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Generic Immunosuppressants in Transplantation

Bioequivalence of narrow 
therapeutic index drugs and 
immunosuppressives
Christoph Baumgärtel, MD, MSc; Brian Godman, BSc, PhD

Stricter bioequivalence criteria are in place for generics where there are  narrow 
therapeutic indexes such as generic immunosuppressives, enhancing their 
acceptance despite limited published studies. No serious issues have been 
reported to date with generic ciclosporin despite being on the market in Europe 
for more than 10 years.
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80–125% of the 90% confi dence inter-
val of the ratio of the test and reference 
products’ AUC (area under the curve) 
and Cmax (maximum plasma concentra-
tion). For drugs with a narrow therapeutic 
index, and especially for immunosuppres-
sives, the European Medicines Agency 
(EMA) demands even greater accuracy in 
justifi ed cases and therefore has set more 
stringent criteria. This is despite in prac-
tice ratios for authorized conventional 
generics usually differ on average by only 
three to four per cent from their origina-
tor [1-4].

EMA’s overhauled bioequivalence guide-
line [5], in force since 2010, requires 
that for potential narrow therapeutic 
index drugs the EMA’s Pharmacokinetic 
Working Party (PKWP) [6] will evaluate 
if a generic drug newly submitted for 
authorization is to be thought of as an 
NTI and whether for this NTI actually 
stricter bioequivalence criteria have to 
be applied. It is important for a phar-
maceutical manufacturer or applicant to 
know that there is no precasted list that 
names all such agents, but that all agents 
submitted for generic drug authorization 
will be evaluated by the authority on a 
case-by-case basis with regard to their 
NTI requirements.

Examples where this has already been 
practised are the regulatory requirements 
for ciclosporin and tacrolimus generics 

as described in a PKWP Questions and 
Answers document published on the 
EMA website [7]. In the case of these two 
immunosupressives, restricted bioequiva-
lence criteria were set.

For ciclosporin, narrower acceptance 
intervals of 90.00–111.11% are required 
for both the AUC and the Cmax. Whereas, 
for tacrolimus the narrow acceptance 
interval is only required for the AUC but is 
not required for the Cmax. This is because 
tacrolimus plasma levels show accumula-
tion with repeated dosing, resulting in a 
lower relevance being given to differences 
in initial peak plasma concentrations.

The narrower acceptance range limits 
for the confi dence intervals for NTIs, see 
 Figure 1, provide a greater confi dence in 
the true bioequivalence for these drug 
substances. However, this requirement 
signifi cantly increases the number of sub-
jects necessary for the bioequivalence 
studies. Tacrolimus, for example, is a drug 
which is not merely an NTI, but addition-
ally shows relatively high intra-individual 
variation in plasma levels. It has a rela-
tively high coeffi cient of variation, close 
to 30%, which would classify it as a highly 
variable drug. Even in bioequivalence 
 trials of tacrolimus, when a conventional 
acceptance range is applied, this would 
typically necessitate enrolling substantially 
higher numbers of trial participants than 
in the usual, bioequivalence guideline 
requiring a minimum of 12 to 24 subjects. 
One would need at least 40 subjects for 
a tacrolimus product, and in fact to dem-
onstrate compliance with EMA’s mandato-
rily required narrower acceptance limits, 
it might require up to 200 to 300 subjects.

To increase the safety of generic immu-
nosuppressives even more, it is also rec-
ommended that the summary of product 
characteristics (SPC) states that patients 
who are prescribed either a generic 
immunosuppressant after an originator 
or are switched in any other way, have 
their plasma levels monitored during the 
time of the switch to avoid potential rejec-
tion [8]. This is however similar to what 
is undertaken in normal clinical prac-
tice when patients are fi rst placed on an 
immunosuppressant after receiving a solid 
organ graft.

R
egulatory bioequivalence rules 
for usual generics are well 
established and already rec-
ognized. However, for narrow 
therapeutic index drugs and 

immunosuppressives, there are specifi c 
and tighter criteria in place.

Drugs with a narrow therapeutic index 
are defi ned by a narrow distance between 
the dosage that induces a desired effect 
and that dosage which already has a toxic 
effect. Typically, this ratio in the fi eld of 
pharmacology is indicated by the quotient 
of LD50/ED50 (LD50 = the dose at which 
50% of the animals die, ED50 = the dose at 
which 50% of the animals show the desired 
effect). Alternatively, the quotient of LD5/
ED95 can be used, which can better illus-
trate a non-linear dose-response curve.

