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Background. The unplanned use of dual induction therapy with interleukin-2 receptor-blocking antibodies (IL2rAb)
and antithymocyte globulin (ATG) may portend adverse outcomes. Methods. We used national transplant registry data
to study clinical correlates and outcomes of single versus dual induction therapy in adult kidney-only transplant recipients
in the United States (2005-2018). The risk of death and graft loss at 1 and 5 y, according to induction therapy type, was
assessed using multivariate Cox regression analysis (adjusted hazard ratio with 95% upper and lower confidence limits
[o.@HR ). Results. Of the 157 351 recipients included in the study, 67 % were treated with ATG alone, 29% were treated
with IL2rAb alone, and 5% were treated with both. Compared with IL2rAb alone, the strongest correlates of dual induction
included Black race, calculated panel reactive antibody >80%, prednisone-sparing maintenance immunosuppression, more
recent transplant eras, longer cold ischemia time, and delayed graft function. Compared with ATG alone, dual induction was

associated with an increased 5-y risk of death (aHR
P<0.05), and all-cause graft failure (@HR , .1.12
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P<0.0001). Conclusions. Further research is needed to develop
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risk-prediction tools to further inform optimal, individualized induction protocols for kidney transplant recipients.

(Transplantation Direct 2021;00: e00; doi: 10.1097/TXD.0000000000001190. Published online 23 July, 2021.)

The optimization of short-term graft survival is closely
related to the prevention of early acute rejection follow-
ing organ transplant. Induction therapy is widely used
in the immediate posttransplant period to rapidly reduce
the immune response against an allograft. Biologic induc-
tion agents target the T and B lymphocytes responsible
for organ rejection and consist of either monoclonal anti-
bodies, such as interleukin-2 receptor-blocking antibodies

(IL2rAb), or polyclonal antibodies, such as antithymocyte
globulin (ATG). The 2009 Kidney Disease: Improving
Global Outcomes guideline for the “Care of Kidney
Transplant Recipients” recommends that IL2rAb be the
first-line induction agent, whereas polyclonal lymphocyte-
depleting induction agents be considered for recipients at
higher immunologic risk.! The recipient’s immunologic risk
assessment is individualized and considers multiple fac-
tors, such as Black race, allosensitization, and retransplant.
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In addition to assessing immunologic risk, the deleterious
effects of induction therapy must also be considered, as
ATG is associated with an increased risk of infection and
malignancy, as well as high costs.?

In challenging cases, recipients deemed as low immunologic
risk may initially be treated with IL2rAb induction, only to be
switched to ATG if later deemed to be at high immunologic
risk, resulting in unplanned treatment with both induction
therapy agents. There is limited research on the risk factors
and outcomes of recipients unexpectedly treated with dual
induction therapy. We previously reported on a single-center
Canadian study of 430 kidney transplant recipients showing
that 1 in 10 recipients treated with IL2rAb induction was
also treated with ATG induction.> Compared with the ATG-
alone recipients, the dual induction recipients had worse graft
function at 1 y (mean estimated glomerular filtration rate, 42
versus 59 mL/min/1.73 m?; P=0.0008) and an increased risk
of all-cause graft failure (ACGF: 31% versus 13%; P=0.02)
and death-censored graft failure (DCGF: 16% versus 4%;
P=0.03). Limitations of this study included small sample size
and too few events to perform meaningful adjusted analyses
to characterize clinical correlates. In the current study, we
extend on our previous work by using national transplant
data from the United States to assess clinical correlates and
outcomes of single versus dual induction therapy in a large
cohort of kidney transplant recipients from 2005 to 2018.
Based on our previous studies,* we hypothesized that there
would be differences in induction therapy between US and
Canadian recipients, but that US recipients treated with dual
induction therapy would have worse outcomes than recipi-
ents treated with single-agent induction therapy, as in the
Canadian cohort.

MATERIALS AND METHODS

Data Sources

We conducted a retrospective cohort study using linked
healthcare databases in the United States to ascertain patient
characteristics, pharmacy fill records, and outcome events
for kidney transplant recipients. This study used data from
the Scientific Registry of Transplant Recipients (SRTR). The
SRTR includes data on all donors, waitlist candidates, and
transplant recipients in the United States submitted by the
members of the Organ Procurement and Transplantation
Network (OPTN). Additional data were drawn from the
Centers for Medicare and Medicaid Services and the Social
Security Death Master File. The Health Resources and
Services Administration, US Department of Health and
Human Services, oversees the activities of the OPTN and
SRTR contractors.

Population and Covariates

We considered all adult (>18 y) kidney-only transplant
recipients who underwent transplant in the United States
between 2005 and 2018. We excluded pediatric recipients
(<18 y) and those who received a simultaneous multiorgan
transplant (eg, kidney-pancreas) because these recipients are
primarily managed by services other than the adult kidney
transplant service. Induction immunosuppression was defined
by center reporting to the registry and recorded as a binary
answer (given or not), including the indication (discriminat-
ing use for induction versus treatment of acute rejection), but
information on dose and days of treatment was not available.
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We categorized induction therapy as IL2rAb alone, ATG
alone, or both (IL2rAb+ATG). We collected recipient and
donor clinical and demographic characteristics from OPTN
Transplant Candidate Registration and Transplant Recipient
Registration forms. Maintenance immunosuppression was
categorized on the basis of data at the time of discharge: triple
therapy (prednisone [Pred]+tacrolimus [Tac]+mycophenolic
acid [MPA: mycophenolate mofetil, mycophenolate sodium|]
or azathioprine [AZA]), steroid-sparing (Tac+MPA/AZA),
MPA/AZA-sparing (Pred+Tac or Tac alone), mammalian
target of rapamycin inhibitor (mTORi)-based (sirolimus, or
everolimus) with or without Tac or cyclosporine [CsA]), CsA-
based (CsA without sirolimus or everolimus), and other main-
tenance regimens (Table 1).

Outcomes

Recipients were followed from their transplant date until
death, outcome of interest, or end of study (December 31,
2019). The primary outcomes were all-cause death, DCGE,
and ACGF. Graft failure was defined as return to maintenance
dialysis or “preemptive” retransplant. ACGF included graft
loss due to patient death. Outcomes were assessed at 1 and 5
y posttransplant.

