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Qian et al.: Prognosis of Colorectal Cancer under FOLFOX Chemotherapy
To clarify association of epidermal growth factor receptor, human epidermal growth factor receptor 2 with
prognosis of colorectal cancer under FOLFOX chemotherapy. A total of 108 colorectal cancer patients
under FOLFOX chemotherapy in the hospital from October 2017 to October 2019 were chosen as research
subjects. The baseline data of patients were recorded before treatment and levels of serum tumor markers
carcino embryonic antigen and carbohydrate antigen 125 and serum epidermal growth factor receptor
and human epidermal growth factor receptor 2 were measured and recorded. After 6 courses of FOLFOX
chemotherapy, prognosis of patients was observed. The effective patients were included in good prognosis
group and the remaining ones were included in poor prognosis group. The baseline data and laboratory
indicators before treatment were assessed between two groups and association of epidermal growth factor
receptor and human epidermal growth factor receptor 2 with prognosis of colorectal cancer under FOLFOX
chemotherapy was evaluated. Among 108 colorectal cancer patients completing FOLFOX chemotherapy,
18 (16.67 %) had complete response, 29 (26.85 %) had partial response, 37 (34.26 %) had stable disease
and 24 (22.22 %) had progressive disease and 56.48 % (61/108) had poor prognosis. Carcino embryonic
antigen, carbohydrate antigen 125, epidermal growth factor receptor and human epidermal growth factor
receptor 2 in poor prognosis group presented elevation relative to those in good prognosis group, with
statistical significance (p<0.05). Logistic regression analysis demonstrated that carcino embryonic antigen,
carbohydrate antigen 125, epidermal growth factor receptor and human epidermal growth factor receptor
2 had association with prognosis of colorectal cancer under FOLFOX chemotherapy (odds ratio >1, p<0.05).
The receiver operating curve demonstrated that area under curve of serum epidermal growth factor receptor
and human epidermal growth factor receptor 2 levels before treatment alone and in combination to predict
prognosis of colorectal cancer under FOLFOX chemotherapy were 0.709, 0.766 and 0.828, respectively, all
of which had certain predictive value. The up regulation of serum epidermal growth factor receptor and
human epidermal growth factor receptor 2 may be a risk factor for unfavourable prognosis of colorectal
cancer under FOLFOX chemotherapy, which can be used for predicting prognosis of colorectal cancer
under FOLFOX chemotherapy.
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Colorectal Cancer (CRC), with high mortality, ranks
fifth globally. Nevertheless, CRC patients are generally
diagnosed late and most patients have distant metastasis
or advanced stages when they are diagnosed, not
suitable for surgical therapy[1]. FOLFOX chemotherapy
based on fluorouracil and with a high objective

response rate, is the most widely applied chemotherapy
regimen for CRC[2]. It makes optimization of FOLFOX
chemotherapy a research hotspot in therapy for CRC
and it is essential to evaluate and predict patients before
treatment. Nevertheless, chemotherapy efficacy is
regulated by many factors, and it is difficult to predict
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prognosis of FOLFOX chemotherapy. Epidermal
Growth Factor Receptor (EGFR) and Human Epidermal
Growth Factor Receptor 2 (HER2) are the most
researched markers in recent years. Among them, EGFR
is a trans membrane glycoprotein with cytoplasmic
tyrosine kinase activity, which may get involvement in
tumor survival, invasion, metastasis, angiogenesis and
other pathogenic mechanisms[3]. At present, there are
multiple reports related to EGFR. EGFR affects triplenegative breast cancer tumor cell proliferation, invasion
and migration and has relation to tumor prognosis[4].
HER2 has biological functions such as regulating cell
proliferation, differentiation, apoptosis, etc., exerting a
crucial role in occurrence and development of multiple
malignancies[5]. HER2 has certain value as a target
for breast cancer diagnosis and therapy in clinical
breast cancer patients[6]. Nevertheless, there are few
relevant reports on whether EGFR and HER2 can be
applied to predict prognosis of CRC under FOLFOX
chemotherapy. Based on this, our research evaluated
association of EGFR and HER2 with prognosis of CRC
under FOLFOX chemotherapy, providing a reference
for optimization of subsequent CRC therapeutic plans.

