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Abstract 
 
 
Purpose: Prior work has shown that higher circulating concentrations of fibroblast growth factor-21 (FGF-21) 

are associated with an increased likelihood of developing colorectal cancer. We conducted a prospective study 

to assess the relationship between circulating FGF-21 and odds of developing early neoplastic lesions in the 

colorectum. 

Methods: A total of 94 study participants were included from the Ursodeoxycholic Acid (UDCA) trial, a phase 

III, randomized, double-blind, placebo-controlled clinical trial of the effect of 8-10 mg/kg of body weight 

UDCA vs. placebo. Logistic regression analyses were conducted to evaluate the association between baseline 

FGF-21 concentrations and odds of developing a metachronous adenoma. 

Results: Of the characteristics compared across tertiles of FGF-21 concentrations, including age, race, sex, 

BMI, and other variables, only a previous personal history of colorectal polyps prior to entry into the UDCA 

trial was statistically significantly related to FGF-21 levels, with a proportion of 26.7%, 56.7%, and 50.0% 

across the first, second, and third tertiles, respectively (p<0.05). Higher circulating concentrations of FGF-21 

were statistically significantly associated with greater odds of developing a metachronous colorectal adenoma. 

After adjusting for potential confounders and when compared to the lowest tertile of FGF-21, the adjusted ORs 

(95% CIs) for metachronous colorectal adenoma in the second and third tertiles were 4.72 (95% CI, 1.42-15.72) 

and 3.82 (95% CI, 1.15-12.68), respectively (p-trend<0.05). 

Conclusion: Our results reveal for the first time that, in addition to a recently-discovered association with 

colorectal cancer, circulating FGF-21 concentrations are significantly and directly associated with odds of 

developing metachronous colorectal adenoma. 
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Introduction 
 

In the United States (US), colorectal cancer (CRC) is the third most common cancer diagnosed in men 

and women combined [1,2]. In 2020, 147,950 new cases of CRC are expected to occur [1]. Although incidence 

and mortality rates have been declining over the past two decades [2], CRC remains the second most common 

cause of cancer deaths, with 51,020 estimated to have occurred in 2019 [1]. The overall death rate has continued 

to decline[1], but in those younger than 50 years old, the CRC death rate has increased by 13% [2]. 

One of the hallmarks of cancer is chronic inflammation [3], with CRC being one of the cancers in which 

tumors are associated with chronic inflammation; this inflammation is present from the tumor’s earliest 

stages[4]. Previous work has also shown that long-term treatment with non-steroidal anti-inflammatory 

(NSAID) drugs has been effective at lowering both CRC incidence and mortality[4]. Another hallmark of 

cancer is metabolic alteration, which, along with metabolic reprogramming, could be implicated in colorectal 

tumorigenesis [3, 5, 6]. Thus, identifying the inflammatory and metabolic markers that are associated with 

developing CRC could be beneficial in identifying at-risk individuals and targeting their specific treatment. 

Prior work has identified one such biomarker, fibroblast growth factor 21 (FGF-21) [6]. In their work, 

Qian et al. found that higher circulating concentrations of FGF-21 are associated with an increased likelihood of 

developing colorectal cancer [6]. FGF-21 is secreted by the liver and is part of the FGF subfamily [7]. FGF-21, 

considered an endocrine FGF, acts as a circulating hormone to regulate simple sugar intake, and is also 

associated with inflammation, and whole-body and immune homeostasis [6, 7]. As CRC is affected by 

inflammatory pathways, FGF-21 could also play a role in colorectal carcinogenesis [6]. 

There have been few epidemiological studies investigating the association between FGF-21 and cancer. 

Previous studies looked at the role of FGF-21 as a diagnostic biomarker in renal and breast cancers [8, 9] while 

others identified FGF-21 out of a series of biomarkers as being associated with increased risk of developing 

CRC [6, 10]. The purpose of the current study is to build upon the findings of these previous reports by using a 

prospective study design in order to assess the relationship between circulating FGF-21 and odds of developing 

early neoplastic lesions in the colorectum. 
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Methods 
 

The study subjects included in this analysis were participants in the Ursodeoxycholic Acid (UDCA) 

