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Abstract

Abstract Aims: SLC transporters are expressed in lungs and are essential membrane proteins responsible for the transport of

wide range of chemotherapeutic drugs. Polymorphisms in SLC19A1, SLCO1B1, and SLCO1B3 gene in North Indian lung cancer

patients are investigated. Methods: A total of 610 lung cancer patients undergoing platinum-based chemotherapy were recruited

in the study. Polymorphisms of SLC19A1 (G80A), SLCO1B1 (A388G, T521C) and SLCO1B3 (A1683-5676G) in North Indian

lung cancer patients were assessed and statistical analysis were carried out. Results: Our data revealed that patients harboring

mutant genotype (AA) for SLC19A1 G80A polymorphism had higher MST as compared patients with wild type (GG) genotype

(MST=9.33 versus 8.23). ADCC patients with mutant genotype (AA) showed better survival outcomes for SLC19A1 G80A

(MST=9.4 versus 8.8, HR=0.6; p=0.04). In SCLC, SLC19A1 G80A polymorphism revealed increased survival in the patients

harboring mutant genotype (AA) (MST=9.6 months versus 7.6 months, p=0.04). For SLCO1B3 polymorphism, patients

administered with carboplatin/cisplatin and docetaxel showed inferior survival outcomes in subjects carrying heterozygous

alleles (AG) (MST=2.9 months versus 9.6 months, p=0.006, HR=14.01). For anemia, SLCO1B1 T521C showed that patients

with heterozygous genotype (TC) had a reduced risk of developing anemia (OR=0.44, 95% CI=0.20-0.96; p=0.04). Patients with

SLCO1B1 A388G polymorphism harboring AG alleles was associated with a lower incidence of thrombocytopenia (OR=0.41,

95% CI=0.20-0.82; p=0.01). Patients with heterozygous (AG) genotype (OR=0.35, 95% CI=0.17-0.72; p=0.002) for A1683-

5676G polymorphism showed lower incidence of nephrotoxicity. Conclusion: Genotyping of SLC polymorphism is crucial for

predicting survival and toxicity in lung cancer patients undergoing platinum-based chemotherapy.
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What is already known about this subject

SLC transporters are known mediators of drug disposition that facilitates the influx of substrates and various
chemotherapeutic agents into cells.

Polymorphisms in the SLC19A1 , SLCO1B1 , andSLCO1B3 gene influence the prognosis in the cancer
patients, but little is known about their role in lung cancer in Asians.

What this study adds

SLC19A1, SLCO1B1 , and SLCO1B3 polymorphisms are associated with altered activity of these trans-
porters and affects overall survival as well as toxicity levels in lung cancer patients.

Genotyping for the SLC polymorphism could be a valuable tool for predicting which lung cancer patients
will benefit the most from platinum-based doublet chemotherapy.

Abstract

Aims: SLC transporters are expressed in lungs and are essential membrane proteins responsible for the
transport of wide range of chemotherapeutic drugs. Polymorphisms in SLC19A1 , SLCO1B1 , and SLCO1B3
gene in North Indian lung cancer patients are investigated.

Methods: A total of 610 lung cancer patients undergoing platinum-based chemotherapy were recruited in
the study. Polymorphisms of SLC19A1 (G80A), SLCO1B1 (A388G , T521C ) andSLCO1B3 (A1683-5676G)
in North Indian lung cancer patients were assessed and statistical analysis were carried out.

Results: Our data revealed that patients harboring mutant genotype (AA ) for SLC19A1
G80Apolymorphism had higher MST as compared patients with wild type (GG ) genotype (MST=9.33
versus 8.23). ADCC patients with mutant genotype (AA ) showed better survival outcomes for SLC19A1
G80A (MST=9.4 versus 8.8, HR=0.6; p=0.04 ). In SCLC, SLC19A1 G80A polymorphism revealed increased
survival in the patients harboring mutant genotype (AA ) (MST=9.6 months versus 7.6 months, p=0.04 ).
For SLCO1B3 polymorphism, patients administered with carboplatin/cisplatin and docetaxel showed infe-
rior survival outcomes in subjects carrying heterozygous alleles (AG ) (MST=2.9 months versus 9.6 months,
p=0.006, HR=14.01 ). For anemia, SLCO1B1 T521C showed that patients with heterozygous genotype
(TC ) had a reduced risk of developing anemia (OR=0.44, 95% CI=0.20-0.96; p=0.04 ). Patients with
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SLCO1B1 A388G polymorphism harboring AG alleles was associated with a lower incidence of thrombocy-
topenia (OR=0.41, 95% CI=0.20-0.82; p=0.01 ). Patients with heterozygous (AG ) genotype (OR=0.35,
95% CI=0.17-0.72; p=0.002) for A1683-5676G polymorphism showed lower incidence of nephrotoxicity.

Conclusion: Genotyping of SLC polymorphism is crucial for predicting survival and toxicity in lung cancer
patients undergoing platinum-based chemotherapy.

Keywords: Lung cancer, SLC transporter, survival, platinum-based chemotherapy, polymorphism, Toxicity

Introduction

Lung carcinoma is the second most common type of cancer (accounting for 13% of all occurrences) and
the leading cause of carcinoma fatalities (23% of the total cases).1 It only has a 15% 5-year survival rate,
and the median survival time is even less than tenmonths. Moreover, regardless of histological type, half
of all lung cancer patients develop metastatic or advanced malignancy (stages III and IV) at the time of
diagnosis. Patients with advanced lung cancer are administered platinum-based doublet chemotherapy. Even
though cisplatin or carboplatin is effective when coupled with non-platinum-based chemotherapy medications
such as paclitaxel, pemetrexed, irinotecan, or gemcitabine, significant diversity in treatment response has
been reported.2 Different individuals react to the same drug in different ways. Although many genetic
and environmental factors such as age, concurrent therapy, drug interactions, and the nature of the disease
can impact chemotherapy outcomes, there are plenty of inter-individual differences in drug response due to
sequence variants of genes that encode drug transporters.3

Drug transporters are known mediators of drug disposition, facilitating the influx of substrates into cells
and the efflux of drugs and metabolites from cells.Solute carrier (SLC) transporters are the most promi-
nent family of the membrane proteins accountable for the uptake transport of numerous endogenous and
xenobiotic compounds. These transporters are expressed widely in the human body, but notably in the
epithelia of essential organs such as the liver, gut, kidney, and lung.4 These transporters are also involved
in multiple physiological processes, such as the cellular uptake of nutrients, xenobiotics, and absorption
of chemotherapeutic drugs (Figure 1).5 SLC transporters are expressed in many tumors and differentially
in malignant and non-malignant tissues.6 Among the SLC transporter family members, polymorphism in
SLC19A1 , SLCO1B1 , and SLCO1B3 are reported widely in different carcinomas, and outcomes have
sparked curiosity in studying the function of these transporters in cancer progression.6

SLC19A1 encodes reduced folate carrier protein (RFC) and facilitates the movement of antifolate drugs used
in cancer chemotherapy. The efficacy of chemotherapeutic drugs is associated with the activity and levels
of SLC transporters in both cancer and normal tissues.7 The RFC gene is highly polymorphic in nature
and among the various SNP variants in the SLC19A1 gene, polymorphism G80A (Arg27His, rs1051266) is
usually studied in different clinical conditions. This variant has been extensively researched for its role in
transport uptake and its correlation to cancer risk, treatment response, and toxicity. G to A polymorphism
results in the substitution of arginine amino acid with histidine and thus leads to the alteration in the
SLC19A1 transporter structure, affecting its function8, thus modifying drug bioavailability and influencing
the therapeutic outcome.Reports in the past have revealed a significant association of mutant genotype (AA
) of G80A polymorphism with an elevated risk of esophageal and gastric carcinoma, respectively.9 Increased
influx of the methotrexate drug has also been reported in patients with mutant genotype (AA ) because
G80A mutation may be responsible for the increased transporter activity.10 Adjei et al . concluded that
SLC19A1 seems to predict survival differences in pemetrexed-treated NSCLC patients.11

Solute carrier organic anion transporting polypeptides (OATP) is another SLC drug transporter that medi-
ates the cellular influx of various chemotherapeutic drugs into the cell. Among these transporters,SLCO1B1
(OATP1B1) and SLCO1B3 (OATP1B3) are theessential proteins localized at the basolateral membrane of
the hepatocytes.12 Overexpression of SLCO1B1 andSLCO1B3 has been reported in ovarian, prostate, breast,
and lung cancer (Sutherland et al., 2020).6 Various genetic polymorphisms are described in the SLCO1B1
gene; among them, themost relevant SNPs related to drug disposition areA388G (rs2306283) andT521C
(rs4149056). Reports have suggested some controversial results with the A388G variant as some studies have
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reported that A388G is significantly correlated with the increased expression ofSLCO1B1 , assuring increased
transporter activity, while others have demonstrated unaltered transporter function.13-15On the other hand,
variant T521C has been correlated with lower expression of OATP1B1 protein and significantly reduced
transport activity compared to the wild type (TT ) genotype.13-16 Another variant of OATP is an intronic
region mutation of SLCO1B3A1683-5676G(rs11045585) associated with the docetaxel-induced leukopenia.17

