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The Significance of SLC29A1 Gene Polymorphisms in Response
to Gemcitabine-Based Chemotherapy in Metastatic NSCLC

Ghassan Saod Saleh', Fouad Kadhim Gatea? Qasim Sharhan Al-Mayah®

"Ministry of Health, Salahuddin Health Directory, Al-Alam General Hospital, Tikrit, Iraq, 2Department of Pharmacology and Therapeutics, College of Medicine,
Al-Nahrain University, Baghdad, Iraq, *Medical Research Unit, College of Medicine, Al-Nahrain University, Baghdad, Iraq

Background: z accounts for 80%-85% of lung cancer, and gemcitabine is essential for treatment. SLC29A1, a transmembrane
protein, binds to gemcitabine. Single-nucleotide polymorphisms (SNPs) in SLC29A1 genes may affect its pharmacokinetics.
Objectives: To evaluate the impact of SLC29A1 gene polymorphism on gemcitabine response in patients with non-small-cell
lung cancer (NSCLC). Materials and Methods: This is a cross-sectional study comprising 98 NSCLC patients aged 30-70 under
gemcitabine-based chemotherapy. Demographic and clinical characteristics of the patients were collected. The response is
assessed by evaluation criteria in solid tumors, and then, patients are classified as responders or non-responders. Chemotherapy
side effects were assessed. Gene fragment corresponding to SLC29A1 rs760370 gene polymorphism was amplified using four
primers. The genotyping was performed through amplification refractory mutation system polymerase chain reaction. Results:
This study revealed that responsive patients had a mean tumor size of 34.6 * 30.94 cm?, significantly lower than non-responsive
patients. After four to six treatment cycles, responsive patients had a mean tumor size reduction of 11.82 + 13.98 cm?, while non-
responsive patients had a reduction of 15.31 £ 6.27cm?. Females have more tumor size reduction. The most common side effects
are vomiting, anemia, leukopenia, neutropenia, and nausea. The frequency of mutant homozygous genotype (GG) of SLC29A1
rs760370 was higher in non-responsive vs. responsive patients (14.58% vs. 8%) compared with the AA and AG genotypes and
suggests that genes affect chemotherapy effectiveness, predicting its presence affects therapeutic plans of patients. Conclusion:
Genetics impacts chemotherapy effectiveness, with SNPs in genes potentially affecting treatment plans and predicting disease
outcomes.
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INTRODUCTION tomography scans, and biopsy, resulting in staging
systems (I-IV).F’! Lung cancer treatment advances with
genetics, molecular medicine, and targeted therapies.[
Targeted therapy is crucial for advanced lung cancer
patients; adjuvant chemotherapy is crucial for stage 11—
III NSCLC and early-stage patients.”? Chemotherapy is
the gold standard for advanced NSCLC, but resistance
poses challenges, requiring combination with surgery.[®

Non-small-cell lung cancer (NSCLC) accounts for
80%—85% of lung cancer cases. It is linked to smoking,
genetics, and environmental factors. Early diagnosis and
screening are essential for efficient treatment planning.™
NSCLC does not affect all smokers. Lung cancer can
occur without smoking if there are certain risk factors
or environmental exposures.” Patients present with
signs and symptoms such as shortness of breath, cough,
and shoulder pain.P! Lung cancer stages are classified
using the TASLC seventh tumour-nodes-metastasis
(TNM) staging system for effective treatment.®! TNM
system analyzes tumor burden using chest X-rays,
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Gemcitabine is a chemotherapeutic agent that has
shown potential in treating various human cancers.
It can be used as a single- or second-line treatment
for pancreas, lung, breast, colon, and ovary cancers
and others.”! Genetic variations altering membrane
transporters, activating and deactivating enzymes,
and pharmacological targets like ribonucleotide
reductase affect cancer cell therapy efficiency.''! To
evaluate cancer therapy, tumor burden changes must
be measured. Objective response and progression-free
survival (PFS) are important goals. For clinical trials,
the response is assessed by evaluation criteria in solid
tumors (RECIST) guideline simplifies and standardizes
tumor response evaluation.” The aim of the study was
to assess gemcitabine response in NSCLC patients and
examine how single-nucleotide polymorphisms (SNPs)
in SLC29A1 gene affect gemcitabine treatment and its
side effects.

