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BACKGROUND: Evidence regarding the utility of routine induction therapy on outcomes is not clear.

This study aims to evaluate whether induction therapy is associated with a reduced risk of treated rejec-

tion and improved overall survival.

METHODS: We retrospectively analyzed all adult patients (age ≥ 18 years) that are included in the

UNOS database who underwent heart transplantation between 2000 and 2017. Patients with prior trans-

plants and dual organ transplants were excluded. 34,361 patients were included in the final analysis.

We assessed the impact of induction therapy with T cell depleting agents (TC-DA), IL2 receptor

antagonists (IL2R antagonist) and compared that to no induction therapy using Cox regression mod-

els adjusted for propensity scores. The primary outcome measure was all-cause mortality, whereas

treated rejection at one year was analyzed as a secondary outcome measure (available in 77% of

patients).

RESULTS: A total of 52% of the cohort did not receive any induction therapy. A total of 27% received

IL2R antagonist and the rest received TC-DA. Median age of the recipients was 55 (IQR: 46-62) years.

A total of 25% of the population were women and 39% were supported on left ventricular assist device

therapy at the time of transplantation. Median follow-up was 4.2 (IQR: 1.1-8.5) years with 32%

reported mortality. Multivariate analysis with propensity score adjustment showed that TC-DA induc-

tion did not have any effect on mortality (HR = 0.98, 95% CI 0.93-1.03, p = 0.48). However, IL2R

antagonist was associated with a modestly increased risk of all-cause mortality compared to no induc-

tion (HR = 1.06, 95% CI 1.01-1.11, p = 0.02, respectively). A total of 25% of patients were found to

have treated rejection at one year, TC-DA induction was associated with reduced odds of rejection at

one year (OR = 0.82, 95% CI 0.76-0.88, p < 0.001). However, induction with IL2R antagonist was not

found to have a significant impact (OR = 1.03, 95% CI 0.96-1.11, p = 0.36).

CONCLUSIONS: Compared to no induction therapy, induction with TC-DA was associated with reduc-

tion in risk of treated rejection at 1 year with no effect on mortality and IL2R antagonist was associated

with a small but statistically significant increase in mortality without any impact on risk of rejection.
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The role of induction therapy in adult heart transplant

(HTx) patients remains unclear. According to the recent

report from Organ Procurement and Transplantation Net-

work (OPTN), the rates of induction therapy have remained

relatively steady over the past decade.1 About 50% of the

patients do not receive any induction and the remainder

receive either IL2 receptor antagonist or T-cell depleting

agents(TC-DA).1 There is a significant variability in prac-

tice amongst centers and the decision to use induction ther-

apy is usually center dependent. This is due in part to the

lack of robust randomized control trials to assess the effi-

cacy of induction therapy in patients undergoing HTx and

due to concerns for short-term risk of infection and long-

term risk of malignancy from these agents.2-5 Most of the

available studies assessing the efficacy of induction therapy

are small, single center, observational, or retrospective

studies.6-11 Thus far, none of the available data show any

benefit in long-term survival with induction therapy.8,9

There is also conflicting data on the benefits of induction

therapy in reducing the risk of rejection.2,3,6
Table 1 Table of Demographics

No induction

Total number 17,953
Age (years) 55 (46, 62)
Sex (male) 13551 (75.5)
Treatment year 2009 [2004, 2013]
Race
Black 3180 (17.7)
Other 2104 (11.7)
White 12669 (70.6)

Creatinine at time of transplant (mg/dl) 1.20 [0.92, 1.50]
VAD at time of transplant 6171 (40.0)
HLA mismatch ≥ 4 12977 (85.1)
Ischemia time (hours) 3.10 [2.40, 3.78]
ABO blood group
A group 7499 (41.8)
B group 2578 (14.4)
AB group 1017 (5.7)
O group 6859 (38.2)

Waitlist status
1A 9267 (51.6)
1B 6296 (35.1)
2 2386 (13.3)

Donor age (years) 30 (21, 41)
Diabetes 4423 (24.8)
Ischemic cardiomyopathy 6507 (36.6)
Body mass index (kg/m2) 26.57 (23.39, 30.13)
Immunosuppression at Discharge
Cell cycle inhibitors
Azathioprine 643 (3.6)
MMF 12807 (71.3)
Calcineurin inhibitors
Cyclosporine 4629 (25.8)
Tacrolimus 12034 (67.0)
mTOR inhibitors
Sirolimus 378 (2.1)
Everolimus 124 (0.7)

