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Introduction and aims: Tamoxifen is an adjuvant drug effective in treating hormone receptor —
positive breast cancer. However, 30%-50% of patients relapse and many develop adverse
effects, such as hot flashes and fatty liver. Allelic variations altering the activity of cytochrome
P450-2D6 enzyme affect response to tamoxifen by modulating metabolism of tamoxifen into
its pharmacologically active metabolite endoxifen. Although association between CYP2D6
polymorphisms and recurrence of breast cancer in patients on tamoxifen had been reported, little
evidence exists on association between these polymorphisms and adverse effects to tamoxifen.
This study explored the association between CYP2D6 polymorphisms and tamoxifen effects,
hitherto not studied in Sri Lanka.

Methods: A retrospective preliminary study was carried out on 24 breast cancer patients on
tamoxifen for minimally 3 months attending National Cancer Institute, Maharagama, Sri Lanka.
They were not on CYP2D6-inhibiting drugs, chemotherapy or other endocrine therapy, and had
no conditions that could occur as adverse effects to tamoxifen before starting the therapy. Their
blood samples were collected, DNA was extracted and genotyped using SNaPshot Multiplex
sequencing based single-nucleotide polymorphism (SNP) assay.

Results: SNP/allele frequencies detected: 1846G>A (confirmatory of *4 null allele)=8.3%;
2549del A (confirmatory of *3 null allele)=50%; 100C>T (suggestive of *10 reduced functional
allele, in addition to other alleles)=0%; combination of 2988G>A, —1584C and 2850C>T
(strongly suggestive of *41 or other reduced functional allele)=4.8%. Occurrence of hetero-
zygous 2988G>A SNP with —1584C and 2850C>T was significantly higher among those with
ultrasound-diagnosed fatty liver following the commencement of tamoxifen therapy (P=0.029).
Adverse effects occurred at a significantly higher frequency among postmenopausal women
(P=0.041). Three patients who developed recurrence of breast cancer had no association with
SNPs tested.

Conclusions: CYP2D6 SNP combination 2988G>A, —1584C and 2850C>T, strongly sugges-
tive of *41 reduced functional allele, is likely to be useful in predicting occurrence of adverse
effect fatty liver in breast cancer patients on tamoxifen, thereby alternative treatment can be
considered and lifestyle modifications implemented. Larger sample studies are recommended
with the measurement of tamoxifen and metabolite levels. Alternative therapy should be con-
sidered for postmenopausal patients.
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Introduction
Breast cancer is the commonest cancer among females in Sri Lanka, accounting for
27% of all cancers in women.' In 2010 in Sri Lanka, 2401 women were diagnosed with
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breast cancer (crude incidence rate=23.1, age standardized
rate=23.0) and 659 women died due to breast cancer (crude
death rate=6.3, age standardized rate=6.4).! One in 40 females
in Sri Lanka has a life-time risk of developing breast cancer.!

Estrogen receptor- and progesterone receptor-positive
(PgR") breast cancers depend on these hormones for their
growth and replication.” Most breast cancers (75%) are
estrogen receptor positive (ER"), and out of those, 65% are
also PgR*.3 Tamoxifen acts as an antagonist on ERs in breast
tissue* and blocks the effects of estrogen on proliferation
of breast cancer cells.’ It is effective in ~70% of ER* and/
or PgR" breast cancers.> However, 30%—-50% of patients on
tamoxifen therapy have been known to relapse.®

Tamoxifen is a pro drug. It must be metabolized into its
abundant and pharmacologically active metabolite endoxi-
fen (4-hydroxy-N-desmethyltamoxifen) to elicit its optimal
action.” Tamoxifen is a selective estrogen receptor modulator
(SERM).* It shows ER agonist, antagonist or mixed activity
in different tissues.’

Many patients on tamoxifen develop adverse effects to
this drug. They are frequently reported by patients as a rea-
son for discontinuation of therapy, which would otherwise
be potentially lifesaving.® The estrogenic or antiestrogenic
actions on non-breast tissues account for some of the unde-
sirable adverse effects of tamoxifen.

