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Abstract: Estrogen-receptor positivity in tumour, often requiring long-term tamoxifen
therapy, is thought to characterise between 43% and 65% of breast cancer cases in
Nigeria. The patient population is further marked by late-stage diagnosis which significantly
heightens the tendency for tumour relapse in the course of tamoxifen therapy. Despite
tamoxifen being considered a reliable chemopreventive in high-risk individuals and an
effective adjuvant therapy for hormone-sensitive tumours, mortality has remained high
among breast cancer patients in the West African region where Nigeria belongs. The
Nigerian breast cancer population, like other similar patient-populations in the West
African region, provides a mix of intrinsic genome-diversity and perhaps unique tumour
biology and evolution. These peculiarities suggest the need for a rational approach to tumour
management and a personalised delivery of therapy in Nigeria’s dominant estrogen-receptor-
positive patient population. Herein, critical indices of tamoxifen-therapy success are dis-
cussed in the context of the Nigerian breast cancer population with emphasis on salient
aspects of tamoxifen-biotransformation, host- and tumour-genomics, and epigenetics.
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Estrogen-Receptor-Positive Breast Cancer in
Nigeria

The most recent statistics by the Global Cancer Observatory showed that incidence
(age-standardized) of breast cancer in the West African region, home to about 5%
of the world population, for 2018 stood at 37.2 per 100,000 females with an
attributed mortality rate of 17.8 per 100,000 females. Nigeria, whose population
accounts for over 50% of persons living in the West African region, recorded some
26,310 new cases of breast cancer in females during the same period,' and
a previous report had noted an age-standardized incidence of between 52 and
64.6 per 100,000 females in the population.” Although breast cancer in males is
quite rare in the population, a few cases have been reported. It is, however,
noteworthy that formal data-gathering structures at healthcare facilities in the
region are generally weak, and the actual cases of breast cancer could be much
higher than what is currently known.

The estrogen receptor, often profiled in breast tumours alongside progesterone
receptor and human epidermal growth factor 2 gene expression, is considered
a primary driver of oncogenesis in hormone-positive tumours.” Published data for
Nigerian patients suggests that estrogen-receptor-positive (ER+) breast cancer is

4,5

quite common. These cases often present late,”” and hormonal agents like
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tamoxifen are often deployed as adjuncts to surgical resec-
tion. The most recent report on hormone-receptor status of
breast tumour in Nigeria noted a prevalence of about 43%
(94/220) among patients who presented at six healthcare
delivery centres between 2014 and 2016.° Other older
reports have noted frequencies of about 58% (n = 48)’
and 65% (n = 192)® among Nigerian patients.

These data, however sparse, imply an important role of
hormone therapy in the management of breast cancer
patients in Nigeria, and perhaps the West African region.
As such,
a convenient choice when indicated due to the ease of

tamoxifen therapy has largely remained

access and a relatively cheaper cost.

Tamoxifen and
Estrogen-Receptor-Positive Breast

Cancer

Tamoxifen, a selective estrogen-receptor modulator, is an
effective hormone therapy indicated for the management
and chemoprevention of ER+ breast cancer.”'® Maximum
clinical benefit from tamoxifen therapy, often achieved
after a minimum 5-year administration, occurs through
its  cytostatic  effect on  breast cancer cell
proliferation.'''? The therapeutic benefit derivable from
tamoxifen is, however, known to be mediated by some key
factors listed in Table 1. A 20 mg daily dose is considered
best for efficacy as no superior clinical benefits have been
attributed to other varied doses.'’ The risk of tumour
recurrence or contralateral cancer over a 20-year study
period has been noted to be below 27% in patients admi-

nistered long-term tamoxifen.'* Adverse reactions such as

hot flashes, thromboembolic events, and the increased risk
of endometrial cancer are not uncommon in patients on
tamoxifen.'>™'” Further, an increased risk of osteoporosis
occasioned by a decrease in bone mineral density has been
associated with the use of tamoxifen in pre-menopausal
women. Tamoxifen therapy in postmenopausal women
was, however, noted to result in an increase in bone
mineral density which, perhaps, contributes to reduced

