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Abstract: Objective: To evaluate the efficacy of FOLFOX regimen combined with cetuximab in the treatment of ad-
vanced colon cancer. Methods: This retrospective study involved 60 patients with primary colon cancer who were 
treated in the PLA Navy Anqing Hospital from January 2022 to February 2023. According to their treatment regimen, 
the patients were divided into a treatment group that received FOLFOX4 combined with cetuximab (n=30), and a 
control group treated with cetuximab alone (n=30). The general data of the two groups were compared, and the 
short-term response rate was assessed by comparing the proportions of complete remission (CR), partial remission 
(PR), stable disease (SD) and progressive disease (PD) between the two groups. In addition, the progression free 
survival (PFS) and overall survival (OS) were compared between the two groups, along with the adverse reactions 
and changes in serum tumor marker (CEA and CA19-9) levels. Result: The observation group showed a significantly 
higher short-term effective rate (CR+PR) compared to the control group (56.67% vs. 23.33%). The PFS and OS 
of the observation group were markedly longer compared to the control group. In terms of adverse reactions, the 
incidence of neutropenia, thrombocytopenia, nausea, vomiting, and diarrhea was similar between the two groups; 
however, the incidence of rash in the observation group was higher. After the treatment, the serum CEA and CA19-9 
levels decreased markedly in both groups, and the observation group demonstrated obviously lower levels than the 
control group (P<0.001). Similarly, the decreases in VEGF-A and VEGFR2 levels in the observation group were more 
significant than those in the control group (all P<0.001). Conclusion: Despite inducing rash, which is controllable, 
the combined therapy of FOLFOX and cetuximab significantly improves short-term efficacy, reduces the levels of 
CEA, CA19-9, VEGF-A and VEGFR2, and extends the PFS and OS of patients, which can be served as an effective 
treatment strategy for advanced colon cancer.
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Introduction

Chemotherapy is an important treatment meth-
od for colon cancer (CCA), significantly improv-
ing patient survival rate [1]. The FOLFOX regi-
men, a combination of folinic acid, 5-fluorouracil 
and oxaliplatin, is a first-line chemotherapy 
regimen for colon cancer. FOLFOX regimen 
inhibits the growth of tumor cells by interfering 
with DNA synthesis and replication. Cetuximab, 
a monoclonal antibody, inhibits the prolifera-
tion and metastasis of tumor cells by spe- 
cifically blocking EGFR signaling pathways. 
However, the effectiveness of chemotherapy in 
CCA has reached a plateau, making the intro-
duction of Cetuximab a promising development 
in targeted therapy for CCA. As a monoclonal 

antibody targeting the EGFR, cetuximab specifi-
cally binds to and blocks the EGFR signaling 
pathway, thereby inhibiting tumor cell growth 
and proliferation. The combination of cetux-
imab with chemotherapy can significantly im- 
prove the prognosis of patients with KRAS wild-
type CCA. The selection of appropriate targeted 
drugs and their optimal combination to enhance 
quality of life has become a major focus of 
ongoing research [2].

Recent clinical trials have increasingly recog-
nized cetuximab as a first-line treatment for 
CCA [3]. However, there is currently no consen-
sus on how to optimize Cetuximab as the most 
optimal treatment for CCA. Additionally, there is 
a lack of research exploring the relationship 
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between Cetuximab and CA19-9 levels, as well 
as drug resistance and progression-free sur-
vival (PFS) in advanced CCA treated with 
Cetuximab combined with first-line chemother-
apy. The high cost of cetuximab combined with 
chemotherapy can also impose a significant 
financial burden on patients, leading to the 
decline of treatment in some eligible patients. 
Therefore, early evaluation of the efficacy of 
cetuximab combined with chemotherapy is of 
great significance in improving clinical predic-
tion and patient confidence in the treat- 
ment. The 2012 European Society for Medical 
Oncology guidelines continued to recommend 
the combination of Cetuximab and FOLFOX as 
the first-line drug for CCA [4].

