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SUMMARY

Induction therapy with rabbit anti-thymocyte globulin (rATG) in low-risk
kidney transplant recipients (KTR) remains controversial, given the associ-
ated increased risk of cytomegalovirus (CMV) infection. This natural
experiment compared 12-month clinical outcomes in low-risk KTR with-
out CMV prophylaxis (January/3/13–September/16/15) receiving no induc-
tion or a single 3 mg/kg dose of rATG. We used logistic regression to
characterize delayed graft function (DGF), negative binomial to character-
ize length of hospital stay (LOS), and Cox regression to characterize acute
rejection (AR), CMV infection, graft loss, death, and hospital readmissions.
Recipients receiving 3 mg/kg rATG had an 81% lower risk of AR (aHR

0.140.190.25, P < 0.001) but no increased rate of hospital readmissions
because of infections (0.680.911.21, P = 0.5). There was no association
between 3 mg/kg rATG and CMV infection/disease (aHR 0.861.101.40,
P = 0.5), even when the analysis was stratified according to recipient CMV
serostatus positive (aHR 0.941.251.65, P = 0.1) and negative (aHR

0.280.571.16, P = 0.1). There was no association between 3 mg/kg rATG and
mortality (aHR 0.511.253.08, P = 0.6), and graft loss (aHR 0.340.731.55,
P = 0.4). Among low-risk KTR receiving no CMV pharmacological pro-
phylaxis, 3 mg/kg rATG induction was associated with a significant reduc-
tion in the incidence of AR without an increased risk of CMV infection,
regardless of recipient pretransplant CMV serostatus.
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Introduction

The goal of immunosuppression in kidney transplanta-

tion is to prevent acute rejection and maintain long-

term allograft function without causing adverse effects.

Currently, the majority of kidney transplant recipients

(KTR) receive induction therapy in order to avoid early

acute rejection (AR), which has historically been associ-

ated with graft loss [1]. Recent guidelines recommended

basiliximab as the first-line agent for patients at lower

risk and rabbit anti-thymocyte globulin (rATG) for

those at higher risk of AR [2,3].

The combination of tacrolimus, mycophenolate and

prednisone is considered the standard of care therapy for

kidney transplant recipients. Yet, in our local population,

tolerability and safety of mycophenolate is limited by the

disproportional incidence of gastrointestinal, bone mar-

row and cytomegalovirus (CMV) infection adverse

events, leading to premature drug discontinuation [4].

Hence, this drug combination is limited to higher risk

patients, namely highly sensitized patients and those at

higher risk to develop delayed graft function [5]. Accord-

ingly, the combination of tacrolimus (TAC), azathioprine

(AZA), and prednisone (PRED) has been used in low

immunological risk KTR. In this group of patients, the

use of induction therapy with basiliximab [6,7] or substi-

tution of azathioprine by mycophenolate [8] may not

provide substantial efficacy, safety and cost advantage. In

two independent cohorts of patients receiving TAC, AZA,

and PRED without induction therapy, we recently

showed that the incidence of AR was 32% and of CMV

infection was 30% [9], and that the incidence of CMV

infection after treatment of AR was 47% [10].

While induction therapy with rATG is standard of

care for KTR at high risk of AR, the use in patients at

low immunological risk remains controversial [11,12].

Interestingly, utilization of rATG in low immunological

risk patients has recently increased to over 40%, per-

haps to further reduce the incidence of rejection

[13,14]. On the other hand, the appropriate dose, which

balances side effects and efficacy, remains debated, given

the potential increase in the incidence of infections, par-

ticularly CMV infection [15,16]. Depending on recipi-

ent’s immune status, 40–90% of the patients develop

CMV viremia, and, in immunological na€ıve patients, up

to 65% of the individuals develop symptomatic disease

[17]. In a recent randomized trial, we observed a low

incidence of AR (9.4%) and CMV infection (4.7%) in

patients receiving 3 mg/kg of rATG induction, low-dose

TAC, and everolimus in KTR receiving no pharmaco-

logical prophylaxis for CMV infection [18]. This

immunosuppressive regimen, previously with basilix-

imab and currently with rATG induction, has also been

used in low immunological risk KTR [19].

Therefore, we hypothesized that the use of a single

3 mg/kg of rATG would be associated with significant

reduction in the incidence of AR in patients receiving

TAC, AZA, and PRED and no CMV prophylaxis. This

strategy may reduce the need for treatment of CMV infec-

tion that occurs after the treatment of AR, providing an

effective and safe strategy compared with no induction.

Materials and methods

Study design

This was a natural experiment in which all recipients of

kidney transplants, except living donor HLA identical,

started receiving 3 mg/kg of rATG for induction ther-

apy from June 17, 2014, at our institution, regardless of

the maintenance immunosuppressive drug combination

as per institutional protocols (Fig. S1). Therefore, two

retrospective cohorts of consecutive low immunological

risk adult KTR who received maintenance immunosup-

pression therapy with TAC, AZA, and PRED were con-

structed. From June 17, 2014, to September 16, 2015,

there were 1126 kidney transplants of which 466 were

included in the experimental group (r-ATG 3 mg/kg).

