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ABSTRACT

Background: Generically produced cyclosporine has long been approved in the trestment of organ transplant recipients
and several publications have dealt with its use. For tacrolimus, however, very few data exist for safety and efficacy
after conversion to its generic in kidney transplant recipients. Methods: In this single-center observational study, 14
kidney transplant carriers were converted to generic tacrolimus as part of aftercare, and graft function, fasting tac-
rolimus levels and the daily tacrolimus dose was pursued for up to 95 weeks. Results: Average drug doses changed
from 3.64 + 1.88 mg/day with the original to 3.33 + 1.72 mg/day after conversion to generic tacrolimus (p = 0.33).
Tacrolimus fasting levels were 6.23 + 1.68 ng/ml before and 5.89 + 1.15 ng/ml after conversion (p = 0.66). Average
serum creatinine values of 2.26 + 1.08 mg/dl after conversion did not differ from previous values of 1.99 + 0.74 mg/d
(p = 0.15). Conclusions: These data support the assumption, that it is safe to convert stable kidney transplant patients
from the original galenic formulation under close scrutiny to the generically produced substance. Conversion is easy to
be implemented in the routine follow-up and thus represents an option in the therapy with calcineurin inhibitors, which

will contribute to cost reduction in the health system.
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1. Introduction

Calcineurin inhibitors (CNI) cyclosporine and tacroli-
mus are milestones in the therapy of organ transplanta-
tion. They are the basic immunosuppressants in rejec-
tion prophylaxis. Under their use, patient as well as graft
survival could be significantly improved.

The lifelong therapy however makes this treatment a
most cost-intensive requirement. Upon the expiration of
patent protection in 1995 a strong generic market grew
for cyclosporine and since 2009 for tacrolimus. Despite
all security concerns for generic cyclosporine, its use in
the follow-up treatment of organ recipients has been re-
gulated by experts [1] and in many centers now has be-
come the rule. Increasing rates of rejection episodes have
not been described [2-4].

Since 2009, tacrolimus, because no longer protected
by patents, has been made available as a generic formu-
lation for clinical use, too. Under the increasing pressure
on costs in the hedth system in industrial nations, in
Germany by the health insurers and by discounting con-
tracts, there is a growing uncertainty concerning the safety
of prescribing generic tacrolimus. To document a practical
approach in the use of generically produced tacrolimus,
as well as to the diverse needs of al parties to meet and
generate no disadvantages for graft survival, 14 stable
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kidney transplant recipients were followed in a single
center cohort study after a shift in favor of a tacrolimus
generic. Efficacy and safety parameters for graft function
and immunosuppression were obtained.

2. Subjects and Methods

In this single-center observational study we identified 14
patients, 9 male and 5 female with a functioning kidney
transplant and a stable graft function under an immuno-
suppressive therapy with tacrolimus (Prograf®, Astellas
Pharma GmbH, Munich, Germany'). The mean patient
age was 51 + 16.5 years and the time after transplantation
varied from 12 - 138 months, with a mean of 63 months.
The patients were switched as part of their routine fol-
low-up care in the nephrologic center in a 1:1 fashion to
an equivalent dose of generic tacrolimus (Tacrolimus
Hexal®, Hexal AG, Holzkirchen, Germany?) as a com-
mercial medication and tracked continuously for 29 - 95

1Prograf® composition: Tacrolimus-1-H,0O, Methylhydroxypropylcelulose,
Lactose-1-H,0, Croscarmellose-sodium, Mg-Stearate, Gelatine, Titan-
dioxide, Fe-(l11)oxide, Phospholipids.

