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Abstract

Background: Cytochrome P450 (CYP) are phase I metabolizing enzymes involved in detoxification of
chemotherapeutic agents. Among the CYP gene family, including CYPIAI, CYPIBI, CYP2C, CYP2D, CYP2E and
CYP17, their significance in cancer susceptibility is well established. However, there remains limited understanding
regarding the polymorphisms of CYP2C19*2 and CYP17 and their potential correlation with chemotherapy-induced
toxicity reactions in breast cancer (BC) patients. In this study we intended to identify the association of CYP2C19%*2
and CYP17 gene polymorphisms on drug response as well as toxicity reactions in BC patients undergoing adriamycin/
paclitaxel based chemotherapy within Indian population. Methods: Two hundred BC patients receiving adriamycin and
paclitaxel chemotherapy were enrolled in this study and chemotherapy induced hematological and non-hematological
toxicity reactions were noted. The polymorphisms of CYP2C19*2 (681G>4) and CYPI17 (347>C) isoforms of
cytochrome p 450 gene was studied by PCR and RFLP analysis. Results: The univariate logistic regression analysis
revealed significant associations between CYP2C19*2 (681 G>A) polymorphisms with hematological toxicities i.e.,
anemia (OR=9.77, 95% CI: 2.84-33.52; p=0.0003), neutropenia (OR=5.72, 95% CI: 1.75-18.68; p=0.003), febrile
neutropenia (OR=4.29, 95% CI: 1.32-13.87; p=0.014) and thrombocytopenia (OR=5.86, 95% CI: 1.15-29.72); p=0.032)
in BC patients. Additionally BC patients treated with adriamycin exhibited significant association between CYP2C19*2
polymorphism with chemotherapy induced nausea and vomiting (CINV) (OR=99.73, 95% CI: 5.70-174.64); p=0.001),
fatigue (OR=83.29, 95% CI: 4.77-145.69); p=0.002), bodyache (OR=4.44, 95% CI: 1.24-15.91); p=0.021) and peripheral
neuropathy (OR=12.00, 95% CI: 1.80-79.89); p=0.010. Furthermore, the regression analysis indicated an association
between CYP17 with body ache (OR=2.77, 95% CI: 1.21-6.34; p=0.015) and peripheral neuropathy (OR=3.90, 95% CI:
1.59-9.53; p=0.002) in BC patients treated with paclitaxel chemotherapy. Conclusion: The findings obtained from this
study illustrated significant association of CYP2C9*2 (681G>A) polymorphism with adreamicin based chemotherapy
induced toxicities and CYP!7 (34T7>C) polymorphism with paclitaxel induced bodyache and peripheral neuropathy
in BC patients.
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Introduction

Breast cancer (BC) is the leading cause of
cancer-related deaths among women, not only in developing
countries but also in developed nations. The standard
approach recommended for managing BC involves
a combination of surgery followed by chemotherapy
and radiotherapy. The systemic chemotherapy plays a
significant role in BC treatment where combinations of
anthracyclines, platinum agents and taxanes being widely
adopted in the standard therapeutics of BC. Despite the

development in standard chemotherapeutics, predicting
treatment outcomes remains challenging due to deviations
in patient to patient response towards chemotherapeutic
drugs. While some patients can respond better to
chemotherapy drugs, but others may experience toxic
effects and adverse reactions. These diverse reactions can
be attributed to genetic alterations in the drug metabolizing
enzyme coding genes of patient. Hence, it is important
to understand genetic diversity of each individual which
determines the pharmacogenetic susceptibility of that
individual. The inherited variations in drug metabolizing
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enzyme coding genes can determine the influence of
chemotherapy drugs and impact of treatment outcomes [1].
It is important to note that most of the chemotherapeutic
drugs exhibit toxicity to normal cells potentially leading to
acute or chronic reactions in cancer patients. These acute
toxicity reactions are grouped into hematological (anemia,
thrombocytopenia, neutropenia and febrile neutropenia)
or Non-hematologic (nausea, vomiting, fatigue, peripheral
neuropathy) [2, 3]. Although research have been carried
out to explore the role of genetic variants of different
pathway genes involved in drug transporters and drug
metabolism, there remained a scope to discover the role of
these genetic determinants in drug toxicity and response.