Statistical Analyses

Datasets were merged and analyzed with SAS (Statistical
Analysis Software) version 9.4 (SAS Institute Inc., Cary, NC).
Distributions of clinical and demographic characteristics
among recipients with each induction therapy type, compared
with IL2rAb alone, were compared by the chi-square test for
categorical variables and the Kruskal-Wallis test for continu-
ous variables. We modeled the likelihood of ATG alone and
IL2rAb+ATG induction use compared with IL2rAb alone
using multivariable logistic regression (adjusted odds ratio
with 95% upper and lower confidence limits [,  aOR]).
IL2rAb alone was the referent induction because it is consid-
ered first-line therapy. Also, the most common scenario for
receipt of dual induction therapy is initial use of IL2rAb fol-
lowed by subsequent use of ATG.? Thus, these recipients are
initially deemed to be at low immunologic risk (similar to the
IL2rAb-alone recipients) but are later deemed to be at high
immunologic risk (similar to the ATG-alone recipients). For
this reason, the ATG-alone group was the referent induction
for the outcome analyses. Risk of death and graft loss at 1 and
5 y, according to induction therapy type, was assessed using
multivariate Cox regression analysis, adjusting for the covari-
ates in Table 1 (., aHR ). Cumulative incidence of death
and graft loss were estimated using the Kaplan-Meier method.
The log-rank test was used to assess statistical significance of
differences in unadjusted incidence across induction therapy
types. Given the potential for confounding by indication, we
performed additional analyses comparing recipients with
and without delayed graft function. We interpreted 2-tailed
P<0.05 as statistically significant. The study followed guide-
lines for observational studies (Table S1, SDC, http://links.
lww.com/TXD/A348).

RESULTS

Baseline Characteristics
The study cohort consisted of 157351 adult kidney-only
transplant recipients, of whom 67% were treated with ATG
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| TABLE 1.
Recipient and transplant characteristics according to type of induction therapy used
Overall IL2rAb alone ATG alone IL2rAb + ATG
Characteristic (N=157351) (n=45128) (n=104786) (n=7437)
Recipients factors
Age (v) 53.0 (20.0) 55.0 (21.0) 52.0 (19.0F 54.0 (20.0)
19-30 8.6 8.7 8.7 7.8
31-44 21.1 18.7 22.1 20.3
45-59 37.9 35.2 39.0 37.4
>60 324 374 30.1 34.6
Female sex 394 34.4 1.7 35.9*
Race t t
White 50.2 55.5 48.9 38.1
Black 25.8 18.6 284 32.8
Hispanic 15.8 16.4 15.0 22.8
Other 8.2 9.5 7.8 6.4
BMI (kg/m?) 27.4(71.7) 27.2(7.4) 27.5(7.8) 27.5(7.8)t
Underweight (<18.5) 2.2 2.4 2.2 2.2
Normal (18.5-24.9) 29.8 30.7 29.5 29.7
Overweight (25.0-29.9) 32.9 34.0 32.4 33.2
Obese (>30) 32.6 30.8 332 337
Missing 2.5 21 2.8 1.2
Primary cause of ESKD b b
Diabetes mellitus 27.2 28.6 26.4 29.3
Hypertension 22.2 19.9 22.8 275
Glomerulonephritis 20.5 20.4 20.7 18.2
Polycystic kidney disease 9.7 101 9.6 8.6
Other/missing 205 21.0 20.6 16.4
Pretransplant dialysis modality I I
Preemptive 159 19.6 14.6 11.1
Hemodialysis 43.4 421 43.0 56.5
Peritoneal dialysis 8.4 8.6 8.4 7.8
Missing 323 29.7 341 24.6
Dialysis duration (y) t 1
None 15.9 19.6 14.6 11.1
0-2 26.6 30.3 254 20.9
>2-5 311 28.9 31.9 34.8
>5 25.7 20.4 275 322
Missing 0.8 0.8 0.7 1.0
ABO blood group b *
0 44.7 43.6 451 455
A 37.0 37.9 36.7 35.7
B 134 135 13.3 13.6
AB 4.9 5.0 4.9 53
Most recent cPRA (%) i T
0 62.8 744 57.3 70.4
1-9 8.8 9.8 8.4 9.8
10-79 18.3 12.7 20.9 142
>80 9.7 2.7 13.0 5.3
Missing 0.4 0.4 0.4 0.2
Comorbidities
Previous organ transplant 14.3 9.0 16.8% 10.1*
Hypertension 70.5 69.7 70.3* 77.3%
Diabetes mellitus 33.0 34.1 32.4% 34.6
Coronary artery disease 5.5 5.6 55 5.3
Cerebrovascular accident 2.1 2.3 2.1* 2.5
Peripheral vascular disease 6.8 71 6.61 7.3
COPD 1.1 1.3 1.1t 0.9%
Malignancy 7.8 9.0 7.3t 6.6%

Continued next page
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Overall IL2rAb alone ATG alone IL2rAb + ATG
Characteristic (N=157351) (n=45128) (n=104786) (n=7437)
Maintenance immunosuppression I T
Pred+Tac + MPA/AZA 65.2 725 62.9 52.6
Tac +MPA/AZA (no Pred) 22.7 1.5 26.6 36.4
Pred +Tac or Tac alone 1.3 1.3 1.2 1.1
mTORi-based 39 3.9 4.0 2.2
CsA-based 4.1 7.9 2.6 3.2
Other/missing 2.9 3.0 2.8 45
Primary payer I b
Private 34.7 38.4 33.7 27.7
Public 65.0 61.2 66.1 71.9
Missing 0.3 0.4 0.3 0.4
Donor and transplant factors
Transplant era t b
2005-2008 25.6 31.8 22.8 28.0
2009-2012 27.3 28.7 26.7 28.6
2013-2015 21.2 19.0 222 20.4
2016-2018 25.9 20.5 28.4 23.0
Donor type by I
Standard criteria donor 451 38.7 47.5 49.9
Expanded criteria donor 9.6 9.2 9.5 13.2
Donation after circulatory death donor 11.2 7.6 12.7 1141
Living (related) donor 21.8 31.0 18.2 17.3
Living (unrelated) donor 12.4 13.6 12.2 8.4
Donor age (y) b i
<18 7.7 6.3 8.3 7.6
19-30 20.8 195 214 204
31-44 28.9 29.6 28.8 27.0
45-59 34.3 35.2 33.8 36.1
>60 8.2 9.4 7.7 9.0
HLA mismatches i T
Zero A, B, DR 7.7 9.6 7.0 5.2
Zero DR 1.2 10.6 11.5 10.8
Other 81.1 79.7 81.5 83.9
CMV status I by
Donor (-)/recipient (-) 16.0 171 15.7 12.2
Donor (+)/recipient (-) 16.7 16.8 16.8 15.6
Donor (—/+)/recipient (+) 64.3 63.0 64.4 69.9
Missing 3.1 3.2 3.1 2.2
EBV status I b
Donor (-)/recipient () 1.1 1.0 1.0 1.7
Donor (+)/recipient (=) 6.8 6.9 6.6 7.5
Donor (—/+)/recipient (+) 69.9 67.0 ans 62.0
Missing 22.3 25.1 20.7 28.8
Cold ischemia time (h) T i
0-12 46.8 53.6 44.8 333
13-24 33.8 29.5 36.1 26.7
>24 13.5 9.7 13.8 32.6
Missing 6.0 7.2 53 7.4
Delayed graft function? 18.8 14.8 19.8% 28.7%

