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Abstract

Purpose: Pemetrexed, an inhibitor of Thymidylate Synthase (TS) and other folate-dependent
enzymes, is used as standard of treatment for patients with advanced non-squamous non-small-cell
lung cancer. We tried to identify SNPs associated with response to pemetrexed-based chemotherapy
in lung adenocarcinoma.

Patients and Methods: We retrospectively reviewed the metastatic lung adenocarcinoma patients
who received pemetrexed-based chemotherapy at thoracic surgery department of PLA general
hospital between February 2013 and December 2018. The patients with Complete Response (CR) or
Partial Response (PR) were sorted to the good response group, while those with Stable Disease (SD)
or Progression Disease (PD) to the no response group. Illumina sequencing system was applied to
sequence the genome of tumor tissues.

Results: Of 19 enrolled patients, 14 patients showed PR and were sorted to the good response group,
and the 5 patients experienced SD or PD and were regarded as having no response. Eleven SNPs
in nine genes are significantly associated with good response to pemetrexed-based chemotherapy,
while twenty-two SNPs in fifteen genes with no response. Eleven SNPs in nine genes are significantly
associated with good response to pemetrexed-based chemotherapy, while twenty-two SNPs in
fifteen genes with no response. Seven SNPs in gene UGT1A5 (UDP glucuronosyltransferase family
1 member A5) were demonstrated to associated with no response simultaneously.

Conclusion: Few mutations were found to be associated with response to pemetrexed-based
chemotherapy in lung adenocarcinoma. Perspective clinical research was warranted to obtain the
sensitivity and specificity of these mutations as predictive biomarkers.

Introduction

In China, lung cancer has evolved to be the leading cause of cancer death both in men and women
[1]. Although, the past two decades have witnessed the great progresses in the field of lung cancer
treatment, such as advent of molecularly targeted therapies and immune check point inhibitors,
there is still a remarkable portion of non-small-cell lung cancer patients who do not harbor the
druggable mutation or response to the immune check point inhibitors. Herein, to these patients
and to those who response firstly to molecularly targeted therapies and get resistance subsequently,
chemotherapy is still the footstone treatment.

Pemetrexed, an inhibitor of Thymidylate Synthase (TS) and other folate-dependent enzymes,
such as dihydrofolate reductase and glycinamide ribonucleotide formyltransferase, is used as
standard of treatment for patients with advanced non-squamous non-small-cell lung cancer.
For patients with non-squamous lung cancer, cisplatin-pemetrexed combination is superior to
cisplatin-gemcitabine in term of median Overall Survival (OS) [2]. Both switch and continuation
maintenance treatment with pemetrexed after induction chemotherapy was proved to improve
PES and OS compared to placebo in NSCLC patients [3-5]. Recently, the Keynote 021 and 189
trial, which explored the activity of pembrolizumab (an anti-PD-1) in addition to pemetrexed and
platinum compounds doublet, demonstrated that the combination can translated into OS and PES
benefit in advanced non-squamous NSCLC patients [6,7]. Moreover, several second-line trails of
pemetrexed has showed positive results regarding OS and PFS [8-10].

Although elevated mRNA expression of TS in cultured cancer cell lines was reversely correlated
with sensitivity to pemetrexed [11-14], it remained controversial that TS protein expression levels
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can predict the clinical efficacy of pemetrexed-based chemotherapy
[15-19]. SNP rs11545077 (c.91G>T p. Ala31Thr) in the GGH gene
was demonstrated to be significantly associated with the therapeutic
effects of pemetrexed in NSCLC patients [20]. A predictive peptide
model, using MS serum peptidome profiling, can predict effectiveness
of pemetrexed-based regimen in patients with advanced lung
adenocarcinoma [21]. The plasma miR-25 expression level, which
was measured by microarray technique, can predict the insensitivity
of pemetrexed and platinum-based chemotherapy with high degree
of accuracy [22]. The polymorphisms in TS and MTHFR genes seem
to be molecular predictor factors for pemetrexed-based front-line
chemotherapy in non-squamous NSCLC patients [23]. In one latest
research, which investigated the relationship between promoter
methylation status of RAS association domain family (RASSF1A)
in BAL (bronchoalveolar lavage) and response to pemetrexed-based
chemotherapy, unmethylated RASSF1A is regarded as a favorable
prognostic indicator for patients receiving pemetrexed doublets [24].
However, in spite of a few of researches that were devoted to identify
predictive biomarkers of pemetrexed-based chemotherapy, none of
these biomarkers was approved to be used as a routine test.

