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ABSTRACT
Background: Platinum-based doublets are the standard chemotherapy for lung cancer. The identification
of markers associated with drug-toxicity may improve the success of the treatment. Single nucleotide
polymorphisms (SNPs) mapping into the genes involved in platinum transport or detoxification may
explain occurrence of toxicities. In this study, we evaluated the role of 3 SNPs in predicting the onset of
adverse events for lung cancer patients receiving cisplatin or carboplatin in adjuvant, neo-adjuvant and
metastatic settings.
Methods: Eighty-two patients affected by non-small-cell and small-cell lung cancer treated with
cisplatin- or carboplatin-based chemotherapy (stage II-IV) were enrolled. Before genetic analysis,
patients signed a written informed consent. DNA was extracted from peripheral blood samples and
genotypes were determined by Real-Time PCR. We selected and analyzed 3 SNPs: ABCB1
c.3435C>T/rs1045642, ABCC2 -24C>T/rs717620 and GSTP1 c.313A>G/rs1695. Patient characteristics
and genotypes were correlated with haematological, gastrointestinal and renal toxicity as recorded by
Common Terminology Criteria for Adverse Event (CTCAE) v4.03. No neurological toxicity was
observed in our patients.
Results: Variant alleles were present in 53% of patients for ABCB1 c.3435C>T, 18.3% for ABCC2 24C>T, and 34.8% for GSTP1 c.313A>G.
Heterozygous CT at ABCB1 c.3435 were associated to a lower risk of haematological toxicity compared
to homozygous CC (OR=0.20; 95% CI 0.05, 0.69; p=0.01). Similar results were observed by genetic
dominant model (CT+TT vs CC) and haematological toxicity (OR=0.26; 95% CI 0.09, 0.79; p=0.02).
No other significant associations were found between toxicity and SNPs. Multivariate analysis confirmed
an independent value for the ABCB1 c.3435 C>T polymorphism.
Conclusions: The present study reveals that ABCB1 c.3435C> T polymorphism influences platinum
toxicity. The T allele seems to exert a protective effect on the development of toxicities. Further studies,
such as epigenetic regulation ones, are needed to validate and shed more light on this association.

INTRODUCTION
Lung cancer, both of the small-cell and non small cell type, is one of the leading causes of cancer death
in many countries. It is the second most common cancer in both men and women, not counting skin
cancer [1].
The American Cancer Society’s estimated 222,500 (116,990 in men and 105,510 in women) new cases
of lung cancer in 2017 in the United States and about 155,870 deaths from it (84,590 in men and 71,280

in women). Lung cancer mainly occurs in elderly. About 2 out of 3 people diagnosed with lung cancer
are 65 or older, less than 2% are younger than 45 and the median age at diagnosis is about 70 years [2].
The risk is much higher for smokers than for non-smokers [3]. Statistics on survival vary depending on
the stage at diagnosis [2].
Platinum-based chemotherapy is the first-line treatment for patients diagnosed at an advanced stage;
however, drug resistance and toxicity may significantly undermine the successful treatment [4].
Cisplatin was the first member of this class, approved by FDA in 1978. Cisplatin acts as alkylating agent
with the platinum-DNA complexes inhibiting DNA synthesis and transcription. Similar to other
antineoplastic agents, cisplatin causes significant adverse drug reactions (ADRs) including
nephrotoxicity, neurotoxicity and myelosuppression. Carboplatin was approved in 1989 and it has rarely
been reported to be associated with nefrotoxicity. It is considered to be less neurotoxic than cisplatin
while having a major risk of myelotoxicity [5].
Many factors, including genetic ones, explain the occurrence of the platinum-based chemotherapy
adverse events. Understanding why some patients present severe toxicity while others do not, could
improve the success of chemotherapy. Genes encoding for efflux transporters and/or drug detoxification
have been investigated for the potential accumulation of platinum compounds into the cells. However,
conflicting and inconclusive results leave open the question regarding their value in clinical practice. The
ATP binding cassette (ABC) superfamily of transportes, includes the main transporters responsible for
efflux of platinum. Among them ABCB1 was the first to be evaluated in association with platinum
efficacy and/or toxicity. The ABCB1 gene encodes for the membrane-associated protein P-glycoprotein
(P-gp) that acts as efflux pump with broad substrate specificity. The synonymous single nucleotide
polymorphism (SNP) ABCB1 c.3435C>T/rs1045642 was the most widely investigated since, Hoffmeyer
et al. showed association of the c.3435 TT genotype with low expression of P-gp in the gut and increased
plasma levels of digoxin compared to the c.3435 CC genotype [6]. Subsequent replication studies have
however produced inconsistent results as extensively reviewed by Leschzine et al. [7]. ABCC2, encoding
for MRP2 protein, is another widely investigated platinum transporter. Recently, it has been reported that
a 5’-UTR variant (-24C>T/rs717620) may predict platinum-based chemotherapy response [8,9]. Indeed,
MRP2 has broad-substrate specificity for hydrophilic compounds, including the glutathione conjugates
of platinum compounds. Glutathione-S-transferase P1 (GSTP1) is the most investigated GST enzyme,
c.313A>G/rs1695 polymorphism induces Ile105Val substitution that reduced enzyme function by
altering the interaction of catalytic domain and a variety of substrates [10].

