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Abstract

Introduction: Fluoropyrimidines (FPs), a cornerstone of modern chemotherapy, remain
among the most prescribed and cost-effective anticancer drugs used around the world.
Between 10% and 40% of patients have severe and probably fatal toxicity in the first cycles
of FP treatment. Deficiency in dihydropyrimidine dehydrogenase (DPD), caused primarily
by pathogenic mutations in the DPYD gene, leads to impaired clearance of FPs and results
in excessive accumulation of their toxic metabolites. Testing for DPYD mutations before the
beginning of treatment has become an internationally recommended strategy. Other factors
such as age, gender and using other drugs were found to affect the prevalence of FP toxicity.
Despite the well-proven benefit of pharmacogenomic testing, many countries are still under-
utilizing this testing due to many factors such as insufficient resources. Palestine represents
the challenges faced by Low- and Middle-Income Countries (LMICs) in adopting
pharmacogenomics in general.

Aim: This study, through its comprehensive design, aimed to evaluate the importance of
pharmacogenomic testing in improving the clinical outcomes of cancer patients in Palestine
by exploring the knowledge of oncology specialists and cancer patients regarding
pharmacogenomic testing and determining the relationship between DPYD mutations and
other clinical factors and the occurrence of side effects of FP anticancer drugs.

Methods: Study I was a cross-sectional study which utilized a survey distributed to
oncologists, oncology residents, and clinical pharmacists across various hospitals in
Palestine between February and May 2024. The questionnaire was adopted from a previous
study conducted in Saudi Arabia and was slightly modified to suit the Palestinian context.

Study II was also a cross-sectional study which utilized a survey distributed to cancer
patients that were treated with chemotherapy at three outpatient oncology clinics in the West
Bank, Palestine. The questionnaire was developed based on an extensive literature review of
similar studies.

In study III, DNA was extracted from blood samples of cancer patients that were using
fluoropyrimidines using the salting-out method after using previously prepared standard
buffers. Allele-specific Polymerase Chain Reaction (PCR) was performed in 25 pL reactions
with appropriate master mix, primers, DNA template, and nuclease-free water. The DPYD
activity score (AS) was calculated by assigning values to each allele (normal = 1, decreased
function = 0.5, no function = 0) and summing both alleles. Clinical data and toxicity
information were acquired through a standardized analysis of the patients' electronic health
records (EHRs) by trained study team who were blinded to the group in which the patient
was allocated. Severe adverse events comprised toxicities with a grade no less than 3 based
on the National Cancer Institute's Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0.

Results: Study I — Healthcare Providers
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The questionnaire was completed by a total of 106 healthcare providers (HCPs), consisting
of 57.5% specialist physicians, 27.4% clinical pharmacists, and 15.1% resident physicians.
More than 70% of participants stated that they had never undergone formal training in
pharmacogenomics during their career. Around 80% of participants indicated knowledge of
the mutation linked to DPD deficiency and its consequences for FP toxicity. Fewer than 50%
of participants indicated that they consistently or occasionally screen for DPD deficiency
prior to prescribing FPs. Only 5.7% and 6.6% of participants, respectively, reported the
existence of standardized DPD testing and the Palestinian Ministry of Health's promotion of
DPD testing before prescribing FPs. About 60% of individuals experienced significant
toxicity associated with FPs, a rate considerably higher than the global average of 10-30%.
A statistically significant difference was found between HCPs working in private hospitals
and those working in governmental institutions in terms of their perception of the influence
of DPD testing in clinical practice (p<0.05). No significant differences were seen in
awareness of the most important DPYD mutations between groups of different years of
experience, designation, nor hospital type (p>0.05).

Study II — Patients

The study included 368 participants with an almost equal gender distribution (52.4% female,
47.6% male). Only 19.8% of participants had heard of pharmacogenomic testing, and less
than 5% had undergone any pharmacogenomic test. One-third reported no understanding of
the nature of this test. About 40% of participants believed that pharmacogenomic testing can
help doctors choose the best treatment, while 44% trusted its accuracy. Less than half (42%)
of participants indicated that they would undergo testing if it was recommended by their
physician. More than half of the participants (53%) were willing to pay for the test but 5.4%
indicated that patients themselves should be responsible for paying for the test, with a mean
WTP of around 230 NIS and a perceived reasonable cost of about 1307 NIS. Most of
participants (74%) were willing to provide a blood sample for the test.

Study III — Genetic and Clinical Data

The study included 134 participants. A high number (85.1%) of participants were found to
be normal metabolizers (AS: 2), while 13.4% were intermediate metabolizers (AS: 1-1.5),
and 1.5% were poor metabolizers (AS: 0-0.5). The incidence of grade >3 side effects in the
sample was 17.2%. Hand-foot syndrome and severe fatigue were the most common side
effects. All patients who were poor metabolizers experienced side effects, compared to one
third (33.3%) of the intermediate metabolizers and 13.2% of the normal metabolizers
(p<0.05). Among mutation carriers treated without dose adjustment, 63.6% experienced side
effects, while only 11.1% of mutation carriers with adjusted doses experienced side effects
(p<0.05). Treatment was interrupted in 6.7% of the participants and completely discontinued
in 7.5% of them. Hospitalization due to side effects and complications was reported in 9.7%
of the cases. A statistically significant difference (p<0.05) was noted between patients who
had a side effect and those who did not have a side effect among these clinical outcomes.

Conclusion: These findings support the main hypothesis that DPYD mutations are
connected to FP side effects and that genotype-based dosing can improve treatment safety.
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Palestinian patients demonstrated limited awareness, but moderate acceptance of the
pharmacogenomic testing once given some information. Healthcare practitioners are
generally well-informed about this important genetic component, nevertheless it is
worrisome that fewer than 50% screen for DPD deficiency prior to prescribing. Routine
DPYD testing and genotype-guided dosing could improve patient safety, reduce treatment
interruption and hospitalization, and support precision oncology in Palestine.

Keywords: Cancer, Pharmacogenomics, Palestine, Fluoropyrimidines, DPYD, Oncology,
Chemotherapy, Polymorphism, Toxicity, Side effects.
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Chapter One

Introduction

1.1 Background

Fluoropyrimidines (FPs), a cornerstone of modern chemotherapy, remain among the most
prescribed and cost-effective anticancer drugs used around the world (Hoffmann et al.,
2025).

Members of the FP pharmacological chemotherapeutic drug class, such as capecitabine and
5-fluorouracil (5-FU), are important anticancer drugs. Among the several types of cancer
treated with them are metastatic colorectal cancer, metastatic breast cancer, and colon cancer
(Zehra et al., 2024).

Since 1977 and 2015, respectively, 5-FU and capecitabine have been included on the
Essential Medicines List (EML) of the World Health Organization (WHO) (World Health
Organization, 2015). In an analysis of official medications lists for 135 countries with an
average earnings rate of lower than 25,000 US dollars, 5-FU was identified as one of the
most accessible chemotherapeutic drugs, being listed by 81% of the countries (Robertson et
al., 2016).

Functioning through its antimetabolic activity to stop cancer development, capecitabine is a
precursor that is transformed through enzymatic processes to 5-FU, the effective form of the
drug (De Mattia et al., 2024; A. M. Lee et al., 2014).

Despite the development of various strategies for treatment over the past decades, such as
immunotherapy and radiotherapy, FPs continue to be among the main therapeutic
medications used to treat a very high number of cancers, extensively enhancing patient
survival and disease control (Lu et al., 2023).



Literature has shown that a significant percentage (between 10% and 40%) of patients have
severe and probably fatal toxicity in the first cycles of FP treatment (Froehlich et al., 2015;
Lee et al., 2014). Sometimes, the presence of toxicity causes disruption or termination of
possibly effective anticancer treatment, and in particularly extreme situations, this may call
for an emergency department visit or hospital admission (Amstutz et al., 2009; Deenen et
al., 2016b).

1.1.1 Mechanism of action of FPs

FPs are classified as antimetabolite anti-cancer drugs, and their activity stems from
intracellular transformation into active products that affect thymidine production and impact
DNA- and RNA-dependent pathways. The main molecular target of FP antineoplastic action
is thymidylate synthase (TS), which is essential for endogenous thymidylate (thymidine 5’-
O-monophosphate) production. TS is a recognized site for tumor treatment, and virulent
cancer tissues are fairly of higher dependence on endogenous thymidylate production than
normal tissues, which employ the substitutional reutilization routes. The significance of
interfering with TS for FP anti-tumor action is highlighted by its consistent medical
utilization combined with folinic acid (Leucovorin; LV), an active folate catalyst that
associates with TS in a tertiary structure with 5-Fluoro-2’-deoxyuridine-5’-O-
monophosphate (FAUMP), which is the 5-FU product that permanently suppresses TS
enzymatic action. Inactivating TS reduces the amount of thymidylate in cells, causing more
mistakes when 2'-deoxyuridine-5'-triphosphate (dUTP) is added to DNA. Inside tissues
managed using FPs, 5-fluoro-2'-deoxyuridine-5'-triphosphate (FAUTP) is similarly
inappropriately embedded within DNA, which leads to topoisomerase 1 (Topl)-triggered
DNA destruction (Gmeiner & Okechukwu, 2023).

FPs, including 5-fluorouracil and its oral prodrugs such as capecitabine and tegafur, undergo
extensive and predominantly hepatic metabolism following administration. Prodrug
formulations are first converted through sequential enzymatic steps to generate 5-
fluorouracil, which then enters both anabolic and catabolic metabolic pathways. The
anabolic pathway leads to the formation of active nucleotide metabolites, including
fluorodeoxyuridine monophosphate and fluorouridine triphosphate, which interfere with
thymidylate synthesis and nucleic acid function. In parallel, FPs are subject to rapid
enzymatic degradation through pyrimidine catabolic pathways, resulting in inactive
metabolites that are subsequently eliminated via renal and respiratory routes. The balance
between these metabolic pathways determines systemic exposure to active metabolites and
contributes to interindividual variability in pharmacokinetics. Overall, the extensive first-
pass metabolism and short plasma half-life of fluoropyrimidines underscore the importance
of metabolic processes in shaping their clinical activity (Ho et al., 2025).

1.1.2 FP-related toxicities

Despite being very effective, FP therapy can lead to a variety of side effects, including
cardiotoxicity (Deac et al., 2020a), gastrointestinal side effects (Sonbol et al., 2025),
myelosuppression (Afolabi et al., 2023) and (HFS) (Wongkraisri et al., 2025).



Therapy with FPs is connected to a very wide range of cardiovascular side effects, most
commonly angina and electrocardiographic (ECG) changes. They range from emboli to
coronary artery contraction, leading to different levels of myocardial ischemia presenting as
angina pectoris, myocardial infarction (MI), or even sudden death. Coronary angiography
has identified that the main sign of coronary disease is chest pain, characterized by
conventional or atypical angina pectoris (More et al., 2021).

Devastating cardiovascular complications like acute coronary syndrome (MI), cerebral
ischemia, and dysrhythmia were reported in several pharmacovigilance reports and
retrospective observational studies. Recent research with control non-cancerous arms
revealed that subjects with gastrointestinal tumors and no previous ischemic heart disease
managed with FPs had relatively more risk of myocardial infarction (0.9%)
(Shanmuganathan et al., 2021).

The exact pathophysiologic mechanism of cardiotoxicity caused by FPs has not been
completely described. Numerous potential processes such as coronary vasospasm,
endothelial injury, and collection of toxic by-products were advocated. The lack of arterial
obstructions in the majority of subjects is not compatible with vascular thrombosis being the
main cause of this toxicity. Physiologically, preclinical studies verified that 5-FU leads to
vasoconstriction through protein kinase C routes (Jurczyk et al., 2021; Wong et al., 2025).

FP therapy can frequently cause adverse gastrointestinal symptoms. More than half of the
patients with advanced breast tumors treated with these drugs usually experience digestive
disturbances such as diarrhea (53%) and nausea (57%). Other common adverse events
include oral mucositis (24%), emesis (37%), abdominal cramps (20%), difficult defecation
(15%), and indigestion (8%). The capecitabine monodrug regimen was linked to ileus in
0.3% of patients. Less than 1% of patients receiving treatment develop gastric ulcers, ascites,
and gastroenteritis (Northstar, 2024).

Twenty-one recorded cases of capecitabine-induced enterocolitis are described in a case
report and literature review released in 2022. Among these cases, around 19% ensued when
the drug was used as induction, primary, or secondary treatment (Klimko et al., 2021).

Among the adverse effects caused by chemotherapeutic drugs such as FPs is
myelosuppression. Myelosuppression is an adverse effect caused by chemotherapy that
results in a lowered capability of the bone marrow to produce blood cells, causing
pancytopenia (Kobuchi et al., 2024). The main reason for myelosuppression is that when
chemotherapy attacks tumor cells, it additionally inhibits the bone marrow cells, which are
highly proliferative and poorly differentiated, leading to the suppression of all undeveloped
cells with proliferative abilities. Main indicators of myelosuppression incorporate
neutropenia, anemia, and thrombocytopenia, leading to adverse reactions such as fever, rash,
and arthralgia. More seriously, the lower number of neutrophils and platelets may
substantially increase the risk of life-threatening events caused by infection and bleeding.
Additionally, when severe myelosuppression is diagnosed, it compels a reduction in
chemotherapy dosage or a suspension of therapy, affecting the clinical benefits of the
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treatment.  Consequently, proper, early diagnosis of chemotherapy-induced
myelosuppression is of supreme importance (Du et al., 2025).

HFS, which is known as Palmar-plantar erythrodysesthesia, is a dose-limiting side effect of
FPs, which is characterized by painful erythema, edema, desquamation, and paresthesias
over hands and feet. The incidence of HFS is highly variable, and more than half of patients
receiving capecitabine suffer from it. Despite the fact that HFS is not life-threatening, it is
connected with deterioration of the quality of life (QOL) and requires dose reduction of
capecitabine (Ferreira et al., 2019). Studies indicate that the highest incidence of HFS is
spotted in the second cycle of capecitabine, while approximately 90% of HFS will be
observed by the fourth cycle of capecitabine.

The pathophysiology of HFS is incompletely recognized, but immediate toxic response is
proposed as the most probable mechanism. Medication metabolite buildup in cutaneous
tissue, arising from elevated amounts of the thymidine phosphorylase and higher levels of
DPD enzymes in skin cells, is associated with HFS incidence. Moreover, the higher count
of eccrine glandular tissues at the soles and palms can hold significant relevance because
capecitabine can be eliminated by this mechanism. The nature of the dense skin layers of the
palms and soles constitutes a major factor as being a storage site, which might lead to an
oxidant-mediated tissue injury and generate harmful free radicals. Chemokines playing a
role in this process comprise interleukins (IL), such as types 1a, 1b, 6, and 8, in addition to
growth-related oncogene (GRO) and adhesion molecules such as fractalkine (CX3CL1)
(Elyasi et al., 2022).

1.1.3 DPYD polymorphism

Across the genetic elements believed to have a major role in the development of FP toxicity
and intolerance, the DPYD gene has received significant attention in scientific research (De
Mattia et al., 2024). This gene is responsible for encoding the main enzyme that plays a very
critical part in the degradation process of FPs, leading to the production of metabolites with
no biological activity (Ho, Smith, Aquilante, Cicali, El Rouby, Hertz, Imanirad, Patel, Scott,
Swain, Tuteja, & Hicks, 2025). Individuals with DPD deficiency possess a markedly
heightened susceptibility to serious FP adverse effects. The earliest reported incidence of a
subject seen with 5-FU serious adverse effects related to DPD malfunction occurred in 1985
(Tuchman et al., 1985). Consequently, the classification of persons based on their DPYD
type shows potential in affecting the incidence of adverse effects (Gentile et al., 2016). Grade
> 2 toxicity is shown by a significant proportion of patients with a DPYD type linked to a
DPD functional deficiency (Coenen et al., 2019). For example, 73% of the DPYD*2A
carriers have been found to have grade > 3 toxicity (Deenen et al., 2016a). In addition to
DPYD*2A, studies have shown a similarly higher risk of severe side effects for the other
two variants included. Carriers of DPYDI13 (c.1679T>G) have been found to experience
grade > 3 toxicity in approximately 50-100% of cases, with some studies indicating
markedly greater risks for hematological and gastrointestinal side effects compared to
individuals without this mutation (Meulendijks et al., 2015). For ¢.2846A>T, severe side



effects were observed in around 60—100% of carriers, with odds ratios up to 8.2 for overall
side effects and 6 for diarrhea (Otero-Torres et al., 2025).

Therefore, assuming that it can avoid 20 to 30% of serious or fatal FP adverse effects and
revealing an economically efficient strategy, the initial DPYD testing has a vital effect on
the mitigation of treatment-induced adverse effects (Conti et al., 2020).

Many human organs express the DPYD, with hepatic and peripheral blood mononuclear
cells (PBMCs) exhibiting the highest levels. DPYD, positioned on chromosome 1p21.3, is a
sizable pharmacogenetically relevant gene that is roughly more than 900 kb in size. It has 23
rather minor exons (69 to 961 bp) that are separated by big non-exonic segments. A protein
with over 1000 amino acid molecules is encoded by the roughly 3 kb coding sequence.
Significant polymorphism is present in DPYD; the Genome Aggregation Database
(gnomAD v2.1.1) contains 569 missense types and 204 synonymous types, among which 40
are expected to cause enzymatic function loss (Karczewski et al., 2020).

Clinically evident DPD deficiency is an uncommon recessively inherited disorder that has a
broad array of symptoms, varying from an absence of any observable symptoms or indicators
to the manifestation of severe neurological complications (Malekkou et al., 2024). In those
who are affected, the activity of DPD is either absent or significantly diminished, leading to
the buildup of thymine and uracil in the blood, cerebrospinal fluid, and urine. Neuroclinical
features commonly present during the early stages of childhood, encompassing
manifestations such as seizures, microcephaly, and impaired cognitive and motor
development (de Moraes et al., 2024). The manifestation of DPD deficiency is commonly
attributed to the biallelic inactivation of DPYD, where those who possess heterozygous
genotypes are likely to remain without symptoms (Sharma et al., 2021). Nevertheless, those
who exhibit DPD activity below 70% are deemed to be susceptible to the occurrence of
severe drug toxicity when undergoing FP treatment (Hernandez-Guio et al., 2024).
Capecitabine toxicity is characterized by the presence of several clinical manifestations,
including but not limited to debilitating diarrhea, extensive mucosal inflammation, low
neutrophil count, hand-foot syndrome, and neurologic toxicities (Innocenti et al., 2020).

1.1.4 Dosing recommendations based on DPYD polymorphism

According to the FDA-official prescription guideline for capecitabine, there is currently no
established safe dosage for patients with deficient DPD function. Additionally, at hand is
inadequate information to support a recommended dosage for patients with incomplete DPD
function, as determined by any particular biochemical assay (CAPECITABINE-
Capecitabine Package Insert, 2020).

The dose guidelines for FPs (specifically capecitabine and 5-fluorouracil) were issued by the
Clinical Pharmacogenetics Implementation Consortium (CPIC) and also by the Dutch
Pharmacogenetics Working Group (DPWG), taking into account the DPYD genotype. Both
consensus recommendations include reducing the dosage for those with intermediate
metabolizer status, characterized by reduced enzyme activity. Additionally, it is advised to
avoid fluorouracil and instead choose an alternative therapeutic agent in cases of poor
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metabolizers who exhibit nonexistent enzyme activity (Amstutz et al., 2018; Lunenburg et
al., 2020; Royal Dutch Pharmacists Association (KNMP), 2020).

The recommendation guideline published by the CPIC in 2013 provided detailed dosing
guidance for FP depending on three DPYD types linked with diminished enzymatic action.
These variants include DPYD ¢.2846A>T (1rs67376798), ¢.1905+1G>A (*2A, 1s39818290),
and ¢.1679T>G (*13, rs55886062). Individuals who possess a heterozygous variant are
advised to undergo a 50% reduction in dosage, while those who are biallelic or compound
heterozygous type carriers are advised to completely discontinue the use of FPs.

The allelic sum (AS) of each patient is calculated by adding up the scores assigned to each
allele, which range from 0 to 1 dependent on their functional characterization. The allele
frequencies of DPYD ¢.1905+1G>A or ¢.1679T>G are 0, indicating their absence in the
clinically relevant population. On the other hand, the allele frequencies of DPYD ¢.2846A>T
or ¢.1129-5923C>G are 0.5, indicating their presence in half of the clinically relevant
population (Miarons et al., 2023).

For individuals with intermediate metabolizing capacity, it is advised to reduce the dosage
by 25% to 50% when the AS is 1.5. Similarly, a 50% dose reduction is indicated for those
with an AS of 1, while individuals with an AS ranging from 0 to 0.5 should avoid taking the
medication altogether (Henricks et al., 2018).

In 2018, research findings prompted revisions to the CPIC guidelines, resulting in a
recommendation of a 50% reduction in dosage for patients with an AS score of both 1 and
1.5. Additionally, after applying a well-tolerated reduction in the initial dose of the drug, the
CPIC guidelines suggest a careful increase in dose in addition to concurrent therapeutic drug
monitoring if it is possible. It is worth mentioning that the CPIC guidelines serve as a basis
of comparison for individuals who have genetic information readily available, and they do
not address the requirement of proactively discovering the DPYD genotype (CPIC, 2018).

Dose modification based on DPYD genotyping results does not seem to exert a devastating
effect on the efficacy of FP-derived regimens (Henricks et al., 2019). Particularly in pooled
cohorts of DPYD variant carriers, recent retrospective analyses have revealed that DPYD
genotype-based dose individualization does not seem to impair the efficacy of FP-based
chemotherapy, evaluated as endpoints like progression-free survival (PFS) and overall
survival (OS) (Glewis et al., 2022). These outcomes fit previous data on the DPYD *2A
mutation. Though protocol guidelines allow for escalation when tolerated, a possibly shorter
PFS in carriers of the ¢.1236G>A (HapB3) allele remains a concern, especially given a
significant proportion of these individuals (about 75.8%) received a fixed reduced dosage
without subsequent titration. Similarly, the effect of the c.2846 A>T mutation on treatment
outcomes is still uncertain, mostly due to small sample sizes and variations in controlling
strategies among studies. Even after a normal reduction of dose by 25%, both c.1236G>A
and c.2846A>T patients continue to show particularly higher rates of severe FP-induced
adverse effects than wild-type carriers. This data emphasizes the variability in DPD enzyme
activity and suggests that fixed dose reductions would not provide adequate protection for
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all mutation carriers. Thus, thorough clinical monitoring with tailored dosage changes
depending on real-time toxicity profiles is advised more and more to maximize the balance
between therapy safety and efficacy in DPYD variant carriers (Knikman et al., 2023).

1.1.5 Clinical factors

Although earlier studies clearly show the important contribution of DPYD polymorphism in
determining FP toxicity, it is important to recognize that the complex nature of this
phenomenon requires more extensive research. In fact, it has been estimated that a
percentage between 30 and 50% of patients treated with FPs present with severe adverse
reactions, despite not having a DPD deficiency linked to DPYD polymorphisms. Apart from
genetic factors, several other factors have been under close examination in various studies
to fully grasp the complex interaction engaged in drug toxicity under FP-based
chemotherapy. Especially, factors like patient age, the existence of metastases,
comorbidities, utilizing other drugs, and the count of therapy cycles have been investigated
and shown relationships with therapy-associated adverse effects (Li et al., 2021a).

These results highlight the need to realize that factors other than genetic predisposition might
affect individual reactions to chemotherapy and stress the need for a comprehensive
approach to patient care. Integrating these multiple factors into our knowledge of FP toxicity
will help us to create more complex and customized plans to minimize side effects and
maximize therapy results for cancer patients (Chamorey et al., 2020; Wang et al., 2023).

Patient age is among the most often cited clinical predictors of FP toxicity. Because of age-
related physiological changes, including lower renal and hepatic function, which can raise
systemic drug exposure and increase the risk of adverse effects, older persons often show
slower drug clearance (Garcia et al., 2018). Furthermore, common among elderly patients
are polypharmacy and other comorbidities, both of which might complicate treatment and
increase toxicity by pharmacodynamic interactions or organ susceptibility (Oliveira et al.,
2024). Older people are generally underrepresented in clinical studies despite these hazards,
which results in an evidence gap for the safe and efficient use of FPs in this population.
Treating older cancer patients calls for tailored risk-benefit evaluations (Sedrak et al., 2021).

Apart from age, other clinical factors, including performance status, nutritional state, and
existence of metastatic disease, have been linked to toxicity connected with treatment. Low
albumin levels and poor performance status, for instance, could be reflections of a weak
physiological reserve that increases patients' toxin load. Patients with hepatic or renal disease
may also collect active medication metabolites, which raises their risk of gastrointestinal or
hematologic problems (Challoob & Mohammed, 2024).

Moreover, dose-limiting toxicities have been associated with the total number of
chemotherapy cycles and combination with other cytotoxic drugs (e.g., oxaliplatin or
irinotecan) (Khali et al., 2022). Since FP is commonly used in conjunction with both
biological and conventional antineoplastic therapies, such as cetuximab and bevacizumab, it
can be difficult to determine the relationship between FP and specific adverse events. These



drugs, along with irinotecan and oxaliplatin, can cause myelosuppression and diarrhea
similar to FP (Conti et al., 2020).

Numerous factors have been found to be linked to an increased probability of FP-associated
cardiotoxicity. These factors include a history of cardiac problems, hypertension, and
smoking (Li et al., 2021b).

Tailoring treatment plans, deciding starting dosages, and organizing proactive supportive
care programs to minimize side effects depend on an awareness of these clinical aspects.

