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Abstract 

Purpose: To investigate the toxicity of methylenetetrahydrofolate reductase (MTHFR) polymorphism in 
colorectal cancer patients treated with 5-fluorouracil (5-FU).  
Methods: A total of 105 patients with colorectal cancer who underwent 5-FU therapy were included in 
this study. MTHFR C677T polymorphisms were determined using direct sequencing. Physical 
examination and the results of blood and urine tests were used to evaluate the toxicities, including 
gastrointestinal toxicity, hematopoietic toxicity, hair-skin toxicity and hand-foot syndrome. 
Results: In 90.5 % of all patients, 5-FU toxicity was observed. With regard to MTHFR C677T mutation, 
45.7 % heterozygote mutants and 19.0 % homozygote mutants were observed. MTHFR C677T 
polymorphism was statistically related to 5-FU toxicity (p = 0.000). In addition, MTHFR C677T mutation 
was closely related to hematopoietic toxicity (p = 0.005). 
Conclusion: MTHFR C677T can be used for the prediction of 5-FU toxicity, and can also predict 
hematopoietic toxicity in patients with colorectal cancer.  
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INTRODUCTION 
 
5-fluorouracil (5-FU) has been used in the 
treatment of various cancers, especially in 
colorectal cancer (CRC) [1]. 5-FU has no anti-
tumor effect, however, it can be involved in 
reducing DNA synthesis [2]. 
 
Methylenetetrahydrofolate reductase (MTHFR) is 
the most critical enzyme in the metabolism of 
folate and 5-FU [3]. Therefore, the MTHFR 
activity may predict the clinical responses and 

toxicity to 5-FU. The grade and type of toxicities 
primarily depend on demographic factors 
including gender, age, dose of 5-FU and different 
methods of administration [4]. Individual 
differences in fluoropyrimidine-related toxicity are 
partly explained by genetic factors. 
 
The MTHFR gene is highly polymorphic [5]. One 
of the most common functional mutations in the 
MTHFR, C677T (rs1801133, A222V) has been 
identified the main variants in reducing the 
activity of this enzyme [6]. Therefore, MTHFR 
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C677T polymorphisms are considered a potential 
predictor of clinical responses and 5-FU toxicity. 
However, the evidence of genetic association is 
relatively weak and published results from 
previous studies are not consistent [7-10]. 
 
Therefore, the purpose of this study was to 
investigate the relationship between MTHFR 
C677T mutations and the clinical responses and 
toxicity of patients with CRC who underwent 5-
FU therapy. 
 
METHODS 
 
Study population 
 
One hundred and five CRC patients who were 
treated with 5-FU between 2016 and 2018 at the 
Hubei Hospital were enrolled in this study. 
Patients were eligible if they were adults, with 
biopsy-proven clinical T3/T4. Patients were 
excluded if they underwent pretreatment with any 
chemotherapeutic regimen, previous pelvic 
radiotherapy, and were allergic to 5-FU [11]. This 
study was approved by the ethics committee of 
the Hubei Hospital (approval no. 20160102) and 
followed the guidelines of the Helsinki 
Declaration [12]. 
 
Clinical data 
 
Cohort characteristics of the 105 CRC patients 
are shown in Table 1. Among the 105 patients 
were 64 males (60.95 %) and 41 females (39.05 
%), and the mean age of the patients was 58±19 
years (range 25-83). The proportion of tumor 
location in the colon and rectum was 62.9 % and 
37.1 %, respectively. The histopathological types 
included adenocarcinoma (84.8 %), squamous 
cell carcinoma (9.5 %) and adenosquamous cell 
carcinoma  (5.7 %).   The  stage  of  the   tumors  
 
Table 1: Characteristics of patients in the study cohort 
 
Patient profile Characteristic Patients 

(%) 

Gender n (%) Male 60.95 
Female 39.05 

Age at diagnosis 60 48.6 
>60 51.4 

Tumor site Colon 62.9 
Rectum 37.1 

Histopathological type Adenocarcinoma 84.8 
Others 15.2 

Stage Ⅲ 39.0 
Ⅳ 61.0 

Intestinal perforation Present 11.4 
Not present 88.6 

Bowel obstruction Present 15.2 
Not present 84.8 

 

included stage Ⅲ (39 %), and stage IV (61 %), 
respectively. 
 
