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. TGlobulin25® is the first rabbit anti-
thymocyte globulin (-ATG) biosimilar in
the world.

. r-ATG is widely used in solid organ
transplantations, including kidney
transplants.

. The findings of this study indicated
no significant  difference  between
TGlobulin25® and Thymoglobulin® in
preventing acute rejection, delayed graft
function (DGF), and organ loss. The
incidence of leukopenia was higher in
the TGlobulin25® group, although this
difference was not statistically significant.

Background: Post-marketing surveillance studies are essential
to establish a realistic assessment of TGlobulin25®, the first rabbit
anti-thymocyte globulin (rATG) biosimilar approved in Iran, for
the prevention of acute kidney transplant rejection. This study
aimed to conduct a post-marketing surveillance investigation
comparing TGlobulin25® with the originator product regarding
efficacy and safety in adult kidney transplant recipients.
Methods: A comparative study of recipients who received either
TGlobulin25® or Thymoglobulin® was conducted at the Abu-Ali
Sina Transplant Center, Shiraz, Iran, from 21/03/2022 to 21/11/2022.
Key outcomes, such as delayed graft function (DGF), biopsy-proven
acute rejections, deaths, and adverse events, were assessed over a
1-year follow-up period. A multiple regression model was adjusted for
confounding risk factors, and the normal distribution of continuous
variables was evaluated using the Kolmogorov-Smirnov test.
Results: A total of 247 patients were enrolled (118 received
TGlobulin25® and 129 received Thymoglobulin®). Except for the
number of kidney transplantations, no statistically significant
demographic differences were observed between the two groups.
By the end of the study, DGF occurred in 19 patients (16.10%) in
the TGlobulin25® group and 19 (14.72%) in the Thymoglobulin®
group (P=0.76). Severe thrombocytopenia was reported in
3 (2.54%) patients in the TGlobulin25® group and 5 (3.88%) in
the Thymoglobulin® group (P=0.55), while severe leukopenia
was reported in 15 (12.71%) and 7 (5.43%) patients, respectively
(P=0.07). No significant difference was observed in biopsy-
proven acute rejections (P=0.39), and no statistically significant
risk factor for rejection was identified. Four patients in each
group died (3.38% and 3.12%, respectively), and three cases of
allograft nephrectomy were reported in the Thymoglobulin®
group. No significant difference was found in serum creatinine
and calculated eGFR, except for e<GFR at the end of the 12" month
(P=0.013). The risk of viral infections was also non-significant.
Conclusion: Overall, no statistically significant differences were
observed in major efficacy and safety outcomes. However, eGFR at
12 months was higher in the TGlobulin25® group. The incidence of
Leukopenia was non-significantly higher in the TGlobulin25® group.
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Post-marketing surveillance of TGlobulin25 as the first r-ATG biosimilar

Introduction

Kidney transplantation is one of the major and
most promising treatment options for end-stage
renal failure. According to the reports of the United
Network for Organ Sharing (UNOS), 42,887 solid
organ transplantations (SOTs) were performed
in the United States in 2022, of which 25,498
cases were kidney transplants.! A key factor in
maintaining transplanted organ function is the
design and implementation of an appropriate
and efficient immunosuppressive regimen
that prevents organ rejection while avoiding
over-immunosuppression and its associated
consequences. The immunosuppressive regimen
employed in SOT comprises the two phases of
induction and maintenance. Immunosuppressants
historically used in the induction phase of kidney
transplantation include monoclonal antibodies
(mAbs) such as OKT3 (Muromonab), which targets
CD3 (cluster of differentiation 3); alemtuzumab, an
anti-CD-52 (cluster of differentiation 52) antibody;
and anti-interleukin-2 receptor antagonists such
as basiliximab. However, induction therapy with
lymphocyte-depleting agents, such as anti-
thymocyte globulin (ATG), has become more
prevalent in kidney transplant centers worldwide
due to its capacity to reduce immunological risk.?*
In a meta-analysis by Lee and others, most kidney
transplant centers used induction therapy, and
among the prescribed agents, ATG demonstrated
greater success in preventing antibody-mediated
rejection (AMR).5