1.1.6 Healthcare providers’ knowledge, attitudes, and practices

Even though healthcare providers are central to the adoption of pharmacogenomic testing,
worldwide evidence shows a significant gap in their readiness. Studies in Europe and Asia
indicate that although healthcare providers recognize the clinical value of testing, they often
do not have adequate training, proper protocols, nor institutional support that are all needed
for routine implementation (Ferwerda et al., 2024; Jarrar et al., 2021; Naaem et al., 2024a).
This discrepancy between healthcare providers’ awareness and their practice emphasizes a
critical barrier to implementation (Keeling et al., 2021).

These gaps are particularly important in contexts where oncology services are extremely
constrained by limited resources. Without healthcare providers’ confidence in their results
and clear guidance when and where to apply them, the translation of pharmacogenomic
advances into safer and more individualized chemotherapy regimens remains inadequate
(Shrestha et al., 2025; Sukasem et al., 2021). Evaluating healthcare providers’ knowledge,
attitudes, and practical barriers is consequently essential to building capacity for
individualized cancer care (Moore et al., 2023).

1.1.7 Patients’ knowledge, attitudes, and willingness

Patient perspectives are also very critical in shaping the feasibility of pharmacogenomic
testing. Research in Europe and North America has shown that awareness about these tests
remains very low, but patients’ interest rises substantially once they receive simple
explanations of the nature of the test and the expected benefits. This indicates that
communication and education are key determinants of patient’s acceptance (Veilleux &
Bouffard, 2019; Zubiaur et al., 2022).

Financial and ethical considerations can also influence patients’ decisions. Studies
consistently reported that cost, privacy, and clarity of benefit are the most important factors
that affect patients’ willingness to undergo pharmacogenomic testing (Allen et al., 2022). In
settings with limited resources or high out-of-pocket health expenditure, these barriers are
augmented. Understanding patient attitudes and willingness to pay is therefore a necessity
for proper implementation of DPYD testing (Abushanab et al., 2025a).

1.2 Problem statement

The body of existing data shows that the frequency of people having nonfunctional mutant
DPYD alleles causing partial DPD deficiency shows variation among various groups
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(Miarons et al., 2023). Among those with Caucasian ancestry, the frequency of these alleles
ranges from 3 to 5%; a subset of 0.2% shows total DPD deficiency (Boisdron-Celle et al.,
2017). Numerous studies have highlighted the clear differences in allele frequencies between
Asian groups and those of African and European populations, thus stressing the need for
doing studies catered to particular groups (Almashagbah et al., 2022; de With et al., 2023;
Gil-Rodriguez et al., 2025; Hariprakash et al., 2018; Kim et al., 2022; Sedrak et al., 2021;
Zhou & Lauschke, 2018).

Several studies have shown that individuals from the eastern and southern parts of Africa,
as well as the eastern parts of Asia, do not exhibit European DPYD variations. Furthermore,
non-European populations may be greatly impacted by differences that are not found in
European populations, and vice versa. As a result, the testing carried out by European
countries and the NHS in the UK cannot detect inherited variations in most non-European
cohorts, which are going to be labelled as normal and administered standard dosages of FP
medications, posing a risk of adverse effects and/or even death. In ethnically diverse
communities, this could exacerbate racial and health disparities. Furthermore, because there
is not enough evidence to support its use, DPYD genetic testing will not be adopted in
countries with a population that is predominantly non-European (Chan et al., 2024).

Many studies conducted out in nearby countries, including Jordan and Saudi Arabia, have
revealed the frequency of DPYD gene variations and their relationships with drug toxicity
and disease outcomes (Alkharfy et al., 2013; Almashagbah et al., 2022; Sukkarieh et al.,
2023; Yousef et al., 2018). However, it's important to understand that these studies assessed
the likelihood of adverse reactions by focusing just on DPD polymorphism and neglected
other clinical elements.

In addition, there have been investigations into the cost-efficiency related to DPYD
genotyping before administering FP-based treatment in some countries. These studies have
shown the potential advantages of this approach in preventing the occurrence of severe and
sometimes lethal toxicities (Brooks et al., 2022; Deenen et al., 2016b)

Therefore, it is imperative to close this knowledge gap by means of more studies on the
frequency of DPYD gene variations and their impact on the results of FP-based
chemotherapy in the context of the Palestinian healthcare system. The goal of this study is
to not only improve our knowledge of the genetic components of treatment toxicity but also
offer direction for clinical decision-making and maybe increase the safety and efficacy of
chemotherapy treatments for Palestinian patients.

In addition to DPYD genotyping, other important clinical variables, including
socioeconomic factors, cancer types and stages, drug type, and number of chemotherapy
cycles, will also be extensively studied. We have an opportunity to make important
contributions to the general knowledge of DPYD insufficiency and the development of
customized treatment approaches inside Palestine by appreciating and investigating this
wide range of elements in an area of research that has not been well investigated.



Estimating the genetic prevalence of DPYD mutations is crucial, but, on the other hand, it is
similarly crucial to assess the level of knowledge and attitudes of healthcare professionals
towards the application of pharmacogenomic testing in actual clinical practice. Inadequate
awareness or wrong beliefs among oncology specialists regarding DPYD testing,
interpretation of results and subsequent dose adjustment instructions, can prevent the
translation of test findings into safer chemotherapy protocols. This challenge is further
compounded by systemic barriers within the fragmented healthcare system, including
limited access to advanced diagnostic infrastructure, absence of standardized testing
pathways, variability in institutional policies, and lack of integration of pharmacogenomic
results into routine clinical decision-making.

Furthermore, patient knowledge, attitudes, and willingness to perform pharmacogenomic
testing in addition to economic constraints, are important factors in the successful
implementation of the testing process. Inadequate knowledge regarding the objectives,
benefits, and implications of the tests may negatively affect patient acceptance, leading to
lower likelihood for side effect prevention. Among many factors, personal and cultural
beliefs, trust in the health system, and previous experience with testing can all affect
acceptance rates.

1.3  Significance of the study

Although DPD genotyping is important and other factors have been linked to FP toxicity in
other populations, our knowledge of its relevance in the framework of Palestinian cancer
patients is inadequate. Not yet has any research thoroughly investigated the frequency of
DPD genetic variants and their association with FP-related toxicities in this particular
population. A global meta-analysis estimated that 3-5% of European people and up to 8% of
the population have at least one DPYD mutation while complete DPYD deficiency was
estimated to have a small prevalence of less than 0.2%. These numbers set a primitive
benchmark for comparing the frequency in the Palestinian population (Adejumo et al., 2023).

Recent studies of 500 solid-tumor patients treated with FPs have shown that 17% of these
patients suffered > grade 3 toxicity within 60 days of administration, resulting in an excess
of 5.5 days of inpatient hospitalization and premature discontinuation of treatment in 7.8%
of these cases (White et al., 2024). Consequently, by prospectively capturing similar
endpoints in Palestine and cross-tabulating them with DPYD testing, this study will provide
the local incidence and cost information required to tailor the available international
guidelines for FP dosing in Palestine.
Moreover, this study acknowledges the necessity of investigating multiple factors that could
affect the course of treatment for Palestinian cancer patients. Apart from DPD genotyping,
the study will take into account the particular cancer type and stage, drug type, income, and
access to healthcare facilities, as well as other potentially important clinical variables. By
including this wide spectrum of factors in our study, we hope to present an overall
understanding of the complex interaction among genes, socioeconomic level, and clinical
variables, thus leading to more customized and successful treatment plans for Palestinian
cancer patients.
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Successful translation of pharmacogenomic guidelines requires the acceptance of
appropriate stakeholders. Subsequently, patients were asked to fill out the pre-validated
questionnaire that measures their knowledge and estimates their willingness to pay.
Evidence from similar LMICs indicates that patients were willing to pay around US $50 for
pharmacogenomic testing and that health literacy was positively correlated with the uptake
of the test. In parallel, Palestinian oncology specialists and payers were surveyed using
proper instruments similar to those that were used, for example, in Saudi Arabia, where less
than 20% of specialists order pharmacogenomic testing despite their previously known
clinical value (Sukkarieh et al., 2023). Identifying those behavioral and systemic barriers can
inform an economic analysis and a clear roadmap for the local policymakers to ensure that
research findings translate into sustainable policy and practice.

This work has great relevance for the field of oncology in Palestine since it attempts to close
this important knowledge gap. By investigating the genetic polymorphisms of DPD in
Palestinian cancer patients and considering a wider spectrum of factors, including gender,
age, other medications, metastasis, and providers and patients’ perspectives, we aim to
achieve the following objectives:

1- Enhance Treatment Safety: A thorough knowledge of DPD genotyping in Palestinian
patients together with an analysis of related variables such as gender, age, disease stage,
type of tumor, medication source, and other given medications will help oncologists to
identify individuals at great risk of severe capecitabine-induced toxicities. This
information will help create tailored treatment plans that minimize side effects and
maybe save lives.

2- Optimize Healthcare Resources: By avoiding unnecessary hospitalizations and
treatments for toxicity management, customizing therapy according to DPD genotyping
coupled with consideration of other parameters like metastases helps more effectively
utilize healthcare resources.

3- Contribute to Precision Medicine: This study fits into the global trend toward precision
medicine, in which treatment decisions are directed not just by an individual's genetic
makeup but also by several elements, including gender, age, and metastatic status. More
focused and powerful therapies follow this all-encompassing approach.

Ultimately, the importance of this study resides in its ability to clarify the often disregarded
but crucial element of DPD genotyping while simultaneously investigating additional
variables related to toxicity, thus offering a more complete knowledge of the complex
interaction in cancer treatment outcomes. This will help improve the management of cancer
in Palestine.

1.4 Research Goal

The main goal of this study is to closely look at how important DPD genotyping and other
clinical factors like gender, age, other medications, and cancer spread are in relation to side
effects from FPs in cancer patients from the Palestinian population. It also aims at assessing

11



the level of awareness of both the oncology specialists and cancer patients about
pharmacogenomic testing related to the side effects of anticancer drugs.

1.4.1 Study Objectives:

1.4.1.1 Study number I:

1-  Assess the awareness of HCPs (oncology specialists, residents, and clinical pharmacy
practitioners) in Palestine with pharmacogenetic screening in general and DPYD
screening tests in particular before administering FP to cancer patients.

2-  Evaluate if demographic variables such as age, hospital unit, length of practical
experience, and present position affect awareness.

3-  Assess the current prevalence, utilization, and barriers to implementing DPYD testing
and pharmacogenomics in Palestine.

1.4.1.2 Study number II:

1-  Examine cancer patients' perceptions, attitudes, and practices about pharmacogenomic
testing in addition to their willingness to pay for these tests in the setting of cancer

therapy.

2-  Examine sociodemographic, clinical, and financial elements associated with patients'
perceptions, attitudes, and willingness to pay for and undergo pharmacogenomic
testing.

3-  Examine possible psychological, ethical, or privacy concerns affect cancer patients’

acceptance or rejection of pharmacogenomic testing.

4-  Provide recommendations for the method through which policy makers and medical
professionals can raise patients’ involvement, education, and equitable access to
pharmacogenomic testing in cancer treatment.

1.4.1.3 Study number III:

1-  Determine the prevalence of DPD genetic variations.

2-  Examine the correlation between DPD genotypes and FPs-related toxicities.

3-  Evaluate the impact of other factors on toxicity profiles.

4-  Develop personalized treatment recommendations.

5-  Contribute to precision medicine in oncology.

6-  Evaluate the level of knowledge and perceptions of oncology professionals in Palestine
regarding pharmacogenomic testing for DPD before administering FP.

1.5 Context

Palestine, with a population of slightly more than five million, has one of the most
fragmented healthcare systems in the world.

Several entities, including the Ministry of Health, UNRWA, NGOs, and the private sector,
provide healthcare in Palestine. These entities lack good communication, leading to poor
coordination in service provision and instability in the care provided.

Despite being resilient towards the extreme obstacle it faces, the healthcare system has great

challenges of separation due to the occupied status leading to difficult transportation,
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separation between the West Bank, Gaza Strip, and East Jerusalem, lack of medical supplies,
old infrastructure, and poor funding.

Financially, the healthcare system relies on governmental funding, donations, and high out-
of-pocket expenditure by the citizens, causing high pressure on the households in addition
to inequity in service.

Globally, according to the WHO's worldwide status report on non-communicative illnesses
in 2021, 43 million deaths (75% of non-pandemic-related deaths) were related to Non-
Communicable Disease (NCDs), including cardiovascular disorders (19 million) and cancer
(10 million). Around three-quarters of these deaths happened in resource-limited countries
(World Health Organization, 2021).

Locally, the WHO estimates that NCDs cause almost 75% of all deaths in the West Bank;
from these, ischemic heart disease (IHD) makes up the highest percentage (25.4%), followed
by cancer (16.5%) and diabetes mellitus (16.3%) (World Health Organization, 2016).

With a death rate of 47.8 per 100,000 people, cancer ranks second among all the causes of
death in Palestine in 2023, according to the Palestinian Ministry of Health report (Palestinian
Ministry of Health, 2024).

In 2023, the overall count of newly discovered cancer patients in Palestine was 3590,
exhibiting an incidence rate of 122.1 for 100,000 residents. Drawing a comparison between
new cases discovered in 2023 with cases diagnosed in 2022 (3408 cases), it is evident that
there is a 5.3% rise in the number of new cases in 2023 (Palestinian Ministry of Health,
2024).

The numbers presented above indicate an increasing burden of cancer within a fragmented
and under-resourced health system. Due to the rising incidence of cancer, especially in
settings with limited resources, the need for more evidence-based and context-specific
intervention also increases. Particularly, to ensure the safety and efficacy of chemotherapy
regimens, such as those containing FPs, it is essential to develop a deeper understanding of
all the genetic and clinical factors that influence the treatment outcomes. Within this fragile
healthcare landscape, integrating interventions like DPYD can contribute to a more
sustainable and equitable provision of care in addition to enhancing patient safety.

1.6 Dissertation Structure
This dissertation is divided into six chapters, each serving a main purpose to escort the reader
through the research process and results:

e Chapter 1: Introduction

This chapter defines the foundation and context of the study, displays the problem
statement, and specifies context for the research. It also explicitly describes the aim
and objectives that lead the study.

e Chapter 2: Literature Review
13



This chapter demonstrates a critical review of existing literature on
pharmacogenomics, including international, regional, and local studies. Gaps in the
literature are identified, and the study directions are built to fill these gaps in a logical
manner.

Chapter 3: Conceptual Framework

The conceptual framework is detailed in this chapter. It is a collective work that
consists of the main factors that affect the integration of pharmacogenomic testing into
the treatment protocols of cancer patients.

Chapter 4: Methods

The study design and methodology, including the study setting, population, sampling
techniques, sample size, and data collection instruments are presented in this chapter.

Chapter 5: Results

This chapter presents the results of the three studies. It provides a detailed analysis of
the data collected through each part of the research.

Chapter 6: Discussion, Conclusions, Limitations and Recommendations

This chapter discusses the results of each part in the context of the research aim and
the available literature. It also considers the association with health policy and
evidence-based practice guidelines, emphasizes study limitations, and specifies
recommendations for future research projects and health system improvements.
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Chapter Two

Literature review

2.1 Prevalence of DPYD mutations

Generally, the percentage of individuals who possess nonfunctional mutant DPYD alleles
(resulting in partial DPD deficiency) and are susceptible to severe drug reactions is estimated
to range from 5% to 8%. However, it is important to note that this frequency may differ
across various groups (Gil-Rodriguez et al., 2025; Kim et al., 2022).

Among individuals of Caucasian descent, an estimated 3 to 5% have incomplete DPD
deficiency, while roughly 0.2% display total DPD deficit. According to contemporary
research findings, it has been indicated that approximately 8% of individuals of Caucasian
descent possess at least one of the four most widely recognized alleles associated with altered
functionality (Henricks et al., 2018).

Asian populations exhibit different allelic distribution in comparison to residents of Africa
and Europe. The prevalence of c.85T>C (*9A, rs1801265) normal functionality type was
found to be marginally inferior in Chinese, Korean, and Japanese inhabitants in comparison
to African inhabitants. However, the frequencies of the ¢.2657G>A (*9B, rs1801267)
normally functional type, as well as the ¢.295 298delTCAT (*7, rs72549309), ¢.703C>T
(*8, rs1801266), and ¢.2983G>T (*10, rs1801268) nonfunctional types, remained
comparable between those ethnic populations. In research involving individuals of other
Asian populations, the presence of the ¢.1905+1G>A (*2A/*2B, rs3918290) and ¢.1679T>G
(*13, rs55886062) alleles with nonfunctional activity was undetected. This finding
highlights the infrequency of these alleles (Shin et al., 2013). A comprehensive examination
of various genotyping studies conducted on populations in South Asia revealed a high
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prevalence of the standard activity rs2297595 (c.496A>G) type in this region (Hariprakash
etal., 2018).

In Jordan variants of DPYD gene were evident and were also significantly correlated with
5-FU toxicity. Four variants were identified, of which three were documented earlier:
c.85T>C ¢.1740+40A>G, and ¢.1740+39C>T and another unique type
2.97515583 97515584insA. The DPYD variant allele frequencies were 68.7% for ¢.85T>C,
58.7% for c¢.1740+40A>G, 13.1% for ¢.1740+39C>T, and 6.3% for the novel
2.97515583 97515584insA variant (Almashagbah et al., 2022).

Another study in Jordan on 103 colorectal patients found that a certain DPYD polymorphism
(DPYD 496A>@G) was associated with disease free survival (DFS) (Yousef et al., 2018).

Regional studies show that pharmacogenomic information is not adequately presented in
drug labelling. An analysis of drug 75 drugs approved by the Jordanian FDA found that
pharmacogenomic information was complete in only 25% of oncology drugs. This is
significantly lower than what is present in the US and most European countries (Jarrar et al.,
2025). This highlights a gap that might lead to inadequate understanding of important
pharmacogenomic information by the clinicians and lower rates of test application.

A Saudi study found that an estimated percentage of 1.3% of the population possess a
combination of one functional allele and either single null allele or single allele with
diminished functionality, which is indicative of an intermediate metabolizer phenotype. The
study also identified the presence of the DPYD uncommon pathogenic variant (¢.257C>T)
within the Saudi population. This mutation has been associated with the potential for
significant toxicity in individuals who are heterozygous for the mutation, as well as the
possibility of lethality in cancer patients who are homozygous for the mutation and
undergoing treatment with FPs (Goljan et al., 2022).

In Tunis, twelve different genetic variations were identified within the exonic location of the
DPYD gene, and the DPYD alleles associated with DPD deficiency, namely DPYD2A,
DPYD3 (1897 del C), and DPYD4 (G1601A), were not found in the individuals under
examination. Additionally, a previously undocumented intronic polymorphism known as
IVS 6-29 g>t was identified, with an allele frequency of 4.7% within the inhabitants of
Tunis. This discovery represents the first description of this particular genetic variation in
this population (Ben Fred; et al., 2007).

2.2 Economic impact of DPYD testing

An economic evaluation of DPYD testing before FPs for colon tumors found that amid
subjects administered FPs for advanced colon cancer, detection for DPD mutations with
DPYD profiling is an economically efficient technique for avoiding uncommon but serious
and occasionally fatal adverse effects of FPs. In comparison to no testing for DPD
malfunction, DPYD testing elevated individual costs by US $78 and enhanced survival by
0.0038 quality-adjusted life years (QALYs), resulting in an ICER of around US
$20,000/QALY (Brooks et al., 2022).
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A similar study measured the standard of care against the alternative of DPYD genotyping
before administering FPs in Qatar. In their limited duration projection, DPYD testing
demonstrated superiority compared to standard of care, yielding an average expenditure
reduction of QAR 85,000. This economic saving shows the comprehensive cost advantages
linked to the execution of DPYD testing. In their extended-duration scenario, relative to the
existing standard of care, DPYD testing will yield an ICER of QAR 21,000 per QALY
acquired (Abushanab et al., 2025b).

A systematic review of 29 studies comparing standard therapy with pharmacogenomic-
guided therapy found that patients treated without DPYD genotyping had a higher likelihood
of having more side effects, hospitalization and treatment discontinuation. In addition,
publicly funded DPYD guided dosing was expected to lower the overall treatment cost of
more than USD 700 thousand over the next five years (Ontario Health (Quality), 2021).

2.3 Clinical factors associated with FP adverse effects

Several other factors were identified to affect the incidence of FP adverse effects. The
number of chemotherapy cycles was identified to be a factor that is positively correlated with
toxicity (De Forni et al., 1992; Meydan et al., 2005; Peng et al., 2018).

Age was also identified by many studies to affect the toxicity of FPs. Age more than 60 was
associated with a higher odd of FP-induced toxicity (Jensen & Serensen, 2006; Meyer et al.,
2012).

Dosing route could also affect the toxicity rate. Univariable logistic regression showed that
5-FU-based treatments were notably linked with serious toxicity in comparison to oral
capecitabine-based treatments (OR, 1.69); this association was insignificant in the
multivariable investigation. Patients using oral capecitabine would have more freedom to
change doses during treatment depending on tolerability as 5-FU is typically administered
as an IV injection with subsequent IV infusion over several days according to the therapeutic
plan. The lower first cycle relative dose intensity in individuals given capecitabine in
comparison to 5-FU supports this. Furthermore, unlike FP monotherapy, combined therapies
were clearly linked to serious adverse events (OR, 1.69). Combined chemotherapy protocols
could show intersecting adverse events with FPs, thereby adding to the high toxicity rate
(Nguyen et al., 2024).

2.4 Patient perspectives

The clinical and economic consequences of DPYD testing have been extensively studied but
on the other hand, patient perspectives remain a fairly underexplored area predominantly in
underdeveloped settings.

Studies that were conducted in high-income countries have shown that many patients do not
have an adequate understanding of pharmacogenomic principles, which may affect their
acceptance of pharmacogenomic testing in clinical care (Doyle et al., 2023; G. Lee et al.,
2022).
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A scoping review that was published in 2024 indicated that more than 80% of the patients
are willing to undergo pharmacogenomic testing, yet less than half of the patients could state
what this test measures, indicating a deficit in knowledge (Lim et al., 2023a).

A study in the USA on 1060 cancer patients indicated that 82% of these patients were willing
to pay less than 100 dollars for the test, and that cost was a more important barrier than
waiting time or the type of sample needed (Gawronski et al., 2024).

Evidence from low-middle-income countries presents additional barriers. A scoping review
of 28 low-middle-income countries reported low pharmacogenomic knowledge among
healthcare professionals in addition to financial, cultural, and privacy concerns that hinder
recommendation by providers and acceptance by patients (Walters et al., 2024).

Results from 30 semi-structured questionnaires with patients with cancer indicated that
resources and the clinical environment were the main barriers while enthusiasm to enhance
patient care was the main facilitator for DPYD testing (White et al., 2025).

Another concern raised by an ethical analysis from the WHO Eastern Mediterranean Region
added the fear of genetic discrimination and uncertainty regarding data privacy, which may
discourage the patients from undergoing these tests (Mubarak & Ashraf, 2024).

2.5 Willingness to pay for the tests

The willingness to pay for pharmacogenomic testing is also variable and is affected by
factors such as perceived health benefit, income level, confidence in healthcare systems, and
previous experience with anticancer treatment (Barrett et al., 2024; Bielinski et al., 2017a;
Lemke et al., 2023).

In Palestine, the healthcare system is fragmented, and out-of-pocket expenditure is
comparatively high. Consequently, evaluating willingness to pay is predominantly important
to assess the possibility of incorporating DPYD testing into routine oncology practice.

2.6 Specialists’ perspectives

A clear pattern is visible almost globally: high levels of knowledge about DPYD testing and
its role in minimizing FP side effects, but low levels of incorporation into practice. A
systematic review published in 2024 summarizing the results of 34 studies performed to
assess the level of knowledge and the application of pharmacogenomic testing found that the
mean level of knowledge was 60%, but the median rate of ordering of these tests was around
15%. The main reasons for such a low level were the cost, uncertain reimbursement, and the
absence of global guidelines (Lim et al., 2023b).

In the Middle East, a similar image is seen. In Saudi Arabia, more than half of oncology
specialists have knowledge of DPYD testing but less than 10% of them have ever ordered it
for any patient (Sukkarieh et al., 2023).
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In Pakistan, a qualitative study indicated that physicians endorse the principle of precision
medicine; however, they visualize DPYD testing as a service only for affluent patients due
to scarcity of funding and training (Naaem et al., 2024b).

A wide survey performed in Europe after the implementation of the EMA recommendations
in 2020 has shown that 87% of the responding countries increased the level of
pharmacogenomic testing, and reimbursement rates increased from zero to 85% in some of
these countries. Obstacles such as partial reimbursement were reported in less than 15% of
these locations (de With et al., 2023).

Conversely, a survey conducted in the USA revealed that only 20% of oncology specialists
have ever ordered a DPYD test, and fewer than 5% of these specialists use it for more than
10% of their patients who are treated with FPs. The main stated obstacles were lack of
guidelines and low perceived prevalence (Koo, Pasternak, Henry, & Sahai, 2022).

2.7 Link to Sustainable Development Goals (SDGs)

Increased focus and awareness of the SDGs in a community, together with stated specific
targets, may enhance implementation effectiveness and the programs and evaluations that
ensue (Yeh et al., 2022). Superior health is closely intertwined to several of the SDGs,
including climate, environment, and education, and progress on related SDGs will result in
co-benefits for health. Better health would also aid progress on other SDGs such as better
jobs, economic enhancement, and low-income and inequities reduction (Sipido & Nagyova,
2020). NCDs are part of the (SDGs) with the following target: “by 2030 reduce by one third
[relative to 2015 levels] premature mortality from NCDs through prevention and treatment
and promote mental health and well-being” (SDG target 3.4). The indicator used to measure
progression towards SDG 3.4 is called NCD4 which estimates the overall probability of
death from four NCDs (cancers, cardiovascular diseases, chronic respiratory diseases, and
diabetes) between precisely 30 years and precisely 70 years of age in the lack of other reasons
of death (NCD Countdown 2030 collaborators, 2020). Diabetes caused four per cent of the
total of premature global deaths, in addition to its contribution to premature mortality from
cardiovascular diseases, cancer, renal diseases and some infectious diseases (Wou et al.,
2019).
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Chapter Three

Conceptual Framework

3.1 Integrated Framework for Pharmacogenomic Testing and
Chemotherapy Safety

The customized conceptual framework utilized in this dissertation employs a mixture of
elements from clinical science, behavioral health models, and individualized medicine to
interconnect findings in a health systems perspective.

