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Abstract

Objectives: The aim of the present study was to investigate the impact of the CYP2D6 genetic polymorphism on clinical outcome in Iraq
breast cancer patients who were candidates for Tamoxifen therapy.

Methods: Comprehensive CYP2D6 genotyping was performed in 140 Iragi women with breast cancer who were women on adjuvant
treatment with tamoxifen. Breast cancer patients recruited into the study were divided into two groups: seventy breast cancer women
who had no history of recurrence at the time of sampling and had a long time on tamoxifen without recurrence and seventy breast cancer
women who had recurrence at the time of sampling after one year of treatment with tamoxifen therapy. Recurrence free survival (RFS) was
determined in the recruited patients.

Results: Multiple genetic variants of the gene encoding the CYP2D6 enzyme were detected with significant differences in their frequencies
and percentages in both recurrent and non-recurrent groups of breast cancer patients. The findings of this study suggest that interindividual
variation in clinical outcome may be related to genetic variation in CYP2D6 enzyme, which is characterized by variable RFS periods.
Conclusion: This study revealed that the CYP2D6 enzyme of breast cancer patients who participated in this study is highly polymorphic.
The CYP2D6 gene of study participants exhibited different allelic combinations with variable frequencies. The multiple genetic variants
(alleles) of the gene encoding the CYP2D6 enzyme exhibited significant differences in their frequencies and percentages in both recurrent
and non-recurrent groups of breast cancer patients. The study revealed variable Recurrence free survival (RFS) with highly polymorphic

gene. Our study quotes the presence of increased CYP2D6 enzyme polymorphism is associated with variable clinical response.
Keywords: Tamoxifen, CYP2D6, breast cancer, genetic polymorphism, Iraqi, variable, clinical outcome

Introduction

Breast cancer is one of the most common cancers and the
second leading cause of death worldwide.' Steroid hormones
(estrogen and progesterone) have been implicated in breast
cancer pathogenesis.” Tumor expression of estrogen (ERs)
and/or progesterone receptors (PRs) plays a central role in
the choice of anticancer therapy,’ Anti-estrogen therapy in
ER-positive and/or PR-positive breast tumors has proven
effectiveness in adjuvant and metastatic settings.” Tamoxifen
remains the standard hormonal therapy for the treatment of
women with estrogen receptor (ER)-positive and/or PR-pos-
itive breast cancer. More than a 50% reduction in recurrence
and mortality is conveyed with 5 years of tamoxifen treat-
ment administered in the adjuvant setting;” however, a large
percentage of breast cancer patients do not achieve benefit
from tamoxifen therapy. Although the reasons for tamoxifen
therapy resistance are multifaceted, an important contrib-
uting factor may lie in the metabolic pathways of tamoxifen.®
Tamoxifen is a prodrug that is extensively metabolized by
hepatic cytochrome P450 (CYP2D6) into several metabo-
lites.” The most active and abundant metabolite is endoxifen
(4-hydroxy-N-desmethyl-tamoxifen), which binds to the ER
with higher affinity than tamoxifen itself and demonstrates
a 30-fold to 100-fold higher potency than the parent drug in
the inhibition of estrogen-dependent cell proliferation.® Four
subgroups have been identified among the CYP2D6 allelic
variabilities based on the activity of CYP2D6: 1) functional
alleles (e.g., CYP2D6*1, *2, *35); 2) reduced function alleles
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(e.g., CYP2D6*9, *10, *17, *41); 3) null functional alleles (e.g.,
CYP2D6%3, *4, *5, *6, *7, *8); and 4) ultra-functional alleles
(e.g., CYP2D6*1xN, *2xN, *35xN).” The present study was
designed to examine the great ethnic and interindividual var-
iability in tamoxifen metabolism by the CYP2D6 enzyme that
can be explained by genetic polymorphisms and how they may
affect enzyme function."

Aim of the Study

The aim of this study was to determine the genotype of the
CYP2D6 enzyme, which is responsible for the activation of
tamoxifen in Iraqi women with breast cancer recruited from
Al-Amal National Hospital by sequencing the isolated gene.
Additionally, the effect of CYP2D6 gene polymorphisms on
clinical outcome was investigated by determining their corre-
lation with recurrence-free survival (RFS).

Materials and Methods

Patients

The present study was performed at Al-Amal National Hos-
pital for Oncology in Baghdad from February 2017 until the
end of September 2018. The study protocol was approved by
the ethical committee of Al-Nahrain Medical College, and
informed signed consent was obtained from each participant.
One hundred- forty women aged 45-56 with ER- and/or PR-
positive early-stage ductal breast carcinoma was enrolled in
this study.
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Participating women were recruited by consultation with
an oncologist according to the inclusion and exclusion criteria
of the study.

All participants included in this study were starting 20
mg oral tamoxifen tablets once per day. Patients underwent
surgery, radiation, and adjuvant chemotherapy. They were
excluded from the study if they started tamoxifen concurrently
with either adjuvant radiation therapy or adjuvant chemo-
therapy (or both) or if they were undergoing other endocrine
therapies. Pregnant or lactating patients were excluded from
the study. Women who had taken CYP2D6 inducer or inhibitor
drugs within 28 days of the study were excluded. Patients with
surgery or a previous history of GI disorders that may affect
the absorption of tamoxifen were excluded from the study. The
one-hundred forty women who participated in this study who
were on tamoxifen therapy were divided into two groups:

I - Non-recurrent group: included seventy women with
breast cancer who had no history of recurrence at the time of
sampling, regardless of whether it was local, regional or had
metastasized to a distant area.

II - Recurrent group: included seventy women with breast
cancer who had recurrence at the time of sampling either
locally, regionally or metastasis to a distant area that may
occur after one year of treatment with tamoxifen therapy.

Clinical Data Collection

At the time blood sampling, each participant was questioned
about use of any medication that may interfere with CYP2D6
metabolism. Additionally, patients were also questioned about
whether they had taken any additional medications, supple-
ments, herbs or vitamins/minerals for a duration of 3 months
or more to avoid all potentially interacting medications.

Furthermore, the following additional clinical data were
extracted from the medical records of consenting patients:
type of cancer, date of diagnosis, histological grade, site (left
breast, right breast, or bilateral), clinical stage, number of
lymph nodes removed in surgery, number of lymph nodes
involved, tumor markers in primary breast cancer tissue
(estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor (HER)-2), dose and date of
tamoxifen therapy received, date of first recurrence, site of first
recurrence, systemic treatment for metastatic disease, current
status and date of last follow- up.

CT- scans, bone scans, mammograms, MRI and ultra-
sound were performed as routine follow-ups for each patient.

Sample Collection

Blood samples (2 ml) were obtained from eligible patients
who signed the informed consent after approval by the Ethical
Committee of Al-Nahrain Medical College. Venous blood was
withdrawn from all participating women and then placed in
EDTA tubes for genetic testing.

CYP2D6 Genotyping

Blood was collected for DNA extraction to assess CYP2D6
genotyping. Extraction of the DNA genome from blood sam-
ples was performed according to the protocol of the Reli-
aPrep™ Blood gDNA Miniprep System, Promega. Using a
Quantus fluorimeter.

The DNA sample was quantified and checked for purity,
and then it was stored at 4°C until use. Gene variant determi-
nation was performed in the ASCO learning center in Baghdad
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using polymerase chain reaction (PCR) and sequencing of
PCR products.

