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1 | INTRODUCTION

The unregulated growth of poorly differentiated cells with the ability
to invade surrounding and/or distant tissues is a defining feature of

Abstract

Background: Choosing the most effective chemotherapeutic agent with safest side
effect profile is a common challenge in cancer treatment. Although there are stan-
dardized chemotherapy protocols in place, protocol changes made after extensive
clinical trials demonstrate significant improvement in the efficacy and tolerability of
certain drugs. The pharmacokinetics, pharmacodynamics, and tolerance of anti-
cancer medications are all highly individualized. A driving force behind these differ-
ences lies within a person's genetic makeup.

Recent findings: Pharmacogenomics, the study of how an individual's genes impact the
processing and action of a drug, can optimize drug responsiveness and reduce toxicities
by creating a customized medication regimen. However, these differences are rarely con-
sidered in the initial determination of standardized chemotherapeutic protocols and
treatment algorithms. Because pharmacoethnicity is influenced by both genetic and non-
genetic variables, clinical data highlighting disparities in the frequency of polymorphisms
between different ethnicities is steadily growing. Recent data suggests that ethnic varia-
tions in the expression of allelic variants may result in different pharmacokinetic proper-
ties of the anti-cancer medication. In this article, the clinical outcomes of various
chemotherapy classes in patients of different ethnicities were reviewed.

Conclusion: Genetic and nongenetic variables contribute to the interindividual vari-
ability in response to chemotherapeutic drugs. Considering pharmacoethnicity in the
initial determination of standard chemotherapeutic protocols and treatment algo-

rithms can lead to better clinical outcomes of patients of different ethnicities.
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cancer. At times, these malignant cells can spread throughout the
body, which severely disrupts organ function, leading to significant
morbidity and mortality.! According to the International Agency for

Research on Cancer (IARC), there were more than 17 million new
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cases of cancer worldwide and approximately 10 million cancer-
related mortalities in the year 2018. It is projected that in 2040 there
will be 28 million new cancer cases and 16 million cancer-related
deaths.? This projection highlights the potential drastic escalation of the
global cancer burden, which is likely due to the increase in worldwide
prevalence of several inciting risk factors. An increase in the aging popu-
lation, smoking habits, unhealthy diet, and sedentary lifestyle all contrib-
ute to the growing number of new malignancies which tend to display a
more aggressive presentation with an higher mortality rate. Other exac-
erbating factors include iatrogenesis and the lack of proper pharma-
cotherapeutics in developing nations. Treating cancer varies by origin
and can be achieved through different modalities such as: chemother-
apy, radiation, surgical removal, immunotherapy, hormonal therapy, or
stem cell/bone marrow transplant.> Outside of primary therapy, addi-
tional treatments may be divided into specific categories depending on
their rationale and timing. Neoadjuvant therapy is delivered to reduce
the size of the tumor and increase the cells' susceptibility to the primary
treatment prior to its administration® Adjuvant therapy prevents the
reemergence of malignant cells that remain past initial treatment. Lastly,
palliative treatment is not seen as curative, however, it aims to manage
the symptoms of cancer as well as any potential side effects of cancer
treatment.® The major chemotherapeutic classes available are alkylating
agents, nitrosoureas, antimetabolites, antitumor antibiotics, plant alka-
loids, biological response modifiers, and hormonal anti-cancer agents.
Despite the evolution of novel therapeutic approaches and an increased
understanding of the pathophysiology behind certain cancers, there are
discrepancies in the clinical outcomes depending on an individual's racial
background or ethnicity after chemotherapy treatment.

With chemotherapy administration, the primary goal is to identify
the dose of drug with the greatest efficacy while minimizing adverse
effects. These cytotoxic agents undergo rigorous testing through ran-
domized clinical trials to determine the optimal dose that takes this
into consideration. A standardized dosing scheme is then recom-
mended from the finalized clinical trial. Routinely, further dose adjust-
ments may vary per individual based on body surface area or renal
clearance. Several interindividual differences play a critical role in the
variation of pharmacological efficacy, adverse effects, hypersensitivity
reactions, and drug interactions despite receiving similar chemothera-
peutic doses. One factor with the ability to affect drug disposition is
an individual's ethnic background. Variations in pharmacokinetic and
pharmacodynamic properties have been observed between ethnic
populations which can influence therapeutic results.® The term phar-
macoethnicity involves the study of nongenetic and genetic factors
that affect the differences in drug response or toxicity based on an
individual's ethnicity. The majority of drugs target enzymes, receptors,
jon-channels, pumps, transporters, and nucleic acids (DNA/RNA).”
Within the last decade, advancements in pharmacogenomics have
identified genetic polymorphisms in the expression and/or activities
of human drug targets specific to an individual's ethnicity.® This
change is also seen within enzymes responsible for the metabolism
of certain chemotherapeutics. These polymorphisms may influence drug
disposition in certain populations. Any deviation in the pharmacokinetic

and pharmacodynamic properties can lead to adverse outcomes when

dosing is decided without the consideration of these changes. Alterations
in pharmacokinetics may be caused by variations in allele frequencies and
types of allelic variants of nuclear receptors, transporters, and drug-
metabolizing enzymes in individuals from different ethnic backgrounds.”1©
Several variations in drug metabolizing enzymes and transporter proteins
have been identified. Additionally, changes in protein structure can either
cause the protein to decrease or increase its function ultimately changing
the PK and PD parameters of certain drugs. These alterations can also lead
to chemotherapeutic resistance.* Genetic pharmacoethnicity could be a
critical contributing factor to the disparities seen in chemotherapeutic clin-
ical outcomes of individuals of different backgrounds.

Outside of genetic polymorphisms, several other nongenetic fac-
tors can influence the clinical outcomes of cancer patients of different
ethnicities. These factors include the lack of access to healthcare, sub-
optimal use of therapy, and lower utilization of cancer screening
methods. All of these discrepancies can lead to a more aggressive
tumor biology and stage at presentation which contributes to the
poorer outcomes observed in some ethnic minorities.'? A patient's
socioeconomic status, education, insurance, misconceptions, and
preferences can all impact the care received. One study revealed that
African American Medicare beneficiaries were less likely to encounter
specialists and high-quality imaging compared to their Caucasian
counterparts.'® Additionally, African American patients living further
away from cancer treatment centers or areas of higher poverty under-
went less radiation after breast-conserving therapy.!* A detailed
study of cancer risk factors based on ethnicity revealed that people of
Hispanic, Asian, and American Indian/Alaska Native descent are less
likely to undergo screening for breast, cervical, and colorectal cancers
compared to their Caucasian and African American counterparts.’®
Additionally, patient misconceptions and preferences also play a role
in the disparity of cancer treatment outcomes. In one study, African
American patients felt that their quality of life would worsen after
lung cancer surgery which resulted in fewer surgical resections com-
pared to Caucasian patients.*® These factors all contribute heavily to
the disparities observed in clinical outcomes seen with ethnic minori-
ties and cannot be ignored when devising solutions to address them.

