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Abstract

Rationale, aims and objectives: The efficacy and safety of drugs can be improved by rational prescription and personalization

of medicine for each patient. Pharmacogenomics information (PGx) in drug labels (DL) is important for the personalization

of medications because genetic differences may affect both drug efficacy and safety. Providing adequate PGx to patients

has ethical implications. The aim of this study was to determine if there are discrepancies among various agency-approved

labels for the same active ingredient and where the labels approved by the Turkish Medicines and Medical Devices Agency

(TMMDA) stand regarding the inclusion of PGx and discuss these ethical implications. Methods: DL annotations from the

Pharmacogenomics Knowledgebase and DLs approved by the TMMDA were analyzed according to information and action

levels, which are “testing required”, “testing recommended”, “actionable”, and “informative”. Results: There are 381 drugs

listed in PharmGKB drug label annotations and 278 of these have biomarkers. A total of 242 (63.52%) drugs are approved and

available in Turkey. Of these, 207 (54.33%) contain the same information as in or similar to that in the labels approved by the

other agencies. The presence and level of information varied among the DLs approved by different agencies. The inconsistencies

may have a significant effect on the efficacy and the safety of drugs. Conclusion: These findings suggest an urgent need for the

standardization of pharmacogenomics information globally because it may not only affect the efficacy and safety of medications

but also essential ethical rules regarding patient rights.

Introduction

Pharmacogenomics has been described as the study of differential responses to pharmacological treatment
due to heredity, which has drawn attention to personalized medicine [1-5]. The genetically determined inter-
individual variability in enzyme activity, receptors, transporters, and various other drug targets has been
associated with the efficacy and toxicity of pharmaceutical treatment [6-9]. Polymorphisms, mutations, gene
expression differences, and chromosomal abnormalities that cause changes in these targets may be the main
reason for variations in the body’s reaction to drug exposure. Variability in drug efficacy and safety is
explained by pharmacogenomics besides factors such as age, sex, body mass index, renal and liver functions,
other diseases, and lifestyle differences [10-14].

Inter-individual variations in drug responses not only affect drug efficacy but also can lead to adverse drug
reactions (ADRs) in patients. ADRs are associated with morbidity and mortality and are a burden to the
healthcare system, accounting for a cost of almost 100 billion USD [7]. According to a prospective analysis,
up to 6.5% of acute hospital admissions in the United Kingdom are still related to ADRs [16].

ADRs can be minimized by rational prescription and personalization of medicine for each patient, the
precision of which can be increased by considering the pharmacogenomic information (PGx) during these
processes. The European Commission published a guideline on the summary of product characteristics
(SmPCs) in 2009, which emphasized that all available relevant PGx should be included in the SmPCs [17].
In 2015, a review of 517 pharmaceutical products approved for use by the European Medicines Agency
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(EMA) from 1995 to 2014 showed that the SmPCs of approximately 15% of medications consisted of PGx
that directly impacted treatment [18]. Similarly, Frueh et al. performed a review of the labels of the drugs
approved by the United States Food and Drug Administration (FDA) and estimated that almost one-fourth
of patients in 2006 (approximately 8.8 million) were prescribed one or more drugs for which the label included
PGx in the US [19]. We estimate that this number has increased considerably over time.

Providing adequate PGx of the drugs to patients has some ethical implications in terms of providing benefits,
avoiding harm, mitigating risks, strengthening the trust in healthcare providers, and empowering patients,
as the new-found scientific information in pharmacogenomics increases the moral responsibility to effectively
transfer this information to patients. Therefore, the aim of this study was to determine if there are discrep-
ancies among various agency-approved labels for the same active ingredient and where the labels approved
by the Turkish Medicines and Medical Devices Agency (TMMDA) stand regarding the inclusion of PGx and
discuss the ethical implications of SmPCs with inadequate and outdated information in the context of the
principles of medical ethics.

