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Abstract: Despite growing clinical confidence in generics and their potential to reduce long-term
healthcare costs, the transplant community have had real concerns about the use of generic
immunosuppressants. One such immunosuppressant is tacrolimus, a cornerstone of lifelong treat-
ment for patients who have undergone a solid organ transplant. Tacrolimus has a narrow ther-
apeutic index (NTI), giving rise to questions about the potential for clinically relevant altered drug
exposure. Its use in transplant patients also gives rise to questions about the most discriminative
subject population for bioequivalence studies. The recognised need for stringent criteria to support
approval of generic drugs with an NTI led the European Medicines Association and Health Canada
to provide detailed information on requirements for bioequivalence studies and introduce tighter
bioequivalence limits for these drugs, including tacrolimus. The aim of this article is to illustrate
how regulatory guidance is implemented during the clinical development of generic immunosup-
pressants, using a generic, once-daily prolonged-release formulation of tacrolimus as an example.
Keywords: tacrolimus, bioequivalence, narrow therapeutic index, once-daily, generic

Plain Language Summary

A generic drug is a medication that has been developed to have the same active ingredient, dosing
and route of administration, as another medication that is already on the market. Generics
increase treatment options, and can be less expensive than their branded counterparts (the
“reference product”). However, physicians and patients often have concerns about whether
a generic truly works as well as its reference product, and without unanticipated side effects.
For this reason, strict measures are in place to test whether or not a generic drug is “bioequiva-
lent”, ie, can be switched in for the reference product. Tacrolimus is a drug used to subdue the
immune systems of patients who have received a solid organ transplant, to prevent their bodies
rejecting the transplant. Generic versions of tacrolimus have been developed; this paper describes
the strict processes that were followed in the EU and Canada in order to obtain approval for one
of these generic versions, a once-daily formulation. By describing the requirements that were
met, our aim is to reassure physicians and patients that the generic formulation is indeed
bioequivalent to the reference product and has met various strict criteria to be determined as
such. This means that the generic version can be used in the same way as the reference product.

Introduction

Generics: Opportunities and Challenges
The foundation for the global generics market was laid with the Hatch-Waxman Act
of 1984, which established an abbreviated new drug application process for
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generics in the United States (US).! One of the advantages
of generics is that they are less expensive to bring to
market than the original, “branded” product, providing an
alternative to the reference product (as long as both pro-
ducts are of similar quality).? Often, this provides the
opportunity for substantial cost savings for payers and
patients. However, in practice, the uptake of available
generics is not as high as it could be. In one study covering
13 European countries, generics filled less than 40% of
reported prescriptions in 6 countries; the study authors
noted that this compared poorly with the proportion of
prescriptions filled with generics in the US (>80%).’
Despite growing confidence in generics, about one-third
of 718 physicians in a US survey were categorised as
‘generic sceptics’ based on their responses to a short
email survey.* In a survey of US patients, 46% (95%
confidence interval [CI]: 42-49%) of 737 respondents
reported requesting a prescription for a brand-name drug
over a generic in the preceding year.’

A number of questions remain about how to improve
the costing and uptake of generic drugs. Reference, index
and maximum pricing strategies have had an inconsistent
impact on the uptake of generics in different countries, and
these strategies have their own limitations including the
potential to dampen competitive drug development and
pricing. These issues have been recently and comprehen-
sively reviewed in other publications,”’” and will not be
considered in detail here. However, demand-side policies
aimed at physicians, pharmacists and even patients cannot
succeed if stakeholders continue to lack trust in the quality
of generics, or have concerns about possible side effects or
risk of switching to a generic from a reference product. We
hope to address some of these concerns in this paper, by
using a specific example to shed some light on the process
of regulatory approval for generic tacrolimus.

