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Abstract 

Background: Lung cancer is the leading cause of cancer deaths worldwide. Phar-
macogenomics plays an important role in tailoring cancer patients’ treatment. Pemetrexed 
is widely used in first- and second-line chemotherapy of non-small cell lung cancer 
(NSCLC); however, there is no available predictive biomarker for pemetrexed treatment. 
The present study aimed to investigate the role of polymorphisms in thymidylate 
synthase and SLC19A1 polymorphisms with clinical outcome in patients with advanced 
NSCLC treated in first-line with pemetrexed or pemetrexed plus cisplatin. 

Method: This cohort study included 40 metastatic lung cancer patients treated 
with pemetrexed plus cisplatin. We utilized the tetra-primer amplification refractory 
mutation system-polymerase chain (ARMS-PCR) reaction for genotyping of rs3788189 
and rs1051298. TYMS 28-VNTR and rs16430 were genotyped in the patients via 
PCR amplification and PCR-RFLP, respectively. Fisher's exact test and Kaplan-Meier 
curve were used for statistical analysis. 

Results: We recruited 40 patients in this research with a median age of 58.9 years. 
The median survival of all the 40 patients was 11.6 months. The overall survival of 
the patients, as well as their gender, age, and metastatic sites were not found to be 
statistically associated with rs1051298, rs3788189, TYMS VNTR, and rs16430. 

Conclusion: Our study did not identify any associations between the SLC19A1 
and TYMS VNTR and rs16430 and clinical outcomes in advanced NSCLC patients. 
However, further investigation will be conducive to finding effective clinical biomarkers 
for the treatment of patients with NSCLC. 
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Introduction 

Lung cancer remains the most frequently 
diagnosed cancer and is the leading cancer-related 
death worldwide with 1.8 million deaths in 2018.1 
Non-small cell lung cancer (NSCLC) and small 
cell lung cancer (SCLC) are the two main types 
of this malignancy. NSCLC accounts for 
approximately 85% of all lung cancer cases. 
Chemo- and radiotherapy are the backbones of 
lung cancer treatment. Nonetheless, tumor 
progression have been observed in the majority 
of patients. As a result, the five-year survival of 
lung cancer patients remains 15% and just <7% 
of lung cancer patients are alive 10 years following 
diagnosis.2, 3 

Pemetrexed is a folate antimetabolite with 
anticancer activity. It is clinically useful for the 

treatment of first- and second-line or maintenance 
therapy in advanced NSCLC.4 Pemetrexed plus 
platinum-based agents have been recommended 
for advanced lung cancer and Mesothelioma.5 
Inhibition of three key enzymes, namely 
thymidylate synthase (TS), glycinamide 
ribonucleotide formyltransferase (GARFT), and 
dihydrofolate reductase (DHFR), results in 
inhibition of DNA and RNA synthesis. Studies 
have shown that response to pemetrexed therapy 
depends on expression levels of some genes, 
including TS, 5,10- methylenetetrahydrofolate 
reductase (MTHFR), and Solute Carrier Family 
19, member 1 (SLC19A1 or RFC1).6 Accordingly, 
it is crucial to identify pharmacogenomics markers 
for predicting responders and non-responders to 
pemetrexed. 

Figure 1. Kaplan-Meier OS curves according to genotyping. A) TYMS VNTR; B) rs16430; C) rs1051289; (12 vs. 12 months, P = 0.67) 
D) rs3788189 (13 vs. 12 months, P = 0.72).  
OS: Overall survival 
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TS is an important target for several drugs, 
including 5-fluorouracil (5FU), methotrexate, 
pemetrexed, and raltitrexed (Tomudex).7-9 

