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Abstract

Background and aim:
Several aspects of the correlation between colon cancer and hemostatic markers are still unknown to many researchers in the �eld. In this study, we
evaluated the association between serum �broblast growth factor 21 (FGF21) level and colon cancer.

Methods
This study included 424 patients with colon cancer (mean age 67.79 years; 37.97% female 62.03% male). Serum FGF21 levels were quanti�ed by a
sandwich enzyme-linked immunosorbent assay.

Results
Patients with negative lymph nodes or venous invasion showed a signi�cantly lower serum FGF21 level than their counterparts (all P < 0.001). Higher
serum concentrations of FGF-21 were statistically signi�cantly associated with greater odds of developing lymph nodes or venous invasion. After
adjusting for potential confounders and when compared with the lowest quartile of FGF-21, the adjusted ORs (95% CIs) for venous invasion in the third
and fourth quartile were 2.59 (95% CI, 1.17–5.76) and 18.43 (95% CI, 8.11–41.89), respectively (both P < 0.05). ROC analysis revealed that serum FGF21
level higher than 462.21 pg/ml suggested the occurrence of venous invasion.

Conclusions
Serum FGF21 level was an independent risk factor for lymph nodes or venous invasion in Chinese patients with resectable colon cancer. The risk of
venous invasion increased 16 times when the serum FGF21 level higher than 462.21 pg/ml.

Introduction
Colorectal cancer (CRC) is the third most common diagnosis and second deadliest malignancy for both sexes combined. Age, genetic and environmental
factors play a major role in the development of colorectal cancer. The incidence and mortality of colon cancer have decreased in the targeted population.
But unfortunately, the incidence and mortality of CRC in the young adults below the age of 50 have been increasing over the last 25 years, possibly related
to an increase in cancer screening and better therapy modalities[1, 2]. In China, the incidence of CRC is increasing rapidly and it is now ranked �fth in terms
of morbidity and mortality among all malignancies[3].

It was widely known that tumor cells are characterized by high demand for adenosine triphosphate (ATP) to maintain REDOX state and produce energy [4,
5]. The activity of pentose phosphate pathway in cancer cells was enhanced and the amount of pyruvate decreased, which slowing down the rate of
tricarboxylic acid cycle and resulting in the decrease of ATP production [4, 5]. Low ATP production in cancer cells, coupled with high energy demand,
stimulated aerobic glycolysis (Warburg effect), accelerated glucose uptake, and increases the expression of proteins related to glucose transport [4].
Notably, it was reported that glucose transporter inhibitors used in cancer treatment could inhibit cancer cell growth and, in some cases, induce cancer cell
death [6].

Fibroblast growth factor 21 (FGF21) is a polypeptide with 210 amino acids, which is preferentially produced in the liver and plays a signi�cant role in
atherosclerosis formation, regulating glucose and lipid metabolism, and insulin sensitivity[7]. Several epidemiological studies reported the increased serum
level of FGF21 in patients with obesity, diabetes, and metabolic syndrome[8]. Recent studies have shown that FGF-21 could regulate diseases related to
glucose metabolic disorder by inhibiting the expression of SGLT1[9]. Guo et al also found that SGLT1 over expressed in colon cancer cells[10]. However, a
limited number of studies have discussed the association between FGF21 and CRC in Chinese patients with resectable colon cancer. The current research
was conducted to assess the difference in the serum FGF21 level in patients with different venous invasion and lymph invasion status, and to evaluate the
value of this serum marker for hinting venous invasion or lymph invasion positivity in Chinese patients with resectable colon cancer.

Methods
Study Population       

A number of 424 patients with colon cancer admitted to The Second A�liated Hospital of Nantong University from January 2019 to October 2021 were
included in this study.  Data related to the patients’ sex, age, height, weight, duration, and history of smoking, drinking, coronary artery disease and cerebral
apoplexy were collected. The body mass index (BMI) was calculated as the weight in kilograms divided by height in meters squared. 

