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Background: Generic tacrolimus (Tacrobell™) is commonly used in liver transplant patients
in Korea. No previous studies have assessed the long-term efficacy and safety of generic
tacrolimus for adult deceased donor liver transplantation (DDLT) patients. The aim of the
present study was to evaluate the long-term efficacy and safety of generic tacrolimus
compared to brand-name tacrolimus (Prograf®) in adult DDLT recipients.

Methods: Two hundred sixty-five adult DDLTs were performed in our center between 2003
and 2017. To determine the efficacy and safety of generic tacrolimus, renal function
(estimated glomerular filtration rate [eGFR] and creatinine), infectious complications, rejec-
tion-free survival rates, and patient survival rates were investigated.

Results: Of 265 patients, 193 were selected and divided into a generic tacrolimus group
(n=147) and a brand-name group (n=46). Mean follow-up duration was 63.2 + 44.3 months.
The 1-year, 3-year, 5-year, and 10-year patient survival rates were 89.1%, 86.9%, 84.5%, and
75.2%, respectively, in the generic tacrolimus group and 95.7%, 88.9%, 86.3%, and 83.7% in
the brand-name tacrolimus group. There were no statistically significant differences in the
infectious complications, new-onset diabetes, and renal dysfunction included mean serum
creatinine level or eGFR after DDLT between the two groups. Increased recipient age,
continuous renal replacement therapy (CRRT) in the pre-transplant phase, and acute rejection
were predisposing factors for patient death.

Conclusion: The present study shows that generic tacrolimus is an alternative comparable
to brand-name tacrolimus in adult DDLT patients.

Keywords: liver transplantation, immunosuppression, safety, efficacy

Introduction
Tacrolimus is established as an effective immunosuppressive agent in solid organ
transplantation. Tacrolimus inhibits the T-cell mediated immune response by
blocking transcription of the gene encoding interleukin-2 (IL-2).2

Most countries have attempted to reduce the cost of transplant patient care, but
the financial burdens of immunosuppressive therapy remain high.’> Brand-name
tacrolimus (Prograf®; Astellas Pharma Inc, Tokyo, Japan) lost its patent in 2008.
Since then, generic tacrolimus, which has met all standards for bioequivalence and
is therapeutically equivalent to brand-name tacrolimus, has been introduced both
locally and internationally.*
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Tacrobell® (Chong Kun Dang Pharmaceutical Corp,
Seoul, Korea) is a generic version of tacrolimus that was
approved by the Korea Ministry of Food and Drug Safety
in 2004.° Generic tacrolimus is now widely prescribed for
liver transplant recipients in many countries. A 2013 Drug
Trend Report from a prescription benefit plan provider
estimated that generic tacrolimus captures 30.7% of the
total market share of all transplant medications, compared
to 7.2% for brand-name tacrolimus.” Generic tacrolimus is
considered safe and effective in liver transplant patients in
Korea.® However, there is little additional information on
trends in generic tacrolimus use over time. One study was
non-comparative, and another study had a short-term fol-
low up.®® A recent study demonstrated the efficacy and
safety of generic tacrolimus compared with brand-name
tacrolimus in liver transplantation (LT) patients,” but no
previous studies have assessed the long-term efficacy of
generic tacrolimus for adult deceased donor liver trans-
plantation (DDLT) patients.

Based on long-term experience with the two formula-
tions, we conducted a retrospective observational study to
evaluate the long-term efficacy and safety of generic tacro-
limus compared to brand-name tacrolimus in adult DDLT
patients.

Methods

Patients

The present retrospective observational study was
approved by the Institutional Review Board (IRB) of
Samsung Medical Center (SMC-2019-08-033). The IRB
waived the requirement for patient consent because this
was a retrospective study of data from medical records.
The patient data accessed was maintained with confidenti-
ality in present study.