Part of the cancer disparities observed between ethnicities may be
attributed to the increased frequency of specific germ line and somatic
mutations known to cause certain types of cancer. Most cancer types are
associated with a high-mutation burden®” either from an increased sus-
ceptibility to genetic mutations or due to mutagenic environmental expo-
sure. For example, African American males have the highest rate of
aggressive prostate cancer mortality compared to other ethnicities. A pos-
sible reason for this finding is due to differences in the frequency of spe-
cific tumor mutations within prostate cancer of African American men. In
one study, African American males displayed less somatic alterations of
Transmembrane serine protease 2- erythroblast transformation-specific-
related gene (TMPRSS2-ERG), less Phosphatase and tensin homolog
(PTEN) deletions, and higher overexpression of serine peptidase inhibitor
Kazal type 1 (SPINK1) compared to Caucasian males. SPINK1 mutation is
associated with a more aggressive phenotype of prostate cancer.'® Fur-
thermore, in the case of lung cancer, activating epidermal growth factor

receptor (EGFR) mutations (base pair deletion in exon 19 and point
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TABLE 1  Prevalence of clinical biomarkers and their implications across different ethnic groups®3
Cancer Biomarker Prevalence Clinical implication References
Colorectal KRAS Non-Hispanic white: 15%; Predicts the lack of response to EGFR 34
cancer African American: 23% antibodies
MSI Non-Hispanic white: 9%; Predicts the response to immune 34
African American: 9% checkpoint inhibitors
Breast HER2 amplification White: 13%; Asian: 20%,; Black:17% Predict the sensitivity to HER2 &
cancer targeting antibodies
Triple negative i.e. lacks, Caucasian (United Kingdom): 14.5%; Predicts the sensitivity to PARP =0
PR, ER and HER2 African Descent (Nigeria): 48.1% inhibitors and platinum
chemotherapy
Prostate PTEN Caucasian (United Kingdom): 29.7%; White Predicts the sensitivity to PI3K 18,37
cancer (Others):19.8%; Chinese: 5.4%; African inhibitors
American: 6.9%
TMPRSS-ERG White Americans: 50%; Japanese: 15.9%; Predict the sensitivity to abiraterone 38
African Americans: 31.3% acetate
PSA Higher baseline PSA levels and faster PSA Black men may benefit from earlier 39,40
doubling time in Black men than White men and more aggressive screening and
treatment
Gastric HER2 amplification Europe: 23.6%; Central/South America: 16.1%;  Predicts the sensitivity to HER2 <l
cancer Asia pacific: 23.9% targeting antibodies
Melanoma  BRAF Higher prevalence of BRAF mutations in White BRAF-targeted therapy (vemurafenib, 4243
populations than other racial groups dabrafenib) can be effective in
patients with BRAF-mutant tumors
Ovarian CA-125 CA-125 levels are generally lower in Asian CA-125 can be used for monitoring R
Cancer women than Western women, making it a disease progression and response to
less useful screening tool in Asian treatment
populations
Lung ALK White: 5.6%; Chinese: 6.8% Predicts the sensitivity to ALK 4647
cancer inhibitors
KRAS White: 31.6%; Chinese: 10.9% Predicts resistance to EGFR tyrosine 48
kinase inhibitors
EGFR White: 6%; White (United States: 14%; Predicts the sensitivity to EGFR 19.49

Australia:7%; Japan: 27%; Taiwan: 34%;

African American: 8.7%

tyrosine kinase inhibitors such as
erlotinib, gefitinib

Abbreviations: ALK, anaplastic lymphoma kinase; BRAF, v-raf murine sarcoma viral oncogene homolog B1; CA-125, cancer antigen 125; EGFR, epidermal
growth factor receptor; ERG, erythroblast-transformation-specific (ETS) Related Gene; HER2, human epidermal growth factor receptor 2; KRAS, Kirsten
rat sarcoma viral oncogene; MSI, microsatellite instability; PI3K, phosphoinositide 3-kinases; PRAP, poly ADP ribose polymerase; PSA, Phosphoinositide
3-kinases; PSA, Prostate-specific antigen; PTEN, Phosphatase and tensin homolog gene; TMPRSS, transmembrane serine protease 2.

mutation in exon 21) are significantly higher in people of Chinese,
Japanese, and Korean descent compared to Caucasian individuals in
Europe and the United States.* Findings of genetic variations of cancer
inducing mutations between different populations highlights an important
factor to consider for treatment choice and outcomes. Therefore, expand-
ing the awareness of inherited and somatic mutations across populations
can be used to improve the strategies for cancer prevention and treat-

ment.*

Different clinical biomarkers are also implicated among different
ethnic populations as listed in Table 1. Population-based differences have
shown to impact chemotherapeutic treatment and safety outcomes.?°
Several studies have proven variations in chemotherapy drug responsive-
ness among different ethnicities as well as differences in clinical out-
comes.’®1? This review will focus on the treatment outcomes based on
different types of chemotherapeutic agents in patients of different

ethnicities.

2 | PREVALENCE OF CANCERIN
MINORITY ETHNIC POPULATIONS
2.1 | American Indian/Alaska Native

A primary reason for loss of life in American Indian or Alaska Native
individuals is cancer related. American Indian/Alaska Natives have a
higher risk of developing lung, colorectal, liver, stomach, and kidney
cancer and a lower rate of breast cancer as compared to non-Hispanic
Caucasian patients. More specifically, American Indian/Alaska Native
women are 20% more likely to develop renal cancer compared to non-
Hispanic Caucasian women. American Indian/Alaska Native men are
30% more likely to develop stomach cancer compared to non-Hispanic
Caucasian men.?* Additionally, American Indian and Alaska Natives dis-

play the highest incidence of colorectal cancer compared to other
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ethnic populations (ACS citation). This increased threat of colorectal
cancer in American Indian/Alaska Natives is thought to be attributed to

differences observed in diet, lifestyle, and genetic makeup.

22 | Asian

One of the leading causes of death among Asian populations is can-
cer.?2 Asian Americans display lower rates of cancer overall compared
to non-Hispanic Caucasian Americans; however, disparities exist
among the specific cancer types.?® In 2020, the most common inci-
dences of cancer among Asian populations were lung, breast, and
colorectal cancer with lung cancer being the leading cause of cancer-
related mortality. More specific to Korea, Japan, and Kuwait, the inci-
dence of cancer is rising among young females. This is thought to be
due to increased screening programs, changes in reproductive factors,
and a delayed tobacco epidemic in women?*2° (Harris, 1983 #2210).
Overall, cancer-related mortality is declining within Asian countries.?

2.3 | Black or African American

Of all ethnic minority populations, Black or African American individuals
have the highest rates of cancer-related mortality for most cancer types.
Common cancers observed within this population originate from the
prostate, breast, lung, and colon/rectum.?” African American men were
1.2 and 1.7 times more likely to develop colon or prostate cancer from
2015 to 2019 compared to non-Hispanic Caucasian men. In the same
time frame, the incidence of breast cancer was approximately the same
between African American and Caucasian women, however, African
American women were 40 percent more likely to die from breast cancer.
Similarly, African American men were twice as likely to succumb from
prostate cancer when compared to non-Hispanic Caucasian men.2®
Despite this evidence, Black or African American individuals are severely

underrepresented in clinical cancer trials.??

2.4 | Hispanic or Latino

Hispanic individuals generally have lower cancer occurrence and mor-
tality rates compared to non-Hispanic Caucasian groups; however,
certain disparities exist depending on cancer type. Hispanic individuals
are seen to have higher rates of infection-related cancers such as
stomach or liver cancers.?’ Hispanic women are at higher risk of
developing and dying from cervical cancer compared to non-Hispanic
Caucasian women. The same findings are observed in stomach or liver

cancer for both Hispanic men and women.3°

2.5 | Native Hawaiian or other Pacific Islander

One of the leading causes of death among Native Hawaiian or other

Pacific Islander people is cancer.?? A significant cancer disparity seen

among this group is in breast cancer incidence and mortality. One
study of 6221 women found that Native Hawaiian or other Pacific
Islander women were at a higher risk of developing secondary inva-
sive breast cancer when compared to non-Hispanic Caucasian
women.! Similarly, cervical cancer is twice as likely to be diagnosed
in American Samoan women compared to non-Hispanic Caucasian
women. Liver cancer is more likely to develop in American Samoan
and Native Hawaiian men when compared to non-Hispanic Caucasian
men. Between the years 2013-2015, the cancer mortality rate was
highest for all cancer types in Native Hawaiians compared to non-
Hispanic Caucasians within the state.>2

Cancer prevalence based on ethnicity is summarized in the para-
graphs above and the specific prevalence of certain clinical biomarkers
specific to ethnicity are listed in Table 1. The incidence rates and
death rates for different cancers by race and ethnicity from 2014 to
2018 is displayed in Figure 1 and Figure 2, respectively.

Based on the data presented, there is an imminent need to explore
the outcomes influenced by differences in chemotherapeutic dosage
forms, routes of administration, pharmacokinetics, pharmacodynamics,
and toxic effects in patients of various ethnic backgrounds. This current
study focuses on the disparities in the efficacy of commonly used che-
motherapeutic drug classes such as, alkylating agents, antimetabolites,

antitumor antibiotics, and other miscellaneous chemotherapeutics.