MarteriaLs AND MEeTHODS

This is a cross-sectional study which includes a total of
98 patients with NSCLC completed four to six cycles
of treatment with gemcitabine chemotherapy at the
Oncology Department, Baghdad Medical City, Oncology
Teaching Hospital, Oncology Department at Al Imamain
Al Kadhumain Medical City, and Al Amal Hospital.
Patients with advanced NSCLC stages under palliative
therapy were excluded from the study. The laboratory
work was performed at the medical research unit, College
of Medicine, Al-Nahrain University.

Data collection

The following data were collected from patients’ records:
demographic data, including age, gender, smoking
status, comorbidities, family history of malignancy, and
occupation; clinical data, including treatment protocol;
and tumor characteristics, including tumors size, site,
primary tumor classification, lymph node involvement,
and tumor grade and stage.

Patients’ categorization

Patients were categorized into responsive and non-
responsive, and their responses were evaluated using
RECIST guidelines, which classify response into complete
response, partial response, progressive disease, and stable
disease according to tumor size. Tumor response was
assessed through clinical evaluation and CT scans every
two treatment cycles. Furthermore, patients were assessed
for the efficacy and toxicity of treatment, and the side
effects of chemotherapy were reported.

Blood samples, genomic DNA extraction, and gene
amplification

About 3mL of venous blood was drawn from each
participant and collected in ethylene diamine tetra-acetic

Table 1: Primers used for amplification and genotyping of
SLC29A1 rs760370 using ARMS-PCR

Primers Sequence 3'-5’
Outer F-5-GGGACACTCAGTAGAGGGAGGGCAAAAG-3’
primers  R-5-AGGCTACCTCAGAATGGCTGTACCCCAG-3

Inner F-5-CTTGGGTGGAGGTGGAGACAGGTTTACA-3"
primers R-5-TATGGTGGGGTTGTCTTTCACTCCTTTCG-3"

acid tubes. A ready commercial kit (Genaid, Taiwan)
was used for genomic DNA extraction. The company’s
protocol was applied precisely.

Four primers were used in gene amplification and
genotyping of SLC29A1 rs760370 using amplification
refractory mutation system (ARMS), as shown in Table 1.
Primers were imported from Bioneer Company, Korea
in lyophilized form. To make a stock solution with a
final concentration of 100 pmol/L, lyophilized primers
were dissolved in DNase/R Nase-free water. After that, a
working solution with a concentration of 10 pmol/L was
made by mixing 10 uL of the stock solution with 90 uLL
of distilled water. Four pL of template DNA and 2 pL of
primers were added to each master mix tube.

The following polymerase chain reaction (PCR)
conditions were applied: initial denaturation 95°C for
Smin, denaturation 94°C for 30s, annealing for 30s,
elongation 72°C for 1min, and final elongation 72°C
for 7min. The PCR products were subjected to 2% gel
electrophoresis, after which ultraviolet light was used to
visualize the banding pattern.

Statistical analysis

SPSS software version 25.0 was used to conduct statistical
analysis (SPSS, Chicago, Illinois, USA). The mean and
standard deviation of continuous data were calculated
and analyzed using the Student #-test. The genotype
deviation from Hardy—Weinberg equilibrium (HWE),
which assumes that the genetic variation in a population
will remain constant from one generation to the next in
the absence of disturbing factors such as selection and
migration, was calculated using chi-square, which was also
used to assess binomial variables given as numbers and
percentages. To investigate the link between the SLC29A1
gene polymorphism and responsiveness to gemcitabine,
binary logistic regression was used to calculate the odds
ratio and the related 95% confidence intervals (Cls).
A P value less than 0.05 was considered to indicate a
statistically significant difference.