We hypothesized that genetic variation was the key mechanism
underlying the sensitivity to pemetrexed-based chemotherapy in
NSCLC. To test this hypothesis, using next generation sequencing,
we sequenced and compared the genome sequences of tumor tissues
from the good response group and the no response group.
Patients and Methods
Patient eligibility

We retrospectively reviewed the metastatic lung adenocarcinoma
patients who received pemetrexed-based chemotherapy at thoracic
surgery department of PLA general hospital between February 2013
and December 2018. The inclusion criteria are listed below: Patients
aged 18 years or older; pathologically verified lung adenocarcinoma;
stage IIT or IV; at least two cycles of pemetrexed plus cisplatin/
carboplatin chemotherapy were administrated as first-line treatment;
evaluable lung tumor on CT scanning; the eastern cooperative
oncology group performance status was 0-2; archived tumor tissue
is enough for DNA extraction and subsequent next-generation
sequencing. Tumor tissues were obtained by CT-guided lung biopsy,
bronchoscopy or Endobronchial Ultrasound Guided-Transbronchial
Needle Aspiration (EBUS-TBNA).

After every two cycles of chemotherapy, the treatment response
was evaluated according to the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1. The screened patients were sorted to
the good response group, which included the patients who achieved
complete or partial response, and the no response group consisting of
patients with stable or progression disease. The institutional review
board approved this study, and all the patients involved provided
informed consent.

DNA extraction and next-generation sequencing

The genomic DNA was extracted from archived FFPE samples
using Pure Link Genomic DNA Mini Kit according to the
manufacturer’s instructions. Qubit’ 4.0 Fluorometer and Agarose
gel electrophoresis system were used to measure the quantity of the
extracted DNA.

The DNA library was prepared using a paired-end DNA sample
prep kit (Illumina, Inc., San Diego, CA, USA) and following the

manufacturer's instructions. An Agilent Bioanalyser 2100 (Agilent
Technologies, Santa Clara, CA, USA) was used to detect the fragment
size and yield, and the results of the library revealed that it contained
the expected size and yield. Following quality control, the library
generated was used in the cBot system for cluster generation and
the samples were then sequenced using the Illumina sequencing
system (Nova Seq 6000 platform; Illumina, Inc.), which is based on
sequencing by synthesis technology.

Bioinformatic and statistical analysis

Sequencing quality of the whole genome sequencing reads from
all samples was checked using Fast QCv0.11.8 [25]. The Burrows-
Wheeler Aligner (BWA) v0.7.15 was utilized to align sequencing
reads to the human reference genome GRCh37 (hgl19) [26], and the
Genome Analysis Toolkit (GATK) v3.8 was used for SNP calling [27].
Subsequently, the detected variants were filtered by the GATK filter
expression "QD<2.0 || FS>60.0 || MQ<40.0 || Haplotype Score >13.0
|| Mapping Quality Rank Sum < -12.5|| Read Pos Rank Sum <-8.0".
The filtered SNPs were annotated with the ANNOVAR tool (version
20191024) [28], and only non-synonymous SNPs were considered
for further analysis. To identify non-synonymous SNPs with a
significance difference between the sensitive and control groups,
Fisher’s exact test was performed by the statistical software “R” v3.6.0
[29]. It was considered statistical significance while p value is greater
than 0.01.

Results

Participant characteristics

After screening 210 metastatic lung adenocarcinoma patients,
there are only 19 patients who fulfill the criteria of this study. Among
the 19 patients, 14 patients showed PR and were sorted to the good
response group, and the remaining 5 patients experienced SD or PD
and were regarded as having no response. The median age of patients
in the good response group and in the no response group was 51.0
(range, 28 to 68 years) and 54.0 (range, 42 to 64 years) respectively.
There are 9 (64.3%) male patients in the good response group and 4
(80.0%) male patients in the no response group. In the good response
group, 3 (21.4%) patients were classified into the clinical stage IIT and
the rest into stage IV. All the patients in the no response group were
classified into the clinical stage IV.

Next generation sequencing and genotypes related to
treatment sensitivity

The average depth of next generation sequencing is 30, and 99.89%
of reads were mapped to the reference genomic sequence. Averagely,
4 % 10° SNPs were detected in one sample. Eleven SNPs in nine genes
are significantly associated with good response to pemetrexed-based
chemotherapy, while twenty-two SNPs in fifteen genes with no
response. The relationships between good response and genotypes are
presented in Table 1, and Table 2 displays the relationships between
no response and genotypes.

Discussion

In the era of personalized medicine, introduction of predictive
biomarkers into clinical practice made it possible to identify the
patients who may response to the targeted therapy of lung cancer,
to improve the effectiveness and to avoid unnecessary treatment
associated toxicities. Unfortunately, discovery and validation of
biomarker is a strenuous and prohibitive task, for according to
previous experience, only 3% to 5% investigated biomarkers entered
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Table 1: The relationships between good response and genotypes.