MATERIALS AND METHODS
General data:
A total of 108 CRC patients receiving FOLFOX
chemotherapy in the hospital from October 2017
to October 2019 were chosen as research subjects,
including 61 males and 47 females, aged 36 y-69 y
old, mean (57.00±6.26) y old; Body Mass Index (BMI)
18.72-24.97 kg/m2, mean (22.41±0.85) kg/m2; tumor
location 44 cases of colon and 64 cases of rectum;
Tumor, Nodes and Metastases (TNM) stage[7] 37 cases
of stage III and 71 cases of stage IV.
Inclusion and exclusion criteria:
Inclusion criteria: All met the diagnostic criteria in
the clinical practice guidelines for colon and rectal
cancers 2017 edition published online by the National
Comprehensive Cancer Network[8]; confirmed as CRC
by endoscopy; solitary; Karnofsky Performance Scale
(KPS)[9] score ≥70 points and eligible for chemotherapy.
Exclusion criteria: Recurrence; severe liver injury;
complicated with infectious diseases; intolerance to
FOLFOX chemotherapy; allergy to study drugs and
had received relevant therapy before enrollment.
Methods:
Data collection methods and laboratory indicator
detection methods: The baseline data of patients were
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collected, including gender, age, TNM stage, tumor
diameter, tumor location, etc. Before treatment, 2 ml
of fasting venous blood was collected and centrifuged
at 4000 r/min for 10 min. A Chemiluminescence
Immunoassay (CLIA) analyzer (Abbott AXSYM,
USA) determined serum Carcino Embryonic Antigen
(CEA) and Carbohydrate Antigen (CA) 125 levels
through CLIA. Before treatment, 2 ml of fasting venous
blood was collected and centrifuged at 3000 r/min for
12 min. The kits provided by Shanghai Enzyme Linked
Bio detected serum EGFR and HER2 through EnzymeLinked Immunosorbent Assay (ELISA).
Treatment methods: FOLFOX chemotherapy
was implemented, 4 w as a course of treatment, a
total of 6 courses of treatment. On the 1st d of each
course of treatment, 100 mg/m2 oxaliplatin (G. Y. Z.
Zi. H20123347, Shandong Luoxin Pharmaceutical
Group Stock co., ltd.); specification 100 mg was
intravenously infused for 2 h. On the 1std-5th d, 200
mg/m2 tetrahydrofolic acid (G. Y. Z. Zi. H20113120,
Youcare Pharmaceutical Group; specification: 100 mg)
and 500 mg/m2 5-fluorouracil (G. Y. Z. Zi. H31020593,
Shanghai Xudong Haipu Pharmaceutical Co., Ltd.;
specification: 0.25 g) were intravenously infused.
Prognosis assessment methods and grouping
methods: After completion of FOLFOX chemotherapy,
efficacy was evaluated according to the Response
Evaluation Criteria In Solid Tumors (RECIST)
Guidelines (Version 1.1)[10]. Tumor tissue completely
disappeared and lasted for over 1 mo, which was a
Complete Response (CR); product of tumor tissue
maximum diameter and vertical diameter decreased by
over 50 %, without new lesions and lasted for over 1
mo, which was a Partial Response (PR); product of two
diameters decreased by <50 % but new lesions were
<25 % and lasted for over 1 mo, which was a Stable
Disease (SD); product of two diameters of new lesions
was >25 %, which was a Progressive Disease (PD);
total effectiveness=CR+PR. The effective patients were
included in good prognosis group and the remaining
ones were included in poor prognosis group.
Statistical analysis:
Statistical Package for Social Sciences (SPSS) 24.0
software was used for data processing. Measurement
data were tested through Shapiro-Wilk normality
test, exhibited by normal distribution and expressed
as, using independent samples t test between groups.
Enumeration data were expressed as percentages using
the χ2 test and rank data using rank sum test. Logistic
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regression evaluated association of EGFR and HER2
with prognosis of CRC under FOLFOX chemotherapy.
The Receiver Operating Curve (ROC) was drawn to
obtain Area Under Curve (AUC) and value of serum
EGFR and HER2 levels before treatment for predicting
risk of poor prognosis of CRC under FOLFOX
chemotherapy was assessed. AUC value >0.9 meant
high predictive performance, 0.71-0.90 meant certain
predictive performance and 0.5-0.7 meant poor
predictive performance. p<0.05 meant that difference
was statistically significant.

with prognosis of CRC under FOLFOX chemotherapy
(Odd Ratio (OR) >1, p<0.05, Table 2).