Inclusion and Exclusion criteria

The patients received anticoagulant or anti-PLT therapy and the patients suffering from liver, hematologic, rheumatologic, cardiac, or renal diseases were
excluded. The results of physical tests and routine laboratory tests along with diagnostic imaging (computed tomography and positron emission
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tomography), biopsies, and postoperative pathology reports were used to evaluate the study participants.

Patient medical records for the current study included postoperative histopathological reports for tumors, lymph node involvement (negative or positive),
and venous invasion (negative or positive) were collected. And none of the participants had received preoperative chemotherapy, radiotherapy or
immunotherapy.

Laboratory Measurements

Blood samples were collected from an antecubital vein for measuring the levels of total cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), blood urea nitrogen (BUN), serum creatinine (Cr), uric acid (UA), fasting plasma glucose
(FPG) and 2-h postprandial blood glucose (PPG) by an enzymatic method with an automatic biochemical analyzer (Cobasc701, Roche Inc., Basel,
Switzerland). The serum FGF21 level was determined by enzyme-linked immunosorbent assay (ELISA). The intratumoral and intratumoral differences
were 7.8% and 9.1%, respectively. Continuous dilution of recombinant FGF21 was used as the standard. Repeated measurements were carried out for all
samples. All the patients were divided into quartiles according to their serum FGF21 level (pg/mL) as follows: Q1 (Quartile 1, FGF21<268.44), Q2 (Quartile
2, 268.44≦FGF21<393.78, Q3 (Quartile 3, 393.78≦FGF21<507.86), and Q4 (Quartile 4, FGF21≧507.86).

Statistical Analysis

SPSS 16.0 software (IBM, Armonk, NY, USA) was used to carry out statistical analysis. Data were expressed as mean±standard deviation (SD) for
continuous variables and percentages (%) for categorical variables. Differences between the groups were analyzed by the Kruskal-Wallis test for normally
distributed data, as well as the Chi-square test for categorical data. Multivariable logistic regression analysis was performed to evaluate the odds ratio
(OR) and associated factors. We calculated the OR with 95% con�dence interval (CI) of lymph node involvement or venous invasion associated with FGF
21 in three logistic regression models: a non-adjusted model, age, sex-adjusted model, and a multivariable regression model adjusted for all variables (P <
0.05). After the analysis of correlation, receiver operating characteristic (ROC) curve was used to �nd the cut-point of FGF 21 to predict venous invasion
positivity and lymph node positivity. Two-tailed P < 0.05 was considered statistically signi�cant.

Results
Between January 2019 to October 2021, a total of 424 patients with colon cancer were enrolled in this study. Overall, the study population (263 males
and 161 females) had a mean age of 67.79±10.18 years old, and the median serum level of FGF21 was 393.78 pg/mL, with an interquartile range of
268.44–507.86pg/ml. Characteristics of patients with colon cancer were presented in Table 1.

Table 1. Characteristics of patients with colon cancer
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Characteristics Value

Case (male/female) 424 (263/161)

Age (year) 67.79±10.18

BMI (kg/m2)  23.62±2.70

Smoking (%) 12.26

Drinking (%) 11.56

Coronary artery disease (%) 0.94

Cerebral infraction (%) 4.48

FPG (mmol/L) 5.96±1.90

PPG (mmol/L) 9.29±1.92

BUN (mmol/L) 5.37±1.94

Cr (μmol/L) 66.03±18.14

UA (μmol/L) 265.28±111.66

TC (mmol/L) 3.63±0.76

TG (mmol/L) 1.38±0.54

HDL (mmol/L) 1.17±0.29

LDL(mmol/L) 2.20±0.45

Leukocytes (×109/L) 4.60±2.85

Platelet counts (/mm3) 225.33±86.32

FGF21(pg/mL) 403.54±179.21

BMI, body mass index, FGF21, �broblast growth factor-21

Difference in clinical characteristics of patients with lymph nodes (negative orpositive) and venous invasion (negative or positive)

