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Abstract
AIM: To analyze the impact of steroid maintenance on 
the outcomes in kidney transplant recipients stratified 
by induction agent received.

METHODS: Patients who underwent first-time de-
ceased donor kidney transplantation between 2000 
and 2008 after receiving induction therapy with rabbit-
antithymocyte globulin (r-ATG), alemtuzumab or an 
interleukin-2 receptor blocker (IL-2B) and discharged 
on a calcineurin inhibitor (CNI)/mycophenolate mofetil 
(MMF)-regimen along with or without steroids were 
identified from the Organ Procurement and Transplant 
Network/United Network of Organ Sharing database. 

For each induction type, adjusted overall and death-
censored graft as well as patient survivals were com-
pared between patients discharged on steroid vs  no 
steroid. Among r-ATG induced patients, analysis was 
repeated after splitting the group into low and high im-
mune risk groups.

RESULTS: Among the 37217 patients included in the 
analysis, 17863 received r-ATG (steroid = 13001, no-
steroid = 4862), 3028 alemtuzumab (steroid = 852, 
no-steroid = 2176) and 16326 IL-2B (steroid = 15008, 
no-steroid = 1318). Adjusted overall graft survival was 
inferior (HR = 1.16, 95%CI: 1.06-1.27, P  = 0.002) 
with similar death-censored graft survival (HR = 0.99, 
95%CI: 0.86-1.14, P  = 0.86) for steroid vs  no-steroid 
groups in r-ATG induced patients. Both adjusted overall 
and death-censored graft survivals for steroid vs  no-
steroid groups were similar in alemtuzumab (HR = 0.92, 
95%CI: 0.73-1.15, P  = 0.47 and HR = 0.87, 95%CI: 
0.62-1.22, P  = 0.43 respectively) and IL-2B (HR = 1.05, 
95%CI: 0.91-1.21, P  = 0.48 and HR = 0.94, 95%CI: 
0.75-1.18, P  = 0.60 respectively) induced groups. Ad-
justed patient survivals were inferior for steroid vs  no-
steroid groups in r-ATG induced (HR = 1.31, 95%CI: 
1.15-1.49, P  < 0.001) but similar in alemtuzumab (HR 
= 1.02, 95%CI: 0.75-1.38, P  = 0.92) and IL-2B (HR = 
1.17, 95%CI: 0.97-1.40, P  = 0.10) induced patients. 
Among the r-ATG induced group there were 4346 pa-
tients in the low immune risk and 13517 patients in the 
high immune risk group. Adjusted overall graft surviv-
als were inferior for steroid vs  no steroid groups in both 
low immune (HR = 1.34, 95%CI: 1.09-1.64, P  = 0.001) 
and high immune (HR = 1.18, 95%CI: 1.07-1.30, P  = 
0.005) risk groups. Adjusted death-censored graft sur-
vivals for steroid vs  no steroid groups were similar in 
both low (HR = 1.06, 95%CI: 0.78-1.45, P  = 0.70) and 
high (HR = 1.04, 95%CI: 0.98-1.20, P  = 0.60) immune 
risk groups. Adjusted patient survivals were inferior for 
steroid vs  no steroid groups in both low immune (HR = 
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1.54, 95%CI: 1.18-2.02, P  < 0.001) and high immune 
(HR = 1.32, 95%CI: 1.16-1.51, P  = 0.002) risk groups. 
Overall, there were significantly higher deaths from 
infections and cardiovascular causes in patients main-
tained on steroids. 

CONCLUSION: Our study showed an association be-
tween steroid addition to a CNI/MMF-maintenance regi-
men and increased death with functioning graft in pa-
tients receiving r-ATG induction for first-time deceased 
donor kidney transplantation. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
 
Key words: Induction agent; Steroid maintenance; 
Graft failure risk; Patient death risk; High immune risk

Core tip: This study critically looked at outcomes in a 
large recent cohort of first time deceased donor kidney 
transplant recipients from the Organ Procurement and 
Transplant Network/United Network of Organ Sharing 
database to assess the impact of triple maintenance im-
munosuppression after receiving various induction ther-
apies. In multivariate analysis, we found an increased 
risk for death with functioning graft when steroid main-
tenance was added to calcineurin inhibitor/mycophe-
nolate mofetil based regimen in patients who received 
powerful induction with rabbit-antithymocyte globulin 
(r-ATG), an effect that persisted even when patients 
were split into high and low immune risk groups. Based 
on these finding we feel that, one has to be cautious 
while maintaining intense immunosuppression by add-
ing steroid to a calcineurin inhibitor/mycophenolate 
mofetil regimen in kidney transplant recipients who 
were selected for r-ATG induction.