ATG has been used in kidney transplant
recipients as a T cell-depleting antibody since
1999 for the prevention and treatment of
acute rejection.® Two types of ATG have been
introduced to the market. One is produced in
rabbits (-ATG), and the other is a purified gamma
globulin solution derived from the immunization
of horses with human thymocytes (ATGAM®).
ATGAME® is associated with lower efficacy and
greater side effects than r-ATG and is therefore
less commonly used in transplant centers today.
Currently, two commercial r-ATG products are
available in addition to TGlobulin25®. One is
Thymoglobulin®, also known as ATG-Genzyme
(Sanofi Genzyme, Cambridge, MA, USA), and
the other is ATG-Fresenius (ATG-F), also known
as ATG-Grafalon, Fresenius (Biotech GmbH,
Munich, Germany). The difference between
these two products lies in their preparation
methods, which confer different characteristics.
Thymoglobulin®is derived from rabbits immunized
with fresh human thymocytes, whereas ATG-F is
produced using the Jurkat T lymphoblastic cell
line. Retrospective analyses demonstrated that
induction therapy with Thymoglobulin®is superior
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to ATG-F in preventing acute kidney transplant
rejection, while patients treated with ATG-F
reported fewer cases of infection or malignancy
than those receiving Thymoglobulin®’-"% Given
these findings, both agents continue to be
used in the prevention and treatment of kidney
transplant rejection.

In developing countries, the use of generic
drugs has become a common cost-saving strategy.
Genericdrugs typically cost between 40% and 60%
of the reference drug’s price." However, despite the
increasing use of generic formulations worldwide,
concerns remain regarding the use of generics for
medications with narrow therapeutic indices, such
as immunosuppressants.'? Numerous studies have
compared generics and brand-name calcineurin
inhibitors  (CNIs) and antimetabolites.”>
Finocchietti and others concluded that the rate of
generics use in transplant patients is increasing,
with generic tacrolimus use rising from 14.2%
to 40.5% and generic mycophenolate sodium
from 18.2% to 94.7%. Nonetheless, concerns
remain regarding their efficacy compared with
the reference drugs, which should be addressed
through further evaluations.'

In response to these considerations, the
Iranian pharmaceutical industry has prioritized
the provision of generic and biosimilar
immunosuppressants for use within the country
and the Middle East region, supported by
rigorous clinical studies to generate evidence
of their safety and efficacy. TGlobulin25® is
the first commercially available biosimilar of
Thymoglobulin® worldwide, produced by Kawsar
Biotech Company (Tehran, Iran), and was
approved by Iran’s Food and Drug Administration
in 2020. It has been used in transplant centers
in Iran since 2021. Shiraz Transplant Center,
as the first solid organ transplantation (SOT)
center in the Middle East and one of the major
users of TGlobulin25®, has performed kidney
transplantation since 1967 and is one of the largest
SOT centers in the world, conducting over 700
SOTs annually." ' This study aimed to evaluate,
as a post-marketing surveillance investigation,
the efficacy and safety of TGlobulin25® compared
with Thymoglobulin®in preventing organ rejection
among kidney transplant recipients a year after
kidney transplantation.

Materials and Methods

Study Settings and Design

This retrospective study was conducted
from 21/03/2022 to 21/11/2022 at Abu-Ali Sina
Transplant Center, Shiraz, Iran, one of the major
transplant centers in the world, performing over
700 SOTs annually.
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All patients received r-ATG with a cumulative
dose of 4-6 mg/Kg as induction therapy.
The medication was infused over 4 hours,
primarily via a central line and, in some cases,
through a peripheral line. Pre-medication
with  hydrocortisone and acetaminophen
was prescribed for all patients before r-ATG
administration. The patients also received
1 g of methylprednisolone intraoperatively.
Subsequently, oral prednisolone was prescribed
according to a standard corticosteroid taper,
aiming to reduce the dose of prednisolone
or its equivalent to 5 mg by 6 months post-
transplantation. This immunosuppressive
regimen was accompanied by a calcineurin
inhibitor (CNI), either tacrolimus (0.08 mg/Kg/
day, trough level 8-12 ng/mL) or cyclosporine (5
mg/kg/day, trough level 150-300 ng/mL), initiated
the day after surgery and maintained for the first
3 months post-transplantation. The dose of CNIs
was adjusted based on the plasma levels and the
patient’s clinical status. Mycophenolate mofetil
(1.0 g orally twice daily) or mycophenolate sodium
was also prescribed as an antimetabolite. All
patients received valganciclovir for 3 months as
cytomegalovirus (CMV) prophylaxis. Additionally,
prophylaxis against Pneumocystis jirovecii
pneumonia with trimethoprim-sulfamethoxazole
was mandatory for all patients for at least 6
months. The study was approved by the Ethics
Board of Shiraz University of Medical Sciences
(IR.SUMS.REC.1401.208).

Eligibility Criteria

Kidney transplant candidates aged between
18 and 65 years who were admitted to Abu-
Ali  Sina Transplant Center and received
either TGlobulin25® (KBC, Tehran, Iran) or
Thymoglobulin® (Sanofi Genzyme, Cambridge,
MA, USA) as part of an immunosuppressive
regimen to prevent organ rejection were included.
The exclusion criteria were as follows: any
simultaneous transplantation of other organs,
such as pancreas, heart, or liver; or receipt of
r-ATG for the treatment of rejection episodes.
Recipients with a panel-reactive antibody (PRA)
level of 30% or more were also excluded.