Variables are summarized as median (25th-75th percentile) or numbers (perce

phenolate mofetil; TC-DA: T-cell depleting agents; VAD: ventricular assist device.
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We systematically evaluated the impact of commonly

used induction strategies on survival and treated rejection

in the UNOS database and reviewed the impact on various

patient subgroups.
Materials and methods

Study design

A retrospective analysis of UNOS database was conducted. All

adult patients (age≥ 18 years) with available follow-up who

underwent HTx between 2000 and 2017 were included in this

study. Transplants prior to 2000 were excluded to ensure that

our cohort encompassed pre, intra and post-transplant manage-

ment representing management in the contemporary era. The

study cohort was derived from 106,952 patients that were

listed for heart transplantation between 1987 and 2017. Of

these, 102,397 did not have any previous transplantation. A

total of 67,442 patients of this cohort underwent heart trans-

plantation. 58,492 were identified as ≥ 18 years of age and
IL2R antagonist TC-DA p value

9,248 7,160
55 (46, 62) 55 (45, 62) 0.731

6974 (75.4) 5247 (73.3) 0.001
2010 [2005, 2014] 2010 [2005, 2014] <0.001

<0.001
1969 (21.3) 1348 (18.8)
1062 (11.5) 848 (11.8)
6217 (67.2) 4964 (69.3)
1.20 [1.00, 1.60] 1.20 [1.00, 1.60] <0.001
2950 (34.4) 2628 (40.5) <0.001
7290 (85.5) 5484 (85.1) 0.71
3.20 [2.47, 3.82] 3.27 [2.50, 3.92] <0.001

0.11
3756 (40.6) 2952 (41.2)
1379 (14.9) 996 (13.9)
492 (5.3) 375 (5.2)
3621 (39.2) 2837 (39.6)

<0.001
4869 (52.6) 3461 (48.3)
3221 (34.8) 2755 (38.5)
1157 (12.5) 942 (13.2)
30 (21, 41) 30 (21, 41) 0.15

2528 (27.6) 1815 (25.4) <0.001
3341 (36.5) 2354 (33.1) <0.001
26.74 (23.57, 30.42) 26.76 (23.53, 30.35) 0.006

309 (3.3) 252 (3.5) 0.59
7142 (77.2) 5509 (76.9) <0.001

2639 (28.5) 1502 (21.0) <0.001
6365 (68.8) 5383 (75.2) <0.001

190 (2.1) 205 (2.9) <0.001
69 (0.7) 20 (0.3) <0.001

ntages). Il2R antagonist: interleukin 2-receptor antagonist; MMF: myco-

y of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
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Table 2 Predictors of Mortality Postcardiac Transplant

Hazard ratio for all-cause mortality (95% confidence interval)

Without propensity score
adjustment

Age (per 10-year increments) 1.06 (1.04-1.08), p < 0.001
Male sex 0.96 (0.92-1.01), p = 0.21
Race (ref: white)
Black 1.24 (1.18-1.31), p < 0.001
Other 0.96 (0.90-1.02), p = 0.23
Transplant year
(per 10-year incr.)

0.86 (0.81-0.90), p < 0.001

VAD at time of transplant 1.06 (1.02-1.10), p = 0.003
Ischemia time (in hours) 1.08(1.06-1.10), p < 0.001
Creatinine at transplant (mg/dl) 1.08 (1.06-1.09), p < 0.001
HLA mismatches (≥4 vs <4) 1.02 (0.97-1.08), p = 0.43
PRA (≥25% vs <25%) 1.13 (1.05-1.20), p < 0.001
Diabetes mellitus 1.29 (1.24-1.35), p < 0.001
Recipient infection
(2 weeks prior)

1.14 (1.06-1.23), p < 0.001

Ventilator need 1.62 (1.45-1.80), p < 0.001
ECMO need 2.08 (1.69-2.57), p < 0.001
IABP need 1.10 (1.01-1.19), p = 0.03
Immunosuppression at discharge
Cell cycle inhibitors (ref: none)

Azathioprine 0.85 (0.77-0.93), P<0.001
Mycophenolate mofetil 0.77 (0.74-0.81), P<0.001
Calcineurin inhibitors (ref: none)
Cyclosporine 0.33 (0.31-0.36), P<0.001
Tacrolimus 0.28 (0.27-0.30), P<0.001
Induction therapy (ref: none)
IL2R antagonist 1.06 (1.01-1.11), P=0.01
TC-DA 0.98 (0.93-1.03), P=0.39
With further propensity score
adjustment for IL2R antagonist
vs no induction

