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Abstract

Background: Fluoropyrimidines (FP) are among the most common class of prescribed
anti-neoplastic drugs. This class has severe to moderate toxicity in around 10%-40%
of those who take 5-fluorouracil (5-FU) or capecitabine for the treatment of cancer.
In practice many patients with severe toxicities from FP use had dihydropyrimidine
dehydrogenase (DPD) enzyme deficiency. Several studies have proposed DPD
screening before treatment with 5-fluorouracil (5-FU) and capecitabine or other
drugs belonging to the FP group. This study aims to assess the level of awareness
and attitudes of oncology specialists in Saudi Arabia toward genetic screening for
DPD prior to giving FP. This highlights the importance of health guidelines required
for implementation in our health care system, as a framework to adopt testing as a
regular practice in clinical care. Based on the findings in this study, guidelines have
been suggested for the Middle East North Africa region.

Methods: A cross-sectional survey study was conducted during 2021 targeting
oncologists and clinical pharmacists working in the oncology departments across
Saudi Arabia.

Results: A total of 130 oncologists and pharmacists completed the questionnaire
representing a response rate of 87%. Most of the respondents indicated that they
prescribe FP in clinical practice, but 41% of respondents reported that they have
never ordered a specific molecular test during their practice. Only 20% of respon-
dents reported that they often screen for DPD deficiency prior to prescribing
FP. Significantly higher rates of awareness of potential dihydropyrimidine dehydroge-
nase gene (DPYD) mutation were observed among respondents in governmental hos-
pitals (81.1% vs. 47.4% in private hospitals), and among those with more years of
practice (80.6% if 5 or more years of practice vs. 59.3% if less than 5 years of prac-
tice). Also, higher rates of observing the impact of DPD testing were present among
respondents with a PharmD (35% vs. 11% for oncologists and 18% for other profes-
sions) and among those with 5 or more years of practice (24.6% vs. 7.7% among

those with less than 5 years).

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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1 | INTRODUCTION

Fluoropyrimidines (FP) are considered among the most highly pre-
scribed chemotherapeutic agents which are commonly used in clinical
practice. They include 5-fluorouracil (5-FU) and its prodrugs (capecita-
bine and tegafur).? This class of drugs is used for certain types of
cancer such as head, neck, colorectal, pancreatic, and breast cancer.!
FP act via different mechanisms of action mainly by inhibiting thymi-
dylate synthase (TYMS), and by incorporating metabolites into the cel-
lular DNA and RNA.2 FP are associated with many adverse events
such as severe diarrhea, mucosal ulceration, neutropenia, neurotoxic-
ity, and hand-foot syndrome also defined as palmar-plantar erythrody-
sesthesia.® The severity of toxicity increases when the patients have
varying degrees of dihydropyrimidine dehydrogenase (DPD) defi-
ciency. This can lead to life threatening toxicity following treatment
with standard doses.?

Eighty percent of the administered FP is metabolized by the DPD
liver enzyme.* DPD has a physiological role in the breakdown of thy-
mine and uracil in the body. This enzyme also plays a key role in the
metabolism of the chemotherapeutic agents 5-FU and capecitabine.
Having a deficiency in DPD enzyme markedly increases the risk of
severe and potentially life-threatening toxic reactions.?

DPD deficiency is an inherited condition characterized by a wide
range of symptoms; some patients experience neurological problems
from infancy while no signs or symptoms are evident in others.® This
highlights the challenge for oncology specialists (medical, pharmacist,
and nursing) to anticipate patients who may be at risk of severe toxic-
ity from FP prescribing. There may be no clinical warning signs as
some patients may be completely asymptotic.

About 2%-8% of the general population may be vulnerable to
toxic reactions to FP drugs caused by asymptomatic DPD deficiency.®
Four genetic variants are currently considered clinically actionable:
c.1905+1G>A, c.1679T>G, c.2846A>T, and c¢.1236G>A/HapB3.
These four variants form the foundation of the current pharmacoge-
netic guidelines. However, these studies were based on clinical find-
ings conducted in populations of limited diversity, mainly of European
descent (Caucasians). This might explain the lower allele frequency of
the four mentioned variants in our Saudi population (Saudi Human

)'3,7

Genome Project Database According to the Clinical

Conclusion: While in some institutions there is a high level of awareness among
oncology specialists in Saudi Arabia regarding the effect of the potentially serious
DPD enzyme deficiency as a result of gene mutations, screening for these mutations
prior to prescribing FP is not a routine practice in hospitals across the country. The
findings of this study should promote personalized medicine with recognition of
interpatient variability via DPD testing to manage the risks of FP prescribing more
effectively in the Kingdom of Saudi Arabia.

