Abstract

Introduction

Based on recent emerging evidence of inter-ethnic difference in drug response and
toxicity, ethnic diversity in pharmacokinetics, pharmacogenomics and clinical
outcomes are being investigated in order to promote improved understanding of inter-
individual differences in the pharmacokinetics and tolerance of cytotoxic drugs. This
article reviews potential explanations for the observed ethnic differences in treatment
outcomes and provides clinical data to support this concept.

Area covered

A literature search was implemented on www.pubmed.com and www.pharmgkb.org to

investigate the areas of ethnic differences in pharmacogenomics, pharmacogenetics and
clinical outcomes of cancer therapies.

Expert Opinion

There has been a relative paucity of clinical evidence linking genetic polymorphisms of
genes  encoding ° drug-metabolizing enzymes to the pharmacokinetics,
pharmacodynamics and tolerance of anti-cancer drugs. Future research should
undertake such studies utilizing large sample sizes to provide adequate power to
identify significant differences of clinical significance. Due to the potential for ethnic
differences to impact on both toxicities and benefits of systemic cancer therapies, the
development of new therapeutic agents should include patients from diverse
geographical ancestries in each phase of drug development.



Article highlight box

1. There is substantial evidence of ethnic variability in the pharmacogenetics,
pharmacokinetics and clinical outcomes of patients receiving anti-cancer drugs.

2. A key reason for ethnic differences in drug response relates to variation in the
distribution of allelic variants of genes that influence the pharmacokinetics and
pharmacodynamics of cancer therapies.

3. Few studies have directly linked the presence of genetic polymorphisms in
genes encoding drug-metabolizing enzymes to ethnic differences in the
pharmacokinetics, pharmacodynamics and tolerance of anti-cancer drugs and

this issue requires further investigation.

3.4.The development of new therapeutic agents should include patients from+ - { Formatted: Bullets and Numbering |

different ethnic groups and involve phase I studies in multiple different ethnic
populations.

4:5.Care needs to be taken in treating patients from different ethnic backgrounds
with schedules of treatment defined predominantly in people of European

ancestry.



Introduction

There is wide inter-individual variation in toxicity from cancer chemotherapy as a
result of variability in pharmacokinetics and pharmacodynamics of these agents in
cancer patients. This means that some patients receiving a chemotherapy regimen will
experience minimal toxicity while others will experience life-threatening side-effects.
Similar variability in beneficial response to treatment is observed. Many factors have
been suggested to contribute to this variability in response including pharmacogenomic
and pharmacokinetic differences, pharmacodynamic variability, differing performance
status of patients with cancer, variability in organ function, intercurrent illnesses, as
well as, the use of concomitant medications (including both conventional and
complementary medicines) or a combination of all of these factors. More recently there
has been greater recognition that patients from different ethnic backgrounds or
geographical ancestries tolerate treatments better or worse than people from other
ethnic groups [1]. In this article we discuss some of the observed ethnic differences in
treatment outcomes and provide potential explanations for these, with particular
emphasis on ethnic differences in drug metabolising enzyme expression and variability

in the pharmacokinetics of anticancer drugs.

1. Ethnic differences in clinical outcomes of cancer treatment.

Ethnic differences in clinical outcomes from chemotherapy have been increasingly
reported in the last decade. However, even prior to these data many physicians treating
patients of Asian origin have reduced the starting doses of anti-cancer drugs for their
patients because of concerns about excessive toxicity, especially where dose finding
studies had been performed in predominantly Western patient populations. These

concerns have been confirmed by multiple Japanese studies demonstrating efficacy and



toxicity of schedules utilising lower drug doses than are recommended in western
countries. [2-4]. There is accumulating evidence of ethnic differences in the frequency
of polymorphisms in genes involved in drug metabolic pathways, which result in
differences in enzyme activity (see section 3). In addition, ethnic differences have been
demonstrated in the presence of mutations in drug targets in tumours, especially in non-
small cell lung cancer. Furthermore, as mentioned earlier, there are other factors, which
might contribute to ethnic differences in drug metabolism including diet, nutritional and
inflammatory status and intake of proprietary and complementary medicines that have
been even less well defined. Together these issues contribute to ethnic differences in
treatment outcomes, including toxicity, response and survival. Surprisingly these
differences and their causes have not been widely investigated and much more research
is required to fully characterise these issues. We have provided some examples below

of how these differences impact on treatment outcomes in a variety of tumour types.

1.1 Lung cancer

In lung cancer, Japanese and US based investigators have advocated the inclusion of a
“Common Arm” of treatment in co-operative group studies undertaken in different
countries to permit inter-ethnic comparisons of toxicities, response and survival. This
involves the use of similar/identical inclusion/exclusion criteria, treatment schemas and
drug doses. In 2 Japan-Multinational Trial Organisation (JMTO) studies and a
Southwest Oncology Group (SWOG) study in advanced NSCLC involving 145, 197
and 184 patients, respectively, a common treatment arm of paclitaxel and carboplatin
was employed. Japanese patients experienced more grade 3 and 4 neutropenia (70% -
88% vs. 38%), anaemia (15% vs. 7%) and febrile neutropenia (12% - 18% vs. 2%),

than the American patients who were predominantly Caucasian. Japanese patients also



had longer median survivals (12 - 14 months) than the Americans (9 months). One-year
survival was 51% - 57% for the Japanese compared to 37% for the Americans [5]. In
this study, genotype-related associations with patient outcomes were observed for
CYP3A44*IB and ERCC2 K751Q [5]. Similarly, in a phase II study of carboplatin and
docetaxel undertaken between centres in Australia and Singapore involving 68 patients
(23 Asians and 43 Caucasians) there was greater haematological toxicity and febrile
neutropenia in the Asian patients. This necessitated reduction in the dose of carboplatin
from AUC 6 to 4.5 for Asian patients. Again, the response rate for Asians was higher

than for Caucasians [6] (65% vs 31%).

