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Abstract

Background—Retrospective comparison of treatment-related kidney transplant outcomes may be
facilitated by multivariable statistical adjustments and case-matching.

Methods—We studied Organ Procurement and Transplantation Network registry data for kidney
transplants in 2001 to 2005 managed with thymoglobulin, basiliximab or no antibody induction and
discharge maintenance immunosuppression regimens of tacrolimus and mycophenolate mofetil. The
primary outcome was the six-month, Food and Drug Administration-approved composite endpoint
of rejection, graft failure, or death. Outcomes according to induction exposure were compared using
logistic regression, exposure likelihood matching, and outcome risk score matching.

Results—All statistical approaches demonstrated lower rates of the six-month triple endpoint with
thymoglobulin compared with basiliximab when steroids were present, with approximately 22%
adjusted, relative reduction by logistic regression and 3% absolute reductions by matching
approaches. When steroids were absent, risk reduction among thymoglobulin versus basiliximab-
treated patients was of larger magnitude but borderline statistical significance. Triple endpoint
incidence was lower with both induction regimens compared to no induction across methods.
Estimated sample sizes necessary to detect the observed differences between induction types in the
presence of steroids in a prospective trial ranged from 1600 to nearly 7000 patients.

Conclusions—Consistency across statistical approaches suggests superiority of thymoglobulin
compared to basiliximab or no antibody induction therapy for six-month kidney transplant outcomes
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in the modern immunosuppression era. As the sample sizes necessary to power a prospective
superiority trial are likely prohibitive, studies such as these provide clinically relevant information
that may not be otherwise attainable.
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Introduction

Antibody induction agents in renal transplantation are highly effective in reducing acute
rejection (1) and ultimately in preserving allograft function (2). Use of induction agents has
increased over recent years and by 2005, nearly 75% of renal transplants in the United States
were performed with induction therapy compared with 39% utilization in 1998 (3). Although
thymoglobulin was the most commonly used induction agent in 2005 (3), only basiliximab and
daclizumab, both antibodies against the inter-leukin-2 receptor (IL2R Abs), are currently
approved by the Food and Drug Administration (FDA) for use as induction agents in kidney
transplantation.

There is emerging evidence that thymoglobulin may be associated with favorable outcomes
compared with IL2R Abs in some populations. A recent randomized control trial of 278 renal
organ recipients at high baseline risk for rejection or delayed graft function demonstrated lower
incidence of acute rejection at one year post-transplant with thymoglobulin compared to
basiliximab in the context of maintenance cyclosporine and mycophenolate mofetil (MMF)
(4). A large, observational, registry-based study of transplants in 1998-2003, in which less
than half of subjects received tacrolimus (FK), suggested an approximate 10% relative
reduction in one-year rejection but similar two-year graft survival with thymoglobulin
compared to IL2R Abs (5). In contrast, small studies in low immunologic-risk patients using
cyclosporine as the calcineurin inhibitor suggest similar long-term outcomes with
thymoglobulin and ILR Abs, but small sample sizes limit study power (6-8).

Tac has replaced cyclosporine as the most commonly used calcineurin inhibitor in recent years
(3), a practice supported by findings of superior rejection risk and slightly better one-year graft
survival with low-dose FK compared to low-dose cyclosporine in the context of IL2R
induction, MMF and steroids in a large multi-national trial (9). A six-month multi-center trial
also found lower rates of six-month clinically-apparent, biopsy-proven and steroid-resistant
acute rejection in thymoglobulin-induced patients randomized to tacrolimus-based versus
cyclosporine-based maintenance immunosuppression (10). The comparative efficacy of
thymoglobulin and basiliximab in the context of FK-based maintenance immunosuppression
remains controversial.