5-fluorouracil, capecitabine, dihyropyrimidine dehydrogenase deficiency, fluoropyrimidines,
personalized medicine, pharmacogenomics

Pharmacogenetics Implementation Consortium (CPIC®), decreasing
the FP dose may help to overcome a partial deficiency of DPD
enzyme. However, in the case of complete deficiency, an alternative
drug is a safer option.>® Both partial and complete DPD deficiency
are associated with increased risk of morbidity and mortality.” **

The national guidelines for colorectal cancer in the Netherlands
recommend DPD testing prior to therapy.!? It is highly recommended
by the European Medicines Agency (EMA) and the UK Medicines and
Healthcare Products Regulatory Agency (MHRA) to screen patients
prior to giving these medications.?>* However, in Saudi Arabia,
awareness and attitudes of healthcare professionals toward DPD test-
ing with FP have yet to be established. The aim of this study was to
assess the awareness and perceptions of oncology specialist health-
care providers (HCP) to screen for DPD testing before prescribing FP
in Saudi Arabia. The specific objectives are: (1) to evaluate the level of
HCP (oncologists and clinical pharmacists), overall and by their demo-
graphic characteristics (age, hospital department, duration of work
experience and current designation), performing DPD screening tests
before giving FP to cancer patients in Saudi Arabia, and (2) to examine
the prevalence and application of DPD testing and Pharmacoge-

nomics in Saudi Arabia.

2 | DATAAND METHODS

This was a cross-sectional study where a survey was designed and dis-
tributed to oncologists and clinical pharmacists in different hospitals
in Saudi Arabia. The questionnaire was adapted and modified from
previous studies.® The survey included 26 items addressing the fol-
lowing topics: for example, participant demographics, awareness of
oncologists and clinical pharmacists toward DPD screening. The con-
tent validity of the questionnaire items was conducted with the oncol-
ogists toward DPD testing. This was established by experts
(oncologist and pharmacist) who examined the appropriateness of the
content after making necessary modifications to the items to ensure
they were comprehensive and accurately assessed and measured
attitudes.

The questionnaire was distributed to selected HCPs who worked

in oncology centers and hospitals with support from the Saudi
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Commission for health specialties to target active registered practi-

tioners in oncology.

Inclusion Criteria: All oncologist and clinical pharmacist in all cancer
centers in Saudi Arabia.
Exclusion Criteria: Retail pharmacists, outpatient pharmacists and

non-oncology doctors.

2.1 | Sample size calculations

Previous studies have estimated the prevalence of health care profes-
sionals (HCPs) awareness toward pharmacogenomics testing to be
between 31% and 62%.°"Y7 For our study, we assumed that the
awareness of DPD testing was ~45%. Assuming the desired precision
level of 5%, a confidence interval of 95%, and a total of 162 registered
practitioners in oncology, as reported by the Saudi Commission for
Health Specialties, the current study required the enrollment of
114 oncologists to achieve this target.

2.2 | Statistical analysis

Descriptive statistics were performed on data collected from the
study sample. For continuous variables, data were expressed as
means + SDs, medians, and ranges. Proportions were used to describe
categorical variables. The awareness was evaluated and compared by
demographic characteristics including age, hospital department, dura-
tion of work experience and current designation using the chi-square
test. Statistical significance is defined as p < .05. All statistical analyses
were performed using IBM SPSS 21.0 (Armonk, NY: IBM Corp).

3 | RESULTS

To account for an anticipated response rate of 75%, the questionnaire
was administered to 150 oncology specialists, out of whom 130 com-
pleted it, indicating a higher than expected response rate of 87%.
Descriptive statistics of the study sample are provided in Table 1 and
Figure 1. The majority of respondents were aged 36 years or older
(69%) and work in governmental hospitals (85%). The distribution of
professions was as follows: 40.8% consultant, 17.7% clinical pharma-
cist, and 12.3% associate consultant, 10.8% oncology clinical pharma-
cist, 9.2% assistant physician, and 9.2% other professions. In relation
to qualifications, 63.1% were MD, 21.5% PharmD, and 15.4% other.
The distribution of years of practice was as follows: 20.8% less than
5 years, 18.5% 5-10 years, and 60.8% more than 10 years.

