Pathology & Oncology Research (2019) 25:1035-1045
https://doi.org/10.1007/512253-018-0459-8

ORIGINAL ARTICLE

@ CrossMark

Predictive Value of Single Nucleotide Polymorphisms of ERCC1, XPA,
XPC, XPD and XPG Genes, Involved in NER Mechanism in Patients
with Advanced NSCLC Treated with Cisplatin and Gemcitabine

Radostaw Mlak ' ( - Pawet Krawczyk? - Iwona Homa-Mlak' - Tomasz Powrézek ' - Marzanna Ciesielka - Piotr Koziot® -
Janusz Milanowski? - Teresa Matecka-Massalska '

Received: 23 September 2017 / Accepted: 25 July 2018 /Published online: 31 July 2018
© The Author(s) 2018

Abstract

The combination of cisplatin and gemcitabine is still one of the most frequently used first-line chemotherapy scheme in patients
with advanced non-small cell lung cancer (NSCLC), in which tyrosine kinase inhibitors (TKIs) cannot be administered.
Unfortunately, more than half of the patients have no benefit from chemotherapy but are still exposed to its toxic effects.
Therefore, single nucleotide polymorphisms (SNPs) in the genes involved in nucleotide excision repair (NER) mechanism
may be a potential predictive factor of efficiency of cytostatic based chemotherapy. The aim of the study was to evaluate the
correlation between SNPs of the genes involved in NER mechanism and the effectiveness of chemotherapy based on cisplatin
and gemcitabine in patients with advanced NSCLC. The study group included 91 NSCLC patients treated with first-line
chemotherapy using cisplatin and gemcitabine. Genotyping was carried out using a mini-sequencing technique (SNaPshot™
PCR). The median progression-free survival (PFS) was significantly shorter in carriers of CC genotype of the XPD/ERCC?2
(2251A > C) gene compared to patients with AA/AC genotypes (2 vs. 4.5 months; p =0.0444; HR =3.19, 95%CI:1.03-9.91).
Rare CC genotype of XPD/ERCC2 gene, may be considered as an unfavorable predictive factor for chemotherapy based on
cisplatin and gemcitabine in patients with advanced NSCLC.
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Introduction

Lung cancer is a leading cause of cancer-related deaths in the
developed countries. In the world, more than 1.5 million new
cases and deaths due to lung cancer are reported every year.
Non-small cell lung cancer (NSCLC) is the most frequent
histopathological type of lung cancer and it is diagnosed in
about 85% patients. Usually NSCLC is diagnosed in locally
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advanced or advanced stage of progression (IITA — inoperable
cases, I1IB, IV), which disqualifies these patients from radical
surgery. Standard chemotherapy, often combined with radio-
therapy, remains the main method of treatment. Standard first-
line chemotherapy in patients with advanced NSCLC is based
on combination of platinum compounds (mainly cisplatin)
with a second generation drug (e.g. gemcitabine). However,
most cytostatic-based treatment regimens used in NSCLC are
characterized with similarly poor effectiveness. Objective re-
sponse rate (ORR) is obtained usually in less than 40% of
cases, median of overall survival (OS) increases only up to
1.5 months in comparison with best supportive care. On the
other hand, it is usually associated with high systemic toxicity
(nephro-, hepato- and haematological toxicity) [1-3].

More benefit for lung cancer patients is provided by mo-
lecularly targeted therapy (e.g. erlotinib, afatinib, crizotinib).
Despite the fact, that we already have several generations of
targeted drugs, this type of treatment can be used only in
selected patients with specific genetic abnormalities:
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activating mutations in EGFR (9—51% depends by race) or
ALK rearrangements (3—7%). A new promising tool for lung
cancer therapy is the immune checkpoint inhibition, especially
focused on programmed death-1 (PD-1)/programmed death
ligand —1 (PD-L1) signalization [4—6]. Nevertheless, despite
undeniable breakthrough related with the introduction of new
molecularly targeted drugs, a substantial number of patients
still receive cytostatics as a part of multidisciplinary treatment.
Due to this fact, this type of therapy is addressed predominant-
ly to patients diagnosed with adenocarcinoma, in whom the
above mentioned rare molecular disorders occur more fre-
quently [4, 5]. Therefore, it appears to be an interesting alter-
native to investigate new therapeutic targets and agents to
maximize the benefits from the “old”, well known, cytostatics.

