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Background: In the present study, we aimed to retrospectively analyze the correlation between toxicity of pemetrexed (PEM)
chemotherapy and methylenetetrahydrofolate reductase (MTHFR) C677T polymorphisms in patients with ad-
vanced non-squamous non-small cell lung cancer (non-sq NSCLC).

Material/Methods: We used polymerase chain reaction, gene scanning, and restriction fragment length polymorphism to analyze
MTHFR C677T in 51 patients with advanced non-sq NSCLC. The patients received chemotherapies with single-
agent PEM (monotherapy group) or with PEM combined with cisplatin (joint group). The correlation between
MTHFR C677T polymorphisms and chemotherapy efficacy/toxicity was also assessed.

Results: There were 40 patients in the monotherapy group and 11 patients in the joint group. Among the 40 patients
received single-agent PEM chemotherapy, those with the CT/TT genotype had higher incidence of leukope-
nia, neutropenia, nausea, and fatigue compared to patients with the with wild-type genotype CC (all P<0.05).
However, polymorphisms of MTHFR C677T were not significantly associated with other adverse events and
clinical outcomes.

Conclusions: Compared with genotype CC (the wild type), patients with the CT/TT genotype had higher incidence of leuko-
penia, neutropenia, nausea, and fatigue. Therefore, the MTHFR C677T polymorphism could be a predictive fac-
tor for leukopenia, neutropenia, nausea, and fatigue toxicities in non-sq NSCLC patients treated with single-
agent PEM.
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PR - partial response; SD — stable disease; PD — progressive disease; RECIST — Response Evaluation
Criteria in Solid Tumor; NCI-CTC — National Cancer Institute Common Toxicity Criteria; CDDP - cisplatin
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Background

Lung cancer is the cancer with the highest incidence in the
world, and non-small cell lung cancer (NSCLC) accounts for
about 80% of all lung cancer cases [1,2]. The majority of NSCLC
are diagnosed at unresectable stage [3], so chemotherapy,
such as use of Paris Saponins and PEM, is the backbone of
treatment in most patients [4]. Studies on chemotherapy of
NSCLC were conducted and the PI3K/AKT Pathway was found
to be associated with the chemo-resistance of NSCLC [4,5]. The
poor survival of NSCLC patients was also found to be associ-
ated with aberrant expression of autophagy-related gene [6].
Pemetrexed (PEM) is frequently used for advanced non-squa-
mous non-small cell lung cancer (non-sq NSCLC). Some stud-
ies show that when compared with other chemotherapies, the
overall survival of patients receiving chemotherapy using PEM
is increased for patients with advanced non-sq NSCLC [7,8].
Myelosuppression, which has symptoms such as leucopenia,
neutropenia, anemia, and thrombocytopenia, is a common
toxicity of PEM. In addition, the slight toxicities due to PEM
are generally tolerable [9,10]. However, the efficacy and tox-
icity of PEM vary greatly for patients receiving different dos-
es of the drug.

The great variation in efficacy and toxicity in treating non-sq
NSCLC might be partly due to genetic polymorphisms [11,12].
Methylenetetrahydrofolate reductase (MTHFR) is the rate-lim-
iting enzyme in folate metabolism and is the target of PEM,
reducing 5,10-methyleneterahydrofolate to 5-methylenetera-
hydrofolate. As a carrier of one-carbon units within the cells,
MTHFR is involved in synthesizing purine and pyrimidine, which
act against chemotherapies such as PEM [13-15]. The MTHFR
gene is located in the human chromosome 1p36.3, and har-
bors 11 exons and 10 introns, encoding known polymorphisms
such as C677T, A1298C, and T1059C [16-18]. The C677T poly-
morphism is the most frequent missense mutation, with gen-
otypes of wild-type CC, homozygous TT, and heterozygous
CT [16]. CC is the wild-type genotype, TT (bi-allelic polymor-
phism) is the homozygous genotype, and CT (mono-allelic poly-
morphism) is the heterozygous genotype. The homozygous mu-
tations for the MTHFR C677T are associated with significantly
increased progression-free survival (PFS) when compared with
patients with wild-type or heterozygous mutations [19]. A re-
cent study showed that MTHFR C677T polymorphisms had no
correlation with the treatment efficacy of PEM, and a corre-
lation between MTHFR C677T polymorphisms and toxicity of
PEM has been reported [20]. However, few studies reported
that MTHFR C677T polymorphisms is correlation with the tox-
icity of PEM in non-sq NSCLC.

