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Abstract
Background

Randomized studies reported a marginal superiority of polyclonal antithymocyte globulins (ATG) to
prevent acute rejection compared to monoclonal anti-CD25 antibodies (IL2Ra). Nevertheless, the
representativeness and the generalizability of these studies are questionable.

Methods

We studied the impact of ATG use in real-life conditions in a multicenter study. Propensity score analysis
was performed to address potential confounding by indication.

Results

817 patients were included. Logistic regression revealed that age, male gender, a pre-transplant history of
cancer, presence of anti-HLA antibodies, previous kidney transplantation, and transplant center were
associated with ATG use. The area under the curve of the propensity score was 0.84+0.02. ATG use was
not associated with a lower rate of acute rejection (18.2% in ATG-treated patients vs 15.8% in non-ATG-
treated patients, p=0.356). Adjustment for propensity score slightly modi�ed the relationship between
ATG and acute rejection towards a more neutral effect (p=0.913). Score match analysis recapitulated the
previous result. ATG use was associated with the occurrence of opportunistic infection (p=0.034). There
was no difference in graft loss or death between the two groups.

Conclusions

In real-life conditions, ATG does not substantially reduce the risk of acute rejection after kidney
transplantation. A better discrimination of patients who may bene�t of ATG is required.

Background
Even when randomized studies are the gold-standard for the evaluation of therapeutic strategies, they are
not exempt of potential bias. Indeed, their interpretation has to take into account whether the population
is representative of the one receiving the treatment in real life conditions. Moreover, a priori selection of
patients by investigators could exclude a fraction of the population meeting inclusion criteria but judged
not subject to randomization. Those estimated having the greatest bene�t or the highest risks with any
treatment arm are likely to be excluded. Additionally, the strict and controlled conditions in which they are
conducted, leads to low generalizability because they are performed in conditions very different from real
life usual care. Such pitfalls have been identi�ed in different studies (1). This bias is likely concerning
evidence-based data concerning ATG. First, ATG use is highly variable from a center to other both as
regards the indication and the dose. Second, randomized studies are likely to miss patients with very high
immunological risk as well as those carrying severe infectious or neoplastic risks. Another point to



Page 4/15

consider is time-change modi�cations of patients’ phenotypes and associated treatments that may affect
the relevance of past studies.

Two randomized studies reported similar results suggesting that ATG signi�cantly reduced acute
rejection risks in high risk patients (2, 3). By contrast, the superiority of ATG in low-to-moderate
immunological risk patients is more questionable.A large meta-analysis found no bene�t of ATG as
compared to IL2Ra regarding clinically diagnosed acute rejection and a marginal one concerning biopsy-
proven acute rejection (4). Moreover, whereas the rate of acute rejection is not reduced by ATG use in
those patients, infections are more frequent leading to a worse bene�t/risk ratio (5–7). Even when these
studies have highlighted preferential indications for ATG, its use is highly center-dependent. As a
consequence, the global bene�t of ATG in real life is more speculative.

We studied the impact of ATG use in real-life conditions in a multicenter study. Propensity score analysis
was performed to address potential confounding by indication.

Methods

Study design and populations
This study has been conducted in the 817 �rst consecutive renal transplant recipients (RTR) from the
ORLY-EST trial. ORLY-EST is a prospective cohort study including incident RTR in seven French transplant
centers (Besançon, Clermont-Ferrand, Dijon, Kremlin-Bicêtre, Nancy, Reims, Strasbourg). The main
objective of this study is to assess associations between immune status and post-transplant
complications. The ethic committee of Franche-Comté study has approved the study (2008). Patients
enrolled in the ORLY-EST study gave their written informed consent.

Among the 817 patients, 265 (32.4%) had received ATG (Thymoglobulin®, Sano�, Gentilly, France, or
Fresenius®, Bad Homburg, Germany) and 552 non-depleting α-CD25 mAb therapy (Basiliximab®,
Novartis, Basel). Calcineurin inhibitors (CNI [Tacrolimus, n = 514 (63%), Cyclosporin, n = 215 (31%)]) and
Mycophenolic Acid (n = 784 (96%) of which 741 under mycophenolate mofetil) were widely used as
immunosuppressive regimen. All the transplants were performed with a negative CM cross-match.

Each center uses the anti-Cytomegalovirus (CMV) prevention of their choice. A majority of patients with
previous CMV exposition received valganciclovir for 3 months. CMV-naïve patients who received a CMV
positive kidney were given valganciclovir for 3 or 6 months. All patients received Pneumocystis
antimicrobial prophylaxis with trimethoprim-sulfamethoxazole for at least 6 months.