Participants

Donors and recipients underwent HLA
typing (A, B, and DRB1) and flow cross-
match. Patients with a positive complement-
dependent cytotoxicity (CDC) crossmatch were
not transplanted, while those with a positive
flow-cytometry crossmatch underwent further
evaluation with the Luminex single-antigen bead
assay to detect anti-human leukocyte antigen
(HLA) antibodies.

Variables

Predefined clinical outcomes were collected
for all patients over a 1-year follow-up period after
enrollment. These outcomes included biopsy-
proven acute rejections (BPARs) with Banff
score and results, patient vital status, organ loss
status, and viral infections with pathogens such
as CMV (cytomegalovirus), BK virus, or Epstein—
Barr virus (EBV), confirmed with a positive
quantitative polymerase chain reaction (PCR)
result or clinical evidence of infection. CMV
viral load monitoring was performed by real-
time PCR every 15 days during the first 90 days
post-transplantation. Serum BK viral load was
monitored monthly in all recipients during the
1-year post-transplantation by real-time PCR.

Additionally, hematologic adverse events,
including severe anemia, thrombocytopenia,
leukopenia, or any related adverse event related
to r-ATG administration, were evaluated in both
groups.

Data Sources

All demographic information and laboratory
data of the patients were extracted from
their electronic health records. These data
included age, sex, cause of kidney failure,
comorbid diseases, donor type, pre-transplant
electrolytes such as serum creatinine, and
estimated glomerular filtration rate (eGFR)
according to CKD-EPI2021, number of prior
kidney transplants, HLA typing report, and PRA.
Data regarding r-ATG administration, including
cumulative dose, route of administration (central
or peripheral line), infusion reaction, and any
related adverse drug reactions, were also
collected.

Bias

The research associates who retrospectively
extracted raw data from the electronic health
records (EHR) into the study database were
blinded to the primary study hypothesis
and group comparisons. They followed a
standardized data collection form that did not
highlight the intervention comparison.

Study Size

The sample comprised all eligible consecutive
patients treated during the specified period.
To assess the sensitivity of the comparative
analyses, a post hoc power calculation was
conducted. For the key efficacy outcome of
1-year biopsy-proven acute rejection (BPAR),
with an overall observed incidence of 10.9%,
alpha set at 0.05, and the achieved group sizes
(n=118 and n=129), this study had approximately
80% power to detect an absolute difference
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in BPAR rates of 12-13% between the groups
(using a two-sided Z-test for proportions). This
power calculation confirmed that the cohort
provided adequate power to detect clinically
substantial differences in the primary outcomes.

Statistical Analysis

The normal distribution of continuous
variables was assessed using the Kolmogorov-
Smirnov test. Categorical variables were
presented as numbers and percentages
and compared using the Chi squared test or
Fisher’'s exact test. Continuous variables were
presented as mean+SD unless otherwise stated
and compared by Student’s t test. A multiple
regression model was adjusted for confounding
risk factors, including age, sex, PRA (<50%
vs. >50%), the presence of complete HLA
mismatch (yes or no), the incidence of delayed
graft function (DGF), and cold ischemic time
(CIT) more than 4 hours for the acute rejection
analysis. Variables with P<0.20 in univariate
analyses were entered into the multivariable
logistic regression model. A P<0.05 was
considered statistically significant. All analyses
were performed using SPSS software (version
26.0; SPSS Company, Chicago, IL, USA).

Descriptive Data

Throughout the study, 247 eligible patients
were enrolled, of whom 129 patients (52.22%)
received Thymoglobulin®, and 118 (47.77%)
received TGlobulin25®. A total of 172 patients
(69.63%) were male, and 75 patients (30.36%)
were female. Among the enrolled patients,
41.39% had a history of hypertension, and 21.9%
had a history of diabetes. The demographic
characteristics of the patients in both groups are
compared in table 1.

While 243 (98.4%) donors were deceased,
four organs were harvested from living donors.
The maijority of the participants (236 patients)
were receiving a graft for the first time, and 11
had a history of at least one prior transplantation.
Of these 11 patients, one received TGlobulin25®,
and 10 received Thymoglobulin®.