For a perfectly safe drug, the ratio should 
therefore be very high. If in contrast the ratio 
is low, i.e. if a drug shows a value of only 
3 or 4, this is called a ‘narrow therapeutic 
index drug’ (NTI), which must always be 
dosed with particularly high accuracy. Even 
a minor variation in plasma levels may lead 
sometimes to treatment failure on the one 
hand or inevitably to toxic effects on the 
other. Examples of such agents typically 
include immunosuppressants, digitalis, the-
ophylline and some anti-epileptic drugs.

The acceptance range of bioequivalence 
trials which is usually applied for a mar-
keting authorization of a generic drug is 
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Because of the issues concerning generic 
immunosuppressive medicines, Molnar 
et al. recently undertook a systematic 
review and meta-analysis of all available 
studies since 1980 comparing generic 
with originator (innovator) immunosup-
pressive medicines [9]. The authors docu-
mented that acute rejection was rare in 
transplant patients given generic immuno-
suppressive medicines and the incidence 
of rejection did not differ between the 
groups. However, as recently stated, the 
methodological standard of the published 
studies included was very variable and 
follow-up times were short [10].

In the evaluation of the pooled phar-
macokinetic data, Molnar et al. showed 
that the generics met the US Food and 
Drug Administration (FDA) bioequiva-
lence criteria, but did not all meet the 
stricter EMA criteria [9]. It appears that 
the small  number of patients in some of 
the included studies, and as a result the 
wide confi dence intervals, signifi cantly 
contributed to this fi nding. For statisti-
cal reasons, in order for results to meet 
the stricter acceptance criteria for immu-
nosuppressives, requiring narrow con-
fi dence intervals, a suffi ciently higher 
number of patients must be included in the 
trials [11].

This effect on subject numbers needed is 
illustrated by the wide confi dence inter-
vals found in immunosuppressive studies 
with less than 20 subjects. As reviewed 
in the paper by Molnar et al., only trials 
with approximately 50 to 70 patients were 
able to fulfi l the EMA acceptance criteria 
[9]. In detail, their sub-analysis of two ran-
domized kidney trials showed that with a 
mean of 30 subjects, both failed to fulfi l 
the stricter EMA bioequivalence criteria, 
whereas the pooled sub-analysis of seven 
non-randomized interventional kidney 
studies with a 53% higher mean sample 
size of 46 patients did fulfi l these criteria.

Notably, the mean ratios of the test and 
reference products’ AUC and Cmax in 

most of the reported 
trials were well 
within the expected 
range [12]; and were 
in fact only a few 
percentage points 
higher or lower 
than 100% [9]. These 
data strongly sug-
gest that there are 
no clinically impor-

tant problems with generic immunosup-
pressive agents, especially with those that 
meet the EMA criteria, but rather that there 
are problems with the scientifi c value, rele-
vance and interpretation of smaller studies.

It should also be noted that EMA’s precau-
tious narrowing of bioequivalence limits 
was specifi cally implemented for situa-
tions where it is suspected that plasma 
level monitoring will – against the SPC 
advice – not be complied with; such as 
following a switch from an originator to 
a generic drug [7]. This narrowing can 
therefore be seen as a ‘safety net’ for the 
use of immunosuppressive generics. This 
suggests that generic immunosuppres-
sive drugs, used in the correct manner by 
practitioners aware of their precautions, 
especially the requirement for monitoring 
of plasma levels at the time of switching, 
may indeed be considered to be bio-
equivalent and expected to produce out-
comes that are similar to those produced 
by originator products.

This expectation is supported by the fact 
that generic versions of immunosuppres-
sive medicines, i.e. ciclosporin, have been 
on the market in Europe for more than 
10 years and authorities’ pharmacovigilance 
systems have not identifi ed any serious 
issues specifi c for generic immunosuppres-
sives, even after an estimated hundreds of 
thousands of prescribed and dispensed 
doses. This should  alleviate major concerns 
among clinicians and patients when con-
sidering or undertaking a switch. However, 
it is expected that further well-designed 
studies with a suitable number of patients 
will help to fully address any remaining 
concerns with generic immunosuppres-
sives. Further education among physicians 
about the need to reliably moni tor blood 
levels in patients when fi rst prescribed 
generic immunosuppressives will also be 
needed. Such activities may also help to 
enhance adherence to immunosuppressive 
medicines, which is a crucial concern in 
transplant patients [13].
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Agency.



GaBIJournal
Generics and Biosimilars Initiative Journal

GaBI Journal | www.gabi-journal.net
© 2014 Pro Pharma Communications International. All rights reserved

172  |   Volume 3  |  2014  |  Issue 4

OPINION

2 . Alrasheedy AA, et al. Is there a need for a formulary of clinically interchange-

able medicines to guide generic substitution in Saudi Arabia? J Young Pharm. 