In this study we evaluated the effect of these selected functional variants, which account for impaired
cellular efflux and platinum detoxification, on the occurrence of several toxicities in lung cancer patients
treated with platinum-based chemotherapy.

PATIENTS AND METHODS
Patient population and treatment
The study included 82 lung cancer patients recruited at the Oncology Department ASST Fatenenefratelli
Sacco of Milan, between September 2014 and March 2017. Inclusion criteria included histologically
confirmed diagnosis of non small-cell or small-cell lung cancer (I-IV), age ≥18 years, ECOG
performance status ≤2, no previous antiblastic treatment and adequate renal, hepatic and bone marrow
function. Patients with concomitant neoplastic disease other than lung cancer, psychiatric and infectious
diseases were excluded from enrollment. Patients were treated with platinum-based chemotherapy.
Cisplatin was used in association with gemcitabine, pemetrexed, docetaxel, vinorelbine etoposide or in
monochemotherapy and carboplatin was associated with etoposide or vinorelbine. A blood sample for
DNA extraction and analysis was taken at the beginning of the treatment. Demographic data, medical
history and adverse drug reactions were collected. Dose reductions of chemotherapy, as well as treatment
delays and permanent discontinuations were also recorded. All patients provided written informed
consent prior to blood withdrawal and pharmacogenetics analysis. In each patient, toxicity was evaluated
and graded by Common Terminology Criteria for Adverse Event (CTCAE) v4.03.

Genotyping
Genomic DNA was isolated from peripheral blood cells using an automatic DNA extraction system
(Maxwell® 16 System, Promega) according to the manufacturer instructions. DNA concentration and
purity were evaluated by absorbance methodology using a NanoDrop 1000 Spectrophotometer V3.7
(Thermo Scientific). SNPs were determined by Real-Time PCR, using a panel of LightSNiP from TIBMolBiol (assays based on SimpleProbe®). The SimpleProbe® included in the LightSNP assay can detect
single-base mismatches, thus enabling analysis of polymorphisms. At the end of the amplification a
melting curve analysis is performed (LightCycler 480, Roche). We evaluated the functional variants
mapping
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The primary outcome of the study was the development of haematological, gastrointestinal, and renal
toxicity as recorded by Common Terminology Criteria for Adverse Event (CTCAE) v4.03. The HardyWeinberg equilibrium was evaluated using the χ2 test. Toxicity was defined as absent or mild when the
severity grade was between 0 and 2 and as severe when the severity grade was 3 or 4. Associations
between platinum-toxicities and demographic and clinic-pathological characteristics, chemotherapy
regimens and genotypes were assessed using the χ2 test, Fisher’s exact test or Wilcoxon signed rank test,
as appropriate. Odds ratios associated with selected SNPs were obtained using logistic regression with
the wild type as reference category. In order to control for potential confounders, patient characteristics
and genotypes associated with severe haematological toxicity in univariate analysis (p-value <0.1),
entered in a multivariate logistic regression model to evaluate their independent association with severe
toxicity. Analyses were performed using R version 3.2.4.