Platinum compounds react with DNA to form intra- as well
as inter-strand cross-links. Then, the formed abnormal DNA
structure (the so-called DNA adducts) may cause DNA strand
breaks, inhibition of transcription and alterations of proteins
encoding, which, in most cases, lead to apoptosis. Regarding
gemcitabine mechanism of action, it is based on its incorpo-
ration into nucleic acids, which subsequently leads to inhibi-
tion of DNA replication and may also induce apoptosis [7].

Over thirty specialized proteins (including: ERCC1, XPA,
XPC, XPD and XPG) are involved at various stages of NER
mechanism, which is one of the major mechanism of DNA
repair systems. Therefore, any change regarding their expres-
sion level and functioning (e.g. single nucleotide polymor-
phisms - SNPs) may lead to alteration of effectiveness of cy-
tostatics (if their mechanism of action is based on direct or
indirect DNA damage) [8].

Studies recorded over the past few years demonstrate that,
in some subgroups of NSCLC patients receiving standard
chemotherapy, genetic predisposition (e.g. SNPs), especially
in genes encoding DNA repair proteins, may have the poten-
tial to become predictive or prognostic factors [9-12].
However, we still do not have any conclusive results and also
their role as predictive or prognostic factors has not been de-
finitively clarified.

The aim of this study was the assessment of the relationship
between 8 SNPs of 5 genes involved in NER mechanism
(ERCCI, XPA, XPC, XPD and XPG) and the effectiveness
of cisplatin and gemcitabine based chemotherapy in patients
with advanced NSCLC.

Materials and Methods

Study Group

Our study group (n =91) included 67% male and 33% female
Caucasian patients with NSCLC, recruited in 2010-2013 at

the Department of Pneumonology, Oncology and
Allergology, Medical University of Lublin. Each patient’s
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detailed demographic and clinical data were collected. The
stage of disease was determined based on the TNM classifi-
cation (VII edition by UICC): 30.8 and 69.2% of patients were
in stage [IIB and IV, respectively. The basic inclusion criterion
was first-line chemotherapy treatment based on platinum
compounds and gemcitabine (median cycles of chemotherapy
was 4). Detailed data of patients are specified in Table 1. The
study protocol was approved by the Committee of Ethics and
Research at the Medical University of Lublin (approval no.:
KE-0254/142/2010). The informed consent was obtained
from all individual participants enrolled in the study.

Methods

Approximately 5 ml of peripheral blood was collected from
each patient. After isolation of DNA (QIAamp DNA Blood
Mini Kit, Qiagen, Canada) using a spectrophotometer
(BioPhotometer plus cuvette equipped with UV / VIS filters,
Eppendorf, Germany), purity and quantity of the isolated
nucleic acids were evaluated. The next step was the use of
mini-sequencing technique for genotyping (ABI PRISM®
SnaPshot® Multiplex Kit, Life Technologies). An example
of the genotyping result is shown in Fig. 1.

Response to therapy was evaluated according to the
RECIST (Response Evaluation Criteria in Solid Tumors)
criteria (v.1.1). Common Toxicity Criteria (CTC) guideline
(version no. 4.03) was used for toxicity assessment.
Response to therapy, progression-free survival (PFS) and
overall survival (OS) were correlated with demographic, clin-
ical and genetic factors.

Statistical Analysis

Statistical analysis was performed using MedCalc 10
(MedCalc Software, Belgium). Results of p < 0.05 were con-
sidered as statistically significant. Hardy-Weinberg
Equilibrium Eq. (HW) and the correlation between selected
clinical and demographic factors and SNPs were assessed by
Chi Square (xz) test. Using the Kaplan-Meier method, the
probability of PFS and OS depending on clinical factors, de-
mographic factors and SNP variants was evaluated. The fac-
tors potentially affecting survival were evaluated using Cox
regression model with a stepwise selection and minimum AIC
factor (Akaike Information Criterion).

