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Abstract: Pharmacogenotyping is applied to determine the hereditable component of
a patient's susceptibility to experience therapy failure and/or adverse drug reactions
(ADRs). We present the case of a female patient diagnosed with breast cancer and treated
with tamoxifen as recurrence therapy who experienced various ADRs. Pharmacogenotyping
revealed variants in the cytochrome P450 (CYP) enzymes CYP2D6, CYP2C9, and
CYP2C19. The observed genotype was associated with a risk for lower tamoxifen efficacy.
Aside from the tamoxifen therapy, the comedication was reviewed for the influence of the
patient’s pharmacogenetic profile. As a result of this pharmacist-led medication review with
pharmacogenetic analyses, concrete genotype-driven recommendations for the treating gyne-
cologist were compiled. This case revealed the added value of a large pharmacogenetic panel
and the complexity of integrating a pharmacogenetic profile into a recommendation.
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Background

The first thing a pharmacist does, when a patient reports adverse drug reactions
(ADRs), is to go through the patient’s medication in order to check for over-
dosing, contraindications, potential drug—drug or drug—disease interactions, and/
or adherence problems. At the point, where there is no plausible explanation for
the reported ADRs, pharmacogenetics (PGx) might help. PGx is the study of
genetic variations related to drug response.’ Indeed, PGx testing can be applied
to determine the hereditable component of a patient’s susceptibility to experience
therapy failure and/or ADRs. PGx testing aims to identify patients who benefit
from a particular drug (responders) or to identify those patients, who carry
a predictable risk of non-response or ADRs due to their genetic make-up. The
result of pharmacogenotyping has to be evaluated in the context of the active
substances taken, therefore also referred to as “stratified pharmacotherapy”.” It
has been shown that pharmacists in the primary care setting are able to contribute
to the optimization of the pharmacotherapy by considering the patient’s genetic
background.* One drug that has been extensively studied for the relevance of
the patient’s genetic predisposition is tamoxifen (TAM). This selective estrogen
receptor modulator is used in the prevention and treatment of pre- and postme-
nopausal breast cancer patients. The endocrine therapy is administered to women
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with estrogen and/or progesterone receptor-positive
breast cancer after chemotherapy, radiotherapy, or sur-
gery for 5 years in a dose of 20 mg per day.® By intake
of TAM, the annual cancer recurrence rate is halved and
the mortality rate is reduced by one-third.’”

TAM is a prodrug and known for its bioactivation
involving multiple cytochrome P450 (CYP) enzymes. In
order to form the most active metabolite endoxifen (END),
TAM is metabolized either to the intermediate metabolite
N-desmethyl-tamoxifen (DM-TAM) or to 4-hydroxy-
tamoxifen (4-OH-TAM). The major metabolite DM-TAM
is formed by demethylation catalyzed by CYP3A4 among
other CYPs.® DM-TMA is then oxidized by CYP2D6 to
END (up to 100 fold more active than TAM) and several
other metabolites. Of the remaining TAM, 7% are oxidized
to 4-OH-TAM by CYP2D6 among other CYPs (CYP2C9,
CYP2C19 and CYP2B6).>’ In a second step, 4-OH-TAM
will be demethylated to END by CYP3A4.

Together with TAM, the three metabolites DM-TAM,
4-OH-TAM, and END can enter the target cancer cells to
exert the modulatory effect on estrogen receptors.’ Finally,
glucuronidation mainly inactivates TAM and its metabo-
lites, so that 75% of the initial dose will be biliarly
excreted as glucuronides. '’

Regardless of the pathway by which TAM is metabo-
lized, the highly polymorphic CYP2D6 is always involved.
Therefore, it is not surprising that changes in CYP2D6
activity associated with inhibition or genetic variants are
influencing the bioactivation of TAM."' However, only little
is known about the influence of the variability of other CYPs
involved in the metabolism of TAM.

