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Abstract
Background: HSCT related complications and disease relapse are major obstacles in successful transplantation. Addition of
ATG has shown to reduce rejection and Graft Vs Host Disease (GVHD) incidence significantly. Procedure: Here we report
single center retrospective analysis for relative efficacy of rabbit and equine ATG during conditioning of pediatric patients who
underwent HSCT. Results: Rabbit or Equine ATG were used as a part of conditioning regimen in 117 pediatric patients. Equine
ATG group was labeled as group-1 and rabbit ATG as group-2. Both groups were analyzed for transplant related complications
and outcome. In thalassemia, outcomes were comparable except Group-1 had more cases of proven bacterial infection (p=0.07)
and veno-occlusive disease (p=0.03). In SAA, Group-1 had early neutrophil and platelet engraftment with less number of
proven bacterial infections. Acute GVHD, chronic GVHD, median chimerism at day+30 and day+90 and overall survival (OS)
was comparable in two groups, both in thalassemia and SAA patients. Analysis of 7 hematological malignancy cases and 10
immunodeficiency disorders also showed similar results. Conclusion: In conclusion, effectiveness of rabbit and horse ATG were
similar in thalassemia, primary immunodeficiency patients and hematological malignancy while in SAA equine ATG use was
associated with early neutrophil engraftment but OS in both groups were comparable.

Introduction
Hematopoietic stem cell transplant (HSCT) is a curative option for many hematological and nonhematological disorders. Multiple strategies have been evolved over a period of time for reduction of GVHD,
transplant rejection and other complications.
Anti-thymocyte globulin (ATG) is the purified IgG fraction of sera from rabbits or horses that are immunized
with human thymocytes or T cell lines. Several multicenter, prospective, randomized, or nonrandomized
studies evaluated the efficacy of ATG against GVHD.1-4 Addition of antithymocyte globulin (ATG) to pretransplantation conditioning has been shown to decrease the incidence of acute graft-versus-host disease
(aGVHD) and chronic graft-versus-host disease (cGVHD) in recipients of both unrelated and related donor
grafts 5-17 .
Both equine and rabbit ATG are available in India. Rabbit ATG is available with brand name Thymoglobulin (manufactured by Sanofi) and equine ATG as Thymogam and Atgam (manufactured by Bharat serum
& Pfizer respectively). No study has compared role of different varieties of ATG in pre stem cell transplant
conditioning.
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In our center both rabbit and horse ATG were used in pre-transplant conditioning hence a retrospective
analysis was done to look for relative efficacy in form of various transplant associated infectious and noninfectious complications and survival.
Methods
This was a retrospective analysis from hospital records of 117 pediatric patients who underwent stem cell
transplantation and received anti-thymocyte globulin as a part of conditioning regimen in our center from
January 2013 to May 2017. Equine ATG group received 90 mg per kg of ATG over 3 to 4 days and was
labelled as Group-1, while rabbit ATG group received 7.5 mg per kg of ATG and was labelled as Group-2.
Both groups were compared for different transplant associated complications, rejection, and overall survival.
Standard selection criteria for selecting donors and standard definitions for engraftment, GVHD, OS and
even free survival (EFS) were employed 3 . Post-transplant chimerism was done by RT-PCR routinely at
day+28, 3months, 6 months and then at 1 year.
Statistical analysis:
SPSS 20.0 software was used to analyze data and the survival curve was made by the Kaplan-Meier method.
Survival differences between groups were estimated by the log-rank test. Patient, disease, and transplantrelated characteristics were compared using the chi-square test. P value of [?] .05 was considered significant.
Results
Data from 117 patients including 79 thalassemia, 21 patients of aplastic anemia, 7 patients of acute leukemia
and 10 patients of immunodeficiency disorders were analyzed, and results were as shown below:
Thalassemia:
Out of total 79 thalassemic patients, 47 patients were in group-1 while 32 patents in group-2. Baseline
characteristics of two groups are shown in table 1. Group-1 had a greater number of class III thalassemia
and median age was also higher in group-1. Busulfan based conditioning was used in class I and II thalassemia
while thiotepa-trisula based conditioning was used in class III. Transplant characteristics including stem cells
source, stem cell dose and type of transplant used were comparable in both groups.
Engraftment:
Out of 79 patients, 77 achieved neutrophil engraftment and 71 had platelet engraftment. Median day of
neutrophil and platelet engraftment in group-1 were day+14 and day+20 while in group-2 were day +14
and day +19 respectively (p value 0.24 & 0.08). 2 patients who did not have neutrophil engraftment died
before that due to MDR sepsis.