For PCR amplification, the following four specific
primers were used for the CYP2D6 gene with specific
sequence and product size: Forward Primer P1 (CAGGAAA-
CAGCTATGACCGTTCACTCACAGCAGAGGGCAA),
Reverse Primer P1 (TGTAAAACGACGGCCAGTTCATGC-
CATGTATAAATGCCCTTCT, 499 bp); Forward Primer
P2 (TG TA AAA CGACGGCCAGTATCTCTGACGTGG
AT AGGAGGT), Reverse Primer P2 (CAGGAAACAGC-
TATGACCGCACCTGTGCTGTAAGCTCAGT, 1000 bp);
Forward Primer P3 (TG TAAAA CGACGGCCAGTCG-
GGTGTCCCAGCAAAGTTCAT), Reverse Primer
P3(CAGGAAACAGCTATGACCAGCTGCTAACTAGT-
TCACAGGAT, 600 bp), and Forward Primer P4 (ACTCCAC-
CAACCTGATCCAGGAAACAGCTAT PCR products (P1,
P2, P3, and P4) of the CYP2D6 gene from collected samples
were fractionated by 1% agarose gel electrophoresis stained
with ethidium bromide. For determination of alleles, PCR
products of the CYP2D6 gene were sent for Sanger sequencing
using an ABI3730XL automated DNA sequencer, by Microgen
Corporation (Korea). Then, the results were received by email
and analyzed using Geneious software.

End Point and Study Design

The defined end point in the present study was recurrence
free survival (RFS), which was defined as the time from breast
cancer diagnosis to documentation of a new breast cancer
event, any loco regional, distant recurrence of breast cancer,
contralateral breast cancer or any cancer of any organ in the
body.

Statistical Analysis

The collected data were introduced into a computer system uti-
lizing a database program, and the collected data are expressed
as the mean and median + SD. Chi square and Fisher’s exact
test were used to determine any significant difference between
categorical data. A P-value of less than 0.05 was considered
significant. Unpaired Student’s t-test and Mann-Whitney test
were used to examine differences in the means and medians
of the RFS period in recurrent and nonrecurrent breast cancer
patients. A P-value of less than 0.05 was considered significant.

ANOVA and Kruskal-Wallis tests were used to examine
differences in the means and medians of RFS among CYP2D6
genotypes detected in breast cancer patients. P < 0.05 was con-
sidered significant.

Results
Genetic Analysis

CYP2D6 genotyping

PCR products of the CYP2D6 gene were sequenced, and the
sequencing results were analyzed using Geneious software.
The CYP2D6 genotype of each of our breast cancer patients in
the present study was detected.

Frequency and percentage of detected alleles of the
CYP2D6 gene in breast cancer patients

Table 1 shows the frequency and percentage of detected
alleles of the CYP2D6 gene, the reference SNP (RS) and the
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Table 1. The frequency and percentage of detected alleles of the CYP2D6 gene in breast cancer patients

Alleles name Defining name/change Rs# Frequency I:;;';:’fz:‘s;i::f;;ti;: %

CYP2D6*1 Wild type 2 Normal enzymatic activity 0.65

CYP2D6*2 2850C>T 4180G>C rs16947(A) 95 Normal enzymatic activity 30.94
rs1135840(C)

CYP2D6*41 2988G>A 1s28371725 83 Decreased enzymatic activity 27.04

CYP2D6*39 1661G>C, 4180G>C rs1135840 34 Normal enzymatic activity 11.07

CYP2D6*10 100C>T rs1065852 32 Decreased enzymatic activity 1042

CYP2D6*2XN 1661G>C, 2850C>T, 4180G>C rs16947(A) 33 Increased enzymatic activity 10.75

with multiple copies rs1135840(C

CYP2D6*4 1846G>A rs3892097(A 24 No enzymatic activity 7.82

CYP2D6*3B 1749A>G, 2549delA 1135824(G 3 No enzymatic activity 0.98
rs35742686(

CYP2D6*7 2935A>C rs5030867 1 No enzymatic activity 033

Total 307 100

supposed enzymatic activity of the breast cancer patients in
the study. The most frequent allele in 140 women with breast
cancer recruited in our study was CYP2D6*2, with normal
functional activity and a frequency and percentage of 95 and
30.94%, respectively, while CYP2D6*1, which is the wild type
allele, was detected at very low frequency and percentage (2
and 0.65%, respectively). Our study identified the CYP2D6
*39 allele, which has unknown functional activity, with a fre-
quency and percentage of 34 and 11.07%, respectively. Addi-
tionally, CYP2D6*41 and CYP2D6*10 alleles with reduced
enzymatic activity were detected with frequency and per-
centage for each of 83, 27.04%, 32, and 10.42%, respectively.
Alleles of CYP2D6*4, CYP2D6*3B and CYP2D6*7 with null
functional activity were identified in frequency and per-
centage of 24, 7.82%, 3, 0.98%, 1, and 0.33%, respectively.

We found gene duplication (CYP2D6 *2XN) at a fre-
quency and percentage of 33 and 10.75% of the population
analyzed in our study.

Frequency and percentage of detected alleles of the
CYP2D6 gene in the recurrent versus nonrecurrent
breast cancer patients

Table 2 shows that there were no significant differences in the
percentage of CYP2D6*2 alleles in the recurrent versus nonre-
current groups of breast cancer patients (50.53% and 49.47%,
respectively); correspondingly, there was no significant differ-
ence in the percentage of CYP2D6*2 alleles in the recurrent
versus nonrecurrent groups of breast cancer patients (28.91%
and 33.33, respectively).

In contrast, in the recurrent group of breast cancer
patients, the percentage of the CYP2D6*41 allele was signifi-
cantly higher (68%) than in the nonrecurrent group (31.33%);
similarly, the percentage of the CYP2D6 *41 allele (34.33%)
was significantly higher than in the nonrecurrent group
(18.43%) among recurrent and nonrecurrent breast cancer
patients recruited in the present study.

In the study population, in the nonrecurrent group,
women with the CYP2D6*39 allele comprised a significantly
higher percentage (79.41%) than recurrent breast cancer
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patients (20.59%); likewise, the percentage of this allele in
the nonrecurrent group was significantly higher (19.14%)
than in the recurrent group (4.21%) among recurrent and
nonrecurrent breast cancer patients recruited in the present
study. Similarly, there were significant differences in the
percentages of both CYP2D6*10 (78.13%) and CYP2D6*4
(83.33%) alleles in the recurrent versus nonrecurrent groups
of breast cancer patients. Our data also revealed significant
differences in the percentage of both CYP2D6*10 (15.06%)
and CYP2D6*4 (12.04%) alleles in the recurrent group com-
pared to the nonrecurrent group for this study. Moreover, in
women with nonrecurrent breast cancer, there were signifi-
cantly higher percentages of CYP2D6*2XN (78.79%), as well
as CYP2D6*3B, CYP2D6*1, and CYP2D6*7 (66.67%), com-
pared to the recurrent group. Correspondingly, these alleles
showed significantly higher percentages (18.43% and 5.67%,
respectively) in women with nonrecurrent breast cancer than
in women with recurrent breast cancer.

