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In an era of cost pressure, substituting generic drugs represents one of the main cost-containment strategies of healthcare systems. Despite the obvious financial benefits, in a minority of cases, substitution may require caution or even be contraindicated. In most jurisdictions, to obtain approval, the bioequivalence of generic products with the brand-name equivalent needs to be shown via bioavailability studies in healthy subjects. Rare diseases, defined as medical conditions with a low prevalence, are a group of heterogenous diseases that are typically severe, disabling, progressive, degenerative, and life-threatening or chronically debilitating, and disproportionally affect the very young and elderly. Despite these unique features of rare diseases, generic bioequivalence studies are typically carried out with single doses and exclude children or the elderly. Furthermore, the excipients and manufacturing processes for generic/biosimilar products can differ from the brand products which may affect the shelf-life of the product, its appearance, smell, taste, bioavailability, safety and potency. This may result in approval of generics/biosimilars which are not bioequivalent/comparable in their target population or that meet bioequivalence but not therapeutic equivalence criteria. Another concern relates to the interchangeability of generics and biosimilars which cannot be guaranteed due to the phenomenon of biocreep. This review summarizes potential concerns with generic substitution of orphan drugs and discusses potentially problematic cases including narrow therapeutic index drugs or critical conditions where therapeutic failure could lead to serious complications or even death. Finally, we put forward the need for refining regulatory frameworks, with emphasis on Saudi Arabia, for generic substitution and recent efforts toward this direction.
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1 INTRODUCTION
1.1 Rare diseases
Rare diseases are defined as medical conditions with a low prevalence. Definitions for rare diseases differ across jurisdictions and no single definition is accepted worldwide (Loorand-Stiver et al., 2016).
In Saudi Arabia (Saudi Food and Drug Authority, 2023), rare disease is defined as any life-threatening, seriously debilitating or serious and chronic condition which:
a) affects fewer than five in 10,000 individuals.
OR
b) affects more than five in 10,000 individuals but for which there is no reasonable expectation that the cost of developing and making available in Saudi Arabia a drug for such disease or condition will be recovered from sales of such drug.
Rare diseases are a group of heterogenous diseases that, in addition to their scarcity, share important characteristics: they are typically severe, disabling, progressive, degenerative, and life-threatening or chronically debilitating (Flather et al., 1997; Institute of Medic ine Committee on Accelerating Rare Diseases R et al., 2010). Approximately two-thirds of rare diseases have their onset in childhood and the majority (70%–80%) are genetic in origin, affecting between 3% and 4% of births, or have a genetic component (Flather et al., 1997; Thorat et al., 2012; Zhao et al., 2014; Bu et al., 2020). A large percentage of rare diseases are cancers; however, rare diseases span all therapeutic areas.
With an estimated number of rare diseases of approximately 7,000, the number of individuals affected by a rare condition is collectively large and estimated at approximately 10% of the global population (Zhao et al., 2014). The MENA region has one of the highest prevalence rates in the world for rare diseases, particularly those with a genetic component; mostly due to large family sizes, advanced maternal/paternal age, and a high rate of consanguineous marriages (Almalki et al., 2012). With a combined population of approximately 400 million, the estimated prevalence of rare diseases in the MENA region is three million patients, with Egypt (∼620,000) and Saudi Arabia (∼320,000) being the major contributors. The most common rare diseases in the region include hemoglobinopathies (e.g., sickle cell anemia and thalassemia), glucose-6-phosphate dehydrogenase deficiency, autosomal recessive syndromes (e.g., cystic fibrosis and spinal muscular atrophy), certain inborn errors of metabolism (e.g., Pompe’s disease, Mucopolysaccharidosis types), Behcet’s disease, and several metabolic disorders (e.g., Gaucher and Fabry disease).