Fifty-nine percent of respondents reported that they have never
ordered a specific molecular test during their practice (Table 2). The
majority of respondents (76.2%) indicated that they always or some-
times prescribe FP, for example, 5-fluorouracil (5-FU), and capecita-
bine (Figure 2). Only 20% of respondents reported that they screen
for DPD deficiency prior to prescribing FP.

|Cancer Reports
1

s WILEY_L 27

TABLE 1 Descriptive statistics of the study sample

Factor Value

Age group (years) n (%)

23-35 41 (16.7%)
36-45 60 (46.2%)
46+ 29 (22.3%)
Profession
Oncology consultant 53 (40.8%)
Clinical pharmacist 23 (17.7%)
Associate consultant 16 (12.3%)
Oncology clinical pharmacist 14 (10.8%)
Assistant physician 12 (9.2%)
Other 12 (9.2%)
Years of practice (%)
<5 27 (20.8%)
5-10 24 (18.5%)
>10 79 (60.8%)
Years of oncology practice n (%)
<5 65 (50.0%)
5-10 26 (20.0%)
>10 39 (30.0%)

Note: Total number of respondents = 130.

Eighty four percent and 76% of respondents reported awareness
of a mutation that causes DPD deficiency, and drug-gene implications
(toxicity) that is caused by this mutation, respectively. Only 38.5% of
respondents indicated the existence of guidelines for prescribing FB
in their hospital, while 66.2% said that they have seen patients with
severe toxicity related to the use of FP. Only 16.2% of respondents
reported that they have seen the impact of DPD testing in their clini-
cal practice. The vast majority of respondents (61.5%) did not know of
any available guidelines or protocols in their own institute or by the
ministry of health. Also, they noted that there is lack also of promo-
tion of the practice of DPD deficiency testing before FP group of
medications.

Table 3 shows survey results for the practices, awareness, and
attitudes toward DPD testing by demographic and hospital-related
characteristics of the respondents. The rate of reporting the existence
of guidelines for the treatment of hypertensive/non-hypertensive dia-
betic patients was significantly different by demographic and practice-
related factors (hospital, profession, and years of practice [p < .05]).
Significantly higher rates of awareness of the drug-gene interaction
causing mutation were observed among respondents working in gov-
ernmental hospitals compared to private hospitals 81.1% versus
47.4% respectively (p = .003), and among those with more years of
practice (5 or more 80.6% vs. 59.3% for those with <5 years;
p = .021). In addition, significantly higher rates of observing the
impact of DPD testing were observed among respondents with
PharmD compared to those with MD and other degrees (35% vs. 11%
and 17.9%, respectively; p = .031), as well as among those with more
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=MD

= PharmD

= other

Item

Have you ever ordered a specific molecular test
during your practice?

Are you aware of a mutation that causes
dihydropyrimidine dehydrogenase deficiency
(DPD)?

Are you aware of the drug-gene interaction caused
by this mutation?

Are there guidelines for prescribing
fluoropyrimidines in your hospital?

Do you think there is enough research done in Saudi
on screening for DPD prior to prescribing
fluoropyrimidines?

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

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

Is there any standardization of dihydropyrimidine
dehydrogenase (DPD) deficiency practice done by
the ministry of health or your institute?

Does the ministry of health or your institute
promote the practice of dihydropyrimidine
dehydrogenase (DPD) deficiency screening prior
to giving fluoropyrimidines (FP) group of
medications?

Note: Total number of respondents = 130.

How often do you prescribe
Fluoropyrimidine (FP), 5-fluorouracil (5-
FU), and capecitabine

Rarely/never,
28.50%

Always ,
47.70%

sometimes,
23.80%

SUKKARIEH ET AL.

= Governmental

Option
Yes

Yes
No

Yes
No
Yes
No
I do not know
Yes
No
| do not know
Yes
No
Yes

Yes
No
I do not know
Yes
No

| do not know

= Private

No of responses

53
77
108
21

99
31
50
52
28

72
52
86
44
21
109

62
63

66
58

How often do you screen for DPD
deficiency prior to prescribing
Fluoropyrimidine

Rarely/N ever,/

80%

Ve

%

40.8
59.2
83.8
16.2

76.2
23.8
38.5
40.0
215

4.6
554
40.0
66.2
338
16.2
83.8

3.8
47.7
48.5

4.6
50.8
44.6

Always/sometimes,

20%

FIGURE 1 Descriptive statistics
hospital type and last degree obtained

TABLE 2 Existing practices and
awareness and attitudes of oncologists
toward DPD testing

FIGURE 2 Existing practices
(prescription, and screening)
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TABLE 3 Awareness and observation
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of DPD testing in practice, by Factor N Number with characteristic % p Value®
demographic and hospital related factors Awareness of drug gene interaction causing mutation

Hospital type .003
Governmental 111 90 81.1
Private 19 9 47.4

Last degree obtained .060
MD 82 68 82.9
PharmD 20 13 65.0
Other 28 18 64.3

Years of practice n (%) .021
<5 27 16 59.3
5 or more 103 83 80.6

Observation of the impact of DPD testing

Hospital type .084
Governmental 111 15 135
Private 19 6 31.6

Last degree obtained .031
MD 82 9 11.0
PharmD 20 7 35.0
Other 28 5 17.9

Years of practice—Oncology n (%) .009
<5 65 5 7.7
5 or more 65 16 24.6

Note: Total number of respondents = 130.
“Based on the chi-square test or t test/Mann-Whitney U test.

years of practice (24.6% vs. 7.7% among those with fewer practice
years; p = .009).