Sample size requirements for detection of small but important differences in allograft outcomes
after kidney transplantation may prohibit examination of questions of interest within the
framework of a randomized trial. As an alternative, the large numbers of observations in
national registries provide powerful data for examination of a wide range of clinical outcomes
associated with treatment regimens in “real-life” outside of clinical trials, which often restrict
participation to subjects not representative of the larger population of interest. Challenging the
benefit of statistical power, however, is the lack of treatment randomization. In recent years,
important progress has been made in statistical methods for reducing bias from non-
randomization in observational analyses with techniques that account for baseline clinical
characteristics that may influence outcome (11-13).
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In this study, we applied three different statistical analytic approaches — multivariate logistic
regression, exposure likelihood matching, and outcome risk score matching — to retrospectively
compare early graft outcomes according to antibody induction regimens within registry data
of the Organ Procurement and Transplantation Network (OPTN). Specifically, we investigated
associations of thymoglobulin, basiliximab or no antibody induction with a composite six-
month outcome of acute rejection, graft failure and death in patients receiving Tac and MMF
maintenance immunosuppression. We also estimated the sample sizes necessary to detect the
observed differences in prospective trials.

Data and Sample

Data were drawn from the OPTN Standard Transplant Analysis and Research Files for kidney
transplants performed between January 2001 and December 2005. All recipients were aged 18
years or older at the time of transplant with no more than one previous transplant, and received
kidneys from non-human leukocyte antigen (HLA) identical donors aged 6 years or older. We
excluded recipients of multi-organ transplants, and those with peak panel reactive antibody
(PRA) levels at discharge greater than 50%, or indicated research study participation within 6
months of transplant. We also excluded transplants in which recipient or the donor was known
to be seropositive for hepatitis virus (B or C) or human immunodeficiency virus.

The study sample was limited to transplants managed with thymoglobulin, basiliximab or no
induction therapy plus FK and MMF maintenance immunosuppressant agents, with or without
corticosteroids, at discharge. The FDA-approved dosing for basiliximab involves one dose
before graft reperfusion and a second dose on day four post-transplant. Thymoglobulin
induction is most commonly initiated intra-operatively followed by daily doses through day
four (4,14), although dosing may be delayed for cytopenias or vary by center-specific protocol.
Daclizumab was not considered in the study design because the administration protocol
approved by the FDA involves dosing every 14 days to eight weeks post-transplant. This
schedule is impractical, and would not be comparable to thymoglobulin or basiliximab in
clinical settings or within a blinded trial.

We compared two treatment groups at a time, separating comparisons according to presence
or absence of corticosteroids at discharge. Patients receiving no induction therapy were
considered the reference group when involved in a comparison. Patients treated with
basiliximab constituted the reference group when compared to thymoglobulin-treated subjects.

Outcome measure

The outcome of interest was the FDA-specified composite triple endpoint of allograft rejection,
graft failure or patient death used in clinical trials of immunosuppression efficacy. We
ascertained occurrence of these events within six months following transplant from OPTN
records. Due to the potential for reporting lags to the OPTN, discharge and follow-up records
reported within 273 days from the time of transplant were considered. Patient mortality data
reported to the OPTN were supplemented with information from the Social Security Death
Master File. Acute rejection episodes were defined as biopsy confirmed rejection, the
administration of immunosuppressant agents administered for rejection treatment (i.e.,
antilymphocyte globulin, OKT3, thymoglobulin, and/or steroids), or other reported episodes
based on clinical assessment.

Statistical Analyses

Statistical analyses were performed with SAS for windows software, version 9.1 (SAS
Institute, Inc., Cary, N.C.). Covariates considered for all statistical approaches included
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recipient, donor and transplant factors shown in Table 1. Differences in the frequency
distributions of baseline covariates according to induction regimen were compared by the chi-
square test. Logistic regression models were designed to compare relative risk of the triple
endpoint (odds ratio, OR) between two treatment groups at a time (e.g., thymoglobulin plus
corticosteroids versus basiliximab plus corticosteroids). Adjusted models were constructed
using stepwise logistic regression with all covariates entered in the first step and treatment
status entered in the second, with significance threshold of P<0.05 for variable entry and
removal.