Data are presented as proportions, except for age, BMI, and dialysis duration, which are presented as median (interquartile range).

“Defined as receipt of dialysis within the first wk of transplant.

Pvalues for pairwise comparison (reference to IL2rAb alone):

*P<0.05-0.002.

1P=0.001-0.0001.

1P<0.0001.

ATG, antithymocyte globulin; AZA, azathioprine; BMI, body mass index; CMV, cytomegalovirus; COPD, chronic obstructive pulmonary disease; cPRA, calculated panel reactive antibody; CsA, cyclo-
sporine; EBV, Epstein-Barr virus; ESKD, end-stage kidney disease; IL2rAb, interleukin-2 receptor-blocking antibodies; MPA, mycophenolic acid; mTORi-based, mammalian target of rapamycin inhibitor;
Pred, prednisone; Tac, tacrolimus.

alone, 29% were treated with IL2rAb alone, and 5% were  treated with both IL2rAb+ATG (Figure 1). Overall, the
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median age at transplant was 53 y (interquartile range, 20),
39% of recipients were female individuals, and 50% were
White (Table 1). Diabetes mellitus was the most common
cause of end-stage kidney disease (ESKD), affecting 27% of
recipients, followed by hypertension (22%) and glomerulone-
phritis (21%). The incidence of delayed graft function, defined
as dialysis within the first week of transplant, was 19% in our
cohort. At the time of discharge, standard triple maintenance
immunosuppression (Pred +Tac+MPA/AZA) was the most
commonly used regimen (65% of recipients).

Correlates of Dual Induction Therapy

Over the years, the use of IL2rAb alone for induction
decreased, whereas ATG alone for induction increased and
dual IL2rAb+ATG induction remained stable (Figure 2).
The use of dual induction therapy was similar in lower-
and higher-risk recipients (4.6% versus 4.9%) (Figure 1).
Compared with IL2rAb-alone induction, recipients treated
with dual induction therapy were more likely to be female
individuals, Black race (versus White race), have hyper-
tension as a comorbidity and cause of ESKD (versus glo-
merulonephritis), have a longer dialysis duration, be more
sensitized, have a 0 DR HLA mismatch (versus 0 A, B, DR
mismatch), have had a previous transplant, be discharged
on a prednisone-sparing maintenance regimen (versus
Pred + Tac+ MPA/AZA), have received a transplant in the
more recent eras (versus 2005-2008), have received an
expanded criteria donor kidney (vs standard criteria donor),
have had a longer cold ischemia time (versus 0-12h), and
have experienced delayed graft function (Table 2). Also, they
were less likely to be older, have had a preemptive trans-
plant, have had a previous malignancy, have been discharged
on a CsA-based maintenance regimen, and have received
a living donor kidney. Results were similar for recipients
who received ATG-alone induction. The association with
highly sensitized recipients (calculated panel reactive anti-
body [cPRA] 280%) was stronger with ATG-alone induction
than with dual induction therapy (aOR , 4.92 . versus
L691'92

2A19)'
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Death and Graft Failure According to Induction
Regimen

The incidence of death and graft failure at 1 and 5 y post-
transplant was higher in the dual induction therapy group than
in the IL2rAb-alone group or ATG-alone group (Figure 3). For
example, by 5 y posttransplant, the incidence of death, DCGE,
and ACGEF for recipients treated with dual induction therapy
was 15%, 12%, and 23 %, respectively, compared with 12%,
10%, and 19%, respectively, for recipients treated with ATG-
alone induction (P<0.0001 for all).

Compared with induction with ATG alone, dual induc-
tion therapy was associated with an increased 5-y risk of
death (aHR . 1.15. . P<0.0001), DCGF (aHR .. 1.13

1.07 123 1.05 1229
1.12

P<0.05), and ACGF (aHR | 1.12 s P<0.0001) (Table 3).
Results were similar to the IL2rAb-alone induction group,
except that DCGF did not reach statistical significance. Higher
sensitization (cCPRA, 10% to 79% and 280% versus 0%); pre-
vious organ transplant; comorbid chronic pulmonary disease;
MPA/AZA-sparing, mTORi-based, and CsA-based mainte-
nance regimens; receipt of an expanded criteria donor kidney;
older donor age (45-59 and 260 y versus 31-44 y); cytomeg-
alovirus mismatch (donor positive/recipient negative versus
donor negative/recipient negative); and positive cytomegalo-
virus recipient serology, cold ischemia time >24 h (versus 0 to
12h), and delayed graft function were all associated with an
increased risk of death and graft failure. Conversely, Hispanic
race, polycystic kidney disease as a cause of ESKD, pretrans-
plant peritoneal dialysis, preemptive transplant, comorbid
hypertension, private primary payer, more recent transplant
era, younger donor age (19-30 versus 31-44 y), and receipt
of a living donor kidney were associated with a lower risk of
death and graft failure.