The commonest adverse effect of tamoxifen is hot
flashes.’ Fisher et al found that ~80% of women receiving
tamoxifen experienced hot flashes.” Hot flashes are sudden
and transient episodes of heat and sweating with possible
palpitations and anxiety.!? Their pathophysiology is unclear
and appears to involve thermoregulatory and neurochemical
disruptions.’ Estrogen appears to stabilize these thermoregu-
latory disruptions,'® but poor correlation of frequency and
severity of hot flashes with plasma estrogen levels suggest
that estrogen does not have an exclusive role in the patho-
physiology.® The antiestrogenic action of tamoxifen seems to
be responsible for the development of hot flashes.

Tamoxifen acts as an agonist on endometrial tissue.* It
stimulates the proliferation of endometrial cells and causes
endometrial thickening.® It also increases the risk of endo-
metrial cancer.’ Possibly through the same agonist action on
the uterus, it is also known to cause adverse effects, such
as uterine fibroids, post-menopausal vaginal bleeding and
menstrual changes.!!

Fatty liver or hepatic steatosis is the deposition of fat within
hepatocytes.'> Approximately 43% of patients on tamoxifen
therapy are known to develop fatty liver.!*> Tamoxifen-
induced hepatic steatosis is commonly of macrovesicular

type'* and is found to occur in the majority of patients
within the first 2 years of therapy.'* A study done by Cole
et al revealed that increased de novo fatty acid synthesis is
the primary event leading to tamoxifen-induced fatty liver
in the mouse.' This was explained by the marked decrease
in the phosphorylation, and thereby the activation of acetyl-
coenzyme A carboxylase, which catalyzes the committed
step in fatty acid synthesis.'® In vitro studies suggest that the
upregulation of sterol regulatory element-binding protein-1c
and its downstream lipogenesis target genes may be the key
mechanism of tamoxifen-induced hepatic steatosis.'> The
evidence for the effect of tamoxifen on fatty acid B-oxidation
is conflicting. Although Cole et al'* and Gudbrandsen et al'
found B-oxidation of fatty acids to be unchanged among
rodents, several others found that 3-oxidation was inhibited
with the use of tamoxifen.!>!”!® The remaining fatty acids
were found to be converted to triglycerides resulting in
hepatic steatosis.!?

The risk factors associated with the development of
tamoxifen-induced liver injury are the same factors asso-
ciated with traditional nonalcoholic fatty liver disease
(NAFLD), namely diabetes mellitus, hypertension, hyper-
lipidemia and obesity.'* Tamoxifen-induced macrovesicluar
steatosis is thought to occur mainly by worsening of underly-
ing NAFLD'"? and also by increasing the development of fatty
liver and retarding fatty liver improvement.'®

Serum aminotranferase levels are known to increase with
a number of liver abnormalities known to occur with long-
term tamoxifen therapy, such as fatty liver, steatohepatitis,
liver fibrosis, cirrhosis and rarely, acute liver injury, which is
considered to probably occur due to an idiosyncratic reaction
to a tamoxifen metabolite rather than estrogenic effects.?
Elevated liver enzymes usually return to normal within
6 months of stopping tamoxifen therapy.'* It is unclear which
particular metabolites of tamoxifen play specific roles in
causing liver abnormalities.?’ Increased transaminase levels
seen in tamoxifen-induced hepatic steatosis is attributed to the
inhibition of fatty acid B-oxidation, which causes inhibition
of the electron transport chain resulting in the formation of
reactive oxygen species (ROS)."? ROS interact with nonesteri-
fied polyunsaturated fatty acids (PUFA) to produce lipid per-
oxidation products, which cause hepatic damage.'? However,
only half of the patients who develop tamoxifen-associated
hepatic steatosis show increase in liver transaminase levels.'*