The immunosuppressive drug regimen at
the end of the 12-month follow-up included
tacrolimus (243 patients) or cyclosporine
(4 patients) as CNls, prednisolone (247
patients), and mycophenolate sodium (239
patients) or mycophenolate mofetil (8 patients)
as anti-metabolites (P=0.48). None of the
patients were prescribed mammalian target
of rapamycin (mTOR) inhibitors as part of an
immunosuppressive regimen.
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Outcome Data

r-ATG administration data: The mean
total administered dose of r-ATG as induction
therapy was 5.072+0.98 mg/Kg in the
TGlobulin25® group and 5.13+0.88 mg/Kg in the
Thymoglobulin® group (P=0.56). Of all patients,
64% received r-ATG via a central line and 36%
via a peripheral line. All patients in both groups
received their first -ATG in the operating room.
During the 1%t week after transplantation, three
patients (2.54%) in the TGlobulin25® group
and 5 (3.88%) in the Thymoglobulin® group
developed severe (grade Ill) thrombocytopenia
(P=0.55). Severe leukopenia occurred in 15
(12.71%) patients in the TGlobulin25® group
and 7 (5.43%) in the Thymoglobulin® group
(P=0.07). There was also one case (0.85%) of
severe ecchymaosis in the pelvic area of a patient
in the TGlobulin25® group. All of these adverse
events were assessed as related to r-ATG
administration according to the Naranjo Adverse
Drug Reaction Probability Scale.

Delayed Graft Function Occurrences: In
this study, the need for dialysis during the 1stweek
after transplantation was considered indicative
of DGF. Accordingly, 19 patients (16.10%) in
the TGlobulin25® group and 19 (14.72%) in the
Thymoglobulin® group developed DGF (P=0.76).

Organ Rejections

Biopsy-Proven Acute Rejection (BPAR):
All instances of acute rejection confirmed by
positive biopsy are reported in table 2. Totally,
27 patients (10.93%) developed BPAR, of whom
15 (12.71%) patients were in the TGlobulin25®
group, and 12 patients (9.30%) were in the
Thymoglobulin® group (P=0.39). Overall, 22
patients (8.91%) experienced T-cell-mediated
rejection, four patients (1.62%) experienced
AMR, and one patient (0.4%) experienced both
types of T-cell-mediated rejection and AMR.
The timeline of BPAR occurrences is reported
in table 2, demonstrating that the majority
of cases occurred during the 1t month after
transplantation in both groups.

Patient and Organ Loss Status at the End of
Follow-Up

At the end of the follow-up, 8 (3.23%)
patients died, of whom 4 (3.38%) received
TGlobulin25®, and 4 (3.12%) received
Thymoglobulin®. The cause of death in three
patients (one in the TGlobulin25® and two in
the Thymoglobulin® group) was complications
of graft dysfunction, such as bleeding from the
transplant artery and uremia. The cause of
death in the remaining five patients was sepsis
and septic shock (three in the TGlobulin25®
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and two in the Thymoglobulin® group).
The 1-year Kaplan—Meier survival analysis (figure
1) showed a non-significant difference between
the two groups regarding mortality at the end of
the follow-up period (log-rank P=0.90).

Throughout the study, three patients
underwent allograft nephrectomy, all of whom
were in the Thymoglobulin® group. One of
those cases was surgery-related, and two were
graft-related.

Table 1: Demographic and laboratory data of the kidney transplant patients administered with r-ATG (n=247)