risk of osteoporotic fracture rates.' 820

Adjuvant Tamoxifen Therapy in
Nigeria

Detailed clinical data, with wide geographical spread, for
users of tamoxifen in Nigeria, is largely unavailable at this
time. To this end, retrospective data on breast cancer
patients placed on daily tamoxifen between 2008 and
2019 at the Obafemi Awolowo University Teaching
Hospital, a major tertiary healthcare centre in Southwest
Nigeria, was reviewed and summarised (Table 2). This
record showed that tamoxifen was mostly recommended
as an adjunct in a female-dominated patient-population
with a comparable number of pre- and post-menopausal
women. About 71% of these patients had stage 3 tumour at
the time of diagnosis, and most (~68%) were between the
ages of 40 and 65 years.

Information on the tolerance, adverse events and effec-
tiveness of adjuvant tamoxifen in this population was,
however, not captured. To better assess the indices of
usefulness of adjuvant tamoxifen in Nigeria, host genetic
factors influencing tamoxifen metabolism, breast cancer
predisposition, and epigenetics are discussed in the context
of what is known about the Nigerian population.

Table | Some Keys Factors Mediating the Effectiveness of Tamoxifen in the Management of Hormone-Receptor Positive Breast

Cancer
Factors in Tamoxifen Therapy Significance for Tamoxifen Therapy References
Response
CYP2D6 Metabolism of tamoxifen: Varied drug and metabolite exposure 21-23
BRCAI and BRCA2mutations Tamoxifen response: Tamoxifen more effective in non-carriers 24
Histone deacetylases Tamoxifen target: Regulatory role in the stability of estrogen receptor mRNA 25-27

Lysine N-methyltransferases (MLL3 and

Tamoxifen target: Regulatory methylation of estrogen receptor promoter/enhancer | 28

SETIA) region
Estrogen receptor o gene (ESR/) Tamoxifen target: Somatic mutations precipitate tamoxifen resistance 29
SALL2 Tamoxifen target: Mediates estrogen receptor o gene transcription 30
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Table 2 Summary Data of Breast Cancer Patients on Tamoxifen
Between 2008 and 2019 in a Tertiary Healthcare Institution in
Nigeria

N = 41

Mean age * SD (years) 54.1 £ 12.6
Gender

Female 38 (92.7%)

Male 3 (7.3%)
Menopausal status

Premenopausal 18 (43.9%)

Postmenopausal 23 (56.1%)
Stage at diagnosis

1l 7 (17%)

1] 29 (70.7%)

v 5 (12.2%)
Nature of therapy

Neoadjuvant 2 (4.9%)

Adjuvant 39 (95.1%)
Duration of therapy

25 years 10 (24.4%)

2-3 years 20 (48.8%)

<| year Il (26.8%)
Outcome

Alive 35 (85.4%)

Dead 6 (14.6%)
Median duration of follow-up (years) 5

Notes: Data presented was obtained from the registry of the Obafemi Awolowo
University Teaching Hospital, lle-Ife, Nigeria. These patients were diagnosed, trea-
ted and followed-up between 2008 and 2019. Contact with one patient was,
however, lost after an initial 5-year monitoring of adjuvant tamoxifen.

Metabolism of Tamoxifen

Hepatic metabolism of tamoxifen yields the much more
potent 4-hydroxytamoxifen and endoxifen amongst other
metabolites.’’ These bioactive hydroxylated-metabolites
are dominantly generated by the activity of the poly-
morphic CYP2D6 enzyme,>' the deficiency of which is
acquired as an autosomal recessive “poor metaboliser”
trait>® and which has now been widely examined for its
role in the effectiveness of adjuvant tamoxifen therapy.
Although the impact of defective CYP2D6 protein on
response to adjuvant tamoxifen in Nigerians is yet to be
established, prevalence of key polymorphisms in the
CYP2D6 gene across Nigerian ethnicities has been
reported. CYP2D6%*4, *10, *17, and *29 exist in the domi-
nant Nigerian ethnicities at frequencies between 2% and
22%, and about 21% of the population is projected to

comprise intermediate and poor metabolisers of CYP2D6
substrates.*

The
Consortium (CPIC) currently recommends a highly cautious

Clinical Pharmacogenomics Implementation
dosing of tamoxifen in carriers of CYP2D6*4 and *10 hap-
lotypes, which may not be uncommon in Nigeria, on the
strength of clinical data available to date.*® Translational
benefits of this and other recommendations of CPIC for the
dosing of tamoxifen in Nigerian patients would, however,
remain limited until richer population-specific data on

CYP2D6 haplotypes are available for clinical evaluation.