Phase I and phase II metabolizing enzymes are the
key determinants of detoxification and elimination of
chemotherapeutic agents, with cytochrome P450 (CYP)
enzymes comprising the family of phase I metabolizers
for most chemotherapeutic drugs. The CYP genes
are highly polymorphic in nature where number of
isozymes such as CYPIA1, CYPIBI, CYP2B6, CYP2(C9,
CYP2C19, CYP2D6, CYP2EI and CYPI7 displaying
functional polymorphisms and their importance in cancer
susceptibility [4-7]. The genetic polymorphisms of CYP
genes play a crucial role in determining clinical outcomes
related to treatment response and toxicity. These variant
genotypes encoding metabolizing enzymes can alter
the activity of drug metabolizing enzymes potentially
leading to abnormal drug metabolism [8-10]. It is also
evident from earlier findings that polymorphisms of
majority of CYP genes influence the clinical outcomes of
chemotehepeutic drugs [11-13] and are associated with
chemotherapy-induced toxicity reactions in BC patients
[8]. The genetic polymorphisms in CYP genes have
significant implications for the breast carcinogenesis risk
where CYP2C19 and CYP17 polymorphisms have a crucial
role in hormone metabolism [14]. The polymorphism of
CYP2C19 is known to influence the therapeutic response
towards taxane based chemotherapy [11]; however
there remains a gap in our understanding regarding the
therapeutic effects of doxorubicin and paclitaxel- based
chemotherapy. The CYP17 polymorphism has been
clinically correlated with treatment outcomes in response
to hormone therapy in prostate cancer [15, 16]; however
there is no evidence on other chemotherapeutic drugs and
their clinical outcome with other cancers. Similarly, much
interest have been developed to address the functional
polymorphisms of CYP17 with BC risk [17, 18] but
others have failed to prove such association [19-21] and
produced conflicting results. Consequently, there is need
to further investigate the clinical significance of these
polymorphisms in BC susceptibility and therapeutic
response.

To the best of our current understanding, there is lack
of studies on the relevance of CYP gene polymorphisms
in chemotherapy-related toxicities associated with
Adriamycin/Paclitaxel treatment for BC or any other
cancer in India. Therefore, we decided to explore potential
association between variant genotypes of CYP2C19 and
CYP17 genes and their influence on treatment efficacy
and clinical outcomes among BC patients undergoing
chemotherapy with Adriamycin and paclitaxel. To
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address this gap, we specifically investigated the
polymorphisms of CYP2C19*2 (G>A, rs4244285) and
CYP17 (T>C, rs743572), and examined their association
with chemotherapy- induced toxicity reactions in breast
cancer patients.

Materials and Methods

Study subjects and Clinical data

A total of 200 women (Mean age: 50.24+10.93;
range: 27-78 years) with morphologicaly confirmed and
histologically diagnosed BC were enrolled in this study. BC
patients seeking treatment at the Department of Oncology
in a tertiary care hospital (Krishna hospital and Medical
Research Centre) were selected for participation. Patients
were enrolled based on predefined inclusion and exclusion
criteria. The inclusion criteria were; histopathology
confirmation, patients diagnosed with BC planned for
standard chemotherapy (Adriamycin and Paclitaxel).
Patients without a pathological diagnosis, incomplete
treatment, incomplete followup, comorbidities, or
abnormal liver or renal function tests were excuuded from
the study. Detailed clinicopathological and demographic
features along with follow-up data were recorded. Among
these patients, 104 were treated primarily with adriamycin
followed by paclitaxel while 96 patients received paclitaxel
first followed by Adriamycin. Chemotherapeutic effects
were assessed after each chemotherapy cycle through
blood testing and physical and visual examinations
following the National Cancer Institute- Common
Toxicity Criteria (NCI-CTC) [22]. Informed consent was
obtained from patients after explaining the purpose of
their enrollment in the study. The study received ethics
committee approval from Institutional Ethics Committee
of Krihsna Institute of Medical Sciences before initiation.

Chemotherapy, Follow-up and Toxicity assessment

Once the patient was enrolled in the study,
chemotherapy was planned based on the patient’s
stage and the reports of liver and renal function tests.
Subsequently, patients received 4 cycles of combination
chemotherapy with adriamycin and Cyclophsphamide,
followed by 4 cycles of 3 weekly Paclitaxel. After
completing the lst cycle of chemotherapy in each
schedule, patients were reevaluated between10th to 14th
day after chemotherapy to assess chemotherapy-related
toxicities. Patients were communicated about possible
adverse effects and advised to report any serious side
effects during scheduled follow-up. The details were
meticulously recorded and graded according to NCI-CTC
4.03 criteria. During the course of chemotherapy, patients
administered with chemotherapy were closely monitored
for treatment response and acute toxicity. Routine blood
and urine tests were conducted before each chemotherapy
cycle to monitor overall health and detect chemotherapy-
induced side effects. Hematological toxicities, including
anemia, neutropenia, thrombocytopenia as well as non-
hematological toxicities such as mucositis, chemotherapy
induced nausea/vomiting (CINV), fatigue, bodyache,
peripheral neuropathy carefully assessed and graded on
ascaleasO, 1,2, 3,4.
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Genotyping assays