Tacrolimus

In patients who have undergone solid organ transplantation
and require lifelong immunosuppression, generic immuno-
suppressants have potential to broaden treatment options and
reduce costs. This could facilitate equitable access to health-
care in countries where patients face high out-of-pocket drug
costs and are therefore at risk of cost-related non-adherence.®
Tacrolimus, used in combination with adrenal corticosteroids
and other immunosuppressive agents, is a cornerstone of
treatment for these patients. It is a calcineurin inhibitor that
blocks
T-helper-cell dependent B-cell proliferation, which are key

interleukin-2 dependent T-cell activation and

features of graft rejection. Tacrolimus is indicated for pro-
phylaxis of transplant rejection in adult patients receiving
allogeneic kidney, liver or heart transplants, and also to treat
refractory rejection after allogeneic liver or kidney
transplants.” In clinical practice, physicians need to consider
the intra-patient variability that has been reported with tacro-
limus and could potentially affect outcomes.'®'? This varia-
bility has been attributed to a number of possible causes
including diarrhoea, liver dysfunction, corticosteroid taper-
ing, altered haematocrit levels, and poor adherence.'* For
this reason, therapeutic drug monitoring is used routinely to
maintain systemic concentrations and is also recommended
if patients are converted to different formulations of
tacrolimus.” The first generic tacrolimus product (Sandoz,
Holzkirchen, Germany) was approved by the US Food and
Drug Administration (FDA) in 2009."

Regulatory Approval of Generic Products
Strict standards for the quality and approval of generic drugs
have been set by the FDA, the European Medicines Agency
(EMA), Health Canada, and other regulatory bodies, and the
requirements for approval of generics have been updated
after stringent scientific consideration. Most notably, demon-
stration of bioequivalence is the central requirement.
Generics are required to match their reference (“branded”)
product with regard to active substance, dosage, administra-
tion, quality, and intended use. For example, the EMA
defines a generic medicinal product as a product with

the same qualitative and quantitative composition in active
substances and the same pharmaceutical form as the refer-
ence medicinal product, and whose bioequivalence with
the reference medicinal product has been demonstrated by

appropriate bioavailability studies.'®

Once these criteria are met, the efficacy and safety established
for the reference product can be extrapolated to its generic.'®

Concerns About Generic

Immunosuppressants Used Post-Transplant
Despite these strict regulatory standards, there have been
concerns among the transplant community that substitution
of a branded immunosuppressant for its generic counter-
part could pose a clinically relevant risk of altered drug
exposure.'” In addition, there is uncertainty about whether
the bioequivalence demonstrated in studies with healthy
volunteers provides sufficient assurance of therapeutic
equivalence in transplant patients, who present distinct
clinical challenges; this is a problem of inter-patient
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variability.'” Some transplant physicians have suggested
that bioequivalence studies should be performed not only
in healthy volunteers but also in transplant recipients,
because drug pharmacokinetics may be affected in kidney
or liver transplant patients, possibly to the detriment of
patient outcomes.'®

Some retrospective studies in transplant patients lend
support to this concern, appearing to show worse clinical
outcomes in kidney transplant patients treated with generics
than in patients who received branded ciclosporin.'*** For
tacrolimus, published data are inconsistent: variability in
trough concentrations has been observed in transplant
patients who switch from the branded to a generic

21,22
product,”

with other reports showing comparable trough
data.”>** Differences in systemic tacrolimus exposure can
occur even when trough concentrations are similar between
the generic and reference products, as shown in one pro-
spective study in elderly kidney transplant patients.”
Another prospective, randomised study in de novo kidney
transplant patients has also reported differences in drug
exposure between generic and reference products, with the
generic product exhibiting an earlier and higher peak in
concentration compared with the reference product.’® In
contrast, a different prospective study in stable kidney
transplant patients found the pharmacokinetic profiles of
generic tacrolimus and the reference product to be
similar.?” A systematic review and meta-analysis of clinical
efficacy and bioequivalence of generic immunosuppressants
in transplant patients sought to clarify this issue.”® Results
of the review highlighted the lack of robust bioequivalence
data for generic immunosuppressants and their branded
counterparts in transplant patients.?®

From a practical perspective, performing bioequiva-
lence studies in a more heterogeneous patient population
would introduce confounding factors such as variance in
age, comorbidities, and concomitant medications. It would
be very difficult to control for the effect of these factors on
drug levels in plasma. In general, healthy subjects make
for a more homogeneous study population, therefore
allowing more sensitive detection of differences in bioe-
quivalence caused by differences in formulation between
generic and branded products. This is the rationale under-
lying the current requirements of the EMA and Health
Canada, which require bioequivalence studies to be per-
formed in healthy volunteers.'®?