Another common arm study in small cell lung cancer compared 154 Japanese and 651
eligible North American patients treated with either cisplatin/irinotecan or
etoposide/cisplatin. Japanese patients had significantly higher response rates regardless
of the treatment used, and higher median overall survivals in the cisplatin/irinotecan
arm (12.8 vs. 9.8 months, P<.001). However, Japanese also experienced more grade 3/4
leukopenia, neutropenia and anaemia than the North American patients, although
infection was surprisingly more common in US patients [7]. In this study, 93% of North

American patients were Caucasian with only 4% - 6% African Americans [8].

There have also been differences in outcomes reported with the use of epidermal
growth factor receptor tyrosine kinase inhibitors (EGFR TKIs) between Asian and
Caucasian patients. Initial analyses of predictive factors for benefit from gefitinib
identified that people from East Asian background, women, never smokers and those
with adenocarcinoma histology had a higher chance of response. It has since been

shown that Asian patients exhibit a significantly higher rate of treatment sensitising



somatic mutations of EGFR than other populations (20-40% versus 6%) [1] rendering
them more susceptible to treatment with the TKIs [9]. Not surprisingly, Asian patients
selected for the presence of activating mutations of EGFR and treated with first line
gefitinib experience tumour response in up to 71% of cases and have median survivals
in excess of 18 months, which is superior to chemotherapy [10, 11]. It has also been
shown that the presence of longer dinucleotide repeat segments in intron 1 of EGFR
results in lower EGFR expression [12], which is predicted to increase the response rate
to EGFR TKIs. These longer dinucleotide repeat sequences occur more commonly in
Asians (63%, n = 66) than in Caucasians (21%, n = 183) while shorter sequences occur
more commonly in both Caucasian and African-American populations (n=84 - 42% and
43% respectively) than Asians (17%) [1]. A trend towards higher erlotinib AUC, Cyux
and Cyougn has been reported in patients exhibiting one of these repeat sequences
(EGFR497 A/A) [13] however this finding requires confirmation in larger patient
numbers [9, 14]. In addition to improved clinical outcomes there is also evidence of a
higher incidence of severe interstitial lung disease and skin toxicity in Asian patients [9,

15].

1.2 Breast cancer

There have also been recent suggestions of increased chemotherapy induced toxicity in
Asian women with breast cancer in comparison to Caucasians. In a prospective study
involving centres in Hong Kong, Singapore and Australia, 104 Asian and 68 Caucasian
women with non-metastatic breast cancer were treated with identical doses and
schedules of adjuvant doxorubicin and cyclophosphamide (AC) [16]. The patients
were young with a median age of 50 (range 27 — 73) and 47 (range 25 — 63) years for

Caucasian and Asian patients, respectively. The data have only been published in



preliminary form, but again showed worse toxicity in Asian patients. Fifty four percent
of Asians experienced grade 4 neutropenia compared to 19% of Caucasians, which led
to a higher incidence of febrile neutropenia. These data confirmed the findings of a
previous retrospective study that compared toxicities of 85 Asian women receiving
adjuvant treatment with AC in Hong Kong with published data from the National

Surgical Adjuvant Breast and Bowel Project (NSABP) trials [17].

Ethnic differences in toxicity have also been reported with hormonal treatment.
Retrospective analyses compared survival and toxicities between Caucasians (n=4708)
and black, Hispanic and Asian patients (n = 352) in study MA.17 that utilised letrozole
as additional adjuvant treatment after 5 years of tamoxifen in post-menopausal women
with early stage breast cancer. This analysis demonstrated more hot flashes, fatigue and
arthritis in Caucasian patients, however there was no difference in discase free survival

[18].

1.3 Colorectal cancer

Ethnic differences in toxicity and response have been reported in several studies in
colorectal cancer. A comparison of 344 African-Americans and 3036 Caucasians with
stage II and III colorectal cancer, receiving adjuvant 5-fluorouracil (5-FU) based
chemotherapy, showed similar survival between the groups, however, African-
Americans had significantly lower rates of diarrhoea, nausea, vomiting, stomatitis, and
overall toxicity [19]. Similarly, a subgroup analysis of a multisite National Cancer
Institute-sponsored trial (N9741) in patients with metastatic cancer receiving various
combinations of oxaliplatin, irinotecan and 5-FU showed that grade 3 or greater

toxicities were more common in whites than blacks. However, response rates were also



significantly higher in white patients, albeit without any significant survival impact [20].
This was in spite of a higher incidence of the homozygous UGT141*28 in blacks (14 vs

9%), which has been associated with increased myelosuppression from irinotecan[21].

