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SUMMARY

While rejection prevention with innovator tacrolimus (Tac) is one of the
key factors for long-lasting graft function, the use of generic Tac is still
under debate. Thus, we performed a systematic review and meta-analysis
to provide an overview on the current body of evidence for the effect of
generic Tac in adult liver (LT) and kidney transplantation (KT) with focus
on both biopsy-proven acute rejection (BPAR) and bioequivalence. A sys-
tematic literature search for trials comparing generic versus innovator Tac
was conducted accordingly. Seventeen studies (5 LT, 11 KT, 1 LT/KT)
including 1412 patients were identified. About 92.9% (13/14; 5/5 LT, 8/9
KT) of studies reported the same or lower BPAR with generics (pooled
RR: 0.84, 95% CI: 0.65–1.09); however, de novo studies showed a signifi-
cantly lower risk with generic Tac (RR: 0.75, 95% CI: 0.63–0.90), whereas
conversion studies showed increased risk (RR: 1.93, 95% CI: 1.00–3.70).
Bioequivalence was demonstrated primarily in studies on conversion. The
current evidence is mostly based on observational data and studies showing
some risk of bias. In conclusion, whereas overall there was no significant
difference in terms of BPAR, there is some evidence suggesting lower
BPAR risk with generic Tac for de novo use.
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Introduction

With the expiry of patents for commonly prescribed

immunosuppressive drugs, generic products become

commonly available. Generics contain the same effective

ingredient dosed in the same way as the innovator drug.

Generics seem to be more cost-efficient since their man-

ufacturers do not need to provide safety and efficacy

data; however, for their approval, a proof of bioequiva-

lence and pharmaceutical equivalence to its innovator is

mandatory [1–10]. Generics promote competition and

crumbling of prizes, which is of special importance for

countries with limited healthcare resources.

Generally, generics are safe alternatives for the treat-

ment of various diseases that are already well-accepted

standard; however, in the past, there were safety con-

cerns in the field of immunosuppression, that is, poten-

tial drug interactions and trough level variability [11].

Tacrolimus (Tac) is the main constituent of most

immunosuppressive regimens worldwide. There is little

ª 2020 The Authors. Transplant International published by John Wiley & Sons Ltd on behalf of Steunstichting ESOT
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,

distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.
doi:10.1111/tri.13581

356

Transplant International

https://orcid.org/0000-0003-2341-6386
https://orcid.org/0000-0003-2341-6386
https://orcid.org/0000-0003-2341-6386
https://orcid.org/0000-0002-4192-6155
https://orcid.org/0000-0002-4192-6155
https://orcid.org/0000-0002-4192-6155
mailto:
http://creativecommons.org/licenses/by-nc/4.0/


evidence supporting therapeutic equivalence of generic

formulations of immunosuppressive medications,

including Tac, in solid organ transplantation [12].

There is not only a lack of high-quality data support-

ing the equivalence of generic and innovator

immunosuppressive drugs but also a lack of data to

suggest that they are not equivalent [11].

Tac lost its patent in 2008. Since then, a number

of generic preparations have come to the market. To

summarize the available evidence, a systematic review

and meta-analysis of studies on generic versus innova-

tor Tac in adult solid liver (LT) and kidney trans-

plantation (KT) with a special focus on both biopsy-

proven acute rejection (BPAR) and bioequivalence

was performed.

Patients and methods

Literature search strategy

A comprehensive systematic search of published articles

on generic Tac from database inception to August 31,

2018, was performed using PubMed, CENTRAL and

Embase (OvidSP). The search was carried out with the

assistance of a librarian experienced in systematic

reviews. A structured search strategy (Appendix S1) was

conducted with controlled vocabulary and relevant key

terms to enhance sensitivity. The search strategy com-

bined the following search terms: “immunosuppressive

OR immunosuppress*,” “generic OR generic tacrolimus

OR generic*,” “tacrolimus OR FK506* OR FK506,” and

“transplantation OR transplant*.” In addition, reference

lists of included papers and previous reviews were

reviewed to identify potentially eligible studies.