Evaluation of toxicity  
 
All adverse drug reactions and toxicities were 
recorded. Gastrointestinal toxicity, hematopoietic 
toxicity, hair and skin toxicity and hand-foot 
syndrome were defined as previously published. 
Adverse reactions were classified as grade 1, 2, 
3 and 4 as defined as previously published [13]. 
 
Genotyping 
 
DNA was extracted from peripheral blood. The 
DNA was diluted to 10 ng per well, and 
Polymerase Chain Reaction (PCR) was carried 
out and the PCR products were genotyped using 
direct sequencing (ABI 3100 DNA sequencer, 
Shanghai, China). 
 
Statistical analysis 
 
Data were analyzed using SPSS 19.0 (Chicago, 
IL, USA) and expressed as the mean ± SEM, or 
percentage (%). The relationship between 
genotypes and toxicity, and the Hardy-Weinberg 
equilibrium (HWE) were determined by Chi-
square test. Statistical significance was defined 
as p < 0.05. 
 
RESULTS 
 
The types and grades of patients’ toxicity  
 
All patients were followed up in the first four 
cycles of treatment with 5-FU. Based on the 
evaluation criteria for adverse events, 90.5 % (n 
= 95) of patients suffered from toxicities, and the 
proportions of grades 1, 2, 3 and 4 were 31.4, 
25.7, 35.3 and 10.4%, respectively. Details of 
toxicity classifications are presented in Table 2.  
 
Patient genotypes 
 
As shown in Table 3, no significant differences 
were observed in the Hardy–Weinberg 
equilibrium between groups. The genotype 
frequencies of CC, CT and TT were 35.2, 45.7, 
and 19.0 %, respectively, while allele frequencies 
of C and T were 58.1 and 41.9 %. 
 
Gene polymorphism was associated with 5-
FU toxicity 
 
At least one of four types of toxicity was 
observed in patients with MTHFR C677T 
polymorphism (p = 0.000) (Table 4). The MTHFR 
C677T mutation was related to hematopoietic 
toxicity    (p = 0.005,   Table 5).   However,   the  
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Table 2: Types and grades of toxicity 
 

Toxicity type Grade of toxicities(%) 
Grade 1 Grade 2 Grade 3 Grade 4 

Gastrointestinal toxicity 5.7 6.7 2.9 0.9 
Hematopoietic toxicity 15.2 10.5 23.8 7.6 
Hair and skin toxicity 1.9 0.9 2.9 - 
Hand-foot syndrome 8.6 7.6 5.7 1.9 
 
MTHFR C677T mutation was not related to other 
toxicity groups. 
 
DISCUSSION 
 
MTHFR is a key enzyme in the metabolism of  5-
FU.and the MTHFR C677T polymorphism can 
reduce MTHFR enzyme activity [14]. Therefore, 
the MTHFR C677T polymorphism may be closely 
related to the efficacy of 5-FU treatment. In this 
study, 90.5 % patients had adverse reactions 
when treated with 5-FU, and the MTHFR C677T 
frequency (45.7 % heterozygote mutants, 19.0 % 
homozygote mutants) was significantly higher 
than presented in previous reports [13,15]. 
 
The most important finding is that the MTHFR 
C677T mutation was related to the 5-FU 
toxicities when 5-FU was used alone, especially 
for the hematopoietic toxicity. Afzal et al reported 
that the MTHFR C677T polymorphism was 
closely related to fluoropyrimidine-related toxicity 

in CRC patients, however, no specific types of 
toxicity were mentioned [16]. In addition, Noor et 
al found that MTHFR C677T polymorphism 
increased the tumor response to 5-FU and 
increased gastrointestinal toxicity in CRC 
patients [17]. Loganayagam et al found that the 
MTHFR C677T polymorphism was closely 
related to hand-foot syndrome in CRC patients 
[18]. 
 
Moreover, Lu et al showed that the MTHFR 
C677T polymorphism increased gastrointestinal 
toxicity in gastric cancer patients [19]. However, 
Capitain et al found that the MTHFR C677T 
polymorphism was not associated with the 
toxicity of 5-FU in advanced CRC patients [20]. 
Based on the above-mentioned results, the 
relationship between the MTHFR C677T 
mutation and 5-FU toxicity in CRC patients 
remains controversial, and the reasons may be 
as follows. 
 

