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Abstract
There appears to be a mismatch between the assumed therapeutic equivalence of generic drugs, their interchangeability, and
reported clinical discomfort following generic drug use and drug switches. In this article, we describe why we are of the
opinion that the current regulatory approach to the evaluation of generic drugs based on average bioequivalence is sufficient
to expect therapeutic equivalence in the clinical setting. This has often been debated, specifically as adverse drug reactions
related to generic drug switches are regularly reported. We agree that clinical discomfort during a bioequivalent drug switch
may indeed be caused by different exposures to the active substance. However, this difference in exposure is not a result of
the characteristics or quality of generic drugs; it is caused by the pharmacokinetic within-subject variability of the active
substance, i.e., the variability on the bioavailability of the active substance, when comparing two occasions of administration of the same drug product, to the same patient. Therefore, reported clinical discomfort following generic drug use and
drug switches does not warrant a change in the regulatory approach to the evaluation of the bioequivalence of generic drugs.
Switching from a brand-name drug to currently approved generic drugs, or between different generic drugs, will in principle
result in comparable exposure, within boundaries determined by the within-subject variability of the pharmacokinetics of
the active substance involved.
A demonstration of bioequivalence is the cornerstone of
generic drug approval. Two pharmaceutically comparable
drug products of high quality are bioequivalent if there is
statistical proof of comparable bioavailability. For immediate-release drugs with systemic action, this comparable bioavailability is usually investigated in a single-dose crossover
study, in which both drug products are administered in two
separate periods, in a randomized sequence. The evaluation
is predominantly based on the area under the plasma concentration–time curve (AUC) and the maximum plasma concentration (Cmax), which reflect the extent of exposure and
peak exposure, respectively, and therefore allow for a comparison of exposure over time. Already in the early 1970s,
the Canadian authorities used the arbitrary cut-off of at least
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80% bioavailability to compare different drug products [1],
and the use of a confidence interval for the statistical test
was proposed [2]. Current guidance dictates that, generally,
the 90% confidence intervals for the geometric mean ratio of
Cmax and AUC between the two products should be within
the acceptance interval of 80.00–125.00% [3].
For active substances with a high pharmacokinetic variability, of over 30%, the US Food and Drug Administration
allows a widening of the acceptance limits for AUC and
Cmax to a range depending on the extent of the within-subject
variability, i.e., the variability on the bioavailability of an
active substance, when comparing two occasions of administration of the same drug product, to the same patient [4, 5].
In the European Union, widening of the acceptance limits
is similarly allowed but can only be applied to Cmax, which
may be increased in a scaled approach, to a maximum range
of 69.84–143.19%, which is the limit when a within-subject
variability of 50% is determined. In addition, for active substances with a narrow therapeutic index, acceptance limits for both AUC and Cmax can be scaled to the variability
(USA), or tightened to 90.00–111.11% for AUC only or for
both, AUC and Cmax (European Union) [6, 7].
Several aspects of the regulatory approach to the concept
of bioequivalence have been debated over the years. Ever
since the first proposal of the confidence interval limits,
the width of this acceptance range has been challenged [8],
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Key Points
Individual differences in exposure upon switching to a
bioequivalent drug, even outside the acceptance range
for average bioequivalence, are known to occur. However, these are not because of differences in the characteristics of the drugs, but rather the intra-individual
variability of the active substance involved.
In the case of an approved generic drug with comparable quality, given the identical intra-subject variability,
the variation in exposure following a switch from a
brand-name drug to a generic drug is comparable to
that observed upon repeated administration of either the
brand-name drug or the generic drug.
The current regulatory approach to the evaluation of
bioequivalence appears to be sufficient. For approved
generic drugs, comparable exposure between drugs are
expected, within boundaries in individual blood drug
concentrations determined by the within-subject variability of the active substance.

mainly raising the question as to why the same arbitrary
limits are applied to all active substances. Partly because
of those discussions, in current regulation, a narrowing or
widening of the confidence interval limits is allowed. Independent of the confidence interval limits applied, it is known
that the ratio of the exposure to the active substance from
the generic and brand-name drug is within a much smaller
range than allowed with the above-mentioned criteria, as
indicated by an analysis of 2070 bioequivalence studies by
Davit et al. in 2009 [9]. In that analysis, they demonstrated
that the mean estimated difference between approved generic
and brand-name drugs was only 4.35% for Cmax and 3.56%
for AUC. For the European situation, based on a smaller
subset of 120 bioequivalence studies, comparable figures
were obtained [10].