 This study compared lymph nodes (negative and positive) and venous invasion (negative and positive) in Chinese colon cancer patients’ post-operation.
Table 2 indicated that there were signi�cant differences in serum level of FGF21 and platelet counts between patients with and without venous invasion,
as well as differences in serum level of FGF21 and LDL between patients with and without lymph nodes.  The results show the patients with negative
lymph nodes and venous invasion had signi�cantly lower FGF21 than patients with positive lymph nodes (all P<0.05) and venous invasion (all P<0.05)
(Table 2).

Table 2 Clinicopathological parameters of colon cancer patients without distant metastasis
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Characteristic Venous invasion status Lymph invasion status

Negativity (n=265) Positivity (n=159) P Negativity (n=249) Positivity (n=175) P

Age (year) 68.07 ±10.17  67.32 ± 10.22 0.463 67.69±9.61 67.93±10.98 0.811

BMI (kg/m2) 23.63 ± 2.78 23.61 ± 2.56 0.946 23.83±2.70 23.32±2687 0.055

FPG (mmol/L) 6.00±2.01 5.89±1.72 0.560 6.06±2.09 5.82±1.60 0.208

PPG (mmol/L) 9.30±2.02 9.27±1.77 0.860 9.36±2.11 9.19±1.63 0377

BUN (mmol/L) 5.31±1.79 5.49±2.17 0.362 5.37±1.63 5.38±2.31 0.971

Cr (μmol/L) 66.44±19.54 65.34±15.56 0.546 65.06±18.63 67.41±17.37 0.189

UA (μmol/L) 261.03±107.15 272.37±118.81 0.312 270.01±107.79 258.55±116.93 0299

TC (mmol/L) 3.65±0.75 3.59±0.76 0.461 3.68±0.78 3.56±0.72 0.112

TG (mmol/L) 1.41±0.54 1.34±0.54 0257 1.40±0.58 1.35±0.48 0.347

HDL (mmol/L) 1.18±0.29 1.15±0.28 0.380 1.17±0.30 1.16±0.28 0.740

LDL(mmol/L) 2.20±0.46 2.19±0.43 0.717 2.23±0.46 2.14±0.43 0.040*

Leukocytes (×109/L) 4.55±3.10 4.67±2.38 0.687 4.65±3.21 4.51±2.23 0.612

Platelet counts (/mm3) 196.16±68.34 273.94± 91.33 0.000** 219.05±79.82 234.25±94.32 0.074

FGF21(pg/mL) 336.58± 148.26 515.13± 170.90 0.000** 365.59± 164.98 457.53±1 85.18 0.000**

BMI, body mass index, FGF21, �broblast growth factor-21,*P < 0.05,**P < 0.01

Association of serum FGF21 level for lymph nodes and venous invasion 

In order to identify the association of serum FGF21 level for lymph nodes and venous invasion, we divided all the patients into groups of Q1 to Q4
according to their serum FGF21 level (Table 3). Compared with Q1 group, a signi�cant positive association was clearly observed between serum FGF21
level and positive venous invasion in Q3 group (OR, 4.94, 95%CI, 2.41-10.12) and Q4 (OR, 22.92, 95%CI, 10.90-48.18) in non-adjusted model. In the age, sex-
adjusted model and the multivariable regression model, the signi�cant association could be observed (all P<0.05). Similar association was detected
between serum FGF21 level and positive lymph node with lower value of OR (Table 3). 