Sureshkumar KK, Hussain SM, Thai NL, Ko TY, Nashar K, Mar-
cus RJ. Impact of steroid maintenance on the outcomes in first-
time deceased donor kidney transplant recipients: Analysis by in-
duction type. World J Transplant 2014; 4(3): 188-195  Available 
from: URL: http://www.wjgnet.com/2220-3230/full/v4/i3/188.
htm  DOI: http://dx.doi.org/10.5500/wjt.v4.i3.188

INTRODUCTION
Corticosteroid has been an integral part of  maintenance 
immunosuppression from the dawn of  clinical kidney 
transplantation. Chronic steroid use can contribute to 
worsening of  hypertension as well as dyslipidemia, and 
development of  new onset diabetes mellitus, all risk fac-
tors for cardiovascular (CV) disease. Steroid therapy can 
also increase susceptibility to infections and accelerates 
bone loss. In one survey, when kidney transplant recipi-
ents were asked which drug they would like to discon-
tinue, majority chose prednisone[1]. Attempts to develop 
steroid- free immunosuppression for kidney transplant 
recipients started nearly three decades ago but the en-
thusiasm waned when results of  studies including the 

Canadian multicenter randomized clinical trial showed in-
creased risk for acute rejection (AR) and graft loss associ-
ated with steroid withdrawal[2-4]. The availability of  more 
potent maintenance immunosuppressive agents such as 
tacrolimus and mycophenolate mofetil (MMF) as well as 
induction agents like rabbit-antithymocyte globulin (r-
ATG) resulted in a resurgence of  the interest in early 
steroid withdrawal during the last decade. For instance, 
a recent registry analysis showed that the percentage of  
kidney transplant recipients discharged following the ini-
tial transplant admission on a steroid-free maintenance 
immunosuppression increased from 3.7% in the year 
2000 to 32.5% as of  2006[5].

Perioperative induction therapy was utilized in greater 
than 70% of  kidney transplant recipients in the United 
States during the last decade[6]. Calcineurin inhibitor 
(CNI)/MMF with or without steroid was the most 
commonly employed maintenance immunosuppression 
over the same time period. One could speculate that the 
degree of  immunosuppression rendered by triple im-
munosuppression following powerful induction might be 
excessive in some patients with the possibility of  adverse 
outcomes. The risk-benefit evaluation of  steroid mainte-
nance in kidney transplant recipients who receive pow-
erful induction with agents such as r-ATG and potent 
maintenance immunosuppression with CNI/MMF would 
be beneficial. We aimed to compare the outcomes for 
steroid vs no steroid addition in patients who underwent a 
first deceased donor kidney (DDK) transplantation after 
receiving different induction agents and maintained on 
CNI/MMF based regimen.

MATERIALS AND METHODS
The study was performed in accordance with the ethi-
cal standards laid down by the Declaration of  Helsinki 
as well as Declaration of  Istanbul and was approved by 
the Institutional Review Board. Patients ≥ 18 years of  
age who underwent a first-time DDK transplantation 
between January 1, 2000 and December 31, 2008 after 
receiving induction therapy with r-ATG, alemtuzumab 
or an interleukin-2 receptor blocker (IL-2B) agent (basi-
liximab or daclizumab) and discharged on a CNI/MMF 
based maintenance immunosuppression regimen with or 
without steroids were identified from the Organ Procure-
ment and Transplant Network/United Network of  Or-
gan Sharing database. A DDK transplant was considered 
as a first transplant if  there was no history of  previous 
kidney transplant for the patient in the database. For each 
induction type, patients were divided into two groups: 
those who underwent early steroid withdrawal before the 
hospital discharge categorized as early steroid withdrawal 
(ESW) group and those who were discharged on steroid 
maintenance. The latter group was designated as chronic 
steroid maintenance (CSM) group. This is an intention to 
treat analysis using the maintenance immunosuppression 
regimen at the time of  discharge from the initial trans-
plant hospitalization as the basis for defining the groups. 
Changes in maintenance immunosuppression that oc-
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curred after initial discharge were not used to classify 
study subjects. Patients were excluded from the analysis 
if  they underwent live donor kidney or multi-organ trans-
plants or received no induction, more than one induction 
or a different induction agent. 

