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Abstract
BACKGROUND

There are concerns that tamoxifen is less effective in Asian women because of the high

prevalence of impaired function cytochrome P450 2D6 (CYP2D6) polymorphisms.

AIM
To evaluate how knowledge of CYP2D6 genotype impacted the choice of hormonal

agent and how CYP2D6 genotype and agent were associated with clinical outcomes.

METHODS

Eighty-two women were recruited and 78 completed CYP2D6 genotyping and were
categorized into poor (PM), intermediate (IM) and extensive or ultra-metabolizer
(EM/UM) phenotypes. Women with PM and IM phenotypes were recommended

aromatase inhibitors (Als) as the preferred agent.

RESULTS
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More than 70% of the women had an IM phenotype, 32% an EM /UM phenotype and
none had a PM phenotype. Regardless of genotype, more women opted for Als.
Overall, 80% of women completed 5 years of hormonal therapy. Five women developed
recurrence, 3 contralateral breast cancer, 5 died and 1 was diagnosed with a second
primary cancer. Five-year recurrence-free and overall survival were slightly better in
women with EM/UM phenotype compared to those with IM phenotype, though not
statistically significant (P = 0.743, HR 1.441, 95%CI 0.191 to 10.17 and P = 0.798, HR
1.327,95%CI1 0.172 to 9.915 respectively). Women receiving Als also appeared to have a
better, but also non-significant, 5-year recurrence-free and overall survival (P = 0.253,
HR 0.368, 95%CI 0.031 to 0.258 and P = 0.292, HR 0.252, 95%CI 0.005 to 4.951

respectively).

CONCLUSION

The IM phenotype was highly prevalent, but was not associated with clinical outcome.
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Core Tip: Background. There are concerns that tamoxifen is less effective in Asian
women because of the high prevalence of impaired function cytochrome P450 2D6
(CYP2D6) polymorphisms. We designed a single arm prospective study to evaluate
how knowledge of CYP2D6 genotype impacted the choice of hormonal agent and how
CYP2D6 genotype and agent were associated with clinical outcomes. Methodology.
Eighty-two women were recruited and 78 completed CYP2D6 genotyping and were

categorized into poor (PM), intermediate (IM) and extensive or ultra-metabolizer
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(EM/UM) phenotypes. Women with PM and IM phenotypes were recommended
aromatase inhibitors (Als) as the preferred agent. Results. More than 70% of the women
had an IM phenotype, 32% an EM/UM phenotype and none had a PM phenotype.
Regardless of genotype, more women opted for Als. Overall, 80% of women completed
5 years of hormonal therapy. Five women developed recurrence, 3 contralateral breast
cancer, 5 died and 1 was diagnosed with a second primary cancer. Five-year recurrence-
free and overall survival were slightly better in women with EM/UM phenotype
compared to those with IM phenotype, though not statistically significant (P = 0.743,
HR 1.441, 95%CI 0.191 to 10.17 and P 0.798, HR 1.327, 95%CI 0.172 to 9.915 respectively).
Women receiving Als also appeared to have a better, but also non-significant, 5-year
recurrence-free and overall survival (P = 0.253, HR 0.368, 95%CI 0.031 to 0.258 and P =
0.292, HR 0.252, 95%CI 0.005 to 4.951 respectively). Conclusion. The IM phenotype was

highly prevalent, but was not associated with clinical outcome.

INTRODUCTION

In many centers, aromatase inhibitors (Als) are now the first-line adjuvant hormonal
therapy agents recommended for hormone-responsive breast cancer. While there are
several reports of superior efficacy with Als[l-3], some have questioned whether this is
seen only in women with impaired tamoxifen metabolism/*°l. Tamoxifen undergoes
extensive first pass oxidative metabolism by the cytochrome P450 2Dé6 (CYP2D6)
enzyme into the metabolically active derivative endoxifen (4-hydroxy-N-desmethyl-
tamoxifen)l®7l. The effect of impaired tamoxifen metabolism has particular significance
among certain patient groups including Asians, where only 50% have functional
CYP2D6 alleles. The reduced function allele CYP2D6*10 allele is highly prevalent
among Asians and results in a 60% reduction in CYP2D6 enzyme activity[3-14l. The lower
levels of the active metabolite endoxifen could imply that a large number of Asian
women may have sub-therapeutic levels of tamoxifen and consequently, suboptimal
risk reduction. In contrast to tamoxifen, Als act by inhibiting the aromatase enzymatic

