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ABSTRACT

Background: The objectives of the study were to describe the demographics and utilization pattern of tacrolimus
(TAC)-based immunosuppressive regimens in recipients with solid organ transplant in India.

Methods: This real-world, multicenter (134 centers), retrospective analysis included data of solid organ transplant
recipients between 2010 and 2022 who had received TAC-based immunosuppressive therapy. The study data was
collected between April 2021 and March 2022.

Results: Data of a total of 1022 recipients with kidney transplant (KT, n=899) or liver transplant (LT, n=123) who
received TAC-based immunosuppression was analyzed. The mean age of recipients among KT and LT was
41.04+10.62 and 42.88+11.32 years, respectively. The most common diseases leading to end stage organ failure were
diabetes (24.7%), hypertension (15.8%), concomitant diabetes and hypertension (14.9%), chronic kidney disease
(9.2%), nephrotic syndrome (5%), and end stage renal disease (ESRD, 4.4%) in KT recipients, whereas for LT, the
common indications were liver cirrhosis (32.5%), hepatitis B viral infection (11.4%), alcoholic liver disease (10.6%),
fatty liver disease (12, 9.8%) and non-alcoholic steatohepatitis (NASH, 5.7%). The source of transplant was living
donor in majority of both KT (91.2%) and LT (77.2%) recipients. The most common induction regimen in KT was
anti-thymocyte globulin (ATG), TAC, mycophenolate mofetil (MMF), and steroid (ATG+TAC+MMF+steroid,
42.3%) whereas in LT, it was TAC+MMF+steroid (67.5%); TAC+MMF+steroid was most common maintenance
regimen (KT: 91.1%, LT: 78%).

Conclusions: Tacrolimus-based immunosuppression is widely used in the recipients of solid organ transplantation,
including KT or LT in real-world clinical practice in India.
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INTRODUCTION

In India, organ transplantation has a high demand due to
its large population base and high incidences of both
communicable and noncommunicable diseases among its
population.?

India has the third largest number of transplants among
countries.! Studies have shown that solid organ
transplants (SOT) may save the lives of patients who are
suffering from terminal organ failure and lead to an

improved quality-of-life.2 A wide gap exists between
patients who need transplants and the organs that are
available in India. An estimated 17 people die every day
waiting for an organ transplant® In India, kidney
transplant (KT) and liver transplants (LT) are the two
most common solid organ transplants performed.t

Outcomes in SOTs have improved greatly with the use of
immunosuppressive agents. Over the years, significant
advancements in the immunosuppressive medications and
regimens have subsequently resulted in improved
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outcomes.* It has been described that the calcineurin
inhibitors are the cornerstone of immunosuppressive
therapy in solid organ transplants. The advent of
calcineurin inhibitors has resulted in a dramatic
advancement in the immunosuppressive regimen for
recipients of SOTSs, resulting in long-term survival and
meaningful functional recovery.*

Tacrolimus (TAC), a calcineurin inhibitor agent, is a
macrolide antibiotic. Tacrolimus is derived from
Streptomyces tsukubaensis, which binds to FK506-
binding protein 12 (FKBP12) to form a complex that
inhibits calcineurin® The US Food and Drug
Administration (FDA) has approved tacrolimus for organ
rejection prophylaxis in several transplants including
liver, kidney, lung and heart.> Several studies have
described the role of TAC-based immunosuppression in
solid organ transplants.

Intas Pharmaceuticals Limited, Ahmedabad, India has
developed a formulation of tacrolimus which s
bioequivalent to the innovator tacrolimus. Intas’
tacrolimus met the narrow therapeutic index
bioequivalence criteria of European medicines agency
(EMA, 90-111%), which is stringent than the
bioequivalence criteria of Indian market (80-125%). The
bioequivalence study comparing Intas' tacrolimus (test)
with innovator (reference) concluded that the test and
reference formulations of tacrolimus 0.5 mg and 5 mg
capsules were well tolerated and met the requirements of
the European regulatory bioequivalence guidelines. There
were no relevant differences in the safety profiles of the
test and reference formulations.® The current study was
conducted to evaluate the real-world usage pattern of
Intas’ tacrolimus-based immunosuppression in SOTs and
to describe the disease characteristics and demographic
pattern of recipients undergoing SOTSs.

METHODS
Study design

This retrospective analysis involved data of recipients of
SOTs and who had received TAC-based
immunosuppression in India between 2010 and 2022. All
treatment decisions were at the investigator’s discretion,
including individual dose, duration of treatment, and
method and frequency of clinical assessments, in
accordance with local labelling information and standard
clinical practice.

The current study collected data between April 2021 and
March 2022 on transplant recipients’ characteristics, as
well as treatment utilization patterns. The characteristics
including age, gender, and treatment-related parameters
were collected. The data collected included age, sex,
medical history, diseases leading to end stage organ
failure, type of SOT, details of transplant (date, organ
transplanted, donor source, etc), and details of treatment
such as TAC-based induction and maintenance
immunosuppression regimens, were collected.