Metabolism of tamoxifen depends on hepatic cytochrome
P450 enzymes (CYPs). Tamoxifen is N-methylated to N-des-
methyltamoxifen, predominantly by CYP3A4/5.2! Tamoxi-
fen is also converted to 4-hydroxytamoxifen, principally
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by CYP2D6.? Both these metabolites are oxidized to form
endoxifen.’ Conversion of N-desmethyltamoxifen to endoxi-
fen is almost exclusively catalyzed by CYP2D6.2! Although
4-hydroxytamoxifen and endoxifen have equivalent anties-
trogenic potencies and have higher affinity to the ER than
tamoxifen or N-desmethyltamoxifen, endoxifen plasma con-
centrations are 6- to 12-fold higher than 4-hydroxytamoxifen.?!
Therefore, endoxifen is considered the main, abundant, phar-
macology-active metabolite of tamoxifen responsible for its
activity.**' Out of the two pathways of tamoxifen metabolism,
the formation of N-desmethyltamoxifen is the major route of
tamoxifen’s metabolism to endoxifen.?! Therefore, it is evident
that as the main pathway of the formation of endoxifen from
tamoxifen largely depends on CYP2D6, alterations in this
enzyme would considerably affect the activity of tamoxifen.
Groups of single-nucleotide polymorphisms (SNPs)
occurring in CYP2D6 gene result in numerous allelic varia-
tions. CYP2DG6 is a highly polymorphic gene and more than
100 alleles have been reported to date.?> The nucleotide
changes reported to date responsible for these alleles are
published in The Human Cytochrome P450 (CYP) Allele
Nomenclature Database,?? and those of the alleles selected
to be studied in this research are described in Table 1. Many
CYP2D6 alleles (and some SNPs alone) alter the level of
activity of the resulting CYP2D6 enzyme. Some alleles
render the resulting enzyme inactive (eg, *3 and *4).%2 Some
alleles (eg, *10, *17 and *41) reduce the level of activity of
the enzyme.?* Alleles such as *1 and *2 result in normally
functional enzyme.?? On the basis of CYP2D6 allele combina-
tions, 4 metabolizer phenotypes have been identified. They
are poor metabolizers (PM), intermediate metabolizers (IM),
extensive metabolizers (EM) and ultra-rapid metabolizers
(UM).2 Bearers of two inactive alleles are classified as PM.”
Those who carry one or two decreased activity alleles and
those who carry one inactive or decreased activity allele in
combination with a functional allele are categorized as IM.”
Those with more than two copies of functional alleles are
called UM.” People with normal enzyme activity are EM.?
The CYP2D6 allele variations and the resulting metabo-
lizer status phenotype show significant interethnic dif-
ferences. PM phenotype is predominantly found among
Caucasians with a high prevalence of 5%—10%, whereas
<1% of'the East Asians showed this phenotype.?* CYP2D6*4
null allele is most prevalent among Caucasians.”® 1846G>A
SNP exclusively found in the *4 allele? is confirmatory of
the presence of this allele. Another null functional allele
contributing to the PM phenotype, *3, has a deletion of an
adenine nucleotide at its 2549th position, which is specific to

this allele.”> CYP2D6*10 reduced-functional allelic variation
and the IM phenotype are most commonly found in Asians.?
CYP2D6*41 is also a reduced functional allele and a vari-
ant of CYP2D6*2.* They both contain 2850C>T, but only
CYP2D6%*41 has —1584C in its promoter region instead of
G.*In addition, CYP2D6*41 has the intron 6 SNP 2988G>A,
which has been unequivocally identified by Toscano et al as
the causative mutation responsible for the low expression of
this allele, with strong evidence for its modulating activity in
alternative splicing events.?* 2988G>A is also detected in two
other alleles: CYP2D6*69 which is a reduced functional allele
and CYP2D6*91 which causes a splicing defect with as yet
unreported activity level of the resulting enzyme.? Therefore,
although the presence of 2988G>A SNP is not confirmatory
of CYP2D6*41 allele, the presence of this SNP alone can be
considered to reduce the activity of the resulting enzyme.

To date, two studies have been published in Sri Lanka
on CYP2D6. Weerasuriya et al detected the CYP2D6*4
(CYP2D6B) null functional allele at an allele frequency of 9%
and did not detect the null functional CYP2D6*3 (CYP2D6A)
allele tested.” In 2013, Tharanga et al detected the following
alleles CYP2D6*3 (null functional), *70 (poorly functional),
*2 (functional) and *4 (null functional) at the respective allele
frequencies of 44.9%, 39.3%, 38.1% and 12.2%.%¢

Although variable associations between CYP2D6 poly-
morphisms and recurrence of breast cancer in patients on
tamoxifen have been reported throughout the world, little evi-
dence exists on association between these polymorphisms and
adverse effects to tamoxifen. Genetic functional polymor-
phisms of CYP450c17 gene, which codes for the P450c17o
enzyme responsible for regulating serum estrogen, has been
found to possibly influence the individual susceptibility to
develop tamoxifen-induced hepatic steatosis.?” However,
this enzyme does not alter the metabolism of tamoxifen.
The genetic polymorphisms with direct effect on tamoxifen
metabolism and their association with the development of
adverse effects to tamoxifen need to be studied further.