*Tacrolimus Hexa® composition: Tacrolimus-1-H,0, Methylhydroxypro-
pylcdlulose, Lactose-1-H,0, Croscarmellose-sodium, Mg-Stearate, Gela
tine, Titandioxide, Na-dodecylsulfate, Sorbitan laurate, Fe-oxide-hy-
drate.
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weeks (mean 66.4 + 19.4 weeks). For safety reasons,
controls were performed at weekly intervalsinitialy after
conversion and were subsequently extended to monthly
and to quarterly controls. Longitudinal comparative data
were collected for the trough levels of the immunosup-
pressant prior to and after conversion, as well as for ex-
cretory graft function. Routinely clinical data and blood
samples were collected after switching and the tacroli-
mus dose was adapted as necessary. The following routine
laboratory parameters were captured: endogenous creati-
nine clearance, serum creatinine, tacrolimus trough levels
(Abbott tacrolimus assay), blood count, differential blood
count, absolute lymphocyte number, Na (sodium), K
(potassium), Ca (calcium), PO, (phosphate), BUN (blood
urea nitrogen), uric acid, ALT (alanine aminotransferase),
GGT (gamma-glutamyl transpeptidase), AP (alkaline pho-
sphatase), LDH (lactate dehydrogenase), albumin/creati-
nine ratio, CRP (C-reactive protein), urine sediment (analy-
zed semi-automatically via urine stix).

Statistical Analysis

To analyze significant changes in tacrolimus trough levels,
tacrolimus doses, and serum creatinine values before and
after conversion, student paired t-test was used. The level
of significance was set to p < 0.05. Results are presented
as mean + standard deviation.

3. Results

14 patients (9 male, 5 female) at the age of 25 to 75 years,
with a mean of 51 + 16.5 years, after local ethics votum
and informed consent was obtained, were converted to

generically manufactured Tacrolimus Hexa® (Table 1).
This drug is shown to be bioequivalent to the original
drug Prograf® in cross-over studies [5]. At the time of
conversion, the patients had a functioning-kidney trans-
plant between 12 to 138 months, with a mean of 63
months. The transplant kidney function was stable at the
time of conversion in 13 patients, a male patient was con-
firmed 41 months previously with biopsy proven chronic
alograft rejection, which prompted his conversion to
Prograf®. Despite conversion he had a continuous de-
crease in graft function, serum creatinine had increased
from 3.7 to 4.2 mg/dl during run-in. Furthermore, a fe-
male patient was 36 month prior to conversion also con-
firmed with biopsy proven chronic-alograft rejection,
but during run-in had a much less accelerated course with
serum creatinine from 2.55 to 2.6 mg/dl.

Among all patients 10 out of 14 had a concomitant im-
munosuppression therapy with steroids, 11 out of 14 re-
ceived mycophenolate mofetil, either MMF (500 - 2000
mg/day) or MMF-sodium (360 - 1440 mg/day), 2 out of
14 were on azathioprine. 5 out of 14 patients were on a
dual immunosuppression. During the observation phase
the concomitant immunosuppression was not atered in
the dose or the choice of preparations. All patients suf-
fered from stable arterial hypertension as concomitant
disease, and 4 had NIDDM/IDDM.

After conversion, generic tacrolimus was well tolerated
in al patients, there were no symptoms of intolerance,
safety laboratory parameters remained unchanged. The
average drug doses (Figure 1) and tacrolimus levels (Fig-
ure 2) before and after conversion were not significantly
different from each other in the longitudinal course (Table

Table 1. Patients individual demographic characteristics (Mean values represent average data for periods “run-in pre

conversion” and “follow up after conversion”).

Follow-u Mean Tac Mean
) . Run-in P Mean Tac dose creatinine
Timesince TX . after trough level
Sex Age (years) pre conversion . (mg/day) Post/ (mg/dl)
(month) conversion (ng/ml) Post/ ;
(weeks) (weeks) re converson  Preconversion Post/
P pre conversion

Male 45 25 61 79 5.95/5.9 2.0/2.6 125/1.21

Male 63 29 65 67 6.92/8.38 3.2/4.0 1.70/1.86
Female 72 88 64 95 5.19/6.66 4.0/4.0 1.24/1.35

Mae 31 136 76 75 4.50/6.00 3.0/3.0 1.98/2.07
Female 68 39 76 48 5.75/5.92 4.0/6.0 1.10/1.08
Female 75 56 64 61 6.20/6.62 2.0/2.0 1.45/1.53
Female® 63 138 76 51 7.07/5.10 2.67/2.0 3.47/2.30
Female 43 90 29 79 7.66/7.53 5.0/5.3 3.49/2.46