conversion of androgens to estradiol and is not affected by CYP2D6 metabolism.
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At the time when this study was initiated, cost and the treatment duration were
significant factors contributing to patient cost of the hormonal agent. Previously, Als
cost almost 25 times more than tamoxifen and Al were recommended for 5 years,
whereas tamoxifen began to be recommended for 10 years. These factors are less
relevant today. The cost of Als are now relatively similar to tamoxifen with generic
preparations of Als now being available and extended Al therapy is also more often
recommended. In spite of this, tamoxifen remains an important hormonal agent,
particularly in pre-menopausal women, where the use of an Al will require concomitant
use of GnRH inhibitors; this is seldom done unless the risk of recurrence risk is high.
Tamoxifen also remains a valuable alternative in women who cannot tolerate the
musculoskeletal side effects of Als or who develop osteoporosis from accelerated bone
loss.

In this study, we evaluated the frequency of CYP2D6 polymorphisms and examined
how the knowledge of the CYP2D6 phenotype impacted patient’s choice of hormonal
agent. We also evaluated the association with clinical outcome, through endpoints such
as disease recurrence, mortality, contralateral breast cancer and 5-year recurrence-free
and overall survival. We also evaluated the adverse effects reported by patients and the
compliance to each agent, including the frequency of a switch to an alternative agent or

premature discontinuation of hormonal therapy.

MATERIALS AND METHODS
Description of study cohort and CYP2D6 phenotype classification

The study was designed as a single arm prospective study and recruited 82 women
with breast cancer. The study was granted Ethics Committee approval (2011/00017).
Women included into the study were: (1) post-menopausal; (2) histologically confirmed
with invasive breast carcinoma, Stage I to III; (3) proven to have estrogen receptor (ER)
and/or progesterone receptor (PR)-positive tumors (tumors with cells with at least 1%
of cells staining positive for ER or PR were considered positive); (4) had completed

curative breast cancer surgery; (5) had been recommended adjuvant hormonal therapy
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by the multidisciplinary tumor board; and (6) were capable of providing informed
consent. Exclusion criteria were: (1) ductal carcinoma-in-situ; (2) microinvasive disease;
(3) metastatic disease at presentation (including those found with metastatic disease on
staging scans done after surgery); (4) prior personal history of breast cancer or other
primary cancers; and (5) specific contraindications to tamoxifen and Als, such as
previous deep venous thrombosis, pulmonary embolism, cerebrovascular accident and
severe osteoporosis. Blood was sampled from patients who satisfied both criteria for
CYP2Dé6 genotyping. The Qiagen DNA extraction kit (Qiagen, Hilden, Germany) was
used to extract genomic DNA from blood collected; DNA concentration, purity and
integrity were verified for all samples. Three poor metabolizer (PM) alleles (*4, *5, *6)
and three intermediate metabolizer (IM) alleles (*9, *10 and *41) were identified using
the pyrosequencing method, as previously described('>l. These 6 alleles were selected
based on the reported prevalence among women of Chinese and Malay ethnicity, who
make up the majority of the study cohortl814l. Primers were designed using the

pyrosequencing software (http:/ /techsupport.pyrosequencing.com); primers sequences

are listed in Table 1.

The PM phenotype is defined by being homozygous or compound heterozygous for
two PM alleles. The IM phenotype is defined by being homozygous for two IM alleles
or heterozygous for a PM allele and an IM allele. All other combinations are considered
either extensive metabolizer (EM) or ultra-metabolizer (UM) phenotypes. A PM or IM
allele in combination with an EM allele results in an EM phenotype (tamoxifen
metabolism being comparable). Patients were classified according to the following
combinations: (1) PM: *4/*4, *4/*5, *4/*6*, *5/*5, *5/*6, *6/*6; (2) IM: *9/*9, *9/*10,
*9/*41, *10/*10, *10/*41, *41/*41, *9/*4, *9/*5, *9/*6, *10/*4, *10/*5, *10/*6, *41/*4,
*41/*5, *41/*6, heterozygotes for *4, *5, *6, *9, *10, *41; (3) EM/UM: all other

combinations.