For the control group (no-induction), we then identi-

fied 466 consecutive kidney transplants who did not

receive induction therapy before June 17, 2014 (Fig. 1).

Data were collected up to September 16, 2016.

We compared the 12-month incidence of acute rejec-

tion and CMV infection, patient and graft survival, and

hospital readmissions among patients receiving single

3 mg/kg of ATG versus no induction with tacrolimus

(TAC), prednisone (PRED), azathioprine (AZA), and

no pharmacological CMV prophylaxis. The study was

approved by the local Research Ethics Committee at

Universidade Federal de S~ao Paulo (UNIFESP) under

registration C.A.A.E ID: 49776815.4.0000.5505.

Study population

All patients had a negative complement-dependent cytotox-

icity cross-match, a panel-reactive antibody (PRA) lower

than 50%, no preformed A, B, and DR donor-specific anti-

bodies with mean fluorescence intensity higher than 1500,

and received an ABO-compatible renal allograft from living

or standard deceased donors. We excluded KTR with pre-

transplant serologies positive for human immunodeficiency

virus (HIV), hepatitis C virus (HCV), or hepatitis B virus
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surface antigen (HBsAg) and those who underwent simul-

taneous pancreas–kidney and pediatric transplantation.

Recipients who did not receive immunosuppression ther-

apy because of early graft loss, received induction therapy

with basiliximab, or received initial immunosuppressive

therapy including cyclosporine, everolimus, and mycophe-

nolate were excluded from the analysis.

Immunosuppression protocol

Induction therapy consisted of a single 3 mg/kg dose of

rATG administered intravenously over 8 h beginning

within the first 24 h after graft revascularization.

All recipients in both groups received TAC 0.1 mg/kg

twice daily, with doses adjusted to maintain blood concen-

trations between 5 and 15 ng/ml, combined with 2 mg/kg

of AZA. All recipients were initiated on intravenous

methylprednisolone (500 mg) intraoperatively. Recipients

received 0.5 mg/kg oral PRED, and the dose was reduced

to a daily 5 mg doses by the end of the first month.

Prophylaxis

All patients received a 5 day course of 400 mg of alben-

dazole and continuous use of sulfamethoxazole–
trimethoprim. None of the patients received pharmaco-

logical prophylaxis for CMV infection. Preemptive

strategy was used only for donor (+) and recipient (�)

CMV serostatus combination (D+/R�), and after treat-

ment of AR episodes. The other patients were monitored

at the physician discretion. This targeted strategy was

based on the low incidence of CMV disease in this

patients receiving AZA [9] but higher incidence after

treatment of AR [10]. The preemptive therapy consisted

of every other week monitoring the viral replication from

the third week after transplantation until the end of the

third month, using the CMV pp65 antigenemia assay.

Primary and secondary outcomes

The primary outcome of this analysis was to compare

the incidence of biopsy-confirmed acute rejection

(BPAR) between the no-induction and the rATG 3 mg/

kg groups. Secondary outcomes included the incidence

of CMV infection and disease, incidence of delayed graft

function, severity of BPAR according to Banff classifica-

tion and response to treatment, all treated acute rejec-

tion episodes, and treatment of acute rejection, length

of hospital stay, and incidence of hospital readmissions.

DGF and acute rejection in the first year

Delayed graft function was defined as the need of

dialysis during the first week after transplantation,

Figure 1 Disposition of the study population.
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excluding a single dialysis for hypervolemia and/or

hyperkalemia. AR was defined as any report of treated

AR episode in the first year post-transplant including

clinical acute rejections and biopsy-proven acute rejec-

tion (BPAR). Clinical acute rejections were defined as

graft dysfunction without histological evidence of

rejection, including borderline changes, and treated

with methylprednisolone for at least three days. The

episodes of BPAR were graded according to the Banff

2009 criteria (IA or higher). Three pathologists, una-

ware of the details of the clinical scenario, including

the immunosuppressive regimen, graded the biopsies.

As a sensitive analysis, we also examined those with

BPAR only. Severe rejections were defined as those

episodes treated with rATG based on histological

severity or resistant to steroid treatment. We used a

Cox proportional hazards model to estimate the asso-

ciation in an adjusted framework. The final model

was adjusted for pretransplant CMV serologic status,

donor type, donor terminal creatinine, cold ischemia

time (CIT), donor history of hypertension, and HLA

mismatches.

CMV infection or disease

Cytomegalovirus infection was defined as the presence

of more than 10 infected cells in a total of 200 000

peripheral blood neutrophils in asymptomatic patients

based on CMV pp65 antigenemia assay. CMV disease

was diagnosed based on the presence of CMV-related

signs or symptoms including fever, asthenia, myalgia,

leukopenia, thrombocytopenia, or liver enzymes abnor-

malities, and the presence of any number of CMV

pp65-infected cells. CMV infection or disease was trea-

ted with intravenous ganciclovir for at least 14 days

with weekly monitoring of viral replication. Treatment

was continued for 1 week after the first negative CMV

pp65 antigenemia test.