The frequency and percentage of allelic combinations
of the CYP2D6 gene in breast cancer patients

Table 3 shows the frequency and percentage of allelic combi-
nations of the CYP2D6 gene in the entire study population.
The present study detected allelic combinations of CYP2D6
*2/*41 at a percentage of 34.29%, the higher percentage of
allelic combinations detected in the study population. Data
also revealed allelic combinations (genotypes) of CYP2D6
*2XN/*39; 2/*2XN/39; *4/*10/*41; *2XN/*39/*41;*2/*10/*41;
*2/*4/*10/*41; *2/*4/*10; *2/*2XN/*39/*41; *2XN/*39/*10/*4;
*2/*3B; *2/*4/*41; *10/*41; *2/*2XN/*39/*4/*10; *10/*2/*41,;
*2XN/*39/*7; *2/*2XN/*39/*3B and *39/*41 at percentages
0f 9.29%, 5.71%, 5.71%, 5%, 5%, 3.57%, 2.14%, 1.43%, 1.43%,
1.43%, 0.71%, 0.71%, 0.71%, 0.71%, .71%, 0.71% and 0.71%,
respectively. Concerning the CYP2D6*2 genotype, the present
study detected this genotype with a frequency of 16 and per-
centage of 11.43%. For the CYP2D6*10 genotype, 2 of 140
breast cancer patients in the study population had this geno-
type, and the percentage of this genotype in the present study
was 1.43%. The frequency and percentage of CYP2D6*4/*10
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Table 2. Detected alleles of the CYP2D6 gene and their frequency and percentage in
the recurrent versus nonrecurrent groups of breast cancer patients

Recurrent (R)  Non-Recurrent (NR)

CYP2Dé6 alleles N=70 N=70 Total

*2 48 47 95 P>0.05

% (R vs NR) 50.53 4947 100 Chi-sq. P<0.05,
5 5 om e
% (R vs NR) 68.67 3133 100

*39 7 27 34

% (R vs NR) 20.59 79.41 100

*10 25 7 32

% (R vs NR) 7813 21.88 100

*2XN 7 26 33

% (R vs NR) 21.21 78.79 100

*4 20 4 24

% (R vs NR) 83.33 16.67 100

Others (*3B, *1,*7) 2 4 6

% (R vs NR) 3333 66.67 100

Total frequency 166 141 307

Table 3. Allelic combinations of the CYP2D6 gene and their
frequency and percentage in breast cancer patients

genotypes were 3 and 2.14%, respectively. Additionally, the
CYP2D6*1 genotype was determined in the population at a

frequency and percentage of 2 and 1.43%, respectively. More-

Allelic combinations of Frequency Percentage over, the present data detected CYP2D6 genotypes (*41 and
CYP2D6 gene (%) *2/*10 with percentages of 2.41% and 1.43%, respectively).
*2/*41 48 34.29
*) 16 1143 Frequency and percentage of the allelic combinations
*IXN/*39 13 99 ofthe CYP2D6 gene in the recurrent versus nonrecurrent
%2 /9XN/*39 s . groups of breast cancer patients
%4/ %10/%41 3 571 Table 4 shows the frequency and percentage of the allelic
*IXN/*39 /441 . o combinations of the CYP2D6 gene in the entire study pop-
' ulation within recurrent and nonrecurrent breast cancer
210741 / 5.00 patients.The present study detected the allelic combination of
®)[*4/%10/* 41 5 357 CYP2D6*2/*41 with a percentage of 42.68% within the recur-
“/%4/%10 3 214 rent group. Which was significantly higher than its percentage
within the nonrecurrent group (25.71%). The percentage
410 3 214 of this genotype was high (62.5%) in the recurrent versus
*41 3 2.14 nonrecurrent group (37.5%). CYP2D6*2/*4/*41; *10/*41;
*1 b 143 *4/*10/*41; *41; *2/*4/*10/*41; *2/*4/*10 and *4/*10 showed
o N o significant differences in the percentages in recurrent group
2PN 2 143 versus nonrecurrent groups of breast cancer patients (1.43% vs
*10 2 143 0%), (1.43% vs 0%), (11.43% vs 0%), (2.86% vs 1.43%), (7.41%
*IXN, ¥39/*10, *4 2 143 vs 0%), (2.86% vs 1.43%) and (4.29% vs 0%), respectively. Sim-
/410 5 143 ilarly, the percentage of these genotypes was high in recurrent
versus nonrecurrent tumors (100% vs 0%, 100% vs 0%, 100%
A= 2 143 vs 0%, 100% vs 0%, 66.66% vs 33.33%, 100% vs 0%, 66.66%
*2*4[* 4 1 0.71 vs 33.33% and 100% vs 0%, respectively. Concerning allelic
*10/*41 1 0.71 combinations of CYP2D6*1, CYP2D6*2, CYP2D6*2XN/*39,
N30/ 10 : - CYP2D6*2/*2XN/*39, CYP2D6*2/*2XN/*39/*41, CYP2D6*2
' ' XN/*39/*10/%4, CYP2D6*2/*10 and CYP2D6* 2XN/*39/*7
10/752/%41 ! 0.71 exhibited significantly lower percentages in recurrent com-
*IXN/*39/%7 1 0.71 pared to nonrecurrent groups of breast cancer patients (0% vs
o e 2.86%, 0% vs 2.86%, 0% vs 2.86% and 0% vs 1.43% respec-
B ] o tively). Correspondingly, the percentage of these genotypes
Total 140 100 was low in recurrent versus nonrecurrent tumors (0% vs
JContemp Med Sci | Vol. 9, No. 6, November—December 2023: 436-448 439
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Table 4. Frequency and percentage of allelic combinations of the CYP2D6 gene in the recurrent versus nonrecurrent groups of breast
cancer patients

Frequency Percg nt'age Percentage Fr.e quency Pgrcentage Percentage in
Allelic combinations in recurrent Cilite inrecurrent vs. in non- UG non recurrent
recurrent recurrent recurrent
group aroup (%) non-recurrent (%) aroup group (%) vs. recurrent (%)
*2/*41 30 42.86 62.50 18 25.71 37.5
*2 3 429 18.75 13 1857 81.25
*2XN/*39 0 0.00 0.00 13 18.57 100
*2/*2XN/*39 1 143 12.50 7 10.00 87.5
*4/%10/*41 8 11.43 100.00 0 0.00 0
*2XN/*39 /*41 3 429 42.86 4 5.71 57.14
*2/%10/*41 4 5.71 57.14 3 4.29 42.85
*2/*4/*10/*41 5 7.14 100.00 0 0.00 0
*2/*4/*10 2 2.86 66.67 1 143 3333
*4/*10 3 429 100.00 0 0.00 0
*41 2 2.86 66.67 1 143 3333
*1 0 0.00 0.00 2 2.86 100
*2/*2XN/*39/*41 0 0.00 0.00 2 2.86 100
*10 2 2.86 100.00 0 0.00 0
*2XN, *39/*10/*4 0 0.00 0.00 2 2.86 100
*2/%10 0 0.00 0.00 2 2.86 100
*2/*3B 1 143 50.00 1 143 50
*2/*4/*41 1 143 100.00 0 0.00 0
*10/*41 1 143 100.00 0 0.00 0
*2/%2XN/*39/*4/*10 1 143 100.00 0 0.00 0
*10/*2/*41 1 143 100.00 0 0.00 0
*IXN/*39/%7 0 0.00 0.00 1 143 100
*2/*2XN/*39/*3B 1 143 100.00 0 0.00 0
*39/%41 1 143 100.00 0 0.00 0
Total 70 100 70 100

100%, 18.75% vs 81.25%, 0% vs 100%, 12.5% vs 87.5%, 0%
vs 100%, 0% vs 100%, 100 vs 0% and 0% vs 100%, respec-
tively). The allelic combination of CYP2D6*2XN/*39/%41
and CYP2D6*2/*10/*41 showed significant differences in
both groups, while the allelic combination of CYP2D6*2/*3B
showed no significant differences in frequency or percentage
in the recurrent group versus the nonrecurrent group of breast
cancer patients.