From April 2003 to March 2017, 265 adult DDLTs
were performed at our institution. Patients were excluded
according to the following criteria: re-transplantation,
synchronous multiple organ transplants, pediatric liver
transplantation (age <18 years), conversion from each
drug, use of mTOR inhibitors, use of cyclosporin, liver
graft use in donation after cardiac death, and incomplete
medical records. Generic tacrolimus had been in use in
our hospital since 2007. The drugs used in the generic
(Prograf®;

Astellas Pharma Inc, Tokyo, Japan) groups were admi-

tacrolimus and brand-name tacrolimus
nistered according to operator, with no switch between

generic tacrolimus and brand-name tacrolimus. No

patients used generic and brand-name tacrolimus at the
same time. As a result of exclusions, 193 patients were
selected and divided into a generic tacrolimus group
(n=147) and a brand-name group (n=46). The generic
tacrolimus group included 147 patients, and the brand-
name tacrolimus group included 46 patients. Mean fol-
low-up duration was 63.2 + 44.3 months.

To determine the efficacy of generic tacrolimus, we
investigated renal function (estimated glomerular filtra-
tion rate (eGFR) and creatinine), infectious complica-
tions, rejection-free survival rates, and patient survival
rates. Rejection was diagnosed based on the Banff
schema.

Immunosuppression Regimen

An immunosuppression regimen was introduced in previous
papers.'®!! The immunosuppressive regimen included tacro-
limus (generic or brand-name) as a component of a double-
or triple-drug regimen (the two other drugs were
Methylprednisolone [MPD] and mycophenolate mofetil
[MMEF]). Basiliximab was used as an induction agent.
Tacrolimus was administered at a dose of 1mg on the third
postoperative day, and the dose was adjusted daily by check-
ing trough levels. MMF was administered at a dose of
500-1000 mg/day to patients of both groups. MPD was
administered intravenously in the perioperative period and
was gradually tapered to a minimal dose thereafter. Steroids
were withdrawn three months after DDLT.

Statistical Analysis

Continuous variables were analyzed using the Mann—
Whitney U-test, with results expressed as means =+ stan-
dard deviations or medians and ranges. Categorical vari-
ables are expressed as numbers and percentage of subjects.
Chi-square tests or Fisher’s exact tests were conducted to
evaluate differences in frequencies of categorical variables
between groups. Rejection free-survival rates and patient
survival rates were estimated using the Kaplan—Meier
method and survival curves were compared with the log
rank test. Cox proportional hazards model analysis was
death after adult DDLT.
Multivariate analysis used significant factors from the

used to predict patient
univariate analysis. All tests were two-sided, and statistical
significance was defined as P < 0.05. All statistical ana-
lyses were performed using SPSS ver. 22.0 (SPSS, Inc.,
IBM Corporation, Armonk, NY, USA).
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Results

Baseline Characteristics

A total of 193 patients who underwent adult DDLT from
April 2003 March 2017 was reviewed. The generic tacro-
limus group (n=147) and brand-name tacrolimus group
(n=46) were compared according to demographics and
perioperative characteristics.

Sex, age, history of hypertension or diabetes, cause of
death, cardiopulmonary resuscitation, use of inotropes,
macrosteatosis, microsteatosis, ICU stays, and liver func-
tion tests in deceased donors were compared between the
two groups. Median deceased donor age was 49 years
(range, 8-83 years) in the generic tacrolimus group and
48 years (range, 9-79 years) in the brand-name tacrolimus
group. There were no statistically significant differences
between the two groups (Table 1). Median recipient age
was 53 years (range, 2677 years) in the generic tacroli-
mus group and 50 years (range, 19-69 years) in the brand-
name tacrolimus group. Sex, age, history of hypertension
or diabetes, hepatic encephalopathy, varix bleeding,
ascites, spontaneous bacterial peritonitis, and ventilator