Study selection

First, all abstracts identified by the search strategy after

removal of duplicates were independently screened by

two investigators (JK and PS). If no abstract was avail-

able, the full text was obtained unless the article could

be confidently excluded by title alone. Studies reporting

on BPAR, which was the primary clinical efficacy out-

come, or bioequivalence criteria, specifically area under

the curve (AUC) and concentration maximum (Cmax),

in adult patients after LT and KT taking generic Tac for

immunosuppression were considered. Randomized and

non-randomized studies comparing the generic version

of Tac with innovator Tac in parallel groups or with a

crossover design were eligible. Case reports, case series,

studies including children or animals, and in vitro

studies were excluded, as were studies with a before-

after design without a control group.

Conference abstracts collected by hand search (pub-

lished proceedings) from international transplant con-

gresses (American Transplant Congress (ATC),

European Socitey of organ transplantation (ESOT) Con-

gress, Congress of the British transplantation society

(BTS), the German Transplant Society (DTG), The

Transplantation Society, and the International Liver

Transplantation Society (ILTS)) covering the same time

period as the literature search were also considered and

are presented separately. Any disagreements during the

screening process were resolved through discussion

among the authors. We obtained the full texts of poten-

tially eligible studies and again determined their suit-

ability based on the selection criteria. Only full-text

papers published in English were assessed.

Data extraction

The following information was extracted from all stud-

ies: study design, characteristics of the population stud-

ied, organ transplanted, number of study participants

per group, duration of follow-up, type of generic Tac

formulation used, clinical safety and efficacy parameters

as well as BPAR and bioequivalence parameters.

Quality assessment

The methodological quality of included randomized tri-

als was evaluated with the Cochrane risk of bias assess-

ment tool [13]. The methodological quality of the non-

randomized included studies was assessed using the

Newcastle–Ottawa Quality Assessment Scale for Cohort

Studies [14].

Data synthesis

We performed a random-effects meta-analysis with

inverse variance weighting for each of the three out-

comes, BPAR, AUC0–12, and Cmax, and the data are pre-

sented in forest plots. For BPAR, the risk ratio and the

respective 95% confidence interval (CI) for generic ver-

sus innovator Tac in each study were estimated from

the reported events. If a study observed no event in one

of the two groups, 0.5 was added to each count to allow

for an estimate [15]. If a study observed no event in

either group, no risk ratio was calculable.

For bioequivalence studies, the geometric mean ratios

(GMR) of the AUC0–12 and Cmax with the respective

90% CI were extracted and standard errors estimated
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therefrom. Due to initial heterogeneity, subgroup analy-

ses were conducted for organ transplanted (liver versus

kidney) and use (de novo versus conversion).

The analyses were performed using R version 3.5.3,

in particular package “meta.”

Results

Literature search

The initial search identified 574 hits, 453 of which

remained after the elimination of duplicates. A total of

390 publications were excluded during abstract screen-

ing. After the elimination of preliminary reports (2),

case reports (3), reviews (25), and studies without a

control group (16), 17 studies met the inclusion criteria

[16–32] (Fig. 1).

Study characteristics

Fourteen of the 17 studies that were included in the sys-

tematic review used a parallel design and three used a

crossover design; however, only five were randomized

trials (Table 1). They were published between 2012 and

2017. Five different Tac generic formulations were used

in these 17 studies: Tac Sandoz (Tac Hexal, Adoport,

Hercoria) in eight studies, Tac Chong Kun Dang (Tac-

robell) in five studies, Tac Teva (Tacni) in two studies,

and Tac Dr. Reddy in one study; in one study, the gen-

eric formulation was not specified. The studies were

conducted in Germany, Italy, US, Norway, UK, Sweden,

and South Korea. To have a more complete insight,

congress reports that did not proceed to publication in

a peer-reviewed journal have also been carefully

reviewed. The 20 identified abstracts are listed in

Table S1 [33–51].

Study quality

Study quality of the 12 non-randomized studies accord-

ing to the Newcastle–Ottawa scale was 8 (out of a maxi-

mum of 9) in four of the studies, 7 in 5 of them, and 6

in 3 (Table 1). There were 2 prospective non-random-

ized interventional studies and 10 retrospective observa-

tional studies. Potential confounders like dose

adjustments were often not outlined.

The methodological quality of the five included ran-

domized studies is presented in a risk of bias summary

(Fig. 2). As summarized there, the methodological qual-

ity was generally poor; performance bias was detected in

Figure 1 Flow chart depicting the

screening and selection process for

the systematic review of

immunosuppression with generic vs.

innovator tacrolimus in liver and

kidney transplantation on biopsy-

proven acute rejection or

bioequivalence.
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80% and attrition bias in 40% of the analyzed RCTs,

whereas detection bias was mostly unclear.