3 | LITERATURE SEARCH METHODS

This study was performed by manually searching published scientific
research articles through March 2023 from the following databases:
PubMed central, Medline, Google Books, Science.gov, Worldwide Sci-
ence, and Google Scholar. Search terms included the following: “Chemo-
therapy”, “Chemotherapeutics”, “Ethnicity”, “Racial”, and “Therapeutic
outcome.” Relevant clinical content was obtained using CDC and Lexi-
Comp. References of selected articles were manually searched for addi-
tional information. A total of 159 articles were covered in our study. We
encompassed clinical trials, journal articles, meta-analyses, randomized
control trials, reviews, and systematic reviews. Articles were searched

under English language restrictions.

4 | RESULTS

The definition of ethnicity and ethnic groups are variable based on
country, region, background, and individual basis. For this reason and
the specific studies investigated, this review will focus mainly on the
five-race classifications and will include pertinent information regard-

ing specific ethnic groups where possible.

5 | ALKYLATING AGENTS

The first nonhormonal medications to successfully treat cancer were

alkylating agents.>® Alkylating agents exert their anti-cancer activities
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primary through DNA alkylation, a process in which alkyl groups are
added to the DNA bases. This induces DNA strand breaks and DNA
crosslinking which leads to cell death.>! Alkylation also results in the
production of different DNA adducts, which in turn prevent the prolif-
eration of tumor cells. In agueous solutions under physiological condi-
tions, alkylating agents are a diversified class of chemical substances
that share the property of generating positively charged (electrophilic,
electron-deficient) alkyl groups. The negatively charged (nucleophilic,
electron-rich) groups found in DNA and proteins/peptides can react
with the positively charged alkyl groups. These interactions add alkyl
groups to oxygen, nitrogen, phosphorous, or sulfur atoms (nucleophilic
centers) which disrupt the biological activity of DNA and proteins. In
terms of their anti-cancer efficacy, alkylating drugs' interactions with
DNA nucleobases are the most significant.? Alkylating agents are
administered majorly via the intravenous route while some of them
are given orally.

Cyclophosphamide, an alkylating agent, is converted to its active
form via the cytochrome P450 (CYP) enzymes CYP3A4, CYP2Bé,

and CYP2C9.°%>4 The role of CYP enzymes in anti-cancer pharmaco-
kinetics has been extensively discussed, and it is widely known that
CYP enzymes behave differently depending on specific ethnic
groups. For instance, in breast cancer patients, CYP3A4, CYP3A5,
and CYP2Bé6 polymorphisms were more prevalent in African
Americans compared with Caucasians. This led to the hypothesis
that certain polymorphisms that prevent the activation of cyclophos-
phamide could result in ethnic-specific drug exposure differences.>®
This hypothesis was further confirmed in a lupus nephritis study
wherein 95% of Caucasian patients treated with cyclophosphamide
retained renal function on 5-years follow-up, compared with only
58% of African Americans.>® Similarly, a study by Isenberg et al.
showed that African Americans and Hispanic patients treated for
lupus nephritis showed lower response to cyclophosphamide
treatment.>” Despite this, it has been hypothesized that the ethnic
disparities in CYP3A polymorphism rates between Caucasians,
Asians, American Indians, and African Americans may account for

variations in chemotherapy outcomes.**
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Platinum-based drugs (cisplatin, carboplatin, and oxaliplatin) are
another form of alkylating agents which are widely used for the
treatment of many types of cancer.’® Several studies noted an
increased frequency of toxicities (mainly hematological) in Asian
patients in comparison to non-Asians (Caucasians) treated with
standard doses of platinum-based drugs.>”°° Interestingly, the inci-
dence of these toxicities was still higher among Asians despite

appropriate dose reduction.?

In a study comparing Russian
(Caucasians) and Yakut (North Asians) ovarian cancer patients
receiving cisplatin-based chemotherapy, Single-nucleotide poly-
morphism (SNPs) in more than 30 genes were found to be associ-
ated with several clinical end points such as tumor response,
progression-free survival, overall survival, and side effects. Some of
the most important SNPs included glutathione S-transferase (GST)
genes (GSTA1, GSTM1, GSTM3, GSTP1 and GSTT1), DNA repair
genes (ERCC1, ERCC2 and XRCC1) as well as TP53 and CYP2E1
genes. Indicating that the identified effects were specific for each
of the two ethnic populations studies. For instance, Yakut patients
showed increased frequency of nephrotoxicity and severe emesis
with cisplatin in comparison to their Russian counterparts.®?
Compared to other ethnicities, African Americans have a twice
greater prevalence of multiple myeloma (MM). Both African Ameri-
can and non-African American patients underwent autologous stem
cell transplantation 24 h after receiving melphalan 200 mg/m2
intravenously in equally split dosages over two consecutive days.
After autologous stem cell transplantation, patients from both
African American and non-African American backgrounds experi-
enced equivalent treatment-free survival, although overall survival
was enhanced. In African American patients, post-relapse survival
increased, which indicated a greater response to salvage treatment.
Based on these findings, there is a possibility of increased melpha-
lan efficacy in African Americans when used in the treatment of
multiple myeloma as compared to non-African Americans.®? A
study on the treatment of glioblastoma with Temozolomide showed
a potential increase in efficacy by observing lower mortality rates
of Asian/Pacific Islanders and Hispanic Caucasians compared to
non-Hispanic Caucasians. Another study demonstrated that genetic
polymorphism (Leu84Phe) in the O%-methylguanine-DNA methyl-
transferase gene may increase the chance of Temozolomide resis-
tance and confers a poor prognosis in individuals with malignant
gliomas.®%%

These findings indicate the existence of ethnicity-related molecu-
lar mechanisms underlying the sensitivity of patients treated with

platinum-based drugs. These findings are listed in Table 2.

6 | ANTIMETABOLITE CHEMOTHERAPY

Approximately 70 years ago, Farber discovered the potential anti-
cancer effect of aminopterin, an antimetabolite, by inducing remission
in patients with acute leukemia. The antimetabolites are a class of
anti-cancer agents that mimic natural substrates structurally, however,

their structure differs enough to obstruct their metabolism.”*

Antimetabolites' primary mechanism of action is to cause depletion of
nucleotides, which in turn halts DNA replication. Some antimetabo-
lites are able to mimic nucleic acids falsely, creating structural defects
that result in cell death via other pathways, such as DNA breakage.”®
Common routes of administration for antimetabolites are orally, intra-
venously, and subcutaneously.

Notably, the prevalence of any complication with antimetabolite
chemotherapy was lower in African Americans when compared to
Caucasians. Reduced rates of complications included diarrhea, nausea
and vomiting, and mucositis. The observation of skin toxicity demon-
strated no difference based on ethnicity with the antimetabolite
drugs. Germline polymorphisms in critical genes involved in antime-
tabolite toxicity and response may be responsible for the interethnic
variations observed.!?

Of the available antimetabolites, clinical differences are observed
based on ethnicity in 5-fluorouracil (5-FU). 5-fluorouracil is most com-
monly used in the setting of advanced stage colon cancer. Significant
ethnic disparities exist in colon cancer treatment outcomes between
African Americans and Caucasians. Studies indicate that African
American individuals experience worse outcomes (decreased toler-
ance to therapy) when compared to Caucasians. Specifically, one
study by McCollum et al. showed that hematological toxicities were
significantly more common in African Americans compared with
Caucasians. However, the overall incidence of other toxicities
(diarrhea, nausea and vomiting and mucositis) were lower in African
Americans compared to Caucasians.”® The ethnic disparity of hemato-
logical toxicities are attributed to lower levels of dihydropyrimidine
dehydrogenase (DPD), the rate-limiting enzyme of 5-FU catabolism, in
peripheral blood mononuclear cells.”” The prevalence of DPD defi-
ciency has been shown to be 8.0% in African Americans, contrasted
to only 2.8% among Caucasians. Currently, more than 30 SNPs and
deletions within DYPD (gene encoding DPD) have been noted, while
only a few cause enzymatic alterations.”® A large multicenteric pro-
spective clinical trial on 683 patients treated with 5-FU showed that
one allele, DPYD*2A, can be linked to increased toxicity.”®

Similar to DPD, thymidylate synthase (TS) enzyme level fluctua-
tions based on ethnicity have been extensively studied.®%®! Genetic
changes modulating TS levels correlate with 5-FU toxicity.2? Tandem
repeats in the TYMS (gene for TS) enhancer region®® positively corre-
late with TS expression. For example, three copies of tandem repeat
(TSER*3) result in approximately 2.6 times greater TS expression com-
pared to two copies (TSER*2).8* Furthermore, individuals who were
homozygous for double repeats displayed more severe side effects of
5-FU. For instance, 67% of Chinese individuals express the TSER*3-T-
SER*3 genotype when compared to only 30% to 40% of Caucasians,
indicating a drastic difference in 5-FU tolerability among the two
populations.®® The population frequency of the TSER*3 allele in
Caucasians (54%) is similar to that of African Americans (52%);
however, two rare alleles (TSER*4 and TSER*9) are found at a higher
frequency in African Americans (2%) than in Caucasians (0%).8? These
studies indicate that ethnic differences play a significant role in the
metabolism and toxicities of several antimetabolites. Genotyping

prior to the administration of these chemotherapeutics in select



s WILEY L7

ports

|Cancer Re

PATHAK ET AL.