Results

The distribution of demographic and clinical characteris-
tics (age, gender, smoking status, histology, PS and stage
of disease) was independent of SNPs variants. The char-
acteristics of the studied SNPs was shown in Table 2. The
genotypes of all the examined genes were in Hardy-
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Table 1 Characteristics of the studied group

Variable Study group (n=91)
Sex

Male 61 (67%)

Female 30 (33%)
Age (years)

Median 62

Mean =+ std. dev. 62.5+79

Range 38-78
Smoking status (pack-years)

Median 30

Mean =+ std. dev. 314495

Non-smokers 5(5.5%)

Current smokers 65 (71.4%)

Former Smokers 20 (22%)

No data 1(1.1%)
Histopathological diagnosis

Adenocarcinoma 46 (50.5%)

Squamous cell carcinoma 14 (15.4%)

Large cell carcinoma 16 (17.6%)

NOS (not otherwise specified) 15 (16.5%)
Stage of disease

1B 28 (30.8%)

v 63 (69.2%)
Performance status

PS=0 12 (13.2%)

PS>1 79 (86.8%)
Weight loss before CTH

Yes 39 (42.9%)

No 43 (47.2%)

No data 9 (9.9%)
Anemia before CTH

Yes 59 (64.8%)

No 32 (35.2%)
Number of cycles of I line CTH

Median 4

Mean =+ std. dev. 34+09
Radiotherapy

Yes 19 (20.9%)

No 72 (79.1%)
Subsequent lines of treatment

Yes 51 (56%)

No 40 (44%)
Second-line chemotherapy (monotherapy) 51 (56.1%)

ERL 12 (13.2%)

PEM 26 (28.6%)

DCX 13 (14.3%)
Third-line chemotherapy (monotherapy) 15 (16.5%)

ERL 5 (5.5%)

PEM 6 (6.6%)

DCX 4 (4.4%)

Weinberg equilibrium, except for the 2251A > C SNP of
XPD/ERCC2 gene (p=0.0019, x*>=9.679).

Response to Treatment

In the study population, there was no case of complete
remission (CR). Progression of the disease (PD) was re-
corded in 45.1% of patients, whereas stable disease (SD)
and partial response (PR) were observed in 17.6 and
37.3% of patients, respectively (therefore, control of the
disease was achieved in 54.9%). For patients with worse
performance status (PS), a higher risk of disease progres-
sion was reported (PS>1; OR=4.9, 95%CI: 1.00-23.69;
p=0.0495). Also, when squamous cell carcinoma (OR =
3.71, 95%CI: 1.07-12.89; p=10.0392) or the presence of
anemia before starting chemotherapy (OR =3.03, 95%CI:
1.20-7.64; p=0.0189) was diagnosed a significantly
higher risk of early progression was observed. As
regards other demographic and clinical factors, there
was no statistically significant difference in the response
to treatment when first-line chemotherapy was used
(Table 3). Moreover, in the case of all studied SNPs,
non-significant effect on response to treatment was re-
corded (Table 4).

Progression-Free Survival

Median PFS for the study population was 4 months.
Clinical factors associated with a shortened PFS in the
study group were as follows: poor PS (2 vs 6 months;
HR =3.03, 95%CI: 1.61-5.88; p=0.0006); anemia be-
fore chemotherapy (3 vs 6.5 months.; HR =1.84,
95%CI: 1.12-3.02; p=0.0154); stage IV of the disease
(3 vs 7 months; HR=1.92, 95%CI: 1.18-3.12; p=
0.0094), diagnosis of non-adenocarcinoma (3 vs
6 months; HR =1.64, 95%CI: 1.01-2.68; p=10,0456) or
squamous cell carcinoma (2 vs 4.5 months; HR =2.94,
95%CI: 1.24-6.96; p=0.0140). Other evaluated clinical
factors had no significant influence on PFS.

In patients with the CC genotype (2251A > C) of the
XPD/ERCC?2 gene, a significant decrease in median PFS,
compared to patients with other polymorphic variants of
this gene, was observed (2 vs 4.5 months; HR =3.19,
95% CI: 1.03-9.91; p=0.0444; Fig. 2). Statistically sig-
nificant correlation between the duration of the PFS and
the occurrence of individual genotypes was not demon-
strated for the remaining studied SNPs. Detailed results
regarding the impact of the demographic, clinical and
genetic factors on PFS were shown in Tables 3 and 4.