Dysregulation of TYMS is linked to resistance 
against chemotherapy in several cancers and has 
a predictive value for the efficacy of TYMS 
targeted chemotherapy. The expression of TS 
mRNA level is regulated by a variable number 
of 28-base pair (bp) tandem repeats (VNTR) in 
the 5′regulatory region that consists of a double 
(2R) or triple (3R) repeat of a 28-base-pair (bp) 
tandem repeats.10 Another polymorphism that 
affects TS mRNA level and TS protein expression 
is a 6-bp insertion at nucleotide 1494 in the 
3′UTR. (rs16430).11 

SLC19A1 encodes the reduced folate carrier 
protein (RFC1) which is the bi-directional 
transporter of 5-methyltetrahydrofolate in a cell 
membrane and plays a central role in folate 
concentration in cells. Previous studies have 
reported several polymorphisms in the SLC19A1 
gene, which changed the transporter structure 
and function. A number of papers suggested that 
polymorphisms in the SLC19A1 are associated 
with idiopathic recurrent pregnancy loss and 
neural tube defects and MTX therapeutic 
outcome.12-14 SLC19A1 rs3788189 G>T 
polymorphism, located in the intronic region of 
SLC19A1 was associated with overall breast 
cancer risk in African-American women, lung 
cancer disease-free survival (DFS), and overall 
survival (OS).15, 16 Another polymorphism, 
rs1051298 (IVS2 (4935) G /A) correlated 
significantly with leukopenia.17 The current work 
aimed to evaluate the effect of rs3788189 and 
rs1051298, TYMS 28-VNTR, and rs16430 on 
the efficacy of pemetrexed therapy in patients 
with advanced non-small-cell lung cancer. 
 

Materials and Methods 

In this cohort study, we recruited 40 patients 
who had been diagnosed with NSCLC from June 
2018 to December 2019 in Hazrat Rasool-e Akram 
Hospital, Tehran, Iran. The Ethics Committee of 
the National Institute of Genetic Engineering and 
Biotechnology (NIGEB) approved this study 
(IR.NIGEB.EC1398.6.24C). All the patients 

provided written informed consent. The eligible 
subjects had no previous chemotherapy treatment. 
Their studied characteristics were age, gender, 
smoking history, histological type. The inclusion 
criteria were being diagnosed with advanced 
NSCLC that was treated with pemetrexed and 
cisplatin. The patients received 500 mg/m2 of 
pemetrexed plus 75 mg/ m2 cisplatin every three 
weeks. 
Genotyping 

Before the patients underwent the first 
chemotherapy cycle, 3mL of peripheral blood 
was collected into the EDTA tubes. Genomic 
DNA was isolated from the peripheral blood using 
the General extraction kit (South Korea). The 
TYMS VNTR polymorphism analysis was carried 
out in the same reaction mixture of 22 μl. The 
mixture contained: 1 μl of sample DNA (50 ng/ 
μl), 0.5 μM of each primer, 10 μl Taq DNA 
Polymerase 2x Master Mix RED (Amplicon, 
Denmark), and 10 μl water. Polymerase chain 
reaction (PCR)-restriction fragment length 
polymorphism (RFLP) analysis of rs16430 was 
performed with DraI fast digest enzymes (Thermo 
Fisher Scientific, the USA), as described 
previously.18 The SLC19A1 rs3788189 and 
rs1051298 polymorphisms were selected owing 
to their association with pemetrexed therapeutic 
outcomes. We used tetra-primers ARMS-PCR 
for genotyping. The volume of the total PCR 
reaction system was 15 μl, including 0.5 μl of 
primers, 6 μl of DNA Polymerase Master Mix 
RED (Amplicon, Denmark), 6 μl dH2O, and 1 
μl of DNA. The fragments were visualized in a 
2% agarose gel. Table 1 represents the primers 
used for amplification. 
Statistical analysis  

The obtained data were analyzed via SPSS 
software version 24 (SPSS, Inc., Chicago, IL, 
USA). The correlations between each genotype 
and other categorical variables were compared 
using the x2 test or Fisher's exact test. A P-value 
of less than 0.05 was considered to be statistically 
significant. Hardy-Weinberg equilibrium of 
genotype frequencies was estimated with chi-
squared test. We measured OS from the starting 
date of pemetrexed therapy to the date of death 
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or final follow-up. The survival data were assessed 
using a Kaplan-Meier curve. 