The follow-up times ranged from 2 weeks to

53 � 25.52 months.

Biopsy-proven acute rejection

Five studies including 365 patients after LT (191 de

novo, 174 conversion) and nine studies including 883

patients after KT (735 de novo, and 148 conversion)

compared BPAR of patients on generic Tac with those

on innovator Tac after LT or KT, all of them in a paral-

lel design (Table 1). However, only two of those studies

were randomized controlled trials [20,22] and a further

two were non-randomized prospective studies [16,27].

Risk ratios for BPAR rates of patients on generic Tac

versus innovator Tac were compared in a forest plot

stratified visually by organ and study design (Fig. 3).

Only one study after KT conversion found a significant

difference between generic and innovator Tac favoring

innovator Tac [32], while one in KT de novo found a

significant benefit of generic Tac [24]. Two further

crossover studies including 103 patients after KT and 36

patients after LT [28,29] conversion did not report any

BPAR event. Pooling the results in a meta-analysis, the

estimate for the risk ratio was 0.84 (n = 2369, 95% CI:

0.65–1.09) and there was low heterogeneity (I2 = 16%,

P = 0.28). When stratifying by organ, the pooled esti-

mate for LT studies was 0.65 (n = 703, 95% CI: 0.41–
1.03) and that of KT studies 0.93 (n = 1666, 95% CI:

0.67–1.31), showing no significant differences between

generic and innovator Tac in either subgroup. Perform-

ing a subgroup analysis on de novo use versus conver-

sion no residual heterogeneity remained (I2 = 0%,

P = 0.81). The pooled estimate for de novo use was

0.75 (n = 1659, 95% CI: 0.63–0.90), significantly favor-

ing generic Tac, whereas the pooled estimate for conver-

sion studies was 1.93 (n = 710, 95% CI: 1.00–3.70),
favoring innovator Tac (Figs 3 and 4).

Bioequivalence

There were three crossover (25 patients de novo KT,

139 patients conversion LT and KT) and two parallel

design studies (79 patients de novo KT), all RCTs,

reporting the primary pharmacokinetic outcome of

Cmax and AUC0–12 (Fig. 5) [20–22,28,29]. Three

prospective randomized pharmacokinetic studies in KT

were conducted with de novo generic Tac [20–22] (one

study including a crossover substudy), and one after

conversion [29]. Arns et al. [22] reported similar phar-

macokinetics for Tac Sandoz as compared with innova-

tor Tac after KT, but EMA bioequivalence criteria were

not met. Also, Tac Teva did not meet the bioequiva-

lence criteria in elderly KT recipients with a shorter

time to Cmax [21], and Tac Chong Kun Dang showed

higher dose-normalized Cmax and AUC0–12 than the

innovator [20]. In 1 KT conversion study with a cross-

over design, the 90% CIs of the ratio generic/innovator

for AUC0–12 were within the EMA bioequivalence

acceptance criteria and the 90% CIs of the ratio gen-

eric/innovator for Cmax were within the FDA bioequiva-

lence acceptance criteria [29]. One prospective

randomized 3-treatment 6-period crossover pharma-

cokinetic study on the switch of innovator to two gen-

eric Tac formulations (Tac Sandoz and Tac Dr. Reddy)

showed bioequivalence in both KT and LT recipients,

except for the conversion from innovator Tac to Tac
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Dr. Reddy according to EMA bioequivalence criteria

[28]. No BPAR event has been reported after conversion

to generic Tac in both KT and LT patients (Table 1). In

summary, 33.3% (1/2 LT, 2/7 KT) of (sub)studies show

bioequivalence of generics for AUC0–12, and 55.6%

according to the Cmax (2/2 LT, 3/7 KT). Two further

studies (one each LT and KT) were almost entirely

within range regarding AUC0–12. Pooling GMR and

90% CI of the AUC0–12, the combined estimate of all

studies was 106.3 (n = 461, 95% CI: 103.8–108.7),
which is within the bioequivalence acceptance interval

of 90.00–111.11, and there was low heterogeneity

(I2 = 9%, P = 0.27). The subgroup analysis by organ

yielded similar estimates for LT (105.8, n = 72, 95% CI:

102.4–109.2) and KT studies (106.9, n = 389, 95% CI:

102.9–110.8). The subgroup analysis on de novo use

versus conversion revealed substantial differences

between the subgroups. Whereas studies on de novo use

did not fulfill EMA requirements for bioequivalence

(115.2, n = 185, 95% CI: 107.6–122.8), conversion stud-

ies were well within the required limits (105.3, n = 276,

95% CI: 103.0–107.7) (Figs 5 and 6).