Case Presentation

A premenopausal 49-year-old woman was diagnosed with
recurrent breast cancer 12 years after the first diagnosis,
where she was initially treated with tumorectomy and senti-
nel lymphadenectomy, adjuvant radiotherapy, and subse-
quent endocrine therapy with GnRH-analogs and TAM
20 mg for 24 months. The adjuvant therapy with the GnRH-
analogs and TAM was suspended after 2 years, due to
various ADRs such as hot flashes, enormous perspirations,
psychological distress and the inability to work. Some of
these ADRs are known to be linked to TAM therapy.'* After
the second breast cancer recurrence, a skin-sparing mastect-
omy with breast reconstruction was performed. Since the
initial diagnosis of breast cancer, the treating physician had
changed and the new physician was not aware of the pre-
viously reported ADRs and therefore, the adjuvant therapy

with TAM 20 mg was started again. Due to pronounced
climacteric (perspirations and hot flashes) as well as psy-
chological symptoms (irritability, weariness, and depressive-
ness), the patient asked for a decrease of the TAM dose.
Twenty-four months after the re-start of TAM, the dose was
decreased to 10 mg per day. Three months later, the patient
contacted her gynecologist because ADRs remained and she
wanted to learn more about her own TAM response. The
gynecologist decided to refer the patient to pharmacists with
specific expertise in PGx. The pharmacist performed
a medication review supplemented with a pharmacogenetic
panel testing. Besides TAM, the patient was taking addi-
tional medication (see Table 1 for details). Therefore, the
pharmacist also screened comedication for potentially rele-
vant polymorphisms and evaluated potential alternative
medication.

Genetic Analyses of

Single-Nucleotide Polymorphisms

After initial consultation and informed consent by the patient
following the protocol as approved by the local ethics com-
mittee (EKNZ-2019-01452), pharmacogenetic panel testing
was conducted applying the commercial test Stratipharm® by
humatrix AG (Pfungstadt, Germany), which provides not only
the results of genetic testing but also drug-specific interpreta-
tion of the corresponding phenotype (pharmacogenetic pro-
file). Table 2 presents the interpretation of a selection of the
patient’s genotyping results relevant to the herein reported
case. The patient held the star alleles *6 (no function) and
*41 (decreased function) of the CYP2D6 enzyme resulting in

Table | Patient’s Medication at the Time of the Medication
Review

Substance Dosage Indication

Tamoxifen 0-0-1 Adjuvant endocrine therapy of
10 mg breast cancer after mastectomy
Mistletoe As needed Supportive herbal cancer therapy

preparation

Ibuprofen As needed: Pain

600 mg 0.5-0.5-0.5

Metamizole As needed Pain

500 mg

Pantoprazole 1-0-0 As long as therapy with ibuprofen
20 mg

Lorazepam As needed Difficulties falling asleep

I mg
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Table 2 Genetic Profile of the Patient

Gene CYP2D6 CYP2CI19 CYP2C9
Annotation, rs5030655, T/-; rs12248560 rs1799853
genotype rs28371725 G/A CIT CIT
Haplotypes *6/%41 *11*17 *1/%2
Predicted IM UM IM
phenotype

Abbreviations: IM, intermediate metabolizer; UM, ultrarapid metabolizer.

the phenotype of intermediate metabolizer (IM). At the same
time, the patient had a CYP2C19 ultrarapid metabolizer (UM)
status with the star alleles *1 (wildtype) and *17 (increased
function) and a CYP2C9 IM status with the star alleles *1
(wildtype) and *2 (decreased function).

For TAM, Stratipharm® reported the CYP2D6 IM sta-
tus, which is linked to reduced enzyme activity, and con-
sequently, an insufficient activation of the prodrug TAM to
the major active metabolite END. Stratipharm® did not
report results related to any other genes relevant to the
TAM metabolism. For pantoprazole, the increased enzyme
activity of CYP2C19 may lead to increased degradation of
the metabolized substance. Therefore, ineffectiveness of
pantoprazole was predicted for standard dosage in our
patient. For ibuprofen, the decreased enzyme activity of
CYP2C9 may lead to an accumulation of the metabolites.
Consequently, the patient has a higher risk of ADRs, eg
gastrointestinal bleedings.