Infectious complications:
Proven bacterial infection was seen in 34% cases in group-1 and 15% cases in group-2 but difference could
not reach statistical significance (p value 0.07). CMV reactivation was seen in 51% cases of group-1 and 65%
patients in group-2 and median duration of reactivation was day+30 in both (p value 0.2). CMV pneumonitis
was seen in 1 patient from each group. Other viral infections including HSV, adeno virus and BK viremia
was seen in 5 and 6 patients in group-1 and 2, respectively. Six patients developed invasive fungal infections
in study cohort including 3 from each group (p value 0.62).
Non-infectious complications:
19 patients (40.4%) in group-1 and 13 (40.6%) in group-2 developed acute GVHD. 18 patients had grade
III-IV GVHD including 9 patients from each group (p value 0.32). Total 6 patients (7.5%) developed chronic
GVHD in which 4 from group-1 and 2 from group-2 (p value 1). 28 patients (35%) developed VOD including
21 patients (44.6%) in group-1 and 7(21.8%) in group-2, out of which 24 had mild to moderate grade of
VOD. VOD was seen in higher number of cases of group-1 and the difference was significant (p value 0.039).
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Chimerism:
Median chimerism at day+30 and day+90 in group-1 were 96% and 97% while in group-2 96% and 95.5%
respectively. Mixed chimerism was seen in 19 (24%) patients. 3 patients had secondary graft failure and 2
of them underwent re-transplantation and are currently thalassemia free.
Survival
Overall survival and thalassemia free survival over a median duration of 29 months in whole cohort were
83.5% and 81% respectively. Overall survival and thalassemia free survival at 1 year in group-1 were 82.9%
and 80.8% while in group-2 84.3% and 78.1% respectively and difference was not statistically significant (p
value 0.86 & 0.76) (figure 1). Most common cause of death was gram negative sepsis followed by severe VOD
and grade III-IV GVHD.
B: Aplastic anemia
Transplant characteristics of 21 patients with SAA (9 in group-1 and 12 in group-2) are mentioned in Table
2.
Engraftment:
Median day of neutrophil and platelet engraftment in group-1 were day+13 and day+14 while in group-2 were
day+15 and day+22 respectively (p value 0.75 and 0.68). Though both neutrophil and platelet engraftment
were earlier in group 1, but difference was not significant.
Infectious complications:
Almost all (20 patients) developed fever in neutropenic period but proven bacterial infection was seen in
22.2% cases in group-1 and in 50% cases in group-2 (p value 0.21). Total 12 patients had CMV reactivation
including 6 patients from each group (p value 0.46). 2 patients in group-1 and 1 from group-1 developed
invasive fungal disease (p value 0.38).
Non-infectious complications:
22.2% in group-1 and 25% patients in group-2 had acute GVHD (p value 0.88) but incidence of grade III-IV
GVHD was more in group-2, in which all 3 had higher grades of GVHD (p value 0.19). Chronic GVHD
incidence in whole cohort was 9.5% and both patients were from group-2 (p value 0.21).
Chimerism:
Median chimerism at day+30 and day +90 were 90% and 93% in group-1 while it was 93% in group2 (p
value 0.91) at both time intervals.
Survival:
Overall survival over a median period of follow up of 26 months in group-1 was 77.8% OS and 66.7% in
group-2 but difference was not significant statistically (p value 0.616) (figure 2). Most common cause of
death was gram negative sepsis.
C: Immunodeficiency disorders
Total 10 patients of various immunodeficiency disorders including 3 of primary HLH, 4 congenital neutropenia, 1 Griscelli syndrome, 1 LAD-1 and 1 patient of CGD underwent HSCT. 3 patients were in group-1 and
7 in group-2. Transplant characteristics as shown in table 3
4 patients developed proven bacterial sepsis and CMV disease (colitis) was seen in 1(10%). None of the
patient suffered from fungal infection. Acute GVHD was seen in 20% cases and chronic GVHD in none.
Overall survival and EFS were 70% and 60% in the whole cohort and all 3 patients who died were from group
2, but statistical significance could not be ascertained due to very a smaller number of study subjects (figure
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3). 1 patient of congenital neutropenia had primary engraftment failure but could survive due aggressive
support with granulocyte and GCSF in immediate transplant period and will undergo re-transplantation.
D: Hematological malignancy
Total 7 patients of various hematological malignancy (3 relapsed ALL, 2 AML-CR2, 1 AML in CR-1 and
1 case of JMML) underwent transplant. TBI/Etoposide or Busulphan/Mel with ATG was used for conditioning. Out of 7 patients 5 received horse ATG and 2 rabbit ATG. All patients had neutrophil and platelet
engraftment and median chimerism at day+30 and day+90 was 99% and 100% respectively. 4 patients developed proven bacterial sepsis and 6 had CMV reactivation. Acute GVHD was seen in 71% cases. 4 patients
had grade I-II GVHD and responded well to prednisolone while 1 had grade III and was a prednisolone poor
responder. Overall survival at 6 months was 71.4% another patient relapsed after 8 months of transplant
and died.1 patient relapsed within 6 months and died while another death due to multi-organ toxicities.