In order to reduce selection bias due to non-randomized treatment allocation we performed
one-to-one exposure likelihood matching using the greedy matching algorithm of the SAS
GMATCH macro (15). This algorithm applies the approach of Rosenbaum which, grounded
in research in observational studies, discrete mathematics and computer science research in
matching in graphs and networks, identifies matches according to a vector of matching
variables (11). Best matches are found by minimizing the weighted sum of the absolute
“distances” in clinical covariate values. Logistic regression models predicting the likelihood
of “treatment group” exposure status were constructed in cohorts including all subjects eligible
for a given comparison based on induction and steroid use, where exposure of interest was
defined as thymoglobulin in comparisons to basiliximab, or as the form of antibody induction
of interest in comparisons to no antibody induction. Distance is defined as Djj= SUM {W*|
(Xik-XjK)[}, where X, and Xji are the value of variable X(k) for subject i and subject j,
respectively, and W, the weight assigned to matching predictor variable k, is the parameter
estimate for that covariate produced by the logistic regression model predicting exposure status.
Dij is thus the weighted sum of the differences over the number of matching predictor variables
X(with index k). Inthe GMATCH macro, the group in each paired comparison with the smallest
number of patients forms the starting point for the match process, determining the minimum
group size to which a comparator sample will be matched. “Greedy” matching algorithms
involve sequential progression through subject lists to find the best available match at each
step (16). The subject (j) matched to subject (i) is the one with the smallest Dij within the
allowed distance limits. In a one-to-one matching, once a match is formed the pair is removed
from the set of subjects available for future matches.

Outcomes risk matching was performed to match subjects in treatment groups of interest with
reference patients according to the expected likelihood of the triple-endpoint estimated in each
reference group based on observed baseline characteristics. Thus, in contrast to the exposure
likelihood matching in which logistic regression models were constructed in all patients eligible
for a comparison, here the logistic parameters were estimated only in “reference patients”,
defined as basiliximab in comparisons to thymoglobulin or as no antibody induction in
comparisons to either form of antibody induction. After distance parameter estimation the
matching algorithm proceeded as above.

Observed differences in triple endpoint frequencies between matched groups were compared
by the McNemar test for paired proportions. Statistical significance was defined as P<0.05.
We estimated the sample sizes necessary to detect observed differences in endpoint proportions
at P<0.05 with 80% power in superiority (1-tailed) trial design by SAS Proc Power procedure
17).

The GMATCH procedure also allows specification of the maximal distance allowed for
matching. Larger maximal distances facilitate matching greater numbers of patients at the
expense of less matching precision. Shorter distances allow greater matching accuracy at the
expense of sample size reduction. We conducted sensitivity analyses of the robustness of the
matching procedures by adjusting the relative difference in either exposure or outcome-
matching between compared groups. The most liberal matching schemes produced matches
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that allowed a maximum distance of 2 units between the intervention and reference. The most
conservative matching schemes allowed for no distance between reference and comparison
patients, such that that they had equal weighted sums of predictor values.

Results

Group Difference in Covariate Frequencies

We identified 19,137 eligible patients transplanted in 2001 to 2005 who received maintenance
FK and MMF at transplant discharge. As shown in Table 1, distributions of baseline clinical
characteristics differed across induction groups. Among patients who received corticosteroids
at discharge, those administered thymoglobulin induction therapy compared to basiliximab or
no antibody induction were more likely to black race, non-Hispanic, obese, employed at
transplant, and to have angina history, prolonged pretransplant dialysis duration, and renal
failure from causes other than diabetes, hypertension or glomerulonephritis. In the context of
steroids, thymoglobulin-treated patients were also more likely to be sensitized, to receive DR-
mismatched kidney or kidneys from donors who were deceased, older, obese, or with a histories
of cerebrovascular death, hypertension, or diabetes. Thymoglobulin was used more commonly
in patients with delayed graft function. Fewer differences according to antibody induction
status were observed among patients without corticosteroids at discharge. Among patients
without steroids, those treated with thymoglobulin were more likely to have history of angina,
donor-negative recipient-positive cytomegalovirus seropairing, to receive kidneys from donors
who were deceased or older than 60 years of age, and to have experienced delayed graft
function.