1.4 Gynaecological cancer

In gynaecological cancer, several studies have reported ethnic differences in toxicity
between Caucasian and African-American patients. In a study comparing toxicity and
survival outcomes from cisplatin-based combination chemotherapy in women with
advanced/recurrent cervical cancer, similar survival times were reported, however,
African-American patients experienced much less grade 3 and 4 neutropenia,
leukopenia, thrombocytopenia and adverse events of any nature [22]. Reduced toxicity
in African American women has also been reported in ovarian cancer patients receiving
paclitaxel and cisplatin [23], and endometrial cancer patients receiving cisplatin and
doxorubicin. However, the African-American patients in the endometrial study were
more likely to experience grades 3-4 anaemia and genitourinary toxicity compared to

Caucasian patients, however these may have been disease related [24].

2.0 Ethnic differences in pharmacokinetics and pharmacogenomics relevant to
systemic cancer therapies

It is well recognised that pharmacokinetic factors that determine a patient’s exposure to
a drug and its metabolites influence the potential for beneficial or toxic responses to
that medicine. The pharmacokinetics of a drug after any given dose are determined by
an individual’s pharmacological phenotype, which is a function of genetic,
physiological, clinical and environmental factors [25]. Although drug disposition in the

body involves the combination of absorption, distribution, metabolism and elimination,



alterations in drug metabolism are most likely to produce significant variability in
patient outcomes [26]. It has been known for some time that ethnic differences in the
metabolism of xenobiotics exist and may produce variable drug metabolism. This is
best illustrated by ethnic variants in alcohol dehydrogenase which produce significantly
lower rates of hepatic alcohol metabolism in many Asians compared to people with
European ancestry [27, 28]. Similar ethnic variability in genes encoding drug
metabolising enzymes has the potential to produce altered metabolic capacity, thereby
altering treatment outcomes. In some cases we have clinical and pharmacokinetic
evidence to support this hypothesis, however in many other circumstances confirmatory
pharmacokinetic [29] and pharmacodynamic [30] studies are still required. In the next
section we discuss ethnic variability in the incidence of allelic variants of common drug
metabolising enzymes, in particular highlighting those that have been associated with
reduced enzyme function, especially if they have been linked to altered drug
pharmacokinetics or clinical outcomes.

These data are summarised in Table 1.

CYP1A1

CYPIAI, an extrahepatic enzyme present in lung, placenta and lymphocytes is
involved in the metabolism of many xenobiotics including the polycyclic aromatic
hydrocarbons. CYPIA! is located on chromosome 15 q24.1 [31] and > 15 allelic
variants have been reported [32]. In oncology, this enzyme is involved in the
metabolism of TKIs including imatinib, gefitinib, erlotinib and sunitinib [33-35], as
well as, the anti-oestrogen toremifene [25]. Although there is some evidence that
CYPIAI polymorphisms result in altered enzyme activity, there remains little evidence

that these allelic variations affect the PK/PD of anti-cancer drugs [36]. However, it has



been recently reported that several CYPIAI polymorphisms are associated with an

increased risk of sunitinib toxicity including leukopenia and mucosal inflammation [34].

There are inter-ethnic differences in the prevalence of polymorphisms of CYPIAI
(Table 1). While these variants in CYPI/A4] appear to contribute to differing risks of
cancer development [37], there is currently no evidence to link these allelic variations

to ethnic differences in drug metabolism, toxicity or response to treatment.

CYP2A6

CYP2A6 metabolizes approximately 3% of all therapeutic drugs, including the anti-
cancer agents tegafur, ifosfamide, cyclophosphamide and tamoxifen. CYP2A46 has been
mapped to the long arm of chromosome 19. Its expression is regulated by a number of
nuclear receptors, including the constitutive androstane (CAR), pregnane X (PXR) and
glucocorticoid receptors. More than 36 allelic variants (¥*1B to *37) of CYP246 have
been reported, which are associated with altered enzyme activity and drug clearance, as
well as differing risks of lung cancer. There is evidence of ethnic variability in CYP2A6
expression impacting on cancer drug metabolism. For example, the orally administered
cytotoxic agent S-1 consists of the prodrug tegafur (FT), which is converted to 5-FU by
CYP2A6 [38]. CYP2A6 activity is influenced by ethnicity with the isoenzyme
CYP2A6*4C being 4-20-fold more common in Japanese populations (n = 92) than
Caucasians (n = 176) [38, 39]. In a cohort of Japanese patients, those expressing
CYP2A46*4C had significantly lower maximum plasma concentrations of 5-FU than
those without [38]. Similarly, in a comparison of the pharmacokinetics of S-1 in Asian
and Caucasian patients there was a trend towards higher tegafur concentrations in the

Asian cohort associated with reduced 5-FU exposure [30]
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CYP2B6

The CYP2B6 gene is located on chromosome 19 between 19q12 and 19q13.2, and

consists of 9 exons. CYP2B6 isoforms are expressed in liver, intestine, kidney and lung.