Tumor markers, substances produced by tumor 
cells or the body in response to them, are cru-
cial for monitoring the occurrence, develop-
ment, and prognosis of tumors, as well as their 
response to treatment. In colorectal cancer, 
CEA and CA19-9 are significant indicators. CEA, 
an acidic glycoprotein, is widely expressed in 
tumor tissue [5]. CA19-9 is a common muci-
nous carbohydrate expressed in the gastroin-
testinal, pancreatic, and other digestive sys-
tems of fetuses, with minimal expression in 
adults. Changes in CEA and CA19-9 are closely 
related to the therapeutic efficacy in tumors, 
making them valuable for evaluating treatment 
outcomes. While CEA and CA19-9 are impor-
tant markers for assessing the effectiveness of 
oxaliplatin treatment, their relationship with 
cetuximab combined chemotherapy, resitance, 
efficacy, and survival time has yet to be re- 
ported.

The combination of Cetuximab with oxaliplatin-
containing regimens remains controversial, 
and there is a lack of clinical research on the 
combination of Cetuximab and FOLFOX in the 
Chinese population, highlighting the need for 
further investigation. To address this gap, this 
study innovatively explored the differences in 
efficacy and safety between combined treat-
ment of cetuximab and FOLFOX and cetuximab 
alone in Chinese CCA patients. It also assessed 
the levels of CEA and CA19-9 in first-line che-
motherapy with Cetuximab and FOLFOX4, ana-
lyzing their correlation with chemotherapy sen-
sitivity and prognosis. These findings provide a 
new theoretical basis for combining cetuximab 
and FOLFOX in treating KRAS wild-type colon 
cancer, offering valuable insights for personal-
ized clinical treatment strategies.

Materials and methods

Research subject

This study retrospectively selected 60 patients 
with primary colon cancer treated at The PLA 
Navy Anqing Hospital from January 2022 to 
February 2023 after obtaining the ethical 
approval from the hospital ethics committee.

Inclusion criteria: (1) Aged 18 years and above; 
(2) Patients with metastatic colorectal cancer 
confirmed histopathologically for the first time 
[6]; (3) Expression of wild-type KRAS in tumor 
tissue; (4) No prior chemotherapy, or at least 6 
months since the last use of adjuvant chemo-
therapy; (5) At least one measurable metastat-
ic lesion confirmed by CT or MRI; (6) Normal 
blood routine, liver and kidney function; (7) 
Expected survival of more than 12 weeks.

Exclusion criteria: (1) Patients with severe heart 
disease, stroke, active infections, etc.; (2) 
Pregnant or lactating women; (3) Known hyper-
sensitivity to cetuximab or any of the pharma-
ceutical ingredients in the FOLFOX regimen.

Research method

According to different treatment protocols, the 
patients received Cetuximab in combination 
with FOLFOX4 regimen were classified into the 
observation group (n=30), and those treated 
with cetuximab alone were classified into the 
control group (n=30).

(1) Control group (CG): Cetuximab (S20240025, 
Taizhou Mabtech Pharmaceutical Co., Ltd.) was 
initially administered at 400 mg/m2 via intrave-
nous infusion for 2 hours, followed by a weekly 
dose of 250 mg/m2, with a maximum drip rate 
of 5 ml/min. To prevent allergic reactions, 30 
minutes before treatment, patients received 
ranitidine (H20045516, Shanghai Hefeng Ph- 
armaceutical Co., Ltd.) 50 mg, dexamethasone 
(H53021084, Longchuan Zhangfeng Pharma- 
ceutical Factory) 5 mg, and diphenhydramine 
(H14022674, Shanxi Zhendong Anxin Bioph- 
armaceutical Co., Ltd.) 50 mg via intramuscular 
injection. During the treatment, patients’ ECG, 
blood pressure, and blood oxygen levels were 
continuously monitored.

(2) Observation group (OG): Oxaliplatin (H2013- 
3094, Harbin Pharmaceutical Group Bioeng- 
ineering Co., Ltd.) was intravenously adminis-
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tered at a dose of 85 mg/m2 on day 1 for 2 
hours.

