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Purpose: Several studies have proved that single nucleotide polymorphisms (SNPs) of 

mismatch repair system genes are closely related to the development of colorectal cancer 

(CRC) by causing microsatellite instability, while effects of the SNPs of MMR system-related 

genes on the clinical outcomes of cytotoxic chemotherapy are less understood. The aim of this 

study explored the influence of MLH1 SNPs on clinical outcomes of first-line irinotecan-based 

chemotherapy in CRC.

Patients and methods: A total of 125 metastatic colorectal cancer (mCRC) patients who 

received first-line irinotecan-based chemotherapy (none of them combined with bevacizumab 

or cetuximab) were enrolled in this study. Blood samples or formalin-fixed paraffin-embedded 

tissues of study population were taken. DNA isolation and genotyping analyzed were obtained 

for potential functional polymorphisms of MLH1 rs1800734 by real-time PCR. Progression-

free survival (PFS) was the primary endpoint and tumor response rate (RR) was the secondary 

endpoint of this study.

Results: Of all the assessable population, the result showed no statistical difference among 

the three types SNPs of MLH1 rs1800734 (AA, AG, GG) for RR (P=0.859), and also without 

significant difference for AA + AG combined variants vs GG variant (P=0.849). The median 

PFS for AA, AG, and GG variants of MLH1 rs1800734 SNPs were 9.4 months, 7.0 months, 

and 6.9 months, respectively (log-rank P=0.031). Interestingly, compared with AA variant 

of MLH1 rs1800734 SNPs, GG variant showed a shorter PFS (HR: 3.49; 95 CI: 1.02–11.94; 

P=0.046). Furthermore, the median PFS of AA + AG combined variants and GG variant were 

8.3 months and 6.9 months (log-rank P=0.037), and GG variant have a decreased trend with 

no significant difference (HR: 1.57; 95 CI: 0.98–2.53; P=0.061).

Conclusion: The AA variant of MLH1 rs1800734 SNPs has a longer PFS in first-line irinotecan-

based chemotherapy for mCRC patients, and the result needs to be further confirmed by pro-

spective studies in the future.
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Introduction
Colorectal cancer (CRC) is one of the most common gastrointestinal malignancies. 

According to the data from the National Cancer Center of China, 376,300 new cases 

of CRC were detected with 191,000 deaths in 2015, and with the number of new cases 

and deaths, it ranked fifth among the other types of human cancers.1 Even though che-

motherapy or chemotherapy combined with targeted therapy bring clinical benefits, 
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the treatment of CRC is still facing a severe situation. Previ-

ous Phase III studies showed irinotecan plus 5-fluorouracil/

leucovorin (5-FU/LV) was well tolerated and increased the 

response rate (RR), prolonged the overall survival (OS), 

and progression-free survival (PFS) compared with 5-FU/

LV-only treatment; but on the other hand, the RR for this 

combination therapy was only 35%–40%, therefore, large 

proportion of patients could not benefit from this clinical 

therapy.2–4 Many studies have focused on the toxic effects 

of irinotecan-based chemotherapy, whereas few have also 

explored the benefits in the treatment of CRC.5–7

The mismatch repair (MMR) genes, mainly MLH1, 

MSH2, MSH6, and PMS2, can identify and repair errors 

during DNA replication and maintain chromosome stability.8 

The status of the MMR system (evaluation by protein 

immunohistochemistry) included deficient mismatch repair 

(dMMR) system or proficient mismatch repair (pMMR) 

system, which played an important predictive factor in clinic 

treatment for metastatic colorectal cancer (mCRC) patients. 

For instance, stage II CRC patients with dMMR could not 

benefit from adjuvant 5-FU chemotherapy after surgery.9 

Similarly, only dMMR mCRC patients could benefit from 

the treatment of immune checkpoint inhibitors.10,11

Interestingly, some researches also studied the rela-

tionship between the clinical efficacy of irinotecan-based 

chemotherapy and the state of MMR system in metastatic 

colon cancer, but the conclusion of these studies are 

controversial.12,13 Recently, the single nucleotide polymor-

phisms (SNPs) of MMR-related genes aroused our great 

interest. Several studies found that these polymorphisms may 

alter the function of DNA MMR system.14,15 For example, 

one of MLH1 SNP sites (rs1800734, MLH1-93G.A) is 

associated with promoter CpG island hypermethylation 

and microsatellite instability, contributing to CRC devel-

opment. So far no researches reported the association of 

MLH1 rs1800734 SNPs with clinical outcomes of first-line 

irinotecan-based chemotherapy. In this study, we want to 

explore whether polymorphic locus of MLH1 rs1800734 

can influence the clinical outcomes of first-line irinotecan-

based chemotherapy in CRC.