Gene SNP Good Response | No Response | p value
KATNAL2 rs7233515 12/13(92.3%) 1/5(20.0%) 0.0077
KIR3DL1 rs45556431 12/13(92.3%) 1/5(20.0%) 0.0077

rs1049150 12/13(92.3%) 1/5(20.0%) 0.0077

NEK11 rs16836266 11/13(84.6%) 0 0.0025

NLRP5 rs10409555 11/13(84.6%) 0 0.0025

OR2F2 rs2240359 12/13(92.3%) 1/5(20.0%) 0.0077

OR8G5 rs2512168 12/13(92.3%) 1/5(20.0%) 0.0077

rs2512167 12/13(92.3%) 1/5(20.0%) 0.0077

PDzZD2 rs157496 12/13(92.3%) 1/5(20.0%) 0.0077

RAET1G rs9397449 12/13(92.3%) 1/5(20.0%) 0.0077

SLC22A4 rs272893 11/13(84.6%) 0 0.0025
Table 2: The relationships between no response and genotypes.

Gene SNP No Response | Good Response | p value

ADSSL1 rs80097179 4/5(80.0%) 0 0.0016

AQP10 16668968 5/5(100.0%) 3/13(23.1%) 0.0065

rs6685323 5/5(100.0%) 3/13(23.1%) 0.0065

CETN1 rs61734344 4/5(80.0%) 1/13(7.7%) 0.0077

DBF4 rs2041049 4/5(80.0%) 0 0.0016

ISG20L2 rs3795737 5/5(100.0%) 2/13(15.4% 0.0025

KLK4 rs1654551 4/5(80.0%) 1/13(7.7%) 0.0077

MYO5C s62623565 4/5(80.0%) 0 0.0016

rs55712142 4/5(80.0%) 0 0.0016

PRSS3 rs201773718 4/5(80.0%) 0 0.0016

SCNN1D rs6690013 4/5(80.0%) 0 0.0016

SVEP1 rs3818764 4/5(80.0%) 1/13(7.7%) 0.0077

TARP rs1053760 4/5(80.0%) 1/13(7.7%) 0.0077

TYMP rs11479 4/5(80.0%) 1/13(7.7%) 0.0077

UGT1A5 rs3755323 4/5(80.0%) 1/13(7.7%) 0.0077

rs3755322 4/5(80.0%) 1/13(7.7%) 0.0077

rs3755321 4/5(80.0%) 1/13(7.7%) 0.0077

rs17862867 4/5(80.0%) 1/13(7.7%) 0.0077

rs2012736 4/5(80.0%) 1/13(7.7%) 0.0077

rs17862868 4/5(80.0%) 1/13(7.7%) 0.0077

r$3892170 4/5(80.0%) 1/13(7.7%) 0.0077

ULK4 rs3774372 5/5(100.0%) 3/13(23.1%) 0.0065

the clinic eventually [30-32]. Furthermore, most research aimed to
identify biomarkers focused on the targeted therapy of lung cancer,
while little attention was paid to biomarker of chemotherapy. So,
until now, there is no approved biomarker of chemotherapy of
lung cancer, including pemetrexed-based chemotherapy. To our
knowledge, this paper reported the first research in which the next
generation sequencing was used to identify the SNPs related to
response to pemetrexed-based chemotherapy.

All the identified SNPs in this study are related to response to
pemetrexed-based chemotherapy for the first time. Interestingly,
seven SNPs in gene UGTIA5 (UDP glucuronosyltransferase
family 1 member A5) were demonstrated to associated with no

response simultaneously. The gene UGT1A5 encodes a UDP-
glucuronosyltransferase, which is an enzyme of the glucuronidation
pathway that transforms small lipophilic molecules, such as steroids,
bilirubin, hormones, and drugs, into water-soluble, excretable
metabolites. Previous studies also revealed that the gene UGT1A5
related to lung and stomach cancer [32,33]. As exampled by EGFR
TKI scenario, the sensitive mutations can lead to response to targeted
therapy of lung cancer. In this study, we have shown that mutations
may be a potential mechanism conferring resistance to pemetrexed-
based chemotherapy, while other patients without this mutation
remain sensitive to the treatment.

Definitely, this study has several shortcomings: Firstly, it is a
retrospective research, so it has inherent weakness, and perspective
clinical trials are warranted in the future; secondly, because the
patient numbers in the two groups are imbalanced, this imbalance
will incur severe statistical bias. Adding more patients to group with
no response to pemetrexed-based chemotherapy was considered as
a priority of future research; thirdly, although all the patients in the
good response group achieved PR according to the RESICT, they
responded to the treatment with different degree, indicating the
good response group a heterogeneous patient population. Finally,
the agents combined with pemetrexed in this study was cisplatin
or carboplatin, therefore this combination therapy can obscure the
association between pemetrexed and the biomarkers screened.

In the future research, the biospecimens should be handled
according to the best-practice guideline for biospecimen resources
[16], which provides detailed instructions to tissue acquisition,
processing and banking. Furthermore, the
heterogeneity, characterized by diversity of cell types in solid tumors,
must be taken into consideration in the research of biomarkers;
Laser Capture Micro-dissection (LCM) technology can be utilized to
select tumor cells to next generation sequencing. More attention and
resources should be paid to the development of predictive biomarkers

intratumoural

of chemotherapy, thereby ensuring the patients best treatment
options and reducing the health costs.
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