Variables TGlobulin25® Thymoglobulin® Total P value
(n=118) (n=129) (n=247)
Recipient age (years, meantSD) 42.03+£12.76 44.68+14.61 43.42+13.80 0.13
Donor age (years, meanSD) 32.54+13.16 35.96+16.23 34.33+14.91 0.07
Sex n (%) Male 86 (72.88) 86 (66.66) 172 (69.6) 0.28
Female 32 (27.11) 43 (33.33) 75 (30.4)
Underlying kidney disease, = Glomerulonephritis 43 (36.44) 54 (41.86) 97 (39.27) 0.30
n (%) Autosomal dominant 11 (9.32) 21 (16.28) 32 (12.96) 0.61
polycystic kidney disease
Diabetes 23 (19.49) 31 (24.03) 54 (21.86) 0.38
Large vessel disease 16 (13.56) 14 (10.85) 30 (12.15) 017
Undefined cause 25 (21.19) 9 (6.98) 34 (13.77) 0.09
Comorbidities
Diabetes mellitus, n (%) 23 (19.49) 31 (24.03) 54 (21.86) 0.38
HTN, n (%) 83 (70.33) 89 (68.99) 102 (69.63) 017
IHD, n (%) 8 (6.78) 10 (7.75) 18 (7.29) 0.76
Hypothyroidism, n (%) 3(2.54) 3(2.33) 6 (2.43) >0.999
Others, n (%) CVA 1(0.85) 2 (1.55) 3(1.21) 0.51
SVC syndrome 1(0.85) 0 (0) 1(0.4)
AF 0(0) 1(0.78) 1(0.4)
Prior transplant (first vs. First 117 (99.15) 119 (92.25) 236 (95.55) <0.001
second or more), n (%) Second 1(0.85) 10 (7.75) 11 (4.45)
Types of donor, n (%) Deceased 116 (98.31) 127 (98.45) 243 (98.38) 0.92
Living 2 (1.69) 2 (1.55) 4 (1.62)
HLA mismatch, n (%) None 101 (85.59) 110 (85.27) 211 (85.43) 0.19
1-2 8 (6.78) 15 (11.63) 23 (9.31)
>2 8 (6.78) 5(3.88) 13 (5.26)
PRA, percentile groups, n 0-10 87 (73.72) 83 (64.34) 170 (68.82) 0.13
(%) 10-20 16 (13.55) 24 (18.60) 40 (16.19)
20-30 15 (12.71) 22 (17.05) 37 (14.97)
CIT more than 4 hours, n (%) 56 (47.46) 46 (35.66) 102 (41.3) 0.06
BMI (Kg/m?, mean+SD) 23.60+3.48 23.83+3.93 23.72+3.72 0.62
Recipient serum creatinine at transplant day (mg/dL, 6.57+2.19 6.76+2.59 6.67+2.41 0.53
mean+SD)
Positive CMV IgG pre-transplant, n (%) 79 (66.94) 88 (74.57) 167 (67.611) 0.17
Positive EBV IgG pre-transplant, n (%) 55 (42.63) 61 (42.28) 116 (46.96)
HBsAg-positive, n (%) 12 (10.16) 9 (6.97) 21 (8.50) 0.97
anti-HCV antibody—positive, n (%) 8 (6.77) 3(2.32) 11 (4.45) 0.10
CBC on transplant day, Hb (g/dL) 10.06+2.03 10.45+£1.99 10.40+1.91 0.23
mean+SD PLT (1000/pL) 125.50+£86.25 229+164.14 175.82+136.99 0.14
WBC (1000/uL) 7.76+7.84 7.92+3.24 7.16+4.53 0.92
Donor serum creatinine (mg/DL, mean+SD) 1.25+0.44 1.1040.42 1.16+0.43 0.14
Tacrolimus trough level at the 3 month of follow-up 10.85+4.90 11.254+3.65 11.06+4.29 0.11
(ng/dL, meanSD)
Mycophenolate mofetil dose at the end of follow-up 1.59+0.50 1.33+£0.11 1.21£0.43 0.76
(g/day, meanSD)
Prednisolone dose at the end of follow-up 6.00£2.17 5,42+3.11 5.76£2.15 0.91

(mg/day, mean+SD)

HTN: Hypertension; IHD: Ischemic heart disease; CVA: Cerebro vascular accident; SVC: Superior vena cava; AF: Atrial
fibrillation; CBC: Complete blood count; PLT: Platelet; WBC: White blood cells; HLA: Human leukocyte antigens; PRA: Panel
reactive antibody; CIT: Cold ischemia time; BMI: Body mass index; eGFR: Estimated glomerular filtration rate; EBV: Epstein—
Barr virus; CMV: Cytomegalovirus; IgG: Immunoglobulin G; HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C cirus; P
values were calculated from independent ¢ test (continuous) and Chi-square tet, and Fisher’s exact (categorical) test. P<0.05

was considered statistically significant.
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Table 2: Types and frequencies of rejection one year after transplantation in kidney transplant recipients

Outcomes TGlobulin25® Thymoglobulin®  Total P value
(n=118) (n=129) (n=247)

Biopsy-proven rejection, n (%) 15 (12.71) 12 (9.30) 27 (10.93) 0.39
Type of biopsy- Cellular rejection 14 (11.86) 8(6.2) 22 (8.91) 0.18
ﬁr(‘f%?“ rejection, i imoral rejection 1(0.85) 3(2.33) 4(162)

Both 0(0) 1(0.78) 1(0.4)
Grade of T-cell- IA 3(2.54) 2 (1.55) 5(2.02) 0.76
nm;i‘/’ui)ated rejection, g 3 (2.54) 3(2.33) 6 (2.43)

A 6 (5.08) 2 (1.55) 8 (3.24)

1B 2 (1.69) 2 (1.55) 4 (1.62)

1l 0 (0) 0 (0) 0 (0)
Grade of antibody- ~ C4d-1 1(0.85) 2 (1.55) 3(1.21) 0.65
?r“ig')‘j‘trf‘(’o/ro‘)ﬂe"t'°”' C4d-2 0(0) 1(0.78) 1(0.4)

C4d-3 0 (0) 1(0.78) 1(0.4)
Time of biopsy- The 15t month after Tx 9 (7.63) 7 (5.43) 16 (6.48) 0.39
proven rejection 1-3 months after Tx 4 (3.39) 2 (1.55) 6 (2.43)