Group Differences on the Rates of Triple Endpoint

Logistic Regression Comparisons—Among patients receiving steroids at discharge,
relative risk of triple endpoint by logistic regression was lower in thymogloblulin-induced
patients compared to those who received basiliximab (unadjusted OR 0.88, 95% CI1 0.79-0.99;
covariate-adjusted OR 0.78, 95% CI1 0.69-0.87) or no antibody induction (unadjusted OR 0.78,
95% C10.71-0.86; adjusted OR 0.64, 95% C1 0.58-0.71). Risk of the triple endpoint in patients
treated with basiliximab was lower than those who did not receive antibody induction
(unadjusted OR 0.88, 95% CI1 0.79-0.97; adjusted OR 0.82, 95% CI 0.74-0.92). When steroids
were absent at discharge, the adjusted risk reduction for the triple endpoint in thymoglobulin-
treated compared to basiliximab-treated patients was significant and appeared somewhat larger
than in steroid-free samples (unadjusted OR 0.75, 95% CI 0.52-1.08; adjusted OR 0.66, 95%
C10.44-1.00). Triple endpoint risk was markedly lower in thymoglobulin-treated patients than
in patients without antibody induction in the absence of steroids (unadjusted OR 0.40, 95% ClI
0.29-0.56; adjusted OR 0.36, 95% CI 0.25-0.52). Without steroids, triple endpoint risk with
basiliximab was significantly lower than with no antibody induction only in unadjusted
comparison (unadjusted OR 0.54, 95% CI 0.36-0.82; adjusted OR 0.69, 95% CI 0.42-1.11).

Acute rejection was the most common component of the triple endpoint across treatment groups
(Figure 1). Effect sizes in analyses performed for rejection alone were similar to those obtained
for the composite endpoint.

Matching for Exposure Likelihood—After matching for expected likelihood of exposure
the “intervention arm” based on baseline characteristics, risk of the six-month triple endpoint
was significantly lower in thymoglobulin versus basiliximab-induced groups regardless of
steroid status (Figure 2). The largest absolute difference occurred when no steroids were used
at discharge, with 4.7% absolute reduction in outcome frequency in the thymoglobulin versus
basiliximab group compared with 2.7% absolute reduction in the presence of steroids.
Compared to no antibody induction, outcome frequency after exposure likelihood matching
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was lower for induction by both thymoglobulin (3.2% and 10.5% reductions with and without
steroids, respectively) and basixilimab (2.8% and 7.6% reductions with and without steroids,
respectively).

Requiring a closer match in the exposure likelihood distance vector reduced available sample
sizes for comparison and led to loss of statistical significance in endpoint differences with
thymoglobulin versus basiliximab induction when the maximum allowable difference in
exposure likelihood distance was less than approximately 0.4 in the presence of discharge
steroids or 0.8 in the absence of steroids (Figure 3). However, a pattern of lower events in the
thymoglobulin group per the point estimates was preserved.

Outcome Risk Score Matching—~Following matching for expected reference risk of the
triple endpoint based on baseline characteristics, six-month triple-endpoint frequency was
significantly lower by 3.1% with thymoglobulin versus basiliximab in presence of steroids and
trended lower by 3.9% when steroids were absent (P=0.05). Compared to no antibody
induction, outcome frequency after matching by reference outcome risk was lower for
induction by both thymoglobulin (4.6% and 11.3% reductions with and without steroids,
respectively) and basixilimab (3.0% and 7.8% reductions with and without steroids,
respectively).