Hormonal therapy recommendations and outcomes based on CYP2D6 genotyping
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Results of the CYP2D6 genotyping was made known to the patient during the
discussion for hormonal therapy. Patients identified to have PM or IM phenotypes were
recommended anastrozole at a dose of 1mg daily or letrozole at a dose of 2.5 mg daily,
but they were still permitted to opt for tamoxifen. Those with an EM /UM phenotype
were given a choice between an Al or tamoxifen (20 mg daily). All agents were
recommended for a duration of 5 years, which was the standard practice at the time of
the study. The benefit and potential treatment-related side effects of either agent was
discussed with the patient, and the women themselves made the final decision
regarding the choice of hormonal agent. The women were assessed every 6 mo with
clinical history and physical examination during regular surveillance visits and any side
effects or disease progression were documented. Women receiving Als also received
calcium and Vitamin D supplements and bone mineral density was monitored every
year. Women receiving tamoxifen were referred to the gynecology clinic for
surveillance that included a yearly ultrasound of the pelvis to evaluate endometrial
thickness specially; this was in addition to the routine 3-yearly PAP smear screenings.
While this study was originally designed to follow up these women for the 5-year
duration of hormonal treatment, we continued to collect data from the women who
remained on extended therapy and on follow-up with the breast clinic in view of the
increasing use of hormonal agents beyond 5 years as the study progressed. All 70
women included in the final analyses remained on follow-up till study completion.

Median follow-up was 86 mo (30.57 to 99.50 mo) and median overall survival rate was

7595 mo (30.57 to 94.10 mo).

Statistical analyses

The associations between CYP2D6 phenotype and the specific hormonal agent received
and with standard clinicopathological parameters and outcomes were evaluated with
univariate analyses (Chi-square test, Fisher’s test, one-way ANOVA, chi-square test for
trend for ordinal data) and were performed using GraphPad Prism version 6

(GraphPad Software, San Diego, CA). Recurrence-free survival was defined as the time
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interval from surgery to the development of either locoregional or distant recurrence.
Overall survival was defined as the time interval from surgery to death, whether from
breast cancer specific mortality or from any other causes. Contralateral cancer was
defined as the occurrence of a metachronous cancer in the contralateral breast more
than 6 mo following the diagnosis of the first cancer. Kaplan Meier survival curves were
performed to compare survival rates and the log rank test was used to compare
between the two arms. A two-tailed test was used for all analyses, and a value of P <

0.05 was considered statistically significant.

RESULTS

Study cohort demographics

Over a 3-year period from 2011 to 2013, a total of 82 women were recruited into the
study. Eleven women later opted to withdraw for personal reasons and one woman was
withdrawn after she developed metastatic disease while on adjuvant chemotherapy
treatment (prior to the start of hormonal treatment). CYP2Dé6 genotyping was
completed in 78 women, and study endpoints were evaluated in the 70 women who
remained on the study and completed at least 5 years of follow-up (apart from 3 women
who died). Median patient age was 61 years old (ranging from 47 years to 86 years) and
the majority (70 of 82, 85.4%) were of Chinese ethnicity. More than half (62 of 82, 75.6%)
the women had at least one pre-existing co-morbidities; hypertension being the most
common. All the women had undergone curative surgery, with 64.6% having had a
mastectomy. Disease was staged as Stage I in 34 of 82 women (41.5%), Stage II in 27
(32.9%) and Stage III in 21 (25.6%); 40.2% of women had node-positive disease. Invasive
ductal carcinoma non-otherwise specified was the most common histological type
(78%). Median invasive tumor size was 2 cm (ranging from 0.1 to 8 cm) and median
tumor grade was 2. All but 2 women had ER-positive tumors; the remaining 2 women
had ER-negative/PR-positive tumors. Median ER staining intensity was strong and the
median proportion of tumor cells staining positive for ER was 90.7%. Details of tumor