Ethical approval

The research was conducted in accordance with the
Helsinki Declaration’s ethical criteria. Before taking the
sample, the patients’ verbal consent was obtained. The
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study protocol and the subject information and consent
form were reviewed and approved by the Institute Review
Board, College of Medicine, Al-Nahrain University
according to the document number (Ref.: IBR/101 on
February 27, 2024).

ResuLts

Demographic characteristics of the patients

The study included a total of 98 patients with pulmonary
squamous cell carcinoma treated. The mean age of
responsive and non-responsive patients was 56.04 + 10.12
years and 57.79 £9.02 years, respectively, with no
significant difference. Males and females were evenly
distributed in both groups with no significant difference.
Likewise, the two groups were comparable regarding
weight, height, and body mass index (BMI) with no
significant differences. Smoking was common in both
groups and reported in 72% and 77.07% of responsive and
non-responsive patients, respectively, with no significant
difference. About two-thirds of patients in each group had
Eastern Cooperative Oncology Group (ECOG) score 2
with no significant differences [Table 2].

Therapeutic and clinical characteristics of the patients
Hypertension and ischemic heart disease (IHD) were
slightly more frequent among non-responsive patients

Table 2: Demographic characteristics of the patients

Variables Responsive Non-responsive P value
(n = 50) (n = 48)

Age, years 0.369
Mean £ SD 56.04 £ 10.12 57.79 £9.02
Range 38-70 34-70

Gender 0.837
Male 25 (50%) 25 (52.08%)
Female 25 (50%) 23 (47.92%)

Weight, kg 0.476
Mean + SD 66.34 + 6.49 65.35+7.13
Range 54-83 54-82

Height, cm 0.584
Mean + SD 162.2 £ 6.03 162.83 £ 5.34
Range 150-175 152-180

BMI, kg/m? 0.11
Mean = SD 25.17£1.44 24.61 £1.98
Range 21.45-28.65 20.09-29.38

Smoking 0.718
Never 14 (28%) 11 (22.92%)
Ex/current smokers 36 (72%) 37 (77.07%)

ECOG 0.16
One 9 (18%) 4 (8.33%)
Two 33 (66%) 30 (62.5%)
Three 8 (16%) 14 (29.17%)

ECOG: Eastern Cooperative Oncology Group. It describes a patient’s
level of functioning in terms of their ability to care for themselves

(37.5% and 14.58%, respectively) than responsive patients
(24% and 10%, respectively); however, the differences
were not significant. In contrast, other comorbidities
were non-significantly more frequent among responsive
than non-responsive patients (8% vs. 6.35%). The initial
tumor size in the responsive group was 45.15 £ 36.67 cm?
which was comparable to that of non-responsive patients
(42.26 * 33.18 cm?) with no significant difference. However,
after four to six cycles of treatment, the mean final tumor
size in responsive patients became 34.6 £ 30.94 cm? which
was much lower than that of non-responsive patients
(57.86 £ 43.8cm?) with a highly significant difference.
About three-fourths of the patients in either group received
six treatment cycles with no significant difference between
the two groups [Table 3].

Reduction in tumor size

The reduction in tumor size (based on CT scan examination)
in the responsive group was 11.82 £ 13.98cm? (range:
2.27-57.51cm?) compared with —15.31 £ 6.27cm? (range:
—2.7 to —24.18 cm?) in the non-responsive group. Kruskal—
Wallis test revealed a highly significant difference in the
reduction in tumor size between the two groups [Figure 1].

