation (SNS) involves the surgical implantation
of a device to stimulate the S3 sacral nerve. This process carries
risks such as infection, device failure, and the need for ongoing
maintenance (34). Electroacupuncture is non-invasive and does
not involve surgery, hence eliminating these risks. Furthermore,
electroacupuncture shows distinct advantages in patient adherence.
SNS requires permanent implantation and intricate parameter
adjustments (35), while electroacupuncture is non-invasive and
allows adaptable stimulation according to patient tolerance (36).
Transanal irrigation demands daily use, frequently resulting
in suboptimal compliance due to pain and discomfort (37).

Conversely, electroacupuncture causes minimal interference with
daily life and is better accepted. Pelvic floor rehabilitation requires
active participation and prolonged training, restricting its use in
patients with severe symptoms (38). Electroacupuncture works via
neuromodulation and does not depend on patient effort, offering
broader accessibility.

In addition to its positive safety and good adherence,
electroacupuncture may ameliorate nerve injury and alleviate
frequent defecation symptoms in postoperative LARS by sustained
neural stimulation (16). Intraoperative damage to the sympathetic
and parasympathetic nerves is a key factor contributing to
postoperative LARS in patients with rectal cancer (39). Low
anterior resection for rectal cancer leads to loss of autonomous
control of the anal sphincter and incoordination of the rectal
smooth muscles with the pelvic floor muscles (40). Pelvic floor
rehabilitation effectively improved bowel control by strengthening
the pelvic muscles (41). In contrast, acupuncture is recognized as
a neuromodulatory therapy that activates somatic sensory afferents
and modulates autonomic and neurochemical pathways involved
in visceral regulation (42). It exerts broader neuromodulatory
effects, potentially leading to faster and more pronounced robust
improvements in the bowel (43). Colonic motility may be
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TABLE 3 EORTC QLQ-C30 scores before and after electroacupuncture treatment for the second patient.

Dimension Item numbers Pre-treatment score Post-treatment score

Functioning subscale

Physical functioning Q1–Q5 20 93

Role functioning Q6–Q7 33 67

Emotional functioning Q21–Q24 25 83

Cognitive functioning Q20, Q25 17 50

Social functioning Q26–Q27 50 50

Symptom subscale

Fatigue Q10, Q12, Q18 100 0

Nausea and vomiting Q14, Q15 0 0

Pain Q9, Q19 100 0

Dyspnea Q8 0 0

Insomnia Q11 0 0

Appetite loss Q13 0 0

Constipation Q16 0 0

Diarrhea Q17 100 0

Financial difficulties Q28 0 0

Global health status subscale

Global health status Q29–Q30 0 100

TABLE 4 Case no. 2: patient bowel function and symptoms at different time points.

Time points Bowel
frequency*

Fecal
incontinence*

Fecal
urgency*

Sleep
quality

Emotional
state

LARSS
score

Wexner
score

EORTC
QLQ-C30
(Global
Health
Score)

Before EA (May
2023)

20–30 times/day 3–5 times/day 4–5
times/day

Fair Anxiety/
depression

34 20 0

After EA (Nov
2023)

2–3 times/day None <1
time/week

Good Positive 9 0 100

Follow-up (Nov
2024)

2–3 times/day None <1
time/week

Good Positive 9 0 100

*Bowel Frequency, The daily frequency of bowel movements, including both daytime and nocturnal occurrences; Fecal Incontinence, The frequency of involuntary expulsion of a large volume
of fecal material; Fecal Urgency, The frequency when the patient experiences an immediate compulsion to defecate, accompanied by an inability to postpone bowel movement.

altered through the modulation of enteric nervous system with
acupuncture, lowering urgency symptoms of LARS (44).

Changqiang (GV1), located near the coccyx, is richly
innervated. The deeper layers are penetrated by branches of the
pudendal, perineal, and inferior rectal nerves. Stimulation of the
GV1 via acupuncture will enhance coordination between reflexes of
the pelvic floor and rectal sensation to improve bowel control and
minimize fecal incontinence (45). Shangliao (BL31) is at the origin
of the sacrospinalis and gluteus maximus muscles, under which the
first sacral nerve (S1) passes. Ciliao (BL32) and Zhongliao (BL33)
are at the gluteus maximus origin, and are passed through the
posterior branches of the second (S2) and third (S3) sacral nerves,
respectively. Xialiao (BL34) is at the similar muscular origin, with
the fourth sacral nerve (S4) lying along with it (46). Baliao points
are close to the sacral plexus, which innervates the pelvic floor
muscles, including the levator ani, the external anal sphincter, and
the internal anal sphincter through autonomic fibers (47). Deep

needling of these points will directly stimulate the sacral nerve
roots and potentially modulate both the somatic and the autonomic
pathways used in anorectal function (20). Further, stimulation of
the nerve via these points could increase the contractility of the
external anal sphincter and thus enhance fecal continence control
(48). Electroacupuncture has some advantages over traditional
acupuncture. Electroacupuncture provides rhythmic microcurrent
stimulation to the rectal surrounding muscles, inducing rhythmic
contraction and enhancing the coordination of the muscles
(21). Electroacupuncture at the Baliao acupoint was found to
activate the sacral nerves (49), thus ensuring the regulation of
the function of defecation (50). Sacral nerve stimulation (SNS)
mainly treats fecal incontinence by implanting electrodes into
the sacral foramina and stimulating the sacral nerves using low-
frequency pulses (51, 52). SNS typically targets only the S3 nerve.
In comparison, electroacupuncture at Baliao points stimulates
the S1-S4 nerves, modulating defecation function via the sacral
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nerves. Therefore, in this study, electroacupuncture at Baliao
points was used as the primary intervention to explore its efficacy
in treating LARS.