Calcium folinate (H20044159, Youcare Phar- 
maceutical Group Co., Ltd.) was intravenously 
administered at a dose of 200/m2 on days 1-2, 
over 2 hours.

Flumurizine (H21024236, Liaoning Xingao Phar- 
maceutical Co., Ltd.) was intravenously admin-
istered at a dose of 400/m2 on day 1 for 4 
hours.

The regimen in both groups was repeated every 
2 weeks, with efficacy evaluations every 8 we- 
eks. Patients were withdrawn from the clinical 
study if their disease progressed.

(3) Data collection: Data collected from the 
study subjects included age, pathology, primary 
lesion morphology, KRAS gene status, adverse 
reactions (ARE) after treatment, treatment effi-
cacy, and subsequent survival rates.

The therapeutic effect was evaluated accord- 
ing to RECIST 1.0 criteria. Complete remission 
(CR): Complete disappearance of the target le- 
sion; Partial remission (PR): A reduction of more 
than 30% in the sum of the longest diameters 
(LD) of the target lesion compared to baseline; 
Progressive disease (PD): An increase of more 
than 20% in the LD of the target lesion com-
pared to baseline, or the appearance of new 
lesions; Stable disease (SD): The lesion neither 
shrinks sufficiently to qualify as PR nor grows 
enough to qualify as PD. Treatment effective 
rate was defined as the sum of CR and PR. The 
control rate was defined as CR+PR+SD. The tox-
icity and side effects of the treatment we- 

E04763h, Wuhan Huamei, China), were also 
detected by ELISA.

Statistical analysis

SPSS 26.0 was used for data analysis. Mea- 
surement data were recorded as 

_
x±sd, and 

t-test was performed for inter-group compari-
son. Enumeration data were recorded as n (%), 
and χ2 test was performed for comparison 
between the two groups. Kaplan-Meier method 
was used to plot the overall survival curve over 
time. A p-value of less than 0.05 (P<0.05) was 
considered statistically significant.

Result

Comparison of baseline data between the two 
groups

As shown in Table 1, there were no statistical 
differences in sex, age, lesion morphology, or 
KRAS gene mutation status between the two 
groups (all P>0.05), indicating that the two 
groups were comparable.

Comparison of short-term efficacy and survival 
between the two groups

As shown in Figure 1, the OG showed signifi-
cantly higher rates in CR and PR compared to 
the CG, resulting in significantly higher total 
response rate.

The progression-free survival (PFS) and overall 
survival (OS) were compared between the two 
groups (Table 2; Figure 2). The mean PFS in CG 
was 6.0±1.95 months, which was significantly 
shorter than 8.1±3.01 months in OG (P=0.03). 
The mean OS in CG was 17.8±5.15 months, 

Table 1. Comparison of baseline data between the two groups
Clinical features Group

p 
Characteristic Category CG (n=30) OG (n=30)
Gender Male 21 22 0.658

Female 9 8
Age (yrs) 60.4±5.33 60.7±4.71 0.865
Lesion morphology Protruded type 11 12 0.756

Ulcerative type 12 11
Infiltrative type 7 7

KRAS gene mutation KRAS-wild 21 22 0.867
KRAS-mutant 9 8

CG: control group; OG: observation group; KRAS: Kirsten rat sarcoma viral onco-
gene.

re evaluated according to the 
NCI-CTC3.0 standard.

Serum levels of CEA (CSB-E04- 
767h, Wuhan Huamei, China) 
and CA19-9 (CSB-E04773h, 
Wuhan Huamei, China) were 
measured using an enzyme 
linked immunosorbent assay 
(ELISA) according to the manu-
facturer’s instructions.

The serum levels of angiogen-
esis related indicators, VEGF 
(CSB-E11718h, Wuhan Hua- 
mei, China,) and VEGFR2 (CSB- 
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also significantly shorter than 22.6±5.17 mon- 
ths in OG (P=0.01).