Demographic data for patients who received different 
induction agents were collected. Graft was considered 
failed when one of  the following occurred: need for 
maintenance dialysis, re-transplantation or patient death. 
Over all and death-censored graft as well as patient sur-
vivals were compared between ESW and CSM groups 
for each induction type after adjusting for pre-specified 
variables. An adjusted model was used in the analysis to 
account for substantial variations in the demographic 
features for ESW vs CSM in each induction type. Co-
variates that can adversely impact graft outcome included 
in the model were donor related factors: age, gender, 
expanded criteria donor (ECD) kidney, donation after 
cardiac death (DCD) kidney, death from cerebrovascu-
lar accident(CVA); recipient related factors: age, African 
American race, diabetes mellitus, dialysis duration, peak 
panel reactive antibody (PRA) titer, number of  human 
leukocyte antigen (HLA) mismatches; and transplant 
related factors: cold ischemia time (CIT), delayed graft 
function (DGF, defined as the need for dialysis within the 
first week after transplantation), 12 mo AR, and trans-
plant year. The type of  CNI agent used was not included 
in the model since most patients were discharged on 
tacrolimus. A further analysis was performed to compare 
the overall and death-censored graft as well as patient 
survivals between ESW and CSM groups for the r-ATG 
induced patients by splitting them into high and low im-
mune risk groups. Patients were considered high immune 
risk if  they met any of  the following: African American 
recipient, peak PRA > 20%, CIT > 24 h, ECD kidney 
recipient, DCD kidney recipient, or developed DGF. 

Statistical analysis 
Group comparisons were done utilizing 2-tailed t-test for 
continuous variables and χ 2 test for categorical variables. 
Mean ± SD, median with range or percentage was used 
to express values. For the purpose of  analysis, the risk 

factors were considered absent when data for them were 
missing. About 20%-25% of  the data were missing for 
the variable “treated acute rejection” but for the remain-
der of  the variables used in the analysis, only fewer than 
2% of  the data were missing. Adjusted (multivariate, after 
correcting for the confounding variables listed above) 
over all and death-censored graft as well as patient sur-
vivals were calculated and were compared between CSM 
vs ESW groups within each induction type using a Cox 
regression model. This was done for the whole group, as 
well as high and low immune risk groups (defined above) 
among the r-ATG induced patients. HR and 95%CI were 
calculated. A P-value of  < 0.05 was considered statisti-
cally significant. Statistical analysis was performed using 
SPSS software version 14.

RESULTS
Demographic characteristics
Median follow-up in months with range by induction 
type were as follows: r-ATG: 35.3 (21.8-55.1), alemtu-
zumab: 25.0 (13.3-46.0) and IL-2B agent: 46.4 (23.8-72.4). 
Pattern of  induction therapy over the study period are 
shown in Figure 1. Alemtuzumab was used as an induc-
tion agent for the first time in 2003. Since then its use 
has gradually increased in ESW group but somewhat un-
changed in CSM group. IL-2B induction was decreasingly 
utilized from 2000 to 2008 which was more marked in 
the ESW group. In the year 2008, roughly 50% patients 
received induction with r-ATG, 40% with alemtuzumab 
and 10% with an IL-2B agent in the ESW group. During 
the same year, about 55% of  patients received r-ATG, 5% 
received alemtuzumab and 40% an IL-2B agent induction 
in the CSM group. 

