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Abstract: Objective: To evaluate the therapeutic efficacy of adding cindilizumab to the Xeloda-Irinotecan (XELIRI) 
regimen in patients with advanced colorectal cancer and to identify clinical and molecular biomarkers predictive 
of treatment response. Methods: A retrospective analysis was conducted on 197 patients with advanced colorec-
tal carcinoma treated between January 2019 and June 2023. Patients were divided into two cohorts: the stan-
dard treatment group receiving XELIRI alone (n=103) and the combined treatment group receiving XELIRI with 
cindilizumab (n=94). Treatment response was assessed according to RECIST criteria and classified as responsive 
(complete response [CR] or partial response [PR]) or non-responsive (stable disease [SD] or progressive disease 
[PD]). Logistic regression analysis was performed to identify independent predictors of treatment response. Adverse 
events were recorded throughout the treatment course. Results: The experimental cohort demonstrated statistically 
higher objective response rate (ORR) and disease control rate (DCR) compared to the standard treatment cohort 
(ORR: 38.30% versus 22.33%, P=0.015; DCR: 80.85% versus 66.02%, P=0.019). The incidence of hypothyroidism 
and renal impairment was significantly higher in the combination group (P=0.002). Logistic regression identified 
carcinoembryonic antigen (CEA) (OR=1.336, P<0.001), tumor diameter (OR=2.818, P=0.001), KRAS/NRAS gene 
status (OR=6.229, P=0.001), and treatment regimen (OR=0.079, P<0.001) as independent predictors of treatment 
response. Receiver operating characteristic (ROC) curve analysis showed that their combined prediction signifi-
cantly improved predictive efficacy (AUC=0.881), with high sensitivity and specificity. Conclusion: Cindilizumab com-
bined with XELIRI regimen improves ORR and DCR in patients with advanced colorectal cancer but may increase 
the risk of hypothyroidism and renal impairment. CEA, tumor diameter, KRAS/NRAS gene, and treatment regimen 
are independent predictors of treatment response. The combined predictive model demonstrates robust diagnostic 
performance.
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Introduction

Colorectal cancer (CRC) is a malignant tumor 
originating from the mucosa and glandular epi-
thelium of the large intestine, with high global 
morbidity and mortality rates [1]. According to 
global cancer statistics, CRC ranks as the 
fourth most common malignancy and the sec-
ond leading cause of cancer-related deaths  
[2]. In China, the incidence of CRC has been 
increasing annually by approximately 3%-4%, 
with a rising trend in younger populations, plac-
ing a substantial burden on individuals, fami-

lies, and the healthcare system [3, 4]. In meta-
static CRC (mCRC), distant spread of tumor 
cells is the primary cause of mortality [5]. The 
most common sites of metastasis include the 
lymph nodes, liver, lungs, and peritoneum [6-8]. 
Approximately 50% of patients develop distant 
metastasis during disease progression, and 
about 20% present with metastasis at initial 
diagnosis [9]. Consequently, managing mCRC 
remains a major clinical challenge, highlighting 
the need for effective treatment strategies to 
enhance patients’ quality of life and clinical 
outcomes.

http://www.ajtr.org
https://doi.org/10.62347/KZDR9031
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Current therapeutic approaches for mCRC 
include surgical resection, radiotherapy, che-
motherapy, and targeted treatments [10]. Che- 
motherapy remains a cornerstone of treatment, 
with capecitabine and irinotecan widely used 
for their anti-tumor effects via inhibition of DNA 
synthesis [11, 12]. However, there is uncertain-
ty in the efficacy of the Xeloda and Irinotecan 
(XELIRI) regimen (capecitabine and irinotecan) 
as it has shown variability in CRC, particularly in 
patients experiencing significant adverse reac-
tions to irinotecan [11, 13]. As a result, com-
bined strategies involving XELIRI with other 
therapeutics, such as targeted therapy and 
immunotherapy, are gaining attention to en- 
hance treatment efficacy and improve patient 
quality of life [12, 14].