This framework corresponds to the complex nature of fluoropyrimidine-related side effects
and the limited use of DPYD genotyping in the Palestinian cancer care system.

It combines the whole group of individual, clinical, and systematic factors that affect the
adoption of pharmacogenomic testing and spot the broader policy-related and behavioral
context in which the whole situation is located.

This tailored framework incorporates three intersecting provinces: decision-making at the
level of the providers, patients’ attitudes and behaviors, and clinical and pharmacogenomic
prediction of risk.

This structure not only provides a holistic picture but also allows the researcher to explore
how decisions at different levels (patients, providers, health system) communally affect
chemotherapy safety and the adoption of pharmacogenomic testing.

3.2 Framework Components

The first dimension explores healthcare providers’ knowledge and system readiness:
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It particularly focuses on the role of oncology specialists in determining if DPYD testing is
requested and adequately utilized. This is consistent with implementation frameworks which
give very high importance to the influence of individual caregiver’s attitudes, institutional
protocols and laws, and support by the organization in adopting new clinical procedures. In
this dimension, these factors are assessed through an exploration of oncology specialists’
and oncology pharmacists' knowledge, attitudes, and perceived barriers.

The second dimension focuses on pharmacogenomic and clinical risk factors that contribute
to FP side effects. This includes the presence of DPYD mutations, demographic variables,
other comorbidities, and the nature of the chemotherapy regimen. This component follows
the precision medicine template, which points out shaping treatment based on genetic and
clinical properties. Pharmacogenomic testing status (a patient was tested pre-treatment or
not) is considered as a moderating factor in the relationship between pharmacogenomic risk
and the observed toxicity.

The third dimension discusses patient knowledge, attitudes, and willingness to pay. This part
explores the degree to which patients perceive themselves to be at risk, understand the aim
and the value of testing, and have the financial ability and motivation to undertake it. This
area is explored in this dissertation using a survey studying knowledge, practices, and
willingness to pay among cancer patients.

Overall, these three dimensions provide a general framework to guide the research. The
model elevates fluoropyrimidine toxicity from being simply as a biological event to being
an outcome formed by a complex interaction of clinical decisions, health system structure,
patient behaviors, and pharmacogenomic risk.

3.3 Application of the Framework in the Dissertation

The framework was used as the main principle guiding the analysis of the three core studies
that compose this dissertation. First, the healthcare providers component consists of a survey
of oncology specialists, assessing their knowledge of pharmacogenomics and their
willingness to implement DPYD testing. Second, the clinical and pharmacogenomic
component builds the observational study that investigates the association between DPYD
mutations and side effects in patients receiving FPs. Third, the patient component is assessed
using a cross-sectional study testing patients' knowledge, attitudes, and willingness to pay
for the tests.

Each of the components was connected to quantifiable variables and tested by using
appropriate tools, such as validated questionnaires and clinical data collection forms. The
framework allowed the research to build connections between knowledge and behavior (in
both providers and patients), facilitators and barriers at the level of the system, and finally,
the safety and individualization of cancer treatment in Palestine.
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3.4 Anticipated Outcomes and Relevance to Health System Improvement

This dissertation is consistent with the goals of the health system in improving patient safety,
enhancing evidence-based medicine, and promoting equitable access to essential
advancements. The conceptual framework aims at outcomes such as:

e Higher usage of DPYD testing through tailored provider education and policy
advocacy

e Lower incidence of severe FP side effects through early identification of susceptible
patients

e Improved patient engagement and autonomy in treatment decisions

e Improved integration of pharmacogenomic testing into local cancer care pathways

Additionally, it is important to mention that this framework covers broader determinants of
health such as affordability and trust in the health system that may influence the decision to
adopt new advances in health technology. This helps the framework to be applicable to
broader settings that extend beyond the mere utilization of DPYD testing in low-resource
settings.

The tailored conceptual framework is  presented in Figure 3.

workflow

[Fluoropyrimidines] 4

e e -

Figure 3.1: Conceptual framework of the study.
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Chapter Four

Methodology

4.1 Study I: Oncology Specialists' Perceptions and Insights into
Dihydropyrimidine Dehydrogenase Testing in Palestine.
4.1.1 Study Design, Setting, and Subjects

This cross-sectional study utilized a survey distributed to oncologists, oncology residents,
and clinical pharmacists across various hospitals in Palestine between February and May
2024.

4.1.2 Population

Oncology specialists (physicians and pharmacists) working with cancer patients in the
selected hospitals (Beit Jala, Dura, Ahli, and Augusta Victoria hospitals) including medical
doctors and clinical pharmacists.

4.1.3 Inclusion Criteria

Oncology specialists, oncology residents, and clinical pharmacists in the four cancer
facilities in Palestine. The number of professionals who met the criteria in the hospitals was
171.

4.1.4 Exclusion Criteria

Community pharmacists and non-cancer physicians. Retail pharmacists were excluded
because no anticancer medications are dispensed through them.

4.1.5 Sample size

Prior studies have shown that the level of knowledge among HCPs on pharmacogenomics

testing varied between 31% and 62% (Ahmed et al., 2020; Algahtani, 2020; Nie et al., 2022;
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Obara et al., 2015). For our study conducted in Palestine, we assumed that the proportion of
healthcare providers aware of DPD testing is approximately 50% (p = 0.50), which provides
the most conservative (largest) sample size estimate. The initial sample size for estimating a
single proportion was calculated using the standard formula:

Z>xp(1-p)
ny = 72
where Z = 1.96 for a 95% confidence level and d = 0.05 for a 5% margin of error. Because
the target population was finite (approximately 150 registered oncology practitioners), a
finite population correction was applied:

L)

(e —1)
1+~
where N = 150. Based on these parameters, the required sample size was approximately

n =

108 participants and was pragmatically set at a target of ~100 HCPs considering feasibility
and anticipated non-response. Incomplete responses were excluded from the analysis.

4.1.6 Participant recruitment

The questionnaire was distributed electronically to all available healthcare professionals
who work in four hospitals (two governmental, two non-governmental) that have an
oncology unit.

Data collection was performed using a structured, self-administered online questionnaire
that was developed on Google Forms. The survey link was distributed through official
institutional communication methods, including institutional email lists and secure
WhatsApp groups used for clinical coordination within the oncology departments in the
above-mentioned hospitals.

Participants were initially informed about the purpose of the study, the voluntary nature of
participation, and the anonymity of responses on the introductory page of the questionnaire.
To prevent duplicate responses, each participant was requested to complete the questionnaire
only once. Data collection was conducted over the predefined period, and reminder messages
were sent to enhance response rates.

4.1.7 Study tool

The questionnaire was adopted from a previous study conducted in Saudi Arabia (Sukkarieh
et al., 2023), and was slightly modified to suit the Palestinian context. These modifications
included, for example, the type of healthcare provider in which the respondents worked in
(Ministry of Health, private sector, UNRWA, etc.). The survey consisted of 26 items
covering participant demographics and the awareness of participants regarding DPYD
screening. Various types of questions were included (multiple choice questions, Likert scale,
etc.). The content validity of the tool items was ensured through review by experts (three
oncologists and three pharmacists) who assessed the suitability of the content, making
required adjustments to confirm thorough and accurate assessment of attitudes.
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The questionnaire was pilot tested among four healthcare professionals (two oncologists and
two clinical pharmacists) to assess its clarity, content validity, and internal consistency.
Feedback from the pilot participants indicated that the questionnaire items were clear,
relevant, and appropriately structured, and no major modifications were required. Internal
consistency reliability of the questionnaire was assessed using Cronbach’s alpha, which
demonstrated acceptable reliability across the main domains of the survey (>0.70).
Responses from pilot participants were excluded from the final analysis.

4.1.8 Data analysis

Descriptive statistics were used to summarize the study variables. Categorical variables were
presented as frequencies and percentages. Continuous variables were assessed for normality
using visual inspection of histograms and the Shapiro—Wilk test. Normally distributed
continuous variables were summarized using means and standard deviations (SD), whereas
non-normally distributed variables were summarized using medians and interquartile ranges

(IQR).

Inferential analysis was used to examine associations between demographic characteristics
and awareness levels of pharmacogenomic testing. The chi-square test was used to compare
between categorical variables when expected cell counts were adequate, while Fisher’s exact
test was applied when expected frequencies were smaller. A two-sided p-value of <0.05 was
considered statistically significant in this analysis.
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4.2 Study II: Cancer Patients’ Perspectives and Practices Regarding
Pharmacogenomic Testing and Its Cost
4.2.1 Study Design

This cross-sectional study utilized a survey distributed to cancer patients that were currently
treated with chemotherapy at three outpatient oncology clinics (Beit Jala and Dura hospitals
and Dr Hani Hour oncology clinic) in the West Bank, Palestine between January and May
2024.

4.2.2 Population

All cancer patients who were receiving or will receive chemotherapy at the time of
recruitment meeting all the inclusion criteria and none of the exclusion criteria.

4.2.3 Inclusion Criteria:

e Patient with a confirmed diagnosis of cancer of any type
e Prescribed or will be prescribed chemotherapy

e Adults (>18 years)

e Able to understand and provide informed consent

4.2.4 Exclusion Criteria:

e Cognitive impairment or severe psychological distress
e Age less than 18 years

4.2.5 Sample size calculation

The required sample size was estimated with the single-proportion formula for
cross-sectional studies, n=Zp(1—p)/d>.

A conservative expected proportion of adequate knowledge (pp) of 0.50 was chosen to
maximize the precision; the confidence level was set at 95 % (Z=1.96), and the allowable
margin of error (dd) at 5 %. Substituting these values yielded n=384.

Because the total number of eligible oncology patients expected to attend the participating
clinics during the data-collection period was approximately 1200, a finite-population
correction was applied: nadj=n/[1+(n—1)/N]=305.

To correct for an anticipated 15 % non-response rate, the sample size was inflated to give
final target sample of 350 patients.

4.2.6 Sampling Method:

Patients were chosen through convenience sampling from oncology outpatient clinics in the
three hospitals (Beit Jala, Dura and Al-Ahli).

4.2.7 Data Collection Tool

A structured questionnaire that was developed based on an extensive literature review of
similar studies (Asiedu et al., 2020; Cuffe et al., 2012, 2014; Gawronski et al., 2023, 2024;
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Haga et al., 2016; Soueid et al., 2024). The questionnaire was initially constructed in English
language. After that, it was translated into Arabic with the help of an authorized translator
specializing in the medical field.

Both Arabic and English versions were reviewed by five experts who suggested minor
modifications to some of the questions. The changes were discussed, and minor changes
were made before final approval of the questionnaire.

A pilot study was conducted to evaluate the validity and reliability of the patient
questionnaire. The pilot assessed the clarity, relevance, and comprehensibility of
questionnaire items, as well as the internal consistency of the survey domains. Internal
consistency reliability was examined using Cronbach’s alpha, which exceeded 0.7 for each
group of related questions, indicating acceptable reliability. Based on feedback from the pilot
study, no major modifications were required. Data obtained from pilot participants was
excluded from the final analysis.

Sections of the questionnaire:

e Section A: Sociodemographic Information
e Section B: Clinical History

e Section C: Knowledge

e Section D: Attitudes and Perceptions

e Section E: Practices and Experiences

e Section F: Willingness to Pay (WTP)

e Section G: Decision-Making Preferences
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4.3 Study III: Pharmacogenomic and clinical factors associated with the
side effects of FPs

4.3.1 Population

Cancer patients eligible for receiving therapy containing FPs, meeting all the inclusion
criteria and none of the exclusion criteria.

4.3.2 Inclusion criteria

Patients were recruited if they were: adult patients (18 years or more), having a confirmed
diagnosis of cancer by an oncology specialist and eligible for receiving chemotherapeutic
cycles of treatments including FPs at time of enrollment.

4.3.3 Exclusion criteria

e Cognitive impairment or severe psychological distress
e Age less than 18 years

4.3.4 Sample size

Sample size estimation was conducted using the single-proportion formula

le—a/z p(l - P)

n= 12 )
where Z;_g/ 1s the standard normal deviate corresponding to the desired confidence level,
a = 0.05 (two-sided, Z = 1.96), prepresents the anticipated prevalence of the primary
pharmacogenomic outcome based on published literature, and ddenotes the acceptable
margin of error. Assuming conventional statistical parameters (¢ = 0.05) and a target
power of 1 — # = 0.80 for exploratory analyses, the minimum estimated sample size was
approximately 90 participants. To compensate for potential missing clinical data and
unsuccessful genotyping, the sample size was increased to 100 patients. Given feasibility
constraints, a convenience sampling strategy was employed, and the final sample size was
considered sufficient to support the study objectives while maintaining acceptable
statistical precision.

4.3.5 Patient Recruitment

During their hospital visit, patients that meet the inclusion criteria were notified orally
regarding the research by the researcher and given a briefing handout. The participants were
requested to sign the consent form if they accepted to be enrolled in the study (attached in
the appendix).

4.3.6 Intervention

Patients included in the study underwent genetic testing. Based on the result,
recommendations on dose modification were conveyed to the managing physician. They
were followed up for the occurrence of the study outcomes.
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4.3.7 DPYD genotype testing

A total of 134 whole blood samples were collected from Beit Jala and Dura Hospitals. DNA
was extracted from blood samples using the salting-out method after using previously
prepared standard buffers (TKM-1, TKM-2, Triton X, SDS, NaCl, and TE). DNA quality
was checked by gel electrophoresis. Specific primers were designed using NCBI Primer-
BLAST to detect clinically relevant wild-type and mutant alleles (Shamaei Zadeh et al.,
2025). Allele-specific PCR was performed in 25 pL reactions with appropriate master mix,
primers, DNA template, and nuclease-free water (Varma et al., 2020). PCR cycling
conditions included denaturation, annealing, and extension steps optimized separately for
wild-type and mutant primers (Salmani et al., 2022). The DPYD activity score (AS) is
calculated by assigning values to each allele (normal = 1, decreased function = 0.5, no
function = 0) and summing both alleles. Scores of 2 indicate normal metabolizers, 1-1.5
intermediate  metabolizers, and <0.5 poor metabolizers, with corresponding
recommendations for dose reduction or avoidance of fluoropyrimidines.

4.3.7.1 DPYD Primers and Targeted Mutations
e ¢.1905+1G>A (DPYD*2A)
e Target region: Intron 14 splice site
e Forward primer (5'-3"): AGGTGTTTCTGGGACAGTTT
e Reverse primer (5'-3"): CCAGCATCTGAATGTGGAAG
e Expected amplicon size: ~250 bp
e Expected genotypes detected: G/G (wild-type), G/A (heterozygous), A/A
(homozygous)
e ¢1679T>G (DPYD*13)
e Target region: Exon 13
e Forward primer (5'-3"): TGGGCTTTACTGTGTGCTTT
e Reverse primer (5'-3"): CAGGAATGGTCTGGAGTTGT
e Expected amplicon size: ~220 bp
e Expected genotypes detected: T/T (wild-type), T/G (heterozygous), G/G
(homozygous)
o ¢.2846A>T
e Target region: Exon 22
e Forward primer (5'-3'): TCAGGATGTTCCTGCTTCTC
e Reverse primer (5'-3"): GGAGAAGCAGGATGAGGAAG
e Expected amplicon size: ~280 bp
e Expected genotypes detected: A/A (wild-type), A/T (heterozygous), T/T
(homozygous)
e ¢.1236G>A (HapB3)
e Target region: Exon 11
e Forward primer (5'-3"): CCAGCTTCTTCTGTCCTCTC
e Reverse primer (5'-3"): AGCACTTGGGAATGAGGAAG
e Expected amplicon size: ~200 bp
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e Expected genotypes detected: G/G (wild-type), G/A (heterozygous), A/A
(homozygous)

4.3.8 Data collection

Management information, such as regimen, dosage, and the use of radiation utilization, were
gathered from the hospital electronic system. Clinical data and toxicity information were
acquired through a standardized analysis of the patients' electronic health records (EHRs) by
trained study team who were blinded to the group in which the patient was allocated.

Toxicity data was documented from doctor reports, admission files, hospital discharge notes,
and emergency care documents. Severe adverse events (AEs) comprised toxicities with a
grade no less than 3 based on the National Cancer Institute's Common Terminology Criteria
for Adverse Events (CTCAE) version 5.0.

The classification uses the following definitions:

e QGrade 1: Mild: asymptomatic or mild symptoms; clinical or diagnostic observations
only; no intervention required.

e Grade 2: Moderate: minimal, local, or noninvasive intervention indicated; limiting
instrumental activities of daily living.

e Grade 3: Severe: medically significant but not immediately life-threatening;
hospitalization or prolongation of hospitalization indicated; disabling; limiting self-care
activities of daily living.

e Grade 4: Life-threatening: life-threatening consequences; urgent intervention required.

e Grade 5: Death: death related to the adverse event.

Just AEs which are verified to be possibly or certainly connected to FPs were listed in the
conclusion (according to CTCAE version 5.0). Depending on these assumptions, the
classifications required the AE to happen within one month of FP treatment, be clinically
reasonable, and not be associated with a different element of the treatment. The impact of
holding and restoring the FPs was also considered if these issues ensued.

According to previous studies, the main toxicity classes considered are gastrointestinal
(chiefly: loose stools, oropharyngeal mucositis, and nausea or vomiting), myelosuppression
(chiefly neutropenia/febrile neutropenia, thrombocytopenia, and unexplained anemia),
cardiac (instant cardiac toxicity while administering FP), and Palmar-Plantar
Erythrodysesthesia (Hand-Foot Syndrome). Other AEs, where FPs are probable participants,
were categorized as Other. The AEs recorded by the preliminary researchers and the credit
of interconnection were revised by an oncology specialist. Disagreements in the logs were
revised by the original coders and the evaluating medical oncology specialist. Participants
were monitored throughout the whole management duration and until adverse effects
subside.
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4.3.9 Outcomes

The primary outcome was FP-related AEs (according to CTCAE version 5.0). Additional
outcomes comprised FP-related AEs categorized by adverse effect type, the percentage of
patients terminating FPs due to their adverse effects, and incidents of drug-related deaths.

4.3.10 Recommendations to oncologist

In patients whose results showed that they have the pre-determined types of DPYD
polymorphism, results of the DPYD testing and dosage guidance were conveyed to the
referring physicians. The recommendations entailed the following: for individuals without
the carrier status, administer the standard of care dosage; for those identified as simple
heterozygous carriers, initiate treatment with a 50% initial dosage reduction, with the
possibility of dose escalation in subsequent cycles depending on participant tolerance; avoid
the use of FPs in cases of homozygous carriers (Amstutz et al., 2018).

4.3.11 Data Analysis

The data collected at baseline and at the follow up were cleaned, coded and entered into
SPSS software for statistical analysis. For categorical factors, data were examined by
Pearson chi-square analysis. Normality of data was investigated prior to analysis for the
continuous variables using the Kolmogorov-Smirnov and Shapiro-Wilk statistical tests. The
normally distributed variables underwent the t-test for independent samples, and their mean
values have been shown.

P value of under 0.05 was considered statistically significant. Furthermore, used to find and
evaluate the significance of variables in the gathered data at both baseline and follow-up
interviews was logistic regression analysis.

Variables were analyzed as follows:

1- Sex was categorized as male or female.

2- Disease severity was classified as local or advanced.

3- The presence of other chemotherapy treatment before FP was documented as either yes
or no.

4- The form of FP-based therapy was categorized as Capecitabine alone, 5-FU alone, or
both.

5- The occurrence of FP-based toxicity of more than grade 3 or 4 was assessed through
CTCAE V5.0 or toxicity leading to FP-based treatment stop, and it was recorded as yes
or no.

6- The association of any surgery with FP treatment was documented as yes or no.

7- The involvement of radiotherapy with FP treatment was noted as yes or no.

8- Any type of recurrence (local, loco-regional, or metastatic) recorded was categorized as
yes or no.

9- Age at FP-based therapy was measured in years.

10- The number of treatment lines, including FP treatment, was counted (N).

11- The sum of FP cycles was counted (N).
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4.4 Ethical measures

Ethical approval to perform all three parts of the project was acquired from the
administration of the School of Public Health and Ethical Committee in Al-Quds University
(REF #13/24). Consequently, ethical approval was obtained from the Palestinian Ministry
of Health.

Confidentiality of participants was preserved throughout the research so that only sample
properties were used to distinguish the participants’ data. Names were not used. The gathered
data was utilized solely for study-related use.

4.5 Minimization of Bias

To improve the strength and the validity of findings and reduce systematic errors of all kinds,
several strategies were utilized across all the components of the study:

4.5.1 Selection Bias

e Oncology specialists: All specialists working in oncology units in the targeted
hospitals were invited to participate in the study to ensure a broad sampling frame.
Inclusion and exclusion criteria were uniformly applied to all the participants.

e Patients: Recruitment of the patients was performed consecutively at the outpatient
oncology clinics in the mentioned hospitals, capturing all eligible patients during
their clinic visits rather than pre-selecting participants. This approach reduced the
risk of over-representation of certain subgroups.

e Population correction and adjustments for non-response were applied during sample
size estimation to prevent under- or over-recruitment of participants.

4.5.2 Information and Measurement Bias

e Data collection instruments: Questionnaires were adapted from validated
international studies, reviewed by oncology and pharmacology experts, and then
pilot-tested for clarity and cultural appropriateness. This process minimized
misinterpretation and enhanced construct validity of the data.

e Translation: Forward—backward translation of the patient survey (English—Arabic—
English) was performed by licensed professional medical translators to avoid loss of
meaning during translation.

e C(linical data: Extraction from EHRs was standardized through structured templates
and appropriate coding guidelines. Toxicity grading strictly followed the CTCAE
v5.0 criteria to limit subjective interpretation.

e Laboratory analysis: DPYD genetic testing was conducted using standardized
international assays. The laboratory team was trained, and procedures were
immediately documented to minimize variability.

4.5.3 Observer and Interviewer Bias

e Data collectors: Researchers who were involved in data collection were trained to
administer the survey neutrally to avoid suggestive language or body cues.
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Blinding: Clinical outcome assessors were blinded to the results of the participants’
genetic tests to prevent differential classification of adverse events.

Cross-checking: Toxicity reports were independently reviewed by an oncology
specialist, with discrepancies resolved through consensus between the two parties.

4.5.4 Recall and Response Bias

For specialists, the survey was designed to capture the current practices and
perceptions, with Likert scales to minimize the recall burden.

For patients, questions were phrased in simple, non-technical language to encourage
accurate reporting of experiences.

The use of anonymous self-administered questionnaires for specialists reduced social
desirability bias and encouraged frank responses.

4.5.5 Data Handling and Analysis

Data was double-checked before analysis.
Missing data was carefully handled and cases with major gaps were excluded. Partial
responses were retained with transparent reporting.

Appropriate statistical tests were carefully chosen to match data distribution and type
and to avoid misinterpretation.
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Chapter Five

Results

This section delineates the results from the three interconnected studies that constitute this
research. The findings of each study are presented individually to illustrate their specific
objectives, techniques, and data sources.

5.1 Results of study I

The questionnaire was completed by a total of 106 HCPs, consisting of 57.5% specialist
physicians, 27.4% clinical pharmacists, and 15.1% resident physicians. This distribution is
similar to the composition of the study population. The majority of respondents, over 60%,
received their most recent degree from a Palestinian institution, while around 40% graduated
from foreign institutions. The location of the last degree may influence respondents' practices
due to variations in pharmacogenomics training and exposure to DPYD testing. Foreign
institutions may emphasize pharmacogenetic applications more than Palestinian institutions,
leading to differences in implementation. More than 70% of the participants were 45 years
old or younger.

Regarding professional experience, a majority of the participants possessed more than 8
years of expertise in working with cancer patients as seen in Table 1. Fifty percent of the
participants were associated with private hospitals, while the remaining 50% were employed
at governmental institutions.

Demographic data for the participants is presented in Table 5.1.
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Table 5.1: Sociodemographic characteristics of the participants

Characteristics Number [Percentage
Designation Clinical Pharmacist 29 27.4%
Physician 61 57.5%
Resident 16 15.1%
Last degree location Inside Palestine 63 59.4%
Outside Palestine 43 40.6%
Age group 23-35 years 41 38.7%
36-45 years 37 34.9%
46-59 years 22 20.8%
More than 60 years 6 5.7%
Years of experience 2-4 25 23.6%
5-7 22 20.8%
8-10 14 13.2%
11 or more 45 42.5%
Hospital type Private 54 50.9%
Governmental 52 49.1%

A striking finding was that more than 70% of participants stated that they had never
undergone formal training in pharmacogenomics during their career. However, a substantial
majority of 75.5% stated that they usually prescribe FPs. Furthermore, around 80% of
participants indicated knowledge of the mutation linked to DPD deficiency and its
consequences for FP toxicity. Yet, fewer than 50% of participants indicated that they
consistently or occasionally screen for DPD deficiency prior to prescription FPs. This
discrepancy between awareness of DPYD mutations and the limited use of screening has
significant implications for patient outcomes. Failure to screen for DPD deficiency may lead
to severe, potentially life-threatening toxicities in patients prescribed FPs, as individuals with
DPYD mutations are unable to metabolize these drugs effectively. Implementing routine
screening could enhance treatment efficacy by identifying at-risk patients, enabling dose
adjustments or alternative therapies, and reducing the risk of adverse events.
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In addition, only 47% of participants reported that their institution had specific protocols for
prescribing FPs. Notably, 60% of individuals experienced significant toxicity associated
with FPs, a rate considerably higher than the global average of 10-30%. The higher toxicity
rate observed in this study compared with global estimates is likely multifactorial. Possible
contributing factors include a higher prevalence of reduced DPYD metabolizing capacity,
lack of standardized prescribing and genotype-guided dose-adjustment protocols, use of full-
dose regimens in high-risk patients, and patient-related factors such as older age and
comorbidities. Differences in toxicity detection, grading, and reporting practices may have
further contributed to this discrepancy. Furthermore, only 33% of participants had observed
the influence of DPD testing in clinical practice, highlighting gaps in implementation. These
challenges may be driven by the lack of infrastructure for pharmacogenomic testing, limited
awareness of standardized protocols, and financial constraints that hinder the widespread
adoption of DPD testing. Addressing these barriers could improve the safe and effective use
of fluoropyrimidines in clinical practice. With regards to the standardization and promotion
of DPD testing, a mere 5.7% and 6.6% of participants, respectively, reported the existence
of standardized DPD testing and the Palestinian Ministry of Health's promotion of DPD
testing before prescribing FPs. Only 1.9% of the participants concurred that an adequate
amount of research is being conducted in Palestine with regards to DPD insufficiency.