The incidence of death and graft failure at 1 and 5 y post-
transplant according to type of induction therapy and pres-
ence or absence of delayed graft function is presented in Figure
S1 (SDC, http:/links.lww.com/TXD/A348). For recipients
who did not experience delayed graft function, dual induction
with IL2rAb+ATG was associated with a 30% increase in
the 1-y risk of death, DCGF, and ACGF, compared with ATG

Induction Therapy Regimen by Recipient Immunologic Risk Profile
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FIGURE 1. Induction therapy regimen overall and by recipient immunologic risk profile, wherein high risk was defined as Black race, cPRA
>80%, or retransplant. *P<0.05-0.002; tP=0.001-0.0001; P <0.0001. ATG, antithymocyte globulin; IL2rAb, interleukin-2 receptor-blocking

antibodies; cPRA, calculated panel reactive antibodly.
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Induction Use Over Time
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FIGURE 2. National trends in kidney transplant induction over time. ATG, antithymocyte globulin; IL2rAb, interleukin-2 receptor-blocking

antibodies.

alone and a 15% increase at 5 y (Table 4). One-year out-
comes were similar between the IL2rAb-alone and ATG-alone
induction groups. Recipients treated with IL2rAb alone had a
7% higher 5-y risk of death than recipients treated with ATG
alone, but the risk of DCGF and ACGF was similar.

For recipients who did experience delayed graft function,
the 1- and 5-y outcomes with IL2rAb alone and IL2rAb +ATG
were similar to ATG-alone induction. For example, compared
with ATG alone, the 1- and 5-y risk of death was higher in
recipients treated with IL2rAb alone (aHR, 1 versus 5 y:
100122, versus | 1.13,,) or IL2rAb+ATG induction
(aHR, 1 versus 5 y: , ,1.23,, versus  ,1.12 ). The 1- and
5-y risk of graft failure was similar between IL2rAb alone and
IL2rAb + ATG compared with ATG-alone induction.

DISCUSSION

In this large national study of 157351 kidney transplant
recipients in the United States, we found that dual induction
therapy with IL2rAb+ATG induction occurred in 5% of
transplant recipients and 14% of all transplants treated with
IL2rAb. Compared with IL2rAb-alone induction, the strong-
est predictors of dual induction therapy included Black race,
cPRA >80%, prednisone-sparing maintenance immunosup-
pression, more recent transplant eras, longer cold ischemia
time, and delayed graft function. Recipients of IL2rAb+ATG
dual induction had an increased risk of death, DCGF, and
ACGF at 5 y posttransplant than those who received ATG
alone. In the subset of recipients who experienced delayed
graft function, risk of death in the IL2rAb+ATG group was
12% higher than in the ATG-alone group, but the risk of graft
failure was not significantly different between the 2 groups at
5 y posttransplant.

Our study is an extension of a smaller, single-center
Canadian study of 430 kidney transplant recipients that
found that dual induction therapy occurred in 7% of trans-
plants and 9% of all transplants treated with IL2rAb.> Most
(78%) of the dual induction therapy group received IL2rAb

initially followed by ATG on postoperative day 1 or 2. The
mean cumulative ATG dose per patient was similar to that of
the ATG-alone group (5.8 versus 6.4 mg/kg, P=0.4), but they
received half the IL2rAb dose that the IL2rAb-alone group
did (24 versus 40 mg, P<0.0001). Unfortunately, the induc-
tion therapy data submitted to the SRTR do not contain
detailed information on timing or dosage of drug given. It is
likely that a similar pattern of use occurred in this US cohort
of kidney transplant recipients, wherein recipients deemed to
be at low immunologic risk are initially treated with IL2rAb
and then converted to ATG because of an event, such as
slow or delayed graft function. In the Canadian study, the
unplanned use of dual induction therapy was associated with
a longer hospitalization than either IL2rAb or ATG induction
alone and worse graft function at 1 y compared with ATG
alone (mean creatinine, 2.6 versus 1.5mg/dL, P=0.0004;
mean estimated glomerular filtration rate, 42 versus 59mL/
min/1.73 m?, P=0.0008). Similar to the current study, the
dual induction therapy group also had an increased risk of
graft failure after a follow-up of 3 vy, suggesting that poor
outcomes occur when there is a misjudgment of immunologic
risk. A better understanding of the factors most predictive of
receiving dual induction therapy may result in the upfront use
of ATG alone, sparing overexposure to immunosuppression
and its related cost and complications. In this study, many
high-risk characteristics were associated with IL2rAb + ATG
use compared with IL2rAb alone use, including Black race,
cPRA 280%, and retransplant, that were similarly found in
the ATG-alone recipients.’

In the current study, another possibility may be that the
use of dual induction therapy was intentional rather than
unplanned. Some US (many from the University of Miami)®
15 and international centers'®?? have used different induction
combinations in kidney-alone®”10:1213.15.161821 and  kidney-
pancreas transplants,%!51417.22 a5 per center protocol®!#17:19-22
or clinical trial®%10-13151618 (Table 5). The combination of
IL2rAb + ATG induction may result in the prolonged depletion
of CD3 lymphocyte counts, similar to ATG alone, with more
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Associations of recipient and transplant characteristics
with type of induction therapy used compared with IL2rAb

alone (referent induction)

Characteristic

aOR (95% Cl)

ATG Alone

IL2rAb + ATG

Recipients factors
Age (y)
19-30
31-44
45-59
>60
Female sex
Race
White
Black
Hispanic
Other
BMI (kg/m?)
Underweight (<18.5)
Normal (18.5-24.9)
Overweight (25.0-29.9)
Obese (>30)
Missing
Primary cause of ESKD
Diabetes mellitus
Hypertension
Glomerulonephritis
Polycystic kidney disease
Other/missing
Pretransplant dialysis modality
Hemodialysis
Peritoneal dialysis
Missing
Dialysis duration (y)
None
0-2
>2-5
>5
Missing
ABO blood group
0
A
B
AB
Most recent cPRA (%)
0
1-9
10-79
>80
Missing
Comorbidities
Previous organ transplant
Hypertension
Diabetes mellitus
Coronary artery disease
Cerebrovascular accident
Peripheral vascular disease
COPD
Malignancy

1.02 (0.97-1.07)
Referent
0.93 (0.90-0.96)
0.65 (0.63-0.68)%
1.20 (1.17-1.23)%

Referent
1.41 (1.36-1.45)f
0.90 (0.86-0.93)t
0.81(0.77-0.85)t

0.88 (0.82-0.96)*
Referent
1.05 (1.02-1.08)*
1.13(1.09-1.16)t
1.62 (1.49-1.76)