Confounding factors
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Demographic parameters and medical history were assessed. Dialysis modality and its duration were
also recorded. HLA mismatches were registered as well as other relevant immunological parameters such
as, pre-transplant panel reactive antibodies (PRA) (0 vs. positive PRA at any level), transplant rank (�rst
vs. second or more). Delayed graft function de�ned as the need for dialysis in the �rst week post-
transplant was recorded. Methods of assessment and de�nitions of these variables have been previously
described in details (8).

Outcomes

Acute rejection
Only biopsy-proven acute rejections were retained. Acute rejection was de�ned according to the Banff
classi�cation (9).

Severe infections
Methods to assess infectious infections have been previously described (8).

Brie�y, severe bacterial infections or opportunistic infections where only considered if subsequent
hospitalization was required. BK infections were not recorded.

CMV disease
CMV disease was de�ned by the need of treatment in a patient with viral replication.

Statistical analysis
Median, mean values with standard error, and frequency were provided for continuous and categorical
variables, respectively. Medians, means, and proportions were compared using Student’s t test and chi-
square test (or Fisher’s exact test, if appropriate), respectively. Acute rejection free survival was estimated
using the Kaplan-Meier method. Follow-up duration was calculated using a reverse Kaplan-Meier
estimation. Cox proportional hazard models were performed to estimate hazard ratio (HR) and 95%CI for
factors associated with acute rejection.

The association of baseline parameters with acute rejection was �rst assessed using univariate Cox
analyses, and then parameters with p values of less than 0.20 were entered into a �nal multivariable Cox
regression model, after considering collinearity among variables with a correlation matrix. Similar
analyses were performed for infections.
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In view of the nonrandomized nature of this study, a bias of treatment attribution is inevitable.
Differences between the two groups due to ATG indication may greatly in�uence the outcomes. To face
these constraints, we calculated propensity scores to correctly adjust for confounding factors and to
address potential confounding by indication (10).

We assessed the propensity score of receiving ATG through multivariable logistic regression model with
ATG use as the dependent variable. Data known to in�uence the choice of using or not ATG were used to
calculate the propensity score and included age, pretransplant history of malignancy, duration of dialysis
before transplant, pre-transplant anti-HLA antibodies, previous history of transplantation, Other factors
such as sex, previous cardiovascular disease, hypercholesterolemia, hypertension, body mass index,
smoking status, and diabetes, were also tested in the model. We matched one ATG-treated patient to one
non-ATG–treated patient by their propensity score + 0.02 (0.10SD of the propensity score) to generate a
sub-cohort of 154 patients who were treated with ATG and 154 patients who were not.

Results

Study population
Characteristics of the study population were depicted in table 1.

Determinants of ATG use
In univariate analysis, age (p = 0.007), gender (p = 0.003), a previous history of cancer (p = 0.011),
presence of HLA antibodies (p<0.001), previous kidney transplantation (p<0.001), transplant center
(p<0.001), dialysis duration (p<0.001), body mass index (p = 0.038), previous exposition to CMV (p =
0.001), and delayed graft function (p = 0.001) were associated with ATG use.

Logistic regression revealed that age (HR, 0.98; 95%CI, 0.96 to 0.99 for each increase of one-year in age; p
= 0.005), male gender (HR, 0.69; 95%CI, 0.45 to 0.96; p = 0.041), a pre-transplant history of cancer (HR,
0.21; 95%CI, 0.07 to 0.64; p = 0.006), presence of anti-HLA antibodies (HR, 5.90; 95%CI, 3.71 to 9.38;
p<0.001), previous kidney transplantation (HR, 5.81; 95%CI, 2.42 to 13.9 8; p<0.001), and transplant center
(p<0.001) (table) were associated with ATG use.

On the basis of this model, a propensity score was assessed for each patient (mean 0.32+0.26; range,
0.002–0.970). The area under the curve of the propensity score was 0.84+0.02. Excluding center effect
signi�cantly reduced the predictive value of the model (AUC 0.77+0.02 vs 0.84+0.02; p<0.001).

Propensity score matching successfully balanced the distribution of characteristics across patients who
were treated with ATG compared with those who were not (table 2). Mean propensity scores were similar
in patients who experienced acute rejection compared with those who did not (0.37+0.19).
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Acute rejection
One hundred and forty-eight patients (18%) experienced at least one episode of acute rejection.

Previous kidney transplantation (HR, 0.69; 95%CI, 0.45 to 0.96; p = 0.041) and delayed graft function (HR,
0.69; 95%CI, 0.45 to 0.96; p = 0.041) were the only factors associated with the occurrence of acute
rejection.