Mae 25 76 66 80 3.12/5.68 35/2.7 2.21/2.12

Male 66 46 72 86 5.57/5.42 2.0/2.7 2.21/2.32

Male 55 18 68 29 5.40/5.41 7.0/84 2.75/2.54

Maée 42 92 76 77 5.38/4.56 4.0/3.0 5.48/3.78

Male 33 37 47 35 8.03/6.35 2.3/1.0 1.65/1.70

Male 39 12 46 68 5.78/6.41 3.0/3.7 1.56/1.50

“patients have biopsy proven chronic allograft rejection.
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2). Also, the mean serum creatinine levels did not differ During the entire observation period dose-adjustments
from the previous values and remained stable over the had to be performed with both the originator or generic
study period (Figure 3). Tacrolimus Hexal® in 6 out of 14 cases downwards and
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Figure 1. Box-Whisker-plot of tacrolimus daily dose followed 6 quarters before (Q — x) and 7 quarters after (Q x) generic tac-
rolimus conversion (each quarter represents sampling of 10 patients on average (ny,, = 13, ny;, = 6), time of conversion is
outlined as 0).
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Figure 2. Box-Whisker-plot of mean tacrolimus trough levels of 14 kidney transplant recipients followed 6 quarters before (Q
—x) and 7 quarters after (Q x) generic tacrolimus conversion (time of conversion is outlined as 0).
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Figure 3. Box-Whisker-plot of mean creatinine levels of 14 maintenance kidney transplant recipients 6 quarters before (Q — x)
and 7 quarters after (Q x) generic tacrolimus conversion (each quarter represents sampling of 10 patients on average (ny,, =

13, ny;, = 6), time of conversion is outlined as 0).

Table 2. Mean treatment specific patient characteristics (mean + standard deviation). Mean values represent average data for

period length as given in table 1%

Mean Tac trough Mean Tac Mean creatinine [mg/dl] Mean creatinine [mg/dl]
level [ng/ml] dose [mg/day] all patients® patients with stable function
Pre conversion [weeks]
63.29 + 13.87 6.23+1.68 3.64+188 1.99+0.74 1.80+0.47
Post conversion [weeks]
66.43 + 19.38 590+ 1.15 333+172 226+1.08 1.89+0.70
p-Vaue 0.64 0.33 0.15 0.39

patients with biopsy proven chronic allograft rejection included..

in 4 out of 14 upwards, in order to keep blood levels
steady. After conversion no immediate dose-adjustments
were necessary, however as early as week 9 asingle case
required a 1 mg daily increase. 4 patients required late
dose-adjustments after week 14 - 17, both downwards
and upwards, which have to be refered to as the usual
titrations under therapy. According to our data, however,
post conversion daily doses showed more stable course
as pre conversion doses did, with less variation (Figure
3).

The excretory kidney function and all safety para-
meters remained stable without significant deviations
compared to previously documented values. Of al pa
tients converted, two individuals showed a continuous in-
crease in serum creatinine levels due to a preceeding bi-

Copyright © 2012 SciRes.

opsy-confirmed chronic allograft rejection.

4. Discussion

The aim of the present study was to demonstrate the
safety and efficacy of conversion to generic tacrolimusin
stable kidney transplant patients, it was not the aim of the
study to generate AUC comparisons, which were gene-
rated elsewhere [5]. Moreover, in the context of this cohort
study, a practical modality for a change of this critical
drug was to be delineated, which could be inserted easily
into clinical praoctice, assuring a straight-forward applica-
tion and a high therapeutic safety.

Critical-dose drugs are known as medications which
are controlled via blood levels and in this regard have a
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narrow therapeutic corridor. Changes in drug prepara-
tions should idedlly lead only to minor differences in
blood levels, so as hot to interrupt or decrease drug availa-
bility and to flare up the disease to be treated in a critica
way. With calcineurin inhibitors (CNI) including tacro-
limus, this would ultimately result in an impaired im-
mune suppression and trigger organ rejection episodes.
According to KDIGO guidelines for cost reduction, ge-
neric treatment of kidney transplant recipients may be
admitted, if safety and efficacy could be demonstrated [6,
7]. However, conversions should be implemented by an
expert in the handling and control of these therapies.