For Cmax, the combined estimate of all studies was

114.9 (n = 461, 95% CI: 108.0–121.8), which is within

the bioequivalence acceptance interval of 80.00–125.00.
However, there was substantial heterogeneity (I2 = 69%,

P < 0.01). When stratifying by organ, there were differ-

ences between LT studies, which albeit few in number

were within the required limits (108.6, n = 72, 95% CI:

103.3–113.8), and KT studies, which exceded the upper

limit (119.7, n = 389, 95% CI: 108.7–130.7). However,

there was substantial heterogeneity in both subgroups

and thus the residual heterogeneity was unchanged

(I2 = 70%, P <0.01). The initial heterogeneity could be

explained performing a subgroup analysis on de novo

use versus conversion which resulted in no residual

heterogeneity (I2 = 0%, P = 0.62). Whereas de novo

studies with a GMR of 142.4 (n = 185, 95% CI: 126.4–

Study
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Figure 3 Forest plot of studies comparing risk of biopsy-proven acute rejection between generic and innovator tacrolimus – stratified by organ
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158.3) did not fulfill the requirements for bioequiva-

lence, conversion studies with a GMR of 108.9

(n = 276, 95% CI: 105.6–112.2) did (Figs 7 and 8).

Further study outcomes

Patient and graft survival

Similar patient and graft survival was reported in the

selected studies. Graft loss was reported in two of the

de novo studies after KT: in eight patients (15.7%) ver-

sus six patients (12.5 %) after generic and innovator

Tac, respectively [19], and the Spartacus trial revealed

0% graft loss versus 2.6% (one patient) with generic

and innovator Tac after KT, respectively [22]. Further-

more, there were 2 (4.3%) versus no graft losses

reported with de novo innovator Tac after LT [16].

More drug level variability and dose adjustments neces-

sary during the first weeks after transplantation in de

novo use and also after conversion was reported

[16,20,32,40–42,46].

Congress reports that did not proceed to publication

in a peer-reviewed journal have been carefully reviewed

with similar results, that is, similar BPAR rates and

safety profiles as well as higher variability of dose/level

ratio in the early phase after transplantation.

Costs

One de novo study with generic Tac evaluated cost-ef-

fectiveness and reported cost savings within the first

14 days [16]. One conversion study indicated higher

costs with generic Tac due to monitoring and hospital-

ization [32], whereas one conference abstract [49] con-

firmed cost-effectiveness.

Discussion

The narrow therapeutic index of Tac [52] and the

potential severe adverse consequences of subtherapeutic

or toxic concentrations necessitate close monitoring of

patients’ exposure to the drug. Great experience with
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the innovator Tac has been achieved with excellent clin-

ical outcomes. Both Tac pivotal trials [53] and trials

with the innovator Tac in combination with other

immunosuppressive agents to further develop immuno-

suppressive regimen for best possible clinical outcome

after LT and KT have led to a very familiar and confi-

dent use of the innovator Tac [54]. When generic Tac

became available there was no need to shift from the

long-lasting standard with innovator Tac to a protocol

with generic Tac for most centers or patients. This was

especially important since both the grafts’ and patients’

survival highly depend on reliable immunosuppression.

Moreover, there was limited experience with generic

Tac in these days.

In contrast to the innovator drug, no pivotal trials

that enable physicians to gain experience with new for-

mulas are mandatory. Approval for generics is given

after demonstration of their bioequivalence to its inno-

vator. None of the regulatory agencies require the

demonstration of bioequivalence with any other

approved generic formulation, which seems to be a

potential shortcoming of the current generic approval

process. Following approval, generic manufacturers gen-

erally do not fund clinical trials to test their generic

products against the reference or other generic products

[55]. All of this did not help to introduce generic Tac

to a large patient cohort.

Despite these facts academically driven studies have

been performed with generic Tac over the past years.