0.98 (0.92-1.04)
1.04 (1.00-1.08)*
Referent
1.00 (0.95-1.05)
0.89 (0.86-0.93)

Referent
0.98 (0.94-1.02)
1.02 (0.99-1.06)

0.95 (0.91-0.99)*
Referent
1.04 (1.01-1.08)*
1.05 (1.01-1.09)
1.04 (0.91-1.19)

1.02 (0.99-1.04)
Referent

0.99 (0.95-1.03)

0.96 (0.91-1.02)

Referent
1.16 (1.11-1.20¢
210 (2.03-2.18)
4.92 (4.61-5.24)
2.16 (1.81-2.59)%
1.60 (1.54-1.67)
1.13(1.10-1.17)
1.00 (0.95-1.06)
1.19(1.13-1.25)
0.98 (0.90-1.06)

( )

( )

( )

F

t

0.87 (0.83-0.91)f
0.89 (0.80-0.99)*
0.80 (0.77-0.84)%

0.98 (0.88-1.10)
Referent
0.92 (0.86-0.99)*
0.74 (0.69-0.80)f
1.14 (1.08-1.20)%

Referent
1.75 (1.63-1.88)%
1.45 (1.35-1.56)F
0.72 (0.64-0.80)

0.96 (0.80-1.14)
Referent
0.99 (0.93-1.06)
1.06 (1.00-1.14)
0.49 (0.39-0.62)%

1.04 (0.91-1.18)
1.12 (1.03-1.22)*
Referent
1.06 (0.95-1.18)
0.85(0.78-0.92)t

Referent
0.80 (0.72-0.88)f
0.68 (0.63-0.73)f

0.75(0.68-0.83)t
Referent
1.17 (1.09-1.27)
1.21 (1.11-1.32)%
1.63 (1.25-2.12)

0.96 (0.91-1.02)
Referent

0.98 (0.90-1.06)

1.11(0.98-1.24)

Referent
1.08 (0.99-1.18)
1.29 (1.20-1.40)%
1.92 (1.69-2.19)
0.87 (0.49-1.53)

1.39 (1.26-1.52)¢
1.20 (1.12-1.29)%
0.90 (0.80-1.01
0.92 (0.82-1.04
1.07 (0.90-1.26
0.97 (0.87-1.07
0.83(0.64-1.07
(

)
)
)
)
)
)
)
0.79 (0.72-0.88)%

Continued next page
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| TABLE 2. (Continued) |
a0R (95% Cl)
Characteristic ATG Alone IL2rAb + ATG
Maintenance immunosuppression
Pred + Tac + MPA/AZA Referent Referent
Tac + MPA/AZA (no Pred) 3.60 (3.47-3.72)% 5.31 (5.00-5.64)f
Pred+Tac or Tac alone 1.28 (1.15-1.42)% 1.11(0.87-1.41)
mTORi-based 1.69 (1.59-1.80)¢ 1.01 (0.86-1.20)
CsA-based 0.51 (0.48-0.54)% 0.61 (0.53-0.71)f
Other/missing 1.19(1.11-1.2N¢ 2.28 (2.00-2.59)f
Primary payer
Private 1.07 (1.04-1.10)t 0.96 (0.90-1.03)
Public Referent Referent
Missing 0.86 (0.69-1.06) 1.65 (1.11-2.46)

Donor and transplant factors

Transplant era
2005-2008
2009-2012
2013-2015
2016-2018

Donor type
Standard criteria donor
Expanded criteria donor
Donation after circulatory

death donor

Living (related) donor
Living (unrelated) donor

Donor age (y)
<18
19-30
31-44
45-59
>60

HLA mismatches
Zero A, B, DR
Zero DR
Other

CMV status
Donor (-)/recipient (-)
Donor (+)/recipient (-)
Donor (—/+)/recipient (+)
Missing

EBV status
Donor (—)/recipient (<)
Donor (+) recipient ()
Donor (—/+)/recipient (+)
Missing

Cold ischemia time (h)
0-12
13-24
>24
Missing

Delayed graft function?

Referent
1.25 (1.20-1.29)F
1.58 (1.52-1.64)F
1.82 (1.74-1.90)t

Referent
1.18 (1.12-1.24)t
1.39 (1.33-1.45)¢

0.57 (0.55-0.60)1
0.77 (0.74-0.81)t

1.08 (1.03-1.14)
1.02 (0.98-1.05)
Referent
0.99 (0.96-1.02)
0.94 (0.89-0.99)*

Referent
1.73(1.63-1.83)
1.78 (1.70-1.87)t

Referent
0.99 (0.95-1.03)
0.94(0.91-0.97)t
1.25(1.16-1.35)¢

Referent
0.89 (0.79-1.02)
0.94 (0.84-1.06)
0.94 (0.83-1.06)

Referent
1.00 (0.96-1.03
1.10 (1.05-1.15
1.16 (1.10-1.22

)
)
)
118 (1.14-1.29)

1
t
+

Referent
1.31 (1.22-1.41)f
1.51 (1.39-1.64)f
1.77 (1.61-1.94)

Referent
1.14 (1.03-1.27)*
1.04 (0.95-1.13)

0.78 (0.70-0.85)t
0.87 (0.78-0.97)*

0.98 (0.88-1.09)
1.05(0.98-1.13)
Referent
1.06 (0.99-1.14)
1.00 (0.88-1.13)

Referent
2.03(1.78-2.32)t
2.02 (1.80-2.26)f

Referent
1.08 (0.98-1.19)
112 (1.03-1.21)*
0.83 (0.69-1.00)

Referent
0.51 (0.41-0.64)f
0.41 (0.33-0.50)f
0.63 (0.51-0.78)f

Referent
1.02 (0.94-1.10
3.38 (3.12-3.67
1.80 (1.62-2.00
1.66 (1.55-1.77

t
I
+

Defined as receipt of dialysis within the first week of transplant.
Pvalues for pairwise comparison (reference to IL2rAb alone):

*P<0.05-0.002.
tP=0.001-0.0001.
$P<0.0001.