Comparison of AREs between the two groups

As shown in Table 3, rash occurred in most 
patients of the OG (70%) but absent in CG 
(P<0.0001). However, no significant differenc-
es were observed in other ARES, such as neu-
tropenia (P=0.684), thrombocytopenia (P= 
0.568), nausea and vomiting (P=1.000), or 
diarrhea (P=0.647).

Changes in serum tumor markers CEA and 
CA19-9 levels

As shown in Table 4, there were no significant 
differences in pretreatment CEA (45.4±7.66 
ng/mL vs. 43.2±8.43 ng/mL) and CA19-9 
(72.1±12.13 U/mL vs. 75.4±15.93 U/mL) lev-
els between the OG and CG (P=0.521, 0.416). 

Discussion

According to literature reports, the mutation 
rate (MRA) of KRAS gene in colorectal cancer 
ranges from 35% to 45% [7]. Studies have 
shown that the expression level of KRAS in 
colorectal cancer is closely related to the thera-
peutic effect of Cetuximab [8]. Research has 
found that patients with KRAS wild-type have 
significantly longer survival and PFS compared 
with patient with KRAS mutations [9, 10]. This 
study found that the overall MRA of the KRAS 
gene is 32.4%, aligning with the mutation char-
acteristics of the KRAS gene in Chinese popula-
tion. At present, there is still significant contro-
versy regarding the relationship between KRAS 
mutations and the clinical pathological charac-
teristics of colorectal cancer. Wang et al. con-
ducted a KRAS profiling analysis on 454 
Chinese colorectal cancer patients and found 
that the frequency of KRAS gene mutations in 
patients over 60 years markedly exceeded that 
in patients younger than 60 years [11]. Wang et 
al. proposed that the KRAS gene mutation fre-
quency in CCA patients with lung metastasis 
(LME) was higher than those without LME [12]. 
Research shows that the KRAS gene has a 
higher mutation frequency in women [13].

Numerous clinical trials have confirmed that 
Cetuximab+FOLFOX4 can be used as a first-line 
treatment regimen for KRAS wild-type CCA. 

Figure 1. Comparison of recent therapeutic effects. CG: control group; OG: 
observation group.

Table 2. Comparison of survival data between 
the two groups
Group PFS (months) OS (months)
CG 6.0±1.95 17.8±5.15
OG 8.1±3.01 22.6±5.17
t 3.207 3.603
p 0.03 0.01
PFS: progression-free survival; OS: overall survival; CG: 
control group; OG: observation group.

However, after the treatment, 
the serum CEA level and 
CA19-9 level in OG were sig-
nificantly lower than those in 
the CG (CEA: 9.3±1.62 ng/mL 
vs. 24.5±3.58 ng/Ml; CA19-9: 
31.4±5.69 U/Ml vs. 50.1± 
12.25 U/Ml) (all P<0.0001).

Comparison of angiogenesis 
indicators between the two 
groups

As shown in Table 5, there 
were no significant differenc-
es in VEGF-A and VEGFR2 lev-
els between the two groups 
before treatment. After treat-
ment, the decrease in VEGF-A 
and VEGFR2 levels in the OG 
was more significant than 
those in OG (both P<0.0001).
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Figure 2. Overall survival curves. A: Progression free survival curve; B: Overall survival curve. CG: control group; OG: 
observation group.

Table 3. Comparative AREs between the two groups [n (%)]
Rash Neutropenia Thrombocytopenia Nausea and vomiting Diarrhea

CG 0 18 (60%) 8 (26.67%) 7 (23.33%) 6 (20%)
OG 21 (70%) 20 (66.6%) 7 (23.33%) 7 (23.33%) 7 (23.33%)
x2 - 0.287 0.089 - 0.098
p 0.000 0.684 0.568 1.000 0.647
CG: control group; OG: observation group; ARE: adverse reactions.