Many of these datasets have been carefully put together

by many scientific societies and transplant organisations

to provide opinion statements on the use of generic

immunosuppression. The most important statements of

the American Society of Transplantation [56], Interna-

tional Society for Heart & Lung Transplantation [57],

The Kidney Disease Improving Global Outcomes Soci-

ety (KDIGO) [58], European Society for Organ Trans-

plantation [9], and the Canadian Society of

Transplantation [12] can be summarized as follows: (i)

there is strong recommendation on the patients’ educa-

tion to avoid an unintended switch between generic and

innovator formulations, (ii) conversion between generic

and innovator immunosuppressants should be avoided

or at least limited to specialized transplant physicians,

and (iii) any conversion should be accompanied by

strict follow-up and monitoring [9,12,56–58].

Since publication of the most recent position state-

ment by the Canadian Society of Transplantation in

2012, the use of generic immunosuppressants has

become routine in many centers all over the world [59],

and several high-quality RCTs have been published [20–

22,28,29] together with both a considerable number of

observational studies (Table 1) and congress reports

(Table S1). Therefore, guidelines could be updated

based on the current knowledge on the safety and effi-

cacy of generic immunosuppression after

transplantation.

Most of the recent studies have focused on generic

Tac with special focus on BPAR rates and both patients’

and grafts’ survival, which are most important. Further-

more, there is outcome associated data available on

drug levels (Cmax, c0, AUC, dose/level ratio, dose adjust-

ments necessary), laboratory values for graft function,

safety/efficacy, bioequivalence and on cost savings.

However, there is still a lack of grade 1b level prospec-

tive RCTs in target populations according to EBM. The

available evidence is mainly retrospective, from case

reports, or from studies that are either underpowered,

have no appropriate control group, analyze trough con-

centrations only, lack an analysis of confounders

(comedications, comorbidities), or use nonspecific

immunoassays to assess Tac concentrations.

Thus, this study was designed to provide an overview

on the current body of evidence by performing both a

systematic review on BPAR, reflecting the clinical safety

and efficacy of generic Tac use, on the one hand and on

bioequivalence in target populations, to address the

concerns reflected by the current position statements of

the Transplant Societies as mentioned above, on the

other.

BPAR rates

A few studies on generic Tac have been performed on

BPAR rates [16–20,22–27,30–32], whereas five studies

found risk ratios favoring innovator Tac and eight stud-

ies favoring generic Tac, CIs were often wide due to the

low sample sizes. Only one study each found a signifi-

cant benefit of innovator and generic Tac. However,

none of these studies was designed to show equivalence

or non-inferiority of the generic Tac, whereas pooling

the results of all studies showed no significant differ-

ences between innovator and generic Tac, after stratify-

ing by use studies on de novo use significantly favored

the generic and studies on conversion favored the inno-

vator Tac.

How likely is it to see more RCTs on BPAR with

generic Tac in the future? Protocol biopsies for exact

monitoring of the immune situation after KT are done

in some centers. This is in contrast to the practice after

LT. Thus, these parameters are more commonly avail-

able after KT and more studies are available for the
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switch or de novo use of generic Tac after KT in gen-

eral. Since protocol biopsies are not commonly per-

formed after LT it is more sophisticated to specify AR

episodes after LT with less evidence for BPAR episodes

after LT. Biopsies are only performed in exceptional

cases since clinicians mostly rely on standard liver val-

ues and clinical performance [16]. Based on these facts,

it is unlikely to see more RCTs on generic Tac with

focus on BPAR.

Apart from that, large sample sizes would be needed,

and additional costs would arise.

Bioequivalence

Among the five RCTs [20–22,28,29] demonstrating

comparable safety and efficacy of generic Tac and its

innovator, there are two parallel design studies [20,22]

in KT patients and three crossover studies on bioequiv-

alence, two after KT [21,29] and one study combining a

cohort of patients after LT and KT [28], the two latter

clearly showing bioequivalence between two generic Tac

themselves and their innovator. The other studies did

not demonstrate bioequivalence according to EMA cri-

teria. Interestingly, in one trial, the bioequivalence crite-

ria have not been met in elderly patients after KT [21].

One parallel design study [22] was underpowered, and

so unable to demonstrate bioequivalence. The combined

estimate for the GMR was within the EMA bioequiva-

lence acceptance range for both AUC0–12 and Cmax.