 
Results 

Patient characteristics and allele frequencies 
Between June 2018 and December 2019, a 

total of 40 patients (25 males and 15 females) 
were enrolled in this study. The median age of 
the participants was 58.9 years (ranging from 40-
77). Table 2 demonstrates the clinicopathological 
characteristics of the patients. Our subjects were 
treated with pemetrexed 500 mg/m2 and cisplatin 
75 mg/m2 on day 1 of the 21-day cycle for four 
cycles. The data are available for 34 patients. 
Genetic polymorphisms and survival 

In this study, we explored the effect of several 
polymorphisms on clinicopathological charac-
teristics, such as age, gender, smoking, and 
metastatic to different organs were not associated 
with a different type of polymorphisms. The chi-
square test suggested that rs16430, TYMS VNTR, 
and rs3788189 were not in Hardy-Weinberg 
equilibrium (P-value > 0.05). The median survival 
of all the 40 patients was 11.6 months. No 
significant differences were observed concerning 
survival among the patients of different genders, 
ages, and metastatic sites.  The OS time of the 
patients with rs1051298 TT alleles was not longer 
than that in the cases with TC and CC alleles (12 
vs. 12 months, P = 0.67). No statistically 
significant association was observed between 

rs3788189 and OS (13 vs. 12 months, P = 0.72). 
Furthermore, different genotypes of TYMS 28-
VNTR and rs16430 were not associated with the 
survival of the patients (Figure 1). 

 
Discussion 

To the best of our knowledge, this is the first 
report evaluating the role of TYMS and SLC19A1 
gene polymorphisms and pemetrexed-based 
chemotherapy in Iranian advanced NSCLC 
patients. The results of this study revealed no 
correlations between TYMS 28-VNTR, rs16430, 
rs1051298, and rs3788189 and chemotherapy 
response in patients.  

Pemetrexed is a methotrexate derivative that 
targets TS, DHFR, and GARFT, which are 
involved in pyrimidine and purine metabolism. 
Pemetrexed is transported into the cell via reduced 
folate carrier RFC which is encoded by the 
SLC19A1 gene and was approved in 2004 by 
the U.S. Food and Drug Administration (FDA) 
for treatment of non-resectable pleural 
mesotheliomas. Cisplatin/pemetrexed is also 
prescribed for the treatment of locally advanced 
NSCLC.19 Previous studies have shown that 
genetic variations are responsible for drug 
response. Pharmacogenomics biomarker will 
improve the chemotherapy efficacy in cancer 
patients. In our previous study, MTHFR 
rs1801133 polymorphisms were not associated 
with survival in NSCLC patients treated with 

Table1. Primer sequence and PCR product length 
SNP in Amino acid change Types of variants Gene Primers          PCR product length 

dbSNP 
rs16430 6-bp deletion deletion/insertion (indel) TYMS F   caaarcrgagggagctgagtaaca Del/del : 123bp 

R   aaagcgtggacgaatgcaga Ins/ins : 60,63 
Ins/del : 
123,63,60 

 
rs45445694 28-bp repeat duplication TYMS F   ctaagactctcagctgtggccctg 2R: 276 

R   ccacaggcatggcgcggc 3R:304 
   
rs3788189 G>A substitution SLC19A F outer    agagcagggtgaggagagccacagc 267bp 

R outer    agcctcctgaaccctctgcacctcc 141bp 
G allele atgaccagaaggagcagcaccagtgg 180bp 
T allele  gctgcgagaatcaggagagatgtggctaa 
 

rs1051298 G>A substitution SLC19A F outer  gcatgtggcttctctgtctctgtggaaaag 396bp 
R outer   gagtattcacatcacatcagatggtcccgc 254bp 
C allele    gcacataccaaggccagcacgtacg 190bp 
T allele   gaggggactggtcccggtcacagt  