SLCO1B3 is a highly polymorphic gene that displays notable allele frequencies variations among various
ethnic populations. Polymorphism in the SLCO1B3 gene has been correlated with the altered OATP ac-
tivity that often leads to drug-associated adverse events. Yamada et al. reported that the increased rate
of the A1683-5676G variant might contribute to the reduced SLCO1B3 function that may alter therapeutic
efficacy.18

Our research aimed to determine the role of SLC19A1 ,SLCO1B1 , and SLCO1B3 gene polymorphism in
North Indian lung cancer patients. The findings could help us better understand the molecular mechanisms
underlying altered OATP expression, anticancer drug transport, cancer development, and therapy efficiency
and see if these transporters can be harnessed as potential diagnostic and predictive molecular markers. To
the best of our knowledge, no such studies evaluating the role of these polymorphisms in lung cancer have
been undertaken in the North Indian lung cancer patients.

Methods

Sample collection and study design

Patients with lung cancer who visited the authors’ institute’s lung cancer clinic (Post Graduate Institute
of Medical Education and Research, PGIMER) were included in the current study. The study enrolled
newly diagnosed individuals with histologically or cytologically proven NSCLC and SCLC for three years.
The institute’s ethical committee approved the study. The inclusion criteria of the lung cancer patients
meeting all the following requirements were eligible for enrollment: (i) Diagnosis of lung cancer confirmed
by cytology or histology (ii) Stage IIIB - IV or IIIA (not scheduled for surgery). (iii) Untreated and
intent to treat with definitive platinum-based chemotherapy [platinum agent (Cisplatin or Carboplatin) in
combination with either docetaxel, paclitaxel, gemcitabine, pemetrexed, or irinotecan]. (iv) An Eastern
Cooperative Oncology Group (ECOG) performance status (PS) of 0-2. (v) At least one bi-dimensionally
measurable lesion, according to the RECIST criteria. (vi) Adequate organ function, defined as absolute
neutrophil count > 1500/μl, platelet count>100,000/μl, and levels of creatinine, liver enzyme, and alanine
aminotransferase (ALT) less than two times the upper limits of normal (ULN).(vii) Written informed consent
was obtained. The exclusion criteria included (i) Non-Bronchogenic tumors. (ii) Primary pleural tumors
– mesothelioma (iii) Sarcomas (iv) Metastatic tumors to lungs or pleural (v) Early-stage (resectable) lung
cancer.

All of the participants signed an informed consent form. At the beginning of this study, the patients had
renal function tests, a complete blood count (CBC), a contrast-enhanced computed tomography (CT) scan
of the thorax (which also encompassed the upper abdomen), liver function tests, and a chest radiograph.
The demographic characteristics of the participants (gender, age, and performance status), disease stage,
tumor histology, and smoking status were all recorded. CBC was done tendays after the first chemotherapy
session, and any additional cycles if needed. CBC, renal function, and liver tests were performed before each
treatment cycle and 3-4 weeks following the last chemotherapy round. The paper was reported using the
STROBE checklist.

Chemotherapy regimen

Docetaxel (75 mg/m2), irinotecan (100 mg/m2), pemetrexed (500 mg/m2), or paclitaxel (175 mg/m2) were
given as a 1-hour infusion, followed by iv. infusion of cisplatin (70 mg/m2) for over 3 hours. Four cycles
of chemotherapy were given before a tumor response assessment, as is the usual procedure at PGIMER.
Before the end of the four cycles, the tumor response was assessed, and if there was undesirable toxicity
or clinic-radiological symptoms of cancer development, chemotherapy was stopped if necessary. Subjects
who exhibited an objective response to chemotherapy were given two more treatment cycles (i.e., maximum
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of 6 cycles). Response Evaluation Criteria in Solid Tumors (RECIST) criteria measure tumor response.
The common toxicity criteria (CTC) version 3.0 was implemented to record and classify adverse events.
PGIMER’s established procedures were used to manage any negative effects. We assessed the following
hematological toxicity parameters: leukopenia, anemia, thrombocytopenia, and neutropenia. Diarrhea,
nausea, and constipation were investigated for gastrointestinal toxicity. Patients with febrile neutropenia or
grade 3 or higher gastrointestinal adverse effects were admitted to the hospital if outpatient treatment was
not available or effective. Any other side effects from the chemotherapy were also noted. Follow-up was done
every three weeks during chemotherapy and every three months for the rest of the research. Overall survival
was calculated from chemotherapy to death or the last follow-up date.

Genotyping of SLC variants

The genomic DNA was extracted from 3-4 ml of blood using the phenol-chloroform extraction technique. The
genotype of variations was determined using the PCR-PFLP method as previously mentioned.10,19,20 For am-
plifying a DNA fragment for the SLC19A1 (G80A , rs1051266) variant following sets of primers were used: for-
ward primer 5’- AGTGTCACCTTCGTCCCCTC-3’ and reverse primer 5’- CTCCCGCGTGAAGTTCTT-
3’. For SLCO1B1 A388G in exon 4 (rs2306283), the set of primers used was forward primer
5’-ATAATGGTGCAAATAAAGGGG-3’and reverse primer 5’-ACTATCTCAGGTGATGCTCTA-3’ and
for SLCO1B1 T521C (rs4149056) variant, following sets of primers were used: forward primer 5’-
TTGTCAAAGTTTGCAAAGTG-3’ and reverse primer 5’-GAAGCATATTACCCATGAGC-3’. For am-
plifying a DNA fragment for theSLCO1B3 (A1683-5676G , rs11045585) variant following sets of
primers were used: forward primer 5’-GTGGGTAAAAGGCAGGTAAATG-3’ and reverse primer 5’-
GAATTCAAACATCTC ACTGTGCTC-3’. The PCR mixture of 20 μl comprised of 1X PCR buffer, 0.5 μM
of forward and reverse primer, 1.5 mM MgCl2, 100 μg/ml bovine serum albumin (BSA), 200 μM dNTPs,
1U Taq polymerase (DNAzyme, Thermo Scientific), and 200 ng of DNA. PCR conditions used for the mix-
ture were: 95@C for 5 min and 94@C for 30s (denaturation), 59@C (G80A /rs1051266), 55 @C (A388G
/rs2306283), 60@C (T521C /rs4149056) and 57 @C (A1683-5676G /rs11045585) for 45s (annealing) followed
by 72@C for 30s (extension) for the 29 cycles as well as the final extension for 5 min at 72@C. For SLC19A1
G80A , a PCR product of 230 base pairs (bp) was digested with 5U of HhaI restriction enzyme (New Eng-
land Biolabs) at 37@C. The wild-type alleles were recognized as GG (125, 68, 37 bp), variant alleles were
identified as AA (162,68 bp), and heterozygous alleles produced both bands (162,125,68,37 bp) (Figure2a
).10 ForA388G , the PCR product of 214 bp was checked on 2.0% agarose gel and then digested with 5U of
TaqI restriction enzyme (New England Biolabs), respectively at 65@C. The wild type allele (AA ) yielded
bands of 151, 63 bp variant allele (GG ), were identified by 128,63,23 bp, and heterozygous displayed all the
bands(Figure-2b) . For T521C , a PCR product of 209 bp was digested with 5U of HhaI restriction enzyme
(New England Biolabs) at 37@C. The wild-type alleles were recognized as TT (209 bp), and variant alleles
were identified as CC (189, 20 bp) (Figure2c ).19 ForA1683-5676G , a PCR product of 286 bp was digested
with 5U of Rsa I restriction enzyme (New England Biolabs) at 37@C. The wild type allele (AA) yielded
bands of 262, 24 bp, variant allele (GG) were identified by 155, 107, 24 bp, and heterozygous displayed all the
bands (Figure-2d) .20Digested fragments were separated on 8 % Native- polyacrylamide gel electrophore-
sis (PAGE) and were stained with the ethidium bromide and visualized under UV trans-illuminator. Two
separate people looked into the data to eliminate any potential biases, and 20% of the samples were chosen
at random, ensuring that the outcomes were 100% reproducible.