The main sources used to obtain information on specific molecular testing were published
practice guidelines (42%) and cancer-genomics specific guidelines (22%).

The most common types of cancer for which FPs were prescribed were colorectal cancer
(19%) and breast cancer (17%).

Details of the awareness and practices of the participants are shown in Table 5.2.

Table 5.2 A: Awareness and practices of the participants toward DPD testing.

Question Count |Percentage
Do you participate in tumor [No 67 63.2%
genomic board, tumor v

. es
molecular board in your 39 36.8%

current institution?

'What do you mostly follow [Cancer-genomics specific

24 22.64°
as a reference when ordering [guidelines &
a specific molecular test?

Institutional guidelines 17 16.04%
Personal experience 20 18.87%
Published practice guidelines 45 42.45%
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Table 5.2 B: Awareness and practices of the participants toward DPD testing.

Have you received any INo 77 72.6%
formal training or education
in pharmacogenomics? Yes 29 27.4%
If yes, wher.e did you. récel?/e Continuous medical education b1 19.81%
your education or training in
ics?
pharmacogenomics Experience through practice |18 16.98%
Fellowship program 13 12.26%
Hospital seminars 16 15.09%
Online courses 16 15.09%
Research 7 6.60%
University education 15 14.15%
Do you usually prescribe FP [No 26 24.5%
(5-fluorouracil (5-FU) and %
. . . es
Capecitabine) for patients 30 7559
with cancer?
If yes; which type of cancer |Colorectal cancer 21 19.81%
would you prescribe it for?
Breast cancer. 19 17.92%
Colorectal cancer 14 13.21%
Gastric cancer 13 12.26%
Pancreatic cancer 7 6.60%
Head and neck cancer 8 7.55%
Biliary tree malignancy 9 8.49%
[ am not prescriber 11 10.38%
INasopharyngeal carcinoma 4 3.77%
Are you aware of a mutation No 21 19.8%
that causes DPD deficiency?
Yes 85 80.2%
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Table 5.2 C: Awareness and practices of the participants toward DPD testing.

If yes; are you aware of its  [No 22 20.8%

complications; e.g. toxicity
of FP (5-fluorouracil (5-FU) Yes 34 7929,
and Capecitabine)?

How often do you screen for |Always 2 1.9%
DPD deficiency prior to .
prescribing FP? Never b6 52.8%
Sometimes 48 45.3%
Are there guidelines for INo 27 25.5%
prescribing FP in your -
hospital? INot sure 29 27.4%
Yes 50 47.2%
Is there enough research No 62 58.5%
being done in Palestine on -
screening for DPD prior to Not sure K 39.6%
prescribing FP? Ves h 1.9%
Have you seen patients with [No 41 38.7%
severe toxicity related to use
of FP? Yes 65 61.3%
Have you seen the impact of [No 71 67.0%
DPD testing in your clinical
practice? Yes 35 33.0%
Is there any standardization |[No 51 48.1%
of DPD Deficiency practice S
done by MOH? INot sure 49 46.2%
Yes 6 5.7%
Does the MOH promote the [No 51 48.1%
practice of DPD deficiency -
test prior to FP group of Not sure A8 15.3%
medications? Yes 7 6.6%

FP: fluoropyrimidines, DPD: dihydropyrimidine dehydrogenase, MOH: Ministry of
Health, 5-FU: 5-fluorouracil
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A high percentage of participants displayed knowledge regarding the mutation accountable
for DPD deficiency. Specifically, 72% of clinical pharmacists, 80% of physicians, and 93%
of resident physicians expressed familiarity with this genetic variation (p>0.05)

The awareness of the mutation linked to DPD deficiency differed among respondents with
different degrees of professional experience. Specifically, 84% of those with 2-4 years of
experience, 90% with 5-7 years, 64% with 8-10 years, and 77% with 11 or more years
indicated familiarity with this genetic variant (p>0.05).

An inequality in knowledge regarding the mutation accountable for DPD was noted between
HCPs employed in private hospitals and those in governmental hospitals, with 87% of
individuals in private hospital settings and 73% in governmental hospitals expressing
familiarity with this genetic variant. This difference was not statistically significant (p>0.05).

Some participants reported the existence of guidelines in their individual institutions for
prescribing FPs. Specifically, 37% of clinical pharmacists, 50% of physicians, and 50% of
residents confirmed the presence of these guidelines (p>0.05).

The presence of guidelines for prescribing FPs in hospitals varied based on years of
professional experience. Among individuals with 2-4 years of experience, 52% indicated the
existence of guidelines. This percentage was 45% for those with 5-7 years, 57% for those
with 8-10 years, and 42% for those with 11 or more years (p>0.05).

There was a noticeable difference in the reported prevalence of guidelines for prescribing
FPs between HCPs in private hospitals and those in governmental hospitals. In private
hospital settings, 57% of individuals acknowledged the presence of these guidelines, while
in governmental hospitals, only 36% did so (p>0.05).

A small proportion of participants stated that they had witnessed the effects of DPD testing
in their clinical work. Specifically, 17% of clinical pharmacists, 39% of physicians, and 37%
of residents reported having this experience (p>0.05).

Regarding professional experience, the extent to which the effects of DPD testing were
observed in clinical practice differed among individuals. Specifically, 28% of those with 2-
4 years of experience, 40% with 5-7 years, 28% with 8-10 years, and 33% with 11 or more
years reported witnessing such influence (p>0.05).

A statistically significant difference was found between HCPs working in private hospitals
and those working in governmental institutions in terms of their perception of the influence
of DPD testing in clinical practice, with a p-value of 0.001. More precisely, 48% of persons
in private hospital settings and 17% in governmental institutions reported experiencing this
effect (Table 3). Additionally, the data from Table 5.3 reveal that awareness of the DPD
mutation was highest among residents (93.8%) and private hospital practitioners (87.0%).
However, the presence of hospital-specific guidelines was reported more frequently in
private hospitals (57.4%) than in governmental settings (36.5%), further reflecting
institutional differences in support for FP-related testing. These findings highlight the need
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for standardized policies across all hospital types to improve the adoption of DPD testing in
clinical practice.

The institution where HCPs obtained their most recent degree did not have a significant
impact on their knowledge of DPD mutations, awareness of institutional guidelines for DPD
testing, or experience with its effects in clinical practice, as indicated by a p-value greater
than 0.05.Details of the awareness and observation of DPD testing in practice, with regard
to hospital-related and demographic variables are shown in Table 5.3.

Table 5.3: Knowledge of and observation of DPD testing in practice, determined by hospital-
and demographic-related factors

Variable Number Are you aware Are there guidelines for Hav.e you seen
. . the impact of
of a mutation prescribing DPD testin in
that causes DPD | Fluoropyrimidine in . . g
deficienc our hospital? your clinical
y y pital: practice?

Designation

Clinical 29 21 (72.4%) 11 (37.9%) 5(17.2%)

Pharmacist

Physician 61 49 (80.3%) 31 (50.8%) 24 (39.3%)

Resident 16 15 (93.8%) 8 (50.0%) 6 (37.5%)

P value >0.05 >0.05 >0.05

Years of

experience

24 years 25 21 (84.0%) 13 (52.0%) 7 (28.0%)

5-7 years 22 20 (90.9%) 10 (45.5%) 9 (40.9%)

8-10 years 14 9 (64.3%) 8 (57.1%) 4 (28.6%)

>11 years 45 35 (77.8%) 19 (42.2%) 15 (33.3%)

P value >0.05 >0.05 >0.05

Hospital type

Private 54 47 (87.0%) 31 (57.4%) 26 (48.1%)

Governmental | 52 38 (73.1%) 19 (36.5%) 9 (17.3%)

P value >0.05 >0.05 0.001

Chi square test. DPD: dihydropyrimidine dehydrogenase.
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5.2 Results of study II

5.2.1 Sociodemographic and Clinical Characteristics of the Participants

The study included 368 participants with an almost equal gender distribution (52.4% female,
47.6% male). The mean age of the participants was 42 years (SD=14). The most commonly
reported marital status was married (38%), followed by single (33%). Secondary education
was the most common educational level (32%), and around 21% reported that they were
unemployed. Monthly income was mostly in the lower ranges, with 45% earning 1000-3000
NIS a month.

Breast cancer (31%) and colon cancer (31%) were the most common types of cancer
affecting the participants. Stage IV was the most commonly reported stage, while 23% could
not identify their cancer stage. Table 2 contains clinical details of the participants.

Sociodemographic and clinical information are shown in table 5.4.

Table 5.4 A: Sociodemographic and clinical information of the participants

Variable Category Number | Percent
Gender Female 193 52.4%
Male 175 47.6%
Marital Status | Single 124 33.7%
Married 141 38.3%
Divorced 38 10.3%
Widowed 55 14.9%
Unknown 10 2.7%
Education None 14 3.8%
Primary 81 22.0%
Secondary 119 32.3%
University 99 26.9%
Graduate 50 13.6%
Other/Missing | 5 1.4%
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Table 5.4 B: Sociodemographic and clinical information of the participants

Employment | Full-time | 91 | 24.7%

Part-time 43 11.7%

None 79 | 21.5%

Retired 41 11.1%

Housewife | 70 19.0%

Other 37 | 10.1%

Missing 7 1.9%

Income <1000 107 | 29.1%

1000-3000 | 168 | 45.7%

3000-5000 | 63 | 17.1%

>5000 24 | 6.5%

Missing 6 1.6%

Family Size | 1 83 | 22.6%
2 88 |23.9%
34 89 | 24.2%
>5 100 | 27.2%

Missing 8 2.2%

Cancer Type | Breast 116 | 31.5%
Colon 116 | 31.5%
Lung 95 |25.8%
Other 35 19.5%

Missing 6 1.6%
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Table 5.4 C: Sociodemographic and clinical information of the participants

Cancer Stage | Stage 1 | 72 | 19.6%

Stage 2 | 60 | 16.3%

Stage 3 | 83 | 22.6%

Stage 4 | 59 | 39.9%

Missing | 6 | 1.6%

5.2.2 Knowledge

A percentage of 19.8% of the participants have heard of pharmacogenomic testing, while
only 4.9% of them claimed to have performed a pharmacogenomic test (Figure 5.1 and 5.2).

Heard of Pharmacogenomic Testing
.I"IO
.yes

Figure 5.1: Participants who have heard of pharmacogenomic test
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Ever Performed a Pharmacogenomic Test

Figure 5.2: Participants who performed a pharmacogenomic test

About one third of participants (33.4%) reported no understanding of pharmacogenomic
testing, with another 31% understanding “a little.” One-fifth agreed, and 17.9% strongly
agreed that testing can help doctors choose the best treatment. Similar results were observed
for the perceived accuracy stated by the participants. This data is shown in table 5.5.

Table 5.5 A: Participants’ understanding of pharmacogenomics and their attitudes towards

their importance and accuracy

Eno
W yes

Question Category Number | Percentage

Understanding pharmacogenomics | Don’t understand 123 33.4%
Understand a little 115 31.3%
Somewhat understand | 56 15.2%
Understand well 55 14.9%
Understand very well | 19 5.2%

Pharmacogenomics Helps Doctors | Strongly Disagree 75 20.4%
Disagree 87 23.6%
Neutral 57 15.5%
Agree 83 22.6%
Strongly Agree 66 17.9%
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Table 5.5 B: Participants’ understanding of pharmacogenomics and their attitudes towards
their importance and accuracy

Pharmacogenomics Accuracy | Strongly Disagree | 77 | 20.9%

Disagree 83 | 22.6%
Neutral 46 | 12.5%
Agree 93 | 25.3%

Strongly Agree 69 | 18.8%

5.2.3 Attitudes and Preferences

Forty percent of participants were not concerned about insurance impact of the test, and
around 40% wanted to be involved in the testing decision. A similar percentage (42%) would
be more likely to test if recommended by their physician. Around two thirds of participants
preferred test results to predict both treatment effectiveness and side-effects. The attitudes
and preferences of participants are shown in table 5.6 while the main concerns of participants
are shown in figure 5.3.

Table 5.6 A: Attitudes and preferences of participants regarding pharmacogenomic testing

Question Response Count | Percentage
Category
Do you think pharmacogenomic testing can help Strongly 71 19.3%
avoid side effects from medications? Disagree
Disagree 94 25.5%
Neutral 52 14.1%
Agree 83 22.6%
Strongly Agree | 68 18.5%
Are you worried about pharmacogenomic testing No 149 40.5%
identifying another disease?
Yes 155 42.1%
Not sure 64 17.4%
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Table 5.6 B: Attitudes and preferences of participants regarding pharmacogenomic testing

Do you want to make sure no inherited diseases are No 157 | 42.7%
revealed by pharmacogenomic testing?

Yes 147 | 39.9%

Not sure 64 | 17.4%
Are you concerned that pharmacogenomic testing No 150 | 40.8%
results may affect your health insurance coverage?

Yes 159 | 43.2%

Not sure 59 |116.0%
Do you want to be involved in the decision to undergo | No 162 | 44.0%
pharmacogenomic testing?

Yes 148 | 40.2%

Not sure 58 | 15.8%
Would you undergo pharmacogenomic testing if your | No 151 | 41.0%
doctor recommended it?

Yes 158 | 42.9%

Not sure 59 |16.0%
Which results from pharmacogenomic testing would Effectiveness of the | 27 | 7.3%
you prefer to receive? medicine

Possible side effects | 39 | 10.6%

Both 242 | 65.8%

Not sure 60 | 16.3%
What is the maximum time you are willing to wait for | Same day 84 |22.8%
pharmacogenomic test results?

1-3 days 81 |22.0%

4-7 days 70 | 19.0%

1-2 weeks 66 | 17.9%

More than 2 weeks | 67 | 18.2%
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Figure 5.3: Main concerns about pharmacogenomic testing

5.2.4 Practices and Willingness to Pay

Most of the participants (74%) were willing to provide a blood sample for the test.
Willingness to pay was almost evenly split between those who are willing and those who are
not willing to pay for the test (53% willing to pay). The government (34%) and donors (22%)
were seen as the main entities responsible for covering the cost of the test. The majority of
the participants (86%) did not agree to co-pay for the test. Most of the participants stated
that decision-making should be mainly shared between the participant and doctor (71%).
Table 5.7 shows the details of the practices and willingness to pay.

Table 5.7 A: Practices and willingness to pay

Question Response Count %
Category N)
Would you be willing to provide a blood sample for No 94 25.5%
pharmacogenomic testing?
Yes 274 74.5%
Are you willing to pay for pharmacogenomic testing? | No 172 46.7%
Yes 196 53.3%
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Table 5.7 B: Practices and willingness to pay

Who should pay for pharmacogenomic testing? Patient 20 | 5.4%
Hospital 44 | 12.0%
Government 127 | 34.5%
Insurance 55 | 14.9%

Donor organizations | 81 | 22.0%

Don’t know 41 | 11.1%
Would you agree to co-pay for pharmacogenomic No 317 | 86.1%
testing?

Yes 51 | 13.9%
Who should make the decision to undergo Myself 27 | 7.3%
pharmacogenomic testing?

Doctor 39 |10.6%

Both patient and 263 | 71.5%
doctor

Someone else 39 | 10.6%

5.2.5 Amount Willing to Pay and Reasonable Price

The mean maximum out-of-pocket amount the participants were willing to pay was 230 NIS,
while the mean reasonable price was 1307 NIS. The details are shown in table 5.8.

Table 5.8: Maximum out-of-pocket amount and reasonable price

Question N Minimum | Maximum | Mean Std.
Deviation
What is the maximum amount you 368 | 0 1000 230.30 | 153.15

are willing to pay out-of-pocket for
pharmacogenomic testing (in NIS)?

What do you consider a reasonable 368 | 0 3000 1307.88 | 779.80
cost for pharmacogenomic testing (in
NIS)?

NIS: New Israeli Shekels
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Understanding of pharmacogenomic testing differed across demographic groups.
Participants with no education were more concentrated in the “don’t understand” category
(64.3%), while those with primary education were more often in “a little” (42.0%). By
contrast, university and graduate participants displayed more balanced distributions, with
greater shares in the “somewhat,” “well,” and “very well” categories.

Full-time workers showed more spread across all levels of understanding, with around one-
third each in “don’t understand” and “a little,” but higher proportions in the “somewhat” and
“well” categories compared with unemployed and part-time workers. Retired and
housewives tended to cluster in lower understanding levels, though a small share reached
“well” or “very well.”

Low-income groups (<1000 and 1000-3000 NIS) were mainly in the “don’t understand” and
“a little” categories (over 60% combined). Higher-income groups (>3000 NIS) showed a
more even distribution, with modestly larger shares in the “well” and “very well” categories.

No statistically significant differences in knowledge were seen between the categories of
these variables. Full details of these relationships are presented in table 5.9.

Table 5.9 A: Relationship between understanding pharmacogenomics and education,
employment and income.

Demographic | Category | Don’t Understand | Somewhat | Well Very
Variable Understand | a Little Well
Education None 9 (64.3%) 3 (21.4%) 1 (7.1%) 1 0

(7.1%) | (0.0%)

Primary | 26 (32.1%) | 34 (42.0%) | 6(7.4%) |9 6
(11.1%) | (7.4%)

Secondary | 39 (32.8%) 29 (24.4%) 21 25 5
(17.6%) (21.0%) | (4.2%)

University | 31 (31.3%) | 34 34.3%) | 19 13 2
(192%) | (13.1%) | (2.0%)

Graduate | 17 (34.0%) | 13(26.0%) | 8(16.0%) |6 6
(12.0%) | (12.0%)

Missing | 1 (20.0%) 2 (40.0%) 1(20.0%) | 1 0
(20.0%) | (0.0%)

P value >0.05
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Table 5.9 B: Relationship between understanding pharmacogenomics and education,
employment and income.

Employment | Full-time 31 28 13 15 4 (4.4%)
(34.1%) (30.8%) (14.3%) (16.5%)
Part-time 18 11 6 (14.0%) | 5(11.6%) | 3 (7.0%)
(41.9%) (25.6%)
None 21 24 16 14 4 (5.1%)
(26.6%) (30.4%) (20.3%) (17.7%)
Retired 13 17 5(12.2%) | 3(7.3%) 3(7.3%)
(31.7%) (41.5%)
Housewife 25 21 9(12.9%) | 12 3 (4.3%)
(35.7%) (30.0%) (17.1%)
Other 12 12 7 (18.9%) | 5(13.5%) | 1(2.7%)
(32.4%) (32.4%)
Missing 3(42.9%) | 2(28.6%) | 0(0.0%) 1(143%) |1
(14.3%)
P value >0.05
Income <1000 NIS 36 33 15 21 2 (1.9%)
(33.6%) (30.8%) (14.0%) (19.6%)
1000-3000 57 52 31 17 11
NIS (33.9%) (31.0%) (18.5%) (10.1%) (6.5%)
3000-5000 21 20 6 (9.5%) 12 4 (6.3%)
NIS (33.3%) (31.7%) (19.0%)
>5000 NIS 7(29.2%) | 8(33.3%) | 3 (12.5%) | 5(20.8%) |1 (4.2%)
Missing 2(33.3%) |2(33.3%) | 1(16.7%) | 0(0.0%) 1
(16.7%)
P value >0.05

NIS: New Israeli Shekels

No statistically significant association between monthly income and willingness to pay for
pharmacogenomic testing (p >0.05). Willingness to pay for pharmacogenomic testing was
highest among participants with middle incomes (1000—-5000 NIS), while both the lowest
(<1000 NIS) and highest (>5000 NIS) income groups showed lower and nearly equal
proportions of willingness and unwillingness. Other details of this relationship are shown in
table 5.10.
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Table 5.10: relationship between income and willingness to pay

Income (NIS) | Not Willing to Pay | % Willing to Pay | %
<1000 50 29.1% | 57 29.1%
1000-3000 78 45.3% | 90 45.9%
3000-5000 25 14.5% | 38 19.4%
>5000 13 7.6% | 11 5.6%
Missing 6 35% |0 0.0%

Chi square, p>0.05. NIS: New Israeli Shekels

When stratified by age, no statistically significant differences were observed in participants’
understanding of pharmacogenomic testing (p > 0.05). Across all age groups, the largest
proportion of respondents reported “I don’t understand,” ranging from 28.3% in older adults
to 38.5% in middle-aged adults. Younger adults showed slightly higher percentages in the
“understand a little” category (33.1%), while older adults had marginally more respondents
in the “well” and “very well” categories (16.7% and 6.7%, respectively). Overall, limited
understanding was the predominant pattern across all age groups. These differences are
shown in table 5.11.

Table 5.3: Relationship between age and understanding of pharmacogenomic testing

Age Category Don’t Understand a | Somewhat Well Very
Understand Little Well
Young adult (18— | 49 (30.6%) 53 (33.1%) 27 24 7 (4.4%)
39) (16.9%) (15.0%)
Middle-aged adult | 57 (38.5%) 42 (28.4%) 20 21 8 (5.4%)
(40-59) (13.5%) (14.2%)
Older adult (>60) 17 (28.3%) 20 (33.3%) 9(15.0%) |10 4 (6.7%)
(16.7%)

Chi square, p>0.05

Participants who strongly agree or agree that pharmacogenomic testing is accurate were
more likely to give a blood sample for the test and to pay for the test compared to patients
who strongly disagree or disagree. Details are shown in table 5.12.
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Table 5.12 A: Relationship between thinking that pharmacogenomic tests are accurate and
willingness to provide blood sample and willingness to pay

Perceived Accuracy | Blood % Blood % Willing % Willing to %

of Sample Sample to Pay — Pay — Yes

Pharmacogenomics | — No —Yes No

Strongly Disagree 18 19.1 | 59 21.5% 37 21.5 40 20.4%
% %

Disagree 25 26.6 | 58 21.2% 43 25.0 |40 20.4%
% %

Neutral 10 10.6 | 36 13.1% 19 11.0 |27 13.8%
% %

Agree 22 234 |71 25.9% 42 244 | 51 26.0%
% %

Strongly Agree 19 20.2 | 50 18.2% 31 18.0 | 38 19.4%
% %

Chi square, p>0.05

5.3 Results of study III

The study included 134 participants. The majority of the participants were female (57.5%),
non-smokers (72.4%), and reported no consumption of alcohol (99.3%). Most of the
participants were married (75.4%), and more than two-thirds were living in urban or village

settings (70.9%). Most of the participants followed a normal diet (97.0%).

The mean age of the participants was 47 years (SD=17), while their BMI ranged from 17 to
45, with a mean of 28.1 (SD=6.6), indicating that a large proportion of them were overweight
or obese. Other sociodemographic data is presented in tables 5.13A and 5.13B.

Table 5.13 Al: Sociodemographic data of the participants

Variable Category Count | %

Sex Female 77 57.5%
Male 57 42.5%

Smoking Yes 26 19.4%
No 97 72.4%
Previous 11 8.2%
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Table 5.13 A2: Sociodemographic data of the participants

Alcohol Yes 1 0.7%
No 133 99.3%
Marital Status Divorced 4 3.0%
Married 101 75.4%
Single 22 16.4%
Widowed 7 5.2%
Living Area Camp 39 29.1%
City 54 40.3%
Village 41 30.6%
Diet Normal 130 97.0%
Vegetarian 4 3.0%

Table 5.4 B: Sociodemographic data of the participants

Variable Minimum | Maximum | Mean | Std. Deviation
Age (years) | 18 77 47.06 | 17.59
Weight (kg) | 51 112 78.86 | 17.24
Height (cm) | 153 181 168.15 | 7.97
BMI 17.0 45.7 28.12 | 6.60

BMI: Body mass index

Locally advanced CRC was the most common type of cancer affecting the participants.
Locally advanced and metastatic cases were approximately equally present. The distribution
of the cancer types and metastases is presented in table 5.14.
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Table 5.14: Distribution of cancer types and metastases

Disease Status Count %
Gastric Cancer (GC) | 25 18.7%
Locally Advanced BC | 19 14.2%
Locally Advanced 30 22.4%
CRC

Metastatic BC 25 18.7%
Metastatic CRC 20 14.9%
Other 15 11.2%

GC: gastric cancer, CRC: colorectal cancer, BC: breast cancer.

Other comorbidities that were present in the participants include hypertension, which was
present in 28.1%; dyslipidemia, which was present in 23%; diabetes mellitus, which was
present in 19.3%; and heart failure, which was present in 4.4% of the participants. Table
5.15 displays the distribution of other comorbidities.

Table 5.5: Distribution of comorbidities

Variable Category | Count | %
DM Yes 26 19.3%
No 108 80.0%
HTN Yes 38 28.1%
No 96 71.1%
HF Yes 6 4.4%
No 128 94.8%
Dyslipidemia | Yes 31 23.0%
No 103 76.3%

DM: diabetes mellitus. HTN: hypertension, HF: heart failure.