Sample size and statistical analysis

This was a real-world study and data was collected
retrospectively without any predetermined sample size.
No hypothesis was tested in this study and only the
observations from transplant recipients records were
collected and analyzed. Demographic and baseline
characteristics were summarized using descriptive
statistics. Categorical variables were summarized with
frequency and percentage. Continuous variables were
summarized with count, mean, standard deviation, etc.
Graphical presentation of data was done using bar chart
as appropriate. Statistical analyses were performed using
Microsoft excel (Microsoft Corp., USA).

Ethics statement

The study protocol was approved by the ACEAS
independent ethics committee, Ahmedabad, India. This
study was performed in accordance with International
Conference on Harmonisation — Good Clinical Practice
(ICH-GCP) and ethical principles of Declaration of
Helsinki. Since this study involved data retrieval from
medical records only, an informed consent was not
obtained.

RESULTS

A total of 1022 recipients with KT (n=899) or LT
(n=123) who received TAC-based immunosuppression
were included. The demographic characteristics of organ
recipients are summarized in Table 1. Majority of KT and
LT recipients were males (82.8% and 83.7%,
respectively). The mean age of recipients among KT and
LT was 41.04£10.62 and 42.88+11.32 years,
respectively.

Table 1: Demographic characteristics.

Parameters KT (N=899) LT (N=123)

s IR LR 41.04+10.62 42.88+11.32

mean = SD 9-72) (3-66)

(range)

sz:i'ggm 163.0+12.4 164.5+10.96
N (55-190) (94-187)

(range)

\rﬁ]\’:é%hf 'ngg' 66.69+14.07 65.31+11.32
N (21.8-168) (14.2-88)

(range)

Gender of transplant recipients, n (%)

Men 744 (82.8) 103 (83.7)

Women 155 (17.2) 20 (16.3)

Disease leading to end stage organ failure
Kidney transplantation
The most common diseases leading to end stage kidney

disease in KT recipients were diabetes (24.7%, n=222),
hypertension (15.8%, n=142), concomitant diabetes and
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hypertension (14.9%, n=134), chronic kidney disease
(9.2%, n=83), nephrotic syndrome (5%, n=45), and end
stage renal disease (ESRD, 4.4%, n=40) (Figure 1).
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Figure 1: Disease leading to end stage kidney failure
requiring KT.
CKD, chronic kidney disease; ESRD, end stage renal disease,
IgA, immunoglobulin A, SLE, systemic lupus erythematosus.

The most common diseases leading to end stage liver
disease in LT recipients were liver cirrhosis (32.5%,
n=40), hepatitis B viral infection (11.4%, n=14),
alcoholic liver disease (ALD, 10.6%, n=13), fatty liver
disease (9.8%, n=12) and non-alcoholic steatohepatitis
(NASH, 5.7%, n=7) (Figure 2).
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Figure 2: Disease leading to end stage liver failure
requiring LT.
ALD, alcoholic liver disease; NASH, non-alcoholic
steatohepatitis

Donor source of transplant

The donor source of transplant was living donor in
majority of both KT and LT. In KT, 91.2% transplants
were from living donors whereas 8.8% transplants were
from deceased ones. In LT, 77.2% transplants belonged
to live donors whereas 22.8% transplants were from
deceased ones (Table 2).

Table 2: Characteristics of donors.

KT (N=899) LT (N=123)
Parameter n (%) n (%)
Donor source
Deceased 79 (8.8) 28 (22.8)
Living donor 820 (91.2) 95 (77.2)

Agents used for immunosuppression
Induction immunosuppression

The most common induction regimen used in KT
recipients was anti-thymocyte globulin (ATG), TAC,
mycophenolate  mofetil (MMF), and steroid
(ATG+TAC+MMF+steroids) in 381 (42.3%) recipients
followed by TAC+MMF+steroids in 327 (36.4%)
recipients and basiliximab+TAC+ MMF+steroids in 62
(6.9%) recipients. The most common induction regimen
used in LT recipients was TAC+MMF+steroids in 83
(67.5%) recipients followed by
ATG+TAC+MMF+steroids in 15 (12.2%) recipients
(Table 3).

Maintenance immunosuppression

The most common maintenance regimen used was
TAC+MMF+steroids in KT (91.1%, n=819) and LT
(78%, n=96) recipients; cyclosporine+MMF+steroids was
the other used maintenance regimen in 0.8% recipients
each in the KT and LT.