This study explored the association between CYP2D6
polymorphisms and tamoxifen effects, hitherto not studied
in Sri Lanka.

Methods

Ethical clearance for this study was obtained from the Ethi-
cal Review Committee, Faculty of Medicine, University of
Colombo, Sri Lanka (EC-15-024).

A preliminary retrospective study was carried out on 24
breast cancer patients during May to July 2015, who have
been on tamoxifen 20 mg daily for minimally 3 months.
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All study participants recruited were breast cancer
patients who were registered to obtain treatment at National
Cancer Institute, Maharagama, Sri Lanka. Patients attended
the hospital clinic at frequencies such as once a month, once
in 3 months or once in 6 months, depending on the progress of
their treatment. Each patient had a file maintained under her
name in the clinic, which contained her bed head tickets of
hospital admissions, records of clinical assessments by doc-
tors during clinic visits, investigation reports and drug charts.

Study participants were recruited on a day of their routine
clinic visit. Prior to recruitment, patients were assessed for exclu-
sion criteria. Those who were concurrently on other medicines
known to inhibit CYP2D6, cytotoxic chemotherapy and other
endocrine therapy, as recorded on the patients’ drug charts in
the hospital records, were not recruited. Also, those who showed
evidence of having conditions before the date of commencement
of the tamoxifen therapy, which could also arise as adverse
effects of tamoxifen, were excluded from the study. Presence
of hot flashes, menstrual changes and postmenopausal vaginal
bleeding prior to starting tamoxifen were excluded by examin-
ing the clinicians’ records of clinical assessment of the patient
and confirmed by interviewing the patient prior to recruitment.
Diagnoses of fatty liver, uterine fibroids and endometrial thick-
ening were excluded by examining the hospital records of inves-
tigations performed by doctors treating the patient, performed
for the initial assessment of breast cancer and in preparation
for surgery for the treatment of breast cancer. Blood reports of
serum alanine transaminase (ALT) and aspartate transaminase
levels were checked to exclude abnormal liver functions prior
to commencement of the tamoxifen therapy.

Selected patients who met these eligibility criteria were
then recruited to the study after obtaining informed written
consent. The study participants were then interviewed using
an interviewer administered questionnaire, and further assess-
ment of hospital records was carried out.

Patients’ clinic files were checked for the records fol-
lowing commencement of the tamoxifen therapy. Diagnoses
of fatty liver and uterine fibroids were obtained from the
investigative reports of abdominal ultrasound scans per-
formed by doctors treating the patient. Information about
hot flashes, menstrual changes and postmenopausal vaginal
bleeding were obtained by viewing the clinic records of
the doctors’ clinical assessment of the patient during clinic
visits and confirmed by interviewing the study participant
by the investigators. Endometrial thickening was assessed
using investigation records of trans-vaginal ultrasound scans
performed by the doctors treating the patient. Blood reports
were assessed for liver function tests.

Several CYP2D6 SNPs were selected to be studied in
these patients based on two features of the resulting alleles.
The SNPs selected were the major alterations responsible
for alleles which reduced the level of activity of the resulting
CYP2D6 enzyme and alleles that have been found or suspected
to be present among Sri Lankans based on previous studies.
The participants’ venous blood samples were collected. DNA
was extracted using modified Miller’s protocol. Polymerase
chain reaction amplified DNA samples were genotyped using
SNaPshot Multiplex sequencing based SNP assay.