Cindilizumab, a PD-1 inhibitor, has demonstrat-
ed potent anti-tumor activity by blocking the 
PD-1/PD-L1 signaling pathway, thereby over-
coming tumor immune evasion and re-activat-
ing cytotoxic lymphocytes [15, 16]. Notably, cin-
dilizumab has demonstrated a 50-fold higher 
affinity for PD-1 compared to nivolumab and a 
10-fold higher affinity compared to pembroli-
zumab, along with superior in vitro stability 
[15]. While cindilizumab has been incorporat- 
ed into several mCRC treatment protocols,  
the optimal chemotherapeutic combination 
remains inadequately defined.

Previous investigations have predominantly 
focused on PD-1 inhibitors combined with 
diverse cytotoxic protocols, whereas this stu- 
dy investigates the therapeutic efficacy of cin-
dilizumab integrated with XELIRI regimen. Fur- 
thermore, prognostic biomarkers were identi-
fied to guide individualized treatment strate-
gies for patients with mCRC. Such personaliz- 
ed treatment paradigms demonstrate potential 
for enhanced clinical efficacy while optimizing 
safety profiles, ultimately improving patient out-
comes and quality of life for patients with 
advanced colorectal cancer.

Materials and methods

Study design and participants

This retrospective analysis included 197 indi-
viduals diagnosed with advanced-stage CRC 
who received treatment at Xi’an Daxing Hos- 
pital between January 2019 and June 2023. 
Patients were stratified into two cohorts based 

on the treatment regimen: the standard treat-
ment group (n=103) received the XELIRI regi-
men exclusively, while the combined treatment 
group (n=94) received a combination of cindili-
zumab and the XELIRI regimen. This study was 
approved by the Medical Ethics Committee of 
Xi’an Daxing Hospital (approval number: 2019 
Aan-SQ).

Inclusion and exclusion criteria

Inclusion criteria: (1) Histopathologically con-
firmed advanced CRC with radiologically mea-
surable target lesions; (2) Completion of at 
least four treatment cycles with either XELIRI 
monotherapy or cindilizumab plus XELIRI com-
bination therapy; (3) Eastern Cooperative On- 
cology Group (ECOG) score of 0-2 [17]; (4) 
Presence of at least one objectively measur-
able lesion on imaging; (5) Availability of com-
plete clinical and follow-up data.

Exclusion criteria: (1) Known hypersensitivity to 
any component of cindilizumab or the XELIRI 
regimen; (2) Prior exposure to systemic che- 
motherapy or immunotherapy for advanced 
colorectal cancer; (3) Presence of severe car-
diac, hepatic, or renal insufficiency, or other 
serious complications; (4) History of cognitive 
impairments, psychiatric disorders, or neuro-
logical conditions; (5) Pregnant or lactating 
women.

Treatment regimen

In the standard treatment group, patients 
received the XELIRI regimen, which included iri-
notecan (Jiangsu Hengrui Pharmaceutical Co., 
Ltd., H20061276) at 150 mg/m2 administered 
intravenously on days 1 and 8, and capecita- 
bine (Shanghai Roche Pharmaceutical, YBH- 
08582008) at 1,000 mg/m2 orally twice daily 
for 14 consecutive days. Each treatment  
cycle lasted 21 days, and patients received a 
total of 4 cycles. The combined treatment 
group was treated with additional cindilizumab 
(Cinda Biopharmaceutical (Suzhou) Co., Ltd., 
S20180016) at a dose of 200 mg intravenous- 
ly on day 1 of each cycle, alongside the XELIRI 
regimen, for a total of 4 cycles.

Primary outcomes

Efficacy was evaluated after completion of 4 
treatment cycles according to the Response 
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Evaluation Criteria in Solid Tumors (RECIST). 
Treatment responses were categorized as pro-
gressive disease (PD), stable disease (SD), par-
tial response (PR), and complete response  
(CR). The objective response rate (ORR) was 
calculated as (CR + PR)/total number of pa- 
tients ×100%, and the disease control rate 
(DCR) was calculated as (CR + PR + SD)/total 
number of patients ×100% [18]. Patient were 
further stratified into two groups based on 
treatment response: the responsive cohort (CR 
+ PR) and the non-responsive cohort (SD + PD). 
Logistic regression analysis was performed to 
identify independent factors correlated with 
therapeutic effectiveness.

Prognostic analysis

Logistic regression modeling was used to iden-
tify independent predictors of treatment ef- 
ficacy. Receiver operating characteristic (ROC) 
curve analysis was conducted to evaluate the 
predictive accuracy of specific clinical and 
molecular markers.