Table | Baseline Characteristics of Deceased Donors

Generic Brand-Name P-value
Tacrolimus Tacrolimus
(n=147) (n=46)
Sex (Male) 97 (66.0%) 33 (71.7%) 0.589
Donor age (years) 0.240
<40 38 (25.9%) 13 (28.3%)
40-49 36 (24.5) 13 (28.3%)
50-59 40 (27.2%) 15 (32.6%)
60-69 22 (15.0%) 4 (8.7%)
270 I (7.5%) 1 (2.2%)
Body mass index 23.1 (10.4-31.5) | 23.4 (17.8-33.3) 0.547
Cause of death 0.226
Trauma 32 (21.8%) 17 (37.0%)
Anoxia 45 (30.6%) 9 (19.6%)
CVA 65 (44.2%) 19 (41.3%)
Others 5 (3.4%) 1 (2.2%)
Length of ICU stay (days) | 7 (2-50) 6 (3-30) 0.298
Total bilirubin (mg/dL) 0.8 (0.1-7.2) 1.0 (0.2-4.2) 0.106
AST (U/L) 53 (5-1673) 61 (15-685) 0.292
ALT (U/L) 36 (7-357) 42 (10-321) 0.956
Creatinine (mg/dL) 1.27 (0.10-7.20) | 1.20 (0.45-3.35) 0.998
Sodium (mEq/L) 153 (126-192) 150 (118-190) 0.841
INR 1.26 (0.98-2.69) | 1.21 (0.92-2.43) 0.434
Albumin (g/dL) 2.8 (1.1-4.2) 2.5 (1.6-5.1) 0.103

Abbreviations: CVA, cardiovascular accident; ICU, intensive care unit; AST, aspartate
transaminase; ALT, alanine transaminase; INR, international normalized ratio.

care during the pre-transplant period in recipients did not
significantly differ between the two groups (Table 2). The
proportion of hepatitis B virus (HBV) as an indication of
DDLT was higher in the brand-name tacrolimus group
than in the generic tacrolimus group (71.7% vs. 46.3%).
However, the proportion of alcohol as an indication of
DDLT was lower in the brand-name tacrolimus group
than in the generic tacrolimus group (4.3% vs. 25.2%).
The proportion of patients without hepatorenal syndrome
was higher in the brand-name tacrolimus group than in the
generic tacrolimus group (87.0% vs. 72.1%). Accordingly,
the median Model for End-Stage Liver Disease (MELD)
score in the brand-name tacrolimus group was lower than
that of the generic tacrolimus group (21 vs. 29). No differ-
ences were identified in split liver graft, warm ischemic
time and cold ischemic time between the two groups.

Efficacy

The discontinuation rate was 15.6% (n=23) in the generic
tacrolimus group and 19.6% (n=9) in the brand-name tacro-
limus group in the post-transplant period (P=0.505). No
differences were found in mean tacrolimus trough levels
during follow-up after DDLT between the two groups
(Figure 1). The 1-year, 3-year, and 5-year rejection-free
survival rates were 86.3%, 79.7%, and 78.7%, respectively,
in the generic tacrolimus group and 75.6%, 64.3%, and
58.7% in the brand-name tacrolimus group. Therefore,
rejection-free survival in the brand-name tacrolimus group
was significantly lower than in the generic tacrolimus group
(P=0.016) (Figure 2A). The causes of death are summarized
in the Table 3. Mortality rate was 15.6% in the generic
tacrolimus group and 17.4% in the brand-name tacrolimus
group, respectively. Graft failure or infection contributed
mortality in DDLT patients. The 1-year, 3-year, 5-year, and
10-year patient survival rates were 89.1%, 86.9%, 84.5%,
and 75.2% in the generic tacrolimus group and 95.7%,
88.9%, 86.3%, and 83.7% in the brand-name tacrolimus
group. No significant difference in patient survival rate
was identified between the generic tacrolimus and brand-
name tacrolimus groups (P=0.518) (Figure 2B).