3-6 months after Tx 0 (0) 2 (1.55) 2(0.81)

6-12 months after Tx 2 (1.69) 1(0.78) 3(1.21)
Borderline changes for T cell rejection 11 (9.32) 16 (12.40) 27 (10.93) 0.43
Time of The 1%t month after Tx 7 (5.93) 13 (10.08) 20 (8.1) 0.14
:’o"rﬁegglrl‘?e‘igzt’i‘gﬁs 1-3 months after Tx 3 (2.54) 0(0) 3(1.21)
after kidney Tx 3-6 months after Tx 0 (0) 1(0.78) 1(0.4)

6-12 months after Tx 1 (0.85) 2 (1.55) 3(1.21)

Tx: Transplant; Independent ¢ test (continuous) and Chi square/Fisher’s exact (categorical) tests were used. P<0.05 was

considered statistically significant.

Strata -~ Type.of. TG=TGlobulin25 - Type.of. TG=Thymoglobuline
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Figure 1: One-year Kaplan—Meier survival analysis of the SOT patients receiving TGlobulin25® or Thymoglobulin® is depicted

in this figure. Time is measured in days.

Laboratory Findings

Table 3 presents the laboratory findings of
the two groups during the follow-up period. No
statistically significant differences were observed
between the groups in serum creatinine or eGFR
at discharge or at the end of the 1%, 3, and 6™
months post-discharge. However, eGFR was
significantly higher in the TGlobulin25® group
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than in the Thymoglobulin® group at the end of
the 12" month (P=0.01).

Viral Infections

No significant differences in viral infections,
including CMV or BK virus infections, were
observed between the two groups throughout
the study. Of the five patients with positive serum
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Table 3: Comparison of the different levels of laboratory indices in kidney transplant patients receiving r-ATG in different

periods
Laboratory tests TGlobulin25®  Thymoglobulin® Total P value
(n=118) (n=129) (n=247)

Serum creatinine Discharge 1.53+0.5 1.68+1.29 1.61+£0.99 0.26

(mg/dL, mean+SD)  End of the first month after Tx 1.47+0.53 1.62+1.27 1.54+0.99 0.25
End of the third month after Tx 1.44+.036 1.68+1.29 1.59 +1.03 0.22
End of the sixth month after Tx 1.45+0.28 1.64+1.14 1.56+0.88 0.42
End of the twelfth month after Tx  1.47+0.57 1.54+0.37 1.51+0.47 0.69

eGFR (mL/ Discharge 59.09+19.02 58.15+22.55 58.60+20.90 0.72

min/1.73m?, End of the first month after Tx 61.71417.22 59.26+20.53 60.43+19.01  0.32

meantSD) End of the third month after Tx ~ 63.34+17.91 59.09+21.90 60.87+20.44  0.27
End of the sixth month after Tx 62.13+14.92 56.40+19.40 58.87+17.69 0.22
End of the twelfth month after Tx  69.86+24.85 54.96+14.89 61.81£21.17 0.013

Mean serum concentration of tacrolimus at the time of  10.85+4.90 11.25+3.65 11.06+4.29 0.47

discharge (ng/dL, mean+SD)
Mean serum concentration of cyclosporine at the time
of discharge(ng/dL, mean+SD)

231.70+80.00

286.40+£88.55 242.64+80.49 0.61

Tx: Transplant; eGFR: estimated glomerular filtration rate. Independent t test was used. P<0.05 was considered statistically

significant.

Table 4: Multivariate analysis of the acute rejection risk factors among kidney transplant recipients

Variables Adjusted OR P value
(95% CI)
Recipient age 1.09 (0.96-1.05) 0.67
Second kidney transplant 2.77 (0.91-1.05) 0.09
DGF 2.44 (0.66-9.04) 0.17
HLA mismatch 0.55 (0.09-3.23) 0.90
CIT more than 4 hours 0.41 (0.14-1.11) 0.08
Donor serum Cr 2.23 (0.60-8.29) 0.23

DGF: Delayed graft function; HLA: Human leukocyte antigen; CIT: Cold ischemia time; Cr: Creatinine; The multiple regression
model was adjusted for confounding risk factors. Variables with P<0.20 in univariate analyses were entered into the
multivariable logistic regression model. P<0.05 was considered statistically significant.

CMV PCR results, four were in the TGlobulin25®
group, and one was in the Thymoglobulin® group
(P=0.19). Moreover, 17 patients had confirmed
positive serum PCR for BK infection, of whom
eight were in the TGlobulin25® group, and nine
were in the Thymoglobulin® group (P=0.95).