PCR: Polymerase chain reaction; SNP: Single nucleotide polymorphism; bp: Base pair; TYMS: Thymidylate synthetase; SLCA19A: Solute carrier family 6 member 19; F: 
Forward; R: Reverse; Del: Deletion; Ins:  Insertion 
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pemetrexed-based chemotherapy.20 Polymorphism 
in SLC19A1 is associated with adverse drug 
reaction occurrences and decreased survival of 
lung cancer patients. Pemetrexed plus cisplatin 
has been used to treat malignant pleural 
mesothelioma and NSCLC patients. Pemetrexed 
has been regarded as the first- and second-line 
treatment for advanced NSCLC patients. In our 
previous research, we also indicated that TS 
polymorphisms could be considered as a phar-
macogenomics biomarker for colorectal cancer 
patients treated with fluoropyrimidine-based 
cancer chemotherapy.21 Therefore, it is crucial to 
identify biomarkers in cancer patients who are 
most likely to benefit from pemetrexed treatment. 
The main objective of the present study was to 
investigate the association of four polymorphisms 
in the TYMS and SLC19A1 gene with survival 
in advanced NSCLC patients treated with 
pemetrexed-based chemotherapy.  

Herein, TYMS 28-VNTR and rs16430 
genotypes were not associated with the survival 
of NSCLC patients. In previous studies, TS 
activity was a predictor for sensitivity to 5FU 
and 5FU/LV in colon cancer cell lines.22 Our 
previous study showed that TS polymorphisms 
were associated with an increased risk of grade 
III neurotoxicity and anemia in colorectal cancer 
patients treated with fluoropyrimidine-based 
cancer chemotherapy.18 TS induction resulted in 
resistance against 5-FU in lung cancer. For the 
first time, Otake et al. showed that TS was 

overexpressed in NSCLC. They also proposed 
that TS may be involved in NSCLC 
tumorigenesis.23 The upregulation of TS leads to 
resistance against pemetrexed in breast and colon 
cancer.24, 25 These studies have suggested that TS 
activity is associated with resistance to pemetrexed 
and can be used as a biomarker for the prediction 
of tumor response to pemetrexed. On the other 
hand, TS expression could not be predicted 
through pemetrexed sensitivity in gastric cancer.26 
Gomez et al. studied 61 breast cancer patients 
treated with pemetrexed. According to their results, 
"low" pretreatment TS expression was associated 
with response to pemetrexed chemotherapy.27 

Nakagawa et al. showed that higher TS expression 
in tumor cells is associated with higher 
proliferative activity in NSCLC, especially in 
lung adenocarcinoma cells.28 Wang et al. reported 
that progression-free survival (PFS) and OS were 
better in NSCLC patients with the (-6 bp/-6 bp) 
than those in patients with (-6 bp/+6 bp).29 In 
their research, 60 histologically malignant pleural 
mesothelioma were treated with pemetrexed and 
pemetrexed/platinum agent. They suggested that 
TS protein levels were an independent prognostic 
factor for time to PFS and OS in patients. In 
human NSCLC tumors, an inverse correlation 
was observed between TS expression and tumor 
response and PFS in patients treated with 
pemetrexed-based chemotherapy.30 The VNTR 
in the TYMS was a predictive factor for anemia 
and thrombocytopenia in non-squamous NSCLC 

Table 2. Distribution of TYMS and SLCA19 polymorphisms genotypes 
dbSNP ID Genotypes No. of patients Percentage (%) 

rs16430  

Del 13 32.5 
Indel 21 52.5  
Ins 6 15.0 
TYMS VNTR 
2R/2R 6 15 
2R/3R 10 25 
3R/3R 24 60 
rs3788189  
TT 25 62.5 
GG 5 12.5 
TG 10 25.0 
rs1051298  
CC 12 30.0 
TC 6 15.0 