Patients and methods
study population
From January 2016 to May 2018, 125 mCRC patients 

who received standard first-line irinotecan-based chemo-

therapy (none of them combined with bevacizumab or 

cetuximab) at Jiangsu Cancer Hospital were enrolled in the 

study. The included patients must meet all the following 

criteria: 1) written informed consent; 2) pathologically con-

firmed colorectal adenocarcinoma with complete clinical 

outcomes information; and 3) available blood samples or 

formalin-fixed paraffin-embedded (FFPE) tissues for PCR-

based sequencing.

selected polymorphisms and genotyping
Based on the previous published studies, the SNPs of MLH1 

rs1800734 were selected for gene test and genotyping was 

performed using Taqman allelic discrimination assays. 

Genomic DNA was extracted from FFPE tissues or blood 

specimens from patients enrolled in this study.16 Primers 

used were F, 5′-ACCCAGCAACCCACAGAGT-3′ and R, 

5′-GTCTAGATGCTCAACGGAAGTG-3′. Probes used were 

C: FAM-TCTTCCTTCAGCTGTAG-MGB and T: HEX-

TTCTTCCTTTAGCTGTAGC-MGB. The investigator who 

read the sequence was blinded to the clinical outcome data.

statistical analyses
Tumor responses were sorted according to the response 

evaluation criteria in solid tumors guidelines. The percent-

age of the patients obtaining complete response and partial 

response was considered as the RR. Patients who obtained 

stable disease and progressive disease are considered to be 

nonresponders. PFS was defined as the time from the first 

day of starting therapy to the first day of documented disease 

progression or death. The association between different 

SNPs and RR was assessed by Pearson’s chi-squared test or 

Fisher’s exact test. Log-rank test for PFS in the univariate 

analysis and Cox proportional hazards regression model in 

multivariate analysis were used. For all analyses, P-values 

were two-tailed and its value ,0.05 was considered statisti-

cally significant.

statement of ethics
Written informed consent was obtained from all the patients 

included in this study. The ethical committee of the Jiangsu 

Cancer Hospital approved the study, and all experimental 

procedures were performed in accordance with the 1964 

Declaration of Helsinki and its later amendments or compa-

rable ethical standards.

Results
Patient characteristics
The baseline characteristics of patients enrolled in this 

study are summarized in Table 1. Out of the 125 patients 

included, 71 (56.8%) were male and 54 (43.2 %) were female. 
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The median age of the patients was 59.14±11.87 years. 

The patient number of Eastern Cooperative Oncology 

Group performance status 0–1 and 1–2 were 67 (53.6%) 

and 58 (46.4%), respectively. Seventy (56.0%) patients 

showed primary metastatic disease status at diagnosis and 

others showed recurrent disease status. Ninety-one (72.8%) 

patients had a liver metastases. All of study population 

received RAS (KRAS and NRAS) gene testing in hospital, 

and KRAS or NRAS gene mutation occurred in 36 (28.8%) 

patients. Different variants for MLH1 rs1800734 SNPs are 

listed in Table 2.The number of AA, GG, and AG variant 

of MLH1 rs1800734 SNPs was 7 (5.6%), 77 (61.6%), and 

41 (32.8%), respectively, in all the patients.

association of snPs with clinical 
outcomes
Overall response rate (ORR) and PFS were evaluated to find 

their relationship to different variants of MLH1 rs1800734 

SNPs. The results of this part are summarized in Table 2.

Orr
The ORR was achieved in 3 (42.8%) patients in AA variant, 

14 (34.1%) patients in AG variant, and 26 (33.8%) patients 

in GG variant of MLH1 rs1800734 SNPs, with no signifi-

cant difference among three groups (P=0.859). The ORR 

of AA + AG combined variants and GG variant of MLH1 

rs1800734 SNPs also did not show any significant differ-

ence (35.4% vs 33.7%; P=0.849), indicating no relationship 

between different alleles of MLH1 rs1800734 SNPs with 

tumor response in first-line irinotecan-based chemotherapy.