Discussion and Decision-Making

Both genetic predisposition and the patient’s medication
were considered when evaluating the reported ADRs
observed during TAM treatment. We will start with the
description of our considerations for TAM, as we
assumed the ADRs to be linked to the treatment with
the selective estrogen receptor modulator, even though
we are aware that the pathophysiology of hot flushes
especially in breast cancer survivors is not fully
understood.'® Based on our knowledge on TAM metabo-
lism and its function as selective estrogen receptor mod-
ulator, we expected a CYP2D6 UM status leading to an
excess of END, thereby resulting in the reported ADRs.
However, the pharmacogenetic profile showed that the
patient had the star alleles *6 (no function) and *41
(decreased function) of the CYP2D6 enzyme resulting in
the phenotype of an IM. Moreover, the testing revealed
the patient’s CYP2C19 UM status with the star alleles *1

(wildtype) and *17 (increased function), and a CYP2C9
IM status with the star alleles *1 (wildtype) and *2
(decreased function).

If PGx data for a patient are available, one should be
able to consult the official drug label or the guidelines by
the respective medical expert panel for information on the
handling of a drug. For TAM, Swiss drug labels (www.
swissmedicinfo.ch) does not recommend CYP2D6 testing,

but simply states, that in published studies, the simultaneous
use of CYP2D6 inhibitors reduced plasma concentrations of
the active metabolite endoxifen, which may be associated
with a loss of efficacy (see ‘Interactions’). According to
a published study, the loss of efficacy of TAM in combina-
tion with treatment with SSRI paroxetine increased mortality.
TAM should therefore not be administered together with
CYP2D6 inhibitors (eg SSRI antidepressants such as parox-
etine or fluoxetine, cinacalcet, quinidine). Reduced endoxifen
concentrations and thus reduced efficacy can also be
expected in so-called poor metabolizers for CYP2D6 (see
‘Pharmacokinetics’ and ‘Properties/Effects’).'* This informa-
tion is similar to the drug label issued by the FDA and Health
Canada.'> Finally, the National Comprehensive Cancer
Network (NCCN) Breast Cancer Panel does not recommend
CYP2D6 genotyping.'® Accordingly, these sources did not
provide the information we were looking for.

The
Consortium (CPIC) or the Dutch Pharmacogenetics

Clinical Pharmacogenetics Implementation
Working Group (DWPQG) provide recommendations on
the implementation of PGx information in medical deci-
sions for a selection of drugs including TAM. In their
expert summary on TAM, both report a clear association
of the herein observed genotype of CYP2D6 *6/*41 (IM),
with lower END levels and with a higher risk of breast
cancer recurrence in premenopausal women. In the case of
a CYP2D6 IM status, they recommend considering alter-
native substances for the endocrine therapy such as aro-
matase inhibitors (Als).'” ' In their update of guidelines,
Swen et al'’ confirmed an increased recurrence rate of
breast cancer and strongly recommended to avoid the use
of potent CYP2D6 inhibitors for CYP2D6 IMs. For post-
menopausal women, they suggested considering the use of
Als, even though two large randomized double-blind
trials*™?' concluded that the CYP2D6 genotype does not
predict the clinical outcome with TAM. However, there are

2224 and studies contradicting?®' the

studies confirming
predictive value of the CYP2D6 genotype for the clinical
outcome, which certainly contributes to the lack of agree-

ment on the pharmacogenotyping prior to TAM treatment.
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There are data suggesting that despite the enhanced activa-
tion of TAM to END in patients with UM status, this status
is linked to a higher intake of symptom-relieving drugs
(antinausea, anxiolytics, medications for relief from hot
flushes), a higher frequency of early treatment discontinua-
tion, and a worse prognosis for breast cancer compared to
extensive metabolizers.”’