IL2R antagonist (vs no induction) 1.06 (1.01-1.11), P=0.02
With further propensity score
adjustment for TC-DA vs no
induction

TC-DA (vs no induction) 0.98 (0.93-1.03), P=0.48

Abbreviations: ECMO, extracorporeal membrane oxygenation; HLA,

human leukocyte antigens; IABP, intra-aortic balloon pump use; IL2R

antagonist, interleukin-2 receptor antagonists; TC-DA, T-cell deplet-

ing, ce. Model also adjusted for CMV recipient/donor status.
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35,248 of them were transplanted during or after year 2000.

They were divided into 3 groups based on the induction strate-

gies. Patients infrequently received induction therapy with

cyclophosphamide (n = 19), OKT3 (n = 794), and other rare

agents such as anti IL6, anti TNF, Dab486IL2 among others

(n = 74) were excluded from the study leaving us with a final

cohort of 34,361 patients. Our goal was to compare the 3 most

commonly used induction strategies and patients were orga-

nized into: Group 1 no induction therapy, Group 2 IL2 recep-

tor antagonists (basiliximab and daclizumab) and Group 3 T

cell depleting agents (rabbit anti-thymocyte globulin,

ATGAM- equine anti-thymocyte globulin, and alemtuzumab).

Risk of treated rejection at 1-year and all-cause mortality was

assessed. For this analysis, treated rejection is defined as pres-

ence of at least 1 acute rejection episode that was treated with

an anti-rejection agent. Cause of death was also assessed based

on various induction strategies.
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Statistical methods

Continuous variables are presented as mean § standard deviation

(if normally distributed) or median [25th-75th percentile] (when

deviating from a normal distribution) with comparisons between

independent groups performed using 1-way analysis of variance

(ANOVA) or the Kruskal-Wallis test, respectively. Categorical

variables are summarized as numbers (percentages) and compari-

sons between groups were performed by means of a chi-square

test.

Propensity risk scores for allocation to TC-DA (vs no induc-

tion) and IL2R antagonist (vs no induction) were defined as the

probability of treatment allocation derived from a logistic regres-

sion model with treatment as the dependent variable and age, sex,

race, treatment year, use of VAD, need for extracorporeal mem-

brane oxygenation (ECMO), intra-aortic balloon pump (IABP)

support, mechanical ventilation, recipient infection with need for

intravenous drug therapy within 2 weeks of transplantation, his-

tory of malignancy creatinine at the time of transplant, HLA mis-

match and panel reactive groups (PRA) as the independent

predictors. PRA data was collection was variable across the years.

PRA before June 2004 and after March 2015 was reported as a

combined PRA, and in the in between timeframe was reported as

PRA class 1 and class 2. For the sake of our analysis, we divided

the PRA data into ≥25% and < 25%. The 25% cut off was used in

previous studies as well.12,13 The probability of receiving TC-DA

(as opposed to no induction) and IL2R antagonist (vs no induc-

tion) was then included as a covariate in multivariable regression

models to adjust for the non-random allocation of the 2 treatments

in our observational cohort.

Survival analyses were performed by constructing Cox regres-

sion models for all-cause mortality and using our treatment groups

as the independent treatment of interest, with further adjustments

for the aforementioned covariates as well as propensity risk scores

(applied in pairwise comparisons of TC-DA to no treatment, and

IL2R antagonist to no treatment) and maintenance immunosup-

pression with cell cycle inhibitors (none, azathioprine, or myco-

phenolate mofetil) and calcineurin inhibitors (none, tacrolimus, or

cyclosporine). Unadjusted survival graphs were constructed based

on the Kaplan-Meier method, whereas adjusted survival plots

were derived from the adjusted Cox regression models. For treated

rejection at 1 year, a logistic regression model was constructed

using the same set of predictors as discussed above. Subgroup

analyses were performed, compared by calculating a P value for

between-group interaction and graphically presented using forest

plots. In sensitivity analyses, we also assessed the association

between TC-DA and IL2R antagonist use vs no induction therapy

with treated rejection at 1 year after excluding individuals with

less than 365 days of follow-up, as well as by modelling a compos-

ite endpoint of mortality or treated rejection at one year. This was

done to account for the competing risk of mortality during the first

year, in the absence of detailed time-to-event data for treated

rejection that prevented fitting of a competing hazard risk model.