Another study by Yunsuk Choi has also demonstrated similar survival rate 44.5% over 3 years. 50
Discussion
Allogeneic HSCT has been used to treat hemoglobinopathies, aplastic anemia, immunodeficiency disorders
and as salvage therapy for acute leukemia. Despite improvements in HLA matching, quality control measures,
and supportive care used in hematopoietic stem cell transplantation, graft-versus-host disease (GVHD)
remains a common cause of morbidity and mortality in transplant recipients especially mismatched and
unrelated transplants .10,19
In various comparison studies, Rabbit ATG more efficiently depletes lymphocytes in vivo and was more
cytotoxic on a weight basis in vitro and induces regulatory T cell development from normal T cells in tissue
culture, which should be beneficial in suppressing a harmful immune mediated or autoimmune pathophysiology & preserve graft versus leukemia effect. 20,21 On the other hand, ATG is a differentiation- inducing
agent; horse ATG induces growth and differentiation of normal bone marrow and terminal differentiation
of the HL 60 cell line (AML-M3).22-24 The bone marrow granulocyte colony-forming units increase after
ATG treatment.25 By adding ATG to the conditioning regimens, the incidence of severe acute and extensive
chronic GVHD is less; it is regarded as a better conditioning therapy for HLA-mismatched transplants. However, the comparative efficacy rabbit ATG and horse ATG in pre-HSCT conditioning has not been studied.
We did this retrospective analysis to look for outcomes in relation to type of ATG used.
It was speculated initially that rabbit ATG use will reduce incidence of graft rejection and acute and chronic
GVHD on the cost of increased infectious complications due to prolonged lymphotoxic effect but on contrary
being a steroid sparing agent by less GVHD occurrence and with better supportive care and careful vigilance
which has evolved over a period of time might give better outcome.
In our study of thalassemia patients, group 1 patients had more bacterial infections but that result seems
to be biased as in group 1 patients were older than group 2 and were of class –III with iron overload hence
risk of veno-occlusive disease, delayed engraftment and infection was anyway higher but overall incidence
reported (13-25%) was similar to other studies.26-27
Fungal infection risk was similar to other studies which reported 4-10% risk. Though viral infections especially CMV reactivation rate was higher in group 2, but difference was not significant and CMV disease was
seen in only 2.5% cases and was same in both groups.
Acute GVHD risk was approximately 40% in whole study cohort which is akin to results from Bacigalupo et
al who has reported GVHD incidence of 11-41% and 39% risk of chronic GVHD which is quite higher then
seen in our center. In this comparison was made between group with or with ATG and low (7.5mg/kg) and
high ATG (15mg/kg) dose and was seen that high dose ATG was significantly associated with increased risk
of infection but reduction in GVHD incidence was seen with high ATG dose which is quite similar to our
study in which low dose ATG was used and associated with only 7.5% incidence of chronic GHVD and only
2 patients had extensive GVHD .10 A study by Zakerinia et al on Iranian population in which horse ATG
was used showed 15-17 % risk of acute GVHD in a comparison to no ATG group (27% risk), 40mg/kg and
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100mg/kg doses were used respectively. Other study in adult population showed similar incidence of acute
and chronic GVHD in horse and rabbit ATG group. 10, 25, 28
Veno-occlusive disease was seen in 35% of whole cohort and was higher in group-1 than group-2 and difference
was significant (p value 0.039) which can be explained by relatedly older age and class III thalassemia were
there in group-1.
Median chimerism in two groups were similar at 1 and 3 months in post-transplant period. 24% patients
had mixed chimerism and 3 (3.7%) patients had graft rejection which is comparable to 4-13% risk found
in other studies done by Zakerinia et al, Li et al, and Lawson et al.29, 30 Horse and rabbit ATG were used
respectively in these different study populations.