Although the initiation time of electroacupuncture treatment
differed, with Case 1 initiating at 3 months and case 2
initiating at 12 months after rectal cancer surgery. Both of
them demonstrated improvement in bowel function. It has been
shown that spontaneous improvement in symptoms of LARS
may occur within the first 12 months after rectal cancer surgery
(53). However, this spontaneous improvement does not exclude
a potential therapeutic effect of electroacupuncture. In case no.
2, electroacupuncture commenced 12 months after surgery, the
patient’s symptoms have stabilized. Therefore, the subsequent
improvement observed may be more directly attributed to the
effects of electroacupuncture. After intervention, the LARS score
decreased from severe to mild, accompanied by a reduction in
bowel movement frequency and urgency. These observations imply
that delayed electroacupuncture can have potential therapeutic
benefits in LARS patients. Indeed, electroacupuncture restores
bowel function instead of relying on spontaneous recovery
(54, 55). As stated above, electroacupuncture at the points of
Baliao can stimulate the sacral roots of the nerves (S1–S4),
thereby controlling the anorectal muscles and the pelvic floor.
The ongoing neural stimulation enhances the neuromuscular
coordination and gradually enhances the function of defecation.
The extensive neural effects imply that early intervention with
electroacupuncture, as in Case no. 1, may have the potential to
prevent further deterioration. Even in later stages, as in case no.
2, its impact is significant. Our earlier work has demonstrated that
neuroprotection with electroacupuncture results in neurogenesis
(56). These observations provide mechanistic insight for the nerve
restoration and support the therapeutic role of electroacupuncture.
Ultimately, we underscore the patient-centered rationale for
the various start times. Our aim was to not only alleviate
physical symptoms but also enhance quality of life and improve
mood. LARS symptoms, including frequent bowel movements,
fecal incontinence, and urgency, can severely impact quality of
life. Patient’s urgent requirement for relief prompted the early
electroacupuncture therapy in case no. 1. By intervening at
3 months after surgery, we facilitated the spontaneous recuperation
of bowel function and alleviated physical discomfort earlier,
possibly preventing further deterioration in mental health and
daily functioning (9). Clinical research emphasizes the importance
of intervention during early period when symptoms are severe,
and patients are distressed (57). Numerous therapeutic methods,
such as transanal irrigation and early drug interventions, are
recommended to begin around 3–12 months after surgery to
optimally manage LARS symptoms and help patients return
to a normal daily routine (58, 59). Early electroacupuncture
intervention can significantly reduce the severity of symptoms
and improve psychological health (60). This aligns with the
results of the EORTC QLQ-C30 scale in our case reports. On
the other hand, the decision of the patient in case no. 2 to
pursue electroacupuncture suggests that even after 12 months,
persistent LARS symptoms continued to affect daily life, prompting
the search for additional therapy. From a clinical perspective,
therapy should be provided when the patient needs it most.
In summary, despite the different timings of intervention, both
patients benefited from electroacupuncture, which reduces bowel

dysfunction and improves overall quality of life. This suggests
the flexibility and efficacy of electroacupuncture at different stages
following rectal cancer surgery. Early electroacupuncture may
relieve LARS symptoms and avoid a deterioration in quality of life,
while late electroacupuncture could still produce enhancements
beyond the spontaneous improvement phase. Electroacupuncture
demonstrates potential in the treatment of LARS at different
postoperative phases, additional research is required to determine
the most effective period for its application in LARS management.

In both cases, the patients’ LARSS scores improved from severe
(30–42) to no LARS (0–20), suggesting complete remission of
symptoms such as frequent defecation, urgency, and incomplete
evacuation. The Wexner scores were significantly reduced in
both cases, reflecting an improvement in bowel control. Since
the changes in bowel function following rectal cancer surgery
have unpredictable negative impacts on patients’ daily lives,
emotions, and spirits, resulting in a decline in quality of
life (33). Thus, managing LARS should not only focus on
the intestinal symptoms but also address the broader effects
on quality of life. Accordingly, this study further investigated
the EORTC QLQ-C30 scale. Results showed that patients’
EORTC QLQ-C30 functional and overall health status subscale
scores increased significantly after a 6-month electroacupuncture
treatment targeting Baliao points. This indicates enhancements in
physical strength, emotional status, social interaction, and overall
health status. Symptom relief was most prominent in fatigue, pain,
and diarrhea, suggesting that acupuncture therapy may enhance
the quality of life in LARS patients by improving bowel symptoms,
which is beneficial for both physical and psychological health.
Long-term follow-up results suggest that electroacupuncture may
have a sustained effect on improving LARS symptoms. After
6 months of treatment, both patients maintained stable bowel
function. LARS-related symptoms did not recur during the
follow-up period, and quality of life remained largely unaffected.
The follow-up revealed the initial effects of electroacupuncture
treatment. The lack of a control group in these case reports
generated potential bias. Moreover, the absence of blinding in the
evaluation process may affect the outcomes. In future randomized
controlled trials, we should incorporate sham acupuncture as a
comparator and utilize independent blinded assessors for outcome
evaluations. Additionally, extended follow-up periods are necessary
to confirm the sustained efficacy of electroacupuncture in the
management of LARS.

5 Conclusion

These two case reports highlight the potential of
electroacupuncture as adjuvant therapy in the management
of LARS symptoms following low anterior resection for
rectal cancer. As a non-invasive therapy, electroacupuncture
has demonstrated potential efficacy in relieving severe LARS
symptoms, improving bowel function, and enhancing patients’
quality of life. Electroacupuncture may be a valuable adjuvant
treatment option for LARS, but future randomized controlled trials
with rigorous design are needed to validate its long-term efficacy.
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