Adverse effects of treatment

A total of 11 adverse effects were reported in responsive
and non-responsive patients. Generally, there were no
significant differences in the occurrence of adverse effects
between responsive and non-responsive patients. The
most common adverse effects were vomiting (86% and
77.08%), anemia (84% and 81.25%), leukopenia (38% and
35.42%), neutropenia (36% and 41.67%), and nausea (32%
and 43.75%) in responsive and non-responsive patients,
respectively [Table 4].

Table 3: Clinical characteristics of the patients

Variables Responsive  Non-responsive P value
(n = 50) (n = 48)
Comorbidities
No comorbidity 12 (24%) 10 (20.83%) 0.821
Diabetes mellitus 12 (24%) 18 (37.5%) 0.147
Hypertension 15 (30%) 15 (31.25%) 0.893
Ischemic heart disease 5(10%) 7 (14.58%) 0.489
Others 4 (8%) 3 (6.35%) 0.737
Initial tumor size, cm? 0.151
Mean = SD 4515+ 36.67  42.26 +33.18
Range 3.48-120.96 14.94-127.6
Final tumor size, cm? 0.003"
Mean = SD 34.6 = 30.94 57.86 £43.8
Range 0.5-101.92 16.4-142.74
Treatment cycles 0.39
4 13 (26.67%) 9 (13.33%)
6 37 (73.33%) 39 (86.67%)

“Significant at P < 0.001
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Figure 1: Reduction in tumor sizes in responsive and non-responsive patients

Table 4: Adverse effects of treatment in responsive and non-
responsive patients

Effects Responsive  Non-responsive P value
(n = 50) (n = 48)

Leukopenia 19 (38%) 17 (35.42%) 0.791
Neutropenia 18 (36%) 20 (41.67%) 0.565
Nausea 16 (32%) 21 (43.75%) 0.230
Vomiting 43 (86%) 37 (77.08%) 0.624
Alopecia 3 (6%) 2(4.17) 1.00
Anemia 42 (84%) 39 (81.25%) 0719
Hematuria 7 (14%) 4 (8.33%) 03.74
Thrombocytopenia 2 (4%) 0 (0%) 0.495
Pain 3 (6%) 3(6.25%) 1.00
Fatigue 7 (14%) 9 (18.75%) 0.525
Constipation 11 (22%) 10 (20.83%) 0.918

Molecular assays

SNP in two genes (SLC29A1 rs760370 and CMPKI1
rs1044457) were investigated for their association with the
response to gemcitabine-based chemotherapy in patients
with metastatic NSCLC.

SLC29A1 rs760370

Primers were used to amplify and genotype the SLC29A1
rs760370 polymorphism using ARMS technique. The
result of gel electrophoresis is shown in Figure 2. This
SNP had three genotypes in responsive and non-
responsive patients: These were AA, GA, and GG. The
distribution of these genotypes was in good accordance
with HWE.

The frequency of the different genotypes in responsive and
non-responsive patients is comparable, with no significant
difference. Although the mutant homozygous genotype

(GG) was more frequent among non-responsive patients
than responsive patients (14.58% vs. 8%), the difference
was not significant. Similarly, there was no significant
difference in the different models or allele distribution
between the two groups [Table 5].

Discussion

Gemcitabine, a nucleoside analog, has shown promising
results in managing metastatic NSCLC and other
malignancies. It inhibits DNA synthesis, causing cell cycle
cessation and apoptosis. Gene polymorphisms may affect
its efficacy and adverse reactions.'l Detecting genetic
variations is crucial for managing chemotherapy, as they
impact an individual’s reaction to pharmacotherapy.
Polymorphisms in genetic sequences encode metabolic
enzymes and targets, affecting a significant proportion
of chemotherapy medications. Identifying these
polymorphisms can predict treatment response and
improve therapeutic results.['’!