Treatment for rare diseases tends to be expensive and complicated, involving high medical needs, long stays in hospital, work loss, early retirement, requirement of caregiver assistance, and non-medical costs associated with necessary modification of homes or vehicles. Thus, it represents a growing burden for governments and health authorities, including those in the MENA region. In a recent initiative of the EveryLife Foundation, a comprehensive evaluation of the economic burden of all rare diseases pooled together in the US was undertaken, including costs often not considered in cost effectiveness assessments due to non-availability (Yang et al., 2022). Results of this evaluation showed that the estimated total economic burden of rare diseases in the US reached nearly $1 trillion in 2019, with indirect and non-medical costs representing the majority (57%) of the cost. Despite the emphasis often placed on the cost of prescription medications, these accounted only for 5% of the total burden. More recently, another study estimated the cost of rare diseases in the US to be $2.2 trillion per year and identified mortality cost as another key driver of economic burden (Andreu et al., 2022).
1.2 Orphan drugs for rare diseases
Orphan drugs are therapeutic agents used for the management of rare diseases. In the last decade, there has been a shift in the research and development priorities of the pharmaceutical industry from blockbuster to niche drugs which is reflected in the increasing number of orphan drug approvals over time and the rate of increase in the last few years (Yang et al., 2022). In a 2022 comparative analysis of the orphan drug policies in Saudi Arabia, the US, and the EU, it was shown that among 619 products across 792 indications, the FDA had approved 594, EMA approved 329, and SFDA registered 171 (Balkhi et al., 2023).
1.3 Generic substitution
Generics are pharmaceutically equivalent to the reference products, being medicines with the same qualitative and quantitative composition in the active ingredient(s), dosage form, strength, and route of administration. However, they may differ in terms of excipients or additional constituents which potentially affect drug stability, absorption, and toxicity (Tassi et al., 2017).
Generic substitution refers to the replacement of a branded medical product by a generic version. As generic drugs are typically less expensive than the innovator product, their use is encouraged or, in certain cases, obligated by health authorities across the world to reduce healthcare spending. Despite the obvious financial benefits and evidence that generic substitution can be free of major complications, orphan drug substitution may require caution in some cases or even be contraindicated.
1.3.1 Definition of bioequivalence
In most countries, to obtain approval, manufacturers which develop generics need to demonstrate the product bioequivalence with the brand-name equivalent by appropriate bioavailability studies in healthy subjects (Gozzo et al., 2022). The parameters used to measure bioavailability include the area under the plasma concentration–time curve (AUC) and the maximal plasma concentration (Cmax). A product can be considered bioequivalent to the brand-name drug if after administration of the same dose, it exhibits a similar degree and rate of absorption. Average bioequivalence is established if the 90% confidence interval (CI) for the geometric mean of both the AUC and Cmax for the generic product are within 80% and 125% of the corresponding parameters for the innovator product (Heaney and Sander, 2007; Baumgärtel, 2012). For drugs with narrow therapeutic index (NTI), i.e., drugs where small differences in blood concentration may lead to serious therapeutic failures or adverse drug reactions, many agencies recommend more stringent limits (90% CI: 90%–111%) (Gozzo et al., 2022).
1.4 Biosimilars
A biosimilar is a biological medicine that is highly similar to an existing (“reference”) biologic. Through a comprehensive comparability exercise, manufacturers of biosimilars are required to demonstrate that their product is highly similar to the reference medicine, notwithstanding natural variability inherent to all biological medicines, and there are no clinically meaningful differences in terms of safety, purity, and potency. This comparability exercise can include quality/analytical data, in vitro and in vivo non-clinical data, and clinical data to demonstrate biosimilarity in terms of structure, function, toxicity, pharmacokinetics, pharmacodynamics, clinical immunogenicity, safety and efficacy (FDA, 2015; EMA, 2019). Assessment of biosimilarity typically follows a step-wise process that is tailor-made for each product. Decisions are typically based on the totality of evidence submitted and agencies have the discretion to determine that an element described above is unnecessary based on a risk-based approach.