There were 37217 patients who received a first DDK 
transplant during the study period of  January 2000 to 
December 2008 after receiving induction with r-ATG, 
alemtuzumab or an IL-2B agent followed by mainte-
nance with CNI/MMF based regimen. Out of  this, 8356 
(22.5%) patients underwent early steroid withdrawal and 
28861 (77.5%) patients were discharged on maintenance 
steroid. Distribution of  patients by induction type and 
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Figure 1  Trends in the use of induction agents. A: Steroid free group; B: Steroid-maintenance group; r-ATG: Rabbit antithymocyte globulin; IL-2B: Interleukin-2 
receptor blocker.
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stratified by steroid use are shown in Table 1. Among 
all patients, 17863 (48%) received induction with r-ATG 
(steroid = 13001, no steroid = 4862), 3028 (8%) received 
alemtuzumab (steroid = 852, no steroid = 2176) and 
16326 (44%) an IL-2B agent (steroid = 15008, no steroid 
= 1318). Among the r-ATG induced patients, there was a 
higher prevalence of  females, African Americans, diabet-
ics, tacrolimus use, pre-transplant dialysis requirement 
and duration, elevated PRA titer, donor death from CVA 
and development of  DGF in CSM group. Recipient age 
was higher in ESW group. Among patients who received 
alemtuzumab, there was higher prevalence ECD/DCD 
kidney use, female gender, high peak PRA, HLA mis-
match and DGF in the CSM group whereas recipient dia-
betes and tacrolimus use was higher in the ESW group. 
Among IL-2B induced patients, there was a higher preva-
lence of  African Americans, dialysis requirement and du-
ration, donor death from CVA and DGF development in 
CSM group while ESW group had higher recipient age, 
DCD kidney and tacrolimus use.

Impact of steroid use on graft survival by induction type
Adjusted overall and death censored graft survivals for 
CSM vs ESW groups for the three induction agents are 
shown in Figure 2. The adjusted overall graft survival 
was significantly inferior for CSM vs ESW groups in 
patients who underwent induction with r-ATG (HR = 
1.16, 95%CI: 1.06-1.27, P = 0.002). However, adjusted 
death-censored graft survivals were similar between the 
groups. In alemtuzumab induced patients, there were 
no significant differences in both adjusted overall (HR 
= 0.92, 95%CI: 0.73-1.15, P = 0.47) and death-censored 
(HR = 0.87, 95%CI: 0.62-1.22, P = 0.43) graft survivals 
for CSM vs ESW groups. Similarly, adjusted overall (HR 
= 1.05, 95%CI: 0.91-1.21, P = 0.48) and death-censored 

(HR = 0.94, 95%CI: 0.75-1.18, P = 0.60) graft survivals 
were similar for CSM vs ESW groups in IL-2B induced 
patients. 

A further analysis was performed by splitting the 
r-ATG induced patients into low and high immune risk 
groups as explained in the methods section. There were 
4346 patients in the low immune risk and 13517 patients 
in the high immune risk group. Adjusted overall and 
death-censored graft survivals for low and high immune 
risk groups are shown in Figure 3. Adjusted overall graft 
survivals were inferior for CSM vs ESW groups in both 
low immune (HR = 1.34, 95%CI: 1.09-1.64, P = 0.001) 
and high immune (HR = 1.18, 95%CI: 1.07-1.30, P = 
0.005) risk patients. Adjusted death-censored graft surviv-
als for CSM vs ESW groups were similar in both low (HR 
= 1.06, 95%CI: 0.78-1.45, P = 0.70) and high (HR = 1.04, 
95%CI: 0.98-1.20, P = 0.60) immune risk groups. 

Impact of steroid maintenance on patient survival by 
induction type
Adjusted patient survivals for CSM vs ESW for the three 
different induction agents are shown in Figure 2. Patient 
survivals were inferior for CSM vs ESW groups in r-ATG 
induced (HR = 1.31, 95%CI: 1.15-1.49, P < 0.001) but 
similar in alemtuzumab (HR = 1.02, 95%CI: 0.75-1.38, 
P = 0.92) and IL-2B (HR = 1.17, 95%CI: 0.97-1.40, P = 
0.10) induced patients. In r-ATG induced patients, adjust-
ed patient survivals were inferior for CSM vs ESW groups 
in both low immune (HR = 1.54, 95%CI: 1.18-2.02, P < 
0.001) and high immune (HR = 1.32, 95%CI: 1.16-1.51, 
P = 0.002) risk groups (Figure 3). We further analyzed 
the causes of  recipient death for CSM vs ESW groups in 
r-ATG induced patients (Table 2). There were significant-
ly higher deaths from infections and CV causes in CSM 
groups. 
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Table 1  Demographic features

r-ATG Alemtuzumab IL-2 receptor blocker
Steroid No steroid Steroid No steroid Steroid No steroid