SNaPshot Sample reaction mix was prepared using ABI
PRISM® SNaPshot™ Multiplex kit. Applied Biosystems™
3500 Dx Series Genetic Analyzer machine was used for
capillary electrophoresis and the results were analyzed using
GeneMapper software. All laboratory procedures were car-
ried out at Institute of Biochemistry, Molecular Biology and
Biotechnology, University of Colombo, Sri Lanka. IBM
Statistical Package for the Social Sciences (SPSS) statis-
tics software version 21 was used to statistically analyze
the data. As the sample size was small, two-sided Fisher’s
exact test was used to determine the association between
genotype and clinical response. The level of significance
was set at P<0.05.

Results

The CYP2D6 SNPs 1846G>A, 2549delA, 100C>T,
2988G>A, 2850C>T and —1584C>G were selected to be ana-
lyzed in this study, as shown in Table 1. The demographic and
clinical details of the study participants are shown in Table 2.

Table 3 shows the frequency of CYP2D6 SNPs detected
among the study participants. The response of each partici-
pant to tamoxifen in developing either a recurrence of breast
cancer or adverse effects is shown in Table 4. This table also
elaborates the CYP2D6 SNPs detected in each participant.

The associations between the presence of CYP2D6 SNP
combinations/alleles and the development of adverse effects
to tamoxifen are shown in Table 5.

As SNPs 1846G>A and 2549delA are specific to the
alleles CYP2D6*4 and CYP2D6*3, respectively, the presence
of these SNPs were considered confirmatory of these alleles.
2988G>A together with 2850C>T and —1584C was consid-
ered to be strongly suggestive of CYP2D6*41. As explained
earlier, the presence of SNP 2988G>A alone was taken to be
highly predictive of reduced metabolism of the tamoxifen.

All SNPs detected were present in heterozygosity, except
for one patient who had homozygous TT genotype for the
2850C>T SNP. There was no association between developing
recurrence of breast cancer and the SNPs tested. SNP/allele
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Table | The CYP2D6 SNPs selected to be analyzed in this study

The SNPs selected
to be studied

The resulting CYP2D6 allele

All nucleotide changes
of this allele?

Effect of this allele?”?  Activity level of
the corresponding

CYP2D6 enzyme??

1846G>A CYP2D6*4A 100C>T; 974C>A; 984A>G; P34S; L91M; H94R; No activity
(rs3892097) 997C>G; 1661G>C; 1846G>A; splicing defect; S486T

4180G>C
2549delA CYP2D6%3A 2549delA 259Frameshift No activity
(rs35742686)
100C>T (rs1065852) CYP2D6*]0A 100C>T; 1661G>C; 4180G>C P34S; S486T Reduced activity
2988G>A CYP2D6*41 —1235A>G; —740C>T; —-678G>A;  R296C; splicing Reduced activity

(rs28371725),
2850C>T (rs16947),
(~1584C)

CYP2D7 gene conversion in
intron |; 1661 G>C; 2850C>T;
2988G>A; 4180G>C

defect; S486T

Note: Nucleotide variations in bold are the major SNPs/alterations responsible for the phenotype of the corresponding allele.2

Abbreviation: SNPs, single-nucleotide polymorphisms.

Table 2 The demographic and clinical details of the study participants

Patient no Ethnicity Menopausal Duration of tamoxifen Diabetes Hypertension Hyper
status treatment at mellitus lipidemia
recruitment
SOl Sinhalese M 4yl m + + +
S02 Sinhalese M lyém - - _
S03 Sinhalese M 4y5m + — _
S04 Sinhalese M 2y Il m - + -
S05 Sinhalese M 2y2m - - —
S06 Sinhalese M 2y - - —
S07 Sinhalese M 2y + + +
S08 Muslim M ly2m + + _
S09 Sinhalese M Sy - - -
S10 Sinhalese P 10 m - - _
SIHI Sinhalese P 2y - — —
Si2 Sinhalese M 9m - + _
SI3 Sinhalese M 4y4m - - —
Sl4 Sinhalese M l'y2m - - _
SIS Sinhalese P ly2m - + +
Slé Sinhalese P 8m - — _
S17 Sinhalese M 7m + + +
SI8 Sinhalese M S5y + - _
SI9 Sinhalese M S5y - - +
S20 Sinhalese P S5y - -
S21 Indian-Tamil M ly3m + + +
S22 Sinhalese M 3y - _ -
S23 Sinhalese M 4y6m - + +
S24 Sinhalese M Sy - + +

Abbreviations: M, menopausal; m, months; +, present; —, absent; P, premenopausal; y, years.

frequencies detected were as follows: 1846G>A (confirma-
tory of *4 null allele)=8.3%; 2549delA (confirmatory of *3
null allele)=50%; 100C>T (suggestive of *10 poorly func-
tional allele, in addition to other alleles)=0%; combination
0f 2988G>A, —1584C and 2850C>T (strongly suggestive of
*41 or other poorly functional allele)=4.8%.