Odds and risk ratios of the detected alleles of the CYP2D6
gene in the development of recurrence in breast cancer
patients treated with tamoxifen

Table 5 shows that CYP2D6*41 has a significant effect on
increasing recurrence in breast cancer patients (odds ratio
2.06, p<0.05) (risk ratio 1.34, p<0.05). Similarly, CYP2D6*10
and CYP2D6*4 had negative effects on recurrence develop-
ment (odds ratio 3.3, p<0.05, risk ratio 1.52, p<0.05, odds ratio
6.53, p<0.05, risk ratio 1.72, p<0.05, respectively).
Concerning CYP2D6*2XN and CYP2D6*39 alleles
Table 5 shows that they have a significant effect in attenu-
ating the recurrence of breast cancer patients of current
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study (odds ratio 0.23, p<0.05; risk ratio 0.38, p<0.05; odds
ratio 0.24, p<0.05; and risk ratio 0.396, p<0.05, respectively),
while both CYP2D6*3B and CYP2D6*7 alleles had no effect
on the development of breast cancer recurrence (odds ratio
1.96, p>0.05), (risk ratio 1.32, p>0.05) for CYP2D6*3B or
CYP2D6*7 (odds ratio 0.32, p>0.05; (risk ratio 0.49, p>0.05,
respectively).

The Odds and Risk ratios of the Allelic Combinations of
CYP2D6 Gene in the Development of Recurrence in Breast
Cancer Patients treated with Tamoxifen

Table 6 shows that allelic combinations of CYP2D6
*2/*41; CYP2D6*4/*10/*41; CYP2D6*2/*10/*41; CYP2D6
*2/*4/*10/*41; CYP2D6*2/*4/*10; CYP2D6*4/*10; CYP2D6
*41; CYP2D6*10; CYP2D6*2/*4/*41; CYP2D6*10/*41; CYP2
D6*2/*2XN/*39/*4/*10;  CYP2D6* 10/*2/*41; CYP2D6
*2/*2XN/*39/*3B; and CYP2D6*39/*41 significantly pro-
moted recurrence in breast cancer patients of the current
study (odds ratio 8.3, P<0.05; risk ratio 3.75, P<0.05; odds ratio
75.28, P<0.005; risk ratio 6, P<0.05; odds ratio 6.66, P<0.05;
risk ratio 3.42, P<0.05; odds ratio 48.71, P<0.05; risk ratio 6,
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Table 5. Odds and risk ratios of detected alleles of the CYP2D6 gene in the development of recurrence in breast cancer

patients treated with tamoxifen

Alleles 0Odds ratio C1-95 p Risk ratio Q1-95 P Significant effect
1

2

*41 2.06 1.1317-3.78 0.018 1.34 1.0523-1.7154 0.017 bad

*39 0.23 0.0948-0.590 0.002 0.38 0.1925-0.7698 0.007 good

*10 33 1.3693-7.989 0.007 1.52 1.1711-1.9921 0.0018 bad

*2XN 0.24 0.0979-0.613 0.002 0.396 0.1985-0.7901 0.0086 good

*4 6.53 1.8240-23.40 0.003 1.72 1.3393-2.213 <0.0001 bad

*3B 1.96 0.1721-22.321 0.58 1.32 0.5793-3.007 0.5 no effect

*7 032 0.0182-11.37 0.49 0.49 0.0445-5.502 0.56 no effect

Significant difference at P < 0.05.

Table 6. 0dds and risk ratios of allelic combinations of the CYP2D6 gene in development of recurrence in breast cancer patients treated

with tamoxifen

Alleliccombinations  0dds ratio C1-95 P-value  Risk ratio C1-95 P-value Significant effect
*2/*41 8.33 2.1166 — 32.8091 0.002 3.75 1.3044-10.7807 0.014 Bad
*2XN/*39 0.16 0.0078 - 3.469 0.24 0.19 0.0109-3.4597 0.26 No effect
*2/¥2XN/*39 0.71 0.0626 - 8.150 0.7 0.75 0.0914-6.1517 0.78 No effect
*4/*10/*41 75.28 34633 — 1636.5545 0.0059 6 2.1356-16.8571 0.0007 Bad
*2XN/*39/%41 3.75 0.5370 - 26.18%4 0.18 2.57 0.6725-9.8323 0.16 No effect
*2/¥10/*41 6.66 0.9546 — 46.5589 0.055 342 1.0163-11.5671 0.047 Bad
*2/*4/%10/*41 4871 2.1536-1101.9153 0.014 6 2.1356-16.8571 0.0007 Bad
*2/*4/%10 10 0.6709 — 149.0465 0.094 4 1.0829-14.7754 0.037 Bad
*4/*10 31 1.2864 - 747.0733 0.034 6 2.1356-16.8571 0.0007 Bad

*41 10 0.6709 — 149.0465 0.094 4 1.0829 to 14.7754 0.037 Bad
*2/*¥2XN/*39/%41 0.88 0.0343 - 22.8527 0.94 0.9 0.0607 to 134828 0.94 No effect
*10 22.14 0.8582 - 571.3165 0.061 6 2.1356 10 16.8571 0.0007 Bad
*2XN/*39, *10/*4 0.88 0.0343 - 22.8527 0.94 0.9 0.0607 to 134828 0.94 No effect
*2/10 0.88 0.0343 - 22.8527 0.94 0.9 0.0607 to 13.4828 0.4 No effect
*2/%3B 5 0.2400 - 104.1526 0.29 3 0.5326 t0 16.8976 0.21 No effect
*2/*4%41 13.28 0.4415 - 399.8366 0.13 6 2.1356 10 16.8571 0.0007 Bad
*10/*41 13.28 0.4415 - 399.8366 0.13 6 2.1356 t0 16.8571 0.0007 Bad
*2/*2XN/ *39/*4/*10 13.28 0.4415 - 399.8366 0.13 6 2.1356 10 16.8571 0.0007 Bad
*10/%2/*41 13.28 0.4415 —399.8366 0.13 6 2.1356 t0 16.8571 0.0007 Bad
*2XN/*39/%7 147 0.0491 — 44.4263 0.82 1.35 0.1028 to 17.9153 0.81 No effect
*2/*2XN/*39/*3B 13.28 0.4415 — 399.8366 0.13 6 2.1356 10 16.8571 0.0007 Bad
*39/*41 13.28 0.4415 —399.8366 0.13 6 2.1356 10 16.8571 0.0007 Bad