Statistical analysis

The study focused on the North Indian population and included age, gender, and smoking behavior informa-
tion. The Chi-square goodness-of-fit test was applied to see if the cases followed Hardy-Weinberg equilibrium.
The odds of lung carcinoma risk were studied using MedCalc Statistical Software (version 14.8.1 MedCalc
Software, Ostend, Belgium). Descriptive data are presented as median, mean ± standard deviation (SD),
or number/ percentages. The odds ratio (OR) with the 95 % confidence interval (CI) evaluated using the
logistic regression analysis for any toxicity. All the patients’ overall survival (OS) was calculated from day one
of chemotherapy to death or the last follow-up date. The univariate Kaplan-Meir method assessed OS time
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using log Rank p-value and median OS time. After adjusting for other factors, multivariate Cox regression
analysis was used to assess the independent effect of polymorphism on overall survival. In all analyses, a
p-value of <0.05 was considered significant.

Furthermore, the recursive partitioning strategy accounted for high-order gene interactions. This me-
thod generates the initial split by considering the critical factor determining the patients’ over-
all survival. Survival analysis trees (STREE) application was used to generate the decision tree
(http://c2s2.yale.edu/software/stree). The log-rank approach was used as the splitting method. The gene-
rated tree was binary, with each terminal node representing a subset of individuals with a specific genotypic
combination, thus displaying a range of survival times and prognosis. Multivariate cox proportional hazard
analysis was used to determine the HRs and 95% CIs for every terminal node, adjusted for gender, age,
histology, ECOG, KPS, stage, and regimen.Toxicity in the lung cancer patients was assessed according to
standard National Cancer Institution Criteria 3.0 (http://ctep.cancer.gov). Maximum attention was paid
to hematological toxicity such as neutropenia, anemia, leukopenia and thrombocytopenia, gastrointestinal
toxicity nephrotoxicity. Severe toxicity or severe event consisted of grade 3 or 4 hematologic toxicity and
grade 1–4 nephrotoxicity. With severe hematologic toxicity, the subsequent treatment was postponed until
recovery to grade 1 or grade 0. With grade 3 and 4 gastrointestinal toxicity, the doses of each drug were re-
duced by 25%. If creatinine clearance decreases to within the range of 59-41 ml min-1, platinum was reduced
by 25%. If creatinine clearance decreases below 40 ml min-1, platinum was stopped. Clinical data has been
systematically recorded during treatment.

Results

Patient characteristics and clinical predictors

Demographic characteristics of the case study group consisted of gender, age, smoking status, Tumor, node,
metastasis (TNM) staging, pack-years, and various other clinical factors that are illustrated in Table 1. At
the time of diagnosis, the lung cancer patients had an average age of 60.10 years (range 29–86). Among 610
patients, 496 (81.3%) males and 114 (18.6%) females were present in the case group. Smokers accounted
for 79.6% of the group, more significant than non-smokers (20.3%). Smokers had an average pack-year
of25.58+-31.88. TNM staging was used to classify the patients: 0.81% had stage I lung cancer, 3.11% had
stage II lung cancer, 27.5% had stage III lung cancer, and 63.1% had stage IV lung carcinoma.The lung
cancer patients T3 and T4 exhibited high frequencies of 20% and 56.8%, whereas subjects with T1 and
T2 tumor size constituted 5.90% and 8.8%, respectively. TNM data revealed that 44.5% of patients had
no metastatic involvement (M0), while 50.6% had distant metastases (M1).Regarding lymph node invasion,
12.9% of lung carcinomasubjects had no lymph node involvement, while N1, N2, N3, and N4 lymph node
invasion accounted for 8.3, 41.8, 31.9, and 0.16% of all cases, respectively. Histologically, squamous cell
carcinoma (SQCC) patients made up 40.8% of lung cancer diagnoses, adenocarcinoma (ADCC) patients
made up 40.66%, and small-cell lung cancer (SCLC) patients made up 17.3%. Karnofsky’s performance
status (KPS) and the Eastern Cooperative Oncology Group (ECOG), which indicated the participants’
performance status, were used to classify the cases. There were 168 individuals (27.5%) with KPS scores
of 100-90, 314 (51.4%) with KPS scores of 80-70, and 106 people (17.3%) with KPS scores of less than
60 in our study. As per the ECOG score, 43.7% (267) of the people had ECOG scores ranging from 0
to 1, 38.1% (233) had ECOG 2, and 14.5% (89%) of the people had ECOG scores of 3-4. A total of 419
patients received cisplatin/carboplatin-based therapy, with 130 patients receiving pemetrexed, 71 patients
receiving irinotecan, 87 patients receiving paclitaxel, 70 patients receiving docetaxel, 29 patients receiving
gemcitabine, 15 patients receiving gefitinib, 17 patients receiving etoposide, and 21 patients receiving other
regimens.

Genotypic distribution of SLC variants

For SLC19A1 G80A polymorphism, 195(31.9%) patients were homozygous for the GG genotype, 131 (21.4%)
patients were homozygous for the AA genotype, whereas 284 (46.5%) patients were heterozygous (GA )
(Table 2).While for SLCO1B1 A388G polymorphism, 152 (24.9%) patients were harboring homozygous AA
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genotype, 297 (48.6%) were heterozygous AG , and 161 (26.3%) were homozygoteGG variant whereas, for
SLCO1B1 T521C , 563 (92.2%) patients were homozygous for TT genotype, 45 (7.3%) patients harbored
heterozygous (TC) genotype and 2 (0.32%) individuals had homozygous (CC ) genotype. For the SLCO1B3
A1683-5676G variant, 545 (89.34%) patients were harboring homozygous AA genotype, 64 (10.4%) were
heterozygousAG , and 1 (0.16%) were homozygote GG variant. The genotypic frequencies for SLC19A1 G80A
was (χ2=2.08,df=2; p=0.14). The genotypic frequencies of SLCO1B1 A388G (χ2=0.41,df=2; p=0.52) and
SLCO1B1 T521C polymorphism was (χ2=1.13, df=2; p=0.28) whereas for SLCO1B3 A1683-5676G genotypic
frequency was χ2=0.38,df=2; p=0.53. Therefore, genotypic distribution for these four polymorphic sites
followed the Hardy-Weinberg equilibrium with a p-value> 0.05, as shown in table 2. So, these samples
could be a Mendelian population in a state of genetic equilibrium.

Association of SLC genotype with overall survival

The correlation of the SLC polymorphisms with survival in 593 lung cancer samples was investigated.
After three years, 83.1% (493) of patients had died, and 16.8% (100) had survived. The association of
theSLC SNPs with lung cancer survival was investigated using both univariate and multivariate analysis
after adjusting for smoking status, gender, age, tumor stage, ECOG,KPS, and histology. This analysis
used four alternative models (co-dominant, dominant, recessive, and additive) to determine the relationship
between SLC polymorphism and overall survival (OS) in lung cancer patients. As demonstrated inTable 3
, the findings were presented as the best-fitted model. Lung carcinoma patients who were harboring mutant
genotype (AA ) for SLC19A1 G80A polymorphism had a higher median survival time (MST) as compared
to the subjects carrying wild type (GG ) genotype (MST=9.33 versus 8.23, p=0.4). TheSLC19A1 G80A
polymorphism did not show any significant difference in survival in any of the models used.

For SLCO1B1 A388G , in the co-dominant model, we observed very marginal lower survival in patients
carrying both mutant (GG ) alleles as compared to the patients who were carrying both wild-types(AA )
alleles (MST=7.8 versus 7.9; Log-rank p=0.41; HR=1.10). After applying the Cox regression model, results
demonstrated poor survival outcomes in patients carrying mutant (GG ) alleles when compared with patients
carrying wild (AA ) allele (HR=1.40, 95% I=1.0-1.97; p=0.04 ), as shown in figure 3. ForSLCO1B1 T
521C polymorphism, we observed lower survival in the lung cancer patients who had mutant genotype (CC )
as compared to the patients carrying wild-type genotype (TT ) (MST=5.16 versus 7.97; p=0.80). However,
no significant differences in terms of survival were observed for the SLCO1B1 T521C variant.

For the SLCO1B3 A1683-5676G variant, the patients having heterozygous allele (AG ) showed lower median
survival in lung carcinoma patients as compared to the individuals harboring wild type (AA ) genotype
(MST=7.6 versus 7.97; p=0.58). However, only one patient harbored mutant genotype, so the survival
differences were not calculated for this group. None of the other models showed any prognostic significance
forA1683-5676G polymorphism for overall survival in lung cancer patients.

Association of SLC polymorphism with histology and overall survival

We further assessed the role of SLC variants in predicting median survival of lung carcinoma patients based on
histological subtypes. On analysis, we noted that ADCC patients harboring mutant genotype (AA ) showed
better survival outcomes compared to the ADCC subjects with wild-type genotype (GG ) for SLC19A1
G80A (MST=9.4 versus 8.8,Log-rank p=0.2) as shown inTable 4 . After applying the cox regression model,
there was a decreased hazard ratio for lung cancer patients (HR1=0.60, 95%CI=0.36-1.00, p=0.04 ).