It is involved in the metabolism of anti-cancer drugs including tamoxifen and
cyclophosphamide [40] Approximately 33 allelic variants of CYP2B6 have been
identified (CYP26B*I to CYP2B6*29) [31, 32]. CYP2B6 polymorphisms including
CYP26B*6, *11, *12, *13, *14, *15, *19, *20, *21, *27, *28 have been associated with
reduced enzyme activity [41-44]. Patients with haematological malignancies expressing
the 516G=>T variant allele, which is linked to CYP2B6*6, *7, *9, have increased
cyclophosphamide clearance (almost 2-fold) compared to patients to wild-type patients
[45]. In leukaemic patients undergoing transplant and receiving cyclophosphamide,
CYP26B*4 was associated with an increased incidence of oral mucositis, while
CYP26B*24 was associated with a higher incidence of hemorrhagic cystitis, and
CYP26B*6 with an increased occurrence of veno-occlusive disease of the liver [46].
CYP2B6 polymorphisms including CYP2B6*2 and CYP2B6*5 alleles have also been
associated with a higher incidence of dose delay in patients receiving adjuvant therapy
with doxorubicin and cyclophosphamide (AC) for breast cancer. In addition, the
presence of CYP2B6*2, CYP 2B6*4, CYP 2B6*8, CYP 2B6*9 alleles was associated

with worse clinical outcomes [47].

Ethnic differences in CYP2B6 polymorphisms have also been reported (Table 1) and
may be associated with differences in pharmacokinetics, toxicity and clinical outcomes
after treatment with cyclophosphamide, however these relationships require evaluation

in prospective clinical studies.

11
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CYP2C family
The human CYP2C gene subfamily is located on chromosome 10g24 [31], and consists
of at least 13 isoforms, of which 4 are involved principally involved in cancer drug

metabolism; CYP2C8, CYP2C9, CYP2C18 and CYP2CI9.

CYP2C8

CYP2C8 is mainly expressed in the liver, but is also found in extrahepatic sites
including brain, heart, kidney, adrenal gland, breast, uterus, ovary and duodenum [48].
CYP2C8 is involved in the metabolism of a number of commonly used cancer drugs
including paclitaxel, cyclophosphamide and ifosfamide, in addition to selected non-
steroidal anti-inflammatory drugs (NSAIDs) and some analgesics [48]). More than 135
allelic variants of the CYP2C8 gene have been detected (CYP2C8*] to CYP2C8*14)
[48]. In vitro, several variants including CYP2C8*2, CYP2C8*3, CYP2C8*S,
CYP2C8*14 have been associated with reduced CYP2C8 metabolic activity for
substrates including paclitaxel [48, 49]. However, researchers have previously failed to
establish an association between CYP2C8 polymorphisms and altered clinical outcomes
[50-52]. Recently CYP2C8*3 was associated with reduced clearance of paclitaxel [53]
and an increased risk of neurotoxicity [54]. In contrast, CYP2C8 haplotype C has been
linked to reduced risk of neurotoxicity from paclitaxel [54]. In addition, SNP
rs1934951 in CYP2C8 has been associated with an increased risk of osteonecrosis of

the jaw after use of the bisphosphonates [35].

Ethnic variability in the incidence of allelic variants of CYP2C8 has also been reported

(Table 1), however, these have not been directly associated with pharmacokinetic or
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toxicity differences in patients receiving cancer chemotherapy.

CYP2C9

CYP2C9 is the main enzyme in the CYP2C subfamily and is principally expressed in
the liver [56]. CYP2C9 is involved in the metabolism of cyclophosphamide, ifosfamide,
etoposide, tamoxifen, imatinib, and other drugs used in oncology including some
NSAIDs, analgesics, oral anticoagulants, antiepileptic, and psychotropic agents [25, 57].
Drug-drug interactions between tamoxifen and CYP2C9 substrates have been reported.
For example, 8 of 31 patients experienced bleeding complications when concomitantly

receiving tamoxifen and warfarin [58].

Approximately 34 genotypic variants in CYP2C9 gene have been detected (CYP2C9*]
to CYP2C9*34), along with additional SNPs where the haplotype has yet to be
determined [32]. A number of these, including CYP2C9*2 and: CYP2C9*3; €¥P2C9*5
have been associated with a significant reduction in enzymatic activity based on both in
vitro and in vivo studies conducted with a variety of CYP2C9 substrates [59, 60].
However, recent studies have not demonstrated any impact of CYP2C9 polymorphisms
on the pharmacokinetics of anti-cancer drugs that are substrates of CYP2C9 or on

clinical outcomes [47, 61].