Methods

We downloaded all data on 14 April 2020, from which we extracted the level tag and PGx. The SmPCs
TMMDA-approved drugs retrieved from the agency’s website and checked and updated according to the 2020
version of RX Media Pharma Interactive Pharmaceuticals Information Source were screened and analyzed
for PGx content [20,21]. Then, we compared the information provided in TMMDA-approved labels with
that in the Pharmacogenomics Knowledgebase (PharmGKB) database [22]. PharmGKB annotates drug
labels containing PGx approved by the FDA, EMA, Swiss Agency of Therapeutic Product (Swissmedic),
Pharmaceuticals and Medical Devices Agency, Japan (PMDA), and Health Canada (Santé Canada, HCSC).
PharmGKB annotations provide a brief summary of the PGx in the label, an excerpt from the label, and a
downloadable highlighted label PDF file. A list of genes and phenotypes found within the label is mapped
to label section headers and listed at the end of each annotation. PharmGKB also attempts to interpret the
level of action implied in each label with the ”PGx Level” tag [22]. There are four levels of actions:

1. Testing required, states or implies that some sort of gene, protein, or chromosomal testing, including ge-
netic testing, functional protein assays, and cytogenetic studies, should be conducted before using this drug.
2. Testing recommended, states or implies that some sort of gene, protein or chromosomal testing, including
genetic testing, functional protein assays, and cytogenetic studies, is recommended before using this drug. 3.
Actionable PGx, may contain information about changes in efficacy, dosage, metabolism, or toxicity due to
gene/protein/chromosomal variants or phenotypes (e.g., ”poor metabolizers”), or the label may mention con-
traindications of the drug in a particular subset of patients with particular variants/genotypes/phenotypes.
4. Informative PGx, contains information stating that particular gene/protein/chromosomal variants or me-
tabolizer phenotypes do not affect a drug’s efficacy, dosage, metabolism, or toxicity, or states that particular
variants or phenotypes affect a drug’s efficacy, dosage, metabolism, or toxicity, but this effect is not “clini-
cally” significant. Or, the label appears or appeared on the FDA Biomarker List but does not currently meet
the requirements to be assigned as “Testing required,” “Testing recommended,” or “Actionable PGx.”

First being the highest level, we analyzed the consistency of recommendations of labels approved by different
agencies as well.

Statistical analysis: The data were presented as the percentage of the drug labels approved by each agency
and presented as numbers and percentages. No statistical comparison was performed as the aim of this study
was to determine the discrepancies among agencies and the possible effects of these discrepancies on ethical
issues.

Results

There are 381 drugs listed in PharmGKB drug label annotations and 278 of these have biomarkers. The
numbers of drug labels containing PGx approved by the FDA, EMA, Swissmedic, HCSC, and PMDA are 306
(80.32%), 127 (33.33%), 125 (32.81%), 104 (27.30%), and 52 (13.65%), respectively. A total of 242 (63.52%)
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drugs are approved and available in Turkey. Of these, 207 (54.33%) contain the same information as in or
similar to that in the labels approved by the other agencies. Some labels contain two levels of information
if different genes are involved and/or if the drug is a combination of two or more active ingredients. The
details of the information levels are shown in Table 1.

One hundred ninety-one (50.13%) of the drugs had labels approved by more than one agency, and the levels of
PGx were inconsistent for 63 (32.98%) of these drugs. For example, in one country label, the information level
is testing required while that in the others is testing recommended or actionable or informative information.
Among the 132 drugs that are not currently on the Turkish market, the labels of 55 (41.67%) have no PGx
at all. Twenty-three (17.42%) of these drugs are on the import drug list. This list contains the drugs that
are not currently licensed and/or not marketed in Turkey but their import in line with a set of regulations is
permitted by the Turkish Ministry of Health. Of the 23 drugs that are on the import list, three have SmPCs
in Turkish and two in English. Eighteen (13.63%) are licensed but are currently unavailable due to not being
produced, not being imported, or not being marketed. Of these, 11 (61.11%) have PGx in their approved
SmPCs. RX Media Pharma database monographs for active ingredients contain the PGx for 46 (34.85%) of
the drugs.

Examples of inconsistencies

Types of human leukocyte antigen

Thirteen drug label annotations contain information about various human leukocyte antigen (HLA) types.
Some of the inconsistencies are reasonable because the frequencies of HLA types vary among different po-
pulations. For example, all agencies but the PMDA requires testing for HLA-B*5701 before therapy with
abacavir. The information in the PMDA-approved label is informative because the prevalence of this allele
is only 0.1% in the Japanese population.