Five milliliters (mL) of whole blood were collected
from each patient using sterile EDTA containing
vacutainer after obtaining informed consent. Genomic
DNA extraction was carried out from the peripheral
blood sample using HipurA®Blood genomic DNA
miniprep purification kit. (Cat no. MB504-250PR)
(HiMedia Laboratories) following the manufacturer’s
instructions. The polymorphisms of CYP2C/9 and CYP17
was studied by polymerase chain reaction- restriction
fragment length polymorphisms (PCR-RFLP). The PCR
amplification for confirmation of polymorphisms was
carried out separately in 20 micro liter (uL) reaction
mixtures containing 1X PCR buffer 0.2 mM each dNTP,
10 picomole (pmol) of each primers (IDT technologies),
1U Taq DNApolymerase (GeNei, Merck Bioscience)
and 100 nanogram (ng) of purified genomic DNA. The
primer sequence used to amplify CYP2C19*2 (G681A4)
and CYPI17 (T34C) along with the PCR amplification
conditions are represented in Table 1. Thereafter, the
amplified PCR products were subjected to restriction
digestion using restriction enzymes with digestion
conditions are detailed in Table 1. The resulting PCR
products and restriction digestion reactions were checked
by agarose gel electrophoresis in Tris-Acetate-EDTA
(TAE) buffer thereafter stained with ethidium bromide
(10 mg/mL) and visualized under UV-transilluminator
and photographed in gel documentation system (BioRad
Laboratories).

Statistical Analysis

A univariate logistic regression analysis was used to
assess the association between CYP2C19*2 and CYPI7
polymorphisms and the incidence of toxicity (0-1 grade
vs. 2-4), expressing results as Odds Ratios (OR) and 95%
confidence intervals (95% Cls). The OR was estimated to
test whether any significant association existed between
grade <1 toxicity caused by chemotherapy and the selected
gene polymorphisms. Statistical significance was set at
p < 0.05. All statistical analyses were carried out using
SPSS (Version 21.0). Additionally, the association of
each polymorphism with the severity of toxicities was
compared to clinico-pathological and demographic
information of the patients using chi-square test.

Results

Genotype distribution of CYP2C19*2 (681 G>A) and
CYP17 (34 T>C) polymorphisms and adriamycin/
paclitaxel based chemotherapy toxicity in BC patients
A total of two hundred BC patients seeking
chemotherapy treatment were observed for the adverse
toxicity reactions in response to standard Adriamycin
followed by paclitaxel and vice versa. Out of these 200
patients, 104 were first administered Adriamycin followed
by paclitaxel chemotherapy, while 96 patients received
paclitaxel first followed by Adriamycin. Univariate logistic
regression analysis was used to explore the association
between polymorphisms of CYP2C19*2 (rs4244285) and
CYP17 (rs743572) with chemotherapy- induced acute
toxicity reactions in BC patients. The chemotherapy-

o
SQ emaleol =
~ QAT ~<|la a o
2 SCLI|IBE Bl &
O = ~ [N S =
N ENE e Rl 19
~ | —
o |® @
* ]
> =
&
@ 2l 72| =
<) @
5 Rl Elg
O » 3| o
N 2 g =
L 9 =l o
(0}
S
z
= GlEAR:
v VIE a
e z|E &
=

€-DL LOV 1OD HOHL ILOLIDOD-S dd
£-D1LOVOHD IDLOVI DOLIVD-S -dd
£V OHID
JDIDVVVIVV DLV VOD VVD-¢ ‘dd
(£-VL
DLLVLV ODD LLD HDVD VOO-S ‘dd
(os10A0y/premi1o,) oouanbog 1oLy

N
S ow N
P o O
o ¥o! Qo
285 gig
o < SR
V)mg wn 4 G
3 oo IR o
) EARY @)
o A o
— Q™ — Q™ ~
© © A
Qo AL, 9
%go %go g
S
Emo Q-mo =
o — o o — =
gL o o & <2 o
-
[ =]
3 o2 N o8
aQs AQs
L N IR
b—‘u](l) ._.OVJ
S g g
.6 2.6
5 5
g7}
S o Q
O S|w ”?
=) olgs
N =
o S| o
o o (=N
=
(2]
Q
— — m
=R
2 < £ <
gE g5lez
=N = =20
= oS, S o e | B
=22 5Fiazl|Ed
A awﬁ%
WD w3|® &
= > QR £
a~ a =

—~
52 =3 gg
(%) —_—
N S|z 3
g o o o =
ki~ T o gm

e =2

N

jan

a

Rl <l
B O o Z; S
o oo <
o T o Ug
=1

w

—_

S I\)g?