(sanunuo))

pajodal suoN

pajiodas suoN

1 u8y

Se 92IM] UeY3 3Jow Sem 33el asuodsal Jowny Jidayy

‘suelseane) ueyj Jaoued Sun| ui uigejdogaed Jo
S9SOP JOMO| PaAISIDI S|enplAIpul Uelsy Jo Ajliofew v

‘Punoy sism Ad/Md
Ul S32UIBHIP [E10.4/AYDIUYIS ON ), "A3IDIX0) Snup
palejal asop JuaAaid pue wsijogelaw ueynsng
40 uoiIpaid J49339q Mmojje JySiw uoljejueldsuely
1192 wia)s dnpalodojewsy Sulodispun
uaJp|Iyd Ul (TINLSD pue ‘Td1SD ‘Tv1SD) SuidAjousn
'SUOI1eJIUSIUOD
uej|nNsng Ul suoljelieA asned Aew sauad asay |
‘WISI|OgeISW Ueynsnq ul paAjoAUl SI (T pue ‘TIA
‘Td ‘TV) Ajlwe) suad (1 SO) aselajsuell-suolyiein|o
o Wisl|ogelaw Juspuadap
TVT 0S17d dWoIy20342 dneday [enuaiapip ayj o3
PaINQLIIIE SEM 9OUIDYIP PIAISSAO By “BIWNNI|
J13A%0ydwA| ym s3a3[gns asauedef-uou Jo jeyy
ueyy Ja3ealud %0 Sem a4nsodxs sulsnwepusq
Jey3 punoy ajdoad asaueder Jo Apnis v

pajiodas suoN

Qd/>d 40 Anjigeren Jluy3

[89-59] "Jo4 WO} paule}qo Sem S3NIp SNOLIEA JO elep (d/Md "SIUa8e SuiejAY Y UM SSWODIN0 JUSWIEI} S} Ul SSOUISHIP JIUYIS/[elded pue SOlWeUApodeWwIEYd pue Soljauijodewleyd

9[2A2 |92 ay3 03 213souse ‘uolje|jsuesy

VNY pue YNQ Suijedijdal

Yam sydnusip pue NG Suijul|

-§5042 JeY3 Ajiwey pJesnw uagoujiu
9y} wouy saduelsqns Sunre|Ad|y

*S91}AIIOE BWAZUD 3dnusip

os|e Aew uia30.d ul spioeouiwe

JO uorjejAweqJed ‘AjAIOe

VNG Jengal ypm 3undnisip ‘vNY
pue YNQ@ Supjul|-ssold pue sajejAx |y

‘Juade 3une|Ade |eas e JoN

'spuedls \YNQ sa3exul|

-$S042 pue YN 03 A|JUs|eA0d spuoq
1843 9|N23|0W UOoIleulpJ00d wnuie|d

's||90 wa)s onpalodojeway

0] 210} A]WaJIXa SI {5||92

pioydwA| ueyy aiow s||22 pIoj2AW

s3oedwi 309449 uoissasddnsounwiwg

pajiwi| sey ‘spuesis YN saSeul|

‘uonduosuesy YNy pue uoiedijdas
VNG sHqiyui uade SunelAxly

spueJ3s YN 3|gnop Jo 3|3uls
Supjuil-ssoud A YNQ dY3 Sanes|d
1ey3 Juade SuiejAye o1y10ads-uou

*A}121X03103AD
10} [BIJUSSSD S| WISI|0geId|N
-a8ewep YNQ Ul 3nsau Ajjerzuazod
VNQ pue suisjoid [ewosodiw
UM S91eIpawIaluUl 9AI1OEDI
U33M]S( PaWLIOS SPUOC JUS[BAOD

(@d) sa1weuApooewseyd

J9AIT I
/1 €0 PA
%66 -punog ulajoid
Jy T :xew |
%08-%0L
%007 -V
(%0£-09) auun 3
Bi/uw/AwW 9g 11D
Jallieq uledq-poo|q sassotd Ajipesy :q
B/16T€ PA

(Adepuodas) uiw gz
“(lemun) uiw T 2, 3 UoEUIWIF
sAep 9- :wnune|d ewse|d |ejo]
Y 9-¢ :uneidoque) 3, 11
(unejdogued se %0/) auun :3
C/aka 2]
19T PA
(wnuneyd) 9%/8 :punoq uisjold
Y ¥-¢ Xew |
(9%09-52) suln :3
B/uw/ W zsT 10
Y G'C :z/43 Uoheulwly
J9AIT N

(ua4pjiyd)
84/19'T-¥T (SHNPE) 84/710'T-9°0 ‘PA
%€ -punoq ulajoid
‘a
98e uo Suipuadap %08-%89 4
(Al) Ul G :winJas xew |

(%0T-T) duln :(9%06) S22 :3
(3unowe mo|) ZVTdAD N
ulw o -5 43
SI9UT GC PA
%96-%V6 -punog ulsjo.d

(8rup
pasueyoun se %> (%06) duun 3
UOIBJAYISWSP SAISUSIXD LBAIT N
UL
Yy €-G'0 xew L

aunsajul [jews R ‘Asupy
J9AI| Y3 Ul pajesjuaduod A|YsiH :a
paqJosqe-|loM v

(Md) sanaunjosew.eyd

8/8W T°0 ‘s19|qe [elO

ZW/8W 00Z-0GT ‘uomdB[ul snousAesjul

Jw/3w QT ‘uo13d3[u] SnousAeIu|

3/3w g ‘uo3dalul snousAesu|

[eIA 9s0p-3j3uls/3w 00T -5¢C
-Uo[3IN}13su0d3l 1oy Japmod pazi|iydoAd

(Tw/3w GZ) W /8w 00T
-uoiIN|os AN|IP-03-ApeayY SNOUSARIU|

Aep/,w/3w 09¢ 3|nsded
[ei0

(uewny) asop pue w.oy a8esop ‘91noy

lIPnquielolyD

aunsnwe)

uijejdogued

uejjnsng

aunsnwepuag

aujwelRy

8nug

¢31avil



PATHAK ET AL.