For SLCO1B1 A388G , patients diagnosed with SQCC and harboring the mutant genotype (GG ) showed
poor survival outcomes when compared to combined wild type and heterozygous genotype (AA+AG )
(MST=6.8 months versus 7.5 months; log-rank p=0.42). After multivariate analysis, the overall death risk
of patients carryingGG genotype at A388G was 1.54 times higher than individuals with AA+AG genotype
(HR=1.54, 95% CI=0.99-2.39; p=0.05) . However, on analyzing the association ofSLC19A1 G80A poly-
morphism with SCLC histology, our results depicted increased survival in the patients harboring mutant
genotype (AA ) as compared to the SCLC subjects having wild type genotype (GG ) (MST=9.6 months
versus 7.6 months, p=0.34). After multivariate analysis, such patients had a low death ratio than SCLC
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subjects carrying the wild genotype (GG ) (HR=0.22, 95%CI=0.05-0.93, p=0.04, Table 4, Figure 4
). Similar results were also obtained when the recessive model was applied (HR=0.30, 95%CI=0.11-0.84,
p=0.02) .None of the other SCLC patients showed prognostic significance for the SLCO1B1 A388G, T521C,
and SLCO1B3 A1683-5676G polymorphism (Supplementary Table 1).

Association of SLC polymorphism with the chemotherapeutic regimen and overall survival

The lung carcinoma patients in the study were administered platinum-based chemotherapy along with
paclitaxel, docetaxel, pemetrexed, and irinotecan. So, we chose to investigate the modifying effects of
the SLC polymorphism and its relationship to chemotherapy, and overall patient survival, as shown
inSupplementary Table 2. Chemotherapy was divided into four regimens, each given to different pa-
tient groups. All lung malignancy patients received platinum-based therapy (carboplatin/cisplatin) and a
second-line chemotherapy treatment such as docetaxel, pemetrexed, paclitaxel, or irinotecan. For SLCO1B3
A1683-5676G polymorphism, our results showed that patients who were given carboplatin/cisplatin along
with the docetaxel and carrying heterozygous alleles (AG ) showed inferior survival outcomes as compared
to the patients having wild type genotype (AA ) (MST=2.9 months versus 9.6 months, Log-Rank p=0.006,
HR=14.01 ). Upon adjusting with multivariate factors such as age, gender, smoking, stage, histology, and
performance status, we observed a high hazard or death ratio in the patients having heterozygous genotype
(AG ) as compared to the subjects harboring wild type genotype (AA) (HR=3.84, 95% CI=1.16-12.72;
p=0.02 , Figure 5 ) as shown in Supplementary Table 2 .

In the case of lung cancer subjects receiving carboplatin/cisplatin along with irinotecan, paclitaxel, or peme-
trexed, no substantial correlation was seen between overall survival and SLC19A1, SLCO1B1, and SLC19A1
polymorphism Supplementary Table 2 .

Association of SLC polymorphisms with gender and OS

In lung carcinoma patients, 83.2% (404) of males and 82.4% (89) of females were dead at the time of
analysis. Males having SLC19A1 G80A polymorphism and possessing heterozygous genotype (GA ) showed
reduced survival as compared to the subjects harboring wild-type alleles (GG ) (MST=7.13 versus 7.9
months; HR= 1.1; log-rank p=0.38). After using multivariate analysis and adjusting for factors such as age,
smoking, stage, histology, KPS, ECOG, the death risk increased to 1.26 times in heterozygous genotype
(GA ) as compared to the wild type (GG ) genotype (HR=1.26, 95% CI=0.99-1.61; p=0.05 ). Also,
forSLCO1B1A388G polymorphism, in the co-dominant model, lower survival was observed in the males
having mutant genotype (GG ) as compared to the subjects harboring wild type genotype (AA ) (MST=7.57
versus 7.7 months; HR=1.35, 95% CI=1.01-1.81; p=0.04 ) as shown in Supplementary Table 3 . However,
we did not find any significant association of SLC polymorphism in females with overall survival. We also
evaluated the survival differences in lung cancer patients according to age; however, no significant association
was found between SLC polymorphisms and overall survival (Data not shown)

Association of SLC polymorphism and chemotherapy response

Correlation between SLC polymorphism and the effectiveness of response rate and clinical benefits were
studied using univariate logistic regression. Supplementary Table 4 shows the relationship between
SLC polymorphism and treatment responses.The individuals showing stable and progressive disease were
categorized as non-responders, whereas subjects demonstrating complete or partial response were classified
as good responders. Our outcomes showed no association between SLC polymorphisms according to the
chemotherapeutic response to platinum-based doublet therapy. As a result, we concluded that none of the
SLC polymorphisms might predict chemotherapeutic response or clinical benefit in a significant way.

Association of SLCgenotype with tumor characteristics

In order to assess the correlation between SLC variants and the clinic-pathological parameters, the patients
were bifurcated based on cancer stage (stage III versus stage IV), lymph node involvement (Nx+N0+N1
versus N2+N3+N4), primary tumor extension (T3 versus T4), and metastasis (positive versus negative)
as shown in Supplementary Table 5. 18.7% of lung cancer patients diagnosed with T4 tumor extension
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carried mutant alleles for SLC19A1G80A genotype compared to 30.3% patients in T3 tumor extension (Table
5). A decreased odds of developing T4 was observed in mutant genotype (AA ) as compared to the patients
categorized in T3 tumor extension (AOR=0.42, 95% CI=0.2-0.89; p=0.02 ). Similarly, when the comparison
was made between the patients with T3 and T4 size in SLCO1B1 T521C , a decreased odds towards lung
carcinoma was observed in the heterozygous (TC ) genotype of T4 as compared to the patients with T3
tumor extension (AOR=0.29, 95% CI=0.11-0.77, p=0.01) . Using the dominant model, combining the two
risk genotypes (TC +CC ), increased risk for lung cancer was not observed in T4 compared to patients
with T3 tumor extension (AOR=0.34, 95% CI=0.13-0.88; p=0.02 ). Therefore, our results show that these
genotypes did not show any relationship with the tumor size and its progression.

High-order gene-gene interactions using STREE

Multiple interaction analyses involving various genes implicated in SLC transporters add a new dimension
to assess the high-order parametric interactions within them and their impact on the overall survival of lung
cancer patients. The recursive partitioning strategy was adopted to generate a survival tree in this study,
demonstrating various SLC SNPs’ roles in prognosis. Figure 6a shows the tree generated by the STREE
software. The log-rank approach was used to generate the tree out of all the methods available. There
were a total of four-terminal nodes found. SLC19A1G80A was the most crucial factor as it is a root node
influencing the prognosis of patients. Terminal node 5 with the highest MST was used as a reference node
(13.1 months). In addition, each node’s HR is mentioned. The survival curves and the MST associated with
each terminal node are illustrated inFigure 6b . It shows a difference between the median survival time of
different nodes and the reference node (log-rank p 0.18), though a significant correlation was not observed.
The findings of the Cox regression analysis for every terminal node are summarized inSupplementary
Table 6 . Significant differences were observed in the median survival times when terminal node 4 was
compared to the reference node (4.8 months versus 13.1 months; HR=2.24, 95% CI= 0.99-5.02; p=0.05).
After adjusting with different covariates, including age, gender, stage, smoking, histology, regimen, ECOG,
and KPS, the death risk was 1.94 times as compared to the reference node (HR=1.94; p=0.002 ). A similar
trend was noted in all the other nodes; however, significant differences were not achieved.

Association between SLC genotypes and toxicity

One of the current research goals was to look into the emergence of toxicity in lung carcinoma patients given
platinum-based doublet chemotherapy with docetaxel, pemetrexed, irinotecan, and paclitaxel. The odds
ratio (OR) and 95 % confidence interval (CI) for obtaining different toxicity grades following therapy in
participants with each genotype were calculated using univariate logistic regression analysis. The adjusted
ORs were also evaluated using a multivariate regression model with the toxicity grades as the dependent
variable. Age, gender, regimen, and performance status, were all included in the multivariate model and
were evaluated for their interactions or confounding effects. We utilized three possible analysis methods to
see how SLC polymorphisms affected different toxicity levels. We compared patients with any toxicity grade
(grades 1-4) to no toxicity (grade 0) in the initial assessment, individuals with intermediate/severe toxicity
(grades 2-4) to those with no/low-grade (grade 0-1) toxicity were compared in the second analysis and the
third assessment, and high-grade toxicity (grades 3-4) versus no/low/intermediate toxicity (grades 0-2) to
see if the SLC polymorphisms were linked to severe toxicity. In this manner, cases were categorized into
different toxicity levels.