W W (]

o S| g

o c‘gg
e=i T |5 <
~ o

Pa10adxy pue SOWAZU UONOLNSYY Pue SISWILI] JUIPN[oU] SAINPIdoid J T PUe WDd JO S[IeId(] Pim ApniS Juasdid Yl Ul PaIOs[dS Soudn) gDV d1epIpue)) JO ISI'T oYL " J[qBL

Asian Pacific Journal of Cancer Prevention, Vol 25 1979



Rashmi A Gudur et al

Table 2. Univariate Analysis of Candidate SNPs of Cytochrome P450 (CYP2C19*2, CYP17) Gene and Risk of
Adreamycin Chemotherapy Induced Severe Toxicity of Hematological Reactions in Breast Cancer Patients

Anemia
Gene Name Genotype Grade <1 Grade >1 OR (95% CI) p value
SNP (n=81) (n=23)
CYP2C19%2 G/G 76 14 1 (Reference)
rs4244285 G/A+A/A 5 9 9.77 (2.84-33.52)  0.0003*
CYPI17 T/T 37 11 1 (Reference)
rs743572 T/C+C/C 44 12 0.91 (0.36-2.31) 0.855
Neutropenia

(n=79) (n=25)
CYP2C19%*2 G/G 73 17 1 (Reference)
rs4244285 G/A+A/A 6 8 5.72 (1.75-18.68) 0.003*
CYPI17 T/T 37 11 1 (Reference)
rs743572 T/C+C/C 42 14 1.12 (0.45-2.77) 0.804

Febrile Neutropenia

(n=80) (n=24)
CYP2C19%2 G/G 73 17 1 (Reference)
rs4244285 G/A+A/A 7 7 4.29 (1.32-13.87) 0.014*
CYP17 T/T 37 11 1 (Reference)
rs743572 T/C+C/C 43 13 1.01 (0.40-2.54) 0.971

Thrombocytopenia

n=97) (n=7)
CYP2C19%2 G/G 86 4 1 (reference)
rs4244285 G/A+A/A 11 3 5.86 (1.15-29.72) 0.032%*
CYP17 T/T 44 4 1 (reference)
rs743572 T/C+C/C 53 3 0.62 (0.13-2.93) 0.549

SNP, Single nucleotide polymorphism; OR, Odds ratio; CI, Confidence interval; Significance p< 0.05; *, Indicates significant Odds Ratio (p<0.05);

p value determined based on x2.

induced acute toxicity reactions were grouped into
hematological and non-hematological toxicities, graded
as grade <1 or >1 toxicities based on NCI-CTC criteria.
Hematological toxicity reactions including anemia,
neutropenia, febrile neutrepenia, thrombocytopeni were
assessed through blood testing. Non-hematological
toxicity reactions such as mucositis, CINV, fatigue,
body ache and peripheral neuropathy were recorded
after physical examinations. Among patients treated
with Adriamycin followed by paclitaxel, out of 104
patients 23 patients exhibited severe toxicity (grade >1)
in terms of anemia, 25 patients had severe neutropenia,
24 patients experienced febrile neutropenia and 7 patients
faced thrombocytopenia. Severe non-hematological
toxicities (grade >1) included mucositis in 16 patients,
CINV in 34 patients, fatigue in 37 patients, body-ache
in 15 patients and peripheral neuropathy in 5 patients
after treatment with Adriamycin chemotherapy. When
studying the association between genetic polymorphisms
of CYP2C19*2 and CYPI17 with severe hematological
and non-hematological toxicity reactions in patients
treated with Adriamycin and paclitaxel chemotherapy,
the univariate logistic regression analysis of CYP2C19%*2
variant genotype showed significant association with
hematological toxicities i.c., anemia (OR=9.77, 95% CI:
2.84-33.52; p=0.0003), neutropenia (OR=5.72, 95% CI:
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1.75-18.68; p=0.003), febrile neutropenia (OR=4.29,
95% CI: 1.32-13.87; p=0.014) and thrombocytopenia
(OR=5.86,95% CI: 1.15-29.72); p=0.032). The regression
analysis results of CYP2C19*2 and CYPI7 and its
association with hematological toxicities are presented
in Table 2. When BC patients were administered primary
with Adriamycin followed by paclitaxel, the CYP2C19%*2
polymorphism also demonstrated significant associations
with non-hematological toxicity reactions such as
chemotherapy induced nausea and vomiting (CINV)
(OR=99.73, 95% CI: 5.70-174.64); p=0.001), fatigue
(OR=83.29, 95% CI: 4.77-145.69); p=0.002), bodyache
(OR=4.44,95% CI: 1.24-15.91); p=0.021) and peripheral
neuropathy (OR=12.00, 95% CI: 1.80-79.89); p=0.010).
The results of interpretation are presented in Table 3.
However, the CYP17 polymorphism did not show any
significant association with either hematological or
non-hematological toxicities. The univariate analysis of
polymorphisms of CYP2C19*2 and CYP17 when analyzed
from the patients treated with paclitaxel chemotherapy, the
results showed no association of CYP2C19*2 and CYP17
with hematological toxicities (Table 4). The univariate
logistic regression analysis showed statistically significant
association CYP2C19*2 (G681A4) polymorphism with
variant genotype in relation with severe non-hematological
toxicity i.e, fatigue (OR=19.86, 95% CI: 4.03-97.83;
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Table 3. Univariate Analysis of Candidate SNPs of Cytochrome P450 (CYP2C1982, CYP17) Gene and Risk of
Adriamycin Chemotherapy Induced Severe Toxicity of Non-Hematological Reactions in Breast Cancer Patients.