Sensitivity analyses varying the stringency of matching in the distance vector revealed that,
regardless of steroid status at discharge, the rates of triple endpoint associated with
thymoglobulin were generally lower compared with basiliximab (Figure 4). While all
comparisons were statistically significant when steroids were absent, statistical significance
was lost with conservative matches requiring less than 0.2 distance-unit differences in baseline
clinically expected outcome risk.

Sample Size Estimates—Estimated sample sizes that would be required to detect the
observed unadjusted, exposure likelihood matched, and outcome risk score matched event
proportion differences in a clinical trial are presented in Table 2. Due to the relatively smaller
differences in observed event frequencies when steroids were present at discharge, the
estimated number of subjects was much higher than when steroids were absent. The smallest
overall sample sizes were estimated using event frequencies produced with the outcome risk
score matching procedure.

Discussion

We examined the OPTN registry to compare six-month outcomes according to induction
protocol (thymoglobulin, basiliximab, or no antibody induction) in kidney transplant recipients
who were also treated with maintenance FK and MMF, with or without corticosteroids. To
adjust for potential selection biases underlying induction protocol choice and statistically
approximate randomized treatment assignment, we applied three analytic approaches in this
investigation: logistic regression, matching by clinically predicted likelihood of induction
exposure, and matching by clinically predicted outcome risk. We found that thymoglobulin
was associated with superior outcomes compared with basiliximab, and that both forms of
induction appeared superior to no antibody induction. Results were generally consistent across
analytic approaches, and were robust in sensitivity analyses with varied stringencies for
matching precision. Sample size simulations indicated that in the presence of steroids,
thousands of subjects would be needed to conduct superiority trials for induction type or for
either regimen versus no induction.

Patients in the OPTN registry are not randomized to treatments, but rather treatments are
determined in the course of real-life clinical practice. We observed that transplants performed
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with thymoglobulin induction were more commonly associated with traditional risk factors for
graft and patient loss such as recipient sensitization and black race, deceased donors, older
donor age, donor stroke, and delayed graft function. While the reasons for differences in clinical
profiles across treatment groups cannot be determined from observational data, it is common
practice for transplant centers to rely on standard protocols, patient risk profiles, or both to
determine which induction agents, if any, to use (18). We therefore applied several statistical
methods to adjust for observed baseline clinical differences and found consistent results.

The largest differences in the six-month composite outcome according to induction regimen
were observed in recipients who were steroid-free at transplant discharge. Early attempts at
steroid avoidance/withdrawal have been associated with unacceptable rates of acute rejection
and graft failure (19-21); however, concomitant antibody induction has yielded acceptable
results in some samples including low immunologic risk groups, pediatric samples, and patients
receiving FK and sirolimus (22-24). Notably, a recent open-label non-inferiority trial
comparing 12-month renal function as the primary endpoint among 336 de novo transplant
recipients randomized to steroid avoidance, early steroid withdrawal, or “standard-steroids” in
the context of basiliximab induction, cyclosporine and MMF found that estimated GFR was
highest in the standard-steroids group and did not satisfy the a priori non-inferiority criterion
(25). The 12-month incidence of a composite outcome of acute rejection, graft loss or death
was also less favorable in the steroid-free and steroid withdrawal compared to standard steroids
group. Data on the comparative efficacy of antibody induction agents with steroid-avoidance/
withdrawal maintenance immunosuppression are sparse. Consistent with out results, one small
study of 89 type 1 diabetic kidney transplant recipients treated with FK, MMF and rapid steroid
withdrawal found superior six-month rejection free survival with thymoglobulin versus
basiliximab (26).