All chemotherapy-related adverse effects (AEs) were recorded for each treatment cycle. In hematological
toxicities, we evaluated anemia, leukopenia, absolute neutropenia, and thrombocytopenia. In anemia, a
total of 406 patients’ toxicity data was available (Table 6a) . The table depicts that 25.1% of patients
were categorized in grade 0 toxicity, and74.8% individuals were categorized in grade 1-4 toxicity. As ob-
served for SLCO1B1 T521C polymorphism, 7.14% of individuals harbored single copy mutant allele (TC
).Supplementary Table 8 shows that subjects with the heterozygous genotype (TC ) had a reduced risk
of developing anemia (OR=0.44, 95% CI=0.20-0.96); p=0.04 ) when compared to the patients with a wild
type genotype (TT ). For SLC19A1 G80A polymorphism, on comparing individuals with severe toxicity
(grades 3-4) versus no/low-grade (grade 0-2) toxicity, we observed that 26.6% of patients in grade 3-4 ane-
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mia harboring heterozygous (GA ) genotype showed a reduced risk of anemia (OR=0.35, 95% CI=0.14-1.74;
p=0.02 ) as compared to the wild type genotype (GG ). We did not find any association between the
SLC polymorphisms other hematological toxicities such as leukopenia and other AEs due to chemotherapy
(Supplementary Table 7 ).

For analysis of absolute neutrophil count (ANC), we compared intermediate/severe toxicity (grades 2-4)
versus no/low-grade (grades 0-1) toxicity as shown in Supplementary Table 9 . A total of 367 patients’
toxicity data was available for ANC. For SLCO1B1 A388G polymorphism, 16% (3) patients harbored the
mutant genotype (GG ). Supplementary Table 9 depicts subjects with mutant genotype (GG ) ofA388G
had a reduced risk of developing neutropenia toxicity (OR=0.42, 95% CI=0.10-1.76, log-rank-p=0.23) when
compared to the individuals with wild type genotype (AA ). After adjusting with confounding, factors like
age, gender, regimen, and performance status, the decreased risk was consistent in mutant genotype (GG )
as compared to wild-type genotype (AA ) (AOR=0.17, 95% CI=0.02-1.04; p=0.05 ).

Chemotherapy-induced thrombocytopenia is a potentially lethal consequence resulting in chemotherapy
dosage delays, reductions, or discontinuance. Keeping this complication in view, we have analyzed the impact
of SLC variants in causing thrombocytopenia. As shown inTable 7, we compared low/intermediate/severe
toxicity (grades 1-3) versus no grade (grade 0) toxicity. For thrombocytopenia, there were 367 patients with
available toxicity data, of which 32.1% (18) patients with SLCO1B1 A388G polymorphism harboring a single
copy of mutant allele (AG ) was associated with a lower incidence of thrombocytopenia when compared to
the patients carrying wild type alleles (AA ) (OR=0.41, 95% CI=0.20-0.82; p=0.01 ). After adjusting for
confounding variables such as age, gender, regimen, and performance status, the reduced risk in heterozygous
genotype (AG ) for causing thrombocytopenia was consistent when compared to wild-type genotype (AA )
(AOR=0.35, 95% CI=0.14-0.85; p=0.02 ).

Renal functions are assessed during chemotherapy as chemotherapeutic drugs are eliminated via the kid-
neys and nephrotoxic. We have evaluated chemotherapy-induced nephrotoxicity by comparing intermedi-
ate/severe toxicity (grades 3-5) versus no/low grade (grades 1-2) toxicity. As shown in table 6a , data of 366
patients were available to assess the associationbetween the SLC polymorphisms and nephrotoxicity.Lung
carcinoma patients with heterozygous (AG ) genotype forA1683-5676G polymorphism showed a lower inci-
dence of nephrotoxicity when compared to the patients with wild type genotype (AA ) (OR=0.35, 95%
CI=0.17-0.72; p=0.002) . When confounding characteristics such as age, gender, regimen, and performance
status were taken into account, the reduced risk of nephrotoxicity in heterozygous and mutant genotype
(AG+GG ) was consistent when compared to wild-type genotype (AA ) (AOR=0.38, 95% CI=0.15-0.98;
p=0.04 ) as shown in table 7 .

Additionally, we investigated gastrointestinal (GI) toxicity by comparing patients with low toxicity (grade 1)
grade to individuals with intermediate-high toxicity (grade 2). We evaluated diarrhea, anorexia, constipation,
and nausea-vomiting (Table 6b). Lung cancer patient with the heterozygous genotype (AG ) for SLC19A1
A388G polymorphism has a reduced risk of having constipation as compared to the patients harboring wild-
type genotype (AA ) (AOR=0.17, 95% CI=0.03-0.87, p=0.03 ) as shown inTable 8 . The reduced risk was
consistent when we compared the combined heterozygous and mutant (AG+GG ) genotype with the wild
type (AA ) genotype (AOR=0.22, 95% CI=0.05-0.97; p=0.04 ). For SLCO1B1 A388G , lung cancer patients
with heterozygous genotype (AG) revealed a 3.87-fold increased risk of having constipation (AOR=3.87, 95%
CI=0.91-16.48; p=0.04 ) as compared to the patients with wild type genotype (AA ).

In nausea/vomiting, the comparison was made between intermediate/ severe toxicity (grades 2-3) versus low-
grade (grade 1) toxicity. Among 116 patients, 54.3% experienced grade 2-3 nausea/vomiting. ForSLCO1B1
A388G polymorphism, a lower incidence of nausea/vomiting was observed in patients with mutant genotype
(GG ) as compared to patients with wild-type genotype (AA ) (AOR= 0.22; 95%CI=0.05-1.03, p=0.05 (
Table 8) . We did not find any association between the SLC polymorphisms, other gastrointestinal toxicities
such as diarrhea and anorexia, and other AEs due to chemotherapy (Supplementary Table 10 ).

Discussion
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SLC transporters mediate the flow of chemotherapeutic drugs across biological membranes in various or-
gans, and the various single nucleotide polymorphisms alter this inflow of drugs. Genetic polymorphisms
can cause individual variations in the metabolism and pharmacotherapy of these transporters, which may
create population-specific disparities in drug transport. In a population, heterogeneity in the pharmacoki-
netic profile of chemotherapeutic drugs results from multiple interactions between genetic, environmental,
and physiological factors. In the past, many theories have been put forth to explain the observed discrep-
ancies regarding several therapeutic drugs that may increase or inhibit the function or expression of solute
carrier protein, thus altering the phenotypic activity of the SLC transporters. Given the effect of these
polymorphisms on SLC transporter activity, it is essential to look into their role in lung cancer, as their
expression levels could control the extent and duration of chemotherapeutic drug inflow, affecting patients’
responses. Hence, understanding and minimizing inter-individual variation in drug responsiveness, toxicity,
and sensitivity and its critical role in identifying the efficient treatment option for lung carcinoma patients
is therefore imperative and clinically meaningful.

We have attempted to investigate the significance of SLC polymorphisms in influencing survival rates
and their correlation with toxicity in lung cancer patients undergoing platinum-based chemotherapy treat-
ment. Our results from North Indian lung carcinoma patients suggest that mutant genotype (AA ) of
SLC19A1G80Apolymorphism is correlated with increased survival. Our results align with Collin et al., who
found no correlation ofG80A polymorphism in recessive, dominant, or additive models in prostate cancer.21

A study by Liuet al . did not find any significant association forRFCvG80A polymorphism with lung cancer
susceptibility.22 However, we can explain the increased survival trend in lung cancer patients with mutant
genotype (AA ) of SLC19A1G80A polymorphism. TheA allele of G80A might have a greater influx propen-
sity for the substrates, resulting in improved bioavailability and chemotherapeutic drug intake,23thereby
leading to better survival outcomes in the individuals with the mutant genotype (AA ). On the contrary
to our outcomes, Jabeenet al. has reported better survival in the patients with wild-type genotype (GG )
in comparison to the mutant genotype (AA ) of SLC19A1 G80Apolymorphism.24 These incongruent results
could be attributed to the differences in clinical characteristics and ethnicity of patients.