Trial at the University of Arizona Cancer Center [11]. Initially, this phase III, randomized, double-blind, 

placebo-controlled clinical trial was conducted to determine the effect of UDCA on metachronous colorectal 

neoplasia [11]. In order to be eligible for the trial, participants had to have an adenomatous polyp, detected via 

colonoscopy, resected six months prior to randomization into the trial; while the endpoint colonoscopy occurred 

at least six months after randomization [11].  The median time on the treatment was 31.8 months, while the 

median time on the placebo was 32.0 months [11]. The primary results of the trial showed that among the 1,192 

participants who completed the trial, there was no significant difference in the development of adenomas 

between the intervention and placebo groups [11]. Of the 1,192 participants, 94 participants with data for 

baseline and follow-up colorectal adenomas were selected for the analysis of plasma FGF-21 concentrations. Of 

these 94 participants, 45 received UDCA while 49 were on placebo. Their blood samples were collected at 

baseline and stored at -80°C. The trial was approved by the University of Arizona Human Subjects Committee 

and Institutional Review Board. 

 
Endpoint Definition 

          Adenoma recurrence was defined as any colonoscopy-detected adenoma or cancer at least six months 

after randomization to the UDCA trial. However, it is possible that some of the “recurrent” lesions may have 

been missed at the baseline colonoscopy and as such, the lesions were referred to as “metachronous” instead of 

“recurrent” in the present study. Endoscopy and pathology reports, with central pathology review, were done at 

each study site. Data for adenoma size, histology, number and location were also extracted. 

 
Analysis of FGF-21 

           Enzyme-linked immunosorbent assay (ELISA) was used to measure plasma FGF-21 concentrations. The 

C-terminal ELISA was performed according to the manufacturer’s instructions (BioVendor International, 

Asheville, NC). Briefly, participant samples were incubated for 60 minutes in wells pre-coated with polyclonal 
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anti-human FGF-21 antibody. Samples were then washed, and incubated with a biotin-labelled polyclonal anti-

human FGF-21 antibody. Streptavidin-HRP conjugate was then added and incubated for 30 minutes following 

another wash.  After a reaction with 3,3',5,5'-tetramethylbenzidine (TMB) substrate solution, weak acid was 

added to stop the reaction, and the resultant yellow color was measured using spectrophotometry at a 

wavelength of 450 nm. Standard curves were then constructed by plotting absorbance values against 

concentrations of reference materials and then applied to the experimental samples to determine FGF21 

concentrations. 

 
Statistical analyses 

Chi-square tests were used to assess differences in categorical baseline characteristics across FGF-21 

tertiles and colorectal adenoma recurrence; while ANOVA was employed for continuous variables.  Fisher’s 

exact test was used for categorical variables with cell sizes < 5. To determine an association between FGF-21 

tertiles and odds of colorectal adenoma recurrence, logistic regression modeling was employed. Variables that 

were assessed for potential confounding were age, sex, race, aspirin use, BMI category, history of polyps, 

history of smoking, and family history of CRC; those which changed the point estimate by more than 10% were 

defined as confounders. Thus, the final adjusted model included BMI category, history of polyps, and family 

history of CRC as well as age and sex. Though age and sex did not change the point estimate by more than 

10%, they were included due to being risk factors of CRC as established in the literature(12). All analyses were 

conducted using SAS 9.4 (SAS Institute Incorporated, Cary, NC). 

 
Results 
 

Table 1 illustrates the baseline characteristics of study participants across tertiles of FGF-21. Those with 

FGF-21 concentrations in the second and third tertiles were statistically significantly more likely to have a 

history of polyps prior to entering the parent trial [56.7% and 50%, respectively, compared to those in the 

lowest tertile of FGF21 (26.7%, P=0.05)]. No other differences were observed by tertile of FGF21 for age, sex, 

race, marital status, education, smoking, aspirin use, BMI, or family history of colorectal cancer.  
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Table 2 presents the same baseline participant characteristics by presence or absence of a metachronous 

adenoma; no statistically significant differences were observed. Those who had a metachronous adenoma were 

more likely to be male (64.6%) than female (35.4%), and tended to be aspirin users (37.5% vs. 23.9% in those 

with no metachronous adenoma). Furthermore, these participants tended to be overweight (50.0%) and have a 

history of polyps (53.3%) compared to those with no metachronous adenoma (43.5% and 34.8%, respectively). 

These participants with metachronous adenoma were also less likely to have a family history of colon cancer as 

22.9% reported such history versus 41.3% in those with no metachronous adenoma.  