Safety

We summarized several complications in Table 4. The
incidences of pneumonia, cytomegalovirus infection,
herpes zoster, and fungal infection were not significantly
different between the two groups. Nor were there statisti-
cally significant differences in de novo hypertension, new-

onset diabetes, and de novo malignancy between the two
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Table 2 Baseline Characteristics of Recipients

Generic Brand-Name P-value
Tacrolimus Tacrolimus
(n=147) (n=46)
Baseline characteristics
Sex (male) 97 (66.0%) 34 (73.9%) 0.368
Age (years) 0.172
<40 15 (10.2%) 8 (17.4%)
4049 44 (29.9%) 15 (32.6%)
50-59 48 (32.7%) 13 (28.3%)
60-69 36 (24.5%) 10 (21.7%)
270 4 (2.7%) 0 (0%)
Etiology 0.016
Hepatocellular carcinoma | 3 (2.0%) 1 (2.2%)
Hepatitis B virus 68 (46.3%) 33 (71.7%)
Hepatitis C virus 14 (9.5%) 6 (13.0%)
Alcoholic 37 (25.2%) 2 (4.3%)
Autoimmune hepatitis 4 (2.7%) 0 (0%)
Primary biliary cirrhosis 2 (1.4%) 0 (0%)
Acute hepatic failure 10 (6.8%) 4 (8.7%)
Others 9 (6.1%) 0 (0%)
Body mass index 242 (14.9-38.0) | 24.0(18.1-36.5) | 0.410
Hepatic encephalopathy 0.532
None 98 (66.7%) 28 (60.9%)
Grade | or 2 25 (17.0%) 10 (21.7%)
Grade 3 or 4 24 (16.3%) 8 (17.4%)
Varix bleeding 24 (16.3%) 12 (26.1%) 0.192
Ascites 0611
None 25 (17.1%) 7 (15.2%)
Diuretics controlled 48 (32.9%) 19 (41.3%)
Diuretics uncontrolled 73 (50.0%) 20 (43.5%)
Hepatorenal syndrome in 0.036
pre-transplant
None 106 (72.1%) 40 (87.0%)
HR without CRRT 25 (17.0%) 2 (4.3%)
HR with CRRT 16 (10.9%) 4 (8.7%)
Spontaneous bacterial 16 (10.9%) 8 (17.4%) 0.304
peritonitis
Ventilator care in 15 (10.2%) 7 (15.2%) 0.424
pretransplant
MELD score 29 (8-40) 21 (8-40) 0.049
Perioperative characteristics
Macrosteatosis in donor 5 (0-60) 5 (0-50) 0.062
Microsteatosis in donor 5 (0-90) 5 (0-50) 0.180
Split liver graft 10 (6.8%) 1 (2.2%) 0.465
Cold ischemic time (min) 306 (45-589) 264 (80-908) 0.065
Warm ischemic time (min) 35 (14-214) 36 (13-68) 0.257
Follow-up duration 54.3 £ 38.1 91.7 £51.0 <0.001
(months)

Abbreviations: HR, hepatorenal syndrome; CRRT, continuous renal replacement
therapy; MELD, Model for End-Stage Liver Disease.
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Figure | Mean tacrolimus trough levels in generic and brand-name tacrolimus
(mean and 95% confidence interval at each point).

groups. Additionally, no differences were found between
the two groups in mean serum creatinine level and mean
eGFR after DDLT (Figure 3). However, five patients in the
generic tacrolimus group (3.4%) and four patients in the
brand-name tacrolimus group (8.7%) required hemodialysis
because of chronic renal failure. Finally, two patients in the
generic tacrolimus group underwent kidney transplantation.

Risk Factors for Patient Survival

Univariate analysis showed that recipient age, history of
continuous renal replacement therapy (CRRT) in the reci-
pient, and acute rejection were closely associated with
patient survival (Table 5). Multivariate analysis showed
that increased recipient age, CRRT in the pre-transplant
period, and acute rejection were predisposing factors for
patient death.

Discussion

Previous studies reported that the S5-year efficacy and
safety of generic tacrolimus (Tacrobell®) and brand-name
tacrolimus (Prograf®) are similar in LT patients including
living donor liver transplantation (LDLT) and DDLT.
DDLT cases usually have a higher MELD score compared
with LDLT cases because hepatocellular carcinoma (HCC)
patients with lower MELD scores tend to undergo LDLT
for curative treatments. Therefore, we focused only on
DDLT cases, which had higher MELD scores. This study
identified the long-term efficacy and safety of generic
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Figure 2 (A) Patient survival rate and (B) rejection-free survival rate.

tacrolimus compared with brand-name tacrolimus in adult
patients undergoing DDLT.