In patients with SLCO1B1A388G polymorphism, our results demonstrated that the patients with mutant
genotype (GG ) had the same median survival time as the wild-type genotype (AA) . Our results are in
concordance with Lee et al., who put forth that SLCO1B1 A388G is associated with an unaltered transport
function, so there would be no modification in the drug influx, which could be the likely cause for no difference
in median survival time between mutant (GG) and wild type genotypes(AA) .25 On the contrary, Sissung
et al.stated that A388G polymorphism is correlated with the altered SLCO1B1 transport function, leading
to modifications in the transmembrane domain structure.26 While Liutkevicie et al. put forth that the G
allele ofA388G is associated with the increased SLCO1B1 function, proposing increased functional activity
of the transporter.27 SLCO1B1 polymorphism has been reported by numerous researchers, who have linked
theA388G mutation to an increase, decrease, or no effect on the transporter activity.28 These disparate
results could be ascribed to ethnicity and clinical characteristics of patients, such as the methodology used
to detect the expression of SLC and heterogeneity in tumor histology, all of which could play a decisive role.

Our results for SLCO1B1 T521C polymorphism showed reduced survival in patients with mutant genotype
(CC ) as compared to both homozygous (TT ) and heterozygous genotype (TC ), though the substantial
significance betweenT521C polymorphism and overall survival was not achieved. Studies in the past have
shown that the C allele ofT521C is correlated with decreased activity of SLCO1B1.29 Due to this reduced
activity of the transporter, patients harboring the variant allele (C ) ofT521C polymorphismmay have
reduced inflow of drugs, which can explain the lower survival in lung cancer patients. On the contrary,
Feng et al. has shown better survival in gastric cancer patients having mutant (CC) and heterozygous
(TC)genotype.30

We have also assessed the impact of SLC polymorphism on overall survival based on histology. Our findings
demonstrated that ADCC patients with the mutant genotype (AA) of the SLC19A1 G80A polymorphism had
a better prognosis (p=0.04 ). Mechanistically, the RFC1 protein is encoded by the main influx transporter
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SLC19A1. I t mediates folate uptake in the cell and transports antifolate chemotherapeutic agents. RFC1
is substantially expressed in lung cancer patients.31 It has been reported that in adenocarcinoma cells, RFC1
proteins are overexpressed.32

Furthermore, studies have linked downregulation of the RFC1 protein to impaired drug transport, develop-
ing resistance.24,33The overexpression of RFC1 in ADCC patients explains our results with better survival
in the mutant genotype (AA) of SLC19A1 G80A polymorphism. Even though SLC19A1 is the most com-
mon antifolate uptake transporter, our results did not show any association of G80A polymorphism with
the survival of the patients undergoing pemetrexed and cisplatin/carboplatin treatment. Our results align
with the various studies on NSCLC.34-36 Our findings also revealed that patients with SCLC who had the
mutant genotype (AA) of SLC19A1 G80A polymorphism had a better prognosis (p=0.04). To the best of
our knowledge, none of the previous studies have looked at the role of the SLC19A G80A polymorphism in
SCLC, as most of the research has focused on its impact on NSCLC. Based on our findings, we believe that
the SLC19A1 G80A polymorphism may improve overall survival in SCLC patients.

As per our results, patients who were given docetaxel along with cisplatin/ carboplatin and were heterozy-
gous carriers (AG) for the SLCO1B3 (A1683-5676G) polymorphism had a significantly shorter survival time
as compared to the wild type(AA) genotype. No supporting studies were found because the pharmacoge-
netics of SLCO1B3 is little understood, and previousin vivo and in vitro studies gave inconsistent results
regarding the functional effects of the SLCO1B3 polymorphisms. Chew et al. revealed that the SLCO1B3
(A1683-5676G) variant allele is related to altered docetaxel disposition.37 However, our investigation did not
find any patients with mutant genotype (GG) forSLCO1B3 (A1683-5676G) polymorphism administered do-
cetaxel and cisplatin/carboplatin therapy, and we could not assess the role of its variant genotype on the
survival of lung cancer patients. Chew et al. have mentioned that inter-individual variability in docetaxel
disposition is influenced by SLCO1B3 pharmacogenetics.38 However, more research is needed to investigate
the functional characterization ofSLCO1B3 -associated docetaxel transport, which may help researchers
better understand the molecular basis for docetaxel disposal disposition.

We have also evaluated whether SLC polymorphisms were associated with toxicity among platinum-based
chemotherapy-treated lung cancer patients. Our results showed that patients with at least one mutant allele
(AG) in SLCO1B1 A388G had a significantly lower risk of developing thrombocytopenia. Leiri et al. have
reported that the presence of the G allele at the codon 388 can modulate the activity of SLCO1B1.39 The
systemic concentration of the chemotherapeutic drug is strongly dependent on the activity of SLCO1B1.
An increase in the SLCO1B1 activity and subsequent increase in the hepatic clearance of the chemothera-
peutic drug may lead to reduced systemic exposure and hence less toxicity.40 This may explain the reduced
risk of developing thrombocytopenia in the heterozygous (AG) genotype ofA388G, as the occurrence of
chemotherapy-induced thrombocytopenia varies according to the treatment used. Our findings showed a sig-
nificant association of SLC19A1 G80A polymorphism with a reduced risk of anemia. The heterozygous geno-
type (GA) of G80Apolymorphism showed a substantial protective effect from hematological toxicity-anemia.
Generally, folate is required for RBC production and is a typical target of chemotherapeutic agents.41 These
drugs impede folate metabolism, and a deficiency of folate causes DNA synthesis abnormalities, which leads
to genomic instability leading to the hypothesis that a lack of folic acid inhibits RBC maturation, resulting
in anemia. However, our results suggest that the heterozygous genotype (GA) of G80A polymorphism is
associated with a reduced risk of developing anemia in lung cancer patients.

Our results showed a reduced risk of developing nephrotoxicity in patients harboring heterozygous genotype
(AG ) on comparing severe toxicity (grade 3-5) with the absence of any/ intermediate toxicity (grade 1-
2). Mechanistically, the kidney is the main organ involved in eliminating platinum-based chemotherapeutic
drugs.42Many drugs, particularly those with a propensity for nephrotoxicity, are eliminated in the urine by
active tubular secretion in addition to glomerular filtration.43 In vitro studies have shown that OATP1B1
and OATP1B3 transport cisplatin and carboplatin, and the toxicity of these drugs in human tumor cells
was enhanced with increased OATP1B3 mRNA expression.4 Hilgendorf et al., have reported low mRNA
expression of SLCO1B3 in the kidney.44Also, it has been reported that the A1683-5676Gvariant may lead
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to the reduced activity of SLCO1B3 that might vary the therapeutic efficacy.18 These findings explain that
SLCO1B3 has reduced expression in the kidney, leading to reduced drug uptake and thereby showing a
reduced risk of causing nephrotoxicity.

Gastrointestinal (GI) toxicity is a typical adverse effect of chemotherapy treatments in lung cancer patients.
We observed that heterozygous genotype of SLC19A1 G80A andSLCO1B1 A388G polymorphisms were as-
sociated with protective effects from gastrointestinal toxicity.Due to a scarcity of research, determining the
actual incidence rate of chemotherapy-induced constipation across all cancer patients is challenging. Some
studies state that SLCO1B1 polymorphisms are correlated with the increased risk of gastrointestinal toxic-
ity in acute lymphoblastic leukemia.45 In the case ofSLC19A1 , Lima et al. found that G carriers ofG80A
polymorphism were linked to chemotherapy-associated gastrointestinal toxicity 10, whereas various other
studies did not find any correlations with the toxicity.46,47 Several factors, including the patient’s character-
istics, dose schedule, the type of chemotherapy, and regimen employed, influence the severity and extent of
chemotherapy-induced toxicity. Therefore, these conflicting data ofSLC polymorphism and chemotherapy-
related gastrointestinal toxicity need to be clarified.

It is essential to mention that the present study has certain limitations since carcinoma is often detected at
a late stage; our study only includes patients with advanced lung cancer. This could be because of public
awareness or its similarity to other diseases like tuberculosis.Many patients who receive chemotherapy at
an advanced stage of cancer cannot achieve the treatment’s endpoint, weakening the research’s scope on
chemotherapy response.The majority of the people who came to PGIMER for treatment were from rural
areas in Northern India.Since it was difficult for them to commute from their homes, many patients in remote
areas did not regularly visit the hospital. Some patients left the clinic before or after six chemotherapy cycles,
while others did not.

Due to the shortage of clinical data could not conduct progression-free survival analysis on the current
study group.On the other hand, our study has several advantages, including enrollingmany lung cancer
patients.Second, patients on platinum-based chemotherapy regimens were included, and everyone was treated
at the same hospital.Third, patients were enrolled, and clinical parameter data was obtained separately,
regardless of the information of SLC polymorphism.