RESULTS AND DISCUSSION

CRC, the third largest malignancy in the world, with
high morbidity and mortality, is an urgent problem to
be solved[11]. Chemotherapy is one of the main therapy
methods for patients. FOLFOX is a widely applied
chemotherapy regimen in CRC patients, which can
effectively kill tumor cells and has a high therapeutic
efficacy[12]. Thus, how to better predict prognosis of
CRC patients under FOLFOX chemotherapy exerts a
crucial role, beneficial to guide adjustment of program
and improve prognosis.

CEA, Cancer Antigen 125 (CA-125), EGFR and HER2
in poor prognosis group presented elevation relative
to those in good prognosis group, with statistical
significance (p<0.05, Table 1).
The variables with statistical significance in comparison
results were included as independent variables and
prognosis of CRC under FOLFOX chemotherapy was
used as dependent variable (1=poor prognosis, 0=good
prognosis). CA125, EGFR and HER2 had association

Taking prognosis of CRC under FOLFOX
chemotherapy as a status variable (1=poor prognosis,
0=good prognosis) and taking serum EGFR and HER2
levels before treatment as test variables, ROC curve
was drawn as shown in fig. 1. The AUCs of EGFR
and HER2 levels alone and in combination to predict
prognosis of CRC under FOLFOX chemotherapy were
0.709, 0.766 and 0.828, respectively, all of which had
certain predictive value as shown in Table 3.

TABLE 1: BASELINE DATA AND LABORATORY INDICATORS IN TWO GROUPS
-

Poor prognosis
group (n=61)

Good prognosis
group (n=47)

Statistics

p

Male

36 (59.02)

25 (53.19)

χ2=0.366

0.545

Female

25 (40.98)

22 (46.81)

57.13±6.42

56.83±6.10

t=0.247

0.805

III

20 (32.79)

17 (36.17)

Z=0.366

0.715

IV

41 (67.21)

30 (63.83)

5.52±0.63

5.37±0.60

t=1.324

0.188

Colon

23 (37.70)

21 (44.68)

χ2=0.535

0.465

Rectum

38 (62.30)

26 (55.32)

CEA (x̄±s, ng/ml)

33.54±3.25

29.58±3.06

t=6.421

<0.001

CA125 (x̄±s, IU/ml)

5.75±0.61

5.13±0.55

t=5.508

<0.001

EGFR (x̄±s, mg/l)

7.54±0.85

6.95±0.72

t=3.835

<0.001

HER2 (x̄±s, mg/l)

9.78±1.13

8.66±0.91

t=5.553

<0.001

Factors
Gender [n (%)]
Age (x̄±s, years)
TNM [n (%)]
Tumor diameter
(x̄±s, cm)
Tumor location [n
(%)]

TABLE 2: THE ASSOCIATION OF EGFR AND HER2 WITH PROGNOSIS OF CRC UNDER FOLFOX
CHEMOTHERAPY
Factors

B

SE

Wald

p

OR

95 % CI

Constant

-46.724

9.83

22.595

<0.001

-

-

CEA

0.534

0.145

13.632

<0.001

1.706

1.285-2.266

CA125

2.281

0.621

13.511

<0.001

9.791

2.901-33.048

EGFR

1.196

0.469

6.507

0.011

3.306

1.319-8.286

HER2

1.027

0.323

10.084

0.001

2.792

1.481-5.261
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Fig. 1: ROC curve of EGFR and HER2 predicting prognosis of CRC under FOLFOX chemotherapy
Note: (
): EGFR; (
): HER2; (
): Combined and (
): Reference line