 
        Table 3: Distribution of genotype and allelic frequencies among all patients 
 

Polymorphism Amino acid 
change 

Genotype (n) Allelic frequency 
CC CT TT C T 

MTHFR C677T A222V 37 48 20 58.1 % 41.9 % 
 
         Table 4: Relationship between MTHFR 677C>T mutation and all 5-FU-related toxicities 
 

MTHFR 677C>T All toxicities (n) Risk ratio P-value - + 
CC 9 28 15.120 0.000 CT+TT 0 68 

 
         Table 5: Relationship between MTHFR 677C>T mutation and the hematopoietic toxicity of 5-FU 
 

MTHFR 677C>T Hematopoietic toxicity (n) Risk ratio P-value - + 
CC 32 35 7.754 0.005 CT+TT 0 12 

 
First, differences in sample size may lead to 
differences in results. Second, differences in 
study population and ethnic differences may 
have affected the frequency of gene mutations. 
Third, not only used 5-FU, but also combined 
with other drugs. 
 
Genetic markers can predict either drug toxicity 
or efficacy, which is critical for patients who are 

undergoing treatment with cytotoxic agents. 
However, there are significant regional and 
ethnic diversities in genetic polymorphisms in 
MTHFR C677T, and the frequency of mutations 
varies widely worldwide. In addition, the results 
of the study are quite different, therefore, it is 
important in requiring a degree of homogeneity in 
the selection of patients and treatments. 
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Limitations of the study 
 
There is a limitation of the present study that 
should be considered. The relationship between 
MTHFR C677T polymorphism and 5-FU-related 
toxicities in CRC patients needs to be confirmed 
in a larger sample size. 
 
CONCLUSION 
 
MTHFR C677T can be used for the prediction of 
both 5-FU toxicity and also hematopoietic toxicity 
in patients with CRC. 
 
DECLARATIONS 
 
Conflict of interest 
 
No conflict of interest is associated with this 
work. 
 
Contribution of authors 
 
We declare that this work was done by the 
authors named in this article and all liabilities 
pertaining to claims relating to the content of this 
article will be borne by the authors. 
 
Open Access  
 
This is an Open Access article that uses a fund-
ing model which does not charge readers or their 
institutions for access and distributed under the 
terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/ 
4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution, 
and reproduction in any medium, provided the 
original work is properly credited. 
 
REFERENCES 
 
1. Lee JL, Roh SA, Kim CW, Kwon YH, Ha YJ, Kim SK, Kim 

SY, Cho DH, Kim YS, Kim JC. Clinical assessment and 
identification of immuno-oncology markers concerning 
the 19-gene based risk classifier in stage IV colorectal 
cancer. World J Gastroenterol 2019; 25: 1341-1354. 

2. Shiao SPK, Grayson J, Lie A, Yu CH. Personalized 
Nutrition-Genes, Diet, and Related Interactive 
Parameters as Predictors of Cancer in Multiethnic 
Colorectal Cancer Families. Nutrients 2018; 10: 795. 

3. Guo XP, Wang Y, Zhao H, Song SD, Zhou J, Han Y. 
Association of MTHFR C677T polymorphisms and 
colorectal cancer risk in Asians: evidence of 12,255 
subjects. Clin Transl Oncol 2014; 16: 623-629. 

4. Afzal S, Gusella M, Vainer B, Vogel UB, Andersen JT, 
Broedbaek K, Petersen M, Jimenez-Solem E, Bertolaso 

L, Barile C, et al. Combinations of polymorphisms in 
genes involved in the 5-Fluorouracil metabolism 
pathway are associated with gastrointestinal toxicity in 
chemotherapy-treated colorectal cancer patients. Clin 
Cancer Res 2011; 17: 3822-3829. 

5. Xu L, Qin Z, Wang F, Si S, Li L, Lin P, Han X, Cai X, 
Yang H, Gu Y. Methylenetetrahydrofolate reductase 
C677T polymorphism and colorectal cancer 
susceptibility: a meta-analysis Biosci Rep. 2017; 37: 
BSR20170917. 

6. Pereira AC, Schettert IT, Morandini Filho AA, Guerra-
Shinohara EM, Krieger JE. Methylenetetrahydrofolate 
reductase (MTHFR) c677t gene variant modulates the 
homocysteine folate correlation in a mild folate-deficient 
population. Clin Chim Acta 2004; 340: 99-105. 

7. Zintzaras E, Ziogas DC, Kitsios GD, Papathanasiou AA, 
Lau J, Raman G. MTHFR gene polymorphisms and 
response to chemotherapy in colorectal cancer: a meta-
analysis. Pharmacogenom 2009; 10: 1285-1294. 