Thus, this study aimed to evaluate the efficacy and toxici-
ty of PEM for non-sq NSCLC, and to analyze the correlation
between the efficacy or toxicity of PEM and MTHFR C677T
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polymorphisms, which might be helpful in identifying a reli-
able biomarker to predict the effectiveness and safety of PEM
for non-sq NSCLC.

Material and Methods

Patients

Patients had been diagnosed cytologically or histologically as
having non-sq NSCLC. Their organ functions were assessed ac-
cording to Eastern Cooperative Oncology Group performance
status (ECOG PS), including adequate bone marrow, liver, and
kidney function. They also had received more than 1 cycle of
chemotherapy regimens for advanced non-sq NSCLC at Fuzhou
General Hospital of Nanjing Military Command from January
2012 to December 2014. Out of the total of 55 patients in the
study, 4 were lost during follow-up.

Treatments

The monotherapy group included 40 patients who received
500 mg/m? of PEM by intravenous (i.v.) administration per day.
The joint group included 11 patients who received 500 mg/m?
PEM by i.v. administration combined with 75 mg/m? of cispla-
tin per day. Three weeks were regarded as a cycle. All the pa-
tients were given folic acid and vitamin B12 to alleviate the
toxicity. Dose adjustment and cycle delay of 21 days or less
were permitted to resolve the toxicity effects. All patients
signed the informed consent and the study was approved by
the Ethics Committee of Fuzhou General Hospital of Nanjing
Military Command.

Assessment of treatment response and toxicity

The tumor responses were assessed by computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) every 2 cycles.
The clinical response was assessed as complete response (CR),
partial response (PR), stable disease (SD), or progressive dis-
ease (PD), according to the guidelines of Response Evaluation
Criteria in Solid Tumor (RECIST). The toxicities, including my-
elosuppression and gastrointestinal reactions, were assessed
according to the National Cancer Institute Common Toxicity
Criteria (NCI-CTC).

Genetic analysis

Genomic DNA was isolated from the peripheral blood (5 mL) using
the QIAmp DNA extraction kit (QIAGEN, Hilden, Germany) [21].
DNA amplification was performed by using a 7500 real-time
quantitative PCR device (Applied Biosystems, Foster City, CA,
USA). The primers used for amplification and sequencing of
MTHFR C677T were: sense: 5-AAGGAGGAGCTGCTGAAGATG-3’;
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Table 1. Clinicopathologic characteristics of 51 non-sq NSCLC
patients.

Characteristics No. of patients (n, %)

Age (years old)

<65 36 (70.60)
"""" 5 15 (940
CGender
”””” Male 34 (6670)
”””” Female 17 (3330
Cstage
”””” w5 (@80)
"""" v o a6 (9020
CHistology
 Adenocarcinoma a7 (9220
”””” large cell carcinoma 4 (7.80)
| ECOG performance status
”””” o 16 @130
”””” 35 (6870)
Csmokinghistory
e 32 (6280
"""" N 19 (7200
Treatment linefcye
CPEM (v.500 mg/m) 20 (7840

PEM+CDDP (i.v. 500 mg/m? PEM 11 (21.60)

+75 mg/m? of CDDP)

ECOG - Eastern Cooperative Oncology Group;
PEM — pemetrexed; CDDP — cisplatin.

antisense: 5’-CTTTGCCATGTCCACAGCATG-3'. The volume of to-
tal PCR reaction system was 5 pL, including 0.25 pL of prim-
ers and probes, 2.5 pL of PCR reaction solution, and 5 ng of
DNA. The PCR reaction conditions were: pre-change at 95°C
for 10 min; 40 cycles of denaturation at 92°C for 15 s, and ex-
tension at 60°C for 1 min.

Statistical analyses

Data were analyzed using SPSS version 16.0 (SPSS, Inc., Chicago,
IL, USA). The correlations between genotypes and clinical re-
sponse were analyzed by the y?2 test or Fisher’s exact test. The
correlations between genotypes and chemotherapy-related
toxicity were analyzed by Fisher’s exact test or rank sum test.
The analysis of correlation between genotype and PFS was
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Table 2. Number of cases with different MTHFR genotypes.

Gene Gene variants No. of patients (%)
MTHFR C677T cC 21 (41.20)
""""""""""""""""""""""" a0 (o20)
""""""""""""""""""""""" T 10 1960

MTHFR — methylenetetrahydrofolate reductase.

Table 3. Treatment response.