However, when stratifying for de novo use and conver-

sion, which resulted in homogeneous subgroups, con-

version studies showed bioequivalence, with only one

study being clearly outside the limits, whereas all three

de novo studies did not meet bioequivalence criteria for

the AUC as well as for the Cmax. Of the three de novo

studies, one was a crossover study with a relatively small

sample size [21]. Although the CIs for this study were

not too wide, that for Cmax was totally outside the

acceptance interval and that of the AUC barely touched

it. The remaining two de novo studies had a parallel

design [20,22]; they had small sample sizes and thus

wide CIs but were not actually designed to show bioe-

quivalence.

Further study outcomes

Patient and graft survival

Similar patient and graft survival was reported in most

of the studies. Graft performance was reported in most

of the studies indicated by laboratory findings. Markers

of graft function like serum creatinine and liver

enzymes were measured at different time points in each

study; however, there were no differences in serum crea-

tinine or liver enzymes between generic and innovator

arms in any of the studies. Since methods of measure-

ment and timepoints samples were taken from patients

were different in every study, data are not comparable.

Graft loss was reported in two of the de novo studies

after KT: in eight patients (15.7%) versus six patients

(12.5 %) after generic and innovator Tac, respectively

[19], and the Spartacus trial revealed 0% graft loss ver-

sus 2.6% (one patient) with generic and innovator Tac

after KT, respectively [22]. Furthermore, there were 2

(4.3%) versus no graft losses reported with de novo

innovator Tac after LT [16].

Many studies reported dose/level ratio and dose titra-

tions after the introduction of generic immunosuppres-

sive medications. It was remarkable that quite a few

studies reported more drug level variability and dose

adjustments necessary during the first weeks after trans-

plantation in de novo use and also after conversion

[16,20,32,40–42,46]. Most importantly, these findings

were not associated with any negative effects on clinical

outcome.

Congress reports that did not proceed to publication

in a peer-reviewed journal have also been carefully

reviewed with similar results, that is, similar BPAR rates

and safety profiles as well as higher variability of dose/

level ratio in the early phase after transplantation

(Table S1).

Costs

According to patient surveys, cost is a considerable bar-

rier to immunosuppressant adherence in healthcare sys-

tems not covering these costs in an adequate manner,

which would be crucial in order to preserve graft func-

tion. One de novo study with generic Tac evaluated

cost-effectiveness and reported cost savings within the

first 14 days [16], whereas one conversion study indi-

cated higher costs with generic Tac due to monitoring

and hospitalization [32], whereas one conference

abstract [49] confirmed cost-effectiveness.

Study quality

The majority of the included studies were observational

and prospective non-randomized, and five studies were

randomized. The methodological quality of these studies

was generally poor, with mostly small sample sizes,

holding a serious risk of bias and its consequences on
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the validity of the results, which have to be interpreted

with caution.

Limitations of this work are (i) combining interven-

tional and observations studies holding potentially more

risk of bias and confounding, and (ii) insufficient data

for long-term outcomes (follow-up > 1 year). There-

fore, this study was unable to address the effect of gen-

eric tacrolimus on long-term BPAR sufficiently. Only

few of the studies reported the 90% confidence intervals

for AUC0–12 and Cmax geometric mean ratios as stan-

dard criteria for bioequivalence, and those were partially

underpowered for the demonstration of bioequivalence.

Only one study included in the systematic review inves-

tigated the null-hypothesis that the generic was inferior

to the innovator tacrolimus [24], the other studies did

not.

Conclusion

The systematic review of immunosuppression with gen-

eric and innovator Tac in the prevention of BPAR in

adult LT and KT did not reveal a difference. There is

some evidence suggesting lower BPAR risk with generic

Tac for de novo use. However, the current evidence is

mostly based on observational data and the remaining

studies showed some risk of bias. Bioequivalence

regarding AUC0–12 and Cmax was demonstrated primar-

ily in studies on conversion. Generic products have the

potential to reduce costs for payers, patients, and

healthcare systems [58] and potentially account for

greater adherence in heathcare systems where patients

are required to cover costs for immunosuppression to a

relevant amount themselves. High-quality studies with

adequate study cohorts and follow-up times are war-

ranted to facilitate updates of transplant society position

statements on generic immunosuppressant use [60].
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