a0R, adjusted odds ratio; ATG, antithymocyte globulin; AZA, azathioprine; BMI, body mass index;
Cl, confidence interval; CMV, cytomegalovirus; COPD, chronic obstructive pulmonary disease;
CPRA, calculated panel reactive antibody; CsA, cyclosporine; EBV, Epstein-Barr virus; ESKD,
end-stage kidney disease; IL2rAb, interleukin-2 receptor-blocking antibodies; MPA, mycophe-
nolic acid; mTORi-based, mammalian target of rapamycin inhibitor; Pred, prednisone; Tac,

tacrolimus.
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Incidence of Death at 1-Year Post-transplant According to Induction Therapy
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Incidence of DCGF at 1-Year Post-transplant According to Induction Therapy
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FIGURE 3. Kaplan-Meier cumulative incidence of death and graft failure according to type of induction therapy at (A) 1y posttransplant and (B)
5y posttransplant. *P<0.05-0.002; 1£=0.001-0.0001; $P<0.0001. ACGF, all-cause graft failure; ATG, antithymocyte globulin; DCGF, death-
censored graft failure; IL2rAb, interleukin-2 receptor-blocking antibodies.

significant prolonged depletion of CD25 cells compared with  older recipients, who often receive kidneys from older donors
ATG alone.'? Some studies have shown that the combined use  and are at high risk of delayed graft function but may not
of IL2rAb and low-dose ATG may be associated with a lower  tolerate standard-dose ATG induction because of concerns
rate of rejection and viral infection compared with standard-  about overimmunosuppression.'®!* Also, achieving early and
dose ATG induction.!>!%1%2! This may be a useful strategy for  effective lymphocyte depletion with dual induction therapy
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FIGURE 3. Continued.

may allow for delayed introduction of calcineurin inhibitors,
early steroid withdrawal, and possible lower daily dosages
of maintenance immunosuppression.®”1%13:171921 Additional
combinations, including the use of alemtuzumab (an anti-
CDS52 monoclonal antibody) with ATG, also show promis-
ing results in suppressing peripheral T cells and preventing
rejection.'>!3 Last, there may be the added benefit of cost-
efficacy associated with dual induction therapy if low-dose
ATG is used compared with standard-dose ATG alone.!?1
One study reported a per-patient treatment savings of about
€3000 ($3800 USD) with planned IL2rAb +low-dose ATG
compared with standard-dose ATG induction.'® Obviously,

=== /ATG Alone, Ref

IL2rAb + ATG

these cost savings would be negated in the unplanned use
of dual induction therapy if standard dosing of both agents
were subsequently used.

Our study has a number of strengths, including the use of
a national registry to study induction therapies in >150000
kidney transplant recipients. Our large sample size allowed
us to perform subgroup analyses to delineate the outcomes
based on the presence or absence of delayed graft function,
likely a strong indication for dual induction therapy use. We
found that when delayed graft function occurred, recipients
treated with IL2rAb alone or IL2rAb+ATG induction had a
similar increased risk of death as recipients treated with ATG
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Associations of induction therapy type and recipient and transplant characteristics with death and graft failure at 5y

posttransplant

Characteristic

aHR (95% Cl)

All-cause death

Death-censored graft failure

All-cause graft failure

Recipients factors

Induction therapy
IL2rAb alone
ATG alone
IL2rAb +ATG

Age (y)
19-30
31-44
45-59
>60

Female sex

Race
White
Black
Hispanic
Other

BMI (kg/m?)
Underweight (<18.5)
Normal (18.5-24.9)
Overweight (25.0-29.9)
Obese (>30)
Missing

Primary cause of ESKD
Diabetes mellitus
Hypertension
Glomerulonephritis
Polycystic kidney disease
Other/missing

Pretransplant dialysis modality
Hemodialysis
Peritoneal dialysis
Missing

Dialysis duration (y)
None
0-2
>2-5
>5
Missing

ABO blood group
0
A
B
AB

Most recent cPRA (%)
0
1-9
10-79
>80
Missing

Comorbidities
Previous organ transplant
Hypertension
Diabetes mellitus
Myocardial infarction
Cerebrovascular accident
Peripheral vascular disease
COPD
Malignancy

1.09 (1.05-1.13)f
Referent
1.15(1.07-1.23)f

0.74 (0.66-0.83)t
Referent
1.82 (1.72-1.94)%
3.37 (3.17-3.58)t
0.93 (0.90-0.96)

Referent
0.80 (0.77-0.84)%
0.59 (0.56-0.63)%
0.61 (0.57-0.65)%

1.21 (1.08-1.35)*
Referent
0.91 (0.87-0.95)%
0.90 (0.87-0.94)%
1.07 (0.97-1.17)

1.40 (1.30-1.50)f
1.30 (1.22-1.37)t
Referent
0.81 (0.75-0.88)%
1.23(1.16-1.31)F

Referent
0.84 (0.79-0.89)%
0.85 (0.81-0.89)%

0.68 (0.64-0.73)%
Referent
1.11(1.07-1.17)¢
1.41 (1.34-1.48)¢

1.07 (0.90-1.28)

0.97 (0.92-1.02)
Referent

0.95 (0.88-1.02)

0.96 (0.93-0.99)

Referent
1.04 (0.99-1.10
1.08 (1.03-1.12
1.11(1.04-1.19

(

*

*

0.78 (0.58-1.05

1.25(1.19-1.32)
0.93 (0.89-0.97)
1.38 (1.30-1.47)
1.21 (1.15-1.28)
116 (1.07-1.26)
1.38 (1.31-1.45)
1.59 (1.44-1.75)

( )

+
T
+
+
T
+
t

1.18 (1.12-1.24)t

0.99 (0.95-1.04)
Referent
1.13(1.05-1.22)*

1.79 (1.69-1.90)
Referent
0.71(0.68-0.75)%
0.60 (0.57-0.64)%

1.02 (0.98-1.06)

Referent
1.47 (1.41-1.54)
0.83 (0.78-0.88)f
0.86 (0.80-0.93)f

0.92 (0.82-1.05)
Referent

1.09 (1.04-1.14)F

1.24 (1.18-1.29)

1.06 (0.95-1.17)

0.91 (0.84-1.00)
1.02 (0.97-1.08)
Referent
0.73 (0.67-0.79)f
1.01 (0.95-1.06)

Referent
0.86 (0.81-0.92)f
0.82 (0.78-0.86)f

0.66 (0.61-0.71)f
Referent

0.96 (0.91-1.01)