8of 23 WI LEy_ICancer Reports

pajiodas suoN

pajiodas suoN

¢ SUEDLIBWY ULy 0} pasedwod

uol3duNy [euas paulelas aplweydsoydo|dAd
UHM pajealy aiam oym sipuydau sndnj ypm
sjuaijed uejseoned)

o/'cq SUBISEINED )M paJedulod suedLsuwy

uedLyy ul jusjeAald asow aue swsiydiowAjod

JUBLIBA HY/EJAD Auew jeyy pamoys sjuaijed Jadued

1seauq pue ‘spiweydsoydo[dAdjAyisolo|ydsp
0} UOISIDAUOD BIA aplweydsoydojdAd sajeAljdeul
Os[e #VEdAD

g 4aoued

jseauq ul sueiseane) yjm pasedwod suedlswy
uedLyy ul Adediyo paseasdap a|qissod e S| auay |

2z, AHdIX0j04ydaU JUBNbaIY pey dnous uelssny sy}

ul sadAjouad (TDD¥3) T dnoud uonejusws|dwod

$5042 Jledad uoIsIoXa SN03AzoJa1ay YUM S|enplAlpul

‘AlJe|iwig “Jadued ueleAo ul Adesayjowsyd

paseq-une|dsid ul Ajdixojoiydau aAey

0] A|9)I| 240w a49M 9dAI0UaS ||INU-(T11SD) T-EI9Y}
9SEJdjSuel}-S SUOIYIeIN|D SY3 YUM S|ENPIAIPUL INNEA

Aad/d Jo Aljigeriea ouyg

SISaYjuAs u19304d pue sisayjuAs YNQ
SHUqIyul ‘spuesls YNQ SHUl|-Sso4d
‘opiweydsoydo|dAd Jo 3ojeue d139YjuAg

sisojdode pue a3exea.q puesis

31qNop ¥YNQ U! sHNS3J 'YNY 3
VNQ sa3ejAye ¢ ds 9|24 ||92-UON

AYIA1oE SAIssauddnsounwiwi

juajod sey os|e 9|2Ad

1192 ay3 Jo aseyd Aue Joj Ayd14109ds

9AeY jou sa0p 3nup YNQ |92

Jowny Supjul|-ssoud Aq ymous |92
Jueusijew Yiim a4a4493ul S9lljogelsin

a8exealq pue Supjuy|

-$5042 pueJjsesjul YN 2onpoud

os|e ued :saseq YNQ 03 3ulpuiq

Ajpuajenod Aq uoipuny NG sydnusip

YN JO spuedis sainjeusp pue

S)UI|-SSOJD ‘SISSYIUAS YN SHqIyul
1ey1 punodwod uoljeulpiood wnuie|d

(@d) sa1weuApooewseyd

(00%7Z-009T

40 950p MOJ) %9T-CT *(;W/3W 0005

40 3s0p y31y) %98-0/ duun 3
(zw/3w 00¥Z-008T J0
3S0p MOJ) 1Y £ *(;W/3W 0005-008E
40 3sop y3y) y 6T :,,.3 uoneulw|g
PETNIHAN|
1€€ PA
SaINUIW OE-0Z Xew |
%00T-%06 4
(%0p~) auun :3
JOAIT N
/190 :PA
%G~ punog uisjold
(9sop 3%/3w G'p) Tw/3dw g :xew)
(leuluay) y G 3 13

[uun 3

Y Z1-€ /3 uoljeuiwig

PEINTHIN|

34/1 TL'0-87°0 ‘PA

%09< ‘S2}1|0gelaw MO| :punoq uisjoid
Y T xew]

%SL

ZW/TTPA

ZW/A4/7 69T 1D

(%0T) 58334 (%06) duHn 3
%06< :punog ulajold

sAep / 01 4 1T ;3 uoneulwi|3
ON :9|qezAjeiq

(sayjogelsw %09-0¢) duln 3
w/3u 09T F 26t 1D

Y G'T iz} Uohjeulwly

(Md) sanaunjosew.eyd

Aep/,w/3 g'T :U01}I3[U| SnouaAeI}U| aplwe)soy|

3/3w G- ‘uoi3daful SnoudAe.ju| auizeqseseq

3%/8w OG-0t ‘uondafu] snousAesju]  apiweydsoyd-oPAD)

w/3w T
‘uoI323[u] snouaAeu| uneldsiD
(uewny) asop pue w.oy a8esop ‘93noy 8nug
(penupuod) z 314Vl



PATHAK ET AL.

(Continued)

TABLE 2

Ethnic variability of PK/PD

Pharmacodynamics (PD)

Pharmacokinetics (PK)

Route, dosage form and dose (human)

Drug

None reported

Unknown; DNA and RNA synthesis

Elimination t'/2 (biphasic): 16-24 h

Oral Capsules; 130 mg/m?

Lomustine

suppression triggered on by

(parent drug); 16-48 h (active

metabolite)

Cmax: ~3 h
M: Liver

carbamylation of DNA polymerase,
alkylation of DNA, and modification

of RNA proteins.

Duration: 5-6 weeks (bone marrow

recovery)
E: Urine (50%); feces (<5%)

None reported

Crosses DNA strands (interstrand and

Elimination t¥2; <1 min

Intravenous Injection; 0.4 mg/kg
M: Extensive

Mechlo-rethamine

intrastrand crosslinking), which

results in miscoding breakage and

eventually terminates DNA

Excretion: Urine

replication. That hinders DNA and
RNA synthesis by forming

carbonium ions.

Abbreviations: A, absorption; CL, clearance; Cmax, peak plasma or serum concentration; D, distribution; E, excretion; F, bioavailability; M, metabolism; t%, half-life; Tmax, time to maximum concentration; Vd,

volume of distribution.
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populations may help prevent and predict toxicities. Furthermore,
genotyping of set genes involved in drug metabolism could individual-
ize treatment for patients. Specifics on antimetabolites are listed in
Table 3.

7 | ANTITUMOR ANTIBIOTICS

Antitumor antibiotics, also known as antineoplastic or anti-cancer
antibiotics, are developed from the products synthesized by
Streptomyces bacteria. This class of medication works by halting cellu-
lar division through the specific inhibition of topoisomerase Il, an
enzyme responsible for cutting DNA to relieve any tangles
and supercoils. These agents disrupt DNA and RNA primarily by
binding to DNA via complexation.”? Antitumor antibiotics are often
delivered intravenously; however, bleomycin can also be injected
intramuscularly.

One investigation revealed that African Americans receiving
anthracycline (doxorubicin, daunomycin, and mitoxantrone) treatment
were at an elevated risk of cardiotoxicity, regardless of dose adminis-
tered. The study revealed African Americans were at a 1.7-fold higher
relative risk of cardiotoxicity which included congestive heart failure,
a reduction in observable cardiac function, or cardiac-related death.”
A similar elevated risk of cardiotoxicity among African Americans who
received antitumor antibiotics was further supported in another study,
patients were given repeated doses of doxorubicin, with the final
echocardiographic examination occurring after a median treatment
period of 1.3 years. The depressed ejection fraction and/or heart fail-
ure were seen in 72% of the patients in this study.”* A different study
revealed that African Americans are less likely than Caucasians to
obtain the recommended number of cycles of therapy. African
American patients were also more likely to terminate therapy earlier
which resulted in reduced survival.”® Several SNPs that affect the
pharmacokinetics of antitumor antibiotics have been found in two
recent studies of Asian patients, however, the mechanism by which
African Americans may be more susceptible to cardiotoxicity is
unknown. The probable explanation is linked to the several polymor-
phisms in the CBR1 (carbonyl reductase 1) and CBR3 (carbonyl reduc-
tase 3) genes. These enzymes play a crucial role in conversion of
doxorubicin to doxorubicinol, an active moiety that possesses the
antineoplastic activity. However, doxorubicinol induces cardiotoxicity
by removing iron from the catalytic Fe-S cluster of the cytoplasmic
aconitase (also known as iron regulatory protein- 1) which results in a
non-functional protein.”®~"® Furthermore, a reduced expression of
the IRP-1 (iron regulatory protein) gene causes an increase in free iron
levels and generation of reactive oxygen species.

Changes in CBR activity due to polymorphisms within CBR genes
can have increased risk of anthracycline-related cardiotoxicity. A spe-
cific polymorphism CBR3 V244M has a 2.6-fold higher rate of doxoru-
bicinol synthesis and indicates that polymorphic CBRs can have a
major impact on the pharmacodynamics of anthracyclines.’® Interest-
ingly, there is no significant influence of CBR3 polymorphisms on the

pharmacokinetics of doxorubicin in Asian cancer patients. Further
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studies are needed to evaluate the role of CBR polymorphisms effect
on treatment efficacy.