Table 3: Most common immunosuppression
regimens.*

KT LT
(N=899) | (N=123)
n (%) n (%)

Regimens

Induction regimens

) 381 15
ATG+TAC+MMF+steroid (42.3) (12.2)
327 83

TAC+MMF+steroid (36.4) (67.5)

Basiliximab+TAC+MMF+steroid 62 (6.9) -
Maintenance regimens

. 819
TAC+MMF+steroid (91.1) 96 (78)
Cyclosporine+MMF+steroid 7 (0.8) 1(0.8)

*Data not presented for other regimens. ATG-anti-thymocyte
globulin, MMF-mycophenolate mofetil, TAC-tacrolimus.
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DISCUSSION

This retrospective study reports a preliminary assessment
of the real-world wusage of tacrolimus-based
immunosuppression therapy in recipients of solid organ
transplants in India. This study provides a sneak peak in
to the demographics and characteristics of recipients of
KT and LT at various centers across India and utilization
patterns of TAC-based immunosuppression regimens as
induction as well as maintenance therapies.

KT was performed in 88% of the total 1022 transplants
included in this study, and 12% received LT. These
finding are in line with a review performed by Ramesh
and Pal which suggested KT as the most common
transplants in India followed by LT.! An estimated
220,000 people require KT in India as per literature
which suggests an unmet need in KT. The number of KTs
performed in India are at second place after the USA
across the globe.’

In India, currently, 90% of KT recipients receive grafts
from living donors while 10% grafts are from deceased
donors. The current study reported that 91.2% of the KTs
were performed from live donors.” In recent years, the
transplant rate from deceased donors has shown a
heartening growth. Deceased donor transplants have
increased in India from 196 in 2012 to 570 in 2015.7 In
2019, a total of 9751 KTs were performed, of which
11.7% were deceased donor KTs and 88.3% were living
donor KTs. Of these KTs, majority of the transplant
recipients were males (72%) and females constituted
28%.1 Similarly, in our study, the majority of KT
recipients were males (82.8%).

LT is the second most common SOT performed in India.!
As per Government of India estimates, 0.2 million
patients die due to liver failure or liver cancer in a year,
of which timely LT can save the lives of about 10-15%
patients.? In 2019, a total of 2592 L Ts were performed, of
which 23.1% were deceased donor LTs and 76.8% were
living donor LTs. Overall, a total of ~7500 LTs were
performed in India till 2016, of which ~80% were from
living donor and the remaining were from the deceased
donors.® A previous study reported that majority of LT
recipients were males (74.4%) and females constituted
25.7%.% Similarly, in our study, majority of the LT
recipients were males (83.7%).

The most common diseases leading to end stage organ
disease were diabetes, hypertension, concomitant
diabetes and hypertension, chronic kidney disease,
nephrotic syndrome, and ESRD in KT recipients. In a
retrospective study from India, Jha et al reported that the
most common native kidney diseases in KT recipients
included diabetic kidney disease, glomerulonephritis and
chronic tubulointerstitial disease.™ In a review, Kelly and
Sibal reported that chronic liver failure secondary to
cholestatic liver disease and biliary atresia are common
indications for LT.!! In the current study, liver cirrhosis,

hepatitis B infection, alcoholic liver disease, fatty liver
disease, and NASH were the common indications for LT.
Liver cirrhosis, hepatitis infections, alcohol abuse,
hepatocellular carcinoma, cholestatic liver disease, and
acute hepatic failure are the most common indications for
LT as per published literature >3

The availability of better immunosuppressive regimens
has led to a paradigm shift in the transplant outcomes
with a lesser incidence of post-transplant complications.”
TAC, and mycophenolic acid/mycophenolate mofetil
(MPA/MMF) with corticosteroids are the commonly used
immunosuppressive regimens in KT.}* European liver
transplant registry (ELTR) has reported that TAC-based
immunosuppression is associated with improved
outcomes in LT recipients.’> Induction therapy is used to
prevent the risk of acute graft rejection, and usually
consists of ATG and corticosteroids.*® In our study, ATG
in combination with TAC+MMF+steroid was the most
common induction regimen and TAC+MMF+steroid as
most common maintenance regimen in KT recipients. In
LT recipients, TAC+MMF+steroid was the most
common induction and maintenance regimen in our
study.

Current  study  findings  interpretation  require
consideration in view of certain limitations, which
include missing data, potential inconsistency in data entry
as multiple study centers involved. The overall objective
of study was to determine preliminary real-world patterns
of utilization of tacrolimus-based immunosuppression in
transplant recipients in India. Clinical efficacy and safety
of tacrolimus in terms of dosage and drug levels was not
a focus of this analysis, and future research is warranted
to focus on these parameters.

CONCLUSIONS

This retrospective, observational study reports that
tacrolimus-based induction and maintenance immune-
suppression regimens are widely used in the real-world
clinical practice, in Indian recipients of kidney transplants
or liver transplants. There is a need for additional data
with longer follow-up periods to explore clinical
outcomes in various transplant recipients who may be

prescribed tacrolimus-based immune-suppressive
therapies.
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