Both the CYP2C9*2 and CYP2C9*3 variants have a higher prevalence in Caucasian
than Asian or African populations (Table 1). Due to the association of these
polymorphisms with decreased enzyme activity, studies relating CYP2C9 genotype to

cancer drug pharmacokinetics and toxicity and clinical outcomes are needed.
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CYP2C19

CYP2CI19 protein is mainly present in the liver. CYP2CI9 is involved in the
metabolism of cyclophosphamide, ifosfamide, tamoxifen, imatinib and thalidomide. [25,
57, 62]. Approximately 30 allelic variants of CYP2CI9 have been identified, and
decreased enzyme activity and poor metabolizer phenotype have been associated with
polymorphisms including CYP2CI9*2, CYP2CI9*3, CYP2Ci19%4, CYP2CI9%*8,
CYP2C19*9, CYP2C19*10 [63-67]). However, the association between these
polymorphisms and pharmacokinetics and clinical outcomes of anti-cancer drugs have
not been fully explored, and in some ways, remain conflicted. While no relationship
was established between CYP2C!9 polymorphisms and cyclophosphamide
pharmacokinetics in a study of 124 Caucasians [61], another group found that
CYP2C19*2 was associated with reduced elimination of cyclophosphamide, albeit in a
smaller patient cohort [68]. Recently, it has been shown that breast cancer patients who
were CYP2CI9*2 carriers had significantly longer survival than wild-type patients

when treated with tamoxifen [69)]

Both the CYP2C19*2 and CYP2CI/9*3 variants have a much higher prevalence in
Asians than in Caucasians or Africans (Table 1) [70, 71]. In particular, CYP2C19%3 is
extremely uncommeon in nen-Asian populations. As a result, a higher prevalence of
poor metabolizers for S-mephenytoin has been reported in Asian populations (13-23%)
compared to Caucasians (3% - 5%) and Africans (4%) [56]. This suggests that inter-
ethnic differences in adverse events and therapeutic effects of anti-cancer drugs
metabolized by CYP2C19 might be anticipated, although again they remain largely

unevaluated.
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CYP2D6

CYP2D6 is located on chromosome 22q13.2 and is involved in the metabolism of a
number of anticancer drugs including tamoxifen, gefitinib, and imatinib [35, 57, 62].
This enzyme is involved in the metabolism of approximately 25% of all clinically used
medicines including many drugs used in supportive care such as analgesics, anti-

emetics and tricyclic antidepressants [72, 73].

More than 80 allelic variants of CYP2D6 have been identified [32]. Based on their
ability to metabolize CYP2D6 substrates, individuals can be classified into 4 general
categories of CYP2D6 metabolic activity: poor metabolizers, intermediate metabolizers,
extensive metabolizers and ultrarapid metabolizers. Among these, the extensive
metabolizer phenotype is considered to be normal as the majority of the population falls
into this category. CYP2D6* 3, *4, *5 and *6 result in non-functional enzymes and are
responsible for over 98% of poor metabolizers in Caucasian populations [56].
CYP2D6%*9, *10, *41 are associated with reduced enzyme activity [56, 74]. Genotype —
phenotype correlations have been developed in attempt to translate vast genotype data

into CYP2D6 activity prediction algorithms [75].

Studies on association between CYP2D6 and tamoxifen have shown conflicting results.
CYP2D6 was claimed to have an important role in the metabolism of tamoxifen and the
formation of its active metabolite endoxifen. Patients with CYP2D6 homozygous
variant genotype or heterozygous variant genotype have significantly lower plasma
concentrations of tamoxifen metabolites than those with the homozygous wild-type

genotype [76] which is associated with reduced pharmacological effects and poor

outcomes [77]. Recently, in reports of two large, prospective clinical trials (ATAC and .~

15

i [ Formatted: Font color; Auto

| Field Code Changed

; { Formatted: Font color: Auto

{ Formatted: Font color: Auto

At

| Field Code Changed



observed: Hhowever, patients enrolled in these trials were all post menopausal and: the
effect on premenopausal patients remains unknewnunclear. CYP2D6 allelic
distributions exhibit significant inter-ethnic differences (Table 1). Poor metabolizers are
more frequent in Europeans [72, 73], which may be explained by a higher prevalence of
CYP2D6* 3, *4, *6 in this population, while these polymorphisms are relatively rare in
Asians and Africans [78, 79]. Due to the much higher prevalence of CYP2D6*10 in
Asians (38-51%), intermediate metabolizers are more prevalent in this population [73,
79], while ultrarapid metabolizers are mainly found in people from North Africa and
Oceania [73]. Based on these data, drugs that are mainly metabolised by CYP2D6 need

to be tested in multiple ethnic groups to produce optimal outcomes and avoid

unnecessary toxicities.

CYP3A4

CYP3A44 is located on chromosome 7. CYP3A4 is mainly expressed in the liver, and is
responsible for the metabolism of more than 50% of clinically used therapeutic agents
[56]. CYP3A4 is involved in the metabolism of numerous anticancer drugs including
docetaxel, paclitaxel, vincristine, irinotecan, etoposide, cyclophosphamide, ifosfamide,

tamoxifen, gefitinib, erlotinib, sorafenib and imatinib [56, 76, 80].

Approximately 90 polymorphisms of CYP344 have been reported (CYP344*I to
CYP344*20) [31, 32]. In vitro studies have shown that CYP344*8, CYP344*11,

CYP344*12, CYP344%*13, CYP344*16A, CYP3A4*16B, CYP344*]7 are associated
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with reduced enzyme activity [8§1-83].