Mucositis
Gene Name Genotype Grade <1 Grade >1 OR (95% CI) p value
SNP (n=88) (n=16)
CYP2C19%*2 G/G 78 12 1 (Reference)
rs4244285 G/A+A/A 10 2.60 (0.70-9.62) 0.152
CYP17 T/T 40 1 (Reference)
rs743572 T/C+C/C 48 0.83 (0.28-2.41) 0.737
CINV
(n=70) (n=34)
CYP2C19%*2 G/G 70 20 1 (Reference)
rs4244285 G/A+A/A 0 14 99.73 (5.70-174.64) 0.001*
CYPI17 T/T 34 14 1 (Reference)
rs743572 T/C+C/C 36 20 1.34 (0.58-3.08) 0.478
Fatigue
(n=67) (n=37)
CYP2C19*2 G/G 67 23 1 (Reference)
rs4244285 G/A+A/A 0 14 83.29 (4.77-145.69) 0.002*
CYP17 T/T 32 16 1 (Reference)
rs743572 T/C+C/C 35 21 1.20 (0.53-2.69) 0.658
Bodyache
(n=89) (n=15)
CYP2C19%*2 G/G 80 10 1 (Reference)
rs4244285 G/A+A/A 9 5 4.44 (1.24-15.91) 0.021*
CYP17 T/T 41 7 1 (Reference)
rs743572 T/C+C/C 48 8 0.97 (0.32-2.92) 0.965
Peripheral Neuropathy
(n=99) (n=5)
CYP2C19*2 G/G 88 2 1 (Reference)
rs4244285 G/A+A/A 11 3 12.00 (1.80-79.89) 0.010*
CYP17 T/T 46 2 1 (Reference)
rs743572 T/C+C/C 53 3 1.30 (0.20-8.13) 0.777

p=0.0002) in BC patients treated with paclitaxel based
chemotherapy. The results of regression analysis signified
association of CYP17 (T34C) with non-hematological
toxicities such as bodyache (OR=2.77,95% CI: 1.21-6.34;
p=0.015) and peripheral neuropathy (OR=3.90, 95% CI:
1.59-9.53; p=0.002) in BC patients treated with paclitaxel
based chemotherapy. The non-hematological toxicities
in response to paclitaxel based chemotherapy and the
distribution of CYP2C19*2 (G681A4) and CYP17 (T34C)
genotypes are represented in Table 5. Notably, these
polymorphic G681A4 genotype of CYP2C19*2 and 734C
genotype of CYPI7 gene did not show any significant
association with hematological toxicity conditions in
response to paclitaxel based chemotherapy.