Secondary outcomes

Multivariate logistic regression analysis was 
conducted to identify independent predictors 
of treatment response. Next, a ROC curve anal-
ysis was performed to evaluate the predictive 
accuracy of selected clinical biomarkers. For 
safety analysis, all adverse events exceeding 
mild severity were recorded and managed 
according to established protocols.

Statistical methods

Data were analyzed using SPSS 25.0 and R 
Studio software. Kolmogorov-Smirnov test was 
used to assess the normality of continuous 
variables, and the Bartlett test was used to 
evaluate homogeneity of variance. Measure- 
ment data were expressed as mean ± standard 
deviation (

_
x±s) and analyzed using the in- 

dependent samples t-test. Count data were 
described in terms of frequency (n) and per-
centage (%) and analyzed using the chi-square 
test (χ2). Logistic regression models were 
employed to analyze the relationship between 
various factors and treatment efficacy. ROC 
curve analysis was performed to evaluate the 
predictive value of the selected clinical indica-
tors. Differences were considered statistically 
significant at P<0.05.

Results

Comparison of baseline data between the two 
groups

No significant differences were observed 
between the two groups in terms of age, body 
mass index (BMI), carcinoembryonic antigen 
(CEA), alpha-fetoprotein (AFP), primary tumor 
site, tumor diameter, pathological type, histo-
logical grade, KRAS/NRAS gene status, Ea- 
stern Cooperative Oncology Group (ECOG) 
score, lymph node metastasis, prior surgical 
history, smoking status, alcohol consumption, 
hypertension, or diabetes (all P>0.05) (Table 
1).

Comparison of treatment response between 
the two groups

The combination group demonstrated a signifi-
cantly higher ORR of 38.30%, compared to 
22.33% in the standard treatment group 
(XELIRI alone) (P=0.015). The DCR was also  
significantly improved in the combination gr- 
oup (80.85% vs. 66.02%, P=0.019) (Table 2).

Comparison of adverse reactions between the 
two groups

No significant differences were observed be- 
tween the two groups in the incidence of com-
mon chemotherapy-related adverse reactions, 
including nausea, vomiting, anemia, diarrhea, 
neutropenia, and thrombocytopenia (all P> 
0.05). However, the combination group exhibit-
ed a significantly higher incidence of hypothy-
roidism and renal impairment. Specifically, 15 
patients in the combination group developed 
hypothyroidism compared to 3 in the standard 
treatment group (P=0.002), and 18 patients  
in the combination group experienced renal 
impairment, compared to 5 in the standard 
treatment group (P=0.002) (Table 3).

Comparison of baseline data between patients 
with different efficacy outcomes

Patients were categorized into effective (CR + 
PR) and ineffective (SD + PD) groups based on 
treatment efficacy. The effective group had sig-
nificantly lower levels of CEA (24.65±2.73 ng/
mL vs. 27.09±3.33 ng/mL), AFP (33.36±4.32 
ng/mL vs. 37.28±4.49 ng/mL), and tumor 
diameter (6.25±0.74 cm vs. 6.87±0.78 cm) 
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Table 1. Comparison of baseline data between the two groups

Item Standard treatment 
group (n=103)

Combined treatment 
group (n=94) t/χ2 P

Age (
_
x±s, years) 51.02±6.89 52.82±7.41 1.760 0.080

Gender [case (%)] 1.093 0.296
    Male 30 59
    Female 29 79
BMI (

_
x±s, kg/m2) 22.50±3.45 23.08±2.97 1.271 0.205

CEA (
_
x±s, ng/mL) 26.79±2.91 25.96±3.68 -1.772 0.078

AFP (
_
x±s, ng/mL) 36.46±4.45 35.78±5.06 -0.997 0.320

Primary focal site [case (%)] 0.275 0.872
    Right hemicolon 59 51
    Left hemicolon 31 29
    Rectum 13 14
Tumor Diameter (