ATG use was not associated with a lower rate of acute rejection (18.2% in ATG-treated patients vs 15.8%
in non-ATG-treated patients; HR, 1.18; 95%CI, 0.83 to 1.69; p = 0.356) (�gure 1 and table 3). No protective
effect was observed in any subgroups of patients (table 3).

Adjustment for propensity score slightly modi�ed the relationship between ATG and acute rejection
towards a more neutral effect (HR, 1.02; 95%CI, 0.66 to 1.58; p = 0.913). Score match analysis
recapitulated the previous result.

Infections and ATG use

Severe bacterial infection
Two hundred and sixty-two patients (32%) experienced at least one episode of severe bacterial infection.
Age (p = 0.007), gender (p = 0.022) body mass index (p = 0.008), pre-transplant diabetes (p = 0.004), and
Tacrolimus use (p = 0.081) were associated with SBI.

Cox analysis revealed that age (HR, 1.02; 95%CI, 1.01 to 1.03 for each increase of one-year in age; p =
0.005), male gender (HR, 0.70; 95%CI, 0.52 to 0.95; p = 0.022), body mass index (HR, 1.06; 95%CI, 1.03 to
1.09 for each increase of 1 kg/m2 in BMI; p<0.001), and Tacrolimus use (HR, 1.38; 95%CI, 1.01 to 1.92; p =
0.048) (table) were associated with SBI.

ATG use was not associated with a higher rate of SBI (HR, 0.84; 95%CI, 0.61 to 1.16; p = 0.290).
Adjustment for propensity score did not modify the relationship between ATG and SBI (HR, 0.86; 95%CI,
0.58 to 1.28; p = 0.467).

Opportunistic infections
Seventy three patients (9%) experienced at least one episode of opportunistic infection (Zoster, 24;
Herpes, 14; Pneumocystis Jerovicii, 12; Legionella, 8; Tuberculosis, 7; Aspergillosis, 3; Nocardiosis, 3;
Mucormycosis, 1; Cryptococcal infection, 1).. ATG use was the only predictive factor for opportunistic
infection (HR, 1.77; 95%CI, 1.26 to 2.70; p = 0.008). ATG use remained associated with the occurrence of
opportunistic infection after adjustment for propensity score (HR, 1.55; 95%CI, 1.12 to 2.41; p = 0.034)
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CMV disease
One hundred and thirty-one patients (16%) experienced CMV disease. CMV exposure (p = 0.002), anti-
CMV prophylaxis (p<0.001), and ATG use (p = 0.018) were associated with CMV disease. Nevertheless,
ATG use was no more associated with the occurrence of CMV disease after adjustment for propensity
score (HR, 0.89; 95%CI, 0.55 to 1.44; p = 0.642).

Death and graft loss
Twenty-four patients (3%) died in the �rst year post-transplant. There was difference in the two groups
(3% in ATG-treated patients and 2.9% in those having received IL1Ra; p = 0.924).

Thirty-eight patients (4.7%) lost their graft in the �rst year post-transplant. There was no difference in
graft loss between the two groups (4.5% in ATG-treated patients and 4.7% in those having received IL1Ra;
p = 0.908).

Discussion
T cell depletion by polyclonal anti-thymocyte globulins (ATG) has been used for many years for
immunosuppression in organ transplantation. These products are composed of polyclonal antibodies
mainly directed against T lymphocytes, but also against other types of immune and non-immune cells,
such as stromal thymic cells (11, 12). Although they are widely used since more than 30 years, few
evidence-based guidelines for ATG use are available and prescription remains largely empirical. A
substantial bene�t of ATG has been described only in immunological high-risk patients. However, a
signi�cant part of ATG-treated patients included in this study could not be classi�ed as immunological
high-risk patients according to traditional de�nitions. One in �ve patients having received ATG was
recipient of a �rst transplant and had no HLA sensitization. However, 12% of HLA-sensitized recipients of
a second transplant received IL1Ra induction.

We found some factors, usually not used as inclusion or exclusion criteria in randomized studies
comparing ATG and -CD25, to signi�cantly in�uence the choice of induction treatment. A pre-transplant
history of cancer was strongly associated with avoidance of ATG. A large meta-analysis reported an
increased incidence of cancer in ATG-treated patients as compared to those having received IL2Ra (4).
Our group also emphasized the impact of ATG-induced persistent CD4 lymphopenia on post-transplant
cancer occurrence (13, 14). It is likely that, not only immunological risk, but also a putative enhanced risk
of cancer participates in the �nal choice of the type of induction. Whereas, only 7% of patients were 70
years old or over, older age signi�cantly prevents ATG use. However, cut off was 70 or 75 years old in the
different randomized studies comparing ATG to IL2Ra (4). A supposed frailty of immune responses in
elderly probably explains this association. Finally, while no data supports a speci�c bene�t of ATG in
female, male were less prone to receive ATG than female. Apart from these parameters, an unexplainable
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proportion of the decision is centre-dependent and re�ects individual practice. Furthermore, the use of
ATG was not associated with any different strategy of maintenance immunosuppression. Scheduled
corticosteroid withdrawal was similar in the two treatments groups as well as the use of Tacrolimus or
Mycophenolic acid. This suggests that the choice to use ATG is based on both evidence- and belief-based
criteria or that evidence-based data are not su�ciently convincing to bring together physicians’ opinions.