Genetic testing indicated that most of the participants (85.1%) were classified as normal
DPD metabolizers (AS: 2), while 13.4% of participants were intermediate DPD metabolizers
(AS: 1-1.5), and 1.5% were poor metabolizers (AS: 0-0.5). The distribution of the
participants based on their DPD metabolizing status is shown in table 5.16.
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Table 5.16: Distribution of the participants based on their DPD metabolizing status

DPYD Common Functional Genotype | Activity | Phenotype | Number | Prevalence
variant allele effect status score of (%)
name (AS) patients
(m)

c.1905+1 | DPYD*2A | No function | Heterozyg | 1.0 Intermedia | 8 6.0
G>A ous te

metabolize

r
c.2846A | — Decreased Heterozyg | 1.5 Intermedia | 6 4.5
>T function ous te

metabolize

r
¢.1236G | HapB3 Decreased Heterozyg | 1.5 Intermedia | 4 3.0
>A function ous te
(HapB3) metabolize

r
Subtotal | — — — — Intermedi | 18 134
- ate
Interme
diate
metaboli
zers
c.1905+1 | *2A/*13 | No function | Compound | 0.0 Poor 2 1.5
G>A+ heterozygo metabolize
c.1679T us r
>G
Subtotal | — — — — Poor 2 1.5
— Poor
metaboli
zers
No Wild-type | Normal Wild-type | 2.0 Normal 114 85.1
clinically function metabolize
relevant r
variant
detected
Total — — — — — 134 100

Reduced DPD function: 14.9% (95% CI: 8.9-20.9%).

In total, 20 of 134 participants (14.9%) demonstrated reduced DPD metabolizing capacity
(intermediate or poor metabolizers). The estimated prevalence was associated with a 95%
confidence interval of 8.9%—20.9%, reflecting the level of uncertainty related to the sample

size.
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Side effects occurred in 17.2% of the participants. The most frequently reported side effect
was hand-and-foot syndrome, which occurred in 6.7% of participants, followed by fatigue
or weakness (6%). Other side effects are presented in table 5.17.

Table 5.17 A: Frequency of side effects in the participants

Side Effect Grade | Count | %
Diarrhea Grade 3 | 1 0.7%
No 133 99.3%
Oral mucositis Grade 3 | 3 2.2%
Grade 4 | 3 2.2%
No 128 95.5%
Nausea/vomiting Grade 3 | 2 1.5%
No 132 98.5%
Neutropenia Grade 4 | 3 2.2%
No 131 97.8%
Thrombocytopenia | Grade 3 | 2 1.5%
Grade 4 | 1 0.7%
No 131 97.8%
Chest pain Grade 3 | 4 3.0%
Grade 4 | 1 0.7%
No 129 96.3%
Dyspnea Grade 3 | 2 1.5%
Grade 4 | 2 1.5%
No 130 97.0%
Cardiogenic shock | Grade 4 | 1 0.7%
No 133 99.3%
Arrhythmia Grade 3 | 1 0.7%
No 133 99.3%
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Table 5.17 B: Frequency of side effects in the participants

Hand-and-Foot Syndrome | 1 9 6.7%
No 125 | 93.3%
Dermatitis Grade3 |2 1.5%

Grade 4 |1 0.7%

No 131 | 97.8%

Fatigue/weakness Grade3 | 4 3.0%

Grade4 | 4 3.0%

No 126 | 94.0%

Fever Grade3 | 4 3.0%

Grade 4 |1 0.7%

No 129 | 96.3%
Edema Grade 4 |1 0.7%
No 133 | 99.3%

Treatment was interrupted due to side effects in 6.7% of the participants and completely
discontinued in 7.5% of them. Hospitalization due to side effects and complications was
reported in 9.7% of the cases. The consequences of side effects are presented in table 5.18.

Table 5.18: Consequences of side effects

Variable Category | Count | N %
Treatment Interrupted | No 125 93.3%
Yes 9 6.7%
Treatment Discontinued | No 124 92.5%
Yes 10 7.5%
Hospitalization No 121 90.3%
Yes 13 9.7%
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Among the 11 patients with DPYD mutations who received a full dose of FP without
adjustment, seven (63.6%) experienced side effects, while four (36.4%) did not experience
any related side effects. On the other hand, among the nine patients with DPYD mutations
whose doses were adjusted based on their DPYD status according to guideline
recommendations, only one (11.1%) experienced side effects, while eight (88.9%) did not
experience any related side effects. The association between dose adjustment and side effects
was statistically significant (p<0.05). This data is shown in table 5.19.

Table 5.19: Dose adjustment by side effects

Dose Side effect
adjustment
No Yes
Count Row N Count | Row N %
%
No 4 36.4% 7 63.6%
Yes 8 88.9% 1 11.1%

Fisher’s exact test

Treatment was interrupted in nine patients, discontinued in eight patients, and 13 patients
were hospitalized among the 23 patients who experienced side effects. In contrast, in the 111
patients who did not suffer any side effects, treatment was discontinued in two, while it was
not interrupted in any of them, and none of them were hospitalized. All these differences
were statistically significant (Fisher’s exact test, p < 0.001). These values are presented in
table 5.20.

Table 5.20: Association between side effects and adverse treatment outcomes

Outcome Side Effect: Yes Side Effect: No Chi-square p-
(n=23) (n=111) value

Treatment Interrupted | 9 (39.1%) 0 (0.0%) <0.001

Treatment 8 (34.8%) 2 (1.8%) <0.001

Discontinued

Hospitalization 13 (56.5%) 0 (0.0%) <0.001

Fisher’s exact test

In the participants who experienced side effects (n = 23), most were females (65.2%), non-
smokers (78.3%), married (73.9%), and living in cities (52.2%), while almost all reported
no alcohol use (100%) and followed a normal diet (95.7%). Diabetes mellitus (21.7%),
hypertension (30.4%), and dyslipidemia (34.8%) were more frequent among those with side

effects compared to those without side effects. Heart failure was uncommon in both groups
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(4.3% vs. 4.5%). None of these differences (except marital status) was statistically

significant. These differences are summarized in table 5.21.

Table 5.21: Baseline characteristics by side effect occurrence

Variable Category | Side Effect: Yes (n=23) | Side Effect: No (n=111)
Sex Female 15 (65.2%) 62 (55.9%)
Male 8 (34.8%) 49 (44.1%)
Smoking No 18 (78.3%) 79 (71.2%)
Passive 2 (8.7%) 9 (8.1%)
Yes 3 (13.0%) 23 (20.7%)
Alcohol No 23 (100.0%) 110 (99.1%)
Yes 0 (0.0%) 1 (0.9%)
Marital Status | Divorced | 1(4.3%) 3 (2.7%)
Married 17 (73.9%) 84 (75.7%)
Single 1 (4.3%) 21 (18.9%)
Widowed | 4 (17.4%) 3 (2.7%)
Living Area Camp 5(21.7%) 34 (30.6%)
City 12 (52.2%) 42 (37.8%)
Village 6 (26.1%) 35 (31.5%)
Diet Normal 22 (95.7%) 108 (97.3%)
Vegetarian | 1 (4.3%) 3(2.7%)
DM No 18 (78.3%) 90 (81.1%)
Yes 5(21.7%) 21 (18.9%)
HTN No 16 (69.6%) 80 (72.1%)
Yes 7 (30.4%) 31 (27.9%)
HF No 22 (95.7%) 106 (95.5%)
Yes 1 (4.3%) 5(4.5%)
Dyslipidemia | No 15 (65.2%) 88 (79.3%)
Yes 8 (34.8%) 23 (20.7%)

DM: diabetes mellitus. HTN:

hypertension, HF: heart failure. Fisher’s exact test
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Both of the patients who are poor metabolizers experienced side effects, compared to one
third (33.3%) of the intermediate metabolizers and 13.2% of the normal metabolizers
(p<0.05). These numbers are shown in table 5.22.

Table 5.22: DPD status by side effect occurrence

DPD Status Side Effect: No (n=111) Side Effect: Yes (n=23)
Normal 99 (86.8%) 15 (13.2%)
Intermediate 12 (66.7%) 6 (33.3%)

Poor 0 (0.0%) 2 (100.0%)

Fisher’s exact test

The data does not show any significant association between age and side effects (p>0.05).
The proportion of patients with side effects was similar between the age groups. Younger
adults and middle-aged adults showed a similar percentage of side effects (35%) while older
adults had a percentage of 38%. The data is shown in table 5.23.

Table 5.23: Distribution of side effects by age group

Age Side effect
category

No Yes

Count N % Count N %
39 orless | 38 35.2% 7 35.0%
40-59 42 38.9% 7 35.0%
60 or 28 25.9% 6 30.0%
more

Pearson’s Chi-square.

Testing indicated that the majority of continuous variables were normally distributed,
permitting the use of parametric statistical analyses
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Chapter Six

Discussion

This study includes discussion of all parts of the dissertation, conclusion, limitations and
recommendations.

6.1 Discussion

Cancer is still considered one of the leading causes of morbidity and mortality worldwide,
and chemotherapy still plays a central role in cancer treatment across all health settings
(Obeagu & Obeagu, 2024). Among available chemotherapeutic agents, FPs are still widely
used as first-line or adjuvant therapies for numerous types of cancer such as colorectal,
breast, gastric, and other solid tumors (D’Amato et al., 2025; Krishnan, 2025). Their
extensive application results from their superior efficacy, relative affordability compared to
novel targeted therapies, and being recommended by international oncology guidelines
(Deac et al., 2020b). However, the therapeutic benefits of FPs are hindered by their toxicity
profile as between 10% and 40% of patients receiving them develop severe adverse effects
and around 0.5-1% experience fatal toxicities (Etienne-Grimaldi et al., 2023; Glewis et al.,
2022). These toxicities include gastrointestinal complications such as mucositis and
diarrhea, hematologic toxicities such as myelosuppression, dermatologic reactions such as
hand-foot syndrome, and cardiotoxic effects, all of which can disrupt or even prevent
continuation of cancer treatment (Wigle et al., 2023).

The variability in patients’ tolerance to FPs has been related, in a large part, to differences

in their metabolism mediated by the enzyme DPD, which is responsible for the metabolism

of 80—90% of administered FPs into their inactive metabolites (Zhou & Lauschke, 2022).

Deficiency in DPD, caused primarily by pathogenic mutations in the DPYD gene, leads to

impaired clearance of FPs and results in excessive accumulation of their toxic metabolites.
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The relationship between DPYD mutations and increased FP toxicity is now well-established
among various ethnicities (Deenen et al., 2016b; Henricks et al., 2018). Consequently,
testing for DPYD mutations before the beginning of treatment has become an internationally
recommended strategy that aids to predict the risk of toxicity and enable genotype-based
adjustment of doses, thereby improving patient safety.

International medical practice guidelines, including those from the CPIC, EMA, and ESMO,
now advocate for DPYD testing before the administration of FPs (Kleinjan et al., 2019;
Peeters et al., 2025). In Europe, for example, the widespread employment of these
guidelines’ recommendations has led to significant reductions in FP side effects leading to
reductions in hospitalization rates, improvements in QoL, and substantial healthcare cost
reductions (Hedtke et al., 2025; Roncato et al., 2024). However, the global adoption of
DPYD testing remains highly variable. In high-income countries such as France and the
Netherlands, DPYD testing is becoming a routine. On the other hand, in many lower-income
countries, such as those in the MENA region, implementation of DPYD testing remains
relatively insufficient due to barriers including cost, worse infrastructure, limited awareness
of providers and patients, and lack of structured national guidelines (Almashagbah et al.,
2022; Sukkarieh et al., 2023).

Palestine represents the challenges faced by LMICs in adopting pharmacogenomics in
general. The burden of cancer is increasing, caused by demographic changes,
epidemiological transition, and lifestyle factors (Abu-El-Noor et al., 2023). Despite that,
oncology services are still constrained by limited resources, fragmented governance systems,
and the high dependence on external funding and referrals. In such a context, the integration
of pharmacogenomics into regular healthcare could be considered as a luxury, due to the
presence of competing priorities such as securing chemotherapy supply chains or ensuring
access to basic medical imaging (Mitwalli et al., 2023). Simultaneously, the high toxicity
burden of FPs in cancer patients usually leading to hospitalization and treatment delays
signifies a clinical and financial problem that may potentially be improved through proper
implementation of DPYD testing (Maqdasawi et al., 2025).

Against this context, this dissertation aimed to explore DPYD testing in Palestine from three
interrelated perspectives:

e Healthcare providers (oncologists, residents, and clinical pharmacists): their
knowledge, attitudes, and practices are key to whether testing is considered,
recommended, and implemented.

e Cancer patients: their knowledge, practices, and WTP impact the acceptance and
feasibility of integrating pharmacogenomics into the national clinical practice
guidelines.

¢ Genetic and clinical evidence: by means of laboratory-based genotyping of actual
patient samples and toxicity outcome assessment. This provides empirical
confirmation of the prevalence of risk mutations and their association with FP
toxicity in Palestinian cancer patients.

62



Although each of the three perspectives provides unique insights, together, they form a
triangulated evidence base, that offers both depth and breadth. The provider component
reveals systemic and professional barriers to implementation while the patient component
highlights acceptance, trust, and financial constraints facing the patients. The genetic
component provides objective evidence of clinical need associated with the actual patient
outcomes.

The novelty of this dissertation lies in being the first comprehensive exploration of DPYD
testing in Palestine and also in its integration of these three perspectives. While previous
studies in the Middle East have separately examined provider knowledge (Sukkarieh et al.,
2023), patient knowledge and attitudes (Soueid et al., 2024), or the prevalence of mutations
(Almashagbah et al., 2022), none have triangulated all the three components together.

This design allows for richer integration: for example, understanding that patients’ WTP
depends on physicians’ endorsement, which in turn depends on adequate providers’ training,
which has to be justified by evidence of clinical benefit in the local patient population
(Dhanda et al., 2020; Hassan et al., 2024; Rozza et al., 2025).

Consequently, the dissertation both contributes local evidence to global pharmacogenomic
literature and also illustrates how LMICs can approach precision medicine realistically. The
findings reveal both readiness and barriers, awareness without adequate practice among
providers, willingness with financial constraints among patients, and significant but
preventable toxicity among genetic carriers. Together, these three aspects highlight the
feasibility of pharmacogenomic testing in Palestine while also underscoring the systemic
amendments required for its proper integration.

The following sections discuss each of the components in details, comparing their findings
with global literature, interpreting their implications into practice, and synthesizing them
into policy, practice, and research recommendations for Palestine and other LMICs.

6.1.1 Study I

The result emphasizes a notable deficiency in training regarding pharmacogenomics and
implementation of pharmacogenomic testing among HCPs. Although most participants
indicate that they have not received formal training in pharmacogenomics, no differences
were observed between roles, such as residents, clinical pharmacists, and physicians. Despite
this lack of training across all groups, a significant percentage still administer FPs,
underscoring the need for comprehensive educational initiatives to improve safety and
efficacy in clinical practice. This difference indicates that numerous HCPs may lack
comprehensive knowledge regarding the complex nature of pharmacogenomics and its
implications for drug therapy. This gap highlights the urgent need for targeted educational
initiatives and training programs to bridge the knowledge deficit among HCPs. Incorporating
pharmacogenomics into medical and pharmacy curricula, as well as offering continuing
education opportunities, could enhance practitioners' understanding and improve the safe
and effective use of FPs. This is particularly critical given the potential for severe adverse
drug reactions in patients with DPYD gene variants.
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It is encouraging to notice that almost 80% of HCPs have a high level of awareness about
the mutation linked to DPD deficiency and its impact on fluoropyrimidine toxicity. This
suggests that healthcare practitioners are generally well-informed about this important
genetic component. Nevertheless, it is worrisome that fewer than 50% of the participants
stated that they screen for DPD deficiency prior to prescribing FPs. This gap between
awareness and practice may be attributed to financial and logistical barriers, such as the high
cost of DPD testing, limited availability of testing facilities, and a lack of institutional
protocols, which hinder the integration of pharmacogenetic testing into routine clinical
practice. The lack of implementation in this domain may result in a higher likelihood of
severe toxicity in patients with DPD deficiency who receive FPs.

The indication that less than half of the participants reported their institution having explicit
standards for administering FPs implies a deficiency in uniformity within this domain. This
lack of standardized protocols can lead to inconsistent practices, increasing the risk of
adverse drug reactions and compromising patient safety. Without clear guidelines, HCPs
may fail to screen for DPD deficiency, resulting in suboptimal dosing or inappropriate
treatment that could reduce treatment efficacy and expose patients to potentially severe
toxicity. The absence of clear recommendations may lead to variations in prescribing
practices and potentially result in inferior outcomes for patients. For example, some
practitioners may omit screening for DPD deficiency altogether, leading to standard dosing
that could cause severe toxicity in patients with the mutation, while others might delay
treatment adjustments due to uncertainty or lack of access to testing. Such inconsistencies
can compromise both patient safety and the overall efficacy of FP-based therapies.

The significant incidence of serious toxicity associated with FPs (more than half) is alarming
and emphasizes the necessity for enhanced management measures. This rate appears to be
higher than the global average, where severe toxicity typically ranges between 10-30% in
patients receiving FPs. Such a stark contrast highlights potential gaps in screening practices,
dosing adjustments, or patient monitoring in the local context, underscoring the urgent need
for standardized protocols and broader implementation of DPD deficiency testing. One
method to reduce this risk is through DPYD testing, which can identify patients who have a
higher chance of experiencing toxicity as a result of DPD deficiency. Nevertheless, the very
low percentage of observations regarding the influence of DPD testing in clinical practice
(merely 33%) implies that this testing may not be extensively adopted or acknowledged as
being beneficial among HCPs. To improve adoption, strategies such as integrating DPD
testing into national treatment guidelines, subsidizing the cost of testing to reduce financial
barriers, and conducting educational campaigns to raise awareness about its clinical value
could be implemented. Additionally, policies mandating the inclusion of pharmacogenomics
in medical and pharmacy curricula and incentivizing healthcare institutions to adopt routine
screening protocols may further promote the use of DPD testing.

The low rates of standardization of DPD testing and promotion by the Ministry of Health
underscore the necessity for heightened awareness and implementation of this crucial
component of personalized medical care. Implementing standardized protocols and actively
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promoting DPYD testing has the potential to enhance uniformity in healthcare institutions
and ultimately enhance patient outcomes.

This indicates a lower-than-anticipated adoption of a screening test that is already regarded
as a standard procedure in numerous other countries like France and the Netherlands
(Lunenburg et al., 2020; Wormann et al., 2020). Consequently, our findings emphasize the
significance of promoting DPD screening prior to the administration of fluoropyrimidines.

The results uncover a significant pattern in the knowledge of the mutation associated with
DPD insufficiency across HCPs. Resident physicians demonstrated the greatest level of
familiarity, with clinical pharmacists and physicians following closely behind. Curiously,
there was a variation in awareness depending on professional experience, with individuals
in the intermediate range (5-7 years) demonstrating the highest level of familiarity. The
variance seen could be ascribed to the evolution of training methods or the influence of
emerging research at this particular phase of their professional lives. Moreover, the
discrepancy in understanding between private and governmental hospital settings implies
possible variations in instructional tools or focus on pharmacogenomics in these settings.

The data reveals a notable difference in the existence of guidelines for prescribing FPs
among various categories of HCPs and hospital environments. Guideline availability varied
across clinical pharmacists, physicians, and residents, with physicians and residents being
more likely to have guidelines compared to clinical pharmacists. The difference can be
attributed to the inherent characteristics of their positions and duties within the healthcare
system, since physicians and residents typically exhibit greater direct engagement in making
prescription decisions in comparison to clinical pharmacists. Additionally, differences in
funding, institutional priorities, and resource allocation between hospital environments may
further contribute to this variation. Private hospitals, for example, may have more resources
to develop and implement comprehensive guidelines, whereas governmental institutions
may face budget constraints and competing healthcare priorities.

Curiously, the correlation between the presence of guidelines and years of professional
experience was not consistently observed, contrary to what one might anticipate. This
implies that factors beyond experience, like institutional agendas, resources, or the
importance given to standardizing prescribing practices, might influence the creation or
execution of these guidelines.

The noticeable difference in the availability of guidelines between private and governmental
hospital settings highlights the impact of institutional factors on the existence of prescribing
guidelines. Private hospitals are more likely to have established guidelines compared to
public hospitals due to their greater resources and emphasis on quality improvement
programs.

Consequently, these findings emphasize the importance of having clear and easily available
guidelines for prescribing fluoropyrimidines in all healthcare environments, regardless of
the practitioner's level of expertise or type of facility. These suggestions can assist in

guaranteeing secure and efficient prescription practices, eventually enhancing patient results.
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The analysis indicates a difference in how various groups of HCPs perceive the effects of
DPD testing in clinical practice. Clinical pharmacists, physicians, and residents had varying
degrees of expertise in observing the impact of DPD testing. Among them, physicians had
the highest percentage of respondents who reported having such experience. The variation
in results can be linked to differences in roles and duties, since physicians are more inclined
to have direct participation in patient care decisions where DPD testing has an effect on
treatment options. To address this variation, targeted training programs on
pharmacogenomic applications and the clinical importance of DPD testing should be
developed for all healthcare roles. Additionally, implementing policies that promote
interdisciplinary collaboration could help ensure that all practitioners are equally informed
and involved in decisions related to DPD testing.

Interestingly, the correlation between the observation of the impact of DPD testing and years
of work experience was not consistently positive. This implies that variables other than
experience, such as exposure to training or access to resources, can affect the probability of
detecting the effects of DPD testing in clinical practice. To address this issue, targeted
training programs focused on pharmacogenomics and the clinical applications of DPD
testing should be implemented across all experience levels. Additionally, ensuring equitable
access to testing facilities and resources within healthcare institutions can help bridge this
gap and improve the integration of DPD testing into routine practice.

The observed statistically significant difference between HCPs in private and public
institutions in terms of their observation of the impact of DPD testing underscores the role
of institutional determinants. Private hospitals may possess stronger resources and prioritize
individualized medicine, resulting in a greater probability of witnessing the effects of DPD
testing in comparison to government hospitals.

The results of this study closely correspond to the findings of studies carried out in nearby
nations. A study carried out in Saudi Arabia also found a lack of proper genetic testing before
administering FPs, as well as a lack of awareness about established recommendations for
genetic testing (Sukkarieh et al., 2023).

Research conducted in the United States revealed that although the majority of oncologists
recognize the heightened risk of toxicity in patients with DPD deficiency and are open to
adjusting the dose of FP appropriately, only a small percentage of them believe in the
effectiveness of DPYD testing. Less than one-fifth of oncologists have ever requested the
test, and only very small numbers have ordered it for at least 10% of their patients receiving
FP treatment. The limited occurrence of DPD insufficiency and the absence of guideline
recommendations are significant obstacles to broader acceptance and implementation (Koo,
Pasternak, Henry, Sahai, et al., 2022).

The comparison to similar studies in Saudi Arabia and the U.S. provides valuable context
for understanding global challenges in implementing DPD testing. Cultural and economic
factors may contribute to these similarities and differences. For instance, in Saudi Arabia, a
lack of widespread genetic literacy and reliance on traditional practices may hinder
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awareness and adoption of genetic testing. In the U.S., despite higher access to advanced
technologies, skepticism about the cost-effectiveness of testing and varying guideline
recommendations may explain the limited use of DPYD testing. These findings underscore
the need for tailored strategies, such as improving awareness, aligning guidelines, and
addressing cultural and economic barriers, to enhance the adoption of DPD testing in diverse
healthcare systems.

The cost of DPD testing includes not only the direct expenses of genetic analysis but also
the infrastructural investments required for laboratory capacity, equipment, and trained
personnel. In Palestine, the lack of established pharmacogenomics programs and limited
access to specialized genetic testing facilities further complicate implementation.
Additionally, regulatory barriers, such as the absence of national guidelines or policies
mandating pre-treatment DPD screening, contribute to inconsistent adoption across
healthcare institutions. Overcoming these challenges will require coordinated efforts to
integrate pharmacogenomics into clinical practice, improve healthcare infrastructure, and
establish clear regulatory frameworks to support the safe and cost-effective use of FP-based
therapies.

A study evaluating the application of DPD deficiency testing in Europe, both before and
after the recommendations made by the European Medicines Agency (EMA), revealed a rise
in the utilization of both genotyping and phenotyping techniques following the guidelines.
The implementation of municipal norms has also seen an increase. In 2021, the
reimbursement coverage for both tests experienced an improvement, with just a limited
number of nations not providing coverage. Although significant obstacles persisted, a
smaller number of experts mentioned concerns around reimbursement and recognition after
the suggestions were made. In general, quarter of respondents indicated that they
encountered no obstacles in implementing the new testing procedure after the
recommendations were made (de With et al., 2023). These European practices could serve
as a model for Palestine by demonstrating the value of clear national guidelines, improved
reimbursement policies, and increased advocacy for testing. Adapting these strategies in
Palestine would require collaboration between healthcare policymakers, institutions, and the
Ministry of Health to establish unified protocols and allocate resources to make DPD testing
more accessible and feasible.

The development of second-generation FPs alternatives like CF10, which exhibit lower
systemic toxicity and greater anti-tumor activity, aligns with the goals of reducing the burden
of adverse events associated with current treatment regimens. These advancements may also
reduce reliance on DPD testing, especially in resource-limited settings where
implementation barriers persist. However, integration of such therapies into clinical practice
would still require robust training, guideline updates, and resource allocation to ensure
equitable access and effective use Click or tap here to enter text. Click or tap here to enter
text.
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Emerging research into innovative FP formulations offers promising solutions to mitigate
toxicity while enhancing efficacy. For instance, Okechukwu et al. (2024) demonstrated that
CF10, a second-generation FP(Okechukwu et al., 2024b).