ER expression is as follows: less than 10% of tumor cells stained positive in 4 of 80
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women (4.9%), 11% to 49% of cells stained positive in 8 women (8.9%), 50% to 89% of
cells stained positive in 17 women (24.3%) and more than 90% of cells stained positive
in 41 women (58.7%). Tumors were positive for PR in 61 women (87.1%) and HER2-
positive in 31 (44.3%) women. The large majority of women (73.1%) were classified as
having an IM phenotype, 25 women (32.1%) as having an EM/UM phenotype and none
were classified as having a PM phenotype (Table 2). The *10 allele was highly prevalent
and was found in 52 (66.7%) women. Another 2 (2.5%) women were found with the *41
allele. The *4 and *5 PM alleles were found in 5 (6.4%) women and in all instances,
occurred together with a *10 allele. Of the 8 women who withdrew from the study and
who were not included in endpoint analyses, 5 were of the IM phenotype and 3 were of
the EM/UM phenotype. Women with IM and EM/UM phenotypes shared similar
characteristics (Table 3). Specifically, the IM phenotype did not correlate with tumor
receptor status, nor with the intensity of ER staining or proportion of tumor cells

staining positive for ER.

Details of hormonal agent choice and treatment
Following a discussion with their attending clinician, more women opted for an Al over
tamoxifen regardless of CYP2D6 phenotype. More than 80% of the women (43 of 52,
82.7%) with an IM phenotype opted for an Al and 72.2% of women with an EM/UM
phenotype (13 of 18) also opted for an Al. Only 14 women (9 with an IM phenotype and
5 with an EM/UM phenotype) opted for tamoxifen. There were no significant
differences between the group who opted for an Al compared to those who chose
tamoxifen (Table 4). The difference in median ages between the two groups (P = 0.008)
was not likely clinically significant. Similar numbers of women on Al and tamoxifen
choose mastectomy, but more women opting for Al had received other modes of
systemic treatment (chemotherapy with or without trastuzumab) (P = 0.045).

Overall, 56 of the 70 women (80%) completed 5 years of hormonal therapy;
comprising 46 of the 56 women (82.1%) who opted for an Al and 10 of the 14 women

(71.4%) who opted for tamoxifen. Nineteen women who started on an Al and 3 of those
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who started on tamoxifen continued with extended therapy after 5 years of treatment.
Thirty of the 56 women (53.5%) completed 5 years of the initial Al agent they were
started on. Side effects were reported in 19 women: severe myalgia and arthralgia in 8
women, skin rashes in 4 women and osteoporosis in 7 women. Two women with
intolerable musculoskeletal side effects opted to discontinue hormonal therapy. Of the
other 12 women with musculoskeletal side effects or rashes, 7 switched to another Al
and 3 switched to tamoxifen. Four of the 7 women who developed osteoporosis
switched to tamoxifen, while the remaining 3 remained on Als but started on
bisphosphonates. All the women who switched to another Al agent eventually
completed 5 years of treatment, although 2 switched to a third Al agent and 3 switched
to tamoxifen before completion. Of the 7 women who switched to tamoxifen, 6
completed 5 years of treatment with tamoxifen while the remaining patient switched
back to another 2 different Al agents before completing the 5 years of treatment. Of the
14 women who started on tamoxifen, 2 women (14.3%) switched to an Al after
developing skin rashes; though one of them later discontinued the AI after developing
musculoskeletal side effects. The hormonal agent was discontinued in 8 patients upon
the development of new events. Another 3 women chose to discontinue hormonal

therapy but had not reported any side effects.

Clinical outcomes

Over the follow-up period of 96 mo, 3 women developed contralateral breast cancer, 5
women developed recurrences, 5 women died and 1 woman was diagnosed with a
nasopharyngeal carcinoma. Contralateral breast cancer was diagnosed after a median
interval of 48.8 mo (ranging from 47.83 to 59.27 mo). All 3 occurred in women of IM
phenotype; 2 women had received Al and 1 received tamoxifen. Recurrence was
systemic in all 5 women and had occurred after a median interval of 24.93 mo (ranging
from 23.07 to 48.10 mo). Four of these women later died, although one death was
attributed to a non-breast cancer related cause. The last mortality occurred in a woman

who had remained disease-free up to the time of death from a non-breast cancer related
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cause. Disease recurrence did not show a clear association with the hormonal agent
received (P = 0.260) (Table 4). Recurrence developed in 3 women who had received an
Al (2 of an IM phenotype and 1 of an EM /UM phenotype) and in 2 women who had
received tamoxifen (both of IM phenotype). One of the women developed both
locoregional and systemic recurrence. Five-year recurrence-free and overall survival
appeared slightly better in women with an EM/UM phenotype ca‘npared to those with
an IM phenotype, but was not statistically significant (P = 0.743, HR 1.441, 95%CI 0.191
to 10.17 and P = 0.798, HR 1.327, 95%CI 0.172 to 9.915 respectively) (Figure 1A and B).
When stratified by the hormonal agent received, women who had received an Al
appeared to have better 5-year recurrence-free and overall survival compared to those
who had received tamoxifen, but again these were not statistically significant (P = 0.253,
HR 0.368, 95%CI 0.031 to 0.258 and P = 0.292, HR 0.252, 95%CI 0.005 to 4.951

respectively) (Figure 1C and D).