_
x±s, cm) 6.75±0.82 6.63±0.81 -1.079 0.282

Pathological type [case (%)] 0.155 0.925
    Poorly differentiated 15 12
    Moderately differentiated 61 56
    Well-differentiated 27 26
Histological classification [case (%)] 0.437 0.804
    Adenocarcinoma 86 79
    Adenosquamous carcinoma 11 8
    Undifferentiated carcinoma 6 7
KRAS/NRAS genes [case (%)] 0.035 0.851
    mutation 43 38
    No-mutation 60 56
ECOG [case (%)] 1.028 0.311
    0-1 87 84
    2 16 10
Lymph node metastasis [case (%)] 0.014 0.905
    Yes 37 33
    No 66 61
Previous surgical history [case (%)] 0.163 0.687
    Yes 61 53
    No 42 41
Smoking history [case (%)] 0.379 0.538
    Yes 45 37
    No 58 57
History of alcohol abuse [case (%)] 0.587 0.444
    Yes 33 35
    No 70 59
Hypertension [case (%)] 0.058 0.810
    Yes 62 55
    No 41 39
Diabetes mellitus [case (%)] 0.068 0.794
    Yes 38 33
    No 65 61
Note: BMI: Body Mass Index, CEA: Carcinoembryonic Antigen, AFP: Alpha-fetoprotein, KRAS: Kirsten Rat Sarcoma Viral Onco-
gene Homolog, NRAS: Neuroblastoma Ras Viral Oncogene Homolog, ECOG: Eastern Cooperative Oncology Group.
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Table 2. Comparison of treatment response between the two groups
Group CR PR SD PD ORR DCR
Control group (n=103) 7 (6.80) 16 (15.53) 45 (43.69) 35 (33.98) 23 (22.33) 68 (66.02)
Observation group (n=94) 11 (11.70) 25 (26.60) 40 (42.55) 18 (19.15) 36 (38.30) 76 (80.85)
χ2 5.973 5.498
P 0.015 0.019
Note: CR: Complete Response, PR: Partial Response, SD: Stable Disease, PD: Progressive Disease, ORR: Overall Response 
Rate, DCR: Disease Control Rate.

Table 3. Comparison of the incidence of adverse reactions between the two groups

Group Nausea and 
vomiting Anemia Diarrhea Neutropenia Thrombocytopenia Hypothyroidism Renal function 

impairment
Control group (n=103) 13 5 10 66 43 3 5
Observation group (n=94) 11 6 9 59 45 15 18
χ2 0.039 0.218 0.001 0.036 0.746 10.074 9.739
P 0.844 0.641 0.975 0.849 0.388 0.002 0.002

compared to the ineffective group (P<0.001  
for all). Furthermore, a higher proportion of 
patients with KRAS/NRAS mutations was high-
er in the effective group (66% vs. 50%, P< 
0.001), and a greater proportion of patients in 
the effective group received the combination 
treatment (40% vs. 19%, P<0.001) (Table 4).

Logistic regression analysis of independent 
factors affecting treatment efficacy

A logistic regression analysis was performed 
using treatment efficacy as the dependent va- 
riable (0= ineffective, 1= effective) and base-
line clinical characteristics as independent 
variables. The analysis identified significant 
associations between treatment efficacy and 
the following factors: CEA (OR=1.336, P< 
0.001), tumor diameter (OR=2.818, P=0.001), 
KRAS/NRAS mutation status (OR=6.061, P< 
0.001), lymph node metastasis (OR=6.240, 
P<0.001), and treatment regimen (OR=0.305, 
P<0.001) (Figure 1). Among these factors, mul-
tivariate regression analysis identified CEA 
(OR=1.336, P<0.001), tumor diameter (OR= 
2.818, P=0.001), KRAS/NRAS gene status 
(OR=6.229, P=0.001), and treatment regimen 
(OR=0.079, P<0.001) as independent factors 
influencing treatment efficacy (Figure 2).

ROC curve analysis for predicting treatment 
efficacy

As shown by ROC curve analysis, individual  
factors, such as CEA, tumor diameter, KRAS/

NRAS mutation status, lymph node metastasis, 
and treatment regimen, provided moderate 
predictive value, with AUC values ranging from 
0.640 to 0.733. However, the combination of 
these factors significantly improved predictive 
accuracy, with an AUC of 0.881, sensitivity of 
76.09%, and specificity of 86.44%, demon-
strating high reliability and accuracy in predict-
ing treatment efficacy (Table 5; Figure 3).