To address the identified gaps, it is imperative to implement actionable measures aimed at
enhancing the safe and effective use of FPs. National training programs on
pharmacogenomics should be established to equip HCPs with the knowledge necessary to
integrate genetic testing, such as DPD deficiency screening, into routine practice.
Additionally, integrating DPD testing protocols into existing healthcare systems and making
them a mandatory component of treatment guidelines could standardize practices and reduce
toxicity risks. These initiatives, coupled with efforts to subsidize the cost of testing and
improve accessibility, would significantly enhance patient safety and optimize treatment
outcomes.

Policy changes proposed to the Ministry of Health could include mandating DPD testing as
a standard pre-treatment requirement for FPs, subsidizing testing costs to improve
accessibility, and establishing nationwide protocols to ensure uniform implementation
across healthcare institutions. Additionally, incorporating pharmacogenomics into medical
education and professional training programs could foster a culture of personalized
medicine. These measures would enhance early detection of DPD deficiency, minimize
severe toxicity risks, and improve overall treatment outcomes.

Despite promising awareness levels, the lack of widespread implementation and uniformity
in practices highlights the pressing need for actionable measures. Addressing these
challenges through targeted training, policy reforms, and resource allocation could
significantly enhance patient safety and treatment outcomes. Building on these insights, the
conclusion will outline practical recommendations and propose avenues for future research
to bridge these gaps effectively.

To ensure patient safety and align with international best practices, the Palestinian Ministry
of Health should take concrete steps to promote the integration of DPD testing into clinical
practice. Establishing national guidelines mandating DPYD genotyping or DPD enzyme
activity testing for patients receiving fluoropyrimidines is essential, with a focus on high-
risk groups such as those with a history of severe toxicity, renal or hepatic impairment, or a
family history of DPD deficiency. Oncology protocols should incorporate mandatory pre-
treatment DPD testing for colorectal, gastric, and breast cancer patients receiving 5-FU or
capecitabine. Additionally, investments should be made to expand laboratory infrastructure,
ensuring that molecular and biochemical diagnostic facilities are equipped to conduct DPYD
testing, alongside training programs for healthcare professionals to properly interpret and
utilize results. To increase awareness and adherence, educational campaigns and continuing
medical education (CME) programs should be implemented, highlighting the role of DPD
testing in preventing severe adverse drug reactions. Given financial constraints, the
Palestinian Ministry of Health should explore subsidies, public-private partnerships, and
integration into health insurance schemes to make testing more accessible and affordable.
Finally, a national registry should be established to track testing uptake, FP toxicity cases,
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and clinical outcomes, enabling continuous policy refinement and improved accessibility
over time. Implementing these measures will enhance patient safety, optimize FP therapy,
and reduce the incidence of severe drug-related toxicity in Palestine.

6.1.2 Study II

This study is the first to examine how Palestinian cancer patients view pharmacogenomic
testing. The findings show strong acceptance but low awareness. These patterns align with
global data and reveal major gaps in local systems.

6.1.2.1 Knowledge of Pharmacogenomic Testing

Overall awareness and uptake of pharmacogenomic testing were low, and many participants
demonstrated limited understanding of its purpose and application. In contrast, only a small
subset of respondents reported being sufficiently familiar with pharmacogenomic testing,
highlighting a clear knowledge gap. These findings are similar to global data: in Saudi
Arabia, patient awareness was only about 17% (Sukkarieh et al., 2023) while in the U.S.,
awareness was around 28% (Haga et al., 2016).

The low levels of knowledge in Palestine therefore are similar to international experience
but are more intense because of the lack of structured patient education programs and limited
integration of genetic testing into clinical practice (Soueid et al., 2024). Notably, participants
with higher education and higher income showed better understanding. Health literacy,
including functional and genetic literacy, likely plays a critical role in shaping patients’
comprehension and engagement with pharmacogenomic testing. This highlights how social
disparities may worsen inequities in access to genomic advances (Zhang et al., 2022).
Addressing these gaps will require technical adoption in addition to tailored educational
interventions to empower patients across different socioeconomic backgrounds.

6.1.2.2 Attitudes Toward Testing

Despite their poor knowledge, patient attitudes were generally positive. Less than half of the
participants believed that pharmacogenomic testing can help doctors choose the best
treatment, while almost the same percentage trusted its accuracy. Similar attitudes were
reported in Canada and the USA; around half of patients expressed favorable views once the
test was explained (Asiedu et al., 2020).

Remarkably, around half of the participants indicated that they would undergo testing if it
was recommended by their physician. This reflects the great influence of healthcare
professionals, as also shown in European studies where physician endorsement was the
strongest predictor of uptake (Edris et al., 2022; Truong et al., 2020). For Palestine, this
suggests that training oncologists and pharmacists to counsel patients can substantially
increase test acceptance within patients. Concerns about insurance discrimination were
relatively high compared to the U.S., where up to 30% worry about this (A. A. Lemke et al.,
2018), reflecting the stronger role the insurance locally plays. This high level of concern
could facilitate implementation, because ethical barriers may be as pressing as financial ones
(Y. M. Lee et al., 2018).
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6.1.2.3 Preferences and Practices

Two-thirds of the participants preferred their pharmacogenomic results to predict both the
treatment effectiveness and the risk of side effects, being similar to international findings
which indicate that patients appreciate information about both efficacy and safety (Magavern
et al., 2025; Olson et al., 2017). Most of the participants were willing to provide a blood
sample, which is also similar to willingness rates between 65—-80% in Europe and Asia (Haga
etal., 2016).

Decision-making choices showed that most of the participants were in favor of sharing the
decision-making with their doctor rather than leaving the decision to the doctor alone. This
reflects a growing demand for autonomy in a system that has traditionally been doctor-
driven. For practice, this indicates that introducing pharmacogenomic testing in Palestine
should be accompanied by structured decision-making sharing frameworks to ensure that
patients remain active partners in their care.

6.1.2.4 Willingness to Pay and Cost Perceptions

The amount of money the participants were willing to pay for the test, and the perceived
“reasonable” cost are below the usual cost of pharmacogenomic testing in high-income
countries (300600 USD). US patients reported WTP of 100400 USD (Bielinski et al.,
2017b) while in Europe, patients typically expect full coverage by public health systems
(Peruzzi et al., 2025).

Waiting time for the result was almost distributed evenly between all the periods, so more
than half of the participants were willing to wait for less than one week. As test results
usually need a period of about two weeks for accurate results, this can be considered among
the most significant barriers to implementation of the testing process.

In Palestine, a high percentage expected that the government and donors should cover the
cost, while only a very small percentage felt patients should pay for the test. This underscores
the reality that financial barriers not attitudinal barriers are the greatest challenge to
implementation of the testing process (Abbas et al., 2025; Gibson et al., 2017). From a policy
perspective, introducing pharmacogenomic testing will require external funding or
integration into government health programs, otherwise uptake will remain lower than
expected. In the Palestinian context, continuous political instability further restricts health
system financing, laboratory capacity, and sustainability of care, creating more structural
barriers that distinguish Palestine from many other LMICs and may further delay proper
adoption of pharmacogenomic services.

6.1.2.5 Sociodemographic differences

Higher education and higher income were associated with better knowledge, while age and
employment showed less pronounced effects. These results are consistent with worldwide
data, where socioeconomic status is the key predictor of pharmacogenomic knowledge
(Asiedu et al., 2020; Chapdelaine et al., 2021). Interestingly, the willingness to pay was not
strongly linked to income, indicating that financial limitations are prevalent and not limited
to lower-income groups (Bignucolo et al., 2023; Zhang et al., 2022).
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Additionally, participants who believed that pharmacogenomic testing was accurate were
more likely to agree to give blood samples and to pay for the test. This confirms international
findings that trust in medical procedure’s validity is a critical driver of uptake and highlights
the importance of clear communication between physicians, healthcare institutions and
patients (Marzo et al., 2022; Truong et al., 2020).

Across all dimensions, Palestinian patients demonstrated limited awareness, but moderate
acceptance of the pharmacogenomic testing once given some information. This is similar to
international experience and highlights education, physician engagement, and financial
support as the three drivers for successful implementation of the whole procedure. If these
barriers are addressed, pharmacogenomic testing could be integrated into clinical
chemotherapeutic practice in Palestine and potentially improve treatment safety and
outcomes.

6.1.3 Study III

This study aimed to determine the effect of DPYD genetic variants on FP toxicity in the
Palestinian cancer patients. We found that a minority of patients carried DPYD variants
related to reduced DPD enzyme activity. The incidence of grade >3 side effects in the sample
was comparable to previous studies in other populations. Hand-foot syndrome and severe
fatigue were the most common side effects. DPYD genotype was strongly associated with
side effect risk. These findings support the main hypothesis that DPYD mutations are
connected to FP side effects and that genotype-based dosing can improve treatment safety.

6.1.3.1 DPYD Metabolizer Status

The observed distribution of DPD metabolizer phenotypes in this study highlights the
clinical relevance of DPYD genotyping in this population. Approximately 15% of patients
were abnormal DPD metabolizers (intermediate or poor), a proportion on the higher end of
that reported in other populations. For instance, 8% of patients were found to carry DPYD
mutant alleles in a large prospective European study (Henricks et al., 2018). The higher rates
in this study may reflect genetic differences or the inclusion of the DPYD ¢.1236G>A
mutation, which shows variable frequency across ethnic groups.

In Jordan, a pharmacogenetic study identified several DPYD mutations linked to FP toxicity
in colorectal cancer patients. This shows that DPD polymorphisms are present and clinically
important in Middle Eastern populations (Almashagbah et al., 2022). This data suggests that
a fraction of patients in our region carry DPYD mutations that may predispose them to FP
toxicity. Consequently, early identification of these patients is critical. Our study adds
regional data to the global literature and reinforces the importance of integrating DPYD
genotyping into cancer treatment.

The finding that around 15% of the sample had reduced DPD metabolic capacity underscores
a clear opportunity for personalized medicine to improve safety in the Palestinian cancer
therapy.

71



Worldwide, DPYD variants associated with decreased function show marked differences
across populations. In European populations, the combined carrier frequency of clinically
important variants is estimated at 5 to 7 percent (Nguyen et al., 2024). Within Europe, these
frequencies also vary remarkably; they are around 2% overall, but shown to be reaching
3.3% in Germany, 2.6% in the Netherlands, and approximately 2.4% in Finland while other
variants remain closer to 1% or below (Amstutz et al., 2018; Zhou & Lauschke, 2022).

Outside Europe, prevalence is generally lower, around 0.2% in East Asia and Africa, about
0.8% in Latin populations, and about 0.7% in Ashkenazim (Zhou & Lauschke, 2022). In East
Asians, these variants are nearly absent (<0.1%), while in South Asians prevalence is
somewhat higher at 0.3—1.5%, and in Middle Eastern groups it is about 0.3% (Chan et al.,
2024). In populations of African origin, an additional decreased-function variant occurs at
about 2 percent on average, with a range of 1 to 4 percent. Variants common in Europeans
are rare in these groups (Chan et al., 2024).

To our knowledge, this is the first study to assess the prevalence of the clinically important
DPYD mutations in Palestine and their impact on the toxicity of FPs. This study will help
fill this clinical gap in pharmacogenomics and help create a more patient-specific choice of
therapy and individualization of treatment.

6.1.3.2 FP-Related Toxicity and DPYD Genotype Associations

Consistent with the known toxicity profile of FU, about one in six patients (17.2%)
experienced severe FP-related side effects in this study. This rate is similar to previous
studies, which indicate that around 10-40% of patients on FPs develop serious toxicity
(Henricks et al., 2018). Our slightly lower observed rate may reflect the benefit of genotype-
based dose adjustments or differences in treatment regimens.

The variety of side effects we observed led by hand-foot syndrome and severe fatigue
followed by gastrointestinal mucositis, myelosuppression, and cardiotoxicity is similar to
the toxicity patterns documented in other studies (De With et al., 2023; de With et al., 2023).
For example, studies in metastatic colorectal cancer have reported that diarrhea, mucositis,
bone marrow suppression, and hand-foot syndrome are among the most frequent grade >3
side effects of FPs (Alzahrani et al., 2023). The results confirm that classic FP side effects
are prevalent in this setting. This reinforces that FP toxicity is a universal clinical challenge.

Specifically, the current data demonstrates a clear association between DPYD mutations and
toxicity risk. In other words, patients carrying a DPYD mutation were 2—-3 times more likely
to suffer a severe side effect than those with the normal enzyme. This trend is similar to
extensive evidence from other populations which indicates that DPYD mutation carriers
have a significantly elevated risk of severe FP side effects. Mechanistically, DPD deficiency
leads to decreased degradation of FPs and accumulation of toxic metabolites, which may
exacerbate cardiotoxicity in addition to gastrointestinal and hematologic toxicity through
enhanced systemic exposure and endothelial injury (Deenen et al., 2016b; Glewis et al.,
2022; Otero-Torres et al., 2025; Traynor, 2024; White et al., 2025).
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These results strongly support these observations in the context of a Middle Eastern,
providing realistic evidence that DPYD genotypes meaningfully influence toxicity risk.
Notably, both of the patients in this study who were poor metabolizers (DPYD activity score
<0.5) experienced severe side effects, showing the clear risk of treating individuals with
DPD mutations with full-dose FPs.

These findings are also in line with global evidence showing that patients who have
decreased-function DPYD variants are significantly more prone to experience severe FP-
related side effects. Large analyses have demonstrated that mutation carriers face evidently
higher risks of hospitalization and treatment-related mortality compared to non-carriers (de
Moraes et al., 2024).

Research shows that DPYD deficiency accounts for 40 to 60 percent of the most severe FP-
related side effects in chemotherapy practice (Chan et al., 2024). This highlights the
importance of considering patient genetic makeup as a key factor in chemotherapy safety
across populations (Hishinuma et al., 2022).

Worldwide, the estimated prevalence of grade >3 side effects in patients treated with FPs is
between 10-30% while up to 1% of them may experience treatment-related death. These
rates are much higher than in patients without DPYD mutations. Pre-treatment DPYD testing

should be regarded as a practical strategy to reduce toxicity and improve treatment outcomes
(De Mattia et al., 2024).

In summary, the strong connection between DPYD mutations and side effects observed in
the study’s participants highlights the predictive value of DPYD genotyping for identifying
individuals at higher risk of adverse outcomes on FP therapy.

6.1.3.3 Other clinical factors

In addition to genetic factors, several clinical factors also were shown to affect toxicity risk
in this study. Patients with older age did not tend to have a higher rate of severe side effects
compared with younger patients indicating that age alone is not a predictive factor for
toxicity in this population. This observation, however, differs from older studies showing
that age-related changes in drug metabolism and having other comorbidities increase the risk
of treatment toxicity (Boisdron-Celle et al., 2017).

Female patients were seen to have relatively higher susceptibility to toxicity than male
patients. Similar results have been described in previous literature and are thought to be
caused by pharmacokinetic differences, hormonal factors, and smaller average body surface
area in women compared to men (Ozdemir et al., 2022).

Having other comorbidities was shown to affect the likelihood of side effects. Patients with
hypertension, diabetes and dyslipidemia had a higher percentage of side effects compared to
those without. Although these differences were not statistically significant, they appear to
contribute to increasing the vulnerability of the patients to chemotherapy-induced side
effects. This is similar to previous studies where comorbidities were not shown to be
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consistent independent predictors of chemotherapy induced side effects (Boisdron-Celle et
al., 2017).

Sociodemographic factors such as smoking, dietary habits and living area did not show any
statistically significant relationship with the prevalence of side effects. Interestingly, marital
status was the only baseline factor that was shown to be significantly associated with the
occurrence of side effects. Although the biological explanation for this is unclear, previous
studies have shown that psychosocial support can improve adherence and tolerability of
chemotherapy among married patients (Kroenke et al., 2018).

6.1.3.4 Impact of Genotype-Guided Dose Adjustment on Outcomes

A major finding of the study is that pre-treatment DPYD genotyping with adjusted-dose
therapy was associated with markedly improved safety outcomes. It shows the protective
effect of genotype-based dosing. Other studies report similar results. Henricks et al. found
that pre-treatment dose reductions of 25 to 50 percent for DPYD variant carriers normalized
5-FU exposure and lowered the risk of grade 3 or higher toxicity. The toxicity rate in carriers
then matched the rate seen in non-carriers (Henricks et al., 2018). These findings align with
international guidelines. CPIC and EMA recommend pre-treatment DPYD testing and
genotype-based dose adjustments as standard clinical practice (Amstutz et al., 2018;
Lunenburg et al., 2020).

In that analysis, DPYD*2A heterozygous carriers who received a 50 percent dose reduction
had about 31 percent incidence of severe toxicity, compared to 72 percent at full dose (Ho,
Smith, Aquilante, Cicali, E1 Rouby, Hertz, Imanirad, Patel, Scott, Swain, Tuteja, Hicks, et
al., 2025). A 2022 meta-analysis of 17 studies also found that pharmacogenetics-based FP
dosing lowered the relative risk of severe side effects by about 68 percent compared to
standard dosing (Glewis et al., 2022).

In this study, severe side effects were strongly linked to adverse outcomes. More than half
of patients with grade 3 or higher toxicity required hospitalization or emergency care. About
34.8 percent had to discontinue treatment. By contrast, none of the patients without severe
toxicity were hospitalized and treatment discontinuation in that group was less than 2%. This
important contradiction which is also reported in prior literature (Tentoni et al., 2024)
indicates how toxicity affects cancer therapy. Therefore, reducing toxicity through
individualized dosing can lead to more continuous treatment and potentially better overall
outcomes. Data in this study indicates that DPYD genotyping led to relatively lower rates of
treatment interruption and discontinuation in the study sample, as the doses were precisely
adjusted in patients at risk. By reducing the probability of side effects and avoiding
unnecessary treatment interruption and discontinuation, better outcomes are attained,
leading to improved survival.

Additionally, from the perspective of the health-system, genotype-based dose modification
has also been proven to reduce the hospitalization costs and improve the cost-effectiveness
of chemotherapy, mainly by preventing avoidable severe side effects (Deenen et al., 2016b).
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However, equitable access to routine DPYD testing remains inconsistent across different
countries, particularly in those with low- or middle-income, limiting the global reach of these
safety benefits (Hishinuma et al., 2022). Based on the high number of at-risk patients in this
population, improving access to DPYD testing in Palestine can lead to a meaningful
improvement in patient safety despite the limited resources available.

In summary, implementing genotype-guided dosing improves patient safety and may also
help preserve the integrity of the treatment course by decreasing the likelihood of treatment
interruption or discontinuation.

6.2 Conclusions

The level of knowledge of healthcare providers regarding the importance of
pharmacogenomics and its perceived role in improving patient safety was shown to be
adequate. However, there was a great gap in knowledge, awareness of available guidelines,
and confidence in the interpretation and application of the test results. A high number of
oncology specialists expressed concern about the lack of adequate local infrastructure
including a specialized pharmacogenomics laboratory and absence of structured, well-
verified institutional protocols to lead dose adjustment based on genetic test findings. These
gaps suggest that although the clinical community is interested, further capacity building is
essential before pharmacogenomic testing can be routinely applied.

The patient survey gave a complementary point of view, as it indicated that patients are both
aware of and anxious about chemotherapy-related side effects. Most of the participants
expressed their willingness to undergo genetic testing if it could reduce their risk of severe
side effects, hospitalizations, or treatment delays. Specifically, many of the participants
indicated their willingness to pay for these services, although their financial capacity varied
widely, and concerns about equitable access were clearly evident. This reinforces the
aforementioned issue that while demand and acceptance exist, policy structures and health-
financing mechanisms are necessary to ensure that testing does not become a privilege that
is available only to wealthier patients.

Finally, the genotyping component demonstrated the presence of clinically significant
DPYD variants among Palestinian cancer patients, and that their presence may lead to an
increased risk of FP-induced side effects. These findings are consistent with international
data and indicate that the risks observed globally are also highly relevant within the
Palestinian cancer patients. Particularly, the frequency of some mutations appeared to be
comparable to the rates that are reported in other populations, providing a solid foundation
for clinical translation.

Altogether, these three parts of evidence meet to prove that pharmacogenomic testing is
clinically recommended and also socially and financially acceptable in Palestine. Yet,
adopting this evidence into practice is restricted by many factors such as limited
infrastructure, financial problems, and the absence of clear policy frameworks.
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Therefore, this contributes new scientific knowledge and practical insights into how
precision medicine may be introduced into a healthcare system with very limited resources.
Ultimately, the findings strongly support integration of pharmacogenomic testing into
national cancer treatment strategies as a method of improving treatment safety, reducing
avoidable morbidity, and moving Palestinian oncology closer to international standards of
personalized care.

6.3 Limitations

This dissertation included three interrelated studies exploring healthcare providers’
perspectives, patients’ knowledge and willingness to pay, and clinical outcomes of DPYD
genotyping in FP-treated patients. While the findings of the dissertation give valuable
insights, few limitations should be recognized.

1- Study design. The healthcare provider and patient surveys were cross-sectional in
design, which limits their causal interpretation. The pharmacogenomic part of the study
was observational and therefore susceptible to confounding from clinical and treatment-
related factors. Among the important limitations is that many of the patients were using
combination regimens, so some of the side effects might have been caused by other
medications or treatments.

2- Sampling and generalizability. Participants were chosen from the selected oncology
centers in the West Bank. Although these are key local hospitals, the results may not
represent practices and outcomes in all Palestinian regions or healthcare settings.

3- Self-reported and clinical data. The responses of the patients may have been
influenced by recall bias or social desirability bias. In the genotyping study, adverse
events were recorded from files of the hospital, which may not capture all toxicity events
that actually occurred.

4- Genetic coverage. The laboratory testing included the major DPYD mutations that are
known to have important clinical effects but did not concentrate on rare mutations.

5- Sample size and subgroup analysis. Some genotype subgroups, especially poor
metabolizers, were small in number, which limited the precision of comparisons
between subgroups.

6- Outcome scope. The pharmacogenomic analysis focused on acute grade >3 toxicities.
Other long-term outcomes such as treatment efficacy, patient survival, or quality of life
of the patients were beyond the scope of the study.

Taken together, these limitations show the practical challenges naturally faced in conducting
pharmacogenomic and behavioral research in settings with limited resources. They should
be considered when interpreting the findings and in designing future studies.

6.4 Recommendations

1. Integration into Clinical Guidelines
e Pharmacogenomic testing should be incorporated into national and institutional
chemotherapy protocols as a necessary step before initiating treatment
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Structured and locally adapted dose-adjustment recommendations should be
communicated to oncology specialists. These recommendations should be aligned
with international recommendations.

Capacity Building and Professional Education

Intensive training programs should be designed to strengthen the knowledge of
oncology specialists regarding pharmacogenomics and increase their practical
confidence in applying test results.

Pharmacogenomic modules should be integrated into undergraduate and postgraduate
medical curricula, which will help institutionalize knowledge in the long term.

Training workshops, continuous medical education programs, exchange opportunities
and international cooperation processes should be encouraged to improve medical
staff expertise.

Laboratory Infrastructure

To improve local medical capacity, a specialized pharmacogenomics laboratory should
be established. It should have trained personnel and accurate machinery capable of
performing all kinds of pharmacogenomic tests.

As a temporary solution while local capacity is being developed, regional collaborations
with neighboring countries could provide the required results.

Standardized reporting protocols and quality assurance mechanisms that ensure clinical
reliability should be developed through partnership between the government and the
local institutions.

Patient-Centered Implementation

All implementation strategies must keep in mind affordability and equity. Co-payment
or partial insurance coverage could be explored, but, due to limited resources, donor
or governmental aid will be necessary to avoid large disparities between recipients.

Patient education campaigns should explain the purpose and benefits of
pharmacogenomic testing. This can help patients perform informed decision-making
and build mutual trust between patients and treatment systems.

In addition, counseling services should be performed prior to the testing process to
explain and respond to ethical concerns, data privacy issues, and practical
implications of the testing process.

Policy, Regulation, and Financing

A regulatory framework that governs pharmacogenomic testing, covering accreditation,
payments, and various ethical considerations should be established through a
partnership between the MOH, health institutions and representatives of the public
sector.

Health insurance companies and other governmental bodies should be engaged in the
policy development process to include pharmacogenomic testing in essential health
packages.
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6. Research and Monitoring
Large, multicenter studies should be conducted to draw a clearer picture of the frequency
and spectrum of important genetic mutations in Palestine and their relationship with
clinically important drugs.
Prospective clinical trials or cohort studies should be conducted to evaluate the actual
impact of pharmacogenomic testing on reducing toxicity, hospitalization, treatment costs
and mortality rate.
Cost-effectiveness analyses should be performed by health economy experts to
demonstrate and strengthen the case for policy adoption.
A national registry of chemotherapy toxicity incidents and genotyping results would
allow ongoing monitoring, quality improvement, and research.
Integration of clinical pharmacy services into pharmacogenomic workflows should be
prioritized, with clinical pharmacists actively involved in interpreting test results,
supporting fluoropyrimidine dose optimization, and coordinating pharmacogenomic-
guided therapy within multidisciplinary oncology teams.
Empowering clinical pharmacists as implementation leaders through targeted
pharmacogenomics training and formal inclusion in institutional and national guideline
development will strengthen the translation of pharmacogenomic evidence into routine
clinical practice, particularly in resource-limited healthcare settings such as Palestine.
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Appendix 2: Healthcare providers’ consent form- English

School of Public Health — Al-Quds University

Consent Form for Participants

Study: "Knowledge, Attitudes, and Practices of Oncology Specialists Regarding
Pharmacogenomic Testing for Fluoropyrimidines"

Dear Participant,

I am student Mohammad Dweib conducting this research as part of my doctoral
dissertation in Public Health at Al-Quds University, School of Public Health, under the
supervision of Dr. Hussein Hallak.