 Table 3 Oddis Ratio analysis of FGF21 for the risk of venous invasion and lymph node positivity

FGF
21a

venous invasion positivity   lymph node positivity  

OR (95% CI) P Age, sex
adjusted OR
(95% CI)

P Multivariable
adjusted
OR(95% CI)b

P OR(95%
CI)

P Age, sex
adjusted
OR(95%
CI)

P Multivariable
adjusted OR
(95% CI)b

P

Q 1 1 0.000 1 0.000 1 0.000 1 0.000 1 0.000 1 0.000

Q 2 2.68(1.27-
5.63)

0.009 2.68(1.27-
5.63)

0.009 2.19(0.98-
4.90)

0.056 1.79(0.99-
3.24)

0.054 1.78(0.99-
3.23)

0.056 1.94(1.04-
3.61)

0.038

Q 3 4.94(2.41-
10.12)

0.000 5.05(2.46-
10.38)

0.000 2.59(1.17-
5.76)

0.020 3.72(2.07-
6.67)

0.000 3.70(2.06-
6.66)

0.000 3.76(2.00-
7.08)

0.000

Q 4 22.92(10.90-
48.18)

0.000 22.97(10.92-
48.32)

0.000 18.43(8.11-
41.89)

0.000 2.96(1.65-
5.31)

0.000 2.96(1.65-
5.31)

0.000 3.03(1.61-
5.71)

0.001

a FGF21 (pg/mL) in quartiles: quartile 1 (Q1, <268.44), quartile 2 (Q2, 268.44–393.78), quartile 3 (Q3, 393.78–507.86), quartile 4 (Q4, >507.86),

b Adjusted for all the variables in this study. 

The predictive value of serum FGF21 level for venous invasion

Regarding the close relationship between serum FGF21 level and positive venous invasion, ROC analysis was performed and detected the optimal cut-off
point of serum FGF21 level in hinting venous invasion positivity. As illustrated in Figure 1, the optimal cut-off point of serum FGF21 level was
462.21pg/ml. The Youden index at this level was 0.58, besides, its sensitivity and speci�city were 70.44% and 87.92%, respectively. The Chi-square test
showed that the OR was 17.35 (95%CI, 10.50–28.68) for detecting the presence of venous invasion (P < 0.01). 

Discussion
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In the present study, we aimed at investigating the relationship between serum FGF21 level and clinical prognosis of colon cancer, as well as evaluating
the predictive value of serum FGF21 level for venous invasion in Chinese patients with   resectable colon cancer. The results revealed that serum FGF21
level was signi�cantly associated with the lymph nodes and venous invasion and serum FGF21 level higher than 462.21 pg/ml predicted over 16-times
elevated risk of the presence of venous invasion. This suggests that serum FGF21 level might be a potential indicator of the clinical prognosis in Chinese
patients with resectable colon cancer.

Fibroblast growth factors (FGFs) are a kind of growth factors involved in angiogenesis, wound healing, embryonic development and various endocrine
signal transduction pathways. Until now, at least 23 members of �broblast growth factor had been identi�ed and could be divided into 8 subfamilies. FGF-
21 belongs to one of FGF-19 subfamilies[11]. Combined with cofactor β-Klotho, FGF-21 could activate FGF-21 gene transcription, acting on liver, pancreas,
fat, intestinal and other target organs or target tissues, which increasing energy consumption, reducing body weight, and serum glucose level and
enhancing insulin sensitivity[12]. In the intestine, glucose-lowering effects of FGF-21 could be realized through sodium glucose transporter, of which SGLT1
and glucose transporter 2(GLUT2) are the two main receptors[13]. The regulation effect on glucose of GLUT2 depended on the participation of SGLT1 and
they were jointly responsible for intestinal glucose absorption [13]. FGF-21 was a novel regulator of glucose metabolism, and SGLT1 was the main
transporter of intestinal glucose metabolism[14]. It was reported that recombinant FGF-21 could be used as a novel inhibitor of SGLT1 to regulate
intestinal glucose metabolism and related metabolic diseases [15, 16]. Glucose intake activated SGLT1 intestinal L-Cells and K-cells and induced secretion
of GLP-1 and GIP, respectively[15]. These hormones acted on pancreatic β cells to increase insulin release and maintain normal glucose metabolism under
physiological conditions. However, when relative or absolute insulin secretion was insu�cient and/or insulin action was defective, the above regulation
cannot maintain glycemic homeostasis. After recombinant FGF-21 was administered at this time, the expression of serum glucocorticoid regulated kinase
(up-regulated under high glucose conditions) was inhibited, and the activation of downstream AMPK was inhibited, thereby inhibiting the expression of
intestinal SGLT1 [16, 17]. 