Discussion

CRC originates from the malignant transforma-
tion of epithelial cells in the colon or rectum 
and is often asymptomatic in its early stages 
[19]. As the disease progresses, patients may 
present with altered bowel habits, diarrhea, 
and abdominal pain. In advanced stages, sys-
temic symptoms such as anorexia, weight loss, 
and anemia become more prominent, reflect-
ing disease progression [20, 21]. Advanced 
CRC is frequently associated with a significant 
risk of recurrence and chemoresistance, con-
straining therapeutic options and leading to 
unfavorable prognosis [22]. At this stage, surgi-
cal resection is generally not feasible, and man-
agement typically shifts to second-line chemo-
therapy or palliative care aimed at controlling 
disease progression, alleviating symptoms, 
and prolonging survival [23]. The goal of this 
study was to measure the therapeutic benefits 
of combining cindilizumab with the XELIRI regi-
men in advanced CRC and to identify key pre-
dictive factors of treatment response.
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Table 4. Comparison of baseline data of patients in the valid and invalid groups
Item Effective group (n=59) Invalid group (n=138) t/χ2 P
Age (

_
x±s, years) 51.66±7.27 52.09±7.2 1.288 0.198

Gender [case (%)] 1.093 0.296
    Male 30 59
    Female 29 79
BMI (

_
x±s, kg/m2) 22.78±3.20 22.82±3.23 0.078 0.938

CEA (
_
x±s, ng/mL) 24.65±2.73 27.09±3.33 5.378 <0.001

AFP (
_
x±s, ng/mL) 33.36±4.32 37.28±4.49 4.974 <0.001

Primary focal site [case (%)] 1.106 0.575
    Right hemicolon 30 80
    Left hemicolon 19 41
    Rectum 10 17
Tumor Diameter (

_
x±s, cm) 6.25±0.74 6.87±0.78 5.316 <0.001

Pathological type [case (%)] 0.703 0.704
    Poorly differentiated 9 18
    Moderately differentiated 32 85
    Well-differentiated 17 35
Histological classification [case (%)] 2.395 0.302
    Adenocarcinoma 46 119
    Adenosquamous carcinoma 7 12
    Undifferentiated carcinoma 6 7
KRAS/NRAS genes [case (%)] 23.271 <0.001
    mutation 9 72
    No-mutation 50 66
ECOG [case (%)] 0.010 0.922
    0-1 51 120
    2 8 18
Lymph node metastasis [case (%)] 20.601 <0.001
    Yes 7 63
    No 52 75
Previous surgical history [case (%)] 0.129 0.719
    Yes 33 81
    No 26 57
Smoking history [case (%)] 0.207 0.649
    Yes 26 56
    No 33 82
History of alcohol abuse [case (%)] 2.040 0.153
    Yes 16 52
    No 43 86
Hypertension [case (%)] 0.385 0.535
    Yes 37 80
    No 22 58
Diabetes mellitus [case (%)] 0.538 0.463
    Yes 19 52
    No 40 86
Treatment 11.191 <0.001
    XELIRI 19 76
    XELIRI with Cindilizumab 40 54
Note: BMI: Body Mass Index, CEA: Carcinoembryonic Antigen, AFP: Alpha-fetoprotein, KRAS: Kirsten Rat Sarcoma Viral On-
cogene Homolog, NRAS: Neuroblastoma Ras Viral Oncogene Homolog, ECOG: Eastern Cooperative Oncology Group, XELIRI: 
Xeloda-Epirubicin-Capecitabine Irinotecan.
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Figure 1. Univariate logistic regression analysis of factors associated with treatment efficacy. Note: BMI: Body Mass 
Index, CEA: Carcinoembryonic Antigen, AFP: Alpha-fetoprotein, KRAS: Kirsten Rat Sarcoma Viral Oncogene Homolog, 
NRAS: Neuroblastoma Ras Viral Oncogene Homolog, ECOG: Eastern Cooperative Oncology Group.

Figure 2. Multivariate logistic regression analysis of independent predictors of treatment Efficacy. Note: CEA: Carci-
noembryonic Antigen, AFP: Alpha-fetoprotein, KRAS: Kirsten Rat Sarcoma Viral Oncogene Homolog, NRAS: Neuro-
blastoma Ras Viral Oncogene Homolog.