In a 2006 Phase III clinical trial, Sandler et al. found
that gemcitabine and carboplatin combined significantly
improved overall survival and PFS in metastatic NSCLC
patients. The combination therapy showed a response
rate nearly three times higher than carboplatin alone, and
the median survival time was significantly longer in the
group receiving the combination therapy. This highlights
the efficacy of gemcitabine in improving overall survival
and PFS in metastatic NSCLC patients.'¥ Schiller ez al.
found gemcitabine combination significantly improves
therapeutic outcomes compared with cisplatin alone,
highlighting its effectiveness in enhancing response rates.!'”!

The response rate to chemotherapy medications is
influenced by factors like targeted treatments and
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Figure 2: Gel electrophoresis of rs760370 gene polymorphism amplified with amplification refractory mutation system method. The PCR product
was stained with ethidium bromide. Lanes 1, 4, 5, 9, and 12: AG genotype; lanes 2, 3, 6, 7, and 10: AA genotypes; lanes 8 and 11: GG genotype.

M: 100bp DNA ladder

Table 5: The frequency of different genotypes and alleles of
the polymorphism rs760370 in patients and controls

1s760370 Responsive Non- P OR (95%
responsive  value Cl)
-50 —-48
Genotypes
AA 27 (54%) 24 (50%) 0.595 1
AG 19 (38%) 17 (35.42%)  0.988 1.01
(0.43-2.36)
GG 4 (8%) 7 (14.58%) 0.324 1.97
(0.51-7.56)
HWE 0.798 0.188
Dominant
model
AA + GA 46 (92%) 41 (85.42%)  0.309 1
GG 4 (8%) 7(14.58%)  0.18 1.96
(0.54-7.19)
Recessive
model
AA 27 (54%) 24 (50%) 1
GA + GG 23 (46%) 24 (50%) 0.55
(0.23-1.32)
Alleles 0.692
A 73 (73%) 65 (67.71%) 1
G 27 (27%) 31 (32.29%) 1.17
(0.53-2.6)
immunotherapy  advancements.  Gemcitabine-based

treatment’s efficacy is influenced by these factors,
as personalized immunotherapy allows for tailored
management  strategies through  biological and
immunogenic testing.'8!

This study observed a relatively homogeneous gender
as well as age distribution among both the responsive
and unresponsive groups. Additionally, no statistically
significant variations are found between the two groups
in terms of BMI, smoking history, and ECOG2 (tumor
performance status). The prevalence of hypertension
and THD is marginally higher among non-responsive
patients (37.5% and 14.58%, respectively) compared

with responsive patients (24% and 10%, respectively).
However, these differences did not reach statistical
significance.

A negative correlation exists between cancer patients’
chronological age and their response to gemcitabine
therapy, specifically in terms of tumor size reduction.
This is due to the fact that more than 40% of lung cancer
diagnoses are made in individuals aged 70 and above.
The geriatric population has a higher prevalence of
health conditions and is less able to tolerate aggressive
medical interventions, especially chemotherapy. Elderly
individuals are also more likely to have concurrent medical
conditions, such as cardiovascular disorders, compared
with younger patients. This could explain the disparity in
response rates to gemcitabine between younger and older
patients, with a homogeneous distribution of age across
both responsive and unresponsive groups.!'”

However, responding patients show a significant positive
connection between tumor size reduction and treatment
cycles (r = 0.305, P = 0.031). Four to six gemcitabine cycles
are suggested for NSCLC treatment. Treatment duration
increases responsiveness. Because quiescent cancer
cells are always present. Chemotherapy targets mitosis-
undergoing cells. Resting cells are invulnerable. Each
cycle kills more tumor cells. Hypertension disrupts the
delicate balance between pro- and anti-angiogenic factors,
promoting tumor growth. It can also alter the tumor’s
response to gemcitabine.'! Oxidation and inflammation
caused by uncontrolled blood pressure enhance malignant
cell growth and reduce therapy efficacy.?’2!