(n  = 13001) (n  = 4862) (n  = 852) (n  = 2176) (n  = 15008) (n  = 1318)
Donor age (yr)   39 ± 17   39 ± 17   41 ± 18   40 ± 17   37 ± 17   37 ± 17
Donor gender (M/F) (%) 59/41 60/40 61/39 58/42 60/40 60/40
Donor death from CVA (%) 43  40b 41 43 40   36b

ECD kidney (%) 19 19 26   22b 15 16
DCD kidney (%)   9.8   8.9    14.1     10.9a   5.3    6.7a

Recipient age (yr) 52 ± 13    53 ± 13d   52 ± 13   53 ± 12   52 ± 13     54 ± 15d

Recipient gender (M/F) (%) 57/53  63/37d 56/44  60/40a 63/37 64/36
African American race (%) 37   26d 33 33 26   20d

Diabetes (%) 34   20d 31   38b 34 34
Pre-txp dialysis (%) 91   88b 88 88 91   87d

Dialysis duration (mo)   48 ± 35    43 ± 36d   47 ± 37   50 ± 34   43 ± 33   41 ± 32
Peak PRA (%)   18 ± 31    10 ± 22d   19 ± 31    14 ± 27d     9 ± 22     8 ± 20
HLA mismatches   3.9 ± 1.8    3.8 ± 1.8a   3.9 ± 1.8    3.7 ± 1.7b   3.6 ± 1.9   3.5 ± 2.0
Cold ischemia (h) 18.3 ± 8.2 18.5 ± 8.8 20.8 ± 8.7 20.5 ± 9.2 17.8 ± 7.9 17.4 ± 8.5
Delayed graft function (%)     28.9      19.5d    29.1      21.2d     20.2    16.5
Discharged on tacrolimus (%) 81   79b 70   98d 67   78d

aP < 0.05; bP < 0.01; dP < 0.001, all comparisons are steroid vs no steroid groups. CVA: Cerebro vascular accident; DCD: Donation after cardiac death; ECD: 
Expanded criteria donor; HLA: Human leukocyte antigen; PRA: Panel reactive antibody; r-ATG: Rabbit antithymocyte globulin; IL-2: Interleukin-2; M: 
Male; F: Female.
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DISCUSSION
Our study showed an association between increased 
overall graft failure as well as patient death risks and ste-
roid addition to a CNI/MMF maintenance regimen in 
patients undergoing a first DDK transplantation follow-
ing induction with r-ATG. Similar death-censored graft 

survival for steroid vs no-steroid maintenance in these 
patients suggests increased death with functioning graft 
in the steroid maintenance group. There were increased 
patient deaths from CV and infectious causes for steroid 
vs no-steroid groups.

Current data suggest that corticosteroids could be 
discontinued safely during the first week after transplan-
tation in patients who are at low immunological risk 
and receive induction therapy[7]. Studies of  early steroid 
withdrawal have shown outcomes comparable to steroid 
maintenance regimens[8-14]. Seven year results from a large 
prospective study performed within the frame work of  
the Collaborative Transplant Study involving predomi-
nantly Caucasian kidney transplant recipients showed a 
benefit for steroid withdrawal in terms of  graft, patient 
and death-censored graft survival[15]. A five year prospec-
tive trial demonstrated similar graft survival and function 
as well as patient survival in kidney transplant recipients 
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Figure 2  Adjusted over-all graft (A, B and C), death-censored graft (D, E and F) and patient (G, H and I) survivals for early steroid withdrawal vs  chronic 
steroid maintenance groups. A: Adjusted over-all graft rabbit antithymocyte globulin (r-ATG); B: Adjusted over-all graft alemtuzumab; C: Adjusted over-all graft inter-
leukin-2 receptor blocker (IL-2B); D: Death-censored graft r-ATG; E: Death-censored graft alemtuzumab; F: Death-censored graft IL-2B; G: Patient r-ATG; H: Patient 
alemtuzumab; I: Patient IL-2B.
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Table 2  Cause of death in rabbit antithymocyte globulin in
duced patients