Concerns about bioequivalence are especially pertinent
for drugs that have a narrow therapeutic index (NTI), ie,
drugs in which there is only a narrow range of drug exposure

between lack of efficacy and undesirable toxicity. In the case
of tacrolimus, insufficient immunosuppression could lead to
acute rejection and graft failure, whereas excess immunosup-
pression could result in infection, or effects related to exten-
sive calcineurin inhibition such as nephrotoxicity or
neurotoxicity.”*' The need for a stringent demonstration
of bioequivalence for approval of generic drugs with an
NTI, such as tacrolimus, led to the introduction of tighter
bioequivalence limits for these drugs. These were published
as part of the EMA Guideline on the Investigation of
Bioequivalence in 2010,'® with a similar approach taken by
Health Canada in their guidance, last updated in 2012.*% The
FDA recommends that bioequivalence of tacrolimus should
be evaluated using a scaled average bioequivalence
approach.”® These guidelines describe the standards and
processes required for a generic drug to be considered bioe-
quivalent to its reference drug. Product-specific guidelines
for bioequivalence studies of tacrolimus from the EMA
mandate testing in healthy volunteers.**

Despite these stringent regulatory requirements,
a number of consensus documents from professional
bodies specialising in transplant urge caution in the use
of generic immunosuppressants.®'*>>¢ In one survey of
renal transplant patients in the UK, 84% (95% CI: 76-89)
of 146 respondents said no, or were uncertain, in response
to the question “Do you think that generic medicines are
equivalent and have the same quality as branded
medicines??” Among physicians, there is still some
uncertainty about whether generic immunosuppressants
can be considered truly bioequivalent to reference pro-
ducts, about the regulatory process that tests this claim,
and whether that regulatory process itself is robust enough
to ensure therapeutic equivalence. The aim of this article is
to illustrate how the EMA and Health Canada regulatory
guidance is implemented during the clinical development
of generic immunosuppressants. We use a generic, pro-
longed-release formulation of tacrolimus (Sandoz) that can
be taken once daily, which may improve adherence and
reduce pill burden, as an example.

Regulatory Requirements and
Corresponding Tacrolimus Data
Pharmaceutical Equivalence

Before bioequivalence is considered, it is important to con-
sider pharmaceutical equivalence, as designation of thera-
that both
pharmaceutical equivalence and bioequivalence are met.

peutic equivalence requires criteria  for
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According to the EMA, two products are deemed to be
pharmaceutically equivalent if they contain the same amount
of the same active substance(s), and in the same dosage
forms that meet the same, or comparable, standards.'® The
once-daily prolonged-release formulation of tacrolimus
described in the following sections is indeed the pharmaceu-
tical equivalent of its reference product (Advagraf® 5 mg
prolonged-release hard capsules [Astellas Pharmal): it does
not differ in its active substance, pharmaceutical form, or
route of administration.

Bioequivalence Studies in Drugs with an
NTI: Regulatory Requirements

Because tacrolimus is designated an NTI drug,’® less varia-
tion in drug exposure between the generic and the reference
product will be accepted than would be for non-NTI drugs.
As such, limits for the ratio of the area under the curve
(AUC) of the test and reference products have been tightened
compared with the usual requirements for bioequivalence.
The 90% confidence interval of this ratio should be contained
within a narrower margin than for other drugs: the EMA’s
margin for acceptance is 90.00-111.11%'¢ and Health
Canada have set a margin of 90.00-112.00%.*

Guidelines from the EMA also state that the same accep-
tance interval (90.00-111.11%) should be applied to the
maximum plasma concentration (Cpay), if Cpax is of parti-
cular importance for safety, efficacy or monitoring of drug
levels.'® In the case of once-daily tacrolimus, the EMA have
determined that this requirement does not apply.*® This is
because total drug exposure (measured by AUC) is consid-
ered to be the major factor affecting the safe and efficacious
dose titration of tacrolimus. C,.x is thought to have less
impact on the safety and efficacy of dose titration, because
the long terminal half-life of tacrolimus means that it accu-
mulates during repeated dosing. This means that any poten-
tial difference in C,,, between formulations is likely to be
less at steady state, as long as AUC remains the same. As
such, the usual bioequivalence limits of 80.00—-125.00%
apply for the 90% confidence interval of the ratio of C,,.x
of the test and reference products.®