Comorbidities are slightly more common in patients
who responded to treatment (8% vs. 6.35%), but this
difference is not statistically significant. The responsive
group’s initial tumor size was 45.15 % 36.67cm?,
whereas the non-responsive group’s initial tumor
size was 42.26 + 33.18cm? There is no statistically
significant difference between the two groups. After
four to six treatment cycles, positive responders have
an average tumor size of 34.6 £ 30.94cm?, compared
to 57.86 £ 43.8cm? for unresponsive patients. Both
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groups differ statistically. Both groups have 75% of
patients complete six treatment cycles, with no statistical
difference. These findings show that both groups
have similar rates of comorbidities, except for genetic
variation influencing treatment response. Multiple
genes encode proteins that control metabolism and the
cellular reuptake of gemcitabine. The researchers chose
the SLC29A1 gene’s SNP 15760370, which encodes a
drug-uptake protein. Thus, changes in the parent gene
may affect protein function. These changes help predict
gemcitabine plasma concentrations.??

Genotype research shows that both responsive and
unresponsive groups have three polymorphisms: AA,
GA, and GG. Both groups’ genotype distributions follow
HWE principle. Receptive and non-responsive patients
have similar genetic frequencies. The mutant homozygous
genotype (GG) is more common in non-responsive
individuals (14.58% vs. 8%), but the difference is not
significant. Both groups have similar genotype and allele
distributions.

Numerous studies have suggested ways that this mutation
could affect gemcitabine efficacy. The variant genotype
alters hENT1 expression, affecting gemcitabine uptake
into malignant cells. Polymorphism may also affect
hENT! protein stability or gemcitabine binding affinity,
which can affect therapeutic response.?>2

Hematological adverse effects affect most gemcitabine
patients. Thus, reducing this toxicity would improve
patient outcomes and quality of life. Juan Li efal
examined 13 DNA damage and folate pathway-related
polymorphisms in transporters, metabolizing enzymes,
targets, and genes in 132 gemcitabine-treated patients.
The goal is to determine whether these genetic variations
affect hematological toxicity. hENT1 rs760370, hCNT3
rs7867504, and rs4877831 were associated with severe
leukopenia in the single-locus analysis.?"!

Our research found no statistically significant genetic
difference between treatment responders and non-
responders. Unlike the AA and AG genotypes, the
mutant homozygous genotype (GG) is more common
in non-responders (14.58% vs. 8%). Polymorphisms
and NSCLC have been studied infrequently. Cho
et al. studied polymorphisms in gemcitabine-treated
breast cancer. The study found that those with the GG
genotype for the rs760370 polymorphism in SLC29A1
had a median PFS duration of 5.6 months, while
those with AA and AG genotypes had 10.4 months
(P =0.002 for the recessive inherited model, hazard
ratio: 5.535, 95% CI: 1.839-16.656), supporting our
research findings.?”

In a separate study by Alvarellos et al., pancreatic cancer
patients with the GG genotype in the SNPs of SLC29A1
had a poorer tumor response to gemcitabine and radiation

therapy or platinum than those with the AA and AG
genotypes.?¥

The above research suggests that genetic variations
can help tailor chemotherapy to patients’ genetics.
SLC29A1 rs760370 genotype polymorphisms may predict
gemcitabine response and side effects in NSCLC patients,
but there is no published research.

Gusella et al. found that carriers with a G allele in the
—706G>C SNP, which increases SLC29A1 transferring
ability, have lower plasma gemcitabine clearance than
carriers with the CC genotype.*!

SLC29A1 has prognostic relevance for a subpopulation
of pancreatic ductal adenocarcinoma patients who receive
adjuvant gemcitabine. Gemcitabine-based chemotherapy
in patients with SLC29A1 gene SNP rs760370 has a
slower progression rate. These SNPs have not been
linked to patient survival. However, they are promising
prognostic indicators for systemic treatment efficacy and
side effects.