A 2-tailed p value of <0.05 was considered statistically signifi-

cant, unless specified otherwise. All analyses were performed

using R (version 4.0.2).
Results

Baseline characteristics

A total of 34,361 patients were included in the study cohort.

More than half of (52%, n = 17,953) did not receive any
 of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
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induction therapy. 27% (n = 9,248) received IL2R antago-

nist as the induction therapy and the remainder (21%,

n = 7,160) received TC-DA agents. Of the group that

received IL2R antagonist, a quarter received daclizumab

and the rest basiliximab. In the TC-DA group, 72%

(n = 5,142) received rabbit ATG, 23%(n = 1,685) received

equine ATG and 6%(n = 471) received alemtuzimab. Base-

line characteristics of these 3 groups are represented in

Table 1. 39% of the cohort had a VAD at the time of trans-

plantation. There was greater use of IL2R antagonist in

black patients. HLA mismatch was equally distributed

across the various groups. Majority of patients had 4 or

more HLA mismatches. Fewer patients listed as status 1A

received TC-DA therapy. Trends of induction therapy over

the years is shown in Figure 1.
Immunosuppression regimen at discharge

The predominant agent for cell cycle inhibition was myco-

phenolate mofetil (MMF). Less than 4% received azathio-

prine. Tacrolimus was the calcineurin inhibitor of choice in

majority of the patients. A small proportion of patients, less

than 3%, received mTOR inhibitor therapy as part of their

maintenance immunosuppression. Variation across the 3

induction strategies is shown in Table 1.
Overall mortality

Over a median follow-up of 4.2 (IQR: 1.1-8.5) years, a total

of 11,092 death events were recorded. On multivariable

analysis, increased age, black (vs white) race, VAD presence
Figure 1 Trends of Induction Therapy over the Years. No induction

and TC-DA (T-cell depleting agents, blue).
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at the time of transplantation and longer ischemia times were

independently associated with a higher risk of mortality

(Table 2). Following multivariable adjustment as well as

adjustment for propensity risk scores, use of IL2R antago-

nist, as opposed to no induction, was associated with a small

increase in risk of all-cause mortality (HR = 1.06, 95% CI

1.01-1.11, p = 0.02), whereas no effect on survival was noted

with the use of TC-DA compared to no induction

(HR = 0.98, 95% CI 0.93-1.03, p = 0.48) (Table 2, Figure 2).

In further subgroup analyses, TC-DA was associated with

protective effect on overall survival among women

(HR=0.86, 95% CI 0.77-0.95 vs 1.02, 95% CI 0.97-1.09

among men) as well as among patients with renal insuffi-

ciency (serum creatinine ≥ 2mg/dl) at the time of transplan-

tation and those that were transplanted in recent years

(transplant year ≥ 2009) Figure 3). No interactions amongst

subgroups were seen for IL2R antagonist agents vs no induc-

tion. IL2R antagonist on the other hand was not found to

have any mortality benefit in high risk groups such as

women, younger patients (age <60 years) or those with renal
insufficiency (creatinine >2 mg/dl) at the time of transplant.
Cause of death

The incidence for different causes of death between the

induction groups is graphically presented in Figure 4. Cause

of death from primary graft failure, rejection, cardiovascu-

lar death including coronary artery disease, myocardial

infarction, infectious etiology, and malignancy were

assessed across treatment strategies. Primary graft failure in

the UNOS data collection form is defined as primary non-
, red, IL2R antagonist (interleukin 2-receptor antagonists, green),

y of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
zación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Figure 2 Survival curves for different induction regimens. (A) Unadjusted (Kaplan-Meier) and (B) adjusted survival curves for no

induction (red), IL2R antagonist (interleukin 2-receptor antagonists, green) and TC-DA (T-cell depleting agents, red) groups.
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function of the graft that is other than rejection. When com-

pared to the no induction group, there was no statistically

significant increase in deaths from malignancy (HR = 1.13,

95% CI 0.96-1.31, p = 0.14) or infectious deaths

(HR = 1.13, 95% CI 0.98-1.30, p = 0.09) among patients

receiving induction with TC-DA agents. However, the risk

of cardiovascular deaths was lower in the latter group

(HR = 0.86, 95% CI 0.76-0.98, p = 0.03).
Treated rejection at one year

At one year there were a total of 6,591 patients with

treated rejection events among 26,356 heart transplant

recipients with available information on this outcome. In

multivariable analysis younger age, female gender,

greater degrees of HLA mismatch (4 or more HLA mis-

matches), black race, PRA ≥ 25%, and presence of

VAD at the time of transplant were associated with
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library
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increased risk of treated rejection at 1 year (Table 3).