Cause of death CSM group ESW group P -value

n  = 13001 (%) n  = 4862 (%)
Cardiovascular    410 (3.2)   97 (2.0) < 0.0001
Infections    313 (2.4)   42 (0.9) < 0.0001
Malignancy    148 (1.1)   55 (1.1) 0.97
Other causes 916 (7) 206 (4.2) < 0.0001

CSM: Chronic steroid maintenance; ESW: Early steroid withdrawal.
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randomized to ESW vs CSM following induction with 
either r-ATG or IL-2B and tacrolimus/MMF mainte-
nance[16]. There was increased incidence of  mild biopsy 
proven AR in ESW group but favorable effects on CV 
risk factors including serum triglyceride levels, new onset 
diabetes after transplantation (NODAT) requiring insulin 
and weight gain. A meta-analysis involving 34 studies and 
5637 patients showed a small increase in AR rates in ste-
roid avoidance/withdrawal group, without any measur-
able adverse effect on graft or patient survival, while en-
joying significant benefits in terms of  CV risk factors[17]. 
A large single center retrospective analysis involving 1241 
primary living and DDK transplant recipients showed 
similar patient, graft, death-censored graft, and AR free 
survival rates at 10 years for rapid steroid discontinuation 
group compared to historic controls on maintenance ste-
roids[18]. All patients received induction with r-ATG and 
maintenance therapy consisting of  a CNI agent along 
with either MMF or sirolimus. In the subgroup of  pa-
tients who received DDK transplants, patient, graft and 
death-censored graft survivals were significantly higher 
in the ESW group. There were significant reductions in 
the incidences of  NODAT, cataracts and avascular ne-
crosis in rapid steroid discontinuation group. This study 
compared prednisone related side effects to historic 
control group maintained on relatively higher doses of  
prednisone (0.1-0.15 mg/kg). Our study showed superior 
patient and overall graft but not death-censored graft 
survival in the ESW groups indicating that the beneficial 
effects appear to be related to lower rate of  death with 
functioning graft in ESW group. 

The polyclonal antibody r-ATG is a powerful deplet-
ing induction agent commonly used in kidney transplant 
recipients. r-ATG contains antibodies to several human 
T-cell surface antigens including major histocompatibility 
antigens and causes apoptosis and cell lysis. r-ATG causes 
severe lymphocyte depletion with prolonged immuno-
suppressive effect with the drug detectable in blood at 90 
d after initiation of  therapy[19]. Our study showed inferior 
adjusted overall graft and patient survival in kidney trans-
plant recipients continued on steroid maintenance after 
r-ATG induction when compared to patients in whom 
steroid was discontinued on hospital discharge. One 
could speculate that inferior outcomes in the CSM group 
could possibly be related to the enhanced immunosup-
pression related to the steroid containing triple immuno-
suppression following powerful induction with r-ATG. 
Similar death-censored graft survival between CSM and 
ESW groups along with the finding of  significantly high-
er deaths from infectious and CV causes in CSM group 
is in support of  this speculation. A highly significant as-
sociation between maintenance steroid dose and death 
with functioning graft caused by CV disease or infection 
beyond the first year following DDK transplantation was 
reported recently in a study involving close to 42000 pa-
tients[20]. Such an association was observed with neither 
tacrolimus nor mycophenolic acid in that study. Adverse 
metabolic profile in patients on steroid therapy as shown 
in previous studies mentioned before could be contribut-
ing to CV complications and enhanced immunosuppres-
sion to infectious complications. These findings persisted 
when r-ATG induced patients in our study were split into 
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Figure 3  Adjusted over-all graft (A and B), death-censored graft (C and D) and patient (E and F) survivals in rabbit antithymocyte globulin induced patients. A: 
Adjusted over-all graft low-risk; B: Adjusted over-all graft high-risk; C: Death-censored graft low-risk; D: Death-censored graft high-risk; E: Patient low-risk; F: Patient 
high-risk.
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high and low immune risk groups indicating that any po-
tential benefits of  steroid maintenance in terms of  reduc-
ing immunological allograft injury even in high immune 
risk subgroup appear to be overshadowed by CV and 
infectious complications. These adverse outcomes associ-
ated with CSM after r-ATG induction was not seen in 
patients who were maintained on steroid following induc-
tion with IL-2B agent or alemtuzumab. IL-2B is a non-
depleting monoclonal antibody with lesser degrees of  
immunosuppression. Alemtuzumab is a depleting mono-
clonal antibody typically administered as a single dose 
intra-operatively and can cause prolonged lymphopenia. 
It is not clear why inferior outcomes seen with CSM vs 
ESW following r-ATG induction was not observed with 
alemtuzumab. Alemtuzumab induced patients generally 
tolerate only lower doses of  antiproliferative agent and 
many of  them could have been taken off  MMF com-
pletely due to low white blood cell counts[21]. This may 
decrease the degree of  immunosuppression despite be-
ing on steroid maintenance. It should be noted that there 
were only 852 patients in the alemtuzumab group who 
were discharged on steroid maintenance thus limiting 
power of  the comparison. A previous registry analysis 
showed superior outcomes with r-ATG induction when 
compared to induction with either alemtuzumab or IL-
2B in DDK transplant recipients discharged on a steroid-
free CNI/MMF regimen[21].