The limitations of this study are the association between SN
genetic polymorphism and drug adverse effects, as this may
hinder patient compliance. Further investigation is needed
to understand the molecular underpinnings of additional
SNPs influencing gemcitabine  pharmacokinetics,
and a larger sample size is needed to minimize errors.
Additionally, all patients should undergo an equal six
cycles of treatment for more homogeneous results.

CONCLUSION

Identifying genetic polymorphisms is crucial for managing
chemotherapy, as they impact treatment response and
improve therapeutic outcomes. These polymorphisms can
be found in genes encoding enzymes, thus affecting disease
outcomes.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.  Wang L, Wang LL, Shang D, Yin SJ, Sun LL, Wang XY, et al.
Gene polymorphism of DNA repair gene X-ray repair cross
complementing group 1 and xeroderma pigmentosum group D and
environment interaction in non-small-cell lung cancer for Chinese
non-smoking female patients. Kaohsiung J Med Sci 2019;35:39-48.

2. Benbrahim Z, Antonia T, Mellas N. EGFR mutation frequency
in Middle East and African non-small cell lung cancer patients: A
systematic review and meta-analysis. BMC Cancer 2018;18:891.

3. Prado MG, Kessler LG, AuMA, Burkhardt HA, Zigman Suchsland
M, Kowalski L, ez al. Symptoms and signs of lung cancer prior to
diagnosis: case-control study using electronic health records from
ambulatory care within a large US-based tertiary care centre. BMJ
Open 2023;13:e068832.

-Medical Journal of Babylon | Volume 23 | Issue 1 | January-March 2026




10.

11.

13.

14.

15.

16.

18.

19.

Saleh, et al.: Effect of SLC29A1 polymorphism on gemcitabine therapy in NSCLC

Mino-Kenudson M. Immunohistochemistry for predictive
biomarkers in non-small cell lung cancer. Transl Lung Cancer Res
2017;6:570-87.

La Fleur L. Mutation and immune profiling of non-small cell
lung cancer. Doctoral dissertation. Madrid: Acta Universitatis
Upsaliensis; 2019.

Mott TF. Lung Cancer: Management. FP Essentials 2018;464:27-30.
Ajab S, Kastelik JA, Loubani M. Current medical and surgical
management of lung cancer. J Surg Surgical Res 2021;7:52-6.

Min HY, Lee HY. Mechanisms of resistance to chemotherapy in
non-small cell lung cancer. Arch Pharm Res 2021;44:146-64.

Teng JP, Yang ZY, Zhu YM, Ni D, Zhu ZJ, Li XQ. Gemcitabine
and cisplatin for treatment of lung cancer in vitro and vivo. Eur
Rev Med Pharmacol Sci 2018;22:3819-25

Piadel K, Dalgleish AG, Smith PL. Gemcitabine in the era of
cancer immunotherapy. J Clin Haematol 2020;1:107-20.

Ciccolini J, Serdjebi C, Peters GJ, Giovannetti E. Pharmacokinetics
and pharmacogenetics of Gemcitabine as a mainstay in adult
and pediatric oncology: An EORTC-PAMM perspective. Cancer
Chemother Pharmacol 2016;78:1-12.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent
D, Ford R, er al. New response evaluation criteria in solid
tumours: Revised RECIST guideline (version 1.1). Eur J Cancer
2009;45:228-47.

Marcheva NNM, Ivanov HY, Dimitrov DK, Stoyanova VK.
Application of pharmacogenetics in oncology. Biomark Res 2020;8:32.
Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A,
et al. Paclitaxel-carboplatin alone or with bevacizumab for non-
small-cell lung cancer. N Engl J] Med 2006;355:2542-50

Schiller JH, Harrington D, Belani CP, Langer C, Sandler A, Krook
J, et al.; Eastern Cooperative Oncology Group. Comparison of four
chemotherapy regimens for advanced non-small-cell lung cancer. N
Engl J Med 2002;346:92-8.