Adverse effects occurred at a significantly higher fre-
quency among postmenopausal women (P=0.041).

Four patients had fatty liver diagnosed following the com-
mencement of tamoxifen therapy. Only one of these patients
(S19) showed increased ALT levels. None of the four patients
had diabetes mellitus or hypertension. Only one patient (S19)
had diagnosed hyperlipidemia during tamoxifen therapy.

Occurrence of heterozygous 2988G>A SNP together
with 2850T and —1584C was significantly higher among
those with ultrasound-diagnosed fatty liver following the
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Table 3 Frequency of CYP2Dé gene SNPs among study
participants

CYP2D6 SNP/SNP

Number of SNP/SNP

combination (allele) samples combination
which yielded (allele)
genotyping results  frequency (%)

1846G>A (confirmatory of 24 83

*4 null allele)

2549delA (confirmatory of 22 50

*3 null allele)

100C>T (suggestive of *10 24 0

poorly functional allele, in

addition to other alleles)

Combination of 2988G>A, 21| 4.8
—1584C and 2850C>T

(strongly suggestive of

*41 or other poorly

functional allele)

Abbreviation: SNPs, single nucleotide polymorphisms.

commencement of tamoxifen therapy (P=0.029; Table 5).
1846G>A SNP was detected among patients who experienced
increased ALT enzymes (P=0.312), hot flashes (P=0.437)
and increased endometrial thickness (P=0.437), but these
findings were not statistically significant (Table 5). 2988G>A
SNP together with 2850T and —1584C was also nonsignifi-
cantly seen among patients who had increased ALT levels
(P=0.186), hot flashes (P=0.271) and increased endometrial
thickness (P=0.271; Table 5).

Discussion

Those who are heterozygous for a reduced functional
CYP2D6 allele are classified as IM.” Therefore, the patients in
our study who were heterozygous for 2988G>A SNP together
with 2850T and —1584C, strongly suggestive of *41 or other
poorly functional allele, can be classified as IM. Bearers of
one inactive allele such as CYP2D6*4 in combination with
a functional allele are also categorized as IM.” Therefore, all
four patients in our study in whom the 1846G>A SNP was
detected in heterozygosity are IM.

Our study showed a significant association between the
presence of heterozygous 2988G>A SNP together with
2850T and —1584C, strongly suggestive of *41 or other
poorly functional allele, thus making these patients IM,
and the development of fatty liver in patients after starting
tamoxifen therapy. Through the examination of hospital
records, the patients were found to have had normal hepatic
status prior to starting tamoxifen. Our study established
the temporal relationship between the commencement of
tamoxifen therapy and occurrence of fatty liver. However,
the causation cannot be proven from our study.

CYP2D6 almost exclusively catalyzes the last step of
the major pathway of metabolism of tamoxifen, conversion
of N-desmethyltamoxifen to endoxifen.?! Also, CYP2D6 is
largely involved in its minor metabolic pathway, conversion
of tamoxifen to 4-hydroxytamoxifen, which is subsequently
oxidized to endoxifen.>*' Individuals with reduced activ-
ity of CYP2D6 enzymes such as IM have lower levels of
endoxifen than their wild-type counterparts. Therefore, it
can be postulated that the occurrence of adverse effect fatty
liver may have a positive association with the low levels of
the pharmacologically active metabolite endoxifen. As docu-
mented in several studies, tamoxifen causes mitochondrial
dysfunction.'>!'® When hepatic mitochondrial B-oxidation
is inhibited, the accumulated fatty acids are converted to
triglycerides, which result in hepatic steatosis.!? Ribeiro
et al found that endoxifen has less harmful effects on mito-
chondria when compared with tamoxifen.?® Therefore, those
with the lower levels of endoxifen are more likely to suffer
mitochondrial dysfunction and develop fatty liver. These
findings may explain the significantly higher levels of fatty
liver detected among the IM in our study. We recommend
further studies with the measurement of levels of tamoxifen
and its metabolites, especially endoxifen, to confirm the
association between CYP2D6 polymorphisms and hepatic
adverse effects of tamoxifen.