Length of stay for the transplant hospitalizations and
post-KT hospital readmissions

We estimated the independent association between

3 mg/kg ATG and length of stay (LOS) using negative

binomial regression (ratio of time). Post-KT readmis-

sions were defined as hospital admissions after discharge

from the transplant hospitalization. Recipients who died

(n = 7) before initial discharge after KT were excluded.

KT recipients who had graft loss (n = 9) before dis-

charge, but did not die, were also excluded from the

analysis.

Death-censored graft loss and mortality

The cumulative incidence of death-censored graft loss

and mortality was measured within the first year post-

KT and compared between 3 mg/kg rATG and no

induction. Graft loss was defined as the need for perma-

nent return to dialysis. Loss to follow-up was defined

by the lack of information for more than 6 months.

Statistical analysis

Continuous variables were presented as mean and stan-

dard deviation or medians [interquartile range (IQR)],

depending on normality. Differences among the groups

were identified using independent-samples Mann–Whit-

ney tests or t-test student. Categorical variables were

presented as frequency and percentage, and differences

among groups were identified using the chi-square or

Fisher’s exact test. We used logistic regression to esti-

mate the association between rATG and DGF. Cox pro-

portional hazards models were used to estimate the

association between ATG and CMV infection, treated

acute rejection, BPAR, post-KT readmission graft loss,

and mortality. The final model was adjusted for pre-

transplant CMV serologic status, donor type, donor ter-

minal creatinine, CIT, donor history of hypertension,

and HLA mismatches. We also tested for effect modifi-

cation for the association between 3 mg/kg ATG and

CMV infection by recipient pretransplant CMV sero-

logic status using the similar model describe above. All

hazard ratios and 95% confidence intervals were

reported as recommended by Louis and Zeger [20].

Survival curves were obtained by the Kaplan–Meier

method. Differences among the groups were identified

by the log-rank test. All statistical analyses were per-

formed using STATA version 14.0 (StataCorp, College

Station, TX, USA) with two-sided hypothesis testing

and P < 0.05 as the criteria for statistical significance.

Results

Study population

There were 2410 transplants between January 2013 and

September 2015, 1284 before and 1126 after June 17.

Patients with pediatric transplants, combined kidney

and pancreas transplants, and retransplants, recipients

treated with mycophenolate, cyclosporine, and everoli-

mus, and those with positive viral serology were

excluded. Also, patients receiving induction therapy in

the first period and those who did not receive rATG
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induction in the second period were excluded. The dis-

tribution of these patients in each period is listed in

Fig. 1. The final study cohort included 466 KTR who

received 3 mg/kg rATG and 466 KTR receiving no

induction.

Characteristics of recipients by induction category

Recipients who received 3 mg/kg ATG and no induc-

tion were similar regarding age, sex, race, PRA, time on

dialysis, and total number of HLA mismatches. They

received a similar proportion of live donor kidney

transplants (33.3% vs. 38.8%, P = 0.08), and for those

who received standard deceased donors, a similar Kid-

ney Donor Profile Index (KDPI; 51.0 vs. 52.0%,

P = 0.9) was obtained. Compared with recipients

receiving no induction, those who received 3 mg/kg

ATG had slightly longer cold ischemia time (22.0 vs.

21.0 h; P < 0.001), higher mean terminal creatinine of

deceased donors (1.5 vs. 1.3 mg/dl; P < 0.001), and

lower number of donors with history of hypertension

(20.6% vs. 27.7%). The most prevalent pretransplant

CMV serologic status was donor (+)/ recipient (+) in

both groups (85.6% vs. 86.1%). KT recipients receiving

ATG 3 mg/kg had higher number of recipients with the

high-risk pretransplant CMV serostatus combination,

donor (+)/recipient (�; 10.7% vs. 6.0 %, P = 0.003;

Table 1).

Delayed graft function and acute rejection

Recipients receiving 3 mg/kg rATG had similar DGF

rates compared with those receiving no induction

(48.2% vs. 44.9%, Table 2) even after adjusting for

donor and recipient factors (Table 3).

There were no differences in median tacrolimus whole

blood trough concentrations at 1, 3, 6, and 12 months

(Fig. S1). The incidence of first treated acute rejection

(13.7% vs. 50.6%, P < 0.001) and first BPAR (5.8% vs.