Chen R, Manochakian R, James L, Azzouqa AG, Shi H, Zhang Y,
et al. Emerging therapeutic agents for advanced non-small cell lung
cancer. J] Hematol Oncol 2020;13:58.

Maione P, Rossi A, Sacco PC, Bareschino MA, Schettino C,
Ferrara ML, et al. Treating advanced non-small cell lung cancer in
the elderly. Ther Adv Med Oncol 2010;2:251-60.

Zeng X, Zeng D, Cheng J, Xu C, Sun C, Long H, et al. Influence of
hypertension on the survival of non-small cell lung cancer patients
with type 2 diabetes mellitus. Med Sci Monit 2020;26:¢921676.
Mohammed T, Singh M, TiuJG, Kim AS. Etiology and management
of hypertension in patients with cancer. Cardiooncology 2021;7:14.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pacinella G, Ciaccio AM, Tuttolomondo A. Endothelial dysfunction
and chronic inflammation: The cornerstones of vascular alterations
in age-related diseases. Int J Mol Sci 2022;23:15722.

Li L, Schaid DJ, Fridley BL, Kalari KR, Jenkins GD, Abo RP,
et al. Gemcitabine metabolic pathway genetic polymorphisms and
response in non-small cell lung cancer patients. Pharmacogenet
Genomics 2012;22:105.

Mitra AK, Kirstein MN, Khatri A, Skubitz KM, Dudek
AZ, Greeno EW, et al. Pathway-based pharmacogenomics of
gemcitabine pharmacokinetics in patients with solid tumours.
Pharmacogenomics 2012;13:1009-21.

Wang W, Yu X, Li H, Yang C, Jin C, Huang X. hENTI’s role
in adjuvant intra-arterial gemcitabine-based chemotherapy
for resectable pancreatic cancer patients. BMC Gastroenterol
2023;23:1-7.

Spratlin JL, Mackey JR. Human equilibrative nucleoside
transporter 1 (hENTI) in pancreatic adenocarcinoma: Towards
individualized treatment decisions. Cancers 2010;2:2044-54.

Wu F, Zhang J, Hu N, Wang H, Xu T, Liu Y, et al. Effect of hENT1
polymorphism G-706C on clinical outcomes of gemcitabine-
containing chemotherapy for Chinese non-small-cell lung cancer
patients. Cancer Epidemiol 2014;38:728-32.

LiJ, Chen B, Xi WQ, Yang C, Zhang WX. Gene-gene interactions
of gemcitabine metabolizing-enzyme genes hCNT3 and WEE]1 for
preventing severe gemcitabine-induced hematological toxicity. J
Clin Pharmacol 2021;61:1376-85

Cho EH, Kim JY, Im SA, Jung KH, Sohn J, Lee KS, et al.
Potential role of CMPK1, SLC29A1, and TLE4 polymorphisms
in gemcitabine-based chemotherapy in HER2-negative metastatic
breast cancer patients: Pharmacogenetic study results from the
prospective randomized phase II study of eribulin plus gemcitabine
versus paclitaxel plus gemcitabine (KCSG-BR-13-11). ESMO
Open 2021;6:100236.

Alvarellos ML, Lamba J, Sangkuhl K, Thorn CF, Wang L,
Klein DJ, et al. PharmGKB summary: gemcitabine pathway.
Pharmacogenet Genomics 2014;24:564-74

Gusella M, Pasini F, Bolzonella C, Meneghetti S, Barile C,
Bononi A, et al. Equilibrative nucleoside transporter 1 genotype,
cytidine deaminase activity and age predict gemcitabine plasma
clearance in patients with solid tumours. Br J Clin Pharmacol
2011;71:437-44.

Lemstrova R, Soucek P, Melichar B, Duchonova BM. Role
of solute carrier transporters in pancreatic cancer: A review.
Pharmacogenomics 2014;15:1133-45.

Medical Journal of Babylon | Volume 23 | Issue 1 | January-March 2026 -