A comprehensive study involving transcriptomics, epigenomes,
and SNPs of drug metabolism between Caucasians, African American,
and Asians showed several changes in gene expression. Mutations of
the TP53, ATM, and CDK12 genes showed significant resistance to
chemotherapy, more specifically, TP53 mutation showed significant
resistance to paclitaxel, 5-Fluorouracil, doxorubicin, and gemcitabine.
Furthermore, drug metabolism core genes (CYP1A1, CYP2B6, CYP3A4,
UGT1A8, UGT2B11, UGT2B17, UGT2B7, GAS5, XIST, SNHG6) play a criti-
cally important role in chemotherapy resistance of prostate cancer.
These genes also showed significant variation based on ethnicity, includ-
ing CYP1A1, CYP3A4, UGT1A8, UGT2B11, UGT2B17, GAS5, XIST,
SNHG6 mutations were more prevalent in Caucasian individuals in com-
parison to Asian individuals; UGT1A8, UGT2B17, UGT2B7, GAS5, XIST,
SNHG6 were more significant in Black individuals in comparison to Asian
individuals; and CYP2B6, UGT1A8, UGT2B11, CYP3A4 were more signifi-
cant in Caucasian individuals in comparison to Black individuals.*®°
Based on these findings, differences in drug response and treatment
outcomes relate to interindividual drug metabolism which is influenced
by ethnicity. Individualized treatment strategies may improve outcomes
when taking these variations into consideration. Details regarding anti-
tumor antibiotics medications are displayed in Table 4 below.

Historically antineoplastic agents are classified as (I) alkylating
agents, () antimetabolites, (lll) Antitumor Antibiotics, and (IV)
miscellaneous. However, in recent years, the miscellaneous category has
grown to encompass some of the essential agents, which are biological
response modifiers, Histone Deacetylase inhibitors, Hormonal Agents,
and Protein Kinase Inhibitors. Some of these chemotherapeutic PK/PD

properties are not well studied within different ethnic populations.

7.1 | Biologic response modifiers

Biologic response modifiers (BRMs) act as stimulatory or inhibitory
immunomodulators that aid the body in fighting against cancer. These
agents can occur naturally or be administered exogenously. Examples
of BRMs include Aldesleukin (Interleukin-2), Denileukin Diftitox
(Interleukin-2 with diphteria toxin), Pembroluzimab (PD-1 inhibitor),
and Interferon Gamma. As of today, there are no studies reported on

PK and PD variations in different ethnicities using BRMs.

8 | HISTONE DEACETYLASE INHIBITORS

Histone deacetylase (HDAC) inhibitors induce apoptosis via cell cycle
arrest within cancer cells. HDACs remove acetyl groups present on
histones to regulate DNA expression in the cell. When inhibited, gene
expression becomes dysregulated creating issues down the line. 204107
Each HDAC is a member of the SIR2 regulator family or the histone
deacetylase family. Traditionally, HDACs are separated into distinct
groups based on sequence similarity compared to yeast RPD3 or

HDA1 protein. The sequences of the Class | proteins (HDAC1,
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HDAC2, HDAC3, and HDACS) and the yeast Rpd3 protein are identi-
cal. The yeast Hdal protein's sequence is comparable to that of the
Class Il proteins (HDAC4, HDAC5, HDAC6, HDAC7, HDACY, and
HDAC10). HDAC inhibitors can be manufactured or extensively puri-
fied from natural sources. Several HDAC inhibitors were recently
given FDA approval for use as anti-cancer medications. HDAC inhibi-
tors include Belinostat, Panobinostat, Romidepsin, and Vorinostat..1%®
Two phase | studies studied the pharmacokinetics of
Panobinostat specific to Japanese patients with advanced solid
tumors. According to the study, all of the patients experienced throm-
bocytopenia and the severity depended on the dosage and their
baseline platelet count. Within 8 days, the thrombocytopenia
resolved. Plasma Panobinostat levels rose without clinically significant
drug accumulation in a dose-dependent manner. Six patients had
stable illness for around 4 months, however, no one exhibited
full or partial responses. In Japanese patients, oral Panobinostat

administration at dosages up to 20 mg were well tolerated.*%%*1°

8.1 | Hormonal agents

Hormones play a critical role in the development and progression of
certain cancers, specifically those which rely on their influence for
growth. Hormone therapy suppresses growth by blocking the anabolic
effect of hormone stimulation. Hormone therapy is also known as
endocrine therapy, hormonal therapy, or hormone treatment.
Hormone therapy options include: (1) Antiandrogens: Abiraterone,
Apalutamide, Bicalutamide, Cyproterone, Enzalutamide, Flutamide,
Nilutamide. (2) Antiestrogens (including Aromatase Inhibitors): Ana-
strozole, Exemestane, Fulvestrant, Letrozole, Raloxifene, Tamoxifen,
and Toremifene, (3) Gonadotropin Releasing Hormone Analogues:
Degarelix, Goserelin, Histrelin, Leuprolide, Triptorelin, and (4) Peptide
Hormones: Lanreotide, Octreotide, Pasireotide.

In a clinical study from Japan, 348 postmenopausal breast cancer
patients received adjuvant anastrozole treatment for a median of
22 months. Anastrozole adverse effects included joint discomfort,
bone mineral density (BMD) loss, and bone fracture. For both
Japanese and Caucasian breast cancer patients treated with adjuvant
anastrozole, the incidence of joint symptoms, overall clinical course,
and risk factors were comparable. However, Japanese patients experi-
enced a smaller reduction in BMD and a lower incidence of bone frac-
tures after anastrozole treatment compared to Caucasian patients.**?
Another study showed that shifting tamoxifen to anastrozole in post-
menopausal Japanese breast cancer patients decreased the risk of dis-
ease recurrence.’'? One study of lanreotide showed that the agent
was well-tolerated and efficacious in Korean patients with well-

differentiated gastroenteropancreatic-neuroendocrine tumors.**3

8.2 | Protein kinase inhibitors

Protein kinases regulate the activity of cellular enzymes through phos-

phorylation. These proteins come in several varieties and interact with
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a wide range of cellular processes including cell growth, division, and
signaling. Protein Kinase inhibitors currentl available are Abemaciclib,
Acalabrutinib, Afatinib, Alectinib, Alpelisib, Axitinib, Binimetinib,
Bortezomib, Bosutinib, Brigatinib, Cabozantinib, Carfilzomib, Ceritinib,
Cobimetinib, Crizotinib, Dabrafenib,
Dasatinib, Duvelisib, Enasidenib, Encorafenib, Entrectinib, Erdafitinib,
Erlotinib, Fedratinib, Futibatinib, Gefitinib, Gilteritinib, Glasdegib,
Ibrutinib, and Idelalisib.***

One study analyzed Asian versus non-Asian patients treated with

Copanlisib, Dacomitinib,

Axitinib versus placebo. Based on ethnicity, treatment length (less
than a year vs. more or equal than a year), dosage change, and sever-
ity of adverse events, disease-free survival was examined. Analysis of
the subgroups of Asian and non-Asian patients found differences
within medication exposure and adverse event occurrence. There
were no variations in disease-free survival or length of therapy related
to ethnicity, however, decreased dosages of axitinib increased
disease-free survival. Compared to patients of non-Asian descent,
Asian patients displayed higher occurrences of nasopharyngitis, but
showed less asthenia or fatigue. Among the subgroups of Asian
patients, Japanese patients were more likely to have proteinuria,
hypothyroidism, nasopharyngitis, and hypertension compared to
Korean patients. Korean patients were more likely to have these con-

ditions compared to Chinese patients.**”

8.3 | Tyrosine kinase inhibitors

Tyrosine kinase inhibitors (TKIs) are one of the newer forms of anti-
cancer agents available. Similar to PKls, TKIs inhibit tyrosine kinase
proteins which are involved in a variety of cellular functions involved
with cell signaling, growth, and division. These agents have trans-
formed cancer therapy by increasing survival benefit and quality of life
while reducing toxicity profiles compared to conventional cytotoxic
therapy. Despite having a specific mechanism of action, interindividual
variation of the pharmacodynamic and pharmaceutics parameters
exist between different ethnicities.**4117:1* TK|s administered at the
same dose exhibit different systemic exposures, efficacy, and toxicity
between individuals of different backgrounds.?'® The differences
observed from TKI administration can be explained by several intrinsic
and extrinsic factors that alter the pharmacokinetic and pharmacody-
namic ultimately altering treatment outcomes.*>**?