Table 4. Comparison of serum levels of CEA and CA19-9 between the two groups [n (%)]

Group n
CEA CA19-9

Before treatment After treatment Before treatment After treatment
OG 30 45.4±7.66 24.5±3.58 72.1±12.13 50.1±12.25
CG 30 43.2±8.43 9.3±1.62 75.4±15.93 31.4±5.69
t 0.884 4.245 0.821 6.428
P 0.521 <0.001 0.416 <0.001
CG: control group; OG: observation group; CEA: carcinoembryonic antigen.

Table 5. Comparison of serum levels of VEGF and VEGFR2 between the two groups (
_
x±sd)

Group n
VEGF/(pg·mL-1) VEGFR2/(μmol·mL-1)

Before treatment After treatment Before treatment After treatment
OG 30 814.31±71.66 532.77±58.57 480.77±51.33 301.77±35.63
CG 30 805.33±72.45 635.33±60.18 472.11±43.25 340.35±41.85
t 0.483 6.689 0.707 3.845
P 0.631 <0.001 0.483 <0.001
CG: control group; OG: observation group; VEGF: vascular endothelial cell growth factor; VEGFR2: vascular endothelial growth 
factor receptor 2.

OPUS trials have shown that the combination of 
Cetuximab and FOLFOX4 can significantly en- 

hance efficacy and improve PFS. The combina-
tion of these two drugs extended the overall 
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survival period of patients by 4 months com-
pared to their single use [13]. Studies have 
found that Cetuximab+FOLFIRI combined with 
FOLFOX can significantly improve the remission 
rate of tumors. The combination of Cetuximab 
and FOLFOX chemotherapy has shown poten-
tial in shrinking tumors, making previously inop-
erable refractory colorectal cancer amenable 
to surgical intervention FOLFOX [14]. Ma et al. 
also found that the efficacy of Cetuximab+ 
FOLFOX was significantly better than that of 
bevacizumab+FOLFOX. But the results of COIN 
and NORDIC VII were both negative, indicating 
that the combination of Cetuximab and FOLFOX 
is not more effective than using FOLFOX alone 
[15]. However, both clinical trials mentioned 
above have design flaws, and therefore their 
conclusions have been questioned by many 
scholars. There is currently no consensus on 
whether Cetuximab combined with FOLFOX4 
can be used as a first-line treatment for KRAS 
wild-type CCA.

Early clinical exploration has confirmed that the 
combination of cetuximab and FOLFOX4 regi-
men can significantly improve the survival rate 
of KRAS wild-type cholangiocarcinoma (CCA) 
patients, laying a solid foundation for this com-
bination therapy as a first-line treatment for 
KRAS wild-type CCA [16]. This article focus- 
es on the combined effect of cetuximab and 
another chemotherapy combination FOLFOX3. 
Research data showed that in the observation 
group, patients treated with this combination 
regimen had a progression free survival (PFS) 
of 8.1±3.01 months and an overall survival 
(OS) of 22.6±5.17 months. Both key survival 
indicators showed significant advantages over 
the control group. According to authoritative lit-
erature at home and abroad, the efficacy of 
cetuximab as a first-line treatment in relevant 
tumor populations fluctuates between 44% and 
77%, and the reported progression free surviv-
al generally ranges from 8 to 12 months [17]. 
The PFS data in this study are consistent with 
this range, further validating the clinical effi- 
cacy of the combination of cetuximab and 
FOLFOX3 regimen. It is worth noting that the 
majority of patients in this study exhibited high 
treatment compliance and were able to strictly 
adhere to the trial protocol, which is one of the 
key factors for successful treatment.

In this study, the patient’s side effects mainly 
included rash, hematotoxicity, nausea, vomit-

ing, and diarrhea, with most of the side effects 
being mild and manageable. The outcomes 
demonstrated that the incidence of rash in the 
combination therapy group was 75.0%, aligning 
with most current literature reporting an overall 
prevalence of rash around 80% [18]. There was 
no significant difference in the incidence of 
other AREs. Additionally, no significant pulmo-
nary toxicity reactions were found in this study. 
This may be because that all patients under-
went strict anti-allergic preventive treatment 
before receiving Cetemovir.