Another option to overcome the decreased END levels
in patients with CYP2D6 IM status might be a dose-
escalation, but this was not recommended in the guidelines
of the CPIC/DWPG and no option for our patient, suffer-
ing from various ADRs from TAM. Nevertheless, we
would like to mention that there are experts*® reporting
that there is no impact on quality of life when applying
monitoring of END plasma concentrations and according
to TAM dose escalation in CYP2D6 poor metabolizers
(PMs). Besides, we were unable to collect blood samples
in the community pharmacy.

Toremifene is another selective estrogen receptor mod-
ulator indicated for the treatment of metastatic breast can-
cer in postmenopausal women.’’ Even if CYP2D6 is
involved in the toremifene metabolism as shown in Vitro,28
this enzyme seems to play a minor role in vivo.”” Within
the herein reported case, toremifene was no therapeutic
option as the drug has been discontinued in the Swiss
market.

As it remained unclear whether the observed ADRs are
linked to the patient’s genotype, we focused on the bioac-
tivation of TAM. The first step, namely the demethylation
of TAM to DM-TAM, which is considered as the main
pathway of TAM degradation,'® is mainly catalyzed by
CYP3A4.”2° However, for CYP3A4 no function predict-
ing polymorphisms exist.*' Furthermore, it is well known
that CYP2D6 is a major contributor to the hydroxylation
both of TAM to the intermediate metabolite 4-OH-TAM
and of the intermediate metabolite DM-TAM to END. If
less CYP2D6 is available, we must assume both steps to
be slower. Consequently, smaller amounts of END might
be formed. In 2009, Schroth et al*? retrospectively geno-
typed a cohort of 1325 patients with breast cancer at an
early stage and demonstrated that the existence of a non-
functional (PM) or reduced-function allele (IM) instead of
two functional alleles of CYP2D6 lead to worse clinical
outcomes. Even though there is a link between the bioac-
tivation of TAM and CYP2C19, the DPWG and CPIC
guidelines do not consider this relationship. Indeed,
CYP2C19 is known to be capable of catalyzing the
4-hydroxylation to 4-OH-TAM and the demethylation to

END.'"' In addition, there are data linking CYP2C19 to
both estrogen and progesterone metabolism.** In detail,
the authors demonstrated in a cohort study with 306 pre-
that with
a decreased activity of the CYP2D6 enzyme, thus poor

and post-menopausal women, patients
activation of TAM, in combination with an increased
activity in CYP2C19 UM, thus lower levels of sexual
hormones, have worse clinical outcome. Looking only at
CYP2C19, it has been shown that the CYP2C19*17 allele
(UM) is associated with a better response to the TAM
therapy, fewer ADRs, and disease-free survival.'®>?
Furthermore, Schroth et al report an analysis considering
both the CYP2D6 and the CYP2C19*17 genotype reveal-
ing a more accurate stratification of the patients with poor
and moderate outcomes when also considering
CYP2C19%17. In addition, the CYP2C9 is assumed to
be involved in the formation of the intermediate metabo-
lites DM-TAM and 4-OH-TAM.'! Therefore, the CYP2C9
IM status of our patient might have led to a decreased
level of the intermediate metabolites DM-TAM and 4-OH-
TAM. Finally, CYP3A4 is involved in the demethylation
of TAM to DM-TAM, and of 4-OH-TAM to END.”'%*
However, based on the current understanding genetic var-
iants in CYP3A4 are not predictive for its metabolic activ-
ity, but CYP3A4 is
interactions either increasing or decreasing its activity.

often involved in drug—drug
Taken together, the genetic findings suggest that the herein
reported patient is carrying a risk for lower TAM efficacy
(CYP2D6 IM, CYP2C9 IM), which is slightly reduced by
the enhanced activity of CYP2C19.