8. Wang Z, Chen JQ, Liu JL, Qin XG, Huang Y. 
Polymorphisms in ERCC1, GSTs, TS and MTHFR 
predict clinical outcomes of gastric cancer patients 
treated with platinum/5-Fu-based chemotherapy: a 
systematic review. BMC Gastroenterol 2012; 12: 137. 

9. Zhao Y, Li X, Kong X. MTHFR C677T Polymorphism is 
Associated with Tumor Response to Preoperative 
Chemoradiotherapy: A Result Based on Previous 
Reports. Med Sci Monit 2015; 21: 3068-3076. 

10. Zhong L, He X, Zhang Y, Chuan JL, Chen M, Zhu SM, 
Peng Q. Relevance of methylenetetrahydrofolate 
reductase gene variants C677T and A1298C with 
response to fluoropyrimidine-based chemotherapy in 
colorectal cancer: a systematic review and meta-
analysis. Oncotarget 2018; 9: 31291-31301. 

11. Thomas F, Motsinger-Reif AA, Hoskins JM, Dvorak A, 
Roy S, Alyasiri A, Myerson RJ, Fleshman JW, Tan BR, 
Mcleod HL. Methylenetetrahydrofolate reductase 
genetic polymorphisms and toxicity to 5-FU-based 
chemoradiation in rectal cancer. Br J Cancer 2011; 105: 
1654-1662. 

12. Li J-Y, Liu Y, Deng A-P. Analysis of the EGFR gene 
mutation in patients with nonsmall cell lung cancer in a 
Chinese population. Tropical Journal of Pharmaceutical 
Research 2016; 15: 1637. 

13. Amirfallah A, Kocal GC, Unal OU, Ellidokuz H, Oztop I, 
Basbinar Y. DPYD, TYMS and MTHFR Genes 
Polymorphism Frequencies in a Series of Turkish 
Colorectal Cancer Patients J Pers Med. 2018; 8: 45. 

14. De Mattia E, Toffoli G. C677T and A1298C MTHFR 
polymorphisms, a challenge for antifolate and 
fluoropyrimidine-based therapy personalisation. Eur J 
Cancer 2009; 45: 1333-1351. 

15. in G, Ming H, Zheng X, Xuan Y, Liang J, Jin X. 
Methylenetetrahydrofolate reductase C677T gene 
polymorphism and colorectal cancer risk: A case-control 
study. Oncol Lett 2012; 4: 365-369. 

16. Afzal S, Jensen SA, Vainer B, Vogel U, Matsen JP, 
Sorensen JB, Andersen PK, Poulsen HE. MTHFR 

http://creativecommons.org/licenses/by/
http://www.budapestopenaccessinitiative.org/rea


Zhang & Xie 

Trop J Pharm Res, January 2020; 19(1): 213 
 

polymorphisms and 5-FU-based adjuvant chemotherapy 
in colorectal cancer. Ann Oncol 2009; 20: 1660-1666. 

17. Nahid NA, Apu MNH, Islam MR, Shabnaz S, Chowdhury 
SM, Ahmed MU, Nahar Z, Islam MS, Islam MS, Hasnat 
A. DPYD*2A and MTHFR C677T predict toxicity and 
efficacy, respectively, in patients on chemotherapy with 
5-fluorouracil for colorectal cancer. Cancer Chemother 
Pharmacol 2018; 81: 119-129. 

18. Loganayagam A, Arenas Hernandez M, Corrigan A, 
Fairbanks L, Lewis CM, Harper P, Maisey N, Ross P, 
Sanderson JD, Marinaki AM. Pharmacogenetic variants 
in the DPYD, TYMS, CDA and MTHFR genes are 

clinically significant predictors of fluoropyrimidine 
toxicity. Br J Cancer 2013; 108: 2505-2515. 

19. Lu JW, Gao CM, Wu JZ, Sun XF, Wang L, Feng JF. 
[Relationship of methylenetetrahydrofolate reductase 
C677T polymorphism and chemosensitivity to 5-
fluorouracil in gastric carcinoma]. Ai Zheng 2004; 23: 
958-962. 

20. Capitain O, Boisdron-Celle M, Poirier AL, Abadie-
Lacourtoisie S, Morel A, Gamelin E. The influence of 
fluorouracil outcome parameters on tolerance and 
efficacy in patients with advanced colorectal cancer. 
Pharmacogenom J. 2008; 8: 256-267. 

 