Several allelic variants of CYP344 have been associated with variability in the
pharmacokinetics of anti-cancer drugs and clinical outcomes. For example,
CYP344*16B was associated with both reduced 3'-p-hydroxylation of paclitaxel and
increased levels of 6-alpha-hydroxypaclitaxel in 235 Japanese cancer patients [84]. Ina
pharmacogenetic - pharmacokinetic study of 58 patients receiving docetaxel,
CYP3A44*IB carriers (n=4), who were also CYP345%1/*3 carriers, had a significantly
higher clearance and lower dose-normalized area under the curve of docetaxel than
those with the wild-type gene (CYP344*]) [85]. However, due to the low incidence of
these CYP344 gene variants, the lack of subjects who are homozygous for these
mutations and strong linkage disequilibrium between CYP344 and CYP3A45 haplotypes,
it has been difficult to demonstrate that CYP344 genotype impacts on the

pharmacokinetics and pharmacodynamics of CYP3A4 substrates [76].

Ethnic differences in the frequency of polymorphisms of CYP344 have been reported
however they have not been linked to differences in pharmacokinetics between ethnic

groups (table 1).

CYP3AS

CYP3AS is involved in the metabolism of a number of anti-cancer drugs including
docetaxel, paclitaxel, vincristine, irinotecan, etoposide, cyclophosphamide and
ifosfamide, gefitinib, imatinib and tamoxifen [57, 76, 86]. More than 25 allelic variants
of CYP3AS have been reported including CYP345*3, CYP345*%6, which are associated

with non-functional or severely decreased enzyme activity [87]. CYP345*3 is more
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common in Caucasian population, while CYP345%6 is only found in Africans (Table 1)
[88]. Several pharmacokinetic studies of anti-cancer drugs including paclitaxel,
imatinib and cyclophosphamide have failed to establish an association between drug
pharmacokinetic parameters and polymorphisms of CYP345 [52, 61, 89]. However,
polymorphic expression of CYP3AS5 has been associated with significant differences in

the clearance of vincristine [90].

CYP3A7

Previously it was believed that CYP3A7 was found only in foetal livers however recent

studies indicate that CYP3A7 is also expressed in low levels in adult livers [91].

Further studies have also indicated that interethnic differences exist in the expression of

CYP3A7 polymorphisms with the CYP 347*IB allele observed only in Caucasians |

(1%) and the CYP347*IC allele observed in both Caucasians and African American

populations but not present in Japanese populations [87, 91, 92]. The relevance of

these findings to metabolism of chemotherapeutic agents is vet to be established. |

Glutathione S-Transferase (GST)

GSTs are a family of detoxifying enzymes that catalyse the conjugation of reduced
glutathione (GSH) to a wide variety of electrophilic and hydrophobic compounds.
There are 2 distinct families of GSTs; the membrane bound microsomal and cytosolic
families. The cytosolic GSTs are divided into 8 classes designated by members of the
Greek alphabet: alpha (c), kappa (x), mu (u), sigma (o), theta (0), pi (m), omega
(w),and zeta () [93].They are responsible for the detoxification of many xenobiotics
including many anti-cancer drugs including adriamycin, carmustine (BCNU), busulfan,

carmustine, chlorambucil, cisplatin, oxaliplatin, cyclophosphamide, melphalan,
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mitoxantrone, docetaxel and thiotepa [94-96].

Numerous isoforms and polymorphisms of GST gene have been identified and
associated with alterations in enzyme activity. For example, GSTMI*0 results in gene
deletion and absence of protein; GSTM1*Ix2 results in gene duplication with over-
expression of M1 protein; homozygous deletion of the entire GSTT/ (null GSST1) has
been associated with lack of enzyme activity [94]. GSTPI*A is considered to be wild-
type and other polymorphisms including GSTP/*B, GSTPI*C and GSTPI*D have

been associated with decreased enzyme activity for several classes of substrates [37].

Polymorphisms of the GST gene have been linked to an increased risk of cancer
development [97, 98], resistance to anti-cancer drugs [37], increased toxicity from
chemotherapy [96, 99] and altered clinical outcomes [99-101]. In regard to associations
between GST polymorphisms and toxicity from anti-cancer drugs; in 94 Korean
patients with diffuse large B-cell lymphoma receiving R-CHOP (cyclophosphamide,
doxorubicin, vincristine, prednisone and rituximab), those with GSTTI-null genotype
experienced more frequent grade 3-4 chemotherapy-induced toxicities including
leukopenia, fever and mucositis while patients with the GSTMI/T! double-null
genotype experienced more grade 3-4 thrombocytopenia, and shorter event-free
survival [99]. GSTPI I105V was associated with reduced risk of neutropenia in
treatment of non-small cell lung cancer [102], and neuropathy in treatment of colorectal
cancer [96]. In another study of 58 patients receiving docetaxel, a significant
correlation between the incidence of GSTP! (105)Ile/(105)Ile genotype and > grade 2

peripheral neuropathy was reported [103].
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However, there have been few studies that have examined the association between GST
polymorphisms and pharmacokinetics of anti-cancer drugs. However, polymorphisms
of GST have been linked with alterations in busulfan clearance in adults [104], but not
children [105]. The GSTPI C341T polymorphism was reported to increase non-
inducible thiotepa clearance by 52% and decrease tepa clearance by 32% in
heterozygous patients [106]. However, no association between GSTAI, GSTPI and

cyclophosphamide pharmacokinetics has been reported [61].