TABLE 3: SERUM EGFR AND HER2 BEFORE TREATMENT PREDICTED PROGNOSIS OF CRC UNDER
FOLFOX CHEMOTHERAPY
Factors

AUC

Cut-off value

95 % CI

p

Specificity

Sensitivity

Youden index

EGFR

0.709

7.1

0.613-0.806

<0.001

0.66

0.705

0.365

HER2

0.766

8.845

0.678-0.855

<0.001

0.681

0.721

0.402

Combination

0.828

-

0.751-0.905

<0.001

0.787

0.754

0.541

Herein, among 108 CRC patients completing FOLFOX
chemotherapy, 56.48 % had unfavorable prognosis.
It suggests that prognosis of CRC after FOLFOX
chemotherapy still needs to be improved and it is
necessary to analyze related prognostic factors after
FOLFOX chemotherapy. EGFR is a multifunctional
glycoprotein, which is distributed in cell membranes of
various tissues of human body. It can promote survival,
differentiation, adhesion and movement of cancer cells
under mediation of signal transduction pathways and
can also repair damaged cancer cells, which may have
relation to treatment efficacy and prognosis of CRC
patients[13]. EGFR activation gets involvement in signal
transduction pathways regulating cell proliferation,
differentiation and survival, is overexpressed in a variety
of epithelial-derived tumors, and has association with
unfavorable prognosis of cancer patients[14]. HER2 is a
proto-oncogene, a member of Erythroblastic Leukemia
Viral Oncogene Homologue (ERBB) family. The
protein encoded by HER2 has a special structure, that
is, it does not bind ligands, but can form heterodimers
through binding to other ERBB family members,
28

stimulating enhancement of tyrosine kinase activity and
activating downstream signaling pathways, which may
have relation to tumor occurrence and development[15].
The rate of microsatellite unstable mutation in advanced
breast cancer with high HER2 expression is also quite
high, and loss of microsatellite heterozygosity may have
relation to angiogenesis[16]. Nevertheless, association
of EGFR and HER2 with CRC also lacks a relatively
unified opinion, thus further research is needed.
Herein, EGFR and HER2 in poor prognosis group
presented elevation relative to those in good prognosis
group. EGFR and HER2 had relation to prognosis of
CRC under FOLFOX chemotherapy. The reason may
be that EGFR is widely distributed on cell membranes
of various tissues. As a multifunctional glycoprotein,
it can bind to corresponding ligands such as EGF,
Transforming Growth Factor (TGF), etc., to form a
dimer, which attaches to cell surface, activates protein
kinases and transmits signals through phosphorylation
via binding to its own ligands, mediating cell
differentiation, survival, migration, invasion, adhesion,
repair of cell damage, etc.[17]. High serum EGFR level
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means more EGFR activation, which facilitates rapid
proliferation of malignant tumor cells, increases new
blood vessels, accelerates tumor metastasis, suppresses
apoptosis of cancer cells and aggravates degree of
malignancy, which may affect prognosis of CRC
patients[18]. EGFR can stimulate malignant tumor cell
proliferation, which has relation to tumor progression
and it exerts a vital role in malignant outcome of
malignant tumor patients[19]. HER2 is a transmembrane
glycoprotein with tyrosine kinase activity repressing
cell apoptosis. It suppresses cancer cell apoptosis,
accelerates cancer cell proliferation, facilitates new
blood vessel formation and enhances cancer cell
invasive ability, affecting prognosis of chemotherapy[20].
By combining the Ras/Mitogen-Activated Protein
Kinase (MAPK) signaling pathway, HER2 can
stimulate proliferation, differentiation and metastasis of
cancer cells, and aggravate CRC progression[21]. HER2
is overexpressed in gastric cancer and has association
with disease progression and prognosis[22].
Additionally, herein, ROC curve was drawn. AUCs
of pre-treatment serum EGFR and HER2 levels alone
and in combination to predict prognosis of CRC under
FOLFOX chemotherapy were 0.709, 0.766 and 0.828,
respectively, all of which had certain predictive value.
Nevertheless, this research did not assess association
of EGFR and HER2 with long-term prognosis of CRC
under FOLFOX chemotherapy, which has certain
limitations, and follow-up time should be extended to
continue the research.
In conclusion, up-regulation of serum EGFR and
HER2 may be a risk factor for unfavourable prognosis
of CRC under FOLFOX chemotherapy, which can be
used for predicting prognosis of CRC under FOLFOX
chemotherapy.
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