Bioequivalence Studies of Once-Daily
Tacrolimus: Design and Pharmacokinetic

Assessments

A number of studies were carried out to evaluate the bioe-
quivalence of a generic formulation of once-daily tacrolimus
5 mg prolonged-release hard capsules (manufactured by Lek

Pharmaceuticals d.d., Slovenia, a Sandoz company) and the
reference product, Advagraf® 5 mg prolonged-release hard
capsules (Astellas Pharma). These studies were implemented
in line with the EMA and Health Canada guidance for
bioequivalence studies: fasting and fed single-dose studies
were carried out. In addition, because the generic product is
a prolonged-release formulation, a multiple-dose study was
done to comply with EMA requirements*® to compare both
products at steady state.

Each of the pharmacokinetic studies, whether a single- or
multiple-dose study, had an open-label, randomised, two-
period, two-treatment, two-sequence, crossover design.
Participants were administered one 5 mg prolonged-release
hard capsule of the test or reference product in each of the two
study periods, with a 14-day washout in between. Dosing was
once daily in the multiple-dose study. In the fasted studies,
participants received the study product after an overnight fast
of at least 10 hours; in the fed study, participants received the
study product 30 minutes after the start of a high-fat, high-
calorie breakfast. In each period of single-dose studies, blood
samples were collected prior to drug administration and up to
144 hours post-dose. In the multiple-dose study, each dosing
period lasted for 10 days; pre-dose samples were collected on
the mornings of days 1, 8, 9, and 10, and over a 24-hour period
after dosing on day 10. Achievement of steady-state was
assessed based on three consecutive pre-dose concentrations,
measured on the mornings of days 8, 9, and 10.

Levels of tacrolimus in the blood were measured using
a fully validated method that had been developed in com-
pliance with the principles of Good Laboratory Practice
and according to applicable guidelines.*® Tacrolimus con-
centrations were determined by chromatographic tandem
mass spectrometry, which was confirmed to be reliable and
reproducible by conducting incurred sample reanalysis on
approximately 7% of the total number of study samples,
where 97.8-99.6% of repeated results were within accep-
tance criteria. Tacrolimus pharmacokinetic parameters
were calculated using a non-compartmental approach.

All studies were conducted in accordance with the
Declaration of Helsinki, Good Clinical Practice and local
regulatory requirements. The clinical study protocols and
informed consent documents were reviewed and approved
by the relevant Institutional Review Board prior to the
start of associated study procedures.

Study Population: Regulatory Requirements
The EMA guideline states that the population for bioequi-
valence studies “should be selected with the aim of
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permitting detection of differences between pharmaceuti-
cal products” and

In order to reduce variability not related to differences
between products, the studies should normally be per-
formed in healthy volunteers unless the drug carries safety

concerns that make this unethical.'®

The guideline adds that studies in healthy volunteers are

regarded as adequate in most instances to detect formula-
tion differences and to allow extrapolation of the results to
populations for which the reference medicinal product is
approved. (the elderly, children, patients with renal or liver

impairment, etc.)'¢

Health Canada guidance is similar, highlighting that in
order to minimize variability, comparative bioavailability
studies are usually conducted with normal, healthy

volunteers.?’

Study Population in the Bioequivalence

Studies of Once-Daily Tacrolimus
The study population for the fasted, multiple-dose study
was healthy male participants, and the other studies
included healthy male or female participants. Study parti-
cipants were aged 18-55 years old and had a body mass
index between 18.5 and 30.0 kg/m?, inclusive.

Drug Exposure and Absorption Results

from Studies of Once-Daily Tacrolimus
As shown in Figure 1, the concentration—time profiles for
test and reference products are very similar. As shown in
Table 1, EMA and Health Canada criteria were met in
bioequivalence studies under single-dose fasting and sin-
gle-dose fed studies, and EMA criteria were met in multi-
ple-dose fasting conditions, for once-daily tacrolimus
(Sandoz).