2 CHALLENGES
Although issues with generic substitution of specific medication classes have been reported (e.g., post-transplantation immunosuppressants, anti-epileptic drugs, and antidepressants), very limited data are currently available on the impact of generic substitution of orphan drugs due to the small number of patients. One such example of problematic generic substitution in rare diseases involves the generic substitution of levothyroxine in children with severe congenital hypothyroidism (Carswell et al., 2013; Bate et al., 2016a). Based on the available literature, additional concerns with substitution of several other orphan medications (e.g., fosphenytoin for the treatment of generalized convulsive status epilepticus) exist; however, they remain to be proven/disproven (Di Paolo and Arrigoni, 2018; Elmer and Reddy, 2022).
2.1 Differences in product formulations and manufacturing: bioequivalence vs. therapeutic equivalence
The excipients and manufacturing processes for generic products can differ from the brand products, which may affect the stability of the product (i.e., its shelf life) or its chemical form in terms of salt or ester of the active ingredient (Davies, 2001; Verbeeck et al., 2006). Though these molecules are often considered inactive or inert, the former may affect the stability of the active ingredient and the latter can alter the chemical and biological properties of the active ingredient (Borgheini, 2003; Genazzani and Pattarino, 2008). Furthermore, there may be differences in the appearance, smell, taste, and shelf life between generics and with the branded drugs (Guberman and Corman, 2000). As a result, generic switching may interfere with patient adherence to treatment, particularly in children, be associated with suboptimal clinical and safety outcomes, or even result in additional healthcare resource utilization and costs of care (Meredith, 2003; Thiebaud et al., 2005; Verbeeck et al., 2006; Ansell, 2008; Genazzani and Pattarino, 2008; Bainbridge and Ruscin, 2009; Håkonsen et al., 2009; Desmarais et al., 2011; Straka et al., 2017).
In most therapeutic areas, the aforementioned differences have negligible impact on the drugs’ pharmacological activity and, thus, equivalent bioavailability translates to therapeutic equivalence. However, in certain cases, particularly in complex diseases and complex treatment regimens, generic substitution has been associated with decreased treatment efficacy and tolerability issues and careful evaluation is required (Bate et al., 2016b; Straka et al., 2017).
Given the aforementioned differences and considering that efficacy studies are not necessary for the approval of generics, there are concerns about the therapeutic equivalence of generic drugs. These concerns are reinforced in the case of orphan drugs, for which appropriately sized post-approval studies for each generic are close to impossible given the scarcity of the patient populations. The lack of therapeutic equivalence has further implications in rare diseases due to the fact that they disproportionally affect the pediatric population. Specifically, there are concerns associated with the fragile nature of neonates, infants, and toddlers and the occurrence of adverse events, the potentially irreversible and/or critical effects that suboptimal drug performance may have, as well as a potentially missed a therapeutic opportunity due to switch to a subsequent line of treatment instead of maximizing benefits from the originator/reference drug prior to proceeding to subsequent options.
2.2 Differences between healthy subjects and target patient populations
A key criticism of generic substitution is that studies evaluating the relative bioavailability of generic and brand orphan drugs are performed in a homogeneous group of healthy volunteers aged 18–55 years who do not take concurrent medications and maintain an overall healthy lifestyle, and not the patient population for which the drug is approved.
As a result, bioequivalence studies do not consider known variations in pharmacokinetics associated with age or disease particularities (Kearns et al., 2003; Meredith, 2003; Crawford et al., 2006; Straka et al., 2017). Although bioequivalence studies use a crossover design to account for intrasubject variability, they are not designed to detect differences in the pharmacokinetics of generic and brand medications that may exist in excluded age groups such as children or the elderly. This is even though more than two-thirds of orphan disease patients fall within the tails of age distribution (Flather et al., 1997; de Barros and Papoila, 2007; Bu et al., 2020). Furthermore, bioequivalence studies do not consider potential differences in the bioavailability of generic and originator products, which may exist in patients with concurrent diseases and medications due to first-pass metabolism, or due to the influence of fasting status.
Therefore, in patients and specific patient subgroups with pharmacokinetic parameters that may vary compared to healthy individuals, caution is warranted when considering generic substitution because the two formulations may be inequivalent in terms of bioavailability (Sabatini et al., 1999; Meredith, 2003).