22.7, P < 0.001) was lower among patients receiving

3 mg/kg rATG (Table 2). The median times to first trea-

ted acute rejection were 7 days (IQR 5–16) in the no-in-

duction group and 22.5 (IQR 9.5–63) days in the 3 mg/

kg rATG group. Overall, recipients who received 3 mg/

kg ATG were 80% less likely to have AR (Fig. 2a) and

BPAR (Fig. 2b). These findings were consistent after

adjusting for donor and recipient characteristics

(Table 3) and also with time-varying CMV infection

(Table S2). There were no Banff grade III and antibody-

mediated acute rejections among those who received

3 mg/kg ATG (Table 2). Severe rejection was 74% less

frequent among KT recipients receiving 3 mg/kg rATG

than among those receiving no induction (Table 3).

CMV Infection or disease

The overall incidence of CMV infection/disease was

33.7% in the 3 mg/kg rATG group and 27.3% in the

no-induction group, and there was no tissue-invasive

CMV disease. The median times to first CMV infection

were 53 (37–74) days in the no-induction group and 44

(IQR 31–64) in the 3 mg/kg rATG group. There were

no differences in the incidence of CMV infection/disease

in patients receiving preemptive therapy, either in D+/
R� CMV patients or after treatment of acute rejection.

On the other hand, among patients monitored at physi-

cian discretion, the incidence of CMV infection/disease

was higher in those receiving rATG (Table 4). There

were no differences in treatment duration [18 (IQR 14–
25) vs. 20 (IQR 14–22), P = 0.705] and recurrence rate

(29.1% vs. 35%, P = 0.291).

Overall, recipients receiving 3 mg/kg rATG had 1.33-

fold (HR: 1.051.331.68, P = 0.016) increased risk of CMV

infections, but after adjusting for donor and recipient

characteristics, including pretransplant CMV serostatus,

this risk was no longer observed (aHR 0.861.101.40,

P = 0.5) compared with patients receiving no induction

(Table 5). We found no association between pretrans-

plant CMV serologic status and rATG on the occur-

rence of CMV, except for the high-risk (D+/R�)

individuals (aHR 2.483.414.71, P < 0.001; Table 5).

The cumulative incidences of CMV infection/disease

among recipients with pretransplant serostatus positive

(31.6% and 23.9%) and negative (50% and 68.6%,

P = 0.086) in the 3 mg/kg rATG group and in the no-

induction group are shown in Fig. 3, respectively. In a

stratified unadjusted analysis, the risk of CMV infections

associated with 3 mg/kg rATG differed between recipi-

ents who were pretransplant CMV serostatus positive

and negative (p-interaction = 0.006). Among those who

were positive, 3 mg/kg rATG was a 1.44-fold increased

risk of CMV infections (HR: 1.111.441.86, P = 0.006,

Fig. 3a). Among recipients who were negative, 3 mg/kg

rATG was not associated with any increased risk of

CMV infections (HR: 0.390.681.19, P = 0.2, Fig. 3b). After

adjustment, risk of CMV infection still varied between

CMV-negative and CMV-positive recipients (p-interac-

tion = 0.001). However, the hazard ratio of CMV infec-

tion was no longer statistically significant in the positive

(aHR 0.941.251.65, P = 0.1) and in the negative (aHR

0.280.571.16, P = 0.1) groups. When we adjust for time-

varying AR in the time-to-CMV model, the new
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adjusted associations between ATG and CMV showed

similar results, with a HR 1.71 (95% CI 1.28–2.29,
P < 0.001) for the overall population, a HR 2.14 (95%

CI 1.56–2.93, P < 0.001) for CMV-positive recipients,

and a HR 0.66 (95% CI 0.31–1.39, P = 0.3) for CMV-

negative recipients (Table S1).

Table 1. Demographic characteristics of the study population.

Parameters No induction (n = 466) rATG 3 mg/kg (n = 466) P-value

Recipient age (years), median (IQR) 44.0 (33.0, 55.0) 43.0 (31.0, 54.0) 0.2
Recipient gender, male, % 61.4 66.1 0.1
Recipient race, %
Caucasian 43.3 40.6 0.8
Black 15.5 16.1
Mixed 38.8 40.3
Others 2.4 3.0

Cause of ESRD, %
Glomerulonephritis 24.5 20.0 0.2
Hypertension 9.0 9.9
Diabetes mellitus 11.2 14.4
Polycystic disease 6.9 8.6
Undetermined 39.1 40.6
Others 9.4 6.7

Type of dialysis, %
Hemodialysis 82.8 87.1 0.2
Peritoneal 4.3 4.3
No dialysis 9.2 5.6
Hemodialysis + peritoneal 3.6 3.0

Time on dialysis (months), median (IQR) 27.4 (11.0, 49.0) 28.1 (14.2, 50.8) 0.4
PRA class I, median (IQR) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.6
PRA class II, median (IQR) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.3
HLA-MM, median (IQR) 3.0 (2.0, 3.0) 2.0 (2.0, 3.0) 0.066
CMV IgG serologic status, %
D+/R+ 86.1 (n = 401) 85.6 (n = 399) 0.003
D+/R� 6.0 (n = 28) 10.7 (n = 50)
D�/R+ 6.4 (n = 30) 3.2 (n = 15)
D�/R� 1.5 (n = 7) 0.4 (n = 2)