Association of CYP2C19*2 (G6814) and CYP17
(T34C) polymorphisms with demographic and
clinic-pathological factors of BC patients

An association between genetic polymorphisms
of metabolic CYP2C19*2 and CYPI7 genes and the

demographic and clinic-pathological characteristics of BC
patients is presented in Table 6. When the demographic
factors including age and body mass index of BC patients
enrolled in this study are considered, the univariate
logistic regression analysis showed significant negative
association of variant genotype of CYP17 (T34C) with
BMI >25 (OR=0.45, 95% CI: 0.25-0.80; p=0.007)
and there was no association of both CYP2C19*2 and
CYP17 with age of BC patients. The results of analysis
in present study found no association CYP2C19*2 and
CYP17 polymorphisms with histopathological TNM
grade > stage Il whereas clinical TNM stage >2 showed
significant association with CYP17 (T>C) polymorphism
(OR=1.88, 95% CI: 1.08-3.28; p=0.025). The univariate
logistic regression analysis among genotype distribution
of CYP2C19*2 (G>A) polymorphism showed significant
association with ER/PR hormone receptor status of BC
patients (OR=3.61,95% CI: 1.30-9.98; p=0.013) whereas
the genotype distribution of CYP17 (T>C) was negatively
associated (OR=0.55, 95% CI: 0.31-0.98; p=0.044)

Asian Pacific Journal of Cancer Prevention, Vol 25 1981
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Table 4. Univariate Analysis of Candidate SNPs of Cytochrome P450 (CYP2C19*2, CYP17) Gene and Risk of
Paclitaxel Chemotherapy Induced Severe Toxicity of Hematological Reactions in Breast Cancer Patients

Anemia
Gene Name Genotype Grade <1 Grade >1 OR (95% CI) p value
SNP (n=80) (n=16)
CYP2C19%2 G/G 69 14 1 (Reference)
rs4244285 G/A+A/A 11 0.89 (0.17-4.49) 0.893
CYP17 T/T 37 1 (Reference)
rs743572 T/C+C/C 43 0.66 (0.22-1.97) 0.466
Neutropenia

(n=81) (n=15)
CYP2C19%2 G/G 71 12 1 (Reference)
rs4244285 G/A+A/A 10 3 1.77 (0.42-7.40) 0.439
CYPI17 T/T 40 1 (Reference)
rs743572 T/C+C/C 41 9 1.46 (0.47-4.49) 0.505

Febrile Neutropenia

(n=82) (n=14)
CYP2C19%2 G/G 71 12 1 (Reference)
rs4244285 G/A+A/A 11 3 1.61 (0.39-6.64) 0.507
CYPI17 T/T 40 6 1 (Reference)
rs743572 T/C+C/C 42 8 1.26 (0.40-3.98) 0.682

Thrombocytopenia

(n=94) (n=2)
CYP2C19%2 G/G 81 2 1 (Reference)
rs4244285 G/A+A/A 13 0 1.28 (0.05-28.16) 0.875
CYP17 T/T 45 1 1 (Reference)
rs743572 T/C+C/C 49 1 0.91 (0.05-15.12) 0.952

SNP, Single nucleotide polymorphism; OR, Odds ratio; CI, Confidence interval; Significance p< 0.05; *, Indicates significant Odds Ratio (p<0.05),

p value determined based on x2.

with hormone receptors in BC patients. The genotype
distribution of CYP2C19*2 polymorphism showed
significant negative correlation (OR=024, 95% CI: 0.10-
0.60; p=0.002) with Her2 receptor status in BC patients
enrolled in this study.

Discussion

The chemotherapeutic approach is commonly
used for BC management which can effectively kill
cancer cells but it also impacts normal cells leading
to toxicities or adverse effects in patients. During
chemotherapy treatment, approximately 60 to 70% of
the chemotherapy drugs are metabolized by cytochrome
P450 enzymes, including CYP1A2, CYP1BI1, CYP2B6,
CYP2C9, CYP2C19, CYP3A4, and CYP3AS. Among
these, CYP2C19 exhibits the highest activity. However,
individual patient responses to different chemotherapy
drugs carry due to diverse genetic susceptibility. Several
pharmacogenomic studies have clarified that numerous
metabolic pathways can influence inter-individual
variability in response to chemotherapy drugs. The genetic
polymorphisms of metabolic genes of individuals can
determine the chemotherapy treatment outcomes, where
variant alleles control the variability of drug efficacy.
Genetic alterations in drug detoxification genes lead to