In Table 3, the odds ratios (ORs) with 95% confidence intervals (CIs) of metachronous adenoma by 

tertile of FGF-21 levels (pg/mL) are shown. When compared to the lowest tertile of FGF-21, the adjusted ORs 

for the second and third tertile were 4.72 (95% CI, 1.42-15.72) and 3.82 (95% CI, 1.15-12.68), respectively( 

P<0.05). 

 
Discussion 

Colorectal cancer remains a fairly common cancer among the US population as it is the third most 

diagnosed cancer in both men and women [1,2]. Even so, incidence and mortality have decreased because of 

various factors such as increased aspirin use, utilization of screening tests, and improved treatments [2]. 

However, there are still underlying causes of CRC that are yet to be understood. Colorectal cancer is one of the 

better-known examples of a tumor being associated with chronic inflammation [4], which has been established 

as a hallmark of cancer [3]. CRC can arise sporadically, or be associated with somatic or hereditary genetic 

mutations, or develop due to chronic inflammation in the intestine, such as in those with irritable bowel disease 

(IBD) [4, 13]. However, NSAIDs were shown to delay or even prevent CRC cases caused by hereditary 

mutations [14, 15]. Since such mutations do not have a precedent of chronic inflammation, this could be 

indicative of inflammatory processes occurring at the tumor onset [4]. FGF-21 may contribute to this aspect of 

colorectal carcinogenesis. FGF-21, mostly released from the liver, acts as a circulating hormone [16] and is able 

to normalize glucose, lipid, and energy homeostasis [7], factors which in turn could affect colorectal 

carcinogenesis [6]. Previous work has also found FGF-21 to be associated with metabolic and immune systems 
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[6, 17], as well as having involvement in inflammation [6, 7]. Thus, due to the relationship of both CRC and 

FGF-21 with inflammation and metabolism [6], FGF-21 could also affect CRC risk. In the current work, the 

potential of FGF-21 to contribute to the development of early colorectal adenoma, was examined.  

Prior reports [6, 10] have established an association between higher concentrations of FGF-21 and 

increased risk of early and late stages of CRC. These conclusions were reflected in the current study, where, in a 

predominantly older, male and white population, preliminary results indicated that higher concentrations of 

FGF-21 may increase the risk of metachronous colorectal adenomas. Previously, Hanks et al. [18] found that in 

a healthy population, circulating FGF-21 levels increased with age. The risk of developing CRC also increases 

with advancing age [12]. The results of the current study with regard to age, though not statistically significant, 

are reflective of this trend as those with higher levels of FGF-21 were older than those with the lowest levels of 

FGF-21. Furthermore, those who had a metachronous adenoma were, on average, older than those with no 

metachronous adenomas. Thus, it is possible that the older age led to increased FGF-21 levels which in turn 

increased the risk of developing CRC. Lastly, though the incidence of CRC is equal in men and women [12], 

the current study found a higher proportion of men having metachronous adenoma overall, and men were more 

likely than to be categorized into the two higher tertiles of FGF-21 than women. Perhaps the higher levels of 

FGF-21 could have accelerated the occurrence of CRC in men, an avenue worth exploring in future longitudinal 

studies. Of note, however, is that adjustment for both age and sex increased the odds of metachronous colorectal 

adenoma, suggesting a confounding, and not an independent, effect of these factors on the disease. 

Another interesting find, though not statistically significant, was the relationship between the use of 

aspirin, an NSAID, and reduced odds of metachronous adenoma. As mentioned previously, NSAIDs, which 

reduce inflammation, were found to decrease the risk of CRC [19]. A meta-analysis of four randomized clinical 

trials found that taking aspirin of at least 75mg daily for several years, reduced the incidence of CRC by 30-

40% [20]. In the current study, aspirin use was more common among those who had a metachronous adenoma 

(37.5%) as compared to those who did not (23.9%). Though these results are contrary to the literature, it is 

possible the study participants were taking other NSAIDs. This would warrant a further, more in-depth analysis 

with a larger sample size and more information on NSAID use.  
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One significant finding from the current study was related to having a personal history of polyps, 

another risk factor for CRC [12]; those with higher concentrations of FGF-21 were more likely to have a history 

of polyps. Previous studies found elevated FGF-21 serum levels starting in the early stages of breast cancer [9], 

and in response to liver carcinogenesis [21]. The latter study also suggested hepatic FGF-21 to be a stress 

responder that is produced as a response to injury and regeneration [8, 21]. Thus, in those with a history of 

polyps, due to the stress and injury caused on the body by those polyps, it is possible this to have caused the 

FGF-21 levels to elevate.  