DISCUSSION

Als are now widely used as first-line hormonal agent in many clinical units. With the
introduction of generic letrozole, Als have become more affordable for our local
women, the common practice here is now to start women on Als unless they have
contraindications or develop intolerable side effects. Tamoxifen is now first-line only in
pre-menopausal women or in those with contraindications to Als. Otherwise, it is often
the second-line agent that women are switched to should they develop intolerable side
effects from tamoxifen. The move towards adopting Als as first-line came following
reports of superior efficacy and also because Als were previously recommended for 5
years, whereas tamoxifen were recommended for 10 years. However, it has also been
suggested that Als are superior to tamoxifen primarily in women with non-functional
or reduced function CYP2D6 polymorphismsl43l, specifically in those with a PM or IM
phenotype where impaired CYP2D6 enzyme metabolism results in lower serum
concentrations of active metabolite endoxifen responsible for tamoxifen efficacy[16171.

Observations that serum endoxifen levels correlated with the frequency and severity of
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adverse effects raised the possibility that clinical outcomes could likewise be adversely
affected by impaired CYP2D6 metabolism![1819],

More than 70% of Caucasians have functional CYP2D6 alleles, yet only 50% of Asians
have functional CYP2D6 allelesi8-101. It has been variously reported that 40% to 70% of
Asians carry reduced function alleles, particularly the CYP2D6*10 allelel''-14l. The high
prevalence of CYP2D6*10 was confirmed in our study, where it was present in two-
thirds of the women included. The *41 allele was present in 2 women. The CYP2D6*10
allele results in an approximately 60% reduction in CYP2D6 enzyme activity and Asians
have been reported to metabolize tamoxifen and other CYP2D6-mediated drugs more
slowly than Caucasiansi20-23l. Non-functional alleles were uncommon, and all 5 women
(6.4%) in our study with *4 and *5 PM alleles were heterozygotes. This is relatively
similar to the prevalence reported in other studiesl®11.13142223] We did not find any
women with the CYP2D6*9 allele, which we had included as it was observed in 3% of
Malays in Malaysial?l.

Five women (7.1%) in our study developed recurrence during the study, including 4
women who were of the IM phenotype; 2 of whom received an Al. We did observe a
trend towards better survival in women with the EM/UM phenotype. This was in
agreement with the findings of a prospective study window-of-opportunity study
conducted at our unit where women received up to 2 wk of tamoxifen prior to surgery.
Women with at least one wild-type CYP2D6 allele demonstrated a significantly greater
Ki-67 response, suggesting that tamoxifen produced a greater inhibitory effect in those
with functioning CYP2D6 polymorphisms/?4. The lack of statistical significance was
likely because of the small sample size and perhaps because there were no women with
PM phenotypes in our study. Women with a PM phenotype were reportedly at a 7%
higher risk of recurrence, which appeared to be incremental over timel5l. Like others, we
did not observe CYP2D6 polymorphisms to correlate with tumor size, grade or nodal
status, which meant that survival differences were not likely a result of unfavorable
tumor factors(®l. Mathematical modelling showed that survival outcomes in women

without non-functional alleles were not different whether they received Als or
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tamoxifenll, and reduced function CYP2Dé6 polymorphisms were only associated with
clinical outcomes in those treated with tamoxifen(2526]. We observed that women who
received Als had a slightly better, but non-significant, survival, and also that these
women were also more likely to have received systemic treatments (chemotherapy with
or without trastuzumab), perhaps indicating a clinician bias towards Als in those
deemed to have more “high-risk” disease. However, our study numbers are small and
too few women received tamoxifen for a meaningful analysis. A larger cohort would be
needed to stratify the effect of the hormonal agent used by disease stage and other
systemic treatments. Overall, we observed little difference in contralateral breast cancer
rates and disease recurrence between women with IM and EM/UM phenotypes,
though was perhaps due to many women in our study, including 72% of those with an
EM/UM phenotype, opting for an Al over tamoxifen.