Having received a transplant in more recent years as

well as induction with TC-DA were associated with a

reduction in the risk of treated rejection at one year,

with the latter observation remaining significant on fur-

ther propensity risk analysis (OR = 0.82, 95% CI 0.76-

0.88, p < 0.001) (Table 3). IL2R antagoniston the other

hand did not lower the risk of treated rejection episodes

compared to the no induction group (OR = 1.03, 95%

CI 0.96-1.11, p = 0.36). Subgroup analyses showed that

the association of TC-DA agents with reduced rejection

episodes was consistent across most subgroups analyzed

Figure 5. Subgroup analysis of IL2R antagonist revealed

a significant association with age, transplant era and

presence of VAD. Patients older than 60 years benefitted

less (OR = 1.17, 95% CI 1.04-1.33) compared to their

younger counterparts (OR = 0.98, 95% CI 0.90-1.06).

The benefit of IL2R antagonist is also less pronounced

in the recent years (transplant in or after 2009
 of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Figure 3 Subgroup analyses for the association between different induction therapy regimens and all-cause mortality. CI95: 95% confi-

dent interval; IL2R antagonist: interleukin 2-receptor antagonists; TC-DA: T-cell depleting agents; VAD: ventricular assist device.
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OR = 1.13, 95% CI 1.02-1.25 compared to transplant

before 2009 OR = 0.95, 95% CI 0.86-1.04).
Sensitivity analyses

In a sensitivity analysis that included patients with avail-

able follow-up of at least 365 days, both the lack of asso-

ciation between IL2R antagonist use vs no induction

therapy (OR = 1.04, 95% CI 0.97-1.12) and the protec-

tive association of TC-DA use vs no induction therapy

(OR = 0.82, 95% CI 0.76-0.89) for treated rejection at

1 year persisted. Similarly, when repeating the analysis

for a composite endpoint of mortality or treated rejection

at 1 year, TC-DA use remained protective when com-

pared to no induction (OR = 0.85, 95% CI 0.79-0.90),

whereas again there was no significant difference

between IL2R antagonist use vs no induction

(OR = 1.04, 95% CI 0.98-1.11).
Discussion

Our analysis of this large UNOS database found that induc-

tion therapy with TC-DA was associated with reduced inci-

dence of treated rejection at 1-year and had no impact on
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all-cause mortality. Others have documented the beneficial

effects of TC-DA in reducing or delaying the risk of

rejection.10,14 Similarly, no mortality benefit with TC-DA

was seen in previous studies in adult heart transplant recipi-

ents.9 Of note, in subgroup analysis, TC-DA use was associ-

ated with survival benefit which was more pronounced in

those that were transplanted in recent years. Improvement

in survival has been reported with TC-DA induction in the

pediatric heart transplantation cohort.15-17 Using lower

doses of ATG and transitioning to adjusted dose protocols

have resulted in improved patient survival with TC-DA

induction in this population.18 T-cell-adapted ATG dosing

has been shown to reduce total ATG dose and infectious

complications without reduction in efficacy in adult trans-

plant patients as well and has been widely adapted in recent

years.19,20 Greater use of newer, less toxic formulations

with dose reduction protocols may explain the improvement

in survival in recent years.

There was no evidence of increased risk of infection

related deaths in the TC-DA group. Similar reduction in

rejection risk without an increase in risk of infections was

seen in long-term follow up study by Bonaros et al.3 This

may be due to the above stated changes in dosing protocols

and routine use of antibacterial and antiviral prophylaxis

with TC-DA induction.
y of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
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Table 3 Predictors of Treated Rejection at One-year Post-
cardiac Transplant

Odds ratio for treated rejection at 1 year (95% confidence
interval)

Without propensity score
adjustment

Age (per 10-year increments) 0.97 (0.95-0.98), p < 0.001
Male sex 0.95 (0.94-0.96), p < 0.001
Race (ref: white)
Black 1.01 (1.00-1.03), p = 0.04
Other 0.98 (0.97-1.00), p = 0.05
Transplant year (per 10-year
incr.)