BRCAI/BRCA2 Mutation, Adjuvant and

Prophylactic Tamoxifen

Germline mutation in either BRCAI or BRCAZ2 gene is known
to increase the risk of breast cancer by 27% to 87% in persons
over 70 years of age. Mutations in these breast cancer suscept-
ibility genes are also reported to increase the risk of contral-
ateral breast cancer by 26% to 40% in carriers.>* A 17-year
study of some 1136 Nigerian breast cancer patients noted
a prevalence of 7% and 4.1% of functional BRCA/ and
BRCA2 mutations, respectively.>> Data presented by this
study in the Nigerian breast cancer population also showed
that about 78% and 83% of functional BRCAI and BRCA2
mutation carriers, respectively, were persons below 60 years of
age. This is consistent with a weak correlation between old-
age and susceptibility to breast cancer in Nigerian carriers of
functional BRCA mutations.

While it appears that co-carriers of functional BRCA
mutations and ER+ tumours are quite rare in Nigeria (~
0.004%), the effectiveness of therapeutic options available
is important for survival. It is now known that BRCA
germline mutations define a subgroup of breast cancer
patients whose treatment approach is better optimised by
prior characterisation as carriers or non-carriers.*>® For
example, tamoxifen therapy is more effective in non-
carriers of BRCA mutations as it has been associated
with reduced risk of contralateral breast cancer. Further,
the NSABP1-P1-trial which drew inference from a small
number of patients noted that chemopreventive tamoxifen
therapy was effective in BRCA2-mutation carriers but not
in BRCAI-mutation carriers.”*

Tamoxifen Resistance, Host Genetics and
Epigenetics

Intrinsic or acquired resistance to tamoxifen therapy in ER+
tumour is known to occur in breast cancer patients.*’
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Particularly of interest in Nigerian patients is the develop-
ment of acquired resistance to long-term tamoxifen therapy
through a loss of estrogen-receptor function or expression.
This is indeed so because of the documented increased sus-
ceptibility of ER+ patients who present late, prevalent in
Nigeria (>70%),>>*® to relapse in the course of endocrine
therapy.’® While the detailed mechanism underlying tamox-
ifen resistance is still unclear, the repression of estrogen-
receptor-o. (ERa, the biotarget of tamoxifen) gene due to
epigenetic modification in its promoter region and those of
accessory cellular machinery has been reported.”***** This
epigenetic phenotype appears to involve the aberrant methy-
lation of CpG islands (CGls), deacetylation at N-terminal
lysine residue in histones, increased methylation at histone-
H3-lysine-4 (H3K4) sites, and altered expression of relevant
mRNA levels.2*+#

While the complex web of interactions and changes in the
activities of coactivators, corepressors, and transcriptional
factors involved in the expression and normal physiological
functions of ERa is being explored,* the intrinsic genomic
diversity characteristic of Nigerian populations poses an
intriguing perspective. Examples are the single nucleotide
polymorphisms (SNPs) in DNMT1, the maintenance methy-
lase implicated in the aberrant methylation of CGIs.
Although these SNPs have not been directly associated
with epimutations in ER and tamoxifen response, positive
correlation with the risk of breast cancer has been
reported.*** DNMTI 122286121 and 15222861 SNPs, for
example, have minor allele frequencies of 0.14-0.16 and
0.51-0.54, respectively, in Nigerian ethnicities.*” The signif-
icance of these and other DNMTI SNPs for epigenetic
changes in ERa and the success of adjuvant tamoxifen ther-
apy in Nigerian patients are worthy of further research con-
sidering the fairly high prevalence.