Combining cindilizumab with the XELIRI regi-
men led to much better outcomes in treating 
advanced CRC. The combination group signifi-
cantly improved both ORR and DCR, indicating 
that cindilizumab amplified the therapeutic 
impact of the XELIRI regimen. Immune evasion 
is a hallmark of malignancy and a major obsta-

cle to effective treatment. This process invol- 
ves mechanisms like the loss of specific anti-
gen expression and suppression of immune T 
cell activity, which compromise the efficacy  
of chemotherapy [24, 25]. The emergence of 
immune checkpoint inhibitors has driven sub-
stantial progress in treating various solid and 
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Table 5. Predictive performance of each independent factor alone and their combination for treat-
ment response
Marker AUC Cut off 95% CI Specificity Sensitivity
CEA 0.712 25.645 0.638-0.785 66.10% 68.84%
Tumor diameter 0.733 6.520 0.654-0.811 72.88% 72.46%
KRAS/NRAS gene 0.685 0.5 0.622-0.747 84.75% 52.17%
Lymphatic metastasis 0.669 0.5 0.610-0.728 88.14% 45.65%
Treatment 0.640 0.5 0.567-0.712 67.80% 60.14%
Combined 0.881 0.5 0.834-0.928 86.44% 76.09%
Note: CEA: Carcinoembryonic Antigen, KRAS: Kirsten Rat Sarcoma Viral Oncogene Homolog, NRAS: Neuroblastoma Ras Viral 
Oncogene Homolog.

Figure 3. ROC curves for each independent influencing factor alone and 
their combination for predicting treatment efficacy. Note: CEA: Carcino-
embryonic Antigen, KRAS: Kirsten Rat Sarcoma Viral Oncogene Homolog, 
NRAS: Neuroblastoma Ras Viral Oncogene Homolog.

non-solid cancers. The PD-1/PD-L1 pathway 
plays a central role in modulating anti-tumor 
immune responses, and its blockade can re- 
store effective anti-tumor immune responses 
[26, 27]. A meta-analysis by Huang et al. dem-
onstrated that PD-1/PD-L1 inhibitors signifi-
cantly improved ORR and safety outcomes 
when used as first-line therapy for mCRC with 
mismatch repair deficiency [28]. Cindilizumab, 
a PD-1 inhibitor developed in China, exhibits 
high binding affinity and achieves receptor oc- 

cupancy rate exceeding 95%, 
ensuring sustained immuno-
logic activity [15, 16]. These 
pharmacologic properties pro-
motes the infiltration of effec-
tor T cells into tumor tissues 
and potentiate a stronger and 
more robust anti-tumor im- 
mune response.

Our findings are consistent 
with previous research evalu-
ating the efficacy of cindilizu- 
mab in combination with che-
motherapy. For example, Fang 
et al. reported that a regimen 
including cindilizumab, beva- 
cizumab, oxaliplatin, and ca- 
pecitabine demonstrated fa- 
vorable efficacy and safety  
in patients with unresectable 
mCRC. In their trial of 25 
patients, the ORR reached 
84%, with 21 patients achiev-
ing either CR or PR [29]. 
Similarly, our study suggests 
that cindilizumab exerts a syn-
ergistic effect when combined 
with the XELIRI, enhancing 
tumor sensitivity to treatment. 

This may be attributed to cindilizumab’s role  
as a PD-1 inhibitor, which enhances antitumor 
immune responses, while chemotherapeutic 
agents such as capecitabine and irinotecan 
may further augment immune activation, con-
tributing to the overall therapeutic efficacy. 

Nevertheless, both therapeutic cohorts dem-
onstrated considerable treatment-related ad- 
verse events, encompassing gastrointestinal 
disturbances (nausea and vomiting), hemato-
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logical abnormalities (anemia, neutropenia, 
thrombocytopenia), diarrhea, endocrine dys-
function (hypothyroidism), and nephrotoxic ma- 
nifestations. Notably, the combination group 
exhibited substantially higher incidences of 
hypothyroidism and renal impairment com-
pared to the standard treatment cohort. These 
side effects are consistent with the known tox-
icity profiles of the XELIRI regimen, driven main-
ly by its two chemotherapy drugs. Irinotecan is 
associated with mucosal damage, often result-
ing in severe diarrhea, while capecitabine has 
been implicated in renal toxicity and may exac-
erbate renal dysfunction in susceptible patients 
[30]. Adding cindilizumab introduces a diffe- 
rent set of immune-related adverse events. As 
a PD-1 inhibitor, cindilizumab activates the 
immune system to fight cancer. However, this 
activation can also lead to immune-mediated 
damage to normal tissues, especially the thy-
roid and kidneys. This explains the higher inci-
dence of hypothyroidism and renal impair- 
ment observed in the combination group [31]. 
Therefore, it’s essential to regularly monitor 
thyroid and renal function throughout the treat-
ment course. Early detection and timely inter-
vention, such as thyroid hormone therapy or 
nephroprotective measures, are essential to 
prevent serious complications. In clinical prac-
tice, patient education regarding these risks 
along with proactive surveillance protocols, 
plays a vital role in improving treatment safety 
and optimizing therapeutic outcomes. 