For carbamazepine, while the FDA- and Swissmedic-approved labels require screening of patients with an-
cestry in line with genetically at-risk populations (individuals of Asian descent) for the presence of the
HLA-B*1502 allele prior to treatment due to a high risk of serious, and sometimes fatal, dermatologic reacti-
ons, HCSC and TMMDA recommend testing. PMDA’s level of information is only actionable and states that
the HLA-B*1502 allele was prevalent in nearly all of a group of Han Chinese patients who developed Steven–
Johnsons Syndrome or toxic epidermal necrolysis (SJS/TEN). Swissmedic and HCSC also recommend testing
for HLA-A*3101, which increases the risk of developing hypersensitivity reactions to carbamazepine. On the
other hand, the FDA and PMDA levels of information are actionable for this allele, despite the fact that it
appeared at a high frequency in Japanese patients. Similarly, for oxcarbamazepine, the Swissmedic-approved
label requires testing for the HLA-B*1502 allele as due to the increased risk of SJS/TEN, the FDA and
TMMDA recommend testing. Information is more variable in the case of phenytoin and HLA-B*15:02. The
FDA and Swissmedic level of information is actionable and states the high risk of SJS/TEN in patients of
Asian ancestry. The HCSC recommends testing and the TMMDA has an informative level of information for
three of the five generic formulations. Although Han/Chinese descendants are rare in Turkey’s population,
the inconsistency in different pharmaceutical/commercial forms is notable.

Glucose 6 phosphate dehydrogenase deficiency

Sixty drug labels that have PGx on risks and complications when the drugs are used in glucose 6 phosphate
dehydrogenase (G6PD)-deficient patients. Fifty-three of these drugs have an actionable level of information
(such as contraindicated in patients with G6PD deficiency), three have an informative level of information
(e.g., succimer has been used for the treatment of lead poisoning in five patients with G6PD deficiency without
adverse reactions; patients with a known history of G6PD deficiency was excluded from some clinical trials;
or patients with a known history of G6PD deficiency was excluded from some clinical trials), and two have
testing required level of information (tafenoquine and pegloticase) for all agencies. The labels for primaquine
labels were inconsistent: the FDA-approved drug label for primaquine states that G6PD testing should
be performed before using the drug and that the drug should not be prescribed for patients with severe
G6PD deficiency. However, the HCSC-approved product monograph information level was actionable for
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primaquine and states that caution should be exercised while using the drugs in individuals with G6PD
deficiency due to the risk of hemolytic anemia, which we assume is based on the previous testing. Similarly
the information levels for rasburicase are also variable: the FDA-approved label has and testing required and
states that patients at higher risk for G6PD deficiency, such as those of African or Mediterranean ancestry,
should be screened prior to starting treatment, because rasburicase is contraindicated in patients with G6PD
deficiency. The EMA-, Swissmedic-, and PMDA-approved labels were actionable and stated that rasburicase
is contraindicated in patients with G6PD deficiency due to risk of hemolytic anemia, which we again believe
is based on the assumption that the patient would have the information on G6PD status prior to drug use.
The HCSC-approved label level was testing recommended and states that patients at higher risk for G6PD
deficiency (e.g., those of African or Mediterranean ancestry) be screened prior to starting treatment, due to
the risk of severe hemolytic anemia.

TMMDA had actionable information in 17 and informative information in three of the drug labels.
For seven of the drugs (ceftriaxone, ciprofloxacin, glibenclamide, gliclazide, nitroglycerin, sulfamethoxa-
zole/trimethoprim, and vitamin C), the information in the labels differs between the original and/or generic
forms.

Cytochrome P 450 enzymes

Of the 381 drugs, the labels of 143 have information on various cytochrome P 450 enzymes of varying levels:
actionable, 68 (47.55%); informative, 47 (32.87%); testing required, 6 (4.20); and testing recommended, 1
(0.70%). The labels of the remaining 21 drugs (14.69%) have varying levels of information. The information
was about the enzymes CYP2D6 (n = 90, 54.55%), CYP2C19 (n = 26, 15.76%); CYP3A4 (n = 23, 13.94%),
CYP2C9 (n = 17; 10.30%), and others (n = 7, 4.24%).

Fifteen drugs with the information level informative have been approved by the EMA. However, the infor-
mation states that “no pharmacogenomics information is available”. Information on the role of enzymes or
proteins that are involved in the pharmacokinetics of the drug and that may lead to drug-drug interactions if
concomitantly used with other drugs using the same enzymes or proteins during pharmacokinetic activities
are included in these labels. There are two examples of different levels of information provided by other
agencies (if any), indacaterol and voriconazole.