The present study demonstrated that there was no dif-
ference in long-term patient survival rates between generic
tacrolimus and brand-name tacrolimus groups, although
rejection-free survival rate was lower in the generic tacro-
limus group. The cause of death was not different between
the two groups. There was no group effect in multivariate
analysis. No differences in serum creatinine or eGFR were
evident between the two groups during the long follow-up
period. Events of infectious complications, new-onset dia-

betes after transplantation, and end-stage renal disease in

Time from liver transplantation to acute rejection
(years)

Generic drugs have a cost-saving effect. Generic tacro-
limus has met all standards for demonstrating bioequiva-
lence and is therapeutically equivalent to brand-name
tacrolimus.” However, the transplant community has
expressed concerns about using generic tacrolimus instead
of brand-name tacrolimus.>*'? In addition, patients may not
believe that generic tacrolimus is equivalent to brand-name
tacrolimus. Our study included a mean follow-up duration

longer than five years in adult DDLT patients. The present

Table 4 Safety Between the Generic Tacrolimus and Brand-
Name Tacrolimus Groups

the generic tacrolimus group were not different from those Generic Brand- P-value
of the brand-name tacrolimus group. Tacrolimus | Name
(n=147) Tacrolimus
(n=46)
Table 3 Causes of Death After DDLT
Pneumonia 22 (15.0%) 4 (8.7%) 0.332
Generic Brand-Name Cytomegalovirus 75 (51.0%) | 18 (39.1%) 0.179
Tacrolimus Tacrolimus infection
(n=147) (n=46) Herpes zoster 18 (122%) | 7 (152%) 0618
Mortality 23 (15.6%) 8 (17.4%) Fungal infection 16 (10.9%) 2 (4.3%) 0.251
Graft failure 7 3 De novo malignancy 6 (4.1%) 5 (10.9%) 0.136
Infection 9 3 De novo hypertension | 0 (0%) 1 (2.2%) 0.238
Rejection | 2 New-onset diabetes 20 (13.6%) 10 (21.7%) 0.242
Cerebrovascular accident | 2 0 after transplantation
Malignancy | 0 Hemodialysis due to 5 (3.4%) 4 (8.7%) 0.221
HCC recurrence 2 0 chronic renal failure
HCV recurrence | 0 Kidney transplantation | 2 (1.4%) 0 (0%) 0.426
after transplantation
Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus.
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Figure 3 (A) Mean serum creatinine level. (B) Mean eGFR (95% confidence interval at each point).

study showed that, although rejection-free survival rate in
the brand-name group was higher than in the generic tacro-
limus group, patient survival rates and events of infectious
complications and renal dysfunction in the generic tacroli-
mus group were similar to those in the brand-name tacroli-
mus group during long-term follow up. A previous study
reported that lymphocyte subsets with generic tacrolimus
were comparable to those with brand-name tacrolimus.
Only the level of CD4+Foxp3+ T cells was higher in the
brand-name tacrolimus group than in the generic tacrolimus
group after LT."* The present study again demonstrated that
the efficacy and safety of generic tacrolimus were not dif-
ferent from those of brand-name tacrolimus.

Tacrolimus has a narrow therapeutic index and is
subject to routine therapeutic drug monitoring and dose
adjustment. High peripheral blood concentrations of
tacrolimus are associated with nonspecific consequences
of over-immunosuppression and specific effects of cal-
cineurin inhibition, notably nephrotoxicity, neurotoxi-
city, and thrombotic microangiopathy.'* There has been
some reluctance amongst clinicians and patients to con-
sider changing tacrolimus formulations.” The present
study showed that mean serum creatinine level and
eGFR in the generic tacrolimus group were not different
from those of the brand-name tacrolimus group; mean
tacrolimus trough level was also not different between
the two groups. A previous study already showed that
the efficacy of generic tacrolimus was not different from
that of brand-name tacrolimus.® This study again shows
that generic tacrolimus can be safely and effectively
used.