P<0.05; odds ratio 10, P>0.05; risk ratio 4, P<0.05; odds ratio
31, P<0.05; risk ratio 6, P<0.05; odds ratio 10, P>0.05; risk
ratio 4, P<0.05; odds ratio 22.14, P>0.05; risk ratio 6, P<0.05;
odds ratio 13.28, P>0.05; risk ratio 6, P<0.05; odds ratio 13.28,
P>0.05; risk ratio 6, P<0.05; odds ratio 13.28, P>0.05; risk
ratio 6, P<0.05; odds ratio 13.28, P>0.05; risk ratio 6, P<0.05;
odds ratio 13.28, P>0.05; risk ratio 6, P<0.05; odds ratio 13.28,
P>0.05; risk ratio 6, P<0.05, respectively. In contrast, allelic
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combinations of CYP2D6*2XN/*39; CYP2D6*2/*2XN/*39;
CYP2D6*2XN/*39/*41; CYP2D6*2/*2XN/*39/*41; CYP2D6
*2XN/*39/%10/%4; CYP2D6 *2/*10; CYP2D6 *2/*3B and
*2XN/*39/*7 had no significant effect on the development of
breast cancer recurrence (odds ratio 0.16, P>0.05; risk ratio
0.19, P>0.05; odds ratio 0.71, P>0.05; risk ratio 0.75, P>0.05;
odds ratio 3.75, P>0.05; risk ratio 2.75, P>0.05; odds ratio
0.88, P>0.05; risk ratio 0.9, P>0.05; odds ratio 0.88, P>0.05;
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risk ratio 0.9, P>0.05; odds ratio 0.05, P>0.05; odds ratio 0.05,
P>0.05; odds ratio 0.05, P>0.05; odds ratio 0.05, P>0.05; odds
ratio 0.05, P>0.05; and odds ratio 0.05, P>0.05, respectively.

Recurrence Free Survival (RFS)

Recurrence free survival (RFS) in recurrent versus
nonrecurrent groups of breast cancer patients

Recurrence free survival (RFS) period in the recurrent group
of breast cancer patients treated with tamoxifen showed a
lower significant difference (mean 2.61, median 2.4 years)
than that in the nonrecurrent group (mean 5.32, median 5.05
years) (P<0.0001), as shown in Figure 1.

Recurrence free survival (RFS) among different allelic
combinations of the CYP2D6 gene detected in breast
cancer patients

Figure 2 shows that there were significant differences in
median and mean recurrence free survival (RFS) among dif-
ferent allelic combinations detected in breast cancer patients
in the current study (ANOVA P<0.05; Kruskal-Wallis P<0.05).

Present study determined that patients with the
CYP2D6*4/*10/*41 genotype had the shortest RES (mean 2.01
years, median 1.9 years). Additionally, the study population
demonstrated that breast cancer patients with allelic combina-
tions of *2/*4/*10, *4/*10, *2/*4/*10/*41, *41, and *2/*10/*41
exhibited shorter RFS (mean 2.87 years, median 2.4 years;
mean 2.37 years, median 2.6 years; mean 2.24 years, median
2.1 years; mean 2.83 years, median 2.2 years; and mean 2.94
years, median 2.3 years, respectively. In contrast, participants
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Fig. 1 The number of patients in recurrent (R) and non-recurrent
(NR) groups who are free of recurrence plotted with time in years
after diagnosis.
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Fig 2. The percentage of patients with different allelic combina-
tions who are free of recurrence plotted with time relapsed after
diagnosis.

442

SSA. Alietal.

with *2XN/*39, *2/*2XN/*39 and *2 had significantly longer
RFS (ANOVA P< 0.05; Kruskal-Wallis, P<0.0001; mean 6.07
years, median 5.95 years; mean 5.63 years, median 5.8 years;
and mean 5.29 years, median 5.15 years, respectively. Patients
with CYP2D6*2/*41 and CYP2D6*2XN/*39/*41 genotypes in
the current study had RFS of mean 3.49 years, median 3.15
years and mean 4.6 years, median 4.85 years.

Recurrence free survival (RFS) in breast cancer patients
with and without CYP2D6 gene alleles *4, *10, and *41

Breast cancer patients who had the CYP2D6 gene without
alleles *4, *10, or *41 in the current study showed a signifi-
cantly longer (mean 5.54, median 5.5) recurrence-free survival
(RES) than patients who had the CYP2D6 gene with alleles
*4, *10, or *41 (mean 3.28, median 3.1) (P value< 0.0001), as
shown in Figure 3.

Discussion

Tamoxifen, a selective estrogen receptor modulator, is gener-
ally used for the treatment and prevention of breast cancer."
The clinical response to tamoxifen is highly variable among
patients,'” and identification of factors that contribute to this
variability is important, particularly in the era of personalized
medicine. Tamoxifen undergoes extensive hepatic and gut
metabolism mediated by many CYP450 enzymes."* The most
important enzyme involved in the metabolism of tamoxifen,
which is highly polymorphic, is CYP2D6, and polymorphisms
in the gene encoding the CYP2D6 enzyme may influence the
plasma level of tamoxifen and its metabolites, as well as the
clinical outcome of breast cancer."

To the best of our knowledge, this is the first study inves-
tigating a purely perimenopausal Iraqi breast cancer popu-
lation for interindividual variability of the CYP2D6 gene, its
involvement in tamoxifen metabolism and its influence on
clinical outcome.

This study on breast cancer patients accounts for poten-
tial determinants of tamoxifen response, including tamoxifen
metabolite, CYD2D6 genotype, and clinical outcome by meas-
uring disease free survival from the diagnosis of breast cancer
until the recurrence date.

CYP2D6 Genotyping

CYP2D6 is highly variable in the human population,”” mostly
as a result of polymorphisms in the CYP2D6 gene with more
than 80 genetic variants.'®"”
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Fig. 3 The percentage of patients with allelic *4, *10 and *41
versus those without *4, *10, and *41 who are free of recurrence
plotted with time elapsed after diagnosis.
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An exhaustive genetic analysis of the CYP2D6 gene in
breast cancer patients was performed by screening for dif-
ferent genetic variants. The DNA of 140 breast cancer patients
participating in the present study was examined for the detec-
tion of CYP2D6 alleles. Genomic DNA was extracted from
peripheral whole blood of each patient using a DNA extrac-
tion kit, and the CYP2D6 alleles were genotyped using poly-
merase chain reaction (PCR).

Amplicons of PCR were sequenced, and the results of
sequencing were analyzed using Geneious software. The
CYP2D6 genotype of each individual breast cancer patient in
the present study was determined.

Prevalence of detected alleles of the CYP2D6 gene within
breast cancer patients

Variation in the CYP2D6 gene is high among different
populations and among individuals in the same population'
Genotype testing determined the frequencies and percentages
of CYP2D6 alleles within breast cancer patients in this study,
as presented in Table 1.

The most frequent allele among all 140 women with
breast cancer recruited in this study was CYP2D6*2, which
contains a point mutation that does not affect the catalytic
properties of the gene product, the frequency or the per-
centage of CYP2D6*2 (95, 30.94%), while CYP2D6*1, which
is the wild type allele that codes for a fully functional enzyme,
was detected at very low frequency and percentage.

Frequencies of 31% for the wild type allele and 40.47%
for allele 2 were reported in the general Spanish population,
whereas the Caucasian population showed frequencies of
33-37% for allele 1 and 22-33% for allele 2.%° In African
Americans and Asians, the frequencies of CYP2D6*1 were
28-50% and 23-42%, respectively, while frequencies of
11-78% and 9-20% were detected in African American and
Asian breast cancer patients for allele 2, respectively.”"**

In contrast to other results that did not detect the pres-
ence of allele *39, which has normal functional activity,” this
study identified the CYP2D6*39 allele with frequency and
percentage of 34 and 11.07%, respectively.