Ethnic differences in GST polymorphism frequency have been reported and are outlined
in Tablel. The presence of significant differences in ethnic prevalence of enzyme
impaired allelic variants of GSTs creates the potential for ethnic differences in toxicity
and response following treatment with chemotherapy detoxified by GSTs, however

confirmatory clinical studies are required.

Uridine Diphosphate Glucuronotransferase (UGT)

Glucuronidation is another important pathway in the bio-inactivation and elimination of
endogenous compounds and xenobiotics. It is catalysed by UGT, which is a multi-
enzyme family located in the endoplasmic reticulum of almost all tissues. In humans,
the UGT enzymes have been classified into two major families including UGTIA and
UGT?2 (subdivided in UGT24 and UGT2B) [107]. Among them, UGT1Al1 is involved
in the metabolism of several anti-cancer drugs including irinotecan and etoposide [108,

109].

UGTIA1#*28, a UGT1A! polymorphism with (TA)7 repeat insertion in the UGTIA4l

promoter region, has been associated with a higher risk of neutropenia after use of
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irinotecan in adults [110] as well as higher SN-38 area under the plasma time-
concentration curve (AUC) values and lower SN-38-glucuronide/SN-38 AUC ratios in
paediatric patients [111]. The prevalence of the (TA); repeat is lower in Asian
populations and higher in Africans compared to Caucasians [76]. For example, in a
study of 109 children with acute lymphoblastic leukaemia receiving etoposide, wild-
type UGT1A1 6/6 in black children was associated with altered etoposide clearance and
increased neutropenia [112]. This implies that other UGT1A4I polymorphisms may be
associated with reduced drug clearance and more severe toxicity. As the relationship
between genotype and phenotype of etoposide differs by race, other ethnic associations

should be explored.

UGTIAI*6 is a very common polymorphism in Asians but has not been detected in
Caucasians or Africans [113, 114] and has been associated with severe neutropenia
from irinotecan [114, 115] and significant reduction in the SN-38G/SN-38 AUC ratio
[114]. Perhaps consistent with this, Japanese researchers using lower dose of irinotecan
than is conventional in combination schedules developed in Caucasians have reported

efficacy comparable to studies in western patients [4].

Dipyrimidine dehyrogenase (DPD)

Dipyrimidine dehydrogenase (DPD), the principal enzyme involved in the metabolism
of 5-FU, also exhibits ethnic variation in expression that impacts on 5-FU clearance.
For example, Ghanaian patients demonstrate significantly lower DPD activity than
Caucasian, Kenyan or south-east Asian patients [116]. Partial or complete DPD
deficiency has been show to result in a reduced capacity to degrade 5-FU, increasing

the risk of developing severe 5-FU associated toxicity [116]. In addition, partial
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deficiency of DPD, due to heterozygosity of the IVS14 + 1G>A mutation, results in
reduced clearance of 5-FU (2.5 x lower than controls with fully functional DPD) [116,
117]. Complete DPD deficiency has been associated with 10-fold longer half-life and

minimal metabolism of 5-FU [118].

Drug transporters

In addition to drug metabolizing enzymes, many drug transporters play a critical role in
the process of drug absorption, disposition and elimination. Ethnic differences in the
allelic frequency of genetic variants, particularly single nucleotide polymorphisms, of
drug transporters have been reported in several studies. The incidences of polymorphic

transporters are higher in Caucasians than in Africans or Asians (Table 2).

Recently, polymorphisms of drug transporters were reported to alter drug clearance and
were associated with treatment outcomes. For example, MDRI exon 26 CC genotype
was associated with higher etoposide clearance in children with acute lymphoblastic
leukaemia [112]. In 117 patients receiving irinotecan-based chemotherapy, higher SN-
38 AUC values were observed with ABCBI! 2677G>T. Polymorphisms of drug
transporter genes including 4BCBI1*2, ABCG2 (#) IIB, SLCOIBI*15 x 17 were also
associated with more grade 3/4 neutropenia [119]. Also, after treatment with docetaxel,
grade 3 neutropenia occurred more frequently in 343577 MDRI genotype carriers.
However, there was no impact of MDRI polymorphisms on docetaxel
pharmacokinetics [85]. An intronic SNP, rs2622604, in ABCG2 was associated with
severe myelosuppression after use of irinotecan [120]. Furthermore, in patients
receiving single-agent sunitinib, > grade 2 toxicity was associated with allelic variants

in the ABCG2 (-15622C/T, 1143C/T) haplotype, while the prevalence of hand-foot
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syndrome was increased with variants in the ABCBI (3435C/T, 1236C/T, 2677G/T)
haplotype [34]. Thus it is possible that ethnic differences in the incidence of these
genetic variants could contribute to variability in drug disposition and toxicity between

different ethnic groups.

Clearly, the metabolism of some for-seme-cancer drugs involves;-especialy-pachtaxel;

eyelophosphamide—irinotecan—and-tamoxifen—there are multiple enzymes nvolved-in
their—metabelism—all of which might be subject to genetic and ethnic variability

(examples of this are summarised in Table 3). This situation highlights the

importance of undertaking well designed and adequately powered clinical and
pharmacokinetic studies to define the relative impact of genetic variants on clinical
outcomes. In addition, much of the focus of ethnic variation has centred on Caucasians,
Asians and African Americans with scant attention being paid to other large ethnic
groups including Indian/Pakistanis and eastern Europeans. These groups also need to

be considered in future analyses.