All studies completed for the EMA were sufficiently
powered and no adverse events were reported that would
have a significant impact on subject safety. However, as
noted in Table 1, one subject in each study apart from the
repeat fed single-dose study showed concentration—time
profiles for the test and/or reference product that were
either very low or below limit of quantitation. Further
details of these three cases are as follows:

e One subject in the fasting single-dose study was
excluded from the pharmacokinetic (PK) analysis in
line with EMA guidance, owing to very low whole

blood concentrations for the reference product (AUC

<5% of reference product geometric mean AUC,

calculated without inclusion of data from this
outlier).

e For one subject in the fed single-dose study, PK
parameters for the test product could not be calcu-
lated as the test product concentration was below the
limit of quantitation. Instead, the PK analysis was
completed without including this subject (data shown
in Table 1), and criteria for bioequivalence were met
o A post hoc sensitivity analysis was done in which

all values that were below the limit of quantitation
were substituted for the lower limit of quantitation
(0.05 ng/mL). In this way, the analysis could be
performed including all 118 subjects. Results show
that the outputs are within bioequivalence limits
(Table 2)

o Despite the original study and the sensitivity ana-
lysis showing that the test and reference products
were bioequivalent, an additional fed single-dose
study was carried out at the request of the EMA.
The reason for this request was the low concentra-
tions of the test product observed in the original
fed, single-dose study. Results of the repeat study
(Table 1) confirmed that the test and reference
products were indeed bioequivalent, and no out-
liers were reported

e For one subject in the multiple-dose study, PK para-
meters for both the reference and test products were
below the limit of quantitation. Data from this subject
were excluded from the PK analysis in line with
EMA guidance; without these data, criteria for bioe-
quivalence were met.

Discussion

This paper has described how, in the case of once-daily
tacrolimus (Sandoz), the regulatory processes set by the
EMA and Health Canada have been followed comprehen-
sively, demonstrating bioequivalence to its reference pro-
duct. At the moment, there is no regulatory requirement
for clinical outcome data to be provided in support of
generic drug registration: therapeutic equivalence is
assumed once bioequivalence has been demonstrated.*’
Based on the EMA and Health Canada guidelines, there-
fore, clinical efficacy is assumed if bioequivalence is
shown. Once-daily tacrolimus can therefore be used in

transplant recipients beginning treatment, or as an
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------ B: Advagraf® 5 mg Prolonged-Release Hard Capsules (Tacrolinus), Lot No.: SM3430C

ard Capsules. Lot No.: 31574566
Capsules (Tacrolinms). Lot No.: SM3366B

Figure |1 Mean whole blood concentration—time profiles for once-daily tacrolimus (Sandoz) versus the reference drug once-daily tacrolimus (Astellas); linear scale. (A)
fasting single-dose; (B) fed single-dose (data from repeated study are shown); (C) fasting multiple-dose. Artwork was created using SAS (version 9.4).

alternative formulation for patients already undergoing
treatment, with appropriate dose modifications if
required.*

There have been calls for more controlled, prospec-
tive studies that test the wvalidity of the regulatory
approach to bioequivalence for NTI immunosuppres-
sants. One such example is a prospective comparison
of branded twice-daily tacrolimus with two generic for-
mulations in kidney and liver transplant patients. This
study design enabled intra-patient variability in drug
exposure to be evaluated over time and across
products.** Future, similar studies would have potential
to further address some of the concerns described by
physicians and patients about generic immunosuppres-
sants. However, it is important to note that the bioequi-

valence limits set by the EMA and Health Canada were

set based on studies in healthy volunteers for a reason:
studies in healthy volunteers provide a more homoge-
neous population than transplant patients, making these
studies more sensitive to differences between
formulations.*® This is the most practical way of ensur-
ing that any PK differences detected during bioequiva-
the

formulations being tested, and are not due to patient,

lence studies are caused by differences in

disease or medication-related factors.

Conclusion

Routine drug monitoring is an established process in
transplant patients. This pharmacokinetic monitoring
can also be used if an individual patient is switched
from branded to generic tacrolimus, to permit dose
adjustment as necessary. Nonetheless, many transplant
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Table |1 EU and Canada Regulatory Bioequivalence Study Data for Once-Daily Tacrolimus (Sandoz)