Risk Factors for Rejection

The results of the univariate analysis of risk
factors associated with BPAR showed that
factors such as CIT greater than 4 hours, HLA
mismatch, deceased donor, DGF during the 1st
week after transplantation, and donor serum
creatinine had P<0.2. The multivariate logistic
regression analysis of these variables identified
no statistically meaningful risk factors (table 4).
Notably, the type of r-ATG administered
(TGlobulin25® or Thymoglobulin®) was not a
significantrisk factor for acute rejection (P=0.33).

The results of this study, which represents the
first post-marketing surveillance investigation of
TGlobulin25®, a biosimilar of Thymoglobulin®,

demonstrated that there were no statistically
significant differences between the two brands
in terms of 1-year efficacy and safety.

Induction  therapy  with lymphocyte-
depletion or non-depletion agents to prevent
T-cell activation and acute rejection is widely
employed in kidney transplantation worldwide,
and extensive studies have therefore been
conducted to assess their efficacy. Among these
agents, rATG, as a T-cell-depleting antibody,
holds a prominent place in induction therapy
for the prevention of acute rejection in kidney
transplant recipients. Although recent studies
have favored the use of non-depleting strategies,
such as interleukin-2 (IL-2) receptor antagonists,
over ATG in patients with mild to moderate
immunological risk to decrease long-term
adverse events, the majority of transplant centers
continue to use ATG as induction therapy.® '® As
mentioned earlier, -ATG is currently available
in two commercial forms, Thymoglobulin®
and ATG-F." The comparison of the effects of
these two forms on the lymphocytes indicated
that Thymoglobulin® exerted a more potent
inhibitory effect on T lymphocytes than ATG-F."”
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The results of different studies comparing the
effectsofthesetwoformulationsonthe prevention
of organ rejection were contradictory,’” ®
and more extensive studies are warranted to
clarify this issue.

Given the substantial costs associated with
the transplantation process, the incorporation
of scientific and rational transplant stewardship
could moderate expenses to some extent.'® One
such strategy is the use of appropriate biosimilar
agents in induction therapy. Considering the
high importance and sensitivity surrounding
transplantation, proving the comparable efficacy
and safety of biosimilars relative to the originator
products is of crucial importance.?®° According to
the European Medicines Agency (EMA), a “highly
similar quality profile” should be established in
the development and clinical assessments of
such products.?°

To date, several biosimilars for monoclonal
antibodies, including infliximab, adalimumab,
rituximab, and trastuzumab, have been
introduced to the market, and their efficacy and
safety profiles have been evaluated in multiple
studies.?"?> To the best of our knowledge,
TGlobulin25® is the only approved biosimilar
of Thymoglobulin® worldwide and is currently
administered in several transplant centers
in Iran, as one of the leading countries in the
Middle East in the field of transplantation.