RESULTS
Patient characteristics and toxicity outcomes
Of the 82 enrolled patients, 52 (63.4%) were males and 30 (36.6%) were females. Seventy-six (92.7%)
patients were affected by non-small cell lung cancer and 6 (7.3%) patients by small-cell lung cancer. All
patients received platinum-based chemotherapy: 39 (47.6%) patients received cisplatin in association
with gemcitabine, 16 (19.5%) cisplatin plus pemetrexed, 11 (13.4%) cisplatin with docetaxel, 6 (7.4%)
cisplatin plus vinorelbine, 2 (2.4%) cisplatin and etoposide, 2 (2.4%) cisplatin in monotherapy, 5 (6.1%)
carboplatin with etoposide and only 1 patient (1.2%) received carboplatin in association with vinorelbine.
A total of 21 (25.6%) patients developed severe haematological toxicity, 13 (15.9%) and 2 (2.4%)
developed severe gastrointestinal and renal toxicity, respectively. None of the patients developed severe
neurological toxicity. Treatment protocol modifications were necessary for 6 (7.4%) patients and
permanent discontinuation for 25 (30.5%). No significant association with severe toxicity was observed
for age, gender, smoking status, histological type, chemotherapy regimens, total drug dosage, drug
dosage adjusted for body surface and cycles of chemotherapy. A marginally significant association was
found between body surface area and severe haematological toxicity (OR=0.07; 95% CI 0.01, 1.36;
p=0.09).
Genotyping results and association between SNPs and toxicity
All selected functional SNPs were successfully genotyped in our cases and were found to be in Hardy–
Weinberg equilibrium (p>0.05). ABCB1 c.3435C>T was present in 39 (47.6%) patients in heterozygosis
and in 24 (29.3%) in homozygosis, ABCC2 -24C>T in 20 (24.4%) in heterozygosis and in 5 (6.1%) in

homozygosis, GSTP1 c.313A>G in 37 (45.1%) in heterozygosis and in 10 (12.2%) in homozygosis. For
each polymorphism the variant alleles have been considered according to a dominant model
(heterozygous + homozygous): the ABCB1 c.3435 CT+TT genotypes were present in 63 (76.8%), the
ABCC2 -24 CT+TT in 25 (30.5%) and the GSTP1 c.313 AG+GG in 47 (57.3%) patients. Severe
haematological toxicity resulted associated with ABCB1 c.3435C>T, in particular CT genotype appeared
protective for the development of haematological toxicity (OR=0.20; 95% CI 0.05, 0.69; p=0.01)
compared to CC genotype. Similar results were observed by genetic dominant model (CT+TT vs CC)
for haematological toxicity (OR=0.26; 95% CI 0.09, 0.79; p=0.02) as shown in Table 1. No other
significant association was found between SNPs and gastrointestinal and renal toxicity. Finally, the
association between ABCB1 c.3435C>T and severe haematological toxicity remained significant in
multivariate analysis accounting for the body surface area (CT vs CC OR=0.18; 95% CI 0.05, 0.65;
p=0.01 and CT+TT vs CC OR=0.24; 95% CI 0.07, 0.75; p=0.01; Table 2).

DISCUSSION
Haematotoxicity is a major complication on many chemotherapy regimens. Although several factors are
involved in this adverse event, genetic ones may play a relevant role. The identification and use of genetic
predictors of platinum toxicity would be a good tool for the prevention of life-threatening side effect. In
this study, we investigated whether polymorphisms in genes encoding for efflux transporters and/or drug
detoxification (ABCB1, ABCC2 and GSTP1) were associated with toxicity to platinum-based
chemotherapy in 82 lung cancer patients. Cellular transport proteins can influence drug absorption,
distribution, and excretion and are key determinants of platinum accumulation into the cells and,
potentially, for the development of the toxicity [11]. Haematological toxicities were the most detected
toxicities (25.6% of patients) followed by gastrointestinal (15.9%) and renal (2.4%) toxicities. Our result
show that severe haematological toxicity is associated with the ABCB1 c.3435C>T polymorphism. In
particular the CT genotype appeared to exert a protective effect in the development of the toxicity
compared to the CC genotype. The dominant genetic model (CT+TT) also revealed a similar significant
association with haematological toxicity.
The product of ABCB1, P-gp, is expressed in the apical membrane of cells with excretory functions like
liver, kidney, stomach, small intestine, and blood brain barriers, thus acting as a gate keeper against
numerous xenobiotics [12, 13].
ABCB1 expression is highest in haematopoietic progenitor cells CD34+ [14-15] and this could explain
the role of ABCB1 c.3435C>T polymorphism in haematological toxicity. In our study the variant allele