Alleles with decreased enzymatic activity that were most
frequently identified in the present study were CYP2D6*41
and CYP2D6*10, with frequency and percentage of each allele
of 83, 27.04%, 32, and 10.42%, respectively. Results demon-
strated an allelic frequency for CYP2D6*10 of 10.42%, which
is higher than that of Mexican Americans at a frequency of
7.4%" and lower than that of the Mexican Mestizo population
at a frequency of 12.45%” and in Colombia with a frequency
of 17.5%.*°

The CYP2D6*10 allele is the most common reduced
function allele in Asian populations with a frequency of (38—
70%).”* The CYP2D6*10 allele has a high frequency of 50.7%
in Chinese” and 38.1% in Japanese® populations, while in
African American and Caucasian populations, the frequency
of CYP2D6*10 was 1.9-8% and 3.1-8.6% respectively.

The findings of this study showed that CYP2D6*41 is the
most prevalent allele with reduced enzymaticactivity frequency
(27.04%), which is a higher percentage than in another study
performed in Spanish patients who that detected the allele
with a frequency of 6.43%.” The frequency of the CYP2D6%*41
allele in Caucasians is 8%, while there is no registration of this
allele in African American or Asian populations.”

Alleles that code for null functional activity that were
identified in participating women included CYP2D6*4,

J Contemp Med Sci I Vol. 9, No. 6, November—-December 2023: 436-448

Original

Impact of CYP2D6 Polymorphisms on the Efficacy of Tamoxifen in Iragi Women With Breast Cancer

CYP2D6*3B and CYP2D6*7. CYP2D6*4 showed the highest
frequency and percentage of null functional alleles detected
in the recruited population (24, 7.82%), while the CYP2D6*7
allele showed the lowest frequency and percentage (1, 0.33%),
and the CYP2D6*3B null allele was detected with a frequency
and percentage of 3 and 0.98%. The findings of the present
study demonstrate that the CYP2D6*4 allele is the most prev-
alent null function allele at a frequency of 7.82%, similar to
other studies that showed allele 4 with the highest frequency
among absent functional alleles at 18.4% and 15.4%.’'

In the Caucasian population, the most common nonfunc-
tional allele is CYP2D6*4 at a frequency of 20%, but the fre-
quency of this allele is rare among Asian and Black African
populations.*®

CYP2D6*7 and CYP2D6*3B were detected in the cur-
rent study with the lowest frequency of null functional alleles,
in contrast to other results that did not detect these alleles,”
while the CYP2D6*7 allele was detected in another study with
a frequency of 0.5%.%

Gene amplification or duplication of functionally active
CYP2D6 alleles is the genetic basis of the UM phenotype,
resulting in increased enzymatic activity.”’ Gene duplication
(CYP2D6 *2XN) was found in 10.75% of the population ana-
lyzed in this study, which is close to the range reported for
Spaniards (7-10%)** and slightly lower than the frequency
reported in the Mexican Mestizo population (12.76%). In
Caucasians, the percentage of subjects having duplicated/mul-
tiple duplicated genes is 1-2% in Sweden,” 7-10% in Spain,*
3.6% in Germany™ and 10% in Sicily.** Black Ethiopians have
the highest percentage of duplicated alleles at 29%.”

Among European Caucasians, Spaniards and Mexican
Mestizo distinguish themselves by having both the lowest per-
centage of null functional alleles (CYP2D6*4) and the highest
percentage of duplicated alleles;” in this regard, the data of
the current study for CYP2D6*4 and CYP2D6 *2XN did not
follow this pattern.

The present data did not report any subject having null
functional alleles (CYP2D6 *3, *5, *6), in contrast to other
studies that reported allele frequencies of 1.4%, 1.9%, and
1.4%, respectively.’®

The current study did not identify any individual carrying
the low-frequency alleles (CYP2D6*8, *11, *14, *15, *18, * 19,
*20, *25, %26, *30, *31, *35, *36 or *40). These findings were in
agreement with the findings of other studies.’”

These variants result in poor, intermediate, extensive or
ultra-rapid metabolizers of the CYP2D6 phenotype; among
Caucasians, approximately 7-10% of individuals are PM,
10-15% are IM, and up to 10-15% are UM.*

This study offers insight into the different alleles of
CYP2D6 and highlights the possible clinical outcomes of
treatment with tamoxifen in breast cancer patients with dis-
tinct genotypes. The current study is an important clinical
study because genetic polymorphisms of CYP2D6 that impair
or abolish enzyme function are common in all ethnic groups;
in addition, allele frequencies differ among different ethnic
groups.” For example, CYP2D6*2, *3, *4, *5, *6, *10 and
*41 alleles are common in white subjects, and CYP2D6*17 is
common in Africans and African Americans, with a percentage
of 20-35%. Similarly, CYP2D6*2 is the most common in black
subjects, CYP2D6*10 is most common in Asian subjects, with
a percentage of more than 50%, and 3-9% is common in Afri-
cans;***! furthermore a large number of CYP2D6 variants with
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lower frequencies resulting in reduced activity contribute to
extensive individual variation.*

The probable explanation of these conflicting results may
be related to the relatively small sample sizes of these different
studies, different patient populations,” and diverse methods
of CYP2D6 genotyping.****

At present, there is controversy regarding the efficacy
of tamoxifen in breast cancer patients who are carriers of
CYP2D6 gene polymorphisms in terms of recurrence. Con-
sequently, the aim of the present study was to investigate
the association of CYP2D6 gene polymorphisms with breast
cancer recurrence by determining the frequency and per-
centage of distinct alleles in recurrent versus nonrecurrent
groups, as shown in Table 2.

In the present study, the most common allelic variant
among the 140 patients assessed was the normal variant
CYP2D6*2. Patients in the recurrent group and patients in
the nonrecurrent group showed nearly the same percentage of
the CYP2D6*2 allele (50.53% and 49.47%, respectively), while
in another study, both recurrent and nonrecurrent patients
showed the percentage of the CYP2D6*2 allele (14.2% and
17.9%, respectively).”

Concerning CYP2D6%1, the wild type allele was detected
in two patients in the nonrecurrent group with no detection in
the recurrent group, while another study showed a percentage
of 65% and 45% in the recurrent and nonrecurrent groups,
respectively.’

In the present study, CYP2D6*39 exhibited a significant
difference in percentage between the recurrent and nonrecur-
rent groups (20.59% and 79.41%, respectively), in contrast to
other studies that did not determine this allele in either group
of patients.”

CYP2D6*4 is the most important null allelic variant
responsible for abolishing enzymatic activity, and it is the
most predominant null variant in the studied populations of
the present study. There was a highly significant difference in
percentage in the recurrent group compared to the noncurrent
group, while another study showed no significant difference
between the recurrent and nonrecurrent groups.*

The assay validated detection of the CYP2D6*41 variant
allele as the most prevalent reduced function allele, which
was significantly higher in the recurrent group (68.67%) than
in the nonrecurrent group (31.33%). These findings contra-
dict the findings reported by other authors who determined
that there was no difference in percentages of this allele
between recurrent and nonrecurrent groups (10.4% and 9.4%,
respectively).”