Although the generic drug approval process has a long-
term successful track record, concerns remain regarding
approval of narrow therapeutic index generic immunosup-
pressants, such as tacrolimus, in transplant recipients.
Post-marketing surveillance studies are recommended to
obtain additional safety data.'”

Our center has used the brand-name tacrolimus since
2000 and generic tacrolimus since 2007. Therefore, follow-
up duration was significantly different between the two
groups. Patients who underwent adult DDLT between 2000
and 2007 are all in the brand-name tacrolimus group. The
brand-name tacrolimus group may have a higher rejection
rate because there was less experience with immunosuppres-
sive medication after liver transplantation in the early 2000s.

We already reported using the data from the Korean
National Health Insurance System that recipient age is an
important factor for in-hospital mortality after DDLT.'®
A single-center study showed that patients aged >70 years
should not be excluded from LT or even LDLT based solely
on recipient age. This implies that careful selection of recipi-
ents and donors and meticulous surgical technique are neces-
sary for successful results.'” However, our study again shows
that elderly patients have increased mortality after liver
transplantation.

Our study had several limitations. First, this study was
retrospective; therefore, unknown or unmeasured con-
founding variables are possible. However, the present
study provides outcomes over a relatively long follow-up
period. Second, no cost saving effect was analyzed
because there were no available data. Third, there were
several significant differences between the two groups,
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Table 5 Risk Factors for Patient Death

OR 95% CI P-value

Univariate
Deceased donor
Sex (female) 0.822 | 0.380-1.778 | 0.619
Age 1.008 | 0.984-1.031 | 0.532
Body mass index 1.016 | 0.913-1.132 | 0.766
Length of ICU stay 1.030 | 0.994-1.067 | 0.108
Na 0.992 | 0.967-1.018 | 0.557
Macrosteatosis 0.992 | 0.959-1.026 | 0.653
Microsteatosis 0.980 | 0.950-1.011 | 0.199
Recipient
Sex (female) 1.046 | 0.494-2.213 | 0.907
Age 1.039 | 1.002-1.076 | 0.036
Body mass index 1.063 | 0.979-1.153 | 0.145
Hepatic encephalopathy

None |

Grade | or 2 0.791 | 0.299-2.093 | 0.637

Grade 3 or 4 0.889 | 0.336-2.351 [ 0.813
Varix bleeding 0811 | 0.332-1.985 | 0.647
Ascites

None |

Diuretics controlled 1.363 | 0.373-4.983 | 0.639

Diuretics uncontrolled 2.085 | 0.616-7.054 | 0.237
Hepatorenal syndrome in pre-
transplant

None |

HR without CRRT 1.649 | 0.617—4.410 | 0.319

HR with CRRT 2.779 | 1.112-6.946 | 0.029
Spontaneous bacterial peritonitis | 1.282 | 0.518-3.176 | 0.591
Ventilator care in pretransplant 0.489 | 0.117-2.051 | 0.328
MELD 1.006 | 0.976-1.038 | 0.696
Brand-name tacrolimus use 0.761 | 0.332-1.747 | 0.520
Acute rejection 2491 | 1.242-4.993 | 0.010
Multivariate
Recipient age 1.045 | 1.005-1.086 | 0.028
HR with CRRT in pre-transplant | 3.793 | 1.473-9.768 | 0.006
Acute rejection 2.852 | 1.365-5.961 | 0.005

Abbreviations: ICU, intensive care unit; HR, hepatorenal syndrome; CRRT, con-
tinuous renal replacement therapy; MELD, Model for End-Stage Liver Disease.

including etiology for DDLT, hepatorenal syndrome,
MELD score, and observation period. Lastly, our study
included a small number of DDLT cases. Western coun-
tries have many DDLT cases, where the deceased donation
rate is higher than in our country and in Eastern Asia. We
cannot know the appropriate sample size necessary to
draw a conclusion, but we think that our data sufficiently
support our conclusion.

In conclusion, generic tacrolimus is an alternative com-
parable to brand-name tacrolimus after adult DDLT.
However, the results of the present study cannot be gen-
eralized to other generic formulations of tacrolimus.
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