The results of this study revealed an 11%
rate of 1-year organ rejection rate among
the patients, which aligned with the findings
of a similar published study from the same
transplant center, as well as those from other
SOT centers worldwide.?® The efficacy of the
two discussed products in the induction therapy
of organ rejection prevention was comparable.
Multivariate regression analysis showed that
the administered brand of r-ATG, whether
TGlobulin25® or Thymoglobulin®, was not among
the significant risk factors for organ rejection.
This lack of association was also observed for
DGF occurrence and mortality in both groups.
Although the rates of graft loss and nephrectomy
were higher in the Thymoglobulin® group, as
mentioned earlier, the most important cause of
nephrectomy was surgery-related. According
to the results of this study, eGFR at the end
of the 12" month of follow-up was significantly
higher in the TGlobulin25® group (69.86+24.85
vs. 54.96+£14.89 mL/min/ 1.73 m?2). There is
still debate among researchers as to whether
eGFR constitutes a suitable primary endpoint
in kidney transplant studies. Some randomized
controlled trials on this topic used eGFR as an
efficacy endpoint, and certain studies concluded
that a 20-40% reduction in eGFR between the
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3 and 24" months post-transplantation has a
significant correlation with graft loss 2-5 years
after kidney transplant.?° A review article
argued that eGFR could not serve as an
ideal surrogate endpoint in kidney transplant
patients, particularly when calculated using
serum creatinine-based formulas, as the use
of medications such as corticosteroids, which
may induce muscle atrophy, or the initiation or
discontinuation of drugs such as angiotensin-
converting enzyme inhibitors, angiotensin
receptor blockers (ARBs), or CNIs can bias the
results of eGFR calculations.3® Therefore, these
studies have proposed more comprehensive
strategies, namely, the combined assessment of
eGFR and proteinuria, for graft efficacy.
Concerning the rate of hematologic adverse
events, the incidence of severe leukopenia
(grade 3) was higher in the TGlobulin25® group
than in the Thymoglobulin®group. However, this
difference was not statistically significant. This
finding warrants further attention and should be
considered in future studies due to the potential
impact of leukopenia-related adverse events on
mortality, diverse infections, and acute rejection
rates.?! This observation aligned with the findings
of the most recent comparative study, which
also reported a trend towards higher leukopenia
rates with another rabbit ATG biosimilar than
Thymoglobulin, without a corresponding
increase in thrombocytopenia.®> This shift
toward relatively more leukopenia and less
thrombocytopenia was consistent with possible
subtle differences in anti-lymphocyte antibody
composition, specificity, or potency between
the biosimilar and the originator product. Similar
differential hematologic effect profiles have
been documented when comparing other ATG
preparations, such as Grafalon (rabbit ATG)
versus Thymoglobulin®, which are known to
exhibit variations in their antibody spectra and
resultant clinical effects. This observation does
not constitute a safety signal strong enough
to contraindicate the use of TGlobulin25°®, as
overall rates of severe cytopenias remained
low and clinically manageable in both groups.
However, it underscored the importance of
monitoring complete blood counts during
induction therapy and acknowledged that even
highly similar biological agents might exhibit
nuanced profiles in clinical practice. There
was no report of infusion- related syndrome
in either group, which might be attributable
to the appropriate pre-medication protocol
administered before r-ATG infusion in all
recipients. According to the product’s summary
of product characteristics (SmPC), the infusion
should be filtered through a 0.22-um filter into
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a high-flow vein and administered for at least
6 hours for the first dose and at least 4 hours
for subsequent doses. The SmPC does not
provide any guidelines for the administration
of r-ATG through a peripheral vein. However,
36% of our patients received their r-ATG
infusion through the peripheral veins. None of
these patients exhibited signs or symptoms of
phlebitis or thrombosis, which might be due
to the addition of heparin and hydrocortisone
to their infusion bottles, a method employed
in prior studies reporting the administration of
r-ATG through a peripheral vein to reduce the
risk of thromboembolic events.*

The incidences of CMV and BK viral
infections were 3% and 7%, respectively,
during the follow-up period, which were broadly
consistent with the findings of similar studies.34 3%
There was no significant difference between
the groups in this regard. However, the 1-year
course of this study addressed early infections
rather than late infections, which require longer
follow-up periods.

While this study provides robust 1-year
comparative data, the potential long-term
consequences of the observed trends warrant
consideration. The non-significant trend towards
increased severe leukopenia with TGlobulin25®
merits attention beyond the immediate risk of
infection. Prolonged or profound lymphopenia
following induction therapy has been associated
in some studies with a higher incidence of
late-onset viral infections, impaired immune
reconstitution, and a potentially altered risk
profile for post-transplant lymphoproliferative
disorder (PTLD), although our 1-year follow-up
precludes assessment of this latter outcome.
Conversely, it is also essential to monitor
whether the numerical imbalance in leukopenia
could influence long-term infection-related
morbidity or mortality. Therefore, while our
primary one-year efficacy and safety endpoints
are reassuring, definitive conclusions regarding
the long-term equivalence of these agents in
preserving graft function and ensuring durable
patient safety will require prospective studies
with extended follow-up periods of 3 to 5 years
or more.

Although this study is the first 1-year
postmarketing surveillance (PMS) comparison
of Thymoglobulin® and TGlobulin25® as its
biosimilar, it was subject to several limitations.
One such limitation was its retrospective nature,
which restricted the assessment of several
factors. Accordingly, retrospective multicenter
studies are essential for this issue. This was
a single-center study, and further multicenter
studies are required to increase the statistical
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power of the subject population. Another
challenge was the 1-year follow-up period,
which did not permit the assessment of several
important outcomes, such as PTLD, chronic
allograft nephropathy, or chronic rejection.
Therefore, future studies should adopt longer
follow-up periods. Another limitation of this
study was that de novo donor-specific antibodies
(DSA) were not evaluated, along with certain
parameters of kidney function assessment,
such as urine protein-to-creatinine ratio (UPCR)
or urine albumin-to-creatinine ratio (UACR).
Furthermore, a cost-effectiveness analysis was
not performed for this study.

Conclusion

According to the results of this study, and
considering all the limitations inherent to
retrospective research, the administration of
TGlobulin25®, as induction therapy, in kidney
transplant patients demonstrated comparable
efficacy to Thymoglobulin® in preventing acute
rejection, DGF, and organ loss. Additionally,
no significant differences were observed in
the incidence rates of adverse events and viral
infections, such as CMV or BK virus, between
the two groups. It is essential to note that,
given the retrospective nature of this study,
prospective, multicentre studies are required
to further evaluate the efficacy and safety of
TGlobulin25®.
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