Our study also detected the heterozygous SNP
1846G>A (CYP2D6%*4) and combination of heterozygous
2988G>A, 2850T and —1584C in patients who developed
elevation of ALT levels, hot flashes and endometrial
thickening following the commencement of tamoxifen
therapy. However, the association between these SNPs and
potential tamoxifen adverse effects did not reach statistical
significance.

Mitochondrial damage and the resultant inhibition of the
electron transport chain result in the formation of ROS, which
react with PUFA to produce lipid peroxidation products,
which damage the liver.!? This could lead to the elevation of
ALT levels. As endoxifen causes less mitochondrial dam-
age than tamoxifen, those with lower levels of endoxifen,
that is, IM when compared with EM are more likely to have
elevated ALT levels. This was detected in our study, albeit
at a nonsignificant level.

Hot flashes because of tamoxifen therapy are hypoth-
esized to occur because of the potent antiestrogen action of
endoxifen.?! It was also found by Briest et al that those with
CYP2D6 alleles which reduced the metabolism of tamoxifen,
who thereby had less endoxifen, were less likely to develop
hot flashes.?! A contradictory observation was made in our
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Table 5 The associations between the presence of CYP2Dé SNP combinations/alleles and the development of adverse effects to tamoxifen

Adverse effect

Participant no

CYP2Dé6 SNP combination/allele

1846G>A

(confirmatory of
CYP2D6*4 null

2549delA
(confirmatory of
CYP2D6*3 null

100C>T
(suggestive of
CYP2D6*10 poorly

Combination of 2988G>A,
-1584C and 2850C>T
(strongly suggestive of

allele) allele) functional allele, in  CYP2Dé*41 or other poorly
addition to other functional allele)
alleles)
Fatty liver St G/IG No del/delA CiC 2988G/G
—1584C/G
2850T/T
NE; G/IG No del/delA CiC 2988G/A
—-1584C/G
2850C/T
S19 G/IG No del/delA CiC 2988G/A
—1584C/G
2850C/T
S20 G/IG No del/delA CiC 2988G/G
—-1584C/G
2850C/T
Conclusions: CYP2D6*4 null functional allele was not detected.
Combination of 2988G >A, —1584C and 2850C>T was detected at a frequency of 25%
(statistically significant [P=0.029]).
Increased ALT SIS G/A No del/delA CiC 2988G/G
levels —1584C/G
2850C/C
S19 GIG No del/delA ciC 2988G/A
—1584C/G
2850C/T
Conclusions: CYP2D6*4 null functional allele was detected at a frequency of 25% (not statistically significant [P=0.312]).
Combination of 2988G>A, —1584C and 2850C>T was detected at a frequency of 25% (not statistically significant
[P=0.186]).
Hot flashes S10 G/IA No del/delA CiC 2988G/G
—-1584C/G
2850C/C
S14 G/IG No del/delA C/IC 2988G/A
—-1584C/G
2850C/T
$22 G/IG No del/delA CiC 2988G/G
—-1584C/G
2850C/C
Conclusions: CYP2D6*4 null functional allele was detected at a frequency of 16.7% (not statistically significant [P=0.437]).
Combination of 2988G>A, —1584C and 2850C>T was detected at a frequency of 16.7% (not statistically significant
[P=0.271]).
Endometrial S10 G/IA No del/delA CiC 2988G/G
thickening —1584C/G
2850C/C
Si4 G/IG No del/delA CiC 2988G/A
—-1584C/G
2850C/T
$20 G/IG No del/delA CciC 2988G/G
—-1584C/G
2850C/T
Conclusions: CYP2D6*4 null functional allele was detected at a frequency of 16.7% (not statistically significant [P=0.437]).
Combination of 2988G>A, —1584C and 2850C>T was detected at a frequency of 16.7% (not statistically significant
[P=0.271]).
(Continued)
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Table 5 (Continued)