Conclusion

In the present study, we have investigated the significance of four SLC polymorphisms on the survival of
North Indian lung carcinoma patients undergoing platinum-based chemotherapy regimens. Briefly, we used
genotyping analysis to see if SLC polymorphism causes differences in patient clinical outcomes. Our findings
imply that SLC polymorphisms are essential in regulating SLC gene expression, altering the transporter
activity, and affecting overall survival in lung cancer patients. To the best of our knowledge, this is the
first study to evaluate the role of SLC polymorphism in North Indian lung cancer patients.According to our
findings, genotyping for the SLC polymorphism could be a valuable tool for predicting which lung cancer
patients will benefit the most from platinum-based chemotherapy.However, a review of previous papers
reveals a plethora of contradictory findings of the activity of these transporters. Nonetheless, more research
into the role of SLC polymorphisms is needed before a meaningful conclusion can be reached.

When adopting this technique in the clinic, significant caution should be exercised to better and personalize
therapeutic choices to predict prognosis and therapy outcomes. Our study evaluates the survival differences
in lung cancer patients with SLC polymorphisms. Surprisingly, our findings demonstrate a link between
SLC polymorphism and a lower risk of toxicity in north Indian lung cancer patients.It is well understood
that individual toxicities are determined by the platinum-based chemotherapy regimen used. In the future,
further studies should be explored to analyze the impact of these SLC polymorphisms on the activity of
SLC transporter in order to identify the involvement of a specific polymorphism in the pharmacokinet-
ics, pharmacological activity, and toxicity of chemotherapeutic agents. Such insights could lead to pharma-
cogenetically enhanced and individualized drug dosing, correspondingto pharmacokinetic discrepancies in
chemotherapeutic drugs between individuals.
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2. Lima A, Seabra V, Martins S, Coelho A, Araújo A, & Medeiros R. Thymidylate synthase polymor-

phisms are associated with the therapeutic outcome of advanced non-small cell lung cancer patients
treated with platinum-based chemotherapy. Mol. Biol. Rep .2014; 41(5): 3349-3357.

3. Choi JR, Kim JO, Kang DR, Shin, JY, Zhang XH, Oh JE, Park JY, Kim KA and Kang JH. Genetic
variations of drug transporters can influence on drug response in patients treated with docetaxel
chemotherapy. Cancer Res Treat: official journal of Korean Cancer Association . 2015; 47(3): 509.

4. Lancaster CS, Sprowl JA, Walker AL, Hu S, Gibson AA and Sparreboom A. Modulation of
OATP1Btype transporter function alters cellular uptake and disposition of platinum chemotherapeu-
tics. Mol Cancer Ther.2013; 12(8): 1537-1544.

5. Lin L, Yee SW, Kim RB, & Giacomini KM. SLC transporters as therapeutic targets: emerging oppor-
tunities. Nat Rev Drug discov . 2015: 14 (8): 543-560.

6. Sutherland R, Meeson A, Lowes S. Solute transporters and malignancy: establishing the role of upt-
ake transporters in breast cancer and breast cancer metastasis. Cancer and Metastasis Reviews .
2020; 39(3):919-932.

7. Abdel-Haleem, Alyaa M, et al. Expression of RFC/SLC19A1 is associated with tumor type in bladder
cancer patients. PloS one.2011; 6(7): e21820.

8. Chango A, Emery-Fillon N, De Courcy GP et al. A polymorphism (80G->A) in the reduced folate
carrier gene and its associations with folate status and homocysteinemia. Mol Genet Metab. 2000;70(4):
310–315.

9. Wang L, Chen W, Wang J, Tan Y, Zhou Y, Ding W, et al. Reduced folate carrier gene G80A polymor-
phism is associated with an increased risk of gastroesophageal cancers in a Chinese population. Eur J
Cancer . 2006; 42:3206–3211.

10. Lima A, Bernardes M, Sousa H, Azevedo R, Costa L, Ventura F, Medeiros R. SLC19A1 80G allele
as a biomarker of methotrexate-related gastrointestinal toxicity in Portuguese rheumatoid arthritis
patients.Pharmacogenomics .2014;15(6): 807-820.

11. Adjei AA, Salavaggione OE, MandrekarSJ, DyGK, ZieglerKLA, EndoC, AdjeiAA. Correlation between
polymorphisms of the reduced folate carrier gene (SLC19A1) and survival after pemetrexed-based
therapy in non-small cell lung cancer: A North Central Cancer Treatment Group-based exploratory
study. J Thorac Oncol . 2010; 5(9): 1346-1353.

12. Roth M, Obaidat A, & Hagenbuch B. OATPs, OATs and OCTs: the organic anion and cation trans-
porters of the SLCO and SLC22A gene superfamilies. Br J Pharmacol . 2012; 165(5): 1260–1287.

13. Tirona RG, Leake BF, Merino G, Kim RB. Polymorphisms in OATP-C. identification of multiple
allelic variants associated with altered transport activity among European and African-Americans. J

14



P
os

te
d

on
31

J
an

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
70

67
05

79
.9

21
08

48
8/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Biol Chem . 2001;276(38):35669–75.
14. Iwai M, Suzuki H, Ieiri I, Otsubo K, Sugiyama Y. Functional analysis of single nucleotide

polymorphisms of hepatic organic anion transporter OATP1B1 (OATP-C). Pharmacogenetics .
2004;14(11):749–57.

15. ShitaraY,et al. Clinical significance of organic anion transporting polypeptides (OATPs) in drug dispo-
sition: their roles inhepatic clearance and intestinal absorption. Biopharm Drug Dispos .2013;34: 45-78.
doi:10.1002/bdd.1823.

16. Nozawa T, Nakajima M, Tamai I, Noda K, Nezu J, Sai Y, et al. Genetic polymorphisms of human
organic anion transporters OATP-C (SLC21A6) and OATP-B (SLC21A9): allele frequencies in the
Japanese population and functional analysis. J Pharmacol Exp Ther . 2002;302(2):804–13.

17. KiyotaniK, Mushiroda T, Kubo M, Zembutsu H, Sugiyama Y, Nakamura Y. Association of genetic
polymorphisms in SLCO1B3 and ABCC2 with docetaxel-induced leukopenia. Cancer Sci . 2008;
99(5): 967-972.

18. Yamada A, Maeda K, Kiyotani K, Mushiroda T, Nakamura Y, Sugiyama Y. Kinetic interpretation of
the importance of OATP1B3 and MRP2 in docetaxel-induced hematopoietic toxicity. CPT: pharma-
cometrics & systems pharmacology . 2014; 3(7): 1-10.

19. Liu J, Long J, Zhang S, FangX, Luo Y. Polymorphic variants of SLCO1B1 in neonatal hyperbiliru-
binemia in China. Ital JPediatr .2013; 39 (1): 1-5.

20. Nagy A, Szalai R, Magyari L, Bene J, Toth K,Melegh B. Extreme differences in SLCO1B3 functional
polymorphisms in Roma and Hungarian populations.EnvironToxicolPharmacol .2015; 39(3): 1246-
1251.

21. Collin SM, Metcalfe C, Zuccolo L, Lewis SJ, Chen L, Cox A, Davis M, Lane JA, Donovan J, Smith
GD, Neal DE. Association of folate-pathway gene polymorphisms with the risk of prostate cancer: a
population-based nested case-control study, systematic review, and meta-analysis. Cancer Epidemiol.
Biomark. Prev. 2009 ;18(9):2528-2539.

22. Liu H, Jin G, Wang H, WuW, Liu Y, Qian J, Sun W. Association of polymorphisms in one-carbon
metabolizing genes and lung cancer risk: a case-control study in Chinese population. Lung Cancer.
2008; 61(1): 21-29.

23. Lima A, BernardesM, AzevedoR, Monteiro J, SousaH, Medeiros R, Seabra V. SLC19A1, SLC46A1
and SLCO1B1 polymorphisms as predictors of methotrexate-related toxicity in Portuguese rheumatoid
arthritis patients. Toxicol Sci. 2014; 142(1):196-209.

24. Jabeen S, Holmboe L, Alnaes G IG, Andersen AM, Hall K S, Kristensen VN. Impact of genetic variants
of RFC1, DHFR and MTHFR in osteosarcoma patients treated with high-dose methotrexate. The
pharmacogenomics journal .2015;15(5): 385-390.

25. Lee HH, Ho RH. Interindividual and interethnic variability in drug disposition: polymorphisms in or-
ganic anion transporting polypeptide 1B1 (OATP1B1; SLCO1B1). Br J Clin Pharmacol. 2017;83:1176-
1184. doi:10.1111/bcp.13207

26. Sissung TM et al. Transporter pharmacogenetics: transporter polymorphisms affect normal physiology,
diseases, and pharmacotherapy.Discov Med . 2012;13: 19-34 .

27. Liutkeviciene R, Vilkeviciute A, Slavinskaite A, Petrauskaite A, Tatarunas V, Kriauciuniene L. Evalu-
ation of serum SLCO1B1 levels and genetic variants of SLCO1B1 rs4149056 and rs2306283 in patients
with early and exudative age-related macular degeneration. Gene . 2018;676:139-45.