With the use of Cox multivariate logistic regression,
we have demonstrated that factors which significantly
shortened PFS in patients treated with cisplatin/
gemcitabine based chemotherapy (overall fit of the mod-
el; x> =46.59; p=0.0025) were the following: poor PS
(PS=2, HR=5.78, 95%CI: 2.18-15.34; p=0.0005),
higher stage of progression (IV, HR=3.21, 95%CI:

@ Springer



1038

R. Mlak et al.

al a3 as a7 43 51 53 55 57 53 61

—
XPC37bp

—

ERCC1 33bp

—
XPD 2500

—
ERCC1 20bp

Fig. 1 Genotyping results (capillary electrophoresis of SNaPshot® PCR
products) From left: CC homozygote (8092C > A), AG heterozygote
(934G > A), AA (19007C>T), TT (1385C>T) and GG (2704C > A)

1.41-7.28; p=0.0055), diagnosis of non-adenocarcinoma
type of NSCLC (HR=3.14, 95%CI: 1.14-8.61; p=
0.0270) and CC genotype (2251A>C) of XPD/ERCC2
gene (HR=12.62, 95%CI: 1.23-129.43; p=0.0337).

Table 2 Characteristics of the studied single nucleotide polymorphisms

— — — —
XPC 41bp XPD 93bp ZPAS3bp XPOSiop

homozygotes, AC heterozygote (2251A > C), AG heterozygote (—4A >

G), GG homozygote (3310C > G) (in certain cases analysis performed on
the opposite strand where A =T and G=C)

Overall Survival

Median OS for the study population was 12 months. Clinical
factors associated with a shortened OS in the study group

No. Gene Localisation: DNA change mRNA/ HGSV Amino acid MAF rs number
chromosome; 5’UTR* change
exon change

1. ERCCI Chr 19; G>A 19007C>T 245923653 Asnl18Asn N>N A=363% rs11615
Ex. 8/9 A>G

2. ERCCI Chr 19; G>T 8092C>A 245912736 GIn504Lys Q>K A=292% 13212986
Ex. 1/9 C>A

3. XPD/ERCC2 Chr 19; T>G 2251A>C 245854919 Lys751GIn K>Q G=23.7% rs13181
Ex. 1/23 T>G

4. XPD/ERCC2 Chr 19; C>T 934G>A 245867259 Asp312Asn D>N T=19.4% rs1799793
Ex. 15/23 C>T

5. XPA Chr 9; C>T -4A > G* 2.100459578 - - T=34.7% 1800975
5’UTR T>C

6. XPC Chr 3; G>A 1385C>T 2.14199887 Val499Ala A>V A =24.8% 152228000
Ex. 8/16 G>A

7. XPC Chr 3; T>G 2704C> A 2.14187449 Lys939Glu Q>K G=34.4% 1rs2228001
Ex. 16/16 G>T

8. XPG/ERCCS5 Chr 3; G>C 3310C>G £.103528002 Aspl1558His D>H C=37.7% rs17655
Ex. 23/23 G>C

HGSV Human Genome Variation Society, MAF minor allele frequency
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Fig. 2 The probability of progression-free survival alteration depending on XPD/ERCC2 (2251A > C) genotype

were: weight loss before the beginning of chemotherapy (7.5
vs 18 months; HR =2.16, 95%CI: 1.04-4.46; p = 0.0376) and
lack of subsequent lines of treatment (8 vs 16.5 months; HR =
2, 95%CI: 1.07-3.73; p=0.0305). Poor PS shows a trend of
only borderline significance (11 vs 21 months; HR =1.95,
95%CI: 0.95-4.02; p =0.07). Univariate analysis demonstrat-
ed that there was no significant correlation with the other
studied clinical factors as well as SNPs and the length of
OS. The influence of the polymorphism of XPD/ERCC?2 on
OS was shown in Fig. 3.

With the use of Cox multivariate logistic regression, we
have demonstrated that factors which significantly shortened
OS in patients treated with cisplatin/gemcitabine based che-
motherapy (overall fit of the model; x* =49.98; p =0.0006)
were the following: poor PS (PS=2, HR=7.31, 95%CI:
2.17-24.61; p=0.0014), higher stage of progression (IV,
HR =3.96, 95%CI: 1.15-13.55; p=0.0294), diagnosis of
squamous cell type of NSCLC (HR=6.79, 95%CI: 1.80—
25.60; p=0.0049), age below 70 years (HR =7.39, 95%CI:
1.36-40,25; p=0.0214), anemia before the beginning of
chemotherapy (HR =6.07, 95%CI: 1.36-27.09, p=0.0188),
lack of subsequent lines of chemotherapy (HR =18.46,
95%CI: 4.31-78.95; p<0.0001) and CC genotype
(2251A > C) of XPD/ERCC2 gene (HR=51.99, 95%CI:
1.19-2274.11; p=0.0414).

@ Springer

Detailed data of response to treatment, PFS and OS were
shown in Tables 3 and 4.