2013;5(2):73-5.

3 . World Medical Association. WMA statement on generic drug substitution 

[homepage on the Internet]. [cited 2015 Jun 19]. Available from: www.wma.

net/en/30publications/10policies/20archives/d9/

4 . Dylst P, Vulto A, Simoens S. Demand-side policies to encourage the use of generic 

medicines: an overview. Expert Rev Pharmacoecon Outcomes Res. 2013;13(1):59-72.

5 . Kaplan WA, et al. Policies to promote use of generic medicines in low and 

middle income countries: a review of published literature, 2000–2010. Health 

Policy. 2012;106(3):211-24.

6 . Nguyen TA, Hassali MA, McLachlan A. Generic medicines policies in the Asia 

Pacifi c region: ways forward. WHO South East Asia J Public Health. 2013;2(1):72-4.

7 . Hassali MA, et al. The experiences of implementing generic medicine policy 

in eight countries: a review and recommendations for a successful promotion 

of generic medicine use. Saudi Pharm J. 2014;22(6):491-503.

8 . Wong ZY, et al. Malaysian generic pharmaceutical industries: perspective 

from healthcare stakeholders. J Pharm Health Serv Res. 2014;5(4):193-203.

9 . Alrasheedy AA, et al. Patient knowledge, perceptions, and acceptance of 

generic medicines: a comprehensive review of the current literature. Patient 

Intell. 2014;6:1-29.

1 0. Hassali MA, et al. Perspectives of physicians practicing in low and middle 

income countries towards generic medicines: a narrative review. Health  Policy. 

2014;117(3):297-310.

DOI: 10.5639/gabij.2015.0404.038

Copyright © 2015 Pro Pharma Communications International

Non-biological complex drugs (NBCDs) and their follow-on  versions: time for an editorial section
References (please see the full manuscript on page 167)

33. Agüera ML, et al. Effi ciency of original versus 

generic intravenous iron formulations in patients 

on haemodialysis. Plos One. 2015;10(8):e0135967.

34. Weinstein V, Nicholas JM, Schwartz R,  Grossman I, 

Zeskind B. Glatiramoids. In: Crommelin DJA, de 

Vlieger J, editors. Non-biological complex drugs. 

Advances in the  pharmaceutical sciences series. 

NY: AAPS/Springer; 2015: p. 107-49.

35. Towfi c F, et al. Comparing the biological 

impact of glatiramer acetate with the biologi-

cal impact of a generic. PLoS One. 2014;9(1):

e83757.

36. Halim LA, et al. How bio-questionable are 

the different recombinant human erythropoi-

etin copy products in Thailand? Pharm Res. 

2014;31(5):1210-18.

37. Weise M, Kurki P, Wolff-Holz E, Bielsky MC, 

Schneider CK. Biosimilars: the science of 

extrapolation. Blood. 2014;124(22):3191-6.

38. Crommelin DJA, et al. The similarity question 

for biologicals and non-biological complex 

drugs. Eur J Pharm Sci. 2015;76:10-7.

DOI: 10.5639/gabij.2015.0404.037

Copyright © 2015 Pro Pharma Communications International

Bioequivalence of narrow therapeutic index drugs and immunosuppressives
References (please see the full manuscript on page 159)

9. Molnar AO, et al. Generic immunosuppres-

sion and solid organ transplantation: systematic 

review and meta-analysis. BMJ. 2015;350:h3163.

10. Godman B, Baumgärtel C. Are generic immunosup-

pressants safe and effective? BMJ. 2015;350:h3248.

11. Baumgärtel C. [Bioequivalence – narrow thera-

peutic index drugs]. Bioäquivalenz –  Arzneimittel 

mit enger therapeutischer Breite. ÖAZ, Öster-

reichische Apotheker Zeitung. 2012;66(23):60-1. 

German.

12. Baumgärtel C. Myths, questions, facts about 

generic drugs in the EU. Generics and Biosimilars 

Initiative Journal (GaBI Journal). 2012;1(1):34-8. 

doi:10.5639/gabij.2012.0101.009

13. Tong A, Howell M, Wong G, Webster AC, 

 Howard K, Craig JC. The perspectives of 

 kidney transplant recipients on medicine tak-

ing: a systematic review of qualitative studies. 

Nephrol Dial Transplant. 2011;26(1):344-54.

DOI: 10.5639/gabij.2015.0404.035

Copyright © 2015 Pro Pharma Communications International



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