The high frequency of allelic variant *10, which is pre-
dominant in Asians and relatively rare in Caucasians,” was
assessed in the present study at a percentage of (10.42%), with
a significantly higher percentage in recurrent (78.13%) versus
nonrecurrent (21.88%) patients, in contrast to other studies,
which showed the same percentage in both groups (1.9%).
In another study, the percentage in the recurrent group was
(10%), while that in the nonrecurrent group was (7%).!

The CYP2D6*2XN variant is associated with increased
enzymatic activity. In regard to the current data, there was a
higher percentage of allele *2XN in the nonrecurrent group
(78.79%) than in the recurrent group (21.21%), while another
study showed the same percentage of this allele in the recur-
rent and nonrecurrent groups (0.9%)." Concerning the
CYP2D6*3B allele that was detected in this study, this null
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function allele was observed in two patients in the recurrent
group and one patient in the nonrecurrent group. Regarding
the CYP2D6*7 allele, which has no enzymatic activity, the
present results showed that only one subject in the nonrecur-
rent group had this allele, which is similar to another study.’ As
a consequence, the findings of the present study determined
that CYP2D6*4, *10, and *41 were significantly associated
within the recurrent group of breast cancer patients, which
is comparable to some findings in other studies showing that
tumors with CYP2D6*4, *10, and *17 are more aggressive and
tamoxifen-resistant breast cancers of a recurrent nature,***
in contrast to other studies that did not report any significant
association of these CYP2D6 gene variants with breast cancer
recurrence in patients receiving tamoxifen.””*' These studies
are inconsistent due to variances in study design, sample size
and tamoxifen adherence.”

The predicted CYP2D6 phenotype can be derived from
patient CYP2D6 alleles and classified into 4 categories as pre-
viously mentioned: extensive metabolizer or normal activity
(EM), which includes functional or wild type (wt) alleles
(e.g., CYP2D6*1, *2, *35), intermediate metabolizer (IM),
which include alleles with reduced enzymatic activity (e.g.,
CYP2D6*9, *10, *17, *41), poor metabolizer (PM), which
includes null alleles having no activity (e.g., CYP2D6*3, *4,
*5, *6, 7, *3B), and ultra-metabolizer (UM), which refers to
a subset of patients having multiple copies of the wild type or
normal CYP2D6 alleles and therefore high enzymatic activity
(e.g. ,CYP2D6*1X N, *2XN, *35XN).*

Data obtained in the current study showed that the
CYP2D6 gene of 140 Iraqi breast cancer patients was com-
prised of different allelic combinations with different frequen-
cies and percentages , as shown in Table 3.

The most common allelic combination of the CYP2D6
gene in the entire population of the present study was (*2/%41)
at percentage of 34.29%, which is the highest percentage
of allelic combinations detected in recruited women. This
finding was different from the finding of previous studies,
which showed much lower percentages than reported in the
present results (1.1%) in a Spanish population, and a per-
centage of 0.6% was reported in a study of breast cancer
patients recruited from Washington, Michigan and Indian
cancer centers.”

This study identified allelic combinations *2Xn/*39,
2/*2Xn/39, *4/*10/*41, *2Xn/*39/*41, *2/*10/%41,
2/*4/*10/%41, *2/*4/*10, *2/*2Xn/*39/*41, *2Xn/*39/*10/*4,
*2/3B,2/*4/*41,*2/*2Xn/*39/*4/*10, *10/*2/*41, *2Xn/*39/*7,
*2/*2Xn/*39/*3B, and *39/*41 with variable percentages.
These findings conflict with findings reported by other studies
as they showed completely different genotyping.”***

Concerning the CYP2D6*2 genotype, the present study
detected this genotype with a frequency of 16 and percentage
of 11.43%. Certain studies reported the CYP2D6*2 genotype
at a frequency of 2.47%* (Jorge et al., 1999), while others
detected this genotype at percentages of 6.7%° and of 3.3%.”

Regarding the CYP2D6*10 genotype, 2 of 140 breast
cancer patients in the recruited population had this genotype,
and the percentage of this genotype in the present study was
1.43%, while another study showed this genotype at a fre-
quency of 0.82%” and a frequency of 22.4%.*

The present study showed that the frequency and per-
centage of CYP2D6*4/*10 genotypes were 3 and 2.14%,
respectively. However, another study showed a contradictory
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result that did not detect the presence of this allelic combina-
tion'**® while another study showed the CYP2D6¥4/*10 geno-
type at a frequency of 2.2%.”

The CYP2D6*1 genotype was determined in the study at
a frequency and percentage of 2 and 1.43%, respectively, which
is very low compared to other studies.”*

The present data showed that the CYP2D6*41 genotype
percentage was 2.14%, while other studies did not detect this
genotype.”’

Allelic ~ combinations  of  CYP2D6*2/*10  and
CYP2D6*10/*41 genotypes were detected with frequencies
and percentages of 2, 1.43%, 1, and 0.71%, respectively, in
contrast to other studies that showed no determination of
these allelic combinations in their results.”* In contrast, the
CYP2D6*2/*10 genotype was detected in other studies at a
frequency of 9.47% or a frequency of 2.2%.” Although it is
difficult to predict enzymatic activity of the detected allelic
combinations for CYP2D6 in the study according to their
four categories mentioned above, because many of the par-
ticipated patients had more than two alleles, according to the
CYP2D6-predicted phenotype, allelic combinations in the
this study can be classified into different phenotypic groups
as shown in Table 3.

The extensive metabolizer (EM)/intermediate metab-
olizer (IM) genotype group that was detected in the present
study included three allelic combinations of CYP2D6*2/*10,
CYP2D6*2/*41 and CYP2D6*39/*41. Additionally, the ultra-
rapid metabolizer (UM)/extensive metabolizer (EM) pheno-
type group was primarily composed of the *2XN/*39 genotype,
and the EM/UM/EM phenotype included the *2/*2XN/39
genotype. Allelic combinations of *4/*10/*41, *2Xn/*39/*41,
*2/%10/*41,  2/*4/*10/*41,  *2/*4/*10, *2/*2XN/*39/*41,
*2XN/*39/*10/*4, *2/3B, 2/*4/*41, *2/*2XN/*39/*4/*10,
*10/*2/*41, *2XN/*39/*7 and *2/*2XN/*39/*3B can be clas-
sified phenotypically, respectively into the following: PM/
IM/IM; UM/EM/IM; EM/IM/IM; EM/PM/IM/IM; EM/PM/
IM; EM/UM/EM/IM; UM/EM/IM/PM; EM/PM; EM/PM/
IM; EM/UM/EM/PM/IM; IM/EM/IM; UM/EM/PM and EM/
UM/EM/PM.

The PM/IM group was composed of 4/*10 genotypes,
and the study population had an IM/IM phenotype that was
composed of *10/*41 genotypes. Furthermore, the present
study detected the IM phenotype, which was composed of
CYP2D6*10 and CYP2D6*41 genotypes, while the EM group
was composed of CYP2D6*1 and CYP2D6*2 genotypes.

In contrast to the findings of the present study that
detected these allelic combinations with variable predicted
phenotypes and variable percentages, other results reported
different CYP2D6 genotype with different predicted pheno-
types and different percentages: PM/PM, 4.4%; PM/IM, 3.8%;
IM/IM, 3.8%; EM/PM, 26.6%; EM/IM, 17.7%; EM/EM, 38%
and UM/EM, 4.4%,” and different genotypes with different
percentages were observed in another study as well: EM/UM
(6.5%), EM/EM (31.2%), EM/IM (15.4%), EM/PM (34.8%),
IM/IM (1.1%), IM/PM (3.9%) and PM/PM (7.2%).”