PFs
The median PFS for AA, AG, and GG variant of MLH1 

rs1800734 SNPs were 9.4 months, 7.0 months, and 6.9 months, 

respectively (log-rank P=0.031, Figure 1). Compared with 

AA variant, GG variant shows a shorter PFS in both 

univariate (HR: 3.73; 95 CI: 1.15–12.15; P=0.028) and 

multivariate analysis (HR: 3.49; 95 CI: 1.02–11.94; P=0.046, 

Figure 2), whereas no statistically significant difference were 

found for AG variants in both univariate (HR: 1.74; 95 CI: 

0.95–3.22; P=0.075) and multivariate analysis (HR: 1.70;  

95 CI: 0.91–3.20; P=0.098). These results indicate that 

AA variant of MLH1 rs1800734 SNPs has a better PFS in 

first-line irinotecan-based chemotherapy.

Table 1 Patient demographics and clinical characteristics

Patient characteristics All patients (n=125)

gender
Male 71 (56.8%)
Female 54 (43.2%)

Median age (years) 59.14±11.87

ecOg Ps
0 67 (53.6%)
1–2 58 (46.4%)

Primary site
left colon or rectum 76 (60.8%)
right colon 49 (39.2%)

Liver-limited metastases
Yes 91 (72.8%)
no 34 (27.2%)

ras status
Kras or nras mutant 36 (28.8%)
Wild-type 89 (71.2%)

Disease status
Primary metastatic 70 (56.0%)
recurrent 55 (44.0%)

regimen
FOlFiri 125 (100%)

Note: FOLFIRI is the combination of irinotecan with 5-FU/leucovorin.
Abbreviations: ecOg, eastern cooperative Oncology group; Ps, performance 
status.

Table 2 Association between different genotypes for MLH1 rs1800734 and clinical outcomes in mCRC patients

SNP type N (%) Tumor response PFS

PR + CR SD + PD P-value Median months 
(95% CI)

P-value HR (95% CI)* HR (95% CI)# P-value

Mlh1 0.859 0.031
aa 7 (5.6%) 3 (42.8%) 4 (57.2%) 9.4 (9.1–9.7) 1 (reference) 1 (reference)
ag 41 (32.8%) 14 (34.1%) 27 (65.9%) 7.0 (5.0–8.6) 1.74 (0.95–3.22) 1.70 (0.91–3.20) 0.098
gg 77 (61.6%) 26 (33.8%) 51 (66.2%) 6.9 (5.2–8.6) 3.73 (1.15–12.15) 3.49 (1.02–11.94) 0.046

0.849 0.037
aa + ag 48 (38.4%) 17 (35.4%) 31 (64.6%) 8.3 (6.2–10.4) 1 (reference) 1 (reference)
gg 77 (61.6%) 26 (33.7%) 51 (66.3%) 6.9 (5.2–8.6) 1.61 (1.02–2.55) 1.57 (0.98–2.53) 0.061

Notes: P-value was based on chi-squared test or Fisher’s exact test for tumor response. *Log-rank test for PFS and OS in the univariate analysis, and #Wald test in the 
multivariate Cox proportional hazards regression model adjusting for sex, age, ECOG PS, primary site, liver-limited metastases, disease status, RAS status. P-values ,0.050 
are shown in bold.
Abbreviations: CR, complete response; ECOG, Eastern Cooperative Oncology Group; OS, overall survival; PD, progressive disease; PFS, progression-free survival; 
PR, partial response; PS, performance status; SD, stable disease; SNPs, single nucleotide polymorphisms.
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Furthermore, the PFS of AA + AG combined variants 

and GG variant of MLH1 rs1800734 SNPs was 8.3 months 

and 6.9 months (log-rank P=0.037). In univariate analysis, 

the result showed statistically significant difference between 

two groups (HR: 1.61; 95 CI: 1.02–2.55; P=0.043, Figure 3), 

whereas no statistically significant difference was found 

in multivariable analysis (HR: 1.57; 95 CI: 0.98–2.53; 

P=0.061).