Discussion

The role of DNA repair proteins (especially those participat-
ing in NER mechanism) in the removal of the cisplatin ad-
ducts and gemcitabine induced alterations (although to a
lesser extent) is well known [7-9]. Occurrence of SNPs in
non-coding (3’UTR, promoter regions) or coding sequences
of genes may lead to numerous alterations including changes
in the structure, stability, folding, expression and function of
proteins [13]. Therefore, testing of SNPs has a high potential
to be applied in routine clinical practice. Thus, a number of
studies (unfortunately mainly retrospective) were aimed at
assessing the correlation between various SNPs of genes
involved in DNA repair and the effectiveness of different
treatment regimens in patients with advanced NSCLC
[10-12, 14, 15]. In the available literature. The most fre-
quently evaluated SNPs of XPD/ERCC2 gene, which can
potentially be related to the effectiveness of chemotherapy
based on platinum compounds and gemcitabine, were:
2251A>C and 934G > A [16-20]. A meta-analysis per-
formed by Qin et al. on the basis of 24 studies (4468 patients
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Fig. 3 The probability of overall survival alteration depending on XPD/ERCC?2 (2251A > C) genotype

with NSCLC) assessed the impact of both of the above de-
scribed SNPs on treatment response, PFS, and OS in patients
treated with first-line chemotherapy based on platinum com-
pounds and next generation drug [21]. Sixteen studies con-
sidered objective response to first-line chemotherapy. They
demonstrated that the SNP 2251A > C was not significantly
correlated with the objective response to treatment. However,
the results of an additional subgroup analysis showed a sig-
nificant difference in response to treatment depending on the
patients’ race. In the case of Asians (8 studies, 1795 patients)
no significant association between genotype variant and the
possibility of obtaining the response to treatment was noted,
while in Caucasians (8 studies, 853 patients) beneficial effect
of AA genotype was observed (OR =1.35, 95% CI: 1-1,83,
p=0.05) [21]. Authors did not find significant differences in
the length of PFS in carriers of various genotypes of XPD/
ERCC2 gene (SNP 2251A > C). Subgroup analysis showed a
significant increase in the risk of early progression in C allele
carriers (CC or CA) compared to patients with AA genotype
in Asian patients (HR =1.39, 95% CI: 1.07-1.81, p=0.015).
However, no such correlation was found in Caucasians [21].
Also no significant differences in the length of OS depending
on the occurrence of SNP 2251A > C of XPD/ERCC?2 gene
were recorded. Similarly, subgroup analysis showed no sig-
nificant increase in the risk of early death in carriers of C

allele compared to patients with the AA genotype in both
Asians and Caucasians [21]. In the above meta-analysis, pa-
tients were treated with different regimens. This undoubtedly
had an impact on the obtained results and can lead to decep-
tive conclusions. In addition, this makes it difficult to direct-
ly compare our results (only 3 studies concerned Caucasian
patients treated exclusively with cisplatin / gemcitabine reg-
imen). Interestingly, in this study, we demonstrated that in
the case of response to treatment and PFS, our results are
consistent with those obtained in Asian population and not in
Caucasians. However, in the case of OS, our data are in
conformity with literature regardless of the race of the pa-
tients [21]. Although we have taken efforts to design and
perform research in comprehensive and accurate manner,
our study has some limitations: population of patients en-
rolled in the study is heterogeneous; selected patients re-
ceived not only first-line chemotherapy but also radiothera-
py, whereas selected patients received subsequent lines of
treatment.

In this study, we demonstrated a significantly higher risk of
shortening the duration of PFS in carriers of CC genotype
(2251A > C) of XPD/ERCC?2 gene treated with first-line che-
motherapy based on combination of cisplatin and gemcitabine.
Interestingly, this is consistent with the available literature data
for Asian, but not Caucasian (same as ours) patients [21].

@ Springer
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Therefore, we believe that the conclusive answer to the
question whether the SNPs of XPD/ERCC?2 gene can be a
useful predictor of chemotherapy based on a combination of
platinum compounds and gemcitabine remains unknown.
This issue requires further research on sufficiently large and
homogeneous groups of patients. First of all, they should be
treated with only one therapy regimen.

Conclusion

Rare CC genotype of XPD/ERCC2 gene may be considered as
an unfavorable predictive factor for cisplatin/gemcitabine
based chemotherapy in patients with advanced NSCLC.
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