Overall survival and thalassemia free survival were 83.5% and 81% successively and difference between two
study group was also similar (p value 0.86 & 0.76). OS and TFS was quite less before ATG era but has
improved significantly from 80-100% in various studies using different ATG preparations with Bu-Cy-ATG
based conditioning and In a recent study by Bernardo et al. showed that the use of treosulfan-based regimens
in 20 thalassemic patients resulted in a probability of OS and TFS of 95% and 85%, respectively.29-31
In Severe aplastic anemia both immunosuppression and HSCT has been used for management of SAA but
studies shows benefit of using HSCT as primary modality due to poor complete response rate of 50-60%
with immunosuppression and 8-13% risk of clonal evolution over a period of time.32-35
Though studies have shown the addition of ATG in conditioning has reduced graft rejection and GVHD
incidence but whether source of ATG affect outcome was not analyzed earlier. Horse ATG was used in a
dose of 90mg/kg and rabbit ATG in 3mg/kg/day with flu-cy as standard conditioning regimen.36
In our study group-1 had early neutrophil and platelet engraftment and less incidence of bacterial infection
, which correlated with early neutrophil engraftment but due to less number of study subjects statistical
significance couldn’t be ascertained (p value 0.75 and 0.68) which is similar to Atta et al who have found
higher incidence of bacterial and fungal infections in rabbit ATG group done but in contrast to study done
by Kekre et al who didn’t found any difference in infectious complications.37-39
Acute GVHD incidence in group-1 and 2 were 22.5% and 25% respectively which is similar to other studies
that have shown a 11%-40% risk associated but we found a higher occurrence of GVHD in group-2 though
not significant (p value 0.88) which is in contrast to studies by Kekre et al who analyzed 546 SAA transplants
between 2008 and 2013 using MSD BM transplantation. aGVHD (17% versus 6%, P < .001) that can be
explained by all 3 patients who received haplo-identical transplant were in group-2 and PBSC was more
commonly used as stem cell source for expected early engraftment.37
Chronic GVHD incidence in our study was 9.5% and was similar in both groups (p value 0.21) compared
to other studies might be related to common use of PBSC as stem cell source but other studies favor use of
rabbit ATG over horse ATG as first one is associated with less incidence of chronic GVHD.37-39
We found a high overall survival in group-1 of 77.8% than in group-2 of 67% but difference was not statistically
significant (p value 0.616). Higher survival in group-1 was not as expected but as other results as early
neutrophil engraftment, lesser bacterial infections and slightly lower GVHD incidence might have resulted
in improved survival. Probable explanation of better outcome in rabbit ATG group in earlier comparative
studies was expansion of Tregs by rabbit ATG only, which is proven in both in vivo and in vitro studies but
this effect was probably negated by more potent suppression of CD4 cells which have other positive effects
on hematopoiesis and in addition, horse serum might contribute to recovery of hematopoiesis by stimulatory
effects in the bone marrow.37-38,40,41 More prolonged lymphopenia after rabbit ATG might impair marrow
recovery as stimulatory cytokines derived from T-cells are depleted.42
In Primary immunodeficiency disorders (PID) group, haplo-identical transplant was used in 5 patients due
to an urgent need of transplant, as most of the patients were referred either in accelerated phase of disease
in HLH or with active infections in others. There were differences in two groups for various transplant
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characteristics, CD34 dose, conditioning regimen and GVHD prophylaxis as 4 patients of haplo-identical
transplants received rabbit ATG. Relative higher mortality is well explained by similar fact, but no statistical
difference was found when compared in two ATG groups due to very a smaller number of study subjects.
Graft rejection was seen in 10% of cases. Overall survival and event free survival in our study were 70% and
60% which is similar to other reported studies with 60-90% OS.43, 44
Limitation:
As it was a retrospective analysis and a small number of study patients were included in study especially in
PID and hematological malignancy group so further prospective randomized studies are required to confirm
our study results.
Conclusion:
Effectiveness of rabbit and horse ATG were similar in thalassemia patients while in SAA equine ATG use was
associated with early neutrophil engraftment and less incidence of bacterial infection but OS in both groups
were comparable. In primary immunodeficiency disorders also, equine ATG use was associated better overall
survival but statistical significance could not be ascertained due to very less number of study subjects.
Though ATG is a well-known biological compound for decades, several aspects about its mode of action
are yet to be unveiled. Immunological interaction of ATG are quite complex in vivo and resultant outcome
depends upon which action predominates. Careful selection of pre-transplant conditioning can significantly
reduce transplant related mortality and increase the probability of durable engraftment. Horse or rabbit ATG
can be used in pre-stem cell transplant conditioning depending upon availability and ease of administration.
Conflict of Interest Statement: None of the authors have any conflict of interest to declare.
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Tables
Table 1: Explains the transplant characteristics of Thalassemia patients with regards to demographic characteristics, type of transplant and conditioning in the two study groups.
Table 2: Explains the transplant characteristics of severe aplastic anemia patients with regards to demographic characteristics, type of transplant and conditioning in the two study groups.
Table 3: Explains the transplant characteristics of primary immunodeficiency disorder patients with regards
to demographic characteristics, type of transplant and conditioning in the two study groups. The outcomes
in this patient population with regards to the two groups is also explained.
Figures
Figure 1: Kaplan-Meier survival curve for Thalassemia patients in the two study groups
Figure 2: Kaplan-Meier survival curve for severe aplastic anemia patients in the two study groups
Figure 3: Kaplan-Meier survival curve for primary immunodeficiency disorder patients in the two study
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