0.89 (0.88-0.90), p < 0.001

VAD at time of transplant 1.05 (1.04-1.06), p < 0.001
Ischemia time (in hours) 1.00(0.99-1.00), p = 0.19
Creatinine at transplant
(mg/dl)

0.98 (0.98-0.99), p < 0.001

HLA mismatches (≥4 vs <4) 1.05 (1.03-1.06), p < 0.001
PRA (≥25% vs <25%) 1.02 (1.01-1.04), p = 0.006
Diabetes mellitus 1.02 (1.01-1.04), p < 0.001
Recipient infection
(2 weeks prior)

0.99 (0.97-1.01), p = 0.46

Ventilator need 0.96 (0.92-1.00), p = 0.07
ECMO need 1.00 (0.92-1.08), p = 0.98
IABP need 1.04 (1.02-1.07), p < 0.001
Immunosuppression at
discharge Cell cycle inhibitors
(ref: none)

Azathioprine 1.03 (1.00-1.06), p = 0.07
Mycophenolate mofetil 1.00 (0.99-1.02), p = 0.56
Calcineurin inhibitors (ref: none)
Cyclosporine 1.04 (1.00-1.07), p = 0.03
Tacrolimus 0.96 (0.93-0.99), p = 0.008
Induction therapy (ref: none)
IL2R antagonist 1.00 (0.99-1.02), p = 0.44
TC-DA 0.97 (0.95-0.98), p < 0.001
With further propensity score
adjustment for IL2-RA vs no
induction

IL2R antagonist (vs no induction) 1.03 (0.96-1.11), p = 0.36
With further propensity score
adjustment for TC-DA vs no
induction

TC-DA (vs no induction) 0.82 (0.76-0.88), p < 0.001

Abbreviations: ECMO, extracorporeal membrane oxygenation; HLA,

human leukocyte antigens; IABP, intra-aortic balloon pump use; IL2R

antagonist, interleukin-2 receptor antagonists; TC-DA, T-cell deplet-

ing, agents; VAD, ventricular assist device. Model also adjusted for CMV

recipient/donor status.
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Furthermore, TC-DA was not associated with increased

risk of death from malignancy which was also seen in the

data from UK Cardiothoracic Transplant Audit.6 This may

be due to exclusion of patients with older therapies such as

OKT3 which is associated with significant risk of PTLD.21

Additionally, concomitant changes to standard maintenance

immunosuppression therapies from azathioprine to myco-

phenolate and the use of mTOR inhibitors have resulted in

the reduction of malignancy risk in the overall cohort.22,23
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Cardiovascular deaths including deaths from coronary

artery disease and myocardial infarction were lower in the

TC-DA group. Based on the current database, we are unable

to differentiate the effect of TC-DA on cardiac allograft

vasculopathy (CAV) alone as CAV was not well docu-

mented in this cohort. ATG was shown to be associated

with decreased incidence of cardiac allograft vasculopathy

in other studies as well.3,24-26 ATG reduces the risk of CAV

and atherosclerosis via immune and non-immune mecha-

nisms including reduction of ischemia-reperfusion injury.27

This could in turn lead to the overall reduction in cardiovas-

cular deaths in this cohort.

Subgroup analysis on survival did not show any survival

benefit with TC-DA amongst black patients (compared to

white patients) as was noted in the pediatric heart transplan-

tation.28 However, women had significant survival benefit

with TC-DA induction. Women are in general at higher

immunological risk and the polyclonal nature of ATG with

the ability to deplete both T and B cells and resulting

broader immunosuppressive effect, may explain some of

this benefit.29 TC-DA was also very effective in patients

with renal insufficiency at the time of transplant. Using

induction therapy may have allowed for delayed initiation

of calcineurin inhibitors in these patients.30 Interestingly,

no evidence of increased mortality was seen in patients

with VAD with using TC-DA induction. The concerns of

increased infectious deaths in patients with VAD receiving

induction therapy were not borne out in this study. Truby

et al have reported similar safety data with induction ther-

apy in patients with VAD prior to transplantation.31

Subgroup analysis also revealed decreased risk of treated

rejection across all subgroups with TC-DA induction. This

effect was especially pronounced in some of the high-risk

groups for rejection such as younger patients, and those

with greater degrees of HLA mismatch. The beneficial

effect was seen in both sexes and was most evident in those

transplanted in the recent years. Of note, the intra and post-

operative management strategies along with immunosup-

pression strategies have evolved over the past 2 decades.