Donor age (years), median (IQR) 44.0 (33.0, 51.0) 42.0 (33.0, 49.0) 0.2
Donor gender, male, % 51.1 56.2 0.1
Donor race, %
Caucasian 54.5 53.4 0.4
Black 10.7 11.4
Mixed 34.3 33.7
Others 0.4 1.5

Donor type, %
Living 38.8 33.3 0.08
Deceased 61.2 66.7

Donor death, %
Cerebrovascular 45.3 42.8 0.6
Trauma 42.8 46.9
Others 11.9 10.3

Terminal creatinine (mg/dl), median (IQR) 1.3 (0.9, 1.9) 1.5 (1.0, 2.7) <0.001
History of hypertension
Yes 27.7 20.6 0.041
No 72.3 79.4

Cold ischemia time (h), median (IQR) 21.0 (18.0, 26.0) 22.0 (19.0, 28.0) <0.001
KDPI, median (IQR) 52.0 (31.0, 68.0) 51.0 (33.0, 64.5) 0.9

ESRD, end-stage renal disease; KDPI, kidney donor profile index.
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Length of stay for the transplant hospitalizations and
Post-KT hospital readmissions

The median LOS for the transplant hospitalizations was

7 days in the 3 mg/kg rATG group and 8 days in the

no-induction group (Table 6). Overall, recipients receiv-

ing 3 mg/kg rATG had 0.12-fold shorter LOS for the

transplant than those who received no induction (aRR

�0.19�0.12�0.04, P = 0.002, Table 7). Among KTR

receiving 3 mg/kg rATG, 42.7% had a post-KT hospital

readmission compared with 41.2% of those who did

not receive induction (HR 0.821.001.23, P = 0.9). After

adjustment, we found no associations between 3 mg/kg

ATG and post-KT hospital readmissions (aHR

0.750.931.14, P = 0.5; Table 7). Compared with the most

prevalent pretransplant (D+/R+) CMV serostatus, the

high-risk (D+/R�) serostatus combination had 1.62-

fold increased risk of post-KT hospital readmissions

during first year post-KT (aHR 1.171.622.24, P = 0.003).

The 3 mg/kg rATG was not associated with an increased

Table 2. Clinical outcomes.

No induction
N = 466

rATG 3 mg/kg
N = 466 P-value

Delayed graft function*, N (%) 128 (44.9) 150 (48.2) 0.417
1st treated acute rejection, N (%) 236 (50.6) 64 (13.7) <0.001
Biopsy-proven acute rejection, N (%) 106 (22.7) 27 (5.8) <0.001
IA, N (%) 42 (39.6) 9 (33.4)
IB, N (%) 41 (38.7) 6 (22.2)
IIA, N (%) 18 (17.0) 10 (37.0)
IIB, N (%) 2 (1.9) 2 (7.4)
III, N (%) 1 (0.9) 0
ABMR, N (%) 2 (1.9) 0

Clinical acute rejection, N (%) 130 (27.9) 37 (7.9) <0.001
Borderline changes 43 (9.2) 16 (3.4)
Clinical assessment 87 (18.7) 21 (4.5)

Severe acute rejection, N (%) 37 (7.9) 13 (2.8) <0.001
Biopsy scores 9 7
Steroid resistant 28 6

Treatment, N (%) 238 64
MP 197 (83.5) 51 (79.7)
MP + rATG 28 (11.9) 6 (9.4)
MP + PF + IVIG 1 (0.4) 0
rATG 8 (3.4) 7 (10.9)
rATG + PP 1 (0.4) 0
PP 1 (0.4) 0

ABMR, antibody-mediated rejection; IVIG, intravenous immunoglobulin; MP, methylprednisolone; PP, plasmapheresis; rATG,
rabbit anti-thymocyte globulin.

Table 3. Risk of delayed graft function, treated acute rejection, biopsy-proven acute rejection, and severe acute
rejection within the first year by induction therapy.

rATG 3 mg/kg vs. no induction

Unadjusted P-value Adjusted* P-value

Logistic regression model
DGF 0.831.141.58 0.4 0.670.951.34 0.8

Cox proportional hazards models
Treated acute rejection 0.150.200.26 <0.001 0.140.190.25 <0.001
Biopsy-proven acute rejection 0.120.190.29 <0.001 0.120.190.30 <0.001
Severe acute rejection 0.140.260.50 <0.001 0.140.260.50 <0.001

*Adjusted for pretransplant CMV serologic status, donor type, donor terminal creatinine, donor history of hypertension, cold
ischemia time, and HLA mismatches.
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risk of post-KT hospital readmissions because of infec-

tion complications compared with no induction (22.7%

vs. 21.2%, HR: 0.791.041.37, P = 0.8), and remained non-

significant after adjustments (aHR: 0.680.911.21, 0.5).