For indacaterol, the information in the FDA- and Swiss-approved labels is also informative but more detailed
and states the genotypes that may lead to pharmacokinetic changes. On the other hand, the information in
the PMDA-approved label is classified as actionable although it is similar to that provided by other agencies.
The labels actually contain the same information but in worded differently.

The EMA European Public Assessment Report (EPAR) for indacaterol (Hirobriz Breezhaler) does not
contain PGx but does contain information regarding the drug’s pharmacodynamics as a beta2-adrenoceptor
(ADRB2) agonist and pharmacokinetics involving UGT1A1, CYP3A4, and ABCB1.

The PMDA package insert for indacaterol (Onbrez) states that individuals with low UGT1A1 expression
have increased steady-state area under the concentration-time curve (AUC) and maximum plasma concentra-
tion (Cmax) compared to those among individuals with wild-type UGT1A1 expression. Following repeated
inhalation of indacaterol in subjects with a variant, low-activity UGT1A1 genotypes, the steady-state Cmax
and AUC were both 1.2-fold higher than those related to the wild-type genotype (non-Japanese data).

The FDA-approved drug label for indacaterol (ARCAPTA NEOHALER) states that the steady-state AUC
and Cmax of indacaterol were 1.2-fold higher in patients with the (TA)7/(TA)7 (*28/*28) genotype than in
the patients with the (TA)6/(TA)6 (*1/*1) genotype, suggesting no relevant effect of the UGT1A1 genotype
on indacaterol exposure.

The information is actionable for voriconazole labels approved by other agencies. The EMA-approved label
states that it does not contain PGx; it contains warning information regarding the co-administration of
drugs that are substrates, inhibitors, or activators of CYP3A4, CYP2C9, or CYP2C19 due to drug-drug
interactions. The actionable information for the same drug states that CYP2C19 poor metabolizers have,
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on average, four-fold higher voriconazole exposure than do normal metabolizers. In contrast, intermediate
metabolizers have two-fold higher exposure than do normal metabolizers. The PMDA-approved label notes
that voriconazole is metabolized by CYP2C19 (as well as CYP2C9 and CYP3A4) and provides tables showing
the difference in pharmacokinetic metrics between extensive, intermediate, and poor metabolizers in adults
and children.

Ninety-three TMMDA-approved drug labels have information about cytochrome P 450 enzymes. Of these,
the labels of 41 (44.09%), 31 (33.33%), and 1 (1.08%) drug contain informative information, actionable
information, and state testing recommended, respectively. Twenty (21.51%) labels contained information on
drug-drug interactions and concomitant use with enzyme inducers or inhibitors. However, we did not classify
these as informative labels, although some of the EMA-approved labels were similar to informative labels.
For five drugs, the original drug labels had information similar to that in the corresponding labels approved
by other agencies; however, this similarity was lacking among the labels for the generic versions of these
drugs.

Discussion

According to licensing regulations, approved licenses are valid for 5 years. There are no specific regulations
about SmPCs, which are included in the license application files and updated accordingly. Global pharma-
ceutical companies update their licenses and SmPCs in a timely manner when they have new information.
However local and/or generic companies do not update their licenses and SmPCs strictly according to these
rules. Furthermore, most discrepancies are observed in the case of generic or older products.

When we evaluated the TMMDA-approved labels, we found that the labels available were in accordance
with those approved by other agencies, mainly the EMA and FDA. The two major problems concerning the
pharmacovigilance information pertaining to the Turkish pharmaceutical market are that generics may not
have the same/similar information as the original drugs and imported drugs lack information in Turkish for
the patient and/or for the prescriber.

Improvements in pharmacogenomics have enhanced its applications in medical interventions. Therefore, it
is necessary to disclose PGx; however, the content communicated and the process of informing patients
about pharmacogenomics remains tentative [23]. Nevertheless, our study reveals the fact that SmPCs are
not standardized and do not necessarily contain up to date information. A review of the literature shows that
this is not a local problem peculiar to some countries such as Turkey, and is, in fact, a global problem [24-27].
SmPCs are suggested as useful and effective tools for disclosing PGx [28]. However, because of inadequate,
inconsistent, and outdated information, SmPCs are not appropriate for providing the suggested information
to patients [29].