Just as with the report of Qian et al. [6], the current work found an increased risk of metachronous 

adenoma with increased concentrations of FGF-21. The highest risk was exhibited in the second tertile, a trend 

paralleled in the Qian et al. study [6]. However, the current findings showed slightly higher odds in the second 

tertile; the models were adjusted for both similar and different factors. The results exhibited here are similar to 

those of other studies that have investigated the relationship between FGF-21 and cancer. In renal cancer, it was 

found that higher FGF-21 serum level is a prognostic biomarker [8]. It is hypothesized that due to FGF-21’s 

insulin-enhancing properties [22], the tumor could induce such FGF-21-produced insulin, which in turn would 

be absorbed by the growing tumor [8]. Additionally, in breast cancer, FGF-21 levels were reduced following 

therapy [23]. Though the results are promising, they are worth investigating more as it is hard to discern if the 

high levels of FGF-21 led to the colorectal metachronous adenoma, or they increased as a result of the 

carcinogenesis or the stress caused on the body by the disease. Furthermore, serum FGF-21 levels could also be 

induced by other factors such as fasting, obesity, liver injury, cirrhosis and type 2 diabetes [7, 8, 21, 24, 25]. 

The present study controlled for some of these conditions, but not all were assessed. Thus, these other factors, 

as well as the underlying mechanism of FGF-21 on CRC, also need to be parsed out in future studies. 

 The strengths of the present study included its prospective design and utilization of a clinical trial study 

population with measured FGF-21 levels and thoroughly detailed clinical information. The study also had 

limitations. Although the original study included a large phase III clinical trial study population, for this study, 

the sample size of those with baseline and follow-up colorectal adenomas was relatively small. Thus, the results 

may not be generalizable to the general US population, and more detailed analyses could not be conducted. 
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These participants were also not randomly selected from the original clinical trial population, which may have 

affected the randomization attained by the original trial. However, imbalances were not seen in the baseline 

characteristics. In addition, the concentrations of FGF-21 were measured cross-sectionally, and true adenoma 

recurrence could not be measured as there was a possibility some baseline adenomas were missed by the 

colonoscopy. Lastly, though confounding was controlled for in the statistical models, residual confounding may 

still be present. 

 The current study aimed to contribute to the small, but growing field surrounding and examining the 

relationship between circulating FGF-21 and odds of developing early neoplastic lesions in the colorectum. 

Overall, higher concentrations of FGF-21 were associated with increased odds of metachronous adenoma 

development. In the future, identifying such inflammatory and metabolic markers which may lead to CRC, 

could be beneficial in detecting at-risk individuals and targeting their specific treatment. If FGF-21, in 

particular, were found to be a reliable biomarker in detecting early CRC, then it could be used to improve 

targeted CRC surveillance. However, more in-depth studies with larger sample sizes focusing specifically on 

FGF-21 will be needed to establish a clearer connection. 
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Table 1. Baseline characteristics of participants with baseline colorectal adenomas by tertile of fibroblast 

growth factor 21 (FGF-21) level (n=94). 

 Tertile of FGF-21 Concentration  
Characteristica 1 (n=31) 2 (n=32) 3rd (n=31) p-value 

Age, years (mean + sd) 65.5 ± 8.37 68.0 ± 6.73 66.5 ± 8.88 0.461 
Treatment (n, %)    0.489 
   Placebo 18 (58.1) 14 (43.8) 17 (54.8)  
   UDCA 13 (41.9) 18 (56.3) 14 (45.2)  
Sex (n, %)    0.825 
   Male 17 (54.8) 20 (62.5) 18 (58.1)  
   Female 14 (45.2) 12 (37.5) 13 (41.9)  
Raceb,c (n,%)    0.376d 
   White 26 (83.9) 30 (93.8) 25 (83.3)  
   Other 5 (16.1) 2 (6.2) 5 (16.7)  
Married (n,% )    0.345d 
   Yes 24 (77.4) 28 (87.5) 22 (73.3)  
   Noe 7 (22.6) 4 (12.5) 8 (26.7)  
Education (n,%)    0.859 
   Above High School 18 (58.1) 19 (59.4) 20 (64.5)  
   High School or Less 13 (41.9) 13 (40.6) 11 (35.5)  
Ever Smoker (n,%)    0.147 
   Yes 24 (77.4) 19 (59.4) 17 (54.8)  
   No 7 (22.6) 13 (40.6) 14 (45.2)  
Aspirin Use    0.502 
   Yes 8 (25.8) 9 (28.1) 12 (38.7)  
   No 23 (74.2) 23 (71.9) 19 (61.3)  
BMI    0.124 
   Normal Weight (=<25) 9 (29.0) 7 (21.9) 12 (38.7)  
   Overweight (>25 & <30) 18 (58.1) 17 (53.1) 9 (29.0)  
   Obese (>=30) 4 (12.9) 8 (25.0) 10 (32.3)  
History of Polypsc    0.049 
   Yes 8 (26.7) 17 (56.7) 14 (50.0)  
   No 22 (73.3) 13 (43.3) 14 (50.0)  
Family History of Colorectal 
Cancer 