This study aims to assess the knowledge, attitudes, and practices of oncology specialists
regarding pharmacogenomic testing for fluoropyrimidines. Participation involves
completing a questionnaire. All information collected will be kept strictly confidential.
Participation is voluntary, and you may withdraw at any time without any consequences.

Your participation in this study includes:

- Completing a questionnaire regarding knowledge, attitudes, and practices of oncology
specialists related to pharmacogenomic testing for fluoropyrimidines.

Signing this form means that I agree to the following:

Statement Yes No

I have been informed about the purpose of this O O
study by the researcher.

I have been informed that my personal information | ] O
and all information collected during this research
will remain confidential and will be used for
scientific purposes only.
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I understand that I have the right to withdraw from | [J O
the study at any time.

I have the option not to answer any question I O O

choose.
Participant’s Name: Signature: Date:
Researcher’s Name: Signature: Date:

If you have any questions or need additional information, please contact: 0569941337
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Appendix 3: Healthcare providers’ consent form- Arabic
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Appendix 4: Healthcare providers’ data collection form

Cudl) Anala ~dalal) dawall 4,08

Awareness and Attitudes of Healthcare Providers toward
Dihydropyrimidine Dehydrogenase (DPD) Testing with
Fluoropyrimidines in Palestine.

Please answer the following questions.

Demographic information
Designation
Physician.

Resident.

Clinical Pharmacist.
Degree Obtained
Inside Palestine.
Outside Palestine.
Age group

23-35 years.

36-45 years.

46-59 years.

>60 years.

Years of Experience
<2

109



2-4

5-7

8-10

> 10

Hospital

Dora Governmental Hospital .

Augusta Victoria Hospital / gkl
An-Najah National University Hospital.
Istishari Arab Hospital .

Palestine Hospital / 4la

Other Governmental Hospitals :

Other Private Hospitals :

Type of Hospital You Work in:
Specialized oncology Center.
Primary/secondary care.
Another tertiary center.

Do you participate in tumor genomic board, tumor molecular board in your current
institution?

Yes

No

What do you mostly follow as a reference when ordering a specific molecular test?
Published practice guidelines.

Institutional guidelines.

Personal experience.

Cancer-genomics specific guidelines.

Other (please specify):

Have you received any formal training or education in pharmacogenomics?
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Yes
No

If yes, where did you receive your education or training in Pharmacogenomics? (you
can select more than one choice if applicable)

University education.

Scientific conferences.

Hospital seminars.

Continuous medical education (CME).
Online courses.

Fellowship program.

Research.

Experience through practice.

No formal training.

Other (please specify):
Dihydropyrimidine Dehydrogenase Deficiency (DPD):

Do you usually prescribe Fluoropyrimidine (5-fluorouracil (5-FU) and Capecitabine)
for patients with Cancer?

Yes

No

If yes; which type of cancer would you prescribe it for?
Colorectal cancer.

Breast cancer.

Other types of cancer:

Are you aware of a mutation that causes Dihydropyrimidine Dehydrogenase
Deficiency? (DPD)?

Yes

No
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If yes; are you aware of its complications; e.g. PD toxicity of Fluoropyrimidine (5-
fluorouracil (5-FU) and Capecitabine)?

Yes

No

How often do you screen for DPD deficiency prior to prescribing Fluoropyrimidine?
a) Always

b) Sometimes

c) Never

Are there guidelines for prescribing Fluoropyrimidine in your hospital?

Yes

No

Not sure

Is there enough research being done in Palestine on screening for DPD prior to
prescribing Fluoropyrimidine?

Yes

No

Not sure

Have you seen patients with severe toxicity related to use of Fluoropyrimidine?
Yes

No

Have you seen the impact of DPD testing in your clinical practice?

a) Yes

b) No

Is there any standardization of Dihydropyrimidine Dehydrogenase (DPD) Deficiency
practice done by ministry of health?

Yes
No

Not sure
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Does the ministry of health promote the practice of Dihydropyrimidine Dehydrogenase
(DPD) Deficiency test prior to Fluoropyrimidine (FP) group of medications?

Yes

No

Not sure

Thank you
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Appendix 5: Patient consent form- pharmacogenomics study- English

Al-Quds University

Consent to Participate in a Scientific Research Study

Research Title: Pharmacogenomic and Clinical Factors Associated with
Fluoropyrimidine Side Effects in Palestinian Cancer Patients

Principal Investigator: Mohammad Khalaf Dweib
Research Supervisor: Dr. Hussein Hallak

Dear participant,
This research is conducted by the School of Public Health at AI-Quds University and aims
to improve the quality of life of patients.

Please note the following:

- Your participation in this study is completely voluntary. It is intended to benefit the
community, scientific research in general, and cancer patients in particular.

- If you choose to participate, your name will remain confidential, and you have the right to
withdraw at any time without any consequences.

- The Research Ethics Committee at Al-Quds University has approved the study. This
committee is the institutional reference body for research and studies.

I, the undersigned participant, have read and understood the information above, and based
on that, I agree to take part in this research.

Signature: Date:
The questionnaire consists of 24 questions divided into four sections. Please answer all

questions to ensure accuracy in handling the data.

Thank you for your valuable participation.
Research Team

For questions or communication, please contact: 0569941337

Appendix 6: Patient consent form- pharmacogenomics study- Arabic
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Appendix 7: Patient assessment tool- pharmacogenomics study

Pharmacogenomic and clinical factors associated with the side effects of
fluoropyrimidines in Palestinian cancer patients

Participant assessment tool

Participant number: Location: Date:

Sociodemographic factors

Sex: [ Male [] Female

Age:

Weight:
Height:

BMI:

Smoking: [ Yes ! No [] Previous

Alcohol intake: [] Yes [J No [] Previous

Clinical factors

Other comorbidities:

Disease status:

"1 Locally advanced CRC
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"] Metastatic CRC

"I Locally advanced BC
"l Metastatic BC

1GC

(1 Other:

Previously treated with chemotherapy: [ Yes [1 No

Type:

Duration:

Date of cessation:

Treatment regimen:

Radiation use: [ Yes [1 No

Genetic factors

DPYD gene result:

Score:

Patient DPD classification:

"1 DPYD Normal Metabolizer

"I DPYD Intermediate Metabolizer
"I DPYD Poor Metabolizer
Recommendation to physician:

I Based on genotype, there is no indication to change dose or therapy. Use label-
recommended dosage and administration.

1 Reduce starting dose based on activity score followed by titration of dose based on
toxicity or therapeutic drug monitoring.

1 Activity score 1: Reduce dose by 50%
1 Activity score 1.5: Reduce dose by 25% to 50%

] Activity score 0.5: Avoid use of 5-fluorouracil or 5-fluorouracil prodrug-based regimens.
In the event, based on clinical advice, alternative agents are not considered a suitable
therapeutic option, 5fluorouracil should be administered at a strongly reduced dose
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with early therapeutic drug monitoring.

] Activity score 0: Avoid use of Sfluorouracil or 5-fluorouracil prodrug-based regimens.

Physician decision:

] Approve recommendation
] Reject recommendation

[] Modify recommendation

Modification (if applicable):

Recommendation applied: [] Yes [] No

Dose:

Toxicities
Toxicity: [1 Yes [1 No

Gastrointestinal

Type Severity Date Frequency

[1 Diarrhea

[1 Oral mucositis

[J Nausea/vomiting

[J Other
gastrointestinal

Myelosuppression

Type Severity Date Frequency

[J neutropenia/febrile
neutropenia
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[J Thrombocytopenia

[J Unexplained
anemia

[J Other
Myelosuppression

Cardiac

Type Severity Date Frequency

[J Chest pain

[J Palpitation

[l Dyspnea

[J Cardiogenic shock

[J Arrhythmia

[1 Abnormal echo

[J Elevation of
myocardial enzyme

[1 Other

Skin and Subcutaneous

Type Severity Date Frequency

[1 Hand-and-Foot
Syndrome

[1 Dermatitis

[1 Nail Disorder

[J Alopecia

[1 Other
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General

Type

Severity

Date

Frequency

[J Fatigue/weakness

[J Pyrexia

[1 Edema

[ Pain

[1 Other

Complications

Treatment interruptions: [ Yes [1 No

Treatment discontinuation due to toxicity: [1 Yes [1 No

Hospitalization: [] Yes [] No

Treatment-related death: [1 Yes [ No
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Appendix 8: Patient KAP consent form and questionnaire- English

Consent to Participate in a Scientific Research Study

Research Title: Cancer Patients’ Opinions and Experiences Regarding
Pharmacogenomic Testing and Its Cost

Principal Investigator: Mohammad Khalaf Dweib
Research Supervisor: Dr. Hussein Hallak

Dear participant,

This research is conducted by the School of Public Health at Al-Quds University and aims
to improve the quality of life of patients.

Please note the following:

- Your participation in this study is completely voluntary. It is intended to benefit the
community, scientific research in general, and cancer patients in particular.

- If you choose to participate, your name will remain confidential, and you have the right to
withdraw at any time without any consequences.

- The Research Ethics Committee at Al-Quds University has approved the study. This
committee is the institutional reference body for research and studies.

I, the undersigned participant, have read and understood the information above, and based
on that, I agree to take part in this research.

The questionnaire consists of 31 questions divided into seven sections. Please answer all
questions to ensure accuracy in handling the data.

Thank you for your valuable participation.
Research Team

For questions or communication, please contact: 0569941337
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School of Public Health — Al-Quds University
Participant Consent Form

Cancer Patients’ Opinions and Experiences Regarding Pharmacogenomic Testing
and Its Cost

Signing this form means I agree to the following:

Statement Yes No

I have been informed about the purpose of this study O O
by the researcher.

I have been informed that my personal information | O
and all information collected during this study will
remain confidential and will be used for scientific
research purposes only.

I understand that I have the right to withdraw from this | ] O
study at any time.

I have the option not to answer any question I choose. | [ O
Participant’s Name: Signature: Date:
Researcher’s Name: Signature: Date:

If you have any questions or need additional information, please contact:

Mohammad Khalaf Dweib
Email: mohammadd@hebron.edu

Thank you for your valuable participation.
Research Team

Questionnaire: Cancer Patients’ Opinions and Experiences Regarding
Pharmacogenomic Testing and Its Cost
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Section 1: Demographic Information
How old are you?

What is your gender?

Male

Female

What is your marital status?

Single

Married

Divorced

Widowed

What is your highest level of education?
No education

Primary

Secondary

University

Postgraduate

What is your current employment status?
Full-time

Part-time

Unemployed

Retired

Housewife

Other

What is your monthly income?

Less than 1000 NIS

1000-3000

3000-5000
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More than 5000

How many people live in your household?
One

Two

34

Five or more

Section 2: Clinical History

What type of cancer were you diagnosed with?
Colon

Breast

Lung

Other

What is your cancer stage?

Stage |

Stage 11

Stage 111

Stage IV

Not sure

What treatment(s) are you currently receiving?
Chemotherapy

Radiotherapy

Surgery

Targeted therapy

Other

Have you ever heard of genetic or pharmacogenomic testing?
Yes

No
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Have you ever undergone a genetic test?

Yes

No

Section 3: Knowledge

How well do you understand pharmacogenomic testing?
Do not understand

A little

Somewhat

Well

Very well

Do you think pharmacogenomic testing can help your doctor choose the best treatment?
Strongly disagree

Disagree

Neutral

Agree

Strongly agree

Do you think pharmacogenomic testing is accurate?
Strongly disagree

Disagree

Neutral

Agree

Strongly agree

Section 4: Beliefs

Pharmacogenomic testing can help avoid medicines that cause side effects.
Strongly disagree

Disagree

Neutral
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Agree

Strongly agree

Would you feel worried if the test revealed risk for another disease?

Yes

No

Not sure

Would you only want the test if it did not reveal inherited cancer risk?

Yes

No

Not sure

Would you be concerned that the results could affect your health insurance?
Yes

No

Not sure

Would you like to participate in the decision of whether or not to undergo the test?
Yes

No

Not sure

Would you be more willing to undergo the test if your doctor recommended it?
Yes

No

Not sure

What would you prefer the test results to predict?

Risk of side effects

Treatment effectiveness

Both

Not sure
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What is the maximum waiting time you can accept for test results?
Same day

1-3 days

4-7 days

1-2 weeks

More than 2 weeks

What are your concerns about pharmacogenomic testing?

Cost

Accuracy

Privacy

Disease risk

Insurance impact

No concerns

Section 5: Experiences and Practices

Would you be willing to provide a blood sample for pharmacogenomic testing?
Yes

No

Section 6: Willingness to Pay

Are you willing to pay for pharmacogenomic testing if it helps guide your cancer
treatment?

Yes

No

What is the maximum amount (in NIS) you would pay out-of-pocket?
What price do you consider reasonable for a pharmacogenomic test?
Who do you think should bear the cost of the test?

Patient
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Hospital

Government

Insurance

Donors

Don’t know

Would you agree to co-pay if part of the cost is covered by the government or donors?
Yes

No

Section 7: Decision-Making

Who do you prefer makes the decision about undergoing pharmacogenomic testing?
Myself

My doctor

Both

Someone else

Thank you for taking the time to complete this questionnaire.
With best regards,
Research Team
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Appendix 9: Patient KAP consent form and questionnaire- Arabic

Al-Quds University
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ABSTRACT

Background: This study evaluated awareness, prevalence, and utilization of dibydropyrimidine dehydrogenase (DPD) testing
and pharmacogenomics among oncologists, residents, and clinical pharmacists working in Falestinian hospitals.
Aim: This study aimed to assess the knowledge and opinions of HCPsspecializing In oncology In Palesiine regarding screening

for DFYD testing prior bo prescribing FP.

Methods: A cross-sectional survey was distribuied to 106 HCPs across various hospitals in Palestine.

Results: A notable deficiency In training and implementation of pharmacogenomics was observed, with over 70% of participanis
lacking formal training In the fleld. Although there is high awareness of DPFD deficiency and its impact, fewer than 50% of partic-
tpants screen for DPD deficlency prior to prescribing fluoropyrimidines { FP)L. Standardization and promotion of DPD esting are
low, and guidelines for prescribing FF are lacking, keading to variations in clinical practice.

Conclusion: These findings highlight the need for enhanced training, standardized protocols, and Increased awareness to lm-
prove patient safety and outcomes In cancer treatment in Palestine.

1 | Intreduction

Capecitabine and 5-fluorouract] are chemotherapeutic agents
belonging o the FP dass. These agents are commonly used for
the treatment of several cancers, such as colorectal and breast
cancer 1, Z].

It has been shown that a significant proportion of patients re-
celving these agents, ranging from 107% to 40% of people, expert-
ence severe and potentially life-threatening toxicity In the initial
stages of FP treatment |3, 4]. Toxiclty can lead to the disruption
or cessation of treatment. In severe cases, it may require emer-
gency department visits or hospital admissions [5-7).

Reduced activity of the DPD enzyme, which metabolizes
around 20%-90% of the administered 5-FU to Inactive
5.0-dihydro-5-flucrouractl and is the rate-controlling en-
zyme for the Inactivation of 5-FU, primarily encoded by the
DFD gene (DFYD), is considered among the genetlc factors
implicated In the development of FP intolerance, attract-
Ing considerable attention In scientific research, espectally
clinical research focusing on toxiclty prediction [8]. DPFD
deficlency leads to toxicity by Impalring the metabolism of
5-FU, preventing lis breakdown into the inactlve metabo-
Iite 5.6-dihydro-5-FU. Consequently, 5-FU accumulates In
the body, causing excessive levels of Its actlve metabolites
(FdUMP, FdUDF, and PdUTP). These metabolites inferfere
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with DMNA replication and ENA synthesls, leading to cyto-
toxic effects in rapidly dividing cells. This disruption causes
severe toxicities, Including myelosuppression, neurotoxicity,
and gastrointestinal damage, which can be life-threatening
In individuals who hawve partial or complete DFD deficlency
|%]- The categorization of Indhviduals according to their DPFY D
penotype holds promiize in mitigating the occurrence of un-
favorable outcomes [10]. This led to the recommendation of
DFYD testing prior to treatment with these medications in
mast parts of Europe and Canada [11].

In addition to gemetic factors, other faciors, such as age. comor-
idities, concurrent medications, and treatment cycles, have also
been studied for thedr role in FP-induced toxicity. Motably, vart-
ables such as patient age, the presence of metastasis, the pres-
ence of comorbidities, using other medications, and the number
of treatment cycles have been explored and have revealed asso-
clations with treatment-refated toicity [12).

In many high-income countries, such as those In Europe and
Canada, DFD deflclency testing |s Increasingly Integrated into
rmoutine  clinkcal practice before administering 5-FU-based
chemotherapy, as recommended by the European Soclety for
Medical Oncology (ESMO) guidelines. These guidelines empha-
slre the Importance of screening patients for DPYD gene muta-
tlons to prevent severe toxiclty, particularly in colorectal cancer
treatment |13, 14).

Recent studles have further highlighted the significance of
Integrating pharmacogenomic testing info routine oncology
practice, particulardy in screening for DYDY varants. Desplie
the well-documented risks assoclated with DPYD deflciency.
routine pretreatment testing remalns Inconsistent across differ-
ent healthcare systems due to logistical, financial, and regula-
tory challenges [15). The implementation of systematic DFYD
screening has been shown to enhance patient safety while being
oost-effective by reducing severe adverse drug reactions and
hospltalizations. Large-scale pharmacogenomics analyses have

further demonstrated that preemptive DPFYD genotyping sig-
nificanitly decreases treatment-related complications and aligns

with the broader shift toward personalized medicine [1a].

Efforts 0 standardize DFYD testing across different reglons
have galned momentum. In Europe, pharmacogenomic guide-
lines for fluoropyrimidine chemotherapy have led to Increased
accessibility and reduced toxicity rates [17]. Similarly, the
Pharmacogenomics Global Research Metwork has been work-
Ing to promote the adoption of DPY D testing globally, alming to
ensure equitable access to pharmacogenomic interventions [15].
However, differences In testing rates persist, underscoring the
need for stronger policy frameworks and cliniclan education to
maximize the clinical benefits of DFY D screening [19).

Expanding the role of healthcare professionals (HCPs), partic-
ularly pharmacists, in implementing pharmacogenomic testing
may further support the routine Integration of DFYD testing
In oncology settings. Pharmacists have been recognized as
key stakeholders in advancing pharmacogenomic initlatives
due to their expertise In medication management and patient
oounseling [20). Moreover, targeted educational programs for

oncologists and pharmacisis have shown promising resulis
in Increasing awareness and acceptance of DPFYD testing as a
standard component of flucropyrimidine therapy [21]. A mult-
disciplinary approach—Incorporating standardized guidelines,
institwtional support, and edwcation—is crucial for successfully
embedding DPFY D screening into routine clinical practice.

Recent advancements In fluoropyrimidine drug developmens
have introduced CF10, a second-generation fluoropyrimidine
polymer designed to enhance efficacy while reducing systemic
toxicity. Preclinical studies have shown that CFI0 s well-
tolerated and remains effective even in models simulating DPD
inhibtion, suggesting s polentlal as a safer altemative for pa-
tients with DPD defictency. This emerging therapy may help mit-
igate the risks assoclated with fluoropyrimidine chemotherapy
and could serve as an alternative approach in resource-limited
seftings where routine DPFYD testing is oot widely available
|22, 23]

Despite the importance of DPY D genotyping and the correlation
of other factors with FP taxicity In other populations [24-2a],
theere s a significant gap in our understanding concerning iis ap-
plicability and significance in the context of Falestinlan cancer
patients. To date, no studies have conducted a comprehensive
examination of the prevalence of DPYD genetic varlations or
ather clinkcal factors and their correlation with FP-related toxic-
itles within this specific population.

This study almed to assess the knowledge and opintons of
HCFsspecializing In oncology In Palestine regarding screening
for DPFYI testing prior to prescribing FP. The specific objectives
of this study were:

{1} o evaluate the awarcness of HOPs (oncologists, residents,
and clinical pharmacists) in Palestine with pharmacogenetc
screening in general and DPFY D screening tests In particular be-
fore administering FF to cancer patients;

{Z) o evaluate if demographic variables such as age, hospital de-
partment, duration of work experience, and current designation
affect awareness;

{3) o assess the current prevalence, wtilization, and barriers
to Implementing OFYD testing and pharmacogenomics In
Palestine.

2 | Materials and Mecthods

This cross-sectional study utilized a survey distributed to on-
cologists, oncology residents, and clinical pharmacists across
various hospitals in Palestine between February and May
2024, The guestionnalre was adopted from a previous study
conducted in Saudi Arabla [21) and was slightly modified to
suli the Palestinlan context. These modifications included, for
example, the type of healthcare provider inwhich the respon-
dents worked {Ministry of Health, private sector, UNEWA,
etc.)The survey consisted of 26 tems covering participant
demographics and the awareness of participants regarding
DFYDr screening. Varlous types of questlons were Included
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{multiple cholce questions, Likert scale, etc.) The content va-
lidity of the questionnaire ltems was ensured through review
by experts {three oncologists and three pharmacisis) who as-
sessed the appropriateness of the content, making necessary
madifications to ensure comprehensive and accurate assess-
ment of attitudes.

The survey was pilot-tested by four professionals (two oncolo-
glsis and two pharmacists). No majr IMPprovements were sug-
gesied. so no modifications were performed. Their responses
were not Included in the analyss.

The gquestionnaire was distributed electrontcally to all avail-
able health care professionals who work in four hospitals (bwo
governmental, two nongovernmental) that have an oncol-
oy unit.

Z1 | Inclusion Criteria

All oncologists, oncology residents, and clinical pharmacists in
the four cancer centers In Falestine. The number of profession-
als who met the criteria in the hospitals was 171,

22 | Exclusion Criteria

Retall pharmacisis, outpatient pharmacisis, and nononcology
dociors. Retall pharmacists were exchuded because no antican-
cer medications are dispensed through them.

23 | Sample Size

Prior studies have shown that the level of knowledge among
HCPs on pharmacogenomics testing varled between 31% and
62% | 27-30]. For our study conducted in Falestine, we made the
assumpiion that the level of awareness of DPD testing is roughly
50%. To achleve the required preciston kevel of 5% and a confi-
dence Interval of 95%, and taking Into account the Information
provided by the Palestinian health authorities that there are
around 150 registered practitioners in onoology, we needed to re-
crult 100 HOPs In order to meet the alm of our study. Incomplete
responses were not Included In the analysis.

3 | Results

The gquestionnalre was completed by a total of 106 HCOPs,
conslsting of 57.5% speclalist physiclans, 27.4% clinical phar-
macists, and 15.1% resident physiclans. This distribution is
similar to composition of the study population. The majority
of respondents, over 60%, recelved thelr most recent degree
from a Falestinian Institution, while around 40% graduated
from foreign institutions. The lecation of the last degree may
Influence respondents’ practices due to varlations In pharma-
cogenomics training and exposure o DFYD testing. Forelgn
Institutlons may emphasize pharmacogenetic applications
mare than Palestinian institutions, leading to differences In
Implementation.

More than 70% of the participanis were 4 5years old or younger.

TABLE1 | Socodemographic characieristics of the participants.

Characteristics Number FPercentage
Designation Clinical 3 74
pharmacist
Fhysiclan 6l 5.5
Resldent 16 15.1
Last degree Inside Palestine a3 9.4
location, Dutslde 43 4.6
Palestine
Age group 23-35 years 41 w7
Af—45 years av 349
40-59years 22 0.8
than L] 57
ol years
Years of -4 s ]
experience 5-7 2 0.8
B-10 14 113
11 or more 45 42.5
[-Inspita.'l Frivabe 54 509
type Governmental L+ ] 49.1

Regarding professional experience, a majority of the participanis
possessed more than 8 years of expertize in working with cancer
patients as seen in Table 1. Fifty percent of the participanis were
associated with private hospitals, while the remaining 5066 were
employed at governmiental Institutions.

Demographic data for the participants is presented in Table 1.

A striking finding was that more than 70% of participants stated
that they had never undergome formal training In pharmacog-
enomics during thelr career. However, a substantial majority of
75.5% stated that they usually prescribeFPs. Furthermore, around
#0% of participants Indicated knowledge of the mutation Inked
o DFD deficlency and Hs consequences for FP toxiciby. Yet, fewer
than 508 of participants indicated that they consistently or occa-
sionally screen for DPFD defidency prior to prescriptionFPs. This
discrepancy between awareness of DFY D mutations and the Im-
ited use of screening has significant implications for patient out-
comes. Falhire to screen for OPD defidency may lead io severe,
potenisally life-threatening toxcicities In patients prescribed FFPs, as
Individuals with DPFYD mutations are unable to metabolize these
drugs effectively. Implementing routine screening could enhance
treatment efficacy by identifying at-risk patients, enabling dose ad-
Justments or aliernative therapies, and reducing the risk of adverse
events.

In additton, only 47% of participants reporied that thelr instimu-
tion had specific protocols for prescribing FPs. Notably, 60% of
individuals experienced significant toxicity associated with FPs,
a rate conslderably higher than the global average of 108 -307.
This difference may be influenced by several factors, including
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wvarlations in dosing strategies, differences In patient monitor-
Ing. and Inconsstent adherence o Intermational treatment
guldelines. Furthermore, only 33% of participants had ohserved
the influence of DPD testing In clinical practice, highlighting
gaps in implementation. These challenges mary be driven by the
lack of infrastructure for pharmacogenomic testing, lUmited
awareness of standardized protocols, and financial constraints
that hinder the widespread adoption of DPD testing. Addressing
these barriers could improve the safe and effective use of flun-
ropyrimidines in clinkcal practice. With regards to the standard-
Ization and promotion of DFD testing, a mere 5.7% and 6.0% of
participanis, respectively, reported the existence of standardized
DFD testing and the Falestinlan Minlstry of Health's promotion
of DPD testing before prescribing FPs. Only 1L.9% of the partic-
Ipanits concurred that an adequate amount of research is being
conducted in Falestine with regards to DPFD nsufflciency.