The scarcity of regulation pertaining to the PGx to be included in SmPCs and standardized processes and
the reluctance of pharmaceutical companies in updating SmPCs have some widespread ethical implications
[27,30,31].

1. The first ethical implication is about the right of the patient to be informed about the medication that is
being given to the patient. The right to have access to accurate and relevant information emerges from the
basic human right of autonomy [32]. Respect for autonomy is one of the main principles of medical ethics
and it is realized by disclosing the necessary information to the patient and providing space for patients’
decision-making without the undue influence of others. Disclosure of information is a complex procedure
that does not start and end in one instance, but rather is an ongoing process that begins with the interaction
between the physician and the patient and continues throughout the treatment. Patients may not be able to
understand the disclosed information in clinical settings, because several factors might impede their cognitive
capacity in that clinical setting or the patients may have trouble recalling the disclosed information later
when they leave the hospital or need to refresh their memories upon achieving an unexpected result with
the medication [33,34]. Compared to other medical information, PGx may be more confusing for patients.
Thus, we can assume it would be harder to understand or recall what has been disclosed to patients [35].
SmPCs are useful references for patients in this respect and should be regarded as a part of the process of
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information disclosure to patients. Neglecting to update SmPCs hampers the right of patients to have access
to accurate information and prevents them from exercising their autonomy.

2. Another ethical issue emerges from the principle of doing no harm to the patient. SmPCs with outdated
information may cause harm by misleading patients about their medications. The principle of doing no harm
encumbers responsibility to all parties involved in health care provision [32]. Pharmaceutical companies have
a significant role in health care services; hence, they are obliged to comply with the principle of “do no harm”
of medical ethics. The context of this principle is not limited to not doing any intentional harm but has a
broader context to cover risk mitigation for the patient. Pharmaceutical companies that provide SmPCs with
poor content fail to acknowledge this principle.

3. Not having adequate and consistent PGx in SmPCs poses a high risk for harm among vulnerable groups
such as children, the elderly, or pregnant women. Since these population groups are considerably less subject
to clinical trials in pharmacogenomics, the accumulated scientific data are limited. Moreover, a lack of clarity
about the differences in pharmacogenomic research for discovering medical interventions and optimizing
clinical care makes the provision of information to these patient groups particularly important [36]. The
pharmacogenomics counseling skills for communicating with vulnerable populations and the knowledge and
interest of healthcare providers in new-found PGx are variable and limited depending on their areas of
expertise [37-39]. Hence well-written SmPCs may provide significant benefits and avoid harm among these
vulnerable groups.

4. Veracity and reliability are two important ethical values in clinical ethics. Patients should trust that their
healthcare providers will do their best to benefit patients’ health. Trust in the physician is the first ring in
the chain and should be backed by trust in the health care system and pharmaceutical companies. Trust is
gained by veracity and reliability between the parties. A lack of SmPCs or of SmPCs with different content
may harm the trust in health care agencies and pharmaceutical companies by raising concerns about sloppy
or inattentive process management. It is plausible to argue that ruining patients’ trust in the healthcare
system is another way of doing harm to patients, which would impair the success of their treatment in the
long term.

5. Patient empowerment is an essential component of personalized medicine. Empowered patients play a
new, more proactive, and leading role in the management of their health status. Recently direct-to-consumer
(DTC) DNA testing companies have been offering PGx to patients, and they will potentially be more at
the forefront of delivering personalized medicine in the near future [40]. Providing PGx of drugs by means
of SmPCs to patients presumably contributes to patient empowerment by raising patients’ awareness about
their medical conditions and their proactivity during the course of treatments.

Based on the findings of our study, the standard of PGx in SmPCs is far from that required for meeting
these essential ethical requirements. It is clear that an international organization such as the International
Council for Harmonization should act as a guide to make essential PGx available and standardized globally.
National agencies need to agree on the definition of PGx and its levels. PharmGKB sets a good example in
this regard. After an agreement has been reached on the standardization of PGx for inclusion in SmPCs,
marketing license owners need to check the approved labels, find discrepancies, and change labels accordingly.
Similarly, generic companies must be subject to the same requirements: they should be required to update
their SmPCs and other package inserts. Following these simple recommendations will not only prevent the
ethical breach of patients’ rights but also will equip physicians to precisely personalize the medicine being
prescribed.
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