Tumor response No. of patients (%)

Complete response (CR) 0 (0.00)
partial response PR) 10 (1960)
Stable disease 6D) 25 (@900)
progressive disease (PD) 16 (3140
 Overall response rate (ORR) 0 (960
 Disease control rate (OCR) 35 (6860)

ORR - CR+PR; DCR — PR+SD.

assessed by Kaplan-Meier test. A P value less than 0.05 was
considered to be statistically significant.

Results

Patient characteristics

Four of 55 patients were lost during follow-up. Patients were di-
agnosed cytologically or histologically as having non-sq NSCLC.
The clinicopathological characteristics of the 51 patients includ-
ed in the study are listed in Table 1. The median age of patients
was 57 years old, and 36 patients were less than 65 years old.
Among them, 34 patients (66.7%) were males. Forty-six patients
(90.2%) had stage IV disease and 47 patients (92.2%) were di-
agnosed with adenocarcinoma. Thirty-five patients (68.7%) had
ECOG performance status of 1, and 32 patients (62.8%) had a
smoking history. Forty (78.4%) patients received single-agent
PEM (i.v. 500 mg/m?) and 11 (21.6%) received joint chemotherapy
using PEM+CDDP (i.v. 500 mg/m? PEM +75 mg/m? of cisplatin).

MTHFR C677T genotypes distribution among non-sq NSCLC
patients

In 51 non-sq NSCLC patients, 21 (41.2%) were carrying the CC
wild genotype, 20 (39.2%) were carrying the CT heterozygous
genotype, and 10 (19.6%) were carrying the TT variability ho-
mozygous (Table 2). Moreover, MTHFR C677T polymorphisms
were not in Hardy-Weinberg equilibrium.
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Table 4. Correlation of genotypes with response to PEM therapy.

Single agent PEM PEM combination with CDDP

All patients

N (%)

Number (n,%) 51 (100.00) 16 (31.30%) 24 (47.10%) 5 (9.90%) 6 (11.70%)
C ORRM%) 10 (1960 - 4 (780%) 3 (5.90%) 2 (390%) 1 (2.00%)
h 0407 0545
 DRM% 35 (686) 11 21.60%) 15 29.40%) - 4 (780%) 5 (9.80%)
o oe8s r

PEM — pemetrexed; CDDP — cisplatin; ORR — overall response rate; DCR — disease control rate.

109 Group
1 (C
|
08 (T+1T
2 0.6
i 1
2 04 1
S
0.2
0.0+ P=0.601 ;‘ﬁ

0.00  2.00 400 6.0 8.00 1000  12.00

Time (months)

Figure 1. The correlation of MTHFR C667T polymorphisms
with progression-free survival (PFS) in non-sq NSCLC
patients treated with pemetrexed (PEM).

Correlation of MTHFR C677T genotypes with therapeutic
response to PEM therapy

Ten of the patients had PR, and 25 had SD. However, in 16
patients the disease progressed, resulting in an ORR (overall
response rate, =CR+PR) of 19.6% and a DCR (disease control
rate, =PR+SD) of 68.6% (Table 3).

MTHFR C677T polymorphisms were not correlated with the
therapeutic response in either group (P>0.05) (Table 4). The
PFS of patients with homozygous mutation or heterozygous
mutation for the MTHFR C677T was 4.5 months longer than
in those with the wild type, but without significant differenc-
es (P> 0.05) (Figure 1).

General toxicity occurrence of PEM therapy among the
non-sq NSCLC patients

In general, the frequency of PEM-related hematologic toxic-
ity was much higher than that of non-hematologic toxicity

among the 51 patients (Table 5). The percentage of severe
(grade 3 or 4) non-hematologic toxicity, except for liver toxic-
ity, was generally less than 5%. For hematologic toxicity, the
rates of severe hematologic toxicity were 9.8% with leuko-
penia, 13.7% with neutropenia, 7.8% with anemia, and 5.9%
with thrombocytopenia.

Correlation of MTHFR C677T genotypes with toxicity of
PEM therapy

In the single-agent PEM group, MTHFR C677T genotypes were
significantly correlated with leukopenia, neutropenia, nausea,
and fatigue (P<0.05). However, MTHFR C677T genotypes had no
correlation with any toxicity in the joint group, including leu-
copenia, neutropenia, anemia, thrombocytopenia, liver toxici-
ty, nausea, vomiting, and fatigue (P>0.05) (Table 6).