   0.506 

   Yes 10 (32.3) 8 (25.0) 12 (38.7)  
   No 21 (67.7) 24 (75.0) 19 (61.3)  

aStatistical significance tests (age at diagnosis: ANOVA; all others, unless otherwise indicated, Chi-square)  
bOther: Did not self-categorize as Black, Hispanic, American Indian/Alaskan, White, or other.  
cMissing data for race n=1; history of polyps; n=5.  
dFisher’s exact test due to cell size<5 
eNo: single, widowed, divorced 
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Table 2. Characteristics of participants with baseline colorectal adenomas, by presence or absence of 

metachronous colorectal adenoma (n=94). 

 
Characteristica No metachronous 

adenoma (n=46) 
Metachronous 

adenoma (n=48) 
p-value 

Age, years (mean + sd) 65.2 ± 8.61 68.1 ± 7.19 0.076 
Sex, n (%)   0.222 
   Male 24 (52.2) 31 (64.6)  
   Female 22 (47.8) 17 (35.4)  
Raceb,c , n (%)   0.510 
   White 39 (84.8) 42 (89.4)  
   Other 7 (15.2) 5 (10.6)  
Married, n (%)   0.757 
   Yes 36 (78.3) 38 (80.9)   
   Nod 10 (21.7) 9 (19.1)  
Education, n (%)   0.640 
   Above High School 29 (63.0) 28 (58.3)  
   High School or Less 17 (37.0) 20 (41.7)  
Ever Smoker, n (%)   0.784 
   Yes 30 (65.2) 30 (62.5)  
   No 16 (34.8) 18 (37.5)  
Aspirin Use, n (%)   0.154 
   Yes 11 (23.9) 18 (37.5)  
   No 35 (76.1) 30 (62.5)  
BMI, kg/m2, n (%)   0.778 
   Normal Weight (=<25) 14 (30.4) 14 (29.2)  
   Overweight (>25 & <30) 20 (43.5) 24 (50.0)  
   Obese (>=30) 12 (26.1) 10 (20.8)  
History of Polypsc, n (%)   0.082 
   Yes 15 (34.8)  24 (53.3)   
   No 28 (65.1) 21 (46.7)  
Family History of Colorectal 
Cancer, n (%) 

  0.056 

   Yes 19 (41.3) 11 (22.9)  
   No 27 (58.7) 37 (77.1)  

aStatistical significance tests (age at diagnosis: ANOVA; all others, unless otherwise indicated, Chi-square)  
bOther: Did not self-categorize as Black, Hispanic, American Indian/Alaskan, White, or other.  
cMissing data for race n=1; history of polyps; n=5.  
dNo: single, widowed, divorced 
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Table 3. Odds of metachronous colorectal adenoma by tertile of FGF-21concentration. 

 
Tertile of FGF-21 Crude OR  

(95% CI) 
Adjusted ORa  

(95% CI) (pg/mL; mean ± sd) 
123.3 ± 40.7 (n=31) 1.00 1.00 
285.2 ± 71.3 (n=32) 3.49 (1.24, 9.89) 4.72 (1.42, 15.72) 
741.1 ± 424.6 (n=31) 2.91 (1.03, 8.20) 3.82 (1.15, 12.68) 
p-trendb 0.034 0.028 

 

aOR (95% CI) adjusted for age, sex, history of polyps, BMI category, and family history of CRC. 
 bP-trend calculated using logistic regression modeling with FGF-21 as a categorical variable.  
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