Study Parameter | Geometric Least Lower 90% Upper 90% Conditions for
Squares Mean T/R Ratio | Confidence Confidence Bioequivalence Met?
Interval Interval
EMA studies
Fasting single-dose Crnax 95.26 90.57 100.20 v
(N=113)* AUC, 106.01 102.15 110.02 v
AUC, ¢ 105.76 102.03 109.62 v
Fed single-dose Crnax 103.43 99.24 107.80 v
(N=117)f AUC, 99.62 97.36 101.93 v
AUC, ¢ 99.77 97.54 102.06 v
Fed single-dose repeat Crnax 101.52 96.07 107.27 v
(N=68) AUC, 99.65 96.66 102.73 v
AUC, ¢ 99.71 96.69 102.82 v
Fasting multiple-dose, Crnaxss 101.41 96.99 106.04 v
steady state (N=93)* Ceauss 108.45 105.46 111.52 v
AUC,,, 105.86 102.85 108.96 v
Canada studies
Fasting single-dose Crnax 97.8 93.1 102.8 v
(N=113) AUC, 105.7 101.7 109.9 v
Fed single-dose (N=112) | C.x 102.9 98.3 107.6 v
AUC, 101.0 98.2 103.9 v

Notes: *One subject showed concentration—time profiles that were either very low or below limit of quantitation; TThe reference arm of the study included |18 subjects,
but only 117 subjects could be analysed in the test arm as one subject showed concentration—time profiles that were below limit of quantitation; *Tacrolimus concentration
is measured in whole blood, rather than in plasma.

Abbreviations: AUC,,;, area under the whole blood concentration—time curve from time zero to infinity; AUC,, area under the whole blood concentration—time curve
from time zero to time t; AUC,,,, area under the whole blood concentration—-time curve from time zero to the end of the dosing period; C,,x, maximum whole blood
concentration; Cyayss, Maximum steady-state whole blood drug concentration during a dose interval; C,, s, Whole blood drug concentration at the end of the dosing
period at steady state; T/R, test/reference; Test product, generic formulation of once-daily tacrolimus prolonged-release hard capsules (Sandoz); reference product,
Advagraf® prolonged-release hard capsules (Astellas Pharma).

Table 2 Post Hoc Sensitivity Analysis of the EU Fed, Single-Dose Study for Once-Daily Tacrolimus (Sandoz)

Sensitivity Parameter | Geometric Least Squares Lower 90% Upper 90% Conditions for
Study Mean T/R Ratio Confidence Interval | Confidence Interval | Bioequivalence Met?
Fed single-dose | Cax 99.11 91.32 107.56 N
(N=118)* AUC, 96.82 91.84 102.07 v

AUC, ¢ 99.80 97.57 102.08 v

Note: *For the AUC; analysis, substitution of the lower limit of quantitation for one subject who had readings below the limit of quantitation is not possible, and so N=117.
Abbreviations: AUC,, area under the whole blood concentration—time curve from time zero to infinity; AUC,, area under the whole blood concentration—time curve
from time zero to time t; C,,ax, maximum whole blood concentration; T/R, test/reference; Test product, generic formulation of once-daily tacrolimus prolonged-release hard
capsules (Sandoz); reference product, Advagraf® prolonged-release hard capsules (Astellas Pharma).

physicians and patients remain reluctant to change tacro- communicated clearly to the transplant recipient.

limus formulation. In detailing the stringent regulatory
requirements that have been met during the development
of once-daily tacrolimus (Sandoz), our aim is to assure
physicians and patients that the generic formulation was
established to be equivalent to the reference formula-
tion, if used according to the label. In order to ensure
that patients benefit from use of generic tacrolimus, we
urge that use of a generic as part of a treatment plan is

Information should be provided on the process that has
been followed to ensure bioequivalence, and on the
expected efficacy and safety of the product based on
clinical data from the reference product.

Abbreviations
AUC, area under the curve; AUCIinf, area under the
whole blood concentration—time curve from time zero
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to infinity; AUCt, area under the whole blood concen-
tration—time curve from time zero to time t; AUCtau,
area under the whole blood concentration—time curve
from time zero to the end of the dosing period; CI,
confidence interval; Cmax, maximum plasma concentra-
tion; Cmax,ss, maximum steady-state whole blood drug
concentration during a dose interval; Ctau,ss, whole
blood drug concentration at the end of the dosing period
at steady state; EMA, European Medicines Agency;
NTI, narrow therapeutic index; PK, pharmacokinetic;
T/R, test/reference; US FDA, United States Food and
Drug Administration.
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