(CT+TT) seems to be associated with a 74% lower risk of toxicity compared to CC genotype. The
association between ABCB1 c.3435 (CT+TT vs CC) and severe haematological toxicity remained also
significant in multivariate analysis accounting for the body surface area. The association of this
polymorphism and cisplatin-induced toxicity is controversial. Isla et coll. in a group of 62 lung cancer
patients treated with cisplatin plus docetaxel observed a major risk of grade ≥ 2 diarrhea in 33% of
patients homozygous for the TT genotype of ABCB1 c.3435 polymorphism, in contrast of those CT and
CC [16]. Another study conducted on 671 patients treated with irinotecan and cisplatin or etoposide and
cisplatin showed that the ABCB1 c.3435 TT SNP was associated with almost a 4-fold increased risk of
irinotecan-associated grade 3 or worse diarrhea as compared with CC and CT; combined grade ≥3
neutropaenia and diarrhea was 5 times more likely in ABCB1 c.3435 TT and UGT1A1*28 AA compared
to CC and CT and GG and GA, respectively [17].
Other studies didn’t find significant association between ABCB1 c.3435 C>T polymorphism and
cisplatin toxicity [18, 19, 20].
Different genetic association results from different studies, may be explained by several factors such as
the limited sample size of the patients included in the studies, heterogeneity of treatment protocols,
treatment intent (curative vs palliative) and ethnicity. Regarding ethnicity, the distribution of the ABCB1
c.3435C>T polymorphism varies significantly between populations. In the present study allele T was
present in 53% of patients, a proportion similar to European (52%) but different from American (43%),
Asian (40%) and African (15%) (www.ensembl.org). The involvement of ABCB1 c.3435C>T
polymorphism in the development of the toxicity is unclear. The ABCB1 c.3435 T allele may be a
functional allele or a marker of a functional allele that is regulated in tissue specific manner.
It is known that P-gp controls the passage of several drugs across cell membranes and, similar to our
finding, a meta-analysis indicates that methotrexate toxicity was associated with the ABCB1 c.3435C>T
polymorphism in rheumatoid arthritis under an overdominant model (CT vs. CC + TT; OR 0.483, 95 %
CI 0.259-0.900, p = 0.022), with a lower risk of methotrexate toxicity for heterozygotes CT compared to
homozygotes (CC and TT) [21].
Because of its role, an alteration of P-gp expression or function may cause a difference in terms of
efficacy and toxicity of chemotherapeutic agents [22, 23]. Anyway cisplatin is not a substrate of Pglycoprotein and its efficacy and toxicity are not ensured by P-gp efflux activity, in fact several cell
regulatory pathways may be altered in P-gp positive cell, including protein expression, glycosylation and
phosphorylation and may, consequentially, be involved in reduced cell sensitivity to substances that are
not P-gp substrates [24,25,26].

Interestingly, as reported by Gibalová et al., differences in apoptosis induced by cisplatin were observed
between P-gp-positive and P-gp-negative cells. More in details cisplatin induced a more marked entry in
apoptosis in P-gp-negative cells than in positive ones. This response acts as a secondary cellular response
independently of P-gp efflux activity; altering cell sensitivity to drugs other than those that are substrates
of P-gp. [27].
Similarly X.-Y. Liu et al. demonstrate that expression of MDR1 gene, the gene that encodes the drug
efflux protein P-gp, is higher in the the HCC cell line HepG2, resistant to cisplatin. Moreover, this
acquired resistance is associated with hyperactivation of the c-Jun N-terminal kinases (JNK), an
important anti-apoptosis pathways, whereas JNK inhibition increases sensitivity to cisplatin. These
results underscore a close association between resistance to cisplatin in HCC cells, MDR1
overexpression, and the JNK signaling pathway [28] .
In conclusion, the present study reveals that ABCB1 c.3435C>T polymorphism may influence platinum
toxicity. Variant T allele could exert a protective effect on the development of toxicities. Further studies
with a larger sample size and/or epigenetic regulation studies are warranted to validate these findings
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