2.3 Extrapolation of single-dose bioequivalence to chronic use
Bioequivalence studies are usually carried out with single doses. The use of single-dose studies to predict the results of multiple-dose use is another concern (Meredith, 2003) with generic substitution. In its guidance for industry regarding bioavailability and bioequivalence studies, the FDA recommends single-dose studies because “they are generally more sensitive than steady-state studies in assessing rate and extent of release of the drug substance from the product into the systemic circulation” (Hedges and Olkin, 2014). However, some studies have shown that differences in the rate and extent of absorption of enteric-coated products become more pronounced after multiple doses (Elkoshi et al., 2002), suggesting that differences in bioavailability may be missed by bioequivalence studies. This is particularly relevant as therapeutic benefit in chronic conditions is dependent on the maintenance of steady state and does not only rely on single-dose pharmacokinetics. Furthermore, it has been suggested that the presence of apparently inert compounds in generics which are absent from the brand drugs, discussed above, could affect long-term, but not single-dose, distribution, absorption, or metabolism (Besag, 2000). The impact of such variations in bioavailability would be more pronounced in drugs with NTI, and could lead to serious adverse reactions or therapeutic failure (Jiang et al., 2015).
Therefore, at least in some cases, multiple-dose studies would be recommended for evaluation of bioequivalence.
2.4 Interchangeability of generics
In different jurisdictions, medical doctors are obligated to fill the prescription only with the active substance of the product and the pharmacists may automatically substitute generic and brand products as well as between generics, depending on price and availability, which can lead to frequent switching between formulations.
Although the approval of a generic is based on its bioequivalence with the brand product, the bioequivalence of different generic versions is not guaranteed due to the “biocreep” phenomenon (Gozzo et al., 2022). One such example is shown in Figure 1, where two generics (G3 and G4) meet the bioequivalence criteria against the reference product but lay at the lower and upper borders of the bioequivalence interval which makes them bio-inequivalent. Switching from G3 to G4 without dose adjustment would result in significant reduction in plasma drug levels with potential loss of efficacy. Switching from G4 to G3 without dose adjustment would result in an increase of plasma drug levels with possible adverse drug reactions. Concerns about the “biocreep” phenomenon apply to all drugs and therapeutic areas; however, they are pronounced (a) in drugs with NRI, and (b) in cases where patients are stabilized following dose titration and switch to a different version of the product. In such cases, switch of generics may result in loss of control which, in turn, could be fatal (e.g., epilepsy, pulmonary hypertension, etc.).
[image: Figure 1]FIGURE 1 | Comparison of Bioequivalence of Reference (R) and Generic (G) Drugs. G3 and G4 meet the standard criteria of bioequivalence; however, they are not bioequivalent to each other [Adopted from Gozzo et al. (2022)].
2.5 Complex drugs
Among others (e.g., products that have complex active ingredients, complex drug-device combination products), complex drugs include those that are intended to deliver medication to local sites of action, such as the lung (e.g., inhaled or nebulized medications for respiratory disease) or the skin (e.g., dermatological creams, gels, ointments, or patches). Demonstrating bioequivalence of these types of medications is associated with unique challenges due to difficulties in measuring the rate of absorption as well as variations in excipients (e.g., particle size for inhalers, delivery systems for topical medications) which can significantly influence medication release, absorption, stability, and ultimately, the therapeutic effect, of two drugs with the same active ingredient and dose (Williams and Barry, 2012; Xu et al., 2014; Hmingthansanga et al., 2022).
Despite these challenges, most government regulatory agencies demand that the generic complex products prove both pharmaceutical equivalence and bioequivalence via pharmacokinetic and clinical endpoint or pharmacodynamic studies. Although comparative clinical studies are still considered the gold standard approach for establishing bioequivalence in most formulations, these studies can be costly and insensitive to detect formulation differences. Thus, demonstrating bioequivalence of complex drugs often requires alternative in vitro and in vivo methods, advanced analytical technologies, quantitative methods, and modeling and data analytics methodologies to establish scientific standards that would ensure therapeutic equivalence in patients (Zhang et al., 2023; Alomari and Alhussaini, 2024). Further refinement and standardization of these novel methodologies for regulatory purposes and product-specific guidances are needed to support the development and approval of safe and effective complex generic drugs (FDA, 2024).