Individuals of European and East Asian descent appear to respond
differently depending types of TKis. Significant evidence shows that
East Asian patients exhibit a greater response and improved survival
outcomes to erlotinib, gefitinib, lapatinib, and regorafenib compared
to individuals who are non-East Asian.'?°"127 As of now, no specific
studies regarding inter-ethnicity disparities of treatment response
have been done for ruxolitinib and Osimertinib.228-131 Additionally,
certain TKils display different tolerability profiles based on an individ-
ual's ethnicity. Some studies suggest that Asian patients experience
higher rates of adverse events that are often more severe when com-
pared to individuals from a European background. An exception of

this is observed with ceritinib and crizotinib where Asian patients are

less susceptible to adverse events.'?8132 Overall, those of East Asian
descent demonstrate greater rates of toxicity-related dose reductions,
dose interruptions, and medication discontinuation compared to those
of European descent. 121122133134 Other than the studies mentioned
above, there is little clinical comparison of PK parameters between
different ethnicities to date.

8.4 | Inter-ethnicity differences in PK of tyrosine
kinase inhibitors

The systemic exposure of orally administered TKIs varies by each
drug's bioavailability. Bioavailability is influenced by cellular mem-
brane transporters and metabolizing enzymes involved with the pro-
cessing of TKIs.>*®5 Common efflux transporters such as P-
glycoprotein (P-gp) and BCRP (Breast Cancer Resistant Protein) move
most TKIls except cabozantinib, ibrutinib, regorafenib, ruxolitinib, and
trametinib. With the exception of axitinib for OATP1B1 and
OATP1B3, regorafenib for OATP1B1, nintedanib, and dasatinib for
OCT1, in vitro studies indicate that the majority of TKls cannot be
regarded as substantial substrates for uptake transporters.t3¢1%7
Some genetic factors that determine the variability of TKI response
and toxicity include single nucleotide polymorphisms (SNPs), a prema-
ture stop codon, or altered splicing. For instance, the non-
synonymous SNPs 34G > A (Val12Met) and 421C > A (GIn141Lys) in
the coding regions of ABCG2 are associated with decreased BCRP
expression and activity, reduced efflux and increased plasma and cel-
lular exposure of several BCRP substrates.*”~14° Haplotypes (SNPs
inherited together in a particular pattern on the same chromatid) can
affect TKI pharmacokinetics. For instance, the ABCB1
3435T > C/1236 T > C/2677 T > G/A TTT haplotype combination
results in decreased P-gp expression and has been associated with
increased plasma exposure of P-gp substrates such as TKls.14?

With a volume of distribution approximately between 100 and
1000 L and a terminal half-life between 24 and 48 h, most TKls dem-
onstrate wide tissue distribution.*” Ultimately, membrane trans-
porters play a critical role in the distribution of TKI. In order for TKls
to have effect, the agents must enter cancer cells and interact with
intracellular molecular targets. Transporter-mediated uptake into and
efflux out of the target cells are crucial factors in TKI drug action and
delivery.?

Cytochrome-P450 (CYP) enzymes are primarily responsible for
metabolizing TKI by phase | and UDP-glucuronosyltransferases
(UGTs) by phase Il reactions.'*? The enzyme CYP3A4 is principally
responsible for metabolism of sunitinib and imatinib into the biologi-
cally active metabolites N-desethyl (SU12662) and N-demethylated
piperizine and have similar potencies to their parent medications.
Additionally, sorafenib and erlotinib are metabolized into their respec-
tive pharmacologically active metabolites, sorafenib N-oxide and
OSI-420. Reduced transcription and reduced UGT1A1 enzyme activ-
ity is noted when there is presence of additional TA repeat in the
TATA sequence of the UGT1A1 promotor (UGT1A1*28).143144
Similarly, polymorphisms in the nuclear receptors pregnane X receptor
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(PXR) and constitutive androstane receptor (CAR), which regulate the
transcription of genes encoding drug metabolizing enzymes and trans-
porters can be affected causing inter-ethnic differences in metabo-
lism.”**> More studies are needed to understand the diverse
variability in metabolizing TKis.

TKls are largely excreted from the body by hepatic metabolism
and P-gp-mediated biliary excretion, with less than 10% of total sys-
temic clearance coming from unchanged drug elimination in urine.2*?
With the exception of afatinib, which is primarily excreted intact in
feces, the majority of TKls undergo substantial metabolic processing
before biliary elimination.X*® The biliary excretion of substrates of
TKis are facilitated by ABC transporters, which are expressed on the
bile canaliculi of hepatocytes. They are additionally expressed on renal
epithelial cells, where they facilitate the export of substances from

the renal tubular cells' cytoplasm to the urine 116136147

8.5 | Monoclonal antibodies

Another more recent therapeutic strategy against cancer is the use of
monoclonal antibodies. Since the use of monoclonal antibodies is
fairly new, several studies addressing the impact ethnicity has on the
PK or PD parameters of anti-cancer therapeutics have yet to be con-
ducted.!* There are several types of monoclonal antibodies used to
treat various types of cancer. The monoclonal antibodies approved and
currently used include Alemtuzumab, Atezolizumab, Avelumab,
Bevacizumab, Blinatumomab, Brentuximab, Cemiplimab, Cetuximab,
Daratumumab, Dinutuximab, Dostarlimab, Durvalumab, Elotuzumab,
Gemtuzumab, Inotuzumab Ozogamicin, Ipilimumab, Mogamulizumab,
Moxetumomab Pasudotox, Necitumumab, Nivolumab, Ofatumumab,
Olaratumab, Panitumumab, Pembrolizumab, Pertuzumab, Ramuciru-
mab, Rituximab, Tositumomab, and Trastuzuma.'*® These agents are
further classified as bispecific antibodies (four) and Antibody-drug
Conjugates (ADC, one). Globally, two bispecific antibodies (cadonilimab
and ozoralizumab) and another five monoclonal antibodies have
been approved in China or Japan in 2022. Furthermore, another
twenty-four investigational monoclonal antibodies are currently
undergoing scientific review by various regulatory organizations and
are expected to be in the market in 2023. Thus, there is a strong accep-
tance for the use of monoclonal antibodies in the treatment of cancer.
Monoclonal antibodies-based immunotherapy is a pharmacologically
recognized and encouraging therapy for hematological cancers and
solid tumors. However, the pharmacogenetics of anti-cancer mono-
clonal antibodies is sparse because of their novelty.

There are several polymorphisms in genes (FcgR3A gene-
rs396991 T/G, FcRn gene, BRAF gene, PTEN gene, VEGFA, RAS
gene) or pathways (Ras/Raf/ERK, PIBK/AKT/mTOR) in patients that
may enhance or decrease monoclonal antibody binding affinity and
improve antibody-dependent cell-mediated cytotoxicity. As an exam-
ple, human epidermal growth factor receptor (HER) 2-positive breast
cancer patients with the V/V genotype (FcgR3A gene-rs396991) have
a greater response rate to treatment with the anti-HER2 monoclonal

antibody, trastuzumab. Furthermore, this specific mutation improves

17 of 23
!Cancer Reports @I—Wl LEY.
the response rate and progression-free survival of colorectal cancer
and B-cell lymphoma patients treated with cetuximab and rituximab.
Compared to traditional chemotherapeutics, the metabolism of mono-
clonal antibodies does not involve the cytochrome P450 enzyme sys-
tem. Based on the large molecular size of monoclonal antibodies,
elimination occurs from uptake via receptor-mediated endocytosis
and pinocytosis which is followed by proteolytic catabolism.

In general, the efficacy of traditional chemotherapeutics vary pri-
marily by polymorphisms observed in the genes responsible for trans-
port and metabolism. However, inter-individual differences in
chemotherapeutic response of monoclonal antibody-
chemotherapeutics vary drastically. Based on the structural nature of
the monoclonal antibodies (immunoglobulin G, protein) and the route
of administration, their efficacy can be affected by alterations in genes
responsible for antibody recognition and metabolism. Typically, the
half-life of monoclonal antibodies can range from days to months which
depends on the structure. Monoclonal antibody main route of adminis-
trations include intravenous, subcutaneous, and intramuscular injec-
tions. Owing to the significantly elevated risk of infusion-associated
hypersensitivity/pharmacological reactions following IV route, SC, and
IM are more preferable. Systemic absorption of monoclonal antibodies
is gradual and relatively slow, and a maximum concentration occurs
from 24 h to a week. The distribution of monoclonal antibodies occurs
through the blood-tissue hydrostatic gradient and through the sieving
effect of the vascular epithelium. Moreover, the pharmacokinetic pro-
file of monoclonal antibodies is mainly affected by age, BMI, gender,
rate of respiration (respiratory rate), cardiovascular function (blood
pressure), other coexisting pathologies (disease stage), and most impor-
tantly, the genetic profile. The potency, efficacy, and adverse drug reac-
tion profile of monoclonal antibody chemotherapeutics varies due to
ethnicity and genotypic alterations associated with the recognition,
metabolism, and cancer cellular and molecular signaling pathways. Most

of these studies were performed in America and Europe.