Recipients receiving 3 mg/kg rATG were 57% less likely

to have experienced post-KT readmissions because of

AR (4.3% vs. 9.6%, HR: 0.250.430.73, P = 0.002). This

was consistent after adjustments (aHR: 0.240.410.71,

P = 0.002; Table 7).

Mortality and death-censored graft failure

There were no differences in patient (97.2% vs. 98.0%)

and death-censored graft (97.1% vs. 96.2%) survivals

comparing recipients receiving 3 mg/kg rATG and no

induction. Patients receiving 3 mg/kg rATG showed no

increased risk for mortality (HR: 0.511.253.08, P = 0.6,

Fig. 4a) and death-censored graft failure (HR:

0.370.761.56, P = 0.5, Fig. 4b) at 1 year post-KT. These

findings were consistent after adjusting for donor and

recipient characteristics for both mortality (aHR

0.611.443.37, P = 0.4) and death-censored graft failure

(aHR 0.340.731.55, P = 0.4).

p < 0.001 Log rank test 

p < 0.001 Log rank test

(a)

(b)

Figure 2 Cumulative incidence of (a) treated acute rejection and (b)

biopsy-proven acute rejection in the first year after kidney transplant

in low-risk recipients who received rATG 3 m/kg compared with

those who received no induction.

Table 4. Incidence of first CMV event according to preemptive therapy group.

Preemptive group

No induction (n = 466) rATG 3 mg/kg (n = 466)

Patients, n 1st CMV event, n (%) Patients, n 1st CMV event, n (%)

D+/R- CMV 28 11 (39) 50 21 (42)
Infection 6 (54.5) 15 (71.4)
Disease 5 (45.5) 6 (28.6)

After AR 236 84 (36) 64 26 (41)
Infection 53 (63.1) 16 (61.5)
Disease 31 (36.9) 10 (38.5)

Physician discretion 202 32 (16) 352 110 (31)
Infection 19 (59.4) 56 (50.9)
Disease 13 (40.6) 54 (49.1)

Total 466 127 (27.3) 466 157 (33.7)

Table 5. Risk factors associated with CMV infection after
kidney transplantation.

CMV infections

Unadjusted Adjusted

rATG 3 mg/kg 1.051.331.68 0.861.101.40
CMV serologic status
D+/R+ (reference)
D+/R� 2.483.414.71
D�/R+ 0.49 0.88 1.59

D�/R� 0.251.024.13
Deceased donors 0.811.452.62
Donor terminal creatinine (mg/dl) 1.041.121.20
Cold ischemia time (h) 0.970.991.02
History of donor hypertension 0.620.871.23
HLA mismatches 0.910.991.09

All adjusted hazard ratios are from a single adjusted Cox pro-
portional hazards model for CMV infections.
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Discussion

In this study, we present the results of our retrospective

analysis, comparing outcomes for low-risk kidney trans-

plants performed in two distinct induction therapy eras.

We observed that KTR receiving a single 3 mg/kg dose

of rATG experienced 80% lower risk of AR during the

first year post-KT compared with those receiving no-in-

duction therapies despite the perceived lower risk of AR

in this selected population. Furthermore, we found that

the use of rATG dose was not independently associated

with an increased risk of CMV infections, despite recipi-

ents not receiving pharmacological prophylaxis. In addi-

tion, risk of mortality, death-censored graft survival,

and post-KT hospital readmissions were similar among

KT recipients in both regimens.

The combination of tacrolimus, azathioprine, and

prednisone is not considered the standard of care ther-

apy. We are still using this drug combination based on

the large US cohort analysis showing similar long-term

outcomes compared with mycophenolate, despite higher

incidence of acute rejection [8]. Furthermore, in our

kidney transplant population, the tolerability of

mycophenolate is lower [4] and the incidence of CMV

infection/disease is higher, thus limiting its use to

higher risk patients [5].

Traditionally, nonsensitized, living and standard

deceased donor KTR are presumed to be at lower risk

for acute rejection than sensitized and expanded criteria

donor recipients. Yet, the observed high incidence of

biopsy-confirmed acute rejection among patients receiv-

ing no induction (22.7%) is comparable to earlier pub-

lished studies, between 17% [21] and up to 35% [22–
24]. On the other hand, such a low incidence of biopsy-

proven acute rejection (5.8%) among patients receiving

3 mg/kg rATG has not been observed in low-risk

patients receiving basiliximab induction, TAC, and

mycophenolate [6,7]. The single 3 mg/kg dose of rATG

is lower than that recently reported (5–6 mg/kg)

[25,26], and still was associated with a 80% lower risk

of AR compared with no induction, consistent with pre-

vious studies that generally reported lower rejection

rates with rATG [13,27]. Although some center men-

tions r-ATG may not be justified in low-risk transplant

recipients, we and previous studies [28,29] document a

low incidence of AR associated with rATG, providing

support to the idea that rATG costs may be offset by

reduced clinical costs associated with diagnosis, manage-

ment and hospital readmissions of fewer patients with

less severe rejection episodes.