Inhibitors of histone deacetylases such as Vorinostat,
Entinostat, and Panobinostat have been deployed with

some success in malignancies,*®*’

and the application of
some of these agents as therapeutics for the reversal of
ERa repression in breast tumour is the subject of clinical
trials. Expression levels of histone deacetylase (HDAC) 1,
2, and 3 have all been correlated with ER-status and
disease progression of breast tumours,”>° and the regula-
tory role of HDACS3 in the stability of ER mRNA has been
reported.”” These genes, encoding HDAC isoforms, have
been characterised for functional polymorphisms (eg the
recurrence of hepatocellular carcinoma)®® that further
invites a closer look at the role of variations in translated

HDAC proteins in the repression of ERa.

A recent report detailed the crucial role of lysine
N-methyltransferase 2C (KMT2C/MLL3) and - 2F
(KMT2F/SET1A) in the regulatory methylation of ERa
promoter/enhancer region.”® This report further confirmed
that a knockout of the MLL3 and SETIA genes resulted in
a decrease in ERa protein and mRNA level in breast
cancer tissues and cell lines. While the epigenetic role of
these proteins suggests that they might be useful targets in
the development of drugs aimed at reversing decreased
hormone-sensitivity in breast tumour, the impact of several
mutations and polymorphisms*’ already identified in these
genes remain to be elucidated.

Breast Tumour Genome, Methylome and

Tamoxifen Therapy

Cancer cells, generally, are in a constant state of evolution
and as such, the myriad of mutations characteristic of
tumours, and the significance of such mutations for ther-
apy, continue to be a major field of study to date. In
addition to the repertoire of somatic and germline muta-
tions, epigenetic changes which bring about gene-silencing
or overexpression of cellular components are also effected
in the cancer cell genome over time.’' An interplay of
these factors is thought to partly drive the complex
machinery underpinning intrinsic or acquired resistance
to tamoxifen and other breast cancer therapies.

Somatic mutations in the ERo gene, ESRI (eg the
Y537S and D538G mutants),29 known to precipitate hor-
mone-therapy resistance and which are presently unstudied
in Nigerian patients, present yet another perspective to
tamoxifen resistance in the population. These mutations
in ESRI appear to also evolve with the disease and have
been documented in metastatic lesions.’> Although exist-
ing data does suggest that mutations in £SR/ are quite rare

in primary tumours,’® "

comparable studies establishing
similar rarity in Nigerian patients are unavailable at this
time. This present knowledge-gap also extends to the
possibility of race playing a crucial role in the propensity
for evolutionary changes in genes critical for hormone-
therapy resistance such as ESR/. While there is no robust
evidence, to date, showing that race influences the mole-
cular evolution of breast tumours, the tendency for such
has been suggested going by the greater genome instability
observed in persons of African ancestry.’®>’ The signifi-
cance of these observations for ESR/ mutations and
tamoxifen resistance in Nigerian patients remain to be
seen in future studies.
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The methylome has become an important topic in
tumour studies for its crucial link with processes of tumour
proliferation, repression, and by extension, choice and
success of therapy. An example of this is seen in the
methylation-induced silencing of SALL2, a gene encoding
a zinc finger C2H2 transcription factor. The downregula-
tion of SALL?2 is reported to repress ESR/ transcription,
thus creating tamoxifen-resistant tumours.*® Further,
breast-tissue-specific hypermethylation of CpG islands
strongly linked with estrogen-receptor positivity and with
consequences for gene transcription has been reported.’®
Amidst  the
populations,” which remains poorly explored, evaluating

rich genomic-diversity of  African

the possibility of a crosstalk between methylome evolution

and a heightened genome instability®®’

in Nigerian
patients may prove pivotal in the delivery of effective

tamoxifen therapy for the population.