Discussion
To our knowledge, this is the first study to set forth the rela-

tionship between the different variants of MLH1 rs1800734 

SNPs and clinical outcomes of the first-line irinotecan-

based chemotherapy in mCRC patients. Our results showed 

that compared with GG variant, the AA variant of MLH1 

rs1800734 SNPs has a better PFS and no statistically signifi-

cant in ORR analysis.

Nowadays, the gold standard of judgment for MMR status 

was confirmed by protein immunohistochemistry of MLH1, 

MSH2, MSH6, and PMS2.17 Gene point mutation and large 

fragment deletion during DNA replication in human normal 

cells were repaired by proficient MMR system.9 As known, 

irinotecan was catalyzed by carboxylesterase and trans-

formed into 7-ethyl-10-hydroxycamptothecin 38(SN-38) in 

body, interfering DNA replication and transcription to exert 

antitumor activity.18 We hypothesized that MMR system can 

involve in repair of the abnormal DNA replication caused by 

irinotecan-based chemotherapy, and the dMMR system could 

not play its normal function, leading to a better response to 

cytotoxic chemotherapy. This assumption had been brought 

up in previous studies,12,13 which was the same as the synthetic 

lethality theory from PARP inhibitors in Brca1 mutation 

cancers.19,20

Due to extensive genome-wide associative studies, 

researchers found lots of genomic susceptibility loci, in which 

some of them played an important role in the development 

of CRC, including MLH1 rs1800734 SNPs in this article.21,22 

Previous study found that A allele of MLH1 rs1800734 had 

a higher hypermethylation level in gene promoter of MLH1 

than G allele, causing MLH1 protein expression decrease 

and changing the function of MMR system.12 This finding 

may partly explain why AA variant of MLH1 rs1800734 

SNPs is associated with longer PFS and any A allele of 

MLH1 rs1800734 SNPs with higher ORR compared with GG 

variant, which is the result of our article. Some researches 

explored the relationship between SNPs of other genes and 

Figure 1 Kaplan–Meier curves of PFs according to the three variants (aa, ag, and 
GG) of MLH1 rs1800734 SNPs in mCRC patients treated by first-line irinotecan-
based chemotherapy.
Abbreviations: mCRC, metastatic colorectal cancer; PFS, progression-free 
survival; snPs, single nucleotide polymorphisms.

Figure 2 Kaplan–Meier curves of PFs according to aa variant compared with gg 
variant of MLH1 rs1800734 SNPs in mCRC patients treated by first-line irinotecan-
based chemotherapy.
Abbreviations: mCRC, metastatic colorectal cancer; PFS, progression-free 
survival; snPs, single nucleotide polymorphisms.

Figure 3 Kaplan–Meier curves of PFs according to aa + AG combined variants 
compared with GG variant of MLH1 rs1800734 SNPs in mCRC patients treated by 
first-line irinotecan-based chemotherapy.
Abbreviations: mCRC, metastatic colorectal cancer; PFS, progression-free 
survival; snPs, single nucleotide polymorphisms.
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clinical benefit of irinotecan-based therapy, such as TOP 1, 

SLCO1B1, ABCC2, and UGT1A1.23,24 Although the function 

of these genes mentioned above mainly take part in drug-

metabolizing pathway in vivo, mechanisms affecting the 

clinical efficacy of irinotecan-based therapy were different 

from MLH1 rs1800734 SNPs in our study.

There are also some limitations in this article. As a 

retrospective study, inherent limitations make the results to 

be further confirmed by prospective studies. Second, as the 

follow-up time is insufficient, we only observe short-term 

efficacy of the influence of MLH1 SNPs on first-line irinote-

can-based chemotherapy and cannot affirm whether different 

variants of MLH1 rs1800734 SNPs are related to OS or not. 

Although DNA synthetic lethality assumptions may explain 

the results of this article, we need to design in vitro cytology 

experiment in order to discover the mechanism behind.

Anyway, our results showed the AA variant of MLH1 

rs1800734 SNPs have a longer PFS, which suggest that 

MLH1 rs1800734 SNPs maybe a predictive factor in first-line 

irinotecan-based chemotherapy for patients with mCRC.
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