Adverse effect Participant no

CYP2Dé6 SNP combination/allele

1846G>A
(confirmatory of
CYP2D6%*4 null

2549delA
(confirmatory of
CYP2D6*3 null

100C>T Combination of 2988G>A,
(suggestive of -1584C and 2850C>T
CYP2D6*10 poorly  (strongly suggestive of

allele) allele) functional allele, in  CYP2Dé6*41 or other poorly
addition to other functional allele)
alleles)

Fibroids Sol G/IG No del/delA CiC 2988G/G
—-1584C/G
2850C/C

S04 G/A No del/delA CiC 2988G/G
—1584C/G
2850C/C

Conclusion: CYP2D6*4 allele and combination of 2988G>A, —1584C and 2850C>T were not detected.

Menstrual changes  S16 G/G No del/delA C/iC 2988G/G
—-1584C/G
2850C/T

S20 G/IG No del/delA CiIC 2988G/G
—-1584C/G
2850C/T

Conclusion: CYP2D6*4 allele and combination of 2988G>A, —1584C and 2850C>T were not detected.

Postmenopausal S02 G/G No del/delA C/IC 2988G/G

vaginal bleeding —1584C/G
2850C/T

S03 G/IG No del/delA CiC 2988G/G
—-1584C/G
2850 (-)

Conclusion: CYP2Dé*4 allele and combination of 2988G>A, -1584C and 2850C>T were not detected.

Abbreviations: ALT, alanine transaminase; del, deletion; (-), did not yield results; SNPs, single nucleotide polymorphisms.

study that those with IM phenotypes, with heterozygous *4
or potential *41 alleles, had a statistically nonsignificantly
higher likelihood of developing hot flashes. A larger sample
will probably reinstate the nonsignificance of this associa-
tion. Women who reported hot flashes have been found less
likely to suffer a breast cancer recurrence,* possibly because
these women had higher levels of endoxifen, which is the
pharmacologically active metabolite of tamoxifen crucial
for its therapeutic effect.* None of the three patients in our
study who had recurrences while on tamoxifen reported hot
flashes. However, the sample size in this study is too small
to arrive at strong conclusions.

Being an SERM, tamoxifen has estrogen agonist actions
on the uterus* and causes proliferation and thickening of
the endometrium.’ Tamoxifen and endoxifen have similar
estrogenic effects on the uterus.?” Therefore, metabolizer
status of tamoxifen is not expected to have an association
with endometrial effects. However, our study detected a
nonsignificant association between intermediate metabolizer
phenotypes, with heterozygous *4 or potential *41 alleles,
and endometrial thickening. As earlier, a larger sample will
perhaps magnify this nonsignificance.

Similar to the findings of other studies,’ this study found
a statistically significant higher frequency of occurrence of
adverse effects among postmenopausal women when com-
pared with premenopausal women. Tamoxifen is considered
the adjuvant drug of choice in premenopausal women.? The
risk:benefit ratio for high-risk women who use tamoxifen as a
chemopreventive drug is most favorable during the premeno-
pausal period*® because tamoxifen is not known to increase
the incidence of blood clots, stroke or endometrial cancer in
premenopausal women.’ Postmenopausal women have been
found to receive higher benefit from aromatase inhibitors in
the adjuvant setting.> Therefore, the higher occurrence of
adverse effects of tamoxifen among postmenopausal women
found in this study also favors the use of alternative therapy,
such as aromatase inhibitors for postmenopausal patients.

CYP2D6 2988G>A polymorphism together with 2850T
and —1584C is likely to be useful in predicting the occur-
rence of adverse effect fatty liver in breast cancer patients
on tamoxifen, and thereby alternative treatment can be
considered and lifestyle modifications implemented. Alter-
native therapy besides tamoxifen should be considered for
postmenopausal patients.
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Limitations

The biggest limitation in this study is the small sample size.
We recommend further studies with larger samples and mea-
surement of levels of tamoxifen and its metabolites to further
assess the association between CYP2D6 polymorphisms and
adverse effects of tamoxifen.
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