1982 Asian Pacific Journal of Cancer Prevention, Vol 25

decreased enzyme activity, which may affect the efficiency
of chemotherapeutic agents and can cause apparent
adverse reactions in patients. Acute toxicities are crucial,
as they directly affect treatment outcomes. The CYP450
genes are highly polymorphic in nature, and common
polymorphisms with a variety of isoforms, including
CYPIAI CYPIBI, CYP2C, CYP2D and CYP2E, have been
associated with alterations inenzymatic activity. Genetic
polymorphisms in drug metabolizing enzyme-coding
CYP genes lead to inter-individual differences in drug
responses, which affect chemotherapy treatment efficiency
[23]. CYP2C19 is a member of the CYP450 enzyme
family and plays an important role in the metabolism
and elimination of a diverse range of chemotherapeutic
drugs [24-26]. The CYP2C19*2 and CYP19*3 are the
most commonly studied polymorphisms of CYP2CI9.
Several studies have reported an association of CYP2C19
polymorphisms and therapeutic outcomes in response to
different chemotherapeutic agents. The association of the
CYP2C19 polymorphism with hematological toxicities,
including severe neutropenia, has been reported earlier
in response to chemotherapeutic drugs in ovarian [27],
breast [28], lung cancer [29] and non small cell lung
carcinoma [30]. However, CYP2C19 polymorphic variants
were not assessed against Adriamycin and pclitaxel
based-chemotherapy in BC patients. Very few studies have
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Table 5. Univariate Analysis of Candidate SNPs of Cytochrome P450 (CYP2C19%*2, CYP17) Gene and Risk of
Paclitaxel Chemotherapy Induced Severe Toxicity of Non-Hematological Reactions in Breast Cancer Patients

Mucositis
Gene Name Genotype Grade <1 Grade >1 OR (95% CI) p value
SNP (n=88) (n=8)
CYP2C19%*2 G/G 75 8 1 (Reference)
rs4244285 G/A+A/A 13 0 0.32 (0.01-6.04) 0.454
CYPI7 T/T 42 4 1 (Reference)
rs743572 T/C+C/C 46 4 0.91 (0.21-3.88) 0.902
CINV
(n=66) (n=30)
CYP2C19%*2 G/G 60 23 1 (Reference)
rs4244285 G/A+A/A 6 7 3.04 (0.92-10.02) 0.067
CYP17 T/T 36 10 1 (Reference)
rs743572 T/C+C/C 30 20 2.40 (0.97-5.90) 0.056
Fatigue
(n=67) (n=29)
CYP2C19%*2 G/G 65 18 1 (Reference)
rs4244285 G/A+A/A 2 11 19.86 (4.03-97-83) 0.0002*
CYP17 T/T 30 16 1 (Reference)
rs743572 T/C+C/C 37 13 0.65 (0.27-1.58) 0.35
Bodyache
(n=48) (n=48)
CYP2C19*2 G/G 42 41 1 (Reference)
rs4244285 G/A+A/A 6 7 1.19 (0.37-3.85) 0.765
CYP17 T/T 30 18 1 (Reference)
rs743572 T/C+C/C 18 30 2.77 (1.21-6.34) 0.015*
Peripheral Neuropathy
(n=60) (n=36)
CYP2C19%*2 G/G 53 30 1 (Reference)
rs4244285 G/A+A/A 7 6 1.51 (0.46-4.92) 0.49
CYP17 G/G 36 10 1 (Reference)
rs743572 G/T+T/T 24 26 3.90 (1.59-9.53) 0.002*

SNP, Single nucleotide polymorphism; OR, Odds ratio; CI, Confidence interval; Significance p< 0.05; *, Indicates significant Odds Ratio (p<0.05),

p value determined based on x2.

investigated the significance of CYP17 in chemotherapy
associated adverse toxicities. The clinical significance
of chemotherapy-induced vomiting was noted when
correlated with polymorphism of CYP/7 in North Indian
women with BC [31]. However, no significant association
of CYPI7 polymorphism was noted in prostate cancer
patients in response to chemotherapy [32].
Accordingly, for the first time, we analyzed and
correlated the association of CYPI/7 and CYP2CI9
polymorphisms with adverse reactions in BC patients
treated with Adriamycin /paclitaxel chemotherapy.
The results of the present study indicated that the
polymorphisms of drug metabolizing enzyme coding
CYP2C19 gene was significantly correlated with induction
of chemotherapy induced toxicities in BC patients treated
with Adreamicin treated chemotherapy. The logistic
regression analysis signified that the variant heterozygous
genotype of CYP2C19*2 independently showed an
association with hematological toxicity response against