2.6 Biosimilarity and interchangeability
Demonstrating biosimilarity of a subsequent entry product to the reference product requires extensive comparability studies (Section 2.4). Due to the low prevalence of rare diseases, limited clinical data are available for biosimilars, which may raise concerns about the effectiveness and safety of these products (Allocati et al., 2022). Therefore, establishment of a robust pharmacovigilance system to ensure monitoring of the safety and patient experience with biosimilars once they are on the market is critical (Oza et al., 2019; Drelichman et al., 2020).
Another particularity with biosimilars relates to their interchangeability, i.e., the potential to be substituted by another biosimilar of the same reference product without consulting the prescribing healthcare professional, often referred to as “pharmacy-level substitution”. Once a biosimilar is approved, some agencies (e.g., WHO, EMA) automatically consider them interchangeable while others (e.g., FDA) differentiate between biosimilarity and interchangeability with additional data required for granting the latter classification (Drelichman et al., 2020).
There is a lack of extensive data on the post-approval comparability of biosimilars for rare diseases. However, a recent analysis of the original imiglucerate product, an enzyme replacement therapy used to treat Gaucher disease, and two subsequent products that were not approved via biosimilar regulatory pathways showed considerable differences in the safety profile (Tsang et al., 2022). Although these findings are not necessarily representative of approved biosimilars, they do highlight the need for a stringent safety reporting system, clear regulations on the safety reporting requirements, as well as the collection of long-term real-world effectiveness data (Drelichman et al., 2020).
3 OVERVIEW OF CURRENT HEALTH AUTHORITIES’ PRACTICES
In recognition of the fact that the use of a single regulatory acceptance range for all drugs is problematic, both the FDA and the EMA previously launched programs with product-specific guidance (PSG) for generic drug development which advocate that the selection of the method used to demonstrate bioequivalence should depend upon the purpose of the study, the analytical methods available, and the nature of the drug product. Furthermore, to increase transparency on PSG and the FDA’s current best thinking on the topic and also to ensure that policies and regulations keep pace with the evolving science of equivalence, the FDA recently started publishing on a regular basis and in a timely fashion upcoming new and revised PSGs as a commitment under the Generic Drug User Fee Amendments of 2022 (GDUFA III) (FDA, 2024). No revisions to the Saudi Food and Drug Authority’s Guidelines for Bioequivalence or the Harmonised Arab Guideline on Bioequivalence of Generic Pharmaceutical Products (endorsed by health regulatory authorities’ representatives from the MENA region) have been published since 2011 and 2014, respectively.
In terms of generic substitution, legislation differs considerably among countries; a few examples being presented below. In the US, less than half (n = 19) of the states mandate generic substitution by pharmacists when generic products are available; the remaining 31 states permit but do not require substitution (Sacks et al., 2021). Furthermore, seven states require that patients consent to substitution, while in 23 states patients maintain the right to refuse substitution without requiring that they consent. UK law does not permit generic substitution, except in emergency cases (Department of Health and Social Care, 2021). While in Italy, physicians should fill in the prescription by indicating the name of the active substance if the patient is being treated for the first time for a chronic disease or is being treated for a new episode of a non-chronic disease if generics of the product are available. However, they can prescribe a specific product if it is considered not replaceable for a specific patient, but the non-replaceability clause must be necessarily and properly justified (Gozzo et al., 2022). No specific guidance is available for generic substitution in Saudi Arabia or the regions of Middle East and Northern Africa (MENA) and the Gulf Cooperation Council (GCC). Irrespective of the above variation between countries, the absence of consideration to the biocreep phenomenon and the interchangeability of various generics is a common denominator of all frameworks to date. Guidelines for biosimilar development were published by the WHO in 2009, the FDA, the EMA and more recently in Japan, Canada and Australia. However, guideline adoption in regions such as the MENA, Latin America and Asia remains slow.