Even though an initial screening of drug—drug interac-
tions using the interaction tool MediQ (www.mediq.ch)
did not show any significant drug—drug interactions, we
performed an in-depth analysis of the potential drug—drug
interactions. On one hand, there is the possibility of induc-
tion of enzymes involved in TAM metabolism. This is
especially known for CYP3A4, but also for other enzymes
involved in TAM metabolism such as CYP2C9 and
CYP2C19.*' However, there are no drugs present in the
patient’s comedication currently known to induce
CYP3A4, CYP2C9, and CYP2CI19 function. On the
other hand, processes of inhibition are possible. In the
context of TAM comedication, it seems noteworthy that
pantoprazole is considered to be a CYP2CI19 substrate,
and therefore might have had a weak inhibitory effect on
the increased activity of CYP2C19 in the patient.**
Another compound, that may influence drug metabolism
is the herbal medication Viscum album taken by the patient
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as a complementary therapy. Weissenstein et al®> treated
the human breast cancer cell line MCF-7 with END, either
with or without the presence of estradiol. Viscum album
extracts were added to all samples and proliferation, apop-
tosis and cell cycle were analyzed. In addition, possible
inhibition of CYP3A4/5 and CYP2D6 was examined in
human liver microsomes. Viscum album did neither influ-
ence the anti-estrogenic effect of endoxifen; nor interact
with the bioactivation of TAM.

After consulting drug labels, guidelines, and literature, it
still remained unclear whether the observed ADRs are linked
to the patient’s genotype. In this context, we want to cite the
results from Regan et al*! investigating the development of hot
flashes in 1706 patients treated with TAM in the first 2 years of
treatment. Contrary to the hypothesis of worse disease control
in patients with CYP2D6 PM and IM phenotypes, they found
an increased risk for development of hot flashes in patients
with CYP2D6 PM and IM phenotypes. No such association
was observed by Sestak et al*® assessing the same outcome in
a smaller patient population (n=54). According to Vries etal'’,
PGx alone cannot answer the question of the reactions on
treatment with TAM, as this depends on multiple factors, eg
the menopausal status of the woman. For the herein presented
case, we are unable to explain the ADRs, but the CYP2D6 IM
status of the patient let us to decide that TAM is not a good
treatment option. Testing the patient for the END plasma
levels in a therapeutic drug monitoring would have certainly
helped to provide further insights into the case.” However,
this is not applicable in the herein presented setting of patient
care in a community pharmacy.

Finally, we want to refer to the single drug analysis of the
patient’s comedication (see Table 1), which was possible due
to the pharmacogenetic profile, and which influenced the
pharmacist's recommendations for this particular patient. The
first active substance we want to mention is pantoprazole.
A few studies have demonstrated that CYP2C19 is an impor-
tant determinant in its metabolism®* " linking changes in
plasma levels to the phenotype of CYP2C19 metabolism.*®
The recommendations on PGx implementation suggest a four-
fold (400%) elevation in the dose of pantoprazole in the
therapy of the H. pylori infection and other indications to
ensure the intended pharmacological activity.'® The majority
of drugs in the class of proton pump inhibitors are mainly
metabolized via CYP2C19. However, rabeprazole is metabo-
lized via a non-enzymatic pathway; therefore, it is less suscep-
tible to the
cyr2c19.*

influence of genetic polymorphisms of

The second active substance in this context is ibupro-
metabolized by CYP2C9, CYP2CS,
CYP2C19 and multiple UDP-glucuronosyltransferases,

fen, which is
where CYP2C9 is assumed to be of major relevance.*
In 2020, the CPIC published a guideline for non-steroidal
anti-inflammatory drugs (NSAIDs) in the context of
genetic variants of CYP2C8 and CYP2C9*, where IMs
might have a higher risk for adverse events such as gastro-
intestinal bleeding than others. They recommend starting
the therapy with the lowest effective dose for the shortest
duration and in agreement with patients’ preferences.