Another point of debate has been that bioequivalence
studies are usually conducted with healthy subjects and not
with the intended patient population. It has often been questioned whether the bioequivalence conclusion, as drawn in a
healthy subject population, can be extrapolated to patients.
Indeed, absolute exposure may be different for patients
compared to healthy subjects. However, this difference is
active substance related and similarly influenced by, for
example, patient comorbidities, for both brand-name drugs
and generic drugs. As discussed by Versantvoort et al., the
relative exposure between the brand-name and generic drugs
will be the same in healthy subjects and patients [11]. One
further reason for assessing bioequivalence using healthy
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subjects is that in these subjects, with generally less comorbidities than patients, it is expected that less variability of
exposure is observed that is unrelated to the differences
between the tested drug products [3]. This is relevant, as
the primary goal of a bioequivalence study is to investigate
formulation-related differences between the tested drug
products, and to measure them in the most sensitive manner,
other variability should be minimal. Healthy subjects are the
most suitable model for that purpose. Likewise, the pharmacokinetic behavior of drugs can be markedly different in men
vs women [12] or in patients with different degrees of, for
instance, renal function; but this also applies to an identical
extent for brand-name drugs and generic drugs. Therefore,
demonstrating bioequivalence for both sexes does not seem
to be necessary; bioequivalence demonstrated in male individuals can safely be extrapolated to female individuals and
vice versa, as discussed by Gonzalez-Rojano et al. [13].
Nevertheless, it is useful to empirically test the assumption of comparable relative exposure in patients vs healthy
subjects. For this purpose, a well-controlled comparative
bioavailability study was recently performed with kidney
and liver transplant patients, and similar tacrolimus exposure for brand-name and generic drugs was concluded,
in line with the expectation based on studies in healthy
subjects [14]. Likewise, bioequivalence as determined in
healthy subjects between different generic lamotrigine drugs
(generic–generic switch) was confirmed in patients with epilepsy [15].
These findings support the current approval pathway for
generic drugs and the notion that bioequivalent drugs are
expected to be therapeutically equivalent. However, this
assumption is based on bioequivalence: comparable average exposure in the whole population. A treating physician
or prescriber would predominantly be interested in therapeutic equivalence for their individual patient. This presumed
therapeutic equivalence is often debated, for instance for
cardiovascular drugs [16, 17] and drugs for psychiatric illness [18]. Nonetheless, no substantial differences in clinical outcomes were observed between patients who started
treatment with either generic or brand-name warfarin [19].
Further, in a clinical crossover study evaluating bupropion
exposure in patients with major depression, the bioequivalence of three generic drugs to the brand-name drug and
between the three generic drugs was confirmed, and no differences in depressive symptoms or side effects were noted
[20]. However, clinical evidence from unbiased randomized
controlled trials, for the assumed absence of clinically relevant differences (in exposure) between generic and brandname drugs, is limited [21].
Indeed, if bioequivalent drugs are therapeutically equivalent, then patients would not be expected to experience clinical discomfort related to generic drug switches. Adverse
drug reactions (ADRs) related to generic drug switches are
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reported regularly, as evident from case reports [22, 23] and
observational studies [24, 25]. The following questions then
arise: What causes this apparent discrepancy between theory
(assumed interchangeability of generic drugs) and real-world
observations (reported clinical discomfort upon switching to
a generic drug), and could the explanation still be found in
pharmacokinetic aspects underlying such a generic switch?
For example, a recent article by Concordet et al. describes
issues related to a levothyroxine drug switch in France affecting more than 2.5 million patients in 2017 [24]. Even though
bioequivalence was demonstrated between the old and new
formulation of levothyroxine used in the switch, applying the
tightened 90.00–111.11% acceptance range [26], more than
30,000 ADRs were reported following this massive drug
switch. Based on this levothyroxine case, Concordet et al.
argue that a demonstration of average bioequivalence is not
sufficient to ensure drug switchability. They also argue that
tightening the acceptance limits for the average bioequivalence 90% confidence intervals is insufficient, as the width of
the 90% confidence interval is inversely related to the number of studied subjects and therefore still may allow marked
differences in exposure upon switching [27]. Moreover,
according to the authors, as more than 50% of the subjects
in the supporting levothyroxine bioequivalence study [26]
demonstrated an individual pharmacokinetic exposure ratio
outside the 90.00–111.11% confidence interval, acceptance
criteria should have been a warning signal of a possible lack
of individual bioequivalence. Therefore, the authors argue
that a priori characterization of the within-subject variability
and the extent to which the pharmacokinetic exposure ratios
differ between individuals (subject-by-formulation interaction), as in the concept of individual bioequivalence, would
have identified switchability issues and would have allowed
for a better regulatory assessment of the new levothyroxine
formulation.