4 DISCUSSION
4.1 Closing remarks and way forward
Although very limited data are currently available on the impact of generic substitution of orphan drugs, cumulative evidence from complex diseases in the literature suggests that, in some cases, the interchangeability of branded and generic products is not guaranteed, and caution should be exercised in treatment selection. This is particularly important for conditions where relatively small variations in bioavailability may have major impact on their efficacy or tolerability, critical conditions where therapeutic failure could lead to serious complications or even death, drugs with complex dosage regimens, and conditions treated with polymedication. To further complicate matters, it is hard to assess the consequences of substituting either brand or generic drug products in patients with progressive rare conditions because it is not clear if disease progression is due to the natural course of the condition or due to drug substitution.
There is a need for cooperation and collaboration between all stakeholders in rare disease and orphan drug research and development to come up with a clear regulatory framework for generic substitution in Saudi Arabia and the MENA/GCC regions taking into consideration the particularities of different therapeutic areas, rare diseases, and specific drugs. These guidelines need to consider the critical phenomenon of biocreep and be updated on a regular basis to reflect current scientific knowledge and align with international counterparts.
Finally, generation of local data, reflecting systemic/cultural idiosyncrasies and taking into consideration all perspectives, is also key to accurately quantify the regional cost-of-illness of rare diseases and assess the cost-effectiveness of generics in Saudi Arabia and the MENA/GCC regions. Acknowledging the need for sufficient numbers of patients, use of multi-country registries in the region, possibly through federated approaches, would be valuable.
4.2 Expert panel recommendations
Specific and strict criteria should be put in place for generic drugs that can be accepted in rare diseases, particularly progressive or critical conditions with poor outcomes: (a) Produced in high-quality, qualified, and licensed manufacturing facilities; (b) In the case of foreign suppliers/manufacturers, qualification and licensing by major regulatory authorities, e.g., FDA and EMA, could be acceptable; (c) Have been used for sufficient amount of time in reputable centers in other countries with no quality-related issues, or; (d) Appropriate therapeutic equivalence studies or switching studies from brand to generic have been conducted.
Furthermore, it is our recommendation that, once treatment for rare progressive or critical conditions has begun, the decision to switch patients to generics or to switch generics should be made in consultation with the expert treating physician. In the event of drug substitution, clear policy/guidelines should be in place to grant those patients the nearest appointment to carefully monitor patient outcomes, assess therapeutic equivalence, and consider dose adjustment, if needed. The Saudi Food and Drug Authority should regularly monitor generic drug substitution issues and keep national medical associations and patients advised on developments relevant to patient care. To achieve this, there is a need for ongoing post-marketing surveillance to detect quality, safety, or therapeutic inequivalence issues with approved generic medications. Treating physicians and community pharmacists have the duty to report to appropriate regulatory authorities serious adverse drug reactions or therapeutic failures that may be related to drug substitution, as well as make the patients aware of the potential risks associated with drug substitution, educate them how to detect signs of adverse drug reactions or therapeutic failures, and encourage them to seek help in a timely fashion.
5 EXPERT PANEL COMPOSITION
An advisory board meeting was called to discuss patient access to orphan drugs and the potential availability of generic versions, with emphasis on pulmonary arterial hypertension (PAH). Key opinion leaders representing both the government and private sectors and affiliated with diverse institutions across Saudi Arabia were invited. Those agreeing to participate formed the expert panel that met in December 2022. Panelists were clinicians from various medical fields (e.g., cardiology, pulmonology) and the pharmaceutical sector (administrative, supply chain, and clinical pharmacy). Due to extensive discussions, the expert panel convened for two additional board meetings to further explore the issue and exchange their experiences with generic medications. These discussions and insights are documented in this white paper, aimed at informing stakeholders and policymakers.
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