Logistic regression analysis in this study identi-
fied several independent factors that signifi-
cantly affect treatment outcomes, including 
CEA levels, tumor size, KRAS/NRAS mutations, 
lymph node metastasis, and the therapeutic 
approach. Elevated CEA levels are consistently 
linked to increased tumor aggressiveness and 
poorer prognosis. High CEA values typically 
reflect tumors with enhanced invasiveness, 
rapid growth kinetics, and reduced sensitivity 
to both chemotherapy and immunotherapy 
[32]. Tumor size is another critical factor, as 
larger tumors are usually associated with ad- 
vanced cancer stages, higher metastatic po- 
tential, and reduced responsiveness to system-
ic treatment, making it a strong predictor of 
poor prognosis and treatment failure [33]. 
KRAS/NRAS mutations, frequently seen in 
CRC, are well-known contributors to resistan- 
ce to therapies like EGFR inhibitors. Tumors 

with these mutations tend to be more aggres-
sive and less responsive to conventional treat-
ments, presenting substantial challenges in 
managing CRC [34]. Lymph node metastasis is 
also an important prognostic factor in CRC, as 
it signifies tumor dissemination beyond the pri-
mary site, complicating local disease control, 
which is associated with increased recurrence 
and reduced survival [35]. While each of these 
individual factors has prognostic value, their 
standalone predictive power for treatment 
response was limited. However, their combin- 
ed prediction demonstrated considerably high-
er discriminative ability, reaching an AUC of 
0.881, with a sensitivity of 76.09% and a spe- 
cificity of 86.44%. This suggests that a multi-
factorial model that incorporates multiple clini-
cal and molecular markers is more reliable in 
predicting treatment responses, offering the 
possibility of more personalized treatment 
strategies. The model’s high sensitivity and 
specificity highlight its potential as an im- 
portant clinical tool for predicting treatment 
response in mCRC patients and supporting 
customized treatment plans, ultimately en- 
hancing patient survival rates.

Despite these promising findings, this study 
still has several limitations that warrants fur-
ther attention. The relatively small sample size 
may restrict the broader applicability of our 
findings, and the lack of long-term follow-up 
precludes definitive conclusions regarding the 
durability of response and long-term safety pro-
file. Two key areas merit further investigation. 
First, elucidating the mechanistic underpin-
nings of the observed toxicities is essential for 
developing evidence-based monitoring, which 
is a prerequisite for developing effective man-
agement protocols. Second, enhanced treat-
ment personalization is imperative. Our results 
support the integration of biomarkers such as 
CEA, tumor size, and KRAS/NRAS mutational 
status into predictive models that can optimize 
patient selection and improve therapeutic out-
comes. Therefore, future research should pri-
oritize large-scale, multicenter randomized 
controlled trials with extended follow-up peri-
ods to comprehensively evaluate the long-term 
efficacy and safety of cindilizumab plus XELIRI. 
These studies should also evaluate the effec-
tiveness of mitigation strategies for immune-
related adverse events, ultimately enabling 
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more precise, safe, and effective care for 
patients with advanced colorectal cancer.

Conclusion

Cindilizumab in combination with the XELIRI 
regimen significantly enhances treatment effi-
cacy in patients with advanced colorectal can-
cer. Key predictors of therapeutic response 
include CEA levels, tumor size, KRAS/NRAS 
mutation status, lymph node involvement, and 
treatment modality. The high predictive accu-
racy of the combined model underscores its 
potential as a valuable tool for guiding person-
alized treatment strategies, ultimately improv-
ing patient outcomes and quality of life.
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