3. Other factors

A number of other factors may contribute to ethnic variability in cancer treatment
outcomes including differences in nutritional status, diet, levels of plasma inflammatory
markers and intake of proprietary and complementary medicines [25]. However, there
have been relatively few studies that have formally addressed these issues in

prospective clinical studies.

4. Expert Opinion

This review has described ethnic differences in the expression of allelic variants in
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genes responsible for drug metabolism of anticancer drugs. In the last few years, there
has been increasing recognition of the relationship between such variants and toxicity
and clinical outcomes of cancer treatment. There has also been some association
identified between these allelic variants and changes in the pharmacokinetics of
cytotoxic drugs. However, although there is substantial indirect evidence for the
potential of ethnic differences in gene expression impacting on the pharmacokinetics
and toxicities of anti-cancer drugs, these have yet to be confirmed in clinical studies.
Thus, there remains a relative paucity of clinical evidence linking genetic
polymorphisms of genes encoding drug-metabolizing enzymes to the pharmacokinetics,
pharmacodynamics and tolerance of anti-cancer drugs, especially in regard to
emphasising differences between ethnic groups. Studies similar to that reported by
Innocenti, which provided comprehensive pharmacogenetic analyses of irinotecan and
their relationship to neutropenia and irinotecan pharmacokinetics [121] are needed to
clarify these issues. To date, very few clinical studies comparing pharmacokinetics of
anti-cancer drugs between ethnicity have demonstrated differences in drug clearance

[122-124] possibly due to the small sample size of these studies. Thus, future studies

should incorporate larger sample sizes, although this will represent a major challenge

because of the extensive time and resource commitments that are required to adequately

complete such studies.

The ultimate goal of research into inter-ethnic differences in drug ‘metabolism and
toxicity is to improve the overall safety and effectiveness of chemotherapy.
Chemotherapy, even in optimal circumstances, is associated with a low therapeutic
index meaning that there is only a small margin between an effective and toxic dose of

treatment. Identification of the cause of inter-ethnic differences may assist in the
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elucidation of toxicity differences between individuals of the same ethnic background
and lead to improvements in individualised dose selection and the safety and

effectiveness of chemotherapy in general.

As mentioned, other factors including nutritional and inflammatory status and the use
of concomitant medicines may also affect anti-cancer drug metabolism. Again these
issues should be the considered and recorded in large, prospective clinical studies
involving different ethnic populations and especially in the developmental phase of new

therapeutic agents.

Due to the potential for ethnic differences impacting on variability in drug metabolism
and toxicity of anti-cancer drugs, the development of new therapeutic agents should
include patients from different ethnic groups and involve phase I studies in multiple
different populations. For existing anti-cancer drugs which were mainly developed in
Caucasian patients, it may be necessary to repeat phase I in different ethnic populations

if there are suggestions of increased toxicities in certain geographic regions.
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Table 2: Polymorphisms in drug transporters [140]

 Transporters | Gene Amino acid | African European Asians
Protein symbol variants Americans | Americans

OCT1 SLC2241 | Vald08Met | 26.5% 40.2% 23.8%
OCT2 SLC2242 | Ala270Ser | 11% 15.8% 8.6%
OATPIA2 | SLCOIA2 | Tle13Thr 2.5% 16.3% 0%
OATPI1BI SLCOIBI | Asp130Asn | 27.2% 44.1% 20%

BSEP ABCBIl | Ala444Val | 47% 42.9% 333% |
'MRP4 ABCC4 | Lys304Asn | 18.1% 8.7% 122.5%

| MRP6 ABCC6 | Val614Ala | 41.2% 41.9% 14.2%
BCRP ABCG2 | GInl4lLys 8.1% 140.8%

Table 3: Chemotherapeutic drugs metabolised by multiple enzyme pathwavs

Drug

Enzvmes Involved in Metabolism

Tamoxifen

CYP2D6
CYP3A4
CYP3AS

CYP2B6

CYP2C9
CYP2C19
CYP2C8

—Cvclenhosjphamid'é '

CYP2B6
CYP2C8
CYP2C9
CYP2C19
CYP3A4
CYP3A5

,lmatinib

CYPIAL
CYP2C9
CYP2D6
CYP3A4
CYP3AS

Gefitinib

CYPIAL
CYP2D6

Comment [A4]: Table 3 - really justa
rehash of some of the info in table 1 but
might placate reviewer 17
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CYP3A4
CYP3AS

Etoposide

CYP3A4
CYP2C9
CYP3AS
UGTIA1

Ifosfamide

CYP2C8
CYP2C19
CYP3A4
CYP3AS

Paclitaxel

CYP3A4
CYP2C8
CYP3AS

Irinotecan

CYP3A4
CYP3AS
UGTIAL

| Erlotinib

 Docetaxel

CYP3A4
___CYPIAIL

GST
CYP3AS

Vineristine

CYP3AS
CYP3A4

&
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