The Concordet et al. articles have been extensively commented upon, with discussions mainly related to difficulties
and shortcomings of the individual bioequivalence approach
and of the calculation and interpretation of the number of
subjects in a bioequivalence study with an individual exposure ratio outside the bioequivalence acceptance criteria
[28–35]. The debate clearly indicates that a consensus has
not been reached on the issue of the interchangeability of
drugs based on demonstrated average bioequivalence.
In our opinion, within-subject pharmacokinetic variability
is the most important factor in this debate. As demonstrated
by Yu et al., there are clear indications that within-subject
variability has far more influence than subject-by-formulation interaction for drugs for which bioequivalence has been
demonstrated [36]. In Yu et al.’s article, it was demonstrated
for a selection of drugs that the variability of exposure following a switch from a brand-name drug to a generic drug is
comparable to that observed upon repeated administration of
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either the brand-name drug or the generic drug. It is indeed
acknowledged that in bioequivalence studies, subjects will
often have an individual exposure ratio outside the acceptance criteria [37], a situation we also observe in results
from bioequivalence studies filed for regulatory approval
of generic drugs. However, it is crucial to realise that the
same phenomenon occurs when comparing the exposure
of two repeated administrations of the same brand-name or
generic drug; therefore, this finding is merely a reflection of
the daily clinical situation upon treating a patient, with his
or her inherent within-subject variability leading to different
exposures per occasion, than a reflection of differences in
the quality and/or exposure of a generic drug. Experimental
imprecision adds to the observation of different individual
exposures in studies. Indeed, Munafo et al. [33] describe
simulations in which individual exposures outside the
acceptance range are observed, with a bioanalytical error of
10% as the only source of variability.
Thus, when a patient experiences clinical discomfort during a bioequivalent drug switch, it may indeed be caused by
a different exposure to the active substance. However, this
different exposure does not seem to be the result of different
characteristics of the bioequivalent drug, but is highly likely
because of pharmacokinetic within-subject variability of the
active substance, unrelated to the different drug products.
When we assume that the difference in exposure is related
to the perceived clinical discomfort in a patient, this clinical discomfort is not attributable to differences between the
original and switched drug, but merely to pharmacokinetic
within-subject variability.
The question then remains as to why larger numbers
of ADRs are reported in the case of drug switches than
in the case of drug continuation. In line with the above
reasoning, a potential explanation could be that patients
and prescribers are more prone to report ADRs, as negative perceptions about generic drug switching and forced
drug switches persist. This would imply that drug switching does not increase the actual number of ADRs, but
merely increases the reporting rate of ADRs. In relation
to another relatively large-scale levothyroxine drug switch,
in 2007 and 2008 in New Zealand, the increased number
of reported ADRs in that setting has been postulated to
be caused by an increased reporting rate because of inaccurate guidance information and media attention [38].
Another potential explanation for an increased number of
reported ADRs related to drug switches is postulated to be
a nocebo effect, particularly owing to the negative perceptions of generic drugs [39, 40]. However, the psychological aspects potentially affecting increased ADR reporting
are outside the scope of this opinion paper, and any such
hypothesis would warrant further investigation. Regardless of the true cause of the increased number of reported
ADRs, clinical discomfort for an individual patient should
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never be underestimated and should always undergo thorough causal and clinical review, both on an individual
level (physician) and on a population level (pharmacovigilance). With regard to the individual patient specifically,
it is important to stress that we do not want to disregard
any clinical discomfort that a patient may experience. The
discomfort exists, and it can have a significant impact on
the quality of life. In highly exceptional cases, this could
be a result of an allergic response to excipients used in the
new drug product.
Furthermore, as a regulatory agency, we see it as our
responsibility to be critical of our own rules and regulations. For this reason, we investigated bioequivalence and
the underlying assumptions of generic interchangeability,
for instance by performing a bioequivalence study between
approved gabapentin generics [41]; a retrospective analysis
of bioequivalence studies submitted for regulatory evaluation [36], modeling and simulation efforts towards generic
drugs [42]; and an analysis of 1348 reported ADRs and 23.8
million drug switches [25], to investigate the potential consequences of generic drug switching.
So far, these and other data have not provided evidence to
support a change in our current regulatory approach to the
evaluation of bioequivalence. The data remain in support
of the assumption that switching from a brand-name drug
to currently approved generic drugs, or between different
generic drugs, will result in comparable exposure within
boundaries determined by the within-subject variability of
the pharmacokinetics of the active substance involved.
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