Discussion

PEM is a multi-targeted anti-folate drug that interrupts fo-
late-dependent enzymes such as thymidylate synthase (TS),
dihydrofolate reductase (DHFR), and glycinamide ribonucleo-
tide formyl transferase (GARFT). The enzymes involved in pu-
rine and thymidine biosynthesis influence DNA synthesis of
tumor cells and inhibit cell proliferation [22,23]. Some stud-
ies have shown that TS polymorphisms influences the out-
comes of NSCLC patients [24,25]. MTHFR, targeted by PEM, is
the rate-limiting enzyme in folate metabolism, and it acts as
a carrier of one-carbon to regulate DNA synthesis and meth-
ylation [26]. The most common gene mutation of MTHFR, the
C677T mutation (alanine — valine), influences the sensitivity
and toxicity of PEM treatment [19,27].

Our study results showed that MTHFR C677T was not corre-
lated with the treatment efficacy in either the monotherapy
group or the joint group, and PFS was not significantly associ-
ated with MTHFR C677T, suggesting that MTHFR C677T might
not be useful for predicting clinical outcomes of PEM treat-
ment. This finding is slightly different from results of some
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Table 5. Chemotherapy toxicity occurrence.
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Grade (n)

Toxicity

Hematologic

o

Alopecia 3

Grade statement: the higher the grade, the more severe the toxicity. Patients graded as 3 or 4 is considered severe.

previous studies that reported a significant correlation between
the MTHFR C677T and clinical outcomes [19,27]. However, our
data are consistent with a recent report [20] that assessed the
correlation between MTHFR C677T and chemotherapy effica-
cy or toxicity among Japanese non-sq NSCLC patients. There
are 2 reasons for these different results. Firstly, the distri-
bution of MTHFR differs by ethnicity [28]. For instance, the
frequency of C677T allele was reported as 22~44% among
Europeans, 7% among Sub-Saharan Africans, and up to 40%
among Chinese [18]. Secondly, multiple key enzymes, includ-
ing TS, DHFR, and GARFT, are involved in the metabolism of
PEM. It is possible that the polymorphisms of the enzymes,
together with those of MTHFR, influence the efficacy of PEM,
but the specific mechanisms remain unknown.

In terms of toxicity, there were some significant correlations
between MTHFR C677T and toxicity in the monotherapy group,
including leucopenia, neutropenia, nausea, and fatigue. The
results suggest that MTHFR C677T might be useful for pre-
dicting some hematologic symptoms in response to PEM.
However, another study [29] found no significant correlations
between MTHFR C677T and toxicity. To the best of our know!-
edge, the present study is the first to report a correlation be-
tween MTHFR polymorphisms and toxicity in PEM treatment
for non-sq NSCLC patients. However, consistent with a previ-
ous report [20], we found no correlation between MTHFR C677T
polymorphisms and any toxicities in the joint group, includ-
ing leucopenia, neutropenia, anemia, thrombocytopenia, liver

toxicity, nausea, vomiting, and fatigue. We hypothesize that
the results were influenced by CDDP, and we intend to con-
duct a study with a larger sample size to verify this assump-
tion in the future.

The efficacy and toxicity of chemotherapy could vary with eth-
nicity and genetic makeup, so genetic analysis could help de-
termine which patients are suitable for chemotherapy and to
adjust the chemotherapy dose, thus improving the efficacy
and controlling the toxicity of chemotherapy. Moreover, ana-
lyzing the genotypes of MTHFR could determine the optimal
selection medium for individualized PEM treatment of non-sq
NSCLC. However, we failed to find a consistent correlation be-
tween MTHFR C677T and clinical outcomes or toxicity to PEM.

Conclusions

In conclusion, compared with wild-type genotype CC, patients
with CT/TT genotypes had higher incidence of leukopenia, neu-
tropenia, nausea, and fatigue among the non-sq NSCLC pa-
tients. Therefore, MTHFR C677T polymorphism could be a pre-
dictive factor for leukopenia, neutropenia, nausea, and fatigue
in non-sq NSCLC patients receiving single-agent PEM treatment.
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Table 6. Correlation of genotype of non-sq NSCLC patients and toxicity of PEM.

Single agent PEM PEM combination with CDDP

Number(n) 51 16 24 5 6

Leukopenia

Anemia

Vomiting
T 2 721
2 6 1 4 0 1
Nausea 3 2 0 1 1 0
4 0 0 0 0 0
P 0.047 0.421
1 16 2 12 1 1
2 4 1 1 0 2
Fatigue o ° ° °o
4 1 0 1 0 0
P 0.029 0.59

Non-sq NSCLC — non-squamous non-small cell lung cancer; PEM — pemetrexed; CDDP — cisplatin.
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