The Future of Effective Tamoxifen
Therapy and Recommendations for
Nigeria

Gaps in Genome Research

Curiously, germline mutations in a larger proportion of
driver genes profiled for breast cancer are mostly asso-
ciated with DNA repair processes underpinning genome
integrity.®” What is presently known about the Nigerian
breast cancer population, however, appears to question the
benefits of this lopsided focus on genes associated with
DNA repair processes in determining tumour risks and
disease clinicopathology for the population. A sizeable
study®® (n=1136) observed that the present conservative
list of mutations in breast cancer driver genes, with the
exception of BRCA genes (127/1136; ~0.1%), is largely
rare (29/1136 for PALB2, TP53, ATM, BARDI, BRIPI,
CHEKI, CHEK2, GENI, NBN, RAD5IC, RADS5ID,
XRCC2; ~0.03%) in Nigerian patients.

This would suggest that drivers of breast cancer biol-
ogy and determinants of the effectiveness of therapy,
tamoxifen inclusive, may lie in other parts of the host
and cancer genome unique to the Nigerian population.
With the assumption that ER+ breast tumours account for
over 40% of diagnoses in Nigeria,”* radical approaches
geared towards defining the functional significance of
more germline mutations in factors mediating epigenetic
gene suppression/expression (such as DNMTI, HDACI-3,
MLL3, SALL2, and SET1A4) are more needed than ever.
Further, the Nigerian ER+ breast cancer population might

benefit from extensive studies of methylome in primary
and metastatic tumours to identify unique signatures rele-
vant for therapy, and as well profile the molecular drivers
of evolutionary changes that might be uncovered.

Gaps in the Therapy Approach

For a number of long-term therapeutic interventions, strict
patient compliance with defined therapeutic regimen that
ensures adequate drug exposure is crucial for success.
While this may not have been established for tamoxifen
therapy,”' low intra-tumoral levels of tamoxifen have been
observed in patients with acquired resistance.®* The possibi-
lity, hence, exists that prolonged exposure to suboptimal
therapeutic levels of tamoxifen, due to poor regimen adher-
ence, might become a critical factor in the development of
acquired resistance to endocrine therapy. Sparse data gath-
ered for 114 Nigerian patients on long-term tamoxifen iden-
tified non-adherence to prescribed regimen in about 25% of
these tamoxifen users. Intolerable adverse events, particu-
larly in the first six months of therapy commencement, were
identified as the major driver of non-adherence.®®

Alternative approaches aimed at minimising tamoxifen
intolerance have been studied in the last two decades. For
example, trials of low-dose tamoxifen (1 to10 mg per day) in
limited number of patients and populations have noted
uncompromised therapeutic benefits in addition to reduced
risks and frequency of adverse events.®*°® Further, topical
tamoxifen which provides the benefit of lesser systemic side
effects has been successfully trialled in the management of
cyclical mastalgia.” Raloxifene, also a selective estrogen-
receptor modulator like tamoxifen, has been shown to be
equally effective in reducing the incidence and mortality
from hormone-positive breast cancer.®**” These alternatives
are, however, untested in Nigerians.

To address these gaps, research efforts in a cohort of
Nigerian patients, devoted to improving quality-of-life and
regimen-adherence, are needed at this time. Since Nigerian
breast cancer patients are largely unrepresented in the
several previous studies of varied tamoxifen doses and
formulation, and raloxifene trials, studies of the effective-
ness of these alternative approaches in the population are
required for policy direction in the management of hor-
mone-positive breast tumour.

Conclusion

Without a doubt, very little is known about the spread,
severity, and mortality of ER+ breast cancer and the effec-
tiveness of tamoxifen in Nigeria, and the road to
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a personalised dosing of tamoxifen appears distant. These
challenges are further exacerbated by the weak infrastruc-
ture available for research and data collection. Importantly
at this time, a clearer picture can be gained from renewed
efforts in the direction of data capture covering tumour
relapse, survival, and drug-tolerance in Nigerian patients
on tamoxifen therapy.

Notwithstanding, the sparse data available can still be
put to use in helping to chart a course for the effective
management of ER+ breast cancer in a population pre-
sently burdened with inadequate health insurance plat-
forms. Newer approaches would likely go beyond
administering monotherapy tamoxifen as chemopreventive
or adjuvant to accommodating rational multitherapy
approaches in instances of predicted heightened-
tamoxifen-therapy-failure. The time for these coordinated

efforts to start is now.
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