Adryamycin-based chemotherapy in BC patients. The
frequency distribution of CYP2C19%*2 genotypes showed
a significant deviation from Hardy-Weinberg equilibrium
in BC patients treated with Adriamycin, which was in
agreement with other investigated polymorphisms [12]. A
significant association of CYP2C19*2 was detected with
Adriamycin-based chemotherapy resistance when analyzed
for hematological and non-hematological toxicities. The
CYP2C19%*2 polymorphism was significantly associated
with anemia (p=0.0003), neutropenia (p=0.003) and
febrile neutropenia (p=0.014) toxicities in BC patients
administered with adriamycin chemotherapy. The
polymorphism of CYPI7 did not show association with
any of hematological adverse effects in BC patients treated
with either Adreamicin or paclitaxel. The univariate
regression analysis of CYP/7 polymorphisms showed a
significant association with body-ache (OR=2.77, 95% CI:
1.21-6.34; p=0.015) and peripheral neuropathy (OR=3.90,
95% CI: 1.59-9.53; p=0.002) in BC patients treated with
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Table 6. Polymorphisms of CYP2CI19%*2, CYPI7 Genes and Their association with Demographic and Clinic-

Pathological Characteristics of Breast Cancer Patients

Characteristics CYP2C19%*2 (rs4244285) CYP17 (1s743572)
G/G G/A+A/A T/T T/C+C/C
No (%) No (%) No (%) No (%)
Age
<40 36 (18.00) 7 (3.50) 18 (9.00) 25 (12.50)
>40 137 (68.50) 20 (10.00) 76 (38.00) 81 (40.50)
OR (95% CI) 1 (Reference) 0.75 (0.29-1.93) 1 (Reference) 0.76 (0.38-1.51)
p value 0.548 0.446
BMI Kg/m?
<25 102 (51.00) 20 (10.00) 48 (24.00) 74 (37.00)
>25 71 (35.50) 7 (3.50) 46 (23.00) 32 (16.00)
OR (95% CI) 1 (Reference) 0.50 (0.20-1.25) 1 (Reference) 0.45 (0.25-0.80)
p value 0.139 0.007*
Clinical TNM Grade
< Stage 11 90 (45.00) 12 (6.00) 57 (28.50) 45 (22.50)
> Stage 11 83 (41.50) 15 (7.50) 41 (20.50) 61 (30.50)
OR (95% CI) 1 (Reference) 1.35 (0.59-3.06) 1 (Reference) 1.88 (1.08-3.28)
p value 0.464 0.025%*
Histopathological TNM Grade
< Stage 1T 77 (38.50) 13 (6.50) 43 (21.50) 47 (23.50)
> Stage I1 96 (48.00) 14 (7.00) 51 (25.50) 59 (29.50)
OR (95% CI) 1 (Reference) 0.86 (0.38-1.94) 1 (Reference) 1.05 (0.60-1.84)
p value 0.723 0.842
Hormone Receptor Status
ER/PR +ve 78 (39.00) 5(2.50) 32 (16.00) 51(25.50)
ER/PR -ve 95 (47.50) 22 (11.00) 62 (31.00) 55 (27.50)
OR (95% CI) 1 (Reference) 3.61 (1.30-9.98) 1 (Reference) 0.55(0.31-0.98)
p value 0.013* 0.044*
Her2 +ve 22 (11.00) 10 (5.00) 16 (8.00) 16 (8.00)
Her2 -ve 151 (75.50) 17 (8.50) 78 (39.00) 90 (45.00)
OR (95% CI) 1 (Reference) 0.24 (0.10-0.60) 1 (Reference) 1.15 (0.54-2.45)
p value 0.002* 0.71

OR, Odds ratio; CI, Confidence interval; Significance p< 0.05; *, Indicates significant Odds Ratio (p<0.05); p value determined based on %2

paclitaxel-based chemotherapy. A significant association
between the CYP7 variant genotypes and potential tumor
related characteristics of BC patients including TNM
grade > stage I (OR=1.88, 95% CI: 1.08-3.28; p=0.025)
was noted in this study. Also, significant association of
CYP2C19*2 with hormone receptor status was observed
in the studied BC patients.

In conclusion, the findings from this study highlight
significant association of CYP2C9*2 with hematological
and non-hematological toxicities induced by Adriamycin-
based chemotherapy in BC patients within selected
population. The CYP2C19*2 polymorphic variant
genotype demonstrated significant association with
anemia, neutropenia and thrombocytopenia in response
to Adriamycin. Additionally, the CYPI7 polymorphism
showed significant correlation with bodyache and
peripheral neuropathy in response to paclitaxel-based
chemotherapy. Notably, this study represents the first

1984 Asian Pacific Journal of Cancer Prevention, Vol 25

of its kind to analyze the influence of Adriamycin based
chemotherapy on metabolic gene polymorphisms in BC
patients.
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