An important aspect of this study is that statistical adjustments considered a wide range of
clinical factors known to be associated with transplant outcomes. We employed multivariable
logistic modeling, exposure likelihood matching, and outcome risk score matching in order to
cross-validate results. The three approaches share a common goal of minimizing bias
associated with treatment assignment through statistical adjustment of covariates but are
technically different. In multivariate logistic regression, the set of considered covariates is
assumed to account for covariate-associated outcome variance and thus improve assessment
of the portion of outcome variance related to treatment. However, independence of the errors
is also assumed, and violation of this assumption with non-random assignment may produce
bias. Exposure likelihood matching classifies patients by characteristics relevant to
intervention assignment and does not depend on the relationships between covariates and
outcome. We thus also employed outcome risk score matching, a method designed to match
subjects based on the predicted likelihood of outcome suggested by baseline characteristics.
The rationale for this approach is similar to that of multiple logistic regression analysis, except
that maximum likelihood estimates are derived from associations observed in a reference
group, thus minimizing biases for intervention subjects with over- or under-represented
covariates. While each statistical approach may have idiosyncratic strengths and limitations
for controlling bias, consistently of results across methods speaks to the robustness of findings.
Notably in our sample size simulations, smallest overall group sizes were estimated using
outcome risk score matching, suggesting that controlling patient profiles related to graft failure,
acute rejection, and/or death in clinical trial design may improve power.

While our results are suggestive, caution is warranted. Induction regimens may not be the only
explanation for group-associated outcome differences as the decision to implement a particular
induction agent and to use steroids and other immunosuppressant agents may be influenced by
factors not available in the registry, such as post-surgical hypertensive status or center-specific
treatment preferences. A major assumption for all three statistical approaches applied in this
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study is that all relevant covariates are considered in the analyses. Results may be impacted by
factors such maintenance immunosuppression levels and other center-specific ancillary
treatment protocols. We included patients who received FK and MMF at discharge on an intent-
to-treat basis and there were likely patients who switched maintenance regimens during the
observation period. We studied six-month outcomes as an initial investigation, and longer-term
assessments are warranted. Further, although the triple endpoint of rejection, graft failure and
death is FDA-approved, it does not encompass other clinical events that are important in
comprehensive understanding of post-transplant outcomes such as non-fatal infections and
malignancies. Despite these limitations, the OPTN registry contains high-quality baseline and
follow-up data that have been used to study many topics in transplantation, and recent studies
have shown high level of agreement between OPTN records and other administrative and
clinical data sources (27-29).

In conclusion, we explored a national registry of kidney transplant recipients to compare six-
month outcomes associated with antibody induction among large patient samples receiving
maintenance FK and MMF. We applied three distinct statistical approaches to adjust for
possible selection bias. Composite outcomes associated with thymoglobulin were favorable to
that of basiliximab, and both induction methods appeared superior to no antibody induction
across analytic approaches, suggesting that findings are robust. As the sample size necessary
to detect small but significant induction-related differences in six-month outcomes are likely
to be prohibitive for execution of clinical trials, observational approaches may provide valuable
information that would not be otherwise attainable.

Abbreviations

FDA Food and Drug Administration

FK Tacrolimus

IL2R Abs Inter-leukin-2 receptor

MMF Mycophenolate mofetil

OPTN Organ Procurement and Transplantation Network
OR Odds ratio

PRA Panel reactive antibody
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Observed frequencies of individual components of the triple endpoint by induction regimen,
with and without discharge corticosteroids.
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Exposure-Likelihood Matched Comparisons
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Figure 2.

Exposure likelihood and outcome risk-matched comparisons of six-month triple endpoint by
induction regimen and discharge steroid use.
* p<0.0001; T 0.0001>p<0.001; + 0.001>p>0.01; § 0.01>p=>0.05
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Figure 3.
Sensitivity analysis of exposure likelihood-matched comparisons of thymoglobulin versus
basiliximab across maximum allowable matching differences.
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Figure 4.
Sensitivity analysis of outcome risk score-matched comparisons of thymoglobulin versus
basiliximab across maximum allowable matching differences.
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