28. Niemi M, Pasanen MK, Neuvonen P. Organic Anion Transporting Polypeptide 1B1: A Ge-
netically Polymorphic Transporter of Major Importance for Hepatic Drug Uptake. Pharmacol.
Rev. 2011;63:157–181. doi: 10.1124/pr.110.002857.

29. Gong IY, Kim RB. Impact of Genetic Variation in OATP Transporters to Drug Disposition and
Response. Drug Metab. Pharmacokinet. 2013; 28: 4–18.

30. Feng W, Liu X, Zhao X, Huang M, Guo W, Yin J, & Zhu X. Influence of SLCO1B1 in gastric cancer
patients treated with EOF chemotherapy. Oncol Lett . 2018; 16 (4): 4489-4497.

31. Li Y, Gan S, Ren L, Yuan L, Liu J, Wang W, & Qi, X. Multifaceted regulation and functions of
replication factor C family in human cancers. Am. J. Cancer Res. 2018; 8 (8): 1343.

15



P
os

te
d

on
31

J
an

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
70

67
05

79
.9

21
08

48
8/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

32. Nunez MI, Behrens C, Woods DM, LinH, Suraokar M, Kadara, H, Wistuba, II. High expression of folate
receptor alpha in lung cancer correlates with adenocarcinoma histology and mutation. J. Thorac. Oncol
. 2012; 7 (5): 833-840.

33. Gorlick R, Goker E, Trippett T, Steinherz P, Elisseyeff Y, Mazumdar M et al . Defective transport
is a common mechanism of acquired methotrexate resistance in acute lymphocytic leukemia and is
associated with decreased reduced folate carrier expression. Blood .1997; 89: 1013–1018.

34. Tiseo M, Giovannetti E, Tibaldi C, Camerini A, Di Costanzo F, Barbieri F, et al. Pharmacogenetic
study of patients with advanced non-small cell lung cancer (NSCLC) treated with second-line peme-
trexed or pemetrexed-carboplatin. Lung Cancer. 2012; 78: 92–9.

35. Smit EF, Burgers SA, Biesma B, Smit HJ, Eppinga P, Dingemans AM, et al. Randomized phase II
and pharmacogenetic study of pemetrexed compared with pemetrexed plus carboplatin in pretreated
patients with advanced non-small-cell lung cancer. J. Clin. Oncol. 2009; 27: 2038–45.

36. Goricar K, Kovac V, & Dolzan V. Polymorphisms in folate pathway and pemetrexed treatment outcome
in patients with malignant pleural mesothelioma. Radiol oncol . 2014; 48 (2): 163.

37. Chew SC, Sandanaraj E, Singh O, Chen X, Tan EH, Lim WT, & Chowbay B. Influence of
SLCO1B3 haplotype-tag SNPs on docetaxel disposition in Chinese nasopharyngeal cancer pa-
tients. Br. J. Clin. Pharmacol . 2012; 73 (4): 606-618.

38. Chew SC, Singh O, Chen X, Ramasamy RD, Kulkarni T, Lee EJD, Tan EH, Lim WT, Chowbay B.
The effects of CYP3A4, CYP3A5, ABCB1, ABCC2, ABCG2 and SLCO1B3 single nucleotide poly-
morphisms on the pharmacokinetics and pharmacodynamics of docetaxel in nasopharyngeal carcinoma
patients. Cancer Chemother. Pharmacol. 2011;67:1471–8

39. Ieiri I, Higuchi S, & Sugiyama Y. Genetic polymorphisms of uptake (OATP1B1, 1B3) and efflux
(MRP2, BCRP) transporters: implications for inter-individual differences in the pharmacokinetics and
pharmacodynamics of statins and other clinically relevant drugs. Expert Opin Drug Metab Toxicol.
2009; 5 (7): 703-729.

40. Bins S, Lenting A, El Bouazzaoui S, van Doorn L, Oomen-de Hoop E, Eskens FA, & Mathijssen RH.
Polymorphisms in SLCO1B1 and UGT1A1 are associated with sorafenib-induced toxicity. Pharma-
cogenomics . 2016; 17 (14): 1483-1490.

41. Robien K, Boynton A, & Ulrich CM. Pharmacogenetics of folate-related drug targets in cancer treat-
ment. 2005: 673-689.

42. Burger H, Loos WJ, Eechoute K, Verweij J, Mathijssen R H, & Wiemer EA. Drug transporters of
platinum-based anticancer agents and their clinical significance. Drug Resist Updat . 2011; 14 (1):
22-34.

43. Ho RH, & Kim RB. Transporters and drug therapy: implications for drug disposition and dis-
ease. Clin Pharm Therap . 2005; 78 (3): 260-277.

44. Hilgendorf C, Ahlin G, Seithel A, Artursson P, Ungell AL and Karlsson J. Expression of thirty-six drug
transporter genes in human intestine, liver, kidney, and organotypic cell lines. Drug Metab Dispos.2007;
35(8): 1333-1340.

45. Trevino LR, Shimasaki N, Yang W, Panetta JC, Cheng C, Pei D. & Relling M V. Germline genetic
variation in an organic anion transporter polypeptide associated with methotrexate pharmacokinetics
and clinical effects. J Clin Oncol . 2009; 27 (35): 5972.

46. Plaza-Plaza JC, Aguilera M, Canadas-Garre M, Chemello C, Gonzalez-Utrilla, A, Faus Dader MJ,
& Calleja MA. Pharmacogenetic polymorphisms contributing to toxicity induced by methotrexate in
the southern Spanish population with rheumatoid arthritis. Omics: a journal of integrative biology .
2012:16 (11); 589-595.

47. Owen SA, Hider SL, Martin P, Bruce IN, Barton A, & Thomson W. Genetic polymorphisms in key
methotrexate pathway genes are associated with response to treatment in rheumatoid arthritis pa-
tients. The pharmacogenomics journal . 2013; 13 (3): 227-234.

Figure legends

Figure 1: Schematic model of SLC transporters in organs necessary for drug distribution,
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absorption and elimination

Figure 2a: 6.0% Native-PAGE of PCR products for the detection of SLC19A1 G80A poly-
morphism. Lane 1: Marker (M) (100 bp); Lane 2: Undigested PCR product; Lane 3, 6,
9: Homozygous wild (GG) genotype; Lane 4,7,10: Heterozygous (GA) genotype; Lane 5,8:
Homozygous variant (AA) genotype

Figure 2b: 6.0% Native-PAGE of PCR products for the detection of SLCO1B1 A388G poly-
morphism. Lane 1: Marker (M) (100 bp); Lane 2: Undigested PCR product; Lane 5, 8:
Homozygous wild (AA) genotype; Lane 4,7,10: Heterozygous (AG) genotype; Lane 3,6,9:
Homozygous variant (GG) genotype

Figure 2c: 6.0% Native-PAGE of PCR products for the detection of SLCO1B1 T521C poly-
morphism. Lane 1: Marker (M) (100 bp); Lane 2,3,4: Homozygous wild (TT) genotype; Lane
5,8: Heterozygous (TC) genotype; Lane 6: Homozygous variant (GG) genotype

Figure 2d: 6.0% Native-PAGE of PCR products for the detection of SLCO1B3 A1683-5676G
polymorphism. Lane 1: Marker (M) (100 bp); Lane 2: Undigested PCR product; Lane
3,5,10: Homozygous wild (AA) genotype; Lane 4,6,9: Heterozygous (AG) genotype; Lane 7:
Homozygous variant (GG) genotype

Figure 3: Kaplan Meier curves illustrating the association between overall survival in different
genotypes of SLCO1B1 (A388G) polymorphism in lung cancer patients. (Note: AA represents
wild-type genotype, AG represents heterozygous genotype, and GG represents homozygous
for mutant genotype)

Figure 4: Kaplan Meier curves illustrating the association between overall survival in different
genotypes of SLC19A1 (G80A)polymorphism in SCLC patients. (Note: GG represents wild-
type genotype, GA represents heterozygous genotype, and AA represents homozygous for
mutant genotype)

Figure 5: Kaplan Meier curves illustrating the association between overall survival in dif-
ferent genotypes of SLCO1B3 (A1683-5676G) polymorphism in patients administered with
docetaxel cisplatin/carboplatin. (Note: AA represents wild-type genotype and AG represents
heterozygous genotype)

Figure 6a: Recursive partitioning method (STREE) explaining correlation of SLC SNPs with
overall survival in lung carcinoma patients

Figure 6b: Overall survival according to different nodes identified by survival tree analysis.

HR, hazard ratio; MST, median survival time
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