4 | DISCUSSION

FPs are a commonly used group of chemotherapeutic drugs in the
management of several types of cancer.® DPD testing can identify
individuals with increased risk of severe toxicity to these drugs. Our
study showed that the majority of oncology specialists were aware of
these issues. Our study observed significantly higher rates of aware-
ness of drug-enzyme interaction causing mutation among respondents
working in governmental hospitals (81% vs. 47% in private hospitals),
and those with more years of practice (81% vs. 59% for those with
fewer years of practice). However, guidelines to support FP prescrib-
ing were available to only 38.5% of respondents, only 20% indicated
that they always or sometimes screen for DPD deficiency prior to FP
prescribing, and only 4.6% of clinicians reported that their institutions
promoted DPD screening prior to FP prescribing. This implies unex-
pectedly low uptake of a screening test which is now considered rou-
tine in many other countries. Therefore, our findings highlight the
need for promoting DPD screening prior to administering FP.

Only 20% of the respondents in the study reported that they
screen for the DPD variant prior to administering FP. Regardless,

about 80% of the professionals are aware of DPD and the potential
interaction with anti-cancer drugs, while most of the respondents
were aware of the presence of different DPD variants that might
affect the level of FP toxicity.

Many countries worldwide have specific guidelines for FP ther-
apy.'? Recent studies have shown that the cost of managing patients
with severe toxicity is higher than the cost of the prospective DPYD
testing of each new patient commencing FP treatment. These results
therefore showed that tests for the detection of DPYD variants is a
cost-effective strategy.'®

The authors of this report aspire to help in establishing a national
clinical guideline addressing DPYD screening and genetic counseling
prior to FP-based chemotherapy. EMA and MHRA recommend testing
all patients for DPD deficiency prior to systemic treatment with FP
drugs. Patients with a known complete DPD deficiency must not be
given FP. As for patients with a partial DPD deficiency, a reduced start-
ing dose should be considered.*>*? The EMA's recommendations have
been adopted by the Federal Institute for Drugs and Medical Devices in
Germany, and other scientific medical associations including
United Kingdom, Germany, Austria, and Switzerland have developed
proposals for implementing EMA recommendations.2 Moreover, the
Dutch Pharmacogenetics Working Group (DPWG) published guidelines,
which concluded that DPYD genotyping is considered “essential” and

has directed DPYD testing as a requirement prior to initiating FP.’
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An interesting study reported that HCPs have limited awareness
about personalized medicine in general, but have positive attitudes
toward it and are keen and eager to learn more about personalized
medicine for future practice.*”

In a further recommendation, additional training and awareness
programs are required to raise health care providers' understanding of
personalized medicine and to assist its implementation in
Saudi Arabia. More emphasis on this topic should be put into the cur-
ricula of health colleges.'”

The major strength of this study is its uniqueness in terms of
assessing awareness of healthcare professionals about genetic screen-
ing prior to administering FP drugs in Saudi Arabia. We used an instru-
ment that was carefully developed to examine physicians' current
practice and attitudes toward such screening. We also explored the
association between the demographic characteristics and awareness
and attitudes of oncologists toward DPD testing in Saudi Arabia.

A limitation of this study is its reliance on participants' capacity to
recall prior experiences, which might have resulted in bias. We limited
recollection time to 1 year to reduce the possibility of such bias.
Based on our findings, we recommend that immediate measures
should be taken to increase awareness among oncology staff about
genetic testing, and written guidelines related to FP should be estab-

lished and implemented.

5 | CONCLUSION

Our survey clarified the status of awareness of healthcare providers about
performing genetic testing prior to FP. Genetic testing was not prevalent
among most patients in Saudi Arabia. A lack of awareness regarding the
existing rules and policies related to testing before FP was observed. The
results of the study indicate an urgent need for actions to improve clinical
practice by screening to find genetic variants for DPD deficiency prior to
prescribing FP. A simple, inexpensive and cost effective test would sub-
stantially reduce the risk of serious and life threatening, drug related toxic-
ity. Adoption of this practice will promote personalized medicine with

safer medication use for FP in the Kingdom of Saudi Arabia.
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