0.97 (0.91-1.03)

0.84 (0.68-1.03)

0.96 (0.91-1.02)
Referent
0.93 (0.85-1.01)
0.99 (0.96-1.03)

Referent
1.05(0.99-1.11)
1.08 (1.03-1.14)*
1.20 (1.12-1.29)f
1.03 (0.76-1.39)

1.10 (1.04-1.16)*
0.93 (0.89-0.98)*
1.02 (0.95-1.10)
1.04 (0.96-1.11)
1.01 (0.90-1.13)
1.08 (1.00-1.16)
1.26 (1.09-1.45)*
0.99 (0.92-1.07)

1.04 (1.01-1.07)*
Referent
1.12(1.06-1.18)¢

1.49 (1.42-1.58)t
Referent
1.03 (0.99-1.07)
1.45 (1.39-1.51)F
0.96 (0.93-0.99)*

Referent
1.09 (1.06-1.13)t
0.69 (0.67-0.72)f
0.71 (0.68-0.75)f

1.05 (0.96-1.15)
Referent
0.99 (0.96-1.02)
1.05 (1.02-1.09)*
1.08 (1.00-1.16)*

1.16 (1.09-1.23)t
1.13(1.09-1.18)t
Referent
0.76 (0.71-0.80)f
1.07 (1.03-1.11)*

Referent
0.83 (0.80-0.87)f
0.84 (0.81-0.87)f

0.68 (0.65-0.72)f
Referent
1.04 (1.00-1.08)
1.18(1.13-1.23)%
0.95(0.82-1.10)

0.96 (0.92-1.00)*
Referent

0.94 (0.88-0.99)*

0.98 (0.95-1.01)

Referent
1.05 (1.00-1.09)*
1.07 (1.03-1.10)t
1.14 (1.08-1.20)f
0.92 (0.74-1.15)

117 (1.12-1.22)¢
0.93 (0.90-0.96)
1.20 (1.14-1.26)%
115 (1.10-1.21)¢
1,12 (1.04-1.20)*
1.27 (1.22-1.33)
1.45 (1.33-1.58)

( )

t
t
1.13(1.08-1.18)t

Continued next page
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Characteristic

aHR (95% Cl)

All-cause death

Death-censored graft failure

All-cause graft failure

Maintenance immunosuppression
Pred+Tac + MPA/AZA
Tac+MPA/AZA (no Pred)
Pred +Tac or Tac alone
mTORi-based
CsA-based
Other/missing

Primary payer
Private
Public
Missing

Donor and transplant factors

Transplant era
2005-2008
2009-2012
2013-2015
2016-2018

Donor type
Standard criteria donor
Expanded criteria donor
Donation after circulatory death donor
Living (related) donor
Living (unrelated) donor

Donor age (y)
<18
19-30
31-44
45-59
>60

HLA mismatches
Zero A, B, DR
Zero DR
Other

CMV status
Donor (-)/recipient ()
Donor (+)/recipient (=)
Donor (/+)/recipient (+)
Missing

EBV status
Donor (-)/recipient (-)
Donor (+)/recipient (-)
Donor (—/+)/recipient (+)
Missing

Cold ischemia time (h)
0-12
13-24
>24
Missing

Delayed graft function?

Referent
0.97 (0.93-1.01)
1.24 (1.10-1.40)t
1.31 (1.22-1.41)¢
1.22 (1.14-1.30)%
1.29 (1.19-1.41)t

0.80 (0.77-0.83)f
Referent
0.48 (0.30-0.77)*

Referent
0.90 (0.87-0.94)t
0.78 (0.74-0.82)f
0.67 (0.62-0.71)%

Referent
1.15(1.09-1.22)%
0.99 (0.94-1.04)
0.84 (0.79-0.90)F
0.79(0.73-0.85)%

0.94 (0.88-1.01)
0.89 (0.84-0.93)t
Referent
1.10 (1.06-1.15)%
1.27 (1.19-1.35)F

Referent
1.00 (0.93-1.08)
1.07 (1.00-1.14)*

Referent
1.21 (1.14-1.28)%
1.07 (1.02-1.12)*
1.09 (0.98-1.21)

Referent
1.17 (0.96-1.42)
1.06 (0.88-1.27)
1.11(0.92-1.34)

Referent
1.06 (1.02-1.11
1.11 (1.05-1.17
1.05(0.98-1.13
1.51 (1.45-1.56

*

1

t

Referent
1.06 (1.01-1.11)*
1.46 (1.29-1.67)
1.38 (1.28-1.49)
1.34 (1.24-1.44)%
1.63 (1.50-1.78)
0.90 (0.86-0.94)f

Referent
0.50 (0.31-0.80)*

Referent
0.89 (0.85-0.93)t
0.70 (0.67-0.74)f
0.57 (0.53-0.62)%

Referent
1.37 (1.28-1.46)%
0.98 (0.93-1.04)
0.78 (0.73-0.83)t
0.79(0.73-0.86)t

0.96 (0.90-1.04)
0.87 (0.83-0.92)t
Referent
1.28 (1.22-1.34)%
1.47 (1.35-1.60)F

Referent
1.25(1.14-1.37)F
1.47 (1.36-1.59)F

Referent
1.17 (1.10-1.25)F
1.08 (1.02-1.14)*
1.12 (1.00-1.25)*

Referent
1.01(0.84-1.23)
0.94(0.78-1.13)
0.95(0.79-1.14)

Referent
1.02 (0.97-1.07
1.12 (1.06-1.19)t
1.08 (1.00-1.17)*
1.96 (1.89-2.05

+

Referent
1.01(0.98-1.04)
1.36 (1.23-1.49)
1.35(1.28-1.43)
1.27 (1.20-1.34)%
1.46 (1.37-1.55)
0.85(0.82-0.87)f

Referent
0.50 (0.36-0.71)f

Referent
0.90 (0.87-0.93)t
0.76 (0.73-0.79)f
0.63 (0.60-0.66)f

Referent
1.20 (1.15-1.26
0.98 (0.94-1.02
0.81(0.77-0.85)t
0.79 (0.75-0.84)t

t

0.96 (0.91-1.01)
0.88 (0.85-0.92)t
Referent
1.18 (1.15-1.22)%
1.35(1.28-1.43)F

Referent
1.09 (1.02-1.16)
1.21 (1.15-1.27)F

Referent
1.19 (1.14-1.24)%
1.07 (1.03-1.11)t
1.11 (1.02-1.20)*

Referent
1.07 (0.93-1.24)
0.98 (0.85-1.12)
1.01(0.88-1.16)

Referent
1.04 (1.01-1.08
112 (1.08-1.17)F
1.06 (1.01-1.13)*
1.68 (1.63-1.73

*

1

“Defined as receipt of dialysis within the first wk of transplant.