Carcinoembryonic antigen (CEA) is a soluble 
acidic glycoprotein with six antigenic determi-
nants [19]. It is present on tumor cells originat-
ing from endodermal tissues and can be 
detected in various bodily fluids such as blood 
and cerebrospinal fluid. CEA levels are general-
ly low in healthy individuals but can be elevated 
in cases of benign liver diseases and in those 
with a history of smoking and drinking. CEA is a 
widely used tumor marker, particularly in color- 
ectal cancer, where its positive rate ranges 
from 40% to 70%. It serves as a crucial indica-
tor for prognosis, therapeutic response, and 
recurrence [19]. However, CEA testing can pro-
duce false positives and negatives, and its 
specificity is limited. Studies have shown that 
CEA levels correlate with colorectal cancer 
staging, with higher levels indicating advanced 
stages (e.g., 37% of patients with CEA>20 ng/
ml are in stage D) [20]. Additionally, patients 
with high preoperative CEA levels have a signifi-
cantly higher chance of postoperative recur-
rence [21]. CA19-9 is a glycosylated substance 
associated with the Lewis blood group. It is 
expressed in the gastrointestinal tract and pan-
creas but minimally expressed in healthy adults 
[22]. CA19-9 levels are particularly high in pan-
creatic cancer (71-93%), making it a valuable 
marker in this context. Elevated CA19-9 levels 
are linked to poor prognosis and higher recur-
rence rates in patients with cholangiocarcino-
ma (CCA) [23]. Although the sensitivity of CA19-
9 for early diagnosis of CCA is low, combining 
CA19-9 with other markers like CEA improves 
diagnostic accuracy [24]. Our research demon-
strated that the combination of CEA and CA19-
9 provides high sensitivity (85.86%) and speci-
ficity (96.78%) in diagnosing colorectal cancer. 
In clinical trials, the FOLFOX regimen combined 
with cetuximab significantly reduced CEA and 
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CA19-9 levels post-treatment, indicating its 
effectiveness.

VEGF-A is a key angiogenic factor that promotes 
the proliferation, migration and survival of vas-
cular endothelial cells, thereby facilitating neo-
vascularization. VEGFR2 is the primary recep-
tor of VEGF-A, and their interaction activates 
several signaling pathways that promote angio-
genesis and increase vascular permeability. 
Therefore, reducing the levels of VEGF-A and 
VEGFR2 can effectively inhibit angiogenesis, 
potentially slowing tumor growth and metas- 
tasis.

After treatment, VEGF-A and VEGFR2 levels 
decreased significantly more in the observation 
group than in the control group, suggesting that 
FOLFOX4 combined with cetuximab was more 
effective at inhibiting angiogenesis than cetux-
imab alone. In this study, the FOLFOX4 plus 
cetuximab regimen used in the observation 
group significantly reduced VEGF-A and VEGFR2 
levels, likely due to the synergistic effect of 
both drugs. On the one hand, cetuximab can 
specifically bind to and block VEGFR2, thereby 
inhibiting VEGF-A signaling. On the other hand, 
FOLFOX4 as a chemotherapy regimen can di- 
rectly kill or inhibit the growth of tumor cells, 
thus reducing VEGF-A production by tumor 
cells. This dual effect allowed the observation 
group to achieve more substantial reductions 
in VEGF-A and VEGFR2 levels.

Conclusion

The FOLFOX regimen combined with cetuximab 
has demonstrated significant efficacy in pa- 
tients with advanced CCA, improving short-term 
outcomes, progression-free survival (PFS), and 
overall survival compared to cetuximab alone. 
While the incidence of rash was significantly 
higher in the treatment group, they were toler-
able and manageable, and the incidence of 
other AREs was similar between the groups. 
Notably, this combination therapy effectively 
reduces CAE, CA19-9, VEGF-A and VEGFR2 lev-
els, highlighting its potential advantage. In con-
clusion, the FOLFOX-cetuximab combination is 
a promising treatment strategy for advanced 
CCA, though further research is needed to vali-
date its long-term efficacy and safety.
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