Large number of  patients in a national cohort in-
cluding several transplant centers and inclusion of  high 
immune risk patients adds to the validity of  the current 
analysis. One could argue that r-ATG induction and ste-
roid maintenance is generally used in high risk patients 
with expectedly poor outcomes. Classification of  r-ATG 
induced patients into high and low immune risk groups 
and the finding of  inferior outcomes associated with 
CSM in both groups tend to mollify this criticism. Our 
findings are consistent with a previous registry analysis 
by Luan et al[5] which showed improved graft and patient 
survivals at years 1 and 4 post transplantation for pa-
tients in whom steroid was discontinued on discharge. 
That study evaluated both living and DDK transplant 
recipients and included first and subsequent transplants. 
We believe our findings are important since r-ATG is a 
commonly used induction agent and majority of  the kid-
ney transplant recipients are discharged on maintenance 
steroids. For instance, in the current analysis, 48% of  pa-
tients received r-ATG out of  which 73% were discharged 
on a steroid maintenance regimen. About 35% of  all the 
study population received r-ATG induction followed by 
steroid maintenance. 

Our study is not without limitations. Retrospective 
design can confirm association but cannot prove causa-
tion. Residual confounding likely exists despite utilizing 
an adjusted model and lack of  granularity on some im-
portant details in the registry could likely have an effect 
on the outcomes tested. Center-specific differences in 
practice patterns lead to selection bias regarding differ-
ent induction agents and steroid maintenance. Some 
early steroid withdrawal protocols discontinue steroids at 

seven days post-transplant and some others at day five. 
Discharging these patients from the hospital before the 
steroid withdrawal is complete would wrongly categorize 
them as being on steroids. Details on the doses of  induc-
tion and maintenance immunosuppressive agents were 
not available which may have impact on the outcomes. 
Information on daily or cumulative doses of  steroids 
used would be very helpful while analyzing the negative 
effects of  steroids over long periods of  time but unfortu-
nately as mentioned dosing information was not available 
in the database. Data regarding changes in maintenance 
immunosuppressive regimen since initial hospital dis-
charge were not available. This could be important since 
as many as 30% of  patients initially discharged on no 
steroids may have been restarted on CSM mostly after re-
jection episodes. But this should in fact have diminished 
the strength of  observed associations. Some patients ini-
tially discharged on steroid containing regimen may have 
undergone later steroid withdrawal since some transplant 
centers withdraw steroids late after transplantation. 
Despite these misclassifications, there is likely minimal 
impact on the results because of  the non-differential 
influence of  misclassification which tend to deflate the 
results toward the null[22]. The possibility of  a type 1 error 
cannot be completely excluded. 

In summary, our study showed an association of  
adverse outcomes with steroid addition to a CNI/MMF 
maintenance regimen in patients who received r-ATG 
induction for a first DDK transplantation. One has to 
be cautious while maintaining intense immunosuppres-
sion by adding steroid to a CNI/MMF regimen in kidney 
transplant recipients who were selected for r-ATG induc-
tion. Since r-ATG is a commonly used induction agent 
and majority of  patients are maintained on steroid, this 
important observation needs to be further evaluated in 
future studies.
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