TT 22 55.0 
Del: Deletion; Ins: Insertion; TYMS: Thymidylate synthetase; VNTR: Variable number tandem repeats (VNTRs); No.: Number 
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(non-sq NSCLC) patients treated with carboplatin 
and pemetrexed regimen.31 Arévalo et al. found 
that 3R/3R genotype was significantly correlated 
with OS in advanced NSCLC patients receiving 
pemetrexed.32 Li et al. indicated that the response 
rate was higher in patients with the TS 2R/2R, 
2R/3C, or 3C/3C genotypes than that in the other 
groups. Furthermore, they found that the 
polymorphism of the 5' UTR of the TS gene is a 
predictor of survival in advanced NSCLC patients 
treated with pemetrexed.33 Lee et al. studied the 
expressions of TS in pulmonary adenocarcinoma 
patients treated with pemetrexed/cisplatin, as the 
first-line treatment. Low TS expressions were 
significantly associated with better RR and longer 
PFS in these patients.34 Inconsistent with our 
results, no significant correlation was found among 
different TS gene polymorphisms and disease 
control rate (DCR), objective response rate (ORR), 
and PFS of pemetrexed-based treatment in 
advanced NSCLC.35 On account of these 
controversies, the well-designed study should 
evaluate the role of TS gene polymorphisms and 
expression on lung cancer genetic susceptibility 
and its role in predicting specific treatment 
regimens. 

The results of our study suggested that the TT 
alleles in rs1051298, compared to TC and CC 
alleles, are not associated with the survival of 
NSCLC patients (12 vs. 12 months, P = 0.67). 
The study of Adjei et al. implied that C/T of 
rs1051298 was associated with longer PFS and 
predict survival in NSCLC patients treated with 
pemetrexed.17, 36 In another study, Li et al. showed 
that rs1051298 CC genotype had a longer median 
OS than patients with the other two genotypes 
(12.2 vs. 8.9 and 7.3 months, respectively; log-
rank x2 = 2.957; P = 0.022).32 In the study of 
Corrigan et al., rs1051298 was associated with 
OS in NSCLS and mesothelioma patients who 
received pemetrexed/platinum doublet 
chemotherapy.37 Most recently, Zhang et al. 
revealed that rs1051298 had significant 
associations with the risk of hepatotoxicity in 
patients who received pemetrexed treatment.38 

These results proposed that the C allele in 
rs1051298 was associated with pemetrexed drug 

toxicity and longer PFS and OS in lung cancer 
patients.  

Our results demonstrated no associations 
between rs3788189 and NSCLC patients (13 vs. 
12 months, P = 0.72). However, the study of 
Adjei et al. showed that rs3788189 was associated 
with OS in NSCLC patients receiving pemetrexed-
based therapy.36 Moreover, Dy et al. indicated 
that NSCLC patients were treated with 
perioperative chemotherapy with cisplatin and 
pemetrexed. The results of this study revealed a 
statistically significant association between 
SLC19A1 rs3788189 TT genotype (P = 0.0821) 
and DFS.16 

The current study had several limitations; the 
major one was the small sample size. It is a 
possible explanation of why the studied 
polymorphisms were not associated with the OS 
of NSCLC patients in our study. Furthermore, to 
achieve reliable results concerning the prediction 
of the benefit of pemetrexed therapy in lung 
cancer patients, we investigated other important 
pharmacogenomics polymorphisms within genes, 
such as MTHFR, GGH, DHFR, and FOLR.37 
Finally, ADRs recorded data were not suitable 
for assessing drug efficacy. Given all these 
limitations, further investigation with different a 
variety of gene polymorphisms, larger sample 
size, and detailed clinical data is required.  

         
Conclusion 

Previous pharmacogenomics studies have 
identified markers of pemetrexed toxicity. The 
present research demonstrated that TYMS and 
SLC19A1 gene polymorphisms do not predict 
survival differences in pemetrexed-treated 
advanced NSCLC. Our results should be validated 
in larger studies using pemetrexed-based 
chemotherapy. 
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