In our study, where 36% of recipients received allo-

grafts from living donors and 64% from standard

deceased donors, 3 mg/kg rATG administered within

24 h after revascularization was not associated with

p = 0.006 Log rank test

p = 0.2 Log rank test

(a)

(b)

Figure 3 Cumulative incidence of CMV infections according to pre-

transplant recipient CMV serostatus (a) positive and (b) negative in

low-risk recipients who received rATG 3 m/kg compared with those

who received no induction.

Table 6. Length of stay and hospital readmissions
according to induction therapy.

No induction
(n = 466)

rATG
3 mg/kg
(n = 466) P-value

Length of stay
for KT (IQR)

8 (6–13) 7 (5–12) 0.075

Hospital readmissions 192 (41.2) 199 (42.7) 0.216
Readmissions
because of
infections

99 (21.2) 106 (22.7) 0.580

Readmissions
because of
acute rejection

45 (9.6) 20 (4.3) <0.001
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reduced incidence of DGF as observed previously [30].

The timing of rATG administration and the longer CIT

might be involved in this discrepancy. We also observed

a shorter LOS among those receiving 3 mg/kg rATG

than no induction, consistent with a recent published

study who reported that 3 mg/kg rATG administrated

intraoperatively was associated with a reduction in LOS.

It is possible to be because of a less frequent dosing and

reduced treatment for acute rejection in the transplant

hospitalization [14].

This immunosuppressive protocol also proved to be

safe, as illustrated by comparable rates of CMV infection,

regardless of the lack of CMV prophylaxis and the use of

targeted preemptive therapy. The ideal preventive strat-

egy, universal prophylaxis or preemptive therapy, is still

open for debate according to the last international consen-

sus [31]. We opted for preemptive therapy for several rea-

sons, including our low proportion of high-risk D+/R�
patients (6%), the relatively low incidence and short dura-

tion of the treatment of CMV infection with ganciclovir,

and the high cost and the high incidence of neutropenia

associated with the use of valganciclovir. A recent study

showed that among 40 D+/R� kidney transplant recipi-

ents receiving pharmacological prophylaxis for 200 days,

the incidence of neutropenia was 53%, 30% had to

reduce/discontinue MPA and 35% valganciclovir, with

still 15% late CMV infection. In the same study, among 92

R+ patients receiving preemptive therapy, 40% were trea-

ted for CMV, with a mean duration of 21 days, and only

5% developed neutropenia [32]. A recent multicenter,

open-label, randomized clinical study showed that the

incidence of CMV infection or disease was 11.5% among

patients receiving prophylaxis and 39.7% in those receiv-

ing preemptive therapy. Interestingly, both strategies were

similarly effective in preventing graft loss and death after a

follow-up of up to 84 months [33], a finding also

observed in an independent cohort study [34]. Therefore,

the incidence of CMV infection/disease in our cohort is

Table 7. The association between rATG 3 mg/kg induction and length of stay and post-KT readmissions.

rATG 3 mg/kg vs. no induction

Unadjusted P-value Adjusted* P-value

LOS for KT† �0.10�0.03�0.05 0.5 �0.19�0.12�0.04 0.002
Post-KT hospital readmissions‡ 0.821.001.23 0.9 0.750.931.14 0.5
Post-KT readmissions because of infections‡ 0.791.041.37 0.8 0.680.911.21 0.5
Post-KT readmissions because of AR‡ 0.250.430.73 0.002 0.240.410.71 0.002

AR, acute rejection; KT, kidney transplant; LOS, length of stay; rATG, anti-thymocyte globulin.

Subscript indicates upper and lower bounds of a 95% confidence interval.

*Adjusted for CMV serologic status, donor type, donor terminal creatinine, donor history of hypertension, cold ischemia time,
and HLA mismatches.

†Relative rate derived from negative binomial regression.

‡Hazard ratios derived from Cox proportional hazards models.

Figure 4 Mortality (a) and death-censored graft failure (b) in low-risk

recipients who received rATG 3 m/kg compared with those who

received no induction.
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lower than that observed in contemporaneous studies

using preemptive strategies.

Accounting for baseline characteristics, the risk of

CMV infection was similar among recipients receiving

3 mg/kg rATG compared with no induction (aHR

0.861.101.40, P = 0.5). Several factors might be associated

with this observation, including the use of a lower

rATG dose, the use of AZA instead of mycophenolate,

the 80% reduction in the incidence and severity of AR,

and the 74% reduction in severe AR treated with rATG.

Furthermore, we have found that the CMV D+/R�
was a risk factor for CMV infection, whereas 3 mg/kg

rATG was not, suggesting that CMV infection was dri-

ven by pretransplant CMV serologic status. In line with

this observation, a recent study confirmed that D+R�
KTRs have the highest risk of CMV DNAemia, which is

not increased by the use of rATG [35]. We confirmed by

effect modification analysis that the association between

CMV infection and rATG was modified by recipient pre-

transplant CMV serostatus. However, after adjustments

for baseline characteristics, CMV infection was no longer

statistically significant in either group (R+ and R�), sug-

gesting that the use of 3 mg/kg of ATG was not associ-

ated with an increased risk of CMV infections, regardless

of the pretransplant CMV serologic status.