*P<0.05-0.002.
1P=0.001-0.0001.
$P<0.0001.

aHR, adjusted hazard ratio; ATG, antithymocyte globulin; AZA, azathioprine; BMI, body mass index; CI, confidence interval; CMV, cytomegalovirus; COPD, chronic obstructive pulmonary disease; cPRA,
calculated panel reactive antibody; CsA, cyclosporine; EBV, Epstein-Barr virus; ESKD, end-stage kidney disease; IL2rAb, interleukin-2 receptor-blocking antibodies; MPA, mycophenolic acid; mTORi-
based, mammalian target of rapamycin inhibitor; Pred, prednisone; Tac, tacrolimus.

alone, with no appreciable increased risk of graft failure. The
IL2rAb-alone group with delayed graft function was not
treated with ATG initially or adjunctively because of either

concern about nonimmunologic causes for delayed graft
function or concern about ATG tolerability, such as recipi-
ent frailty or comorbidities. Our exploratory analyses suggest



12 Transplantation DIRECT = 2021

www.transplantationdirect.com

Adjusted associations of type of induction therapy with posttransplant outcomes by delayed graft function (adjusted for

recipient and transplant factors in Table 1)

Outcome Type of induction therapy

No DGF
aHR (95% Cl)

DGF
aHR (95% Cl)

1-y outcomes
All-cause death IL2rAb alone
ATG alone
IL2rAb +ATG
IL2rAb alone
ATG alone
IL2rAb +ATG
IL2rAb alone
ATG alone

IL2rAb +ATG

Death-censored graft failure

All-cause graft failure

5-y outcomes
All-cause death IL2rAb alone
ATG alone
IL2rAb +ATG
IL2rAb alone
ATG alone
IL2rAb +ATG
IL2rAb alone
ATG alone
IL2rAb +ATG

Death-censored graft failure

All-cause graft failure

1.01 (0.92-1.10)
Referent
1.31 (1.11-1.56)*
1.01 (0.90-1.13)
Referent
1.32 (1.08-1.61)*
0.99 (0.92-1.07)
Referent
1.31 (1.15-1.50)f

1.22 (1.09-1.37)
Referent
1.23 (1.03-1.47)
0.95 (0.85-1.06)
Referent
1.00 (0.85-1.17)
1.06 (0.98-1.15)
Referent
1.05(0.92-1.19)

1.07 (1.02-1.12)*
Referent
1.14 (1.04-1.25)
0.98 (0.93-1.03)

1.13 (1.06-1.21)t
Referent

1.12 (1.01-1.25)"

1.01 (0.94-1.09)

Referent Referent
1.15(1.05-1.27)* 1.05(0.94-1.18)
1.03 (0.99-1.06) 1.08 (1.02-1.14)

Referent Referent

1.14 (1.07-1.22)t 1.05 (0.97-1.14)

*P<0.05-0.002.
1P=0.001-0.0001.
$P<0.0001.

aHR, adjusted hazard ratio; ATG, antithymocyte globulin; Cl, confidence interval; DGF, delayed graft function; IL2rAb, interleukin-2 receptor-blocking antibodies.

that further research is needed to better understand the prog-
nostic indicators associated with poor outcomes and whether
the addition of ATG to IL2rAb in the setting of delayed graft
function affects long-term patient and graft survival.

There are limitations worth noting. As mentioned, the
SRTR does not collect data on induction scheduling or dos-
ing, so we were unable to determine the order or timing of
dual induction therapy or compare the cumulative dosing
received between the groups. Although data from the SRTR
differentiate use between induction versus rejection therapy,
SRTR does not collect information on rationale for choice
of regimen; thus, we were unable to determine if the use of
dual induction therapy was planned versus unplanned. The
database lacked complete information on variables that may
be confounders for induction therapy use and outcomes of
death and graft failure, including frailty, perioperative hypo-
tension, and bleeding risk. Also, we did not have comprehen-
sive data on biopsy-proven rejection (including pathology
results) or subsequent treatment of rejection in our national
data set. However, we were able to distinguish between the
use of IL2rAb and ATG as induction therapy versus rejection
therapy. As previously discussed, there is the potential for
confounding by indication, wherein recipients of dual induc-
tion therapy had worse outcomes due to the indication for
IL2rAb+ATG, such as slow or delayed graft function, rather
than the therapy itself. In our study, we were able to perform
subgroup analyses by the presence or absence of delayed
graft function to explore this possibility. We also focused our
analyses on IL2rAb and ATG induction and did not include
other induction regimens such as alemtuzumab, as this was
beyond the scope of our research question but warrants fur-
ther investigation based on our findings. Finally, as this was

an observational study, we are only able to describe correlates
and outcomes of IL2rAb+ATG induction and cannot infer
that interventions aimed at reducing the use of dual induction
therapy will improve outcomes.

Induction therapy is the most potent immunosuppression
used immediately posttransplant to prevent acute rejection but
at a risk of potential morbidity and mortality that may negate
any potential benefit related to prolonging graft survival. Our
study suggests that 1 in 20 kidney transplant recipients receive
both IL2rAb+ATG for induction therapy and that these recipi-
ents have an increased risk of death and graft loss compared
with those who receive ATG alone. Ideally, induction therapy
is tailored to the individual’s immunological risk profile to
optimize lymphocyte depletion while minimizing toxicity and
associated costs. This risk assessment profile considers many
recipient and donor factors, and there are currently no vali-
dated prediction tools to help physicians make decisions when
it comes to choosing the right type or combination of induc-
tion therapy for a given patient. Further research is needed
to develop risk-prediction tools to guide the safe and optimal
induction protocol for kidney transplant recipients. Better tools
are needed to identify recipients who may benefit from planned
dual induction therapy while avoiding its unplanned use.
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