In only a single report, data for the early controlled
conversion in liver and kidney transplant carriers have
been documented and demonstrated the bioequivalence
in clinical use [8]. The short follow-up period but espe-
cialy the vigilant therapeutic drug monitoring process in
this early post-transplant phase triggered critical discus-
sion, leading to remarks on whether “we are jeopardizing
our patients health if we do not perform vigilant thera
peutic drug monitoring” during conversion [9]. In con-
trast the present study on late tacrolimus conversion
could easily be integrated into the continuous ambul atory
treatment of stable transplant patients and be accom-
plished. Drug monitoring was performed as usual with-
out jeopardization of transplant survival or the patient’s
health. There were no reports of compatibility problems.
Within 1 - 4 weeks after conversion, security parameters
collected for therapeutic safety did not deviate signifi-
cantly from the previously documented data, as well as
the long-term follow-up in 12 of 14 patients revealed no
change of graft function. Two patients with biopsy-
proven chronic alograft rejection, however, showed a
progressive decrease in graft function similar to the run-
in phase before the conversion. In these patients, neither
the originator nor the generic tacrolimus formulation had
made a contribution to achieve a stabilized kidney func-
tion.

Despite close supervision, not before week 9 dose
adjustment of generically manufactured tacrolimus was
required. The probability of occurrence of this behavior
is similar to the observation period before conversion,
during which only 1 patient had to be reduced in dose.
Further 4 patients required late adjustments on weeks 14
- 17, and could be continued without further adjustments
thereafter, they may be referred to as usual dose fluctu-
ations. The remaining patients were unchanged and dose-
equivalent to the time prior to conversion. All adjust-
ments were made on the basis of fasting blood levels for
tacrolimus.

The present findings provide no data on the potential
savings of total costs in this population. In a comparison
between cyclosporine formulations it has been demon-
strated, that, when using the generic, de novo transplant
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recipients revealed significantly higher total costs for the
health system, resulting from the required dose escalation
[1Q]. In contrast, conversion to tacrolimus generic in sub-
jects 70 month after transplantation allows for savings
[11]. Rising costs of treatment are primarily generated in
the first 2 years after transplantation [12]. They result
mainly from rejections, viral infections and delayed graft
function with dialysis requirements. After this period, the
cost of immunosuppressive therapy come to the fore, and
comprise a mgjority. As shown in the present study, the
switch in favor of a generic CNI, assuming a situation
with stable graft function and a time point as early as 2
years after transplantation, therefore may provide the
possibility of cost reduction by optimizing the cost-in-
tensive continuous imMmuNosUppression.

The study has certain limitations. Designed as an obser-
vational study in outpatients, adherence could not be
directly validated. Also, the sample size was relatively
small. Therefore, the results need to be confirmed in a
larger, controlled, prospective trial.

In summary, conversion from original to generic tacro-
limusis a straightforward procedure in the follow-up of a
stable set of kidney transplant carriers, which in the
hands of a skilled and in control of these therapies
experienced clinician, can be included easily into clinical
practice as part of routine follow-up examinations. It
meets the health insurance requirements of cost-efficiant
maintenance therapy for graft survival. Furthermore, it
puts the after-care nephrologist in a position to imple-
ment the relevant budget requirements without disadvan-
tages in the treatment needs and safety. In the future, it
may be expected, that the share of generic tacrolimus
will grow in size and percentage and catch up with the
frequency of the original prescription drug or may over-
takeit.

5. Conclusion

In renal transplant carriers, stably treated with Prograf®,
conversion to a generic tacrolimus can be performed in a
straight forward manner. Tacrolimus fasting levels, doses
employed and transplant function remain stable, without
generating episodes of rejection. Cost savings potential
can be fulfilled without causing harm to the patient.
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