It of interest to consider that the beneficial effect of TC-DA

therapy on both reduction of mortality and the incidence of

treated rejection in this study, was more pronounced in the

recent years (transplants≥year2009).
Induction with IL2R antagonist on the other hand was

associated with no improvement in risk of treated rejection

and there was a modest increase in risk of overall mortality

in this cohort. Carrier et al were also unable to show non-

inferiority of IL2R antagonist compared to rATG in pre-

venting rejection.10 A small retrospective study found simi-

lar lack of benefit in reducing rejection with basiliximab

compared to ATG.32 In addition, IL2R antagonist are gener-

ally considered safer compared to TC-DA due to concerns

of increased infections and malignancy with TC-DA. In

recent era, these concerns have not translated into increased

mortality with TC-DA. Analysis of the International Soci-

ety for Heart and Lund Transplantation database amongst

the pediatric cohort has shown increased mortality with

basiliximab compared to ATG.16 Ansari et al have also

found an increased mortality with basiliximab compared to
 of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Figure 4 Incidence of different causes of death by induction therapy group. IL2R antagonist: interleukin 2-receptor antagonists; TC-

DA: T-cell depleting agents.

Figure 5 Subgroup analyses for the association between different induction therapy regimens and treated rejection at one year. CI95:

95% confident interval; IL2R antagonist: interleukin 2-receptor antagonists; TC-DA: T-cell depleting agents; VAD: ventricular assist

device.
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ATG in the adult heart transplant cohort in the International

Society for Heart and Lund Transplantation database.33

Akin to our findings, the concerns of increased risk of

deaths from infections or malignancy from ATG were not

realized in that study.

To our knowledge, this is the largest study comparing

patients treated with the 3 main strategies of no induction,

IL2R antagonist induction and TC-DA induction in the con-

temporary era. The impact of TC-DA on reducing rejection,

especially in the high-risk subgroups needs further investi-

gation with randomized control trials. The impact of TC-

DA on survival compared to no induction and induction

with IL2R antagonist in the current era needs to be con-

firmed. High risk cohorts such as those with renal insuffi-

ciency may have a survival advantage with TC-DA

induction.

Limitations: Our study has all the inherent limitations of

a retrospective database studies. The decision to use induc-

tion therapy is usually center specific and the reasons

behind choice of induction therapy cannot be clarified based

on this study. We tried to account for this confounding vari-

able by using propensity scoring. Panel reactive antibodies

which may contribute towards increased risk of rejection

and mortality13 were not well documented in the UNOS

database. There is significant variability in documentation

of Class I and Class II Panel Reactive Antibodies (PRAs)

and level of Mean Fluorescence Intensity. Previous analysis

suggested that only combined elevation of both Class I and

Class II PRA was associated with increased risk of rejection

and mortality. Only 551 patients in the UNOS database

were documented as having combined elevation of PRAs

and hence PRA was not included in this analysis. Informa-

tion regarding dosing of induction therapy and any dosing

adjustments made based on clinical condition and lympho-

cyte count is unavailable in this database. As discussed

above, dosing adjustments may have an impact on drug tox-

icity. Understanding the impact of various induction strate-

gies on CAV would be helpful to understand the potential

impact on long-term mortality. However, the extent of

CAV is not well documented in this dataset. Cause of death

is not always accurately documented in the UNOS database.

Cause of death was documented as “unknown” or “other” in

20% of the patients. However, these limitations were to

some extent minimized by the large number of patients and

the long follow up of these patients. This represents the

real-world data and despite the limitations of database stud-

ies, adds significantly to our current understanding of induc-

tion therapy.

Conclusion

This large retrospective analysis shows that the risk of

treated rejection at one-year was reduced with a strategy of

induction therapy using T cell depleting agents compared

to that of IL2 receptor antagonists or no induction. Of note,

this benefit in reduction in rejection was not associated with

an increased risk of infectious deaths or deaths from malig-

nancies. There is also a statistically significant reduction in

death from cardiovascular causes in this cohort. IL2
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receptor antagonists had no impact on reducing treated

rejection and was associated with a small but statistically

significant increase in all-cause mortality. Randomized con-

trolled studies are needed to confirm these findings. Sub-

group analysis in high-risk patients may help individualize

treatment strategies and help tailor induction therapies

according to the risk groups.
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