Nowadays, the expression of SGLT1 in tumor cells has been applied in PET imaging, providing a valuable diagnostic tool for identifying small primary
tumors and metastatic tumors [16]. GUO et al. found that SGLT1 overexpression in colon cancer cells provides ATP and essential substrates for cancer cell
growth, accelerated cancer cell metabolism, promoted its malignant cloning and reduced related signals of cancer cell death through
immunohistochemical detection, which might serve as a predictor of cancer progression and negative results in the future[10]. In this study, we compared
lymph nodes and venous invasion in 424 Chinese colon cancer patients post-operation. The results showed that there were signi�cant differences in
serum level of FGF21 between patients with and without lymph nodes and venous invasion. The patients with negative lymph nodes and venous invasion
had signi�cantly lower serum level of FGF21 than patients with positive lymph nodes or venous invasion. Besides, we also divided all the patients into
groups according to their serum FGF21 level. Compared with patients with lowest FGF21 level, a signi�cant positive association between FGF21 and
positive venous was clearly observed in patients with relatively high FGF21 level. After adjusted age, sex and all other associated factors, this positive
association also existed.  

Cancer is a group of diseases characterized by uncontrolled cell growth and excessive cell metabolism, and colon cancer is no exception. Considering the
high expression of SGLT1 and the regulation of glucose metabolism in intestinal cancer cells by glucose transporter inhibitors[18], SGLT1 inhibitors could
reduce the expression level in colon cancer cells, resulting in the block of glucose-dependent bowel hormone secretion and restraining glucose absorption
of colonic cancer cell, �nally inhibiting the malignant division of tumor cells, proliferation, invasion, migration, promote cell apoptosis, thereby reducing the
incidence of colon cancer. In the research, we found the serum FGF21 level could be a potential indicator of venous invasion positivity. ROC analysis
showed the optimal cut-off point of serum FGF21 level in hinting venous invasion positivity was 462.21 pg/ml. And the Chi-square test showed that the OR
was 17.35 (95%CI, 10.50–28.68). That is to say, when the serum FGF21 level higher than 462.21 pg/ml in patients with resectable colon cancer, there will
be over 16-time enhancement of venous invasion positivity occurrence.

One of the limitations of the present study was that no cause-and-effect relationship between serum FGF21 level and venous or lymph node invasion
could be drawn due to cross-sectional nature of this study. Secondly, the sample size was relatively small. Moreover, this was a single center study, which
limited its clinical e�cacy. A longitudinal, multicenter follow-up study should be carried out to verify predictive value of serum FGF21 level for venous or
lymph node invasion.

Conclusions
In conclusion, the patients with positive lymph nodes and venous invasion had signi�cantly higher serum level of FGF21 than patients with negatively
invasion. Compared to patients with lowest FGF21 level, a signi�cant positive association between FGF21 and positive venous was clearly observed in
patients with relatively higher FGF21 level. After adjusted all the associated factors, this positive association still existed. The serum FGF21 level higher
than 462.21 pg/ml indicated over 16-time enhancement of venous invasion positivity occurrence.
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Figures
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Figure 1

ROC curve analysis of FGF21 for venous invasion positivity, AUC=0.792 (p=0.000), 95%CI: 0.746-0.838. Identi�ed FGF21 cut point=462.21 pg/ml, Youden
index=0.58, Sensitivity: 70.44%, Speci�city: 87.92%.