Decision

We recommended to discontinue TAM due to the CYP2D6
IM phenotype and the fact that dose escalation would not
be an option for this patient due to ADRs, which might be
linked to the genetic-associated changes in TAM metabo-
lism. In the recommendation, we suggested a switch to
letrozole, a non-steroidal Al for post-breast cancer recur-
rence therapy after breast cancer. Als represent a good
alternative to TAM also supported by a meta-analysis of
the Early Breast Cancer Trials Collaborative Group. Here,
the comparison of TAM and Als revealed that the recur-
rence rates of Als are reduced by 30% compared to TAM
and that 10-year mortality is reduced by 15% by Als
compared to TAM.** Jeong et al*’ also support the switch
to Als as they have shown to be superior to TAM.'®
Furthermore, letrozole is primarily catalyzed by CYP2A6
and CYP3A4 and it is assumed to be independent of
metabolism by CYP2D6, CYP2C9 and CYP2C19.

In addition, we recommended ibuprofen for short-term
intake only and advised the additional intake of a proton
pump inhibitor, as the CYP2C9 IM status may increase the
risk of gastrointestinal bleedings during the ibuprofen
therapy. For the proton pump inhibition, we recommended
discontinuing pantoprazole, due to the CYP2C19 UM
status which might lead to subtherapeutic pantoprazole
plasma levels and suggest to switch to rabeprazole,
which is mainly metabolized by a non-enzymatic pathway.

Follow-Up

The recommendations were forwarded to the treating
gynecologist, who decided — together with the patient —
to start letrozole in combination with the GnRH-agonist
leuprorelin (also known as leuprolide). Despite the
patient’s fear of further ADRs caused by the new treat-
ment, the pharmacogenetic profile provided sufficient
argumentation for the patient to adapt her post-breast

Pharmacogenomics and Personalized Medicine 2021:14
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cancer recurrence therapy. Accordingly, TAM was stopped
and switched to a monthly injection of leuprorelin 2.75 mg
(due to the premenopausal status of the patient) and sup-
plemented by letrozole 2.5 mg once daily initiated 2 weeks
after the initiation of leuprorelin. Six months after the
initiation of letrozole and leuprorelin, the patient reported
a minimal local reaction at the injection site of the leu-
prorelin, but she does not suffer from any other ADRs.
Moreover, the patient was also able to go back to work
part-time. Furthermore, the patient stopped the ibuprofen
treatment, and therefore the proton pump inhibitor was not
indicated anymore to prevent gastrointestinal bleeding, but
the patient wanted to have rabeprazole on-hold in case of
an ibuprofen intake in the future.

Conclusion

This case presents a patient showing ADRs in the adjuvant
therapy with TAM. We analyzed the patient's medication
and used a pharmacogenetic profile provided by
a commercially available panel comprising 30 genes with
up to 100 wvariants and drug-specific interpretation.
Relevant variants in the CYP enzymes CYP2DG6,
CYP2C9, and CYP2C19 were detected. As a result of
this pharmacist-led medication review with pharmacoge-
netic analyses, concrete genotype-driven recommendations
for the treating physician were compiled.

At first, considering only the described ADRs would
have tempted us to reduce the TAM dosage, assuming that
the patient’s END blood concentrations might be elevated.
Surprisingly, the assessed CYP2D6 genotype (CYP2D6
IM) did not support this hypothesis. On the contrary,

respecting the PGx guidelines'®'®"

according to the
revealed CYP2D6 genotype, the patient might suffer
from limited TAM effectiveness due to decreased bioacti-
vation to END via CYP2D6 and therefore will not benefit
from a dose reduction. Consequently, we recommended to
stop TAM and switch to letrozole in combination with
leuprorelin. Furthermore, we were able to deliver recom-
mendations to the comedication of the patient.

This case showed the added value of a large pharmaco-
and the
a pharmacogenetic

genetic  panel complexity of integrating

profile into a recommendation.
Consequently, the decision-making process needs an inter-

disciplinary approach for the clinical implementation of PGx.
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