The maln sources used o obtailn Information on specific mo-
lecular testing were published practice guidelines (37.78) and
cancer-genomics speclfic guidelines (13.2%]).

The most common types of cancer for which FPs were pre-
scribed were colorectal cancer (29%) and breast cancer (27%).

Detalls of the awareness and practices of the participants are
shown in Table 2.

A high percentage of participants displayed knowledge regard-
Ing the mutation accountable for DPDF deficlency. Specifically,
72% of clinlcal pharmacists, 80% of physictans, and 93% of rest-
dent physictans expressed familiarity with this genetic variation
(p>0.05).

The awareness of the mutation linked to DPD deflciency dif-
fered among respondents with different degrees of professional
experience. Specifically, 84% of those with Z-4years of expert-
ence, 90 with 5-7years, 64% with E-10years, and 77% with
11 or more years Indicated familiarity with this genetic variant
(p>0.05).

An Inequality in knowledge regarding the mutation accountable
fior DPFD was nioted betwesn HCPs employed in private hozpitals
and those in governmental hospitals, with 7% of individuals In
private hospital settings and 73% in governmental hospitals ex-
pressing famillarity with this genetic variant {p > 0.05).

Some participants reported the existence of guidelines in their
Individual Institutions for prescribing FPs. Specifically, 379 of
clinical pharmacists, 50% of physicians, and 50% of residents
conflrmed the presence of these guldelines (p > 0.05).

The presence of guidelines for prescribing FPs in hospitals var-
led based on years of professional experience. Among indvidu-
als with 2-4 years of experience, 52% indicated the existence of
guldelines. This percentage was 45% for those with 5-7years,
57% for those with 8-10vyears, and 42% for those with 11 or more

years (= 005k

There was a noticeable difference in the reported prevalence
of guidelines for prescribing FPs between HCOPs In private hos-
pitals and those In governmental hospitals. In private hospital

settings, 57% of Individuals acknowledged the presence of these
guidelines, while In governmental hospitals, only 36% did so
{p > LOS).

A small proportion of participants stated that they had wiinessed
the effiects of DPD testing In thelr clinical work. Spectfically, 17%
of clinical pharmacists, 319% of physiclans, and 37% of residents
reparted hawving this expertence (p> 0U05).

Regarding professional experience, the extent to which the ef
fects of DFD testing were ohserved In clinical practice differed
among Individuals. Specifically, Z8% of those with 2-dyears
of experience, 40% with 5-7years, 28% with S-10years, and
3% with 11 or more years reported witnessing such Infheence
{p > 0LDS).

A statistically significant difference was found between HCPs
working In private hospitals and those working In governmen-
tal Institutions in terms of thelr perception of the Influence of
DFD testing in clinical practice, with a p=0.001. More precisely,
48% of persons In private hospital settings and 17% In govern-
mental institutions reported experiencing this effect (Table 3).
Additionally, the data from Table 3 reveal that awareness of the
DFD mutation was highest among residents (93.8%) and private
haspital practitioners (87.0% ). However, the presenoe of hospital-
specific guidelines was reported more frequently in private hos-
pitals (57.4%) than In governmental seitings (36.5% ), further
reflecting Institutional differences In support for fFP-related
testing. These findings highlight the need for standardized pol-
ictes across all hospital types to improve the adoption of DFD
testing In clinical practice.

The institution where HCPs obtained their most recent degree
did not have a significant impact on thelr knowledge of DPD
mutations, awareness of Institudonal gukdelines for DPD test-
ing, or experience with its effects In clinical practice, as indl-
cated by a p>0.05. Detalls of the awareness and observation of
DFD testing in practice, with regard to hospital-related and de-
muographic variables. are shown in Table 3.

4 | Discussion

The result emphasizes a notable deficlency In tralning re-
garding pharmacogenomics and implementation of pharma-
cogenomic testing among HCOPs. Although most participants
indicate that they have not recelved formal trainimg in pharma-
cogenomics, no differences were ohserved between roles, such
as resldents, clinical pharmacisis, and physiclans. Desplie this
lack of tralning across all groups, a significant percentage still
administer FPs, underscoring the need for comprehensive ed-
ucational Inftlatives to improve safety and efficacy in clinical
practice. This difference indicates that numerous HCFPs may
lack comprehensive knowledge regarding the complex nature
of pharmacogenomics and its implications for drug therapy.
This gap highlights the urgent need for targeted educatiomal
initlatives and tralning programs to bridge the knowledge
deficlt amongHCFs. Incorporating pharmacogenomics into
medical and pharmacy curricula, as well as offering continu-
ing ecducation opportunities. oould enhance practitioners
understanding and improve the safe and effective use of FPs.
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TABLE2 | pr and Jes of particip d DPD testing.
Count Percentage
Do you participate in tumor genomic board, tumor molecular No 07 032
board in your current institution? Yes 9 208
What do you 1y follow as a refe when ordering a Cancer-g specific guidel 24 22.04
specific mikecular teaty Institutional guidelines 17 10.04
Personal experience 0 18.87
Published practice guidelines 45 4245
Have you recetved any formal tratning or education In No 7 720
R Yes 29 274
1f yes, where did you recetve your education or training in Continuous medikal education (CME) 21 19.51
i Experience through practice 18 16.98
Fellowship program 13 12.20
Hospital seminars 1 15.09
Online courses 10 15.09
Research 7 0.60
University education 15 1415
Do you usually prescribe FP (5-fluorouracil [5-FU | and No 20 245
Capecitabine) for patients with cancer? Yex %0 755
if yes; which type of cancer would you prescribe 8t for” Colorectal cancer 21 19.51
Breast cancer 19 17.92
Colarectal cancer 4 13.21
Gastric cancer 13 12.20
Pancreatic cancer 7 0.00
Head and neck cancer 8 7.55
Riltary tree malignancy 9 549
1am not prescriber 11 10.38
Nasopharyngeal carcinoma . 377
Are you aware of a mutation that causes DPD deficiency? No 21 19.%
Yes 85 80.2
1f yes; are you aware of its complications; e.g., PD toxicity of No 2 208
FP (5-fluorouract] [5-FU] and Capecitabine)? Yes " 792
How often do you screen for DPD deficiency prior to Always 2 19
P T Never 50 528
Sometimes 48 453
Are there guklelines for prescribing FP in your hospital? No 27 25.5
Not sure 29 27.4
Yes 50 47.2
(Coatinues)
Sof 11

140



TABLE2 | (Comtinued)

Count Percentage

15 there enough research being done in Falestine on screening
fior FD prior to prescribing FP?

Hawe you seen patients with severe toxicity related to use of
FF?

Have you seen the impact of DFD testing In your clinical
practice?

15 there any standardization of DFD Deflciency practice done
by MOH?

Does the MOH promote the practioe of DFD deflclency test
prior to FP group of medlcations?

Mo 62 58.5
Mol sure 42 L
Yes 2 13
Mo 41 387
Yes 65 6l.3
Mo 71 670
Yes s kN
Mo 51 48.1
Mol sure 43 46.2
Yes [} 57
Mo 51 48.1
Mol sure 4% 4513
Yes 7 X

This 1s particularly critical given the potential for severe ad-
werse drug reactions in patients with DFY D gene variants.

It Is encouraging to notice that almost 80% of HCOPs have a
high level of awareness about the mutation linked to DPFD de-
ficlency and Itz Impact on fluoropyrimidine toxicity. This sug-
gesis that healthcare practitioners are generally well-informed
about this Important genetlc component. Nevertheless, 1t is
worrisome that fewer than 50% of the participants stated that
they screen for DFD deficiency prior to prescribing FPs. This
gap between awareness and practice may be attributed to -
mancial and logistical barrters, such as the high cost of DPD
testing, limited availabdlity of testing facilities, and a lack of
Institutional protocols. which hinder the integration of phar-
macogenetic testing into routine clinical practice. The lack of
tmpd atton in this d dn mary result in a higher likels-
hood of severe toxicity In patients with DFD deficiency who
receive FPs.

The indication that fewer than 50% of the participants re-
ported their institution having explicit standards for admin-
Istering FPs Implies a deficlency in uniformity within this
domain. This lack of standardized protecols can lead to incon-
slstent practices, Increasing the risk of adverse drug reactions
and compromising patient safety. Without clear guidelines,
HCFPs may fall to screen for DFD deficlency, resulting in sub-
optimal dosing or Inappropriate treatment that could reduce
treatment efficacy and expose patlents to potentially severe
toxicity. The absence of clear recommendations may lead to
varlations in prescribing practices and potentially result in in-
ferlor outcomes for patients. For example, some practitioners
may omit screening for DPD deficlency altogether, leading to
standard dosing that could cause severe toxiclty In patlents
with the mutation, while others might delay treatment ad-
Justments due to uncertalnty or lack of access (o testing. Such
Inconsistencies can compromise both patient safety and the
overall efficacy of FP-based theraples.

The significant incidence of serfous toxicity assoclated with
FPs {about 0%} is alarming and emphasizes the necessity
for enhanced management measures. This rate appears to be
higher than the global average. where severe toxicity typlcally
ranges between 10% and 30% In patients recelving FPs. Such a
stark contrast highlights potential gaps In screening practices,
dosing adjustments, or patient monitoring in the local con-
text, underscoring the urgent need for standardized protocols
and broader implementation of DFD deficlency testing. One
method to reduce this risk 1s through DPYD testing, which
can identify patients who have a higher chance of experienc-
ing toxicity as a result of DPD deficlency. Mevertheless, the
very low percentage of observations regarding the influence of
DFD testing In clinical practice (merely 33%) implies that this
testing may not be extensively adopted or ackmowledged as
being beneficial among HOPs. To improve adoption, strategles
such as lntegrating DFD testing Into national treatment gulde-
lines, subsidizing the cost of testing to reduce fimancial barri-
ers, and conducting educational campalgns to ralse awareness
about it clinical value could be Implemented. Additionally,
policles mandating the Inclusion of pharmacogenomics in
medical and pharmacy curricula and incentivizing healthcare
institutions to adopt routine screening profocols may further
promate the use of DPD testing.

The low rates of standardization of DFD testing (5.7%) and
promotion by the Ministry of Health (6.6%) underscore the ne-
cessity for helghtened awareness and implementation of this
crucial component of personalized medical care. Implementing
standardized protocols and actively promoting DFYD testing
has the potential to enhance uniformity in healthcare Institu-
tions and uliimately enhance patient outcomes.

Thiz Indicates a lower-than-anticipated adoptlon of a screen-
ing test that Is already regarded as a standard procedure in
numercus other countries ke France and the Metherlands
|9, 31]. Consequently, our findings emphasize the sgnificance
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TABLE3 | Enowldge of and observation of DFD testing in practice, determined by hospital and demographic-related factors.

AT yOu awane Are there guidelines Have you seen the

of a mutation for prescribing impact of DPD
that causes DFD Fluoropyrimidine testing in your
deficiency in your hospital? clinical practice?

Diesignation Clinical Pharmacist 25 21 {7L4%) 11 (37.59%) 5(17.2%)
Fhysiclan ol 49 (BOLIF) 31 (SO.HE) 24 (39.3%)
Resident 10 15 (93.8%) B (S0.07) 6 (3I7.5%)
wears of experience -4 25 21 (B4.0E) 13 {5200} 7 (2H.0%)
5-7 22 20 (90.9%) 10 {45.57) 9 (40.97T)
a-10 14 9 (84.3%) B(57.1%) 4(28.0%)
11+ 45 35 (TT.8%) 19 (42.2%) 15 (33.3%)
Hospital type Private 54 47 (87.0%) 1 (57.4%) 6 (48.19%)
Governmental 52 IR (TL1E) 19 (30.5%) S(17.2%)

of promoting DFD screening prior to the administration of
flunropyrimidines.

The results uncover a significant pattern In the knowledge of
the mutation associated with DPD Insufficlency across HCOPs.
Resident physiclans demonstrated the greatest evel of familiar-
1ty with dinical pharmacisis and physicians follvwing closely
behind. Curlously, there was a variation in awareness depending
on professional experience, with individuals in the Intermediate
range (57 years) demonstrating the highest level of familiariy.
The variance seen could be ascribed to the evolution of training
methods or the influence of emerging research at this particular
phase of their professional Ives. Moreover, the discrepancy In
understanding between private and governmental hospital sei-
tings Implies possible variations in instructonal tools or focus
on pharmacogenomics In these settings.

The data reveals a notable difference In the existence of guide-
lines for prescribing FPs among various categories of HOPs and
hospital environments. Guwldeline avallability varied across clin-
Ical pharmacisis, physiclans, and residents, with physicians and
residents belng more likely to have guidelines compared to cling-
cal pharmacists. The difference can be attribwted to the Inherent
characteristics of their positions and duties within the healthcare
system, since physicians and residents typically exhibit greater
direct engagement in making prescription decisions In compari-
son to clinical pharmacists. Additionally, differences in funding,
institutional priorities, and resource allocation between hospital
environments may further contribute to this variation. Private
hozpitals, for example, may have more resources to develop and
tmpl compret e guldelines, whereas governmental
Institutions may face budget constraints and competing health-
care priorites.

Curlously. the correlation between the presence of guidelines
and years of professional experience was not consistently ob-
zerved, contrary towhat one might anticipate. This implies that
factors beyond expertence, like Institutional agendas, resources,
or the importance given to standardizing prescribing practices,
might influence the creation or execution of these guidelines.

The noticeable difference in the avallability of guidelines be-
tween private and governmental hozpital settings highlights
the impact of Institutional factors on the existence of pre-
scribing guidelines. Private hospltals are more llkely to have
established guidelines compared to public hospitals doe o
thelr greater resources and emphasis on quality improvement
programs.

Consequently, these findings emphasize the importance of hav-
ing clear and easily availlable guidelines for prescribing fluoro-
pyrimidines in all healthcare environments, regardless of the
practitioner’s level of expertise or type of facility. These sugges-
tions can assist in guaranteeing secure and efficlent prescription
praciices, eventually enhancing patient resulis.

The analysis Indicates a difference In how various groups of
HCFs percelve the effects of DPFD testing In clinkcal practice.
Clinical pharmacists, physiclans, and residents had varying de-
grees of expertise in observing the impact of DPD testing. Among
them, physiclans had the highest percentage of respondents who
reparted having such experience. The variation in resulis can
be linked to differences in roles and dutles, since physiclans are
mare Inclined to have direct participation In patient care decl-
sions where DPD testing has an effect on treatment options. To
address this variation, targeted training programs on pharma-
cogenomic applications and the clinical iImportance of DFD test-
ing should be developed for all healthcare roles. addisonally,
implementing policies that promote interdisciplinary collabora-
tion could help ensure that all practitioners are equally Informed
and tmvalved In decigons related to DPD testing.

Interestingly, the correlation between the observation of the im-
pact of DPD testing and years of work experience was not consis-
tently positive. This implies that variables other than experience,
such as exposure io tralning or access io resources, can affect
the probability of detecting the effects of DFD testing In clinl-
cal practice. To address this Issue, targeted tralning programs
focused on pharmacogenomics and the dinkcal applications of
DFD testing should be implemented across all experience levels.
Additionally, ensuring equitable access to testing facilities and
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resources within healthcare institutions can help bridge this gap
and improve the integration of DPD testing Into routine practice.

The observed statistically significant difference between HCPs
In private and public instituiions in terms of their observation of
the Impact of DPD testing underscores the mole of institutional
determinants. Private hospitals may possess Stronger resources
and prioritize individualized medicine, resulting in a greater
probability of witnessing the effects of DFD testing In compari-
=0 o government hospitals.

The resulis of this study closely correspond o the findings of
studies carried out In nearby natlons. A study carried out In
Sandl Arabla also found a lack of proper genetic testing before
administering FPx, as well as a lack of awaneness about estab-
lished recommendations for genetic testing |21).

Rescarch conducted in the United States revealed that although
the majority of oncologists recognize the helghtened risk of fox-
Icity In patients with DPD deficlency and are open to adjusting
the doze of FP appropriately, only a small percentage of them
believe In the effectiveness of DFY D testing. Just 20% of oncolo-
gists have ever requested the test, and only 2% have ordered 1t for
at least 10% of thelr patients recetving FF treatment. The Dmited
oocurrence of DPFD Insafficiency and the absence of guideline
recommiendations are significant obsiacles o broader accep-
tance and Implementation [32).

The comparison to smilar studies in Saudl Arabla and the
Unlted States provides valuable context for understanding
global challenges In implementing DPDF testing. Cultural and
economic factors may contribute to these stmilarities and dif-
ferences. For instance, in Saudl Arabia, a lack of widespread ge-
netic literacy and rellance on traditional practioes may hinder
awareness and adoption of genetic testing. In the United States,
despite higher access to advanced technologles, skepticlsm
about the cost-effectiveness of testing and varying guideline
recommiendations may explain the limited use of DFYD testing.
These findings underscore the need for tatlored strategles. such
as Improving awareness, aligning guldelines, and addressing
cultural and economic barriers, to enhance the adoption of DPD
testing In diverse healthoare systems.

The cost of DFD testing inchedes not only the direct expenses
of genetic analysts but also the infrastructural Investments re-
quired for labomtory capacity, equipment, and tralned person-
nel In Palestine, the lack of established pharmacogenomics
programs and miited access to speclalized genetic testing facili-
ties further complicate implementation. Addibdonally, regulatory
barriers. such as the absence of national guldelines or policies
mandating pretreatment DFD screening, contribute o noomnss-
tent adoption across healthcare institutlons. Overcoming these
challenges will require coordinated efforts to Integrate phar-
macogenomics into clinkcal practice, improve healthcare infra-
structure, and establish clear regulatory frameworks to support
the safe and cost-effective use of FP-based theraples.

A study evaluating the application of DFD deficiency testing In
Europe, both before and after the recommendations made by the
European Medicines Agency { EMA), revealed a rise in the utili-

zation of both genoty ping and phenotyping technigues following

the guidelines. The Implementation of municipal norms has alse
seen an Increase. [n 2021, the reimbursement coverage for bath
‘tests experienced an Improvement, with just a limited number
of nations not providing coverage. Although significant obsta-
cles persisted, a smaller number of experis mentioned concerns
around relmbursement and recognition after the suggestions
were made. In general, 25% of respondents indicated that they
encountered no obstacles In Implementing the new testing
procedure after the recommendations were made [33]. These
Eurcpean practices could serve as a model for Palestine by
demonstrating the valwe of chear national guldelines, improved
reimbursement policles, and Increased advocacy for testing.
Adapting these strategles In Falestine would require collabo-
ration between healthcare policymakers, institnsons, and the
Ministry of Health to establish unified protocols and allocate
resources o make DPD testing more accessible and feasihle.

The development of second-generation FPs aliermatives lke
CFI0, which exhibit kewer systemic toxicity and greater antiiu-
mar activity, aligns with the goals of reducing the burden of ad-
verse evenis associated with current treatment regimens. These
advancements may also reduce rellance on DFD testing, espe-
clally In resource-limited settings where |mplementation barri-
ers persist. However, integration of such theraples into clinical
practioe would still reguire robust training, guldeline updates,
and ressurce allocation to ensure equitable access and effeciive
use [22).

Emerging research into Innovative FF formulations offers prom-
ising solutions to mitigate toxicity while enhancing efficacy. For
instance, Okechukwu et al. (2024) demonstrated that CF10, a
second-generation FP [22].

To address the identified gaps, it 1s iImperative o implement
actionable measures aimed at enhancing the safe and effective
use of FPs. National training programs on pharmacogenomics
should be established to equip HCPs with the knowledge neces-
sary o Integrate genetic testing, such as DPD deficlency screen-
ing, into routine practice. Additionally, Integrating DFD testing
profocols Into existing healihcare systems and making them a
mandatory component of treatment gukdelines could standarnd-
ize practices and reduce toxicity risks. These initiatives, coupled
with efforts to subsidize the cost of testing and Improve accessi-
bality, would significantly enhance patient safety and optimize
treatment outcmmes.

Policy changes proposed to the Ministiry of Health could include
mandating DFI testing as a standard pretreatment requirement
for FPs, subsidizing testing costs to improve accessibility, and
establishing nationwide protocols 0 ensure uniform Implemen-
tation across healthcare institations. Additionally, Incorporat-
ing pharmacogenomics ivto medical education and professional
training programs could foster a culture of personalized med-
icine. These measures would enhance early detection of DPD
deficiency, minlmize severe toxikcity risks, and improve overall
treatment outcmmes.

Desplte promising awareness levels, the lack of widespread
implementation and uniformity in practices highlights the
pressing need for actionable measures. Addressing these chal-
lenges through targeted training, policy reforms, and resource
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allocation could significantly enhance patsent safety and treat-
ment outcomes. Bullding on these instghts, the conclusion will
outline practical recommendations and propose avenues for fu-
ture research to bridge these gaps effectively.

To ensure patlent safety and align with international best prac-
tees, the Palestinlan Mintstry of Health should take concrete steps
to promote the Integration of DFD testing into dinical practice.
Estahlixhing national guidelines mandating DFY I} genotyping or
DFD enzymie activity testing for patients recefving fluoropyrimi-
dines is essentlal, with a focus on high-risk groups such as those
with a history of severe toxiclty, renal or hepatic impairment, or
a family history of DPFD deficiency. Oncology protocols should
Incorporate mandatory preireatment DPD testing for colorectal.
gastric, and breast cancer patients recelving 5-FLU or capecitabine.
Additionally, investments should be made to expand labomatory in-
frastructure, ensuring that molecular and bliochemical diagnostic
factlities are equipped 10 conduct DFY D testing, alongside train-
Ing programs for HOFPs to properly interpret and utilize resulis. To
Increase awareness and adherence, educational campatgns and
contimeng medical education (CME) programs should be imiple-
mented, highlighting the role of DPD testing in preventing severs
adverse drug reactions. Given financial constraints, the Palestinian
minisiry of Health should explore subsidies, public-private part-
nerships, and Integration into health insuranoe schemes to make
testing more accessible and affordable. Finally, a natonal reglstry
should be established to track testing uptake, FF toxicity cases, and
clinlcal owicomes, enabling contnuous policy refinement and 1m-

practice to align with international standards and enhance pa-
tient outcomes. A concerted effort to establish clear guidelines,
Improve Institutlonal infrastructure, and promote awareness Is
essential (o0 advancing personalized medicine in Fakestine. The
Hime o act is now—by strengthening pharmacogensomic prac-
tices, we can significantly lmprove cancer treatment safety and
efficacy, ensuring better care for patients.

While this study provides valuable insights Into the gaps in
pharmacogenomics implementation, it is limited by 1is sam-
ple size and geographic scope, warranting future research
involving larger and more diverse populations to explore ad-
ditional barriers to DPD testing. To address these challenges,
collaboration with International organizations and the -
ation of pllot training programs could serve as practical first
steps to enhance knowledge and establish best practices.
Furthermaore, these findings emphasize the urgent need for
natlonal guldelines that standardize DFD testing prior to FP
therapy. ensuring consistent clinlcal pracilce and reducing
toxicity risks. Integrating such testing into existing healthcare
protocols would not only optimize patient safety and treat-
ment outcomes but also align Falestine’s healthcare practices
with International standards, advancing the implementation
of personalized medicine in oncology.

While this study provides valuable insights Into the gaps in
pharmacogenomics implementation, it Is subject to certain
limitations. The sample size. though adequate. may not fully

proved accessthility over time. Impl g these es will
enhance patient safety, optimize FF therapy, and reduce the Inci-
dence of severe drug-related toxicity In Palestine.

5 | Conclusions

This study highlights critical gaps in the understanding and im-
plementation of pharmacogenomics among HCPs in Palestine,
especlally oncologists and clinkcal pharmacists, regarding the
prescription and management of FPs. While there i a significant
level of knowledge about DFD deficlency and its Implications,
this awareness does not consisiently translate into practice. The
abzence of comprehensive DPD deficiency screening before pre-
scribing FPs Increases the risk of ioxicity, keading to severe compli-
cations such as hospitalizations or life-threatening adverse effects.
Key barriers contributing to this Issue Inchde limited resources,
Insufficient protocols, and the absence of standardized guidelines.

To address these gaps, it 1s imperative that healthcare Instite-
tions, policymakers, and educational bodies take Immediate
sleps to Integrate DFD festing Into routine oncology practice.
This can be achieved through the development of standardized
protocols, iInvestment in accessible diagnostic resources, and the
Implementation of targeted educational programs to enhance
HCPs competency in pharmacogenomics. Additionally, future
research should explore the cost-effectiveness of DFD testing In
Palestine and assess the impact of targeted educational interven-
tlons on increasing testing rates and improving patient safety.

Addiionally, policymakers and healthcare leaders must prior-
Ittze the Integration of pharmacogenomic testing into clinical

TEp all oncology practitioners In Palestine, potentlallby
limiting the generalizability of the findings. Addittonally, the
study's cross-sectional deslgn restricts the ability to establish
causal relationships between barriers to DFD testing and clin-
ical outcomes. Moreover, the geographic scope of the study
may not capiure variations In institutional practices across
different healthcare settings. Future research involving larger
and more diverse populations, as well as longitudinal stud-
tes, would help further explore additional barriers and factl-
itators of DFD testing adoption. To address these challenges,
collaboration with Intermational organizations and the it~
ation of pllot training programs could serve as practical first
steps i enhance knowledge and establish best practices.
Furthermaore, these findings emphasize the urgent need for
national guidelines to standardize DFD testing prior o FP
therapy. ensuring consistent clinical practice and reducing
toxicity risks. Integrating such testing into existing healthcare
protocols would not only optimize patient safety and treat-
ment outcomes but also align Falestine’s healthcare practices
with International standards, advancing the implementation
of personalized medicine in oncology.
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