9 | CHALLENGES IN DERIVING THE
ETHNICITY/RACIAL DIFFERENCES DATA
FOR CANCER DRUGS

Several challenges arise when seeking data regarding the properties
of chemotherapy from patients of different ethnicities. The challenges
associated in deriving the ethnicity/racial differences data for cancer

drugs are summarized in Figure 3.

1. Many studies compiled in this review have shown that there is
considerable variation in PK/PD of chemotherapeutic drugs
between populations of diverse ethnicities. For example, differ-
ences in genetic makeup, diet, lifestyle, and environmental factors
can all affect how a drug is absorbed and metabolized in the body.
This can lead to differences in drug efficacy and safety, as well as
differences in the risk of adverse effects. Hence, it is important to
consider the patient's ethnicity when prescribing medications. This

may involve adjusting the dosage or choosing a different drug
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Majority of the
current studies
have focused only
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single/pathway-
specific genetic

variants instead of
whole genome

Sometimes
undefined/
unknown factors
might contribute to
ethnic differences
across
populations.

Challenges in

deriving

Lack of concordance
across studies- some
classify patients into
white vs non-white,
others classify based
on nationality
(Chinese, Japanese,
Asians)

Lack of
population-based
clinical databases
for studying inter-

ethnic variations

altogether. It is also important for researchers to study PK/PD in
diverse populations to improve drug development and ensure that
new drugs are safe and effective for everyone.

. Race or ethnicity can influence the drug disposition, which can
have an impact on both the drug's effectiveness and side effects.
Both intrinsic and extrinsic factors can affect the drug disposition.
Certain genetic variations are more common in certain ethnic
groups and can affect the activity of enzymes responsible for
metabolizing drugs. Additionally, differences in body weight, body
surface area, and organ function can all affect the drug distribution
and metabolism, which can impact the drug's effectiveness and
toxicity. Besides, some ethnic groups may have dietary or cultural
practices that affect their drug metabolism. Additionally, exposure
to certain environmental toxins or pollutants may affect the drug
metabolism. Overall, understanding the role of ethnicity in drug
disposition and effectiveness is important for optimizing chemo-
therapy treatment and minimizing potential side effects.

. Intrinsic factors include discrepancy within a person's physiology,
genes, and pathology. As discussed earlier, several genetic poly-
morphisms exist at greater amounts in certain ethnicities. Genetic
polymorphisms of enzymes, seen specifically in certain popula-
tions, also affect PK/PD data. Many of these SNPs influence the
metabolism of these chemotherapeutics leading to overall changes

in drug PK and PD parameters.

ethnicity/racial
differences data
for cancer drugs

FIGURE 3 Various challenges
in deriving the ethnicity/racial
differences data for cancer drugs.

Limited sample
size which are
often inadequately
powered for

performing multiple

comparisons.

Lack of
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clinical trials

Very few cross-
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compare inter-
ethnic
differences in
drug effects.

4. Extrinsic factors include culture, environment and diet, dosage for-

mulation and regimens that have largely been disregarded in clini-
cal trials. These factors might reveal variability in PK/PD data
based on the absorption spectrum of different dosage formula-
tions. PK/PD data variability can occur either by differences in
first-pass metabolism of the drug due to ethnicity or depend on
the oral clearance due to the range of a drug's oral clearance. Simi-
larly, changes in the dose interval impact PK/PD data. Similarly,
dose formulation might trigger significantly different PK/PD
responses in various ethnic groups due to their difference in sus-
ceptibility to several intrinsic and extrinsic factors. For example,
decreased transdermal penetration of certain drugs have been
reported in people with darker skin tones compared to people with
paler skin populations,**? indicating the importance of considering
route of administration into the clinical trials. In a similar study,
Asians showed significantly higher AUC and Cmax than Cauca-
sians*! after oral administration of single dose alprazolam. This
might be due to higher CYP3A activity in Caucasians compared to
Asians.1%%151 However, these differences were not significant
when administered by IV route.*®? Currently there are no chemo-
therapeutic drugs administered via skin, but there are many drugs
undergoing preclinical and clinical studies.?>® The topical delivery
could be a better route for localized drug effects and to decrease

the dose and dose frequency and to decrease the toxic side effects
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associated with oral or parenteral route of anti-cancer drugs.
Therefore, it is important to consider other relevant extrinsic fac-
tors (dosage forms, route of administration) that may influence the
study results.

5. In addition to relevant intrinsic and extrinsic factors, another key
factor for the success of all the studies is the appropriate sample
size, that is, the number of subjects from each ethnic group should
be sufficient enough to allow comparison of interethnic effects. In
this regard, it is important to point out that majority of the clinical
evidence obtained so far was only from three major ethnic groups:
African Americans, Caucasians and Asians, thus ignoring other
groups such as American Indians and Hispanics. As reported in
2020, the industry sponsored clinical trials of new biologics and
drugs included only 8% of African Americans, 11% Hispanics or
Latinos and 6%Asians.'>* When the participants are homogenous,
the results may be skewed leading to PK/PD data that is not gen-
eralizable. Therefore, it is important to consider large enough sam-
ple size for each of the ethnicities to draw meaningful conclusions
on PK/PD data for different ethnicities. In order to advance equity
in clinical trials for new drugs, there is a need to implement a com-
bination of federal incentives and regulations such as providing
grants and support for increasing enrolment capacity and infra-
structure at trial sites and lowering the financial barriers by reim-
bursing the costs incurred by trial participants.?**

6. Obtaining PK/PD data for different ethnicities is hindered by sev-
eral challenges, including inadequate screening of subjects, small
sample sizes, insufficient consideration of intrinsic and extrinsic
factors, and the absence of population-based clinical databases.
These factors must be addressed to obtain accurate PK/PD com-

parisons for different racial/ethnic groups.”¢155-18

10 | CONCLUSION AND FUTURE
PERSPECTIVE

Pharmacoethnicity impacts the treatment outcomes of patients
undergoing various forms of anti-cancer therapy. Primarily through
polymorphisms within the genes responsible for metabolism, several
PK and PD parameters can be impacted. These polymorphisms are
observed at different frequencies within certain ethnic populations
which lead to the wide range of outcomes observed after chemother-
apy treatment. This paper discusses the clinical outcomes of different
chemotherapeutics in regards to ethnicity. Ethnic diversity in chemo-
therapeutic drug response or toxicity is becoming increasingly recog-
nized as an important healthcare burden globally. These differences
can be attributed to both genetic and non-genetic factors. Taking into
account the significance of pharmacoethnicity will further the process
of individualizing chemotherapy, which in turn will improve chemo-
therapeutic tolerance and efficacy. This review covers the current
clinical literature for ethnicity specific differences in chemotherapeu-
tic drug disposition (ADME), effectiveness, toxicity, and potential
health outcomes from the treatment interventions. A multifaceted
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approach is necessary to address racial and ethnic disparities in che-
motherapy outcomes. The clinical trials should cover diverse popula-
tion groups/races/ethnicities. Furthermore, these disparities can be
addressed by considering social determinants of health, developing
personalized treatment plans, improving communication and cultural
competence, and addressing implicit biases can help improve out-
comes. These strategies can identify more effective treatments for
specific racial and ethnic groups, ensure access to high-quality cancer
care for all patients, personalize treatment plans, improve communica-
tion, and address implicit biases among healthcare providers. All the
concerned parties such as healthcare providers, researchers, and pol-
icymakers should work together and ensure that the patients receive
appropriate care, drugs and dosing regiments to fight cancer.
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