Among patients in this analysis, the allelic combinations
of CYP2D6 that were detected in the current study exhibited
significant variable percentages within the recurrent and non-
recurrent groups of breast cancer patients; additionally, these
genotypes were detected in the current study with significantly
different percentages within recurrent versus nonrecurrent
tumors as shown in Table 4.
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As a consequence, the present analysis postulates that
these significant variabilities in the percentages of CYP2D6
genotypes (allelic combinations) within recurrent and nonre-
current groups may affect the enzymatic activity of CYP2D6
and, consequently, tamoxifen efficacy.

The first clinical evidence correlating CYP2D6 activity
with the tamoxifen response was reported by,” with inclusion
of only the CYP2D6*4 and CYP2D6*6 alleles. The authors
reported that the CYP2D6*4 allele was a predictor of recur-
rence risk.

The present analysis linking alleles of the CYP2D6 gene to
the development of recurrence in Iraqi breast cancer patients
treated with tamoxifen in terms of odds and risk ratios is
shown in Table 5.

Although some studies have shown a significant effect of
the CYP2D6 genotype on the development of breast cancer
recurrence™® others have not shown this correlation.®"®
However, there is controversy between positive and negative
findings regarding the effect of CYP2D6 polymorphisms on
clinical outcomes.®

The findings of the current study demonstrated that
women harboring the CYP2D6*41 allele had a significantly
worse prognosis with respect to recurrence, which is con-
sistent with other authors that genotyped for CYP2D6*41 and
*10 alleles, and their study reported that patients who carried
these alleles had significantly increased relapse compared to
carriers of functional alleles.”

This study revealed that CYP2D6*4 and CYP2D6*10
alleles had a significant promoting effect on recurrence devel-
opment. Another study showed no significant association
between the CYP2D6*4 genotype and disease recurrencem,®
while others showed a protective effect of the CYP2D6*4
allele.”

The present study showed that patients treated with
tamoxifen who carried CYP2D6*39 and CYP2D6*2XN alleles
had a significantly protective effect on recurrence develop-
ment. Similarly, among patients with wild type CYP2De,
the outcome was normal and similar in both CYP2D6*1 and
CYP2D6*2 alleles. Surprisingly, another study reported that
women harboring wild type alleles showed similar outcomes
between tamoxifen- and nontamoxifen-treated patients.*’

In women in this study who carried CYP2D6*3B and
CYP2D6*7 alleles, the outcome of disease recurrence was not
affected.

Several investigators have addressed the relationship
between CYP2D6 genotype and clinical outcome in women
treated with tamoxifen in terms of hazard ratio, some of which
have been consistent with Goetz’s initial findings®* while
others failed to support their finding.® Remarkably, another
study established the opposite effect.*’

Additionally, the results considered in this study that
were conducted in a sample of Iraqi women with breast cancer
treated with tamoxifen related the genetic variant of CYP2D6
with the outcome of women treated with adjuvant tamoxifen
by determining the odds and risk ratios of allelic combina-
tions of the CYP2D6 gene in the development of breast cancer
recurrence (Table 6).

Among patients in the present study, the allelic com-
bination of CYP2D6*2/*41 had a significantly promoting
effect on recurrence development. Similarly, the present
findings revealed that the allelic combinations of *4/*¥10/*41,
*10/*2/*41, *2/*4/*10/*41, *2/*4/*10, *4/*10, *41, *10, and
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*2/*4/*41 had a worse significant effect on disease prog-
nosis. However, the study determined that patients harboring
allelic combinations of *2XN/*39, 2/*2XN/39, *2XN/*39/*41,
*2/*2XN/*39/*41, *2XN/*39/*10/*4, *10/*2 and *2/3B had no
significant effect on recurrence development.

The present study evaluated the association between gene
polymorphisms and the clinical outcome of breast cancer
patients by determining RFS.

The data obtained from the current study showed that
women with recurrent breast cancer had reduced mean and
median recurrence free survival (RFS) compared to nonre-
current breast cancer patients (P< 0.01, Mann-Whitney test <
0.01) (Figure 1).

The findings of the present study determined the asso-
ciation of RFS among different CYP2D6 genotypes detected
in participating women (Figure 2). This study determined
that patients with the CYP2D6*4/*10/*41 genotype had worse
RFS. Additionally, the study population revealed that breast
cancer patients with allelic combinations of *2/*4/*10, *4/*10,
*2/*4/*10/*41, *41, and *2/*10/*41 had poor clinical out-
comes, as they had shorter times to recurrence (ANOVA P<
0.01; Kruskal-Wallis P<0.01).

In contrast, participants with *2XN/*39, *2/*2XN/*39
and *2 had the best clinical outcomes among our study pop-
ulation, as they had significantly higher RFS (ANOVA P<
0.01; Kruskal-Wallis P<0.01). Patients with CYP2D6*2/*41
and CYP2D6*2XN/*39/%41 genotypes in the study had RFS
of mean 3.49 years, median 3.15 years and mean 4.6 years,
median 4.85 years, respectively.

In addition to determining the association between dif-
ferent CYP2D6 genotypes and RFS in the studied population,
the present clinical study found that participants harboring
the CYP2D6 gene with alleles *4, *10, and *41 had poorer
clinical outcomes and shorter times to recurrence than those
without these alleles (P< 0.01, Mann-Whitney test < 0.01)
(Figure 3).

Numerous studies regarding treatment and clinical out-
comes in adjuvant and/or metastatic settings have reported
that patients with impaired CYP2D6 enzymatic activity
appeared to have a considerably higher recurrence rate of
breast cancer than those with normal CYP2D6 enzyme
activity®™®” signifying that variants associated with reduced
function alleles (*4, *10 and *41) are powerful predictors of
tamoxifen ‘s anticancer efficacy."**®

SSA. Alietal.

Overall, the findings of this study suggest that interin-
dividual variation in the tamoxifen response and clinical out-
come may be explained in part by genetic variation in CYP2D6
enzyme, which is characterized by variable RFS periods. How-
ever, the discordant findings may reflect the variability in dose
and duration of tamoxifen therapy, concomitant medications,
discrepancy in the inclusion and exclusion of events and diverse
methods of CYP2D6 genotyping, which makes it difficult to
compare results. Additionally, using variable endpoints as well
as the inconsistent description of these endpoints confound the
analysis of results and make comparisons variable and difficult.”

At the present time, there are not sufficient data to vali-
date adoption of genotyping the CYP2D6 enzyme into clinical
settings, so official recommendations on the incorporation
CYP2D6 genotypes into treatment decisions must wait for
further data from larger clinical trials.

Conclusion

The CYP2D6 enzyme in Iraqi breast cancer patients is highly
polymorphic and widely expressed genetic variable with dif-
ferent allelic combinations that are associated with variable
clinical outcomes. In summary, the interindividual variation
in response to tamoxifen therapy that is related in part to
genetic variability would improve the capability of physicians
to select the optimal endocrine therapy with the optimal dose
for breast cancer treatment. However, further evaluation of
the role of CYP2D6 is required with much larger sample sizes
from randomized trials.
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