Despite the differences in cost at the time of the study, many women opted for the
more costly AL This was so even in those with an EM /UM phenotype, in whom there
were suggestions that tamoxifen efficacy was comparable to AL. However, only about
half the women in our study completed 5 years of the Al agent they were initially
started on. In 60% of cases, the discontinuation was initiated by the women themselves
because of intolerable myalgia and arthralgia and skin rashes; 10 (53%) switched to
another Al, 5 had further problems with the second AI and eventually switched to
Tamoxifen or a third AL Four women started on Al were switched to tamoxifen by their
clinician because of osteoporosis from accelerated bone loss. On the other hand, the
majority of women who started on a tamoxifen appeared to tolerate it well and only 2
were switched to an Al after developing skin rashes. Overall, more women who started
on tamoxifen completed 5 years of treatment compared to those who started on an Al
Excluding the 8 women who progressed on hormonal therapy, 90% of the women
completed 5 years of hormonal therapy.

Like others, we did not find CYP2D6 polymorphisms to correlate with any
clinicopathological factors, implying that genotyping would be the only means of

ascertaining the phenotype. The prevalence of the IM phenotype in our local women
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may mean that CYP2D6 genotyping at the offset may be off little benefit since Als are
now the initial hormonal agent of choice. On the other hand, given that a significant
number of women do develop Al-related side effects, and in those whom a switch is
being considered, CYP2D6 genotyping could help clinicians decide whether to switch to
another Al or to tamoxifen. Those with an EM/UM phenotype can be switched to
tamoxifen, since outcomes are probably comparable with those on Alsl®l. Furthermore,
tamoxifen-related side effects appear to be less common and an unpublished review of
women on follow-up at our unit did not find a higher incidence of endometrial cancer
among those treated with tamoxifen. Those with an IM phenotype should consider
switching to another Al agent, based on reports of impaired function variants being
associated with higher risks of recurrence. This would have particular significance in
the setting of ER-positive disease where late recurrences are more common and since

the majority of women survive for many more years after breast cancer treatment.

CONCLUSION

The prevalence of the IM phenotype was high in our study, with more than two-thirds
of the women having the CYP2D6*10 allele. We did not observe the IM phenotype to be
associated with any clinicopathological parameter and did not observe any correlation
with clinical outcome. The hormonal agent used was not also associated with a
difference in outcome. Compliance was good and most women completed 5 years of
hormonal therapy, although more women started on an Al required a switch to another

hormonal agent because of side effects.

ARTICLE HIGHLIGHTS

Research background
There are concerns that tamoxifen is less effective in Asian women because of the high

prevalence of impaired function cytochrome P450 2D6 (CYP2D6) polymorphisms.

Research motivation
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Tamoxifen is still the first-line agent for pre-menopausal women and for those with
intolerable Al-related side effects. It is therefore necessary to verify the effectiveness of
tamoxifen in view of the high prevalence of reduced function CYP2D6 polymorphisms

in Asians.

Research objectives
We evaluated the frequency of CYP2D6 polymorphisms and its association with clinical
outcome. We also evaluated treatment-related side effects in order to better determine

the risk:benefit ratio.

Research methods
We designed a single arm prospective study to evaluate how knowledge of CYP2D6
genotype impacted the choice of hormonal agent and how CYP2Dé genotype and agent

were associated with clinical outcomes.

Research results

More than 70% of the women in our study had an intermediate (IM) phenotype.
Regardless of genotype, more women opted for aromatase inhibitors (Als). Women
with extensive or ultra-metabolizer (EM/UM) phenotype had slightly better, but non-
significant, 5-year recurrence-free and overall survival compared to women with IM
phenotype. Women on Als appeared to have better, but also non-significant, 5-year

recurrence-free and overall survival.

Research conclusions
The IM phenotype was highly prevalent in our local women, but was not associated

with clinical outcome.

Research perspectives
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Data on the effect of CYP2D6 polymorphisms on tamoxifen efficacy remains conflicting.

More studies in Asian women would help to clarify this association.
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