There were no differences in the incidence of CMV

infection/disease in patients receiving preemptive ther-

apy, both in the CMV D+/R� high-risk group and after

treatment for AR. In one previous cohort analysis, we

showed that 47% of patients treated for acute rejection

during the first year after transplantation developed

CMV infection/disease [10]. The significant reduction

in the incidence of acute rejection in patients receiving

rATG induction is therefore associated with lower inci-

dence of CMV infection/disease. On the other hand, in

patients monitored by physician discretion the incidence

of CMV infection/disease was higher in the rATG group

compared with the no-induction group, perhaps

because of the known higher perceived risk. Also, the

proportion of patients with CMV infection was higher

in the CMV D+/R� high-risk group and in those

patients monitored by physician discretion, suggesting

that the use of rATG was associated with earlier diagno-

sis, before development of any signals and symptoms.

These data suggest that the higher incidence of CMV

infection/disease in patients monitored at the discretion

of the physician is compensated by a significant reduc-

tion in the number of CMV infection/disease observed

after treatment of AR, confirming our initial hypothesis.

The use of 3 mg/kg of rATG was associated with

shorter initial hospital stay and lower number of

readmission because of AR. Yet, consistent with previ-

ous studies, we found that despite the reduction in AR

incidence, there was no difference in death-censored

graft survival. Also, the use of 3 mg/kg of rATG was

not associated with increased mortality at 12 months.

Our study has several limitations that merit considera-

tion. The single-center nature of the study, retrospective

design, demographic characteristics of the population,

and lack of CMV prophylaxis, even for high-risk D+/R�
KT, cannot exclude the potential for intervention bias or

the role of unmeasured confounding variables. The

unique targeted preemptive strategy prevents extrapola-

tion of the data to other populations. However, we

accounted for confounding and treatment selection bias

using adjusted logistic regression models. We also feel

that the disadvantages of a retrospective study are miti-

gated by our ability to harness a natural experiment cre-

ated by the introduction of an induction protocol

change. Furthermore, to our knowledge, this is the first

report of the impact of a single 3 mg/kg dose of ATG on

the incidence of AR and CMV infection in low-risk KT

recipients with no pharmacological CMV prophylaxis.

This cohort study highlights that the use of a single

3 mg/kg dose of rATG in combination with tacrolimus

and azathioprine, a drug that currently is not standard,

combined with a preemptive approach for the preven-

tion of CMV infection is safe, effective, and undoubtedly

associated with significant cost savings. This inference is

based on simple direct cost analysis. First, the annual

cost of the combination of tacrolimus and mycopheno-

late is 2.8 times higher compared with tacrolimus and

azathioprine (US$ 1048.00 vs. US$ 368.00) for each

patient receiving standard doses of each drug combina-

tion, based on the unitary cost paid by the national pub-

lic unified health system (https://paineldeprecos.planeja

mento.gov.br/). Secondly, the incidence of CMV infec-

tion/disease is higher among patients receiving rATG

3 mg/kg in combination with tacrolimus and mycophe-

nolate (62.5%) [5] than in those receiving tacrolimus

and azathioprine in this analysis (33.7%). Finally, addi-

tional US$ 7654.00 would be necessary only to provide

CMV prophylaxis for 90 days with valganciclovir,

regardless of the immunosuppressive drug combination.

Clearly, tacrolimus and azathioprine without induction

therapy and with preemptive CMV strategy were associ-

ated with higher incidence of acute rejection and CMV

infection compared with the standard of care in combina-

tion with universal CMV pharmacological prophylaxis.

Yet, the addition of rATG 3 mg/kg induction therapy is

now providing low incidence of acute rejection compara-

ble to the standard of care. Lastly, instead of exposing all
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patients to at least 90 days of CMV pharmacological pro-

phylaxis, we have the option to treat only 35% of them in

the outpatient setting with intravenous ganciclovir for a

mean time of 20 days at an overall cost of U$ 112.00.

These findings are in agreement with a previous

prospective randomized trial supporting the choice of

azathioprine over mycophenolate in renal transplant

patients receiving cyclosporine microemulsion [36].

This immunosuppressive strategy is an alternative to the

current standard of care therapy and seems to be cost-

effective, especially when access to mycophenolate and

valganciclovir is limited because of cost constraints [37].

Nonetheless, longer follow-up is required to provide

efficacy data for the prevention of de novo DSA forma-

tion and development of late acute and chronic anti-

body-mediated rejection.

In summary, among low-risk KTR receiving azathio-

prine and preemptive CMV therapy, a single 3 mg/kg

dose of ATG was associated with a significant reduction

in the AR without increasing the risk of CMV infection,

regardless of recipient pretransplant CMV serostatus.
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