Our study suggests that, in real life conditions, ATG use is not associated with reduced rates of acute
rejection. This result was observed in all sub-groups of patients, including those who have been identi�ed
as having greater bene�t in randomized studies (2, 3). Because the majority of patients included in this
study were at low-to-intermediate immunological risk, a lack of power may explain this result.
Nevertheless, no trends were observed suggesting that enhancing power would not change the results.
Some explanations are possible. Randomized studies have been published almost ten years ago and
more. Better determination of HLA antibodies and generalization of �ow cytometry cross-match may
have improve donor-recipient compatibility and reduce the risk of acute rejection. As a consequence, the
bene�cial effects of ATG may be reduced. According to this hypothesis, HLA sensitization was not
associated with acute rejection even in patients with PRA>30%. The two only predictive factors of acute
rejection were a previous history of kidney transplantation and delayed graft function. We observed a
non-signi�cant reduction of 19% in the risk of acute rejection after delayed graft function in ATG-treated
patients. As a consequence, a randomized study should include 778 patients to demonstrate such a
signi�cant difference with a power of 80% and an alpha risk of 5%. Our study highly suggests that ATG
did not reduce the rate of acute rejection in current conditions of utilization.

Even when CMV disease was more frequent in ATG-treated patients, the association did not persist after
adjustment for confounding factors. Furthermore, due to different centre practices, CMV prophylaxis was
surprisingly less frequent in ATG-treated patients. According to propensity score analysis, this con�rms
that CMV status did not in�uence the choice to use ATG. Under systematic CMV prophylaxis, the rate of
CMV disease are relatively similar in ATG-treated and non-ATG-treated patients (2, 7). By contrast, in the
absence of CMV prophylaxis, CMV disease was probably much more frequent in patients having received
ATG (4, 15). No difference in the incidence of severe bacterial infection was observed between the two
arms groups. Such a result is consistent with previous reports (3). However, we observed more frequent
opportunistic infections in ATG-treated patients. This result con�rms preliminary analyses performed
earlier in this study (16). Overall, ATG is not associated with a substantial increase in early infectious
complications except opportunistic infections. Furthermore, both patient and graft survivals were similar
in the two treatment groups.

Our study has some limitations. A bias of indication is inherent to non-randomized comparisons of
treatment. We used propensity score analysis to overcome this limitation. Patients who received ATG
differed in many ways from those who did not. Propensity score analysis takes these differences into
account and minimizes potential confounding by indication. After adjustment for propensity score, we
did not observe any difference in most post-transplant outcomes between patients having or not received
ATG. Registry studies have the potential to include a larger number of patients, but often lack accurate
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confounding factors analysis. Our study is likely to be a fair compromise between less precise
observational registers and unfeasible randomized trials. Due to the prospective design of the study,
missing data are low (<5%).

Conclusion
Our study suggests that, in real-life conditions, ATG does not substantially reduce the risk of acute
rejection after kidney transplantation. By contrast, ATG-treated patients exhibited an increased risk of
opportunistic infections. A better discrimination of patients who may bene�t of ATG is required.
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  ATG-treated patients

(n=265)

Non ATG-treated patients

(n=552)

p

Age (years) 53+13 50+13 0.001

Gender (% male) 56% 67% 0.003

Dialysis (%) 93% 91% 0.332

Dialysis duration (months) 47+41 35+27 <0.001

Pre-transplant diabetes 22% 18% 0.269

Pre-transplant history of cancer 3% 7% 0.011

Body mass index (%) 25+4.9 25.7+4.5 0.038

Previous transplantation  19% 4% <0.001

PRA > 0 (%) 59% 19% <0.001

PRA > 30% 25% 9% <0.001

CMV exposure (%) 64% 52% 0.001

CMV prophylaxis (%) 45% 57% 0.003

Tacrolimus (%) 59% 65% 0.203

MPA (%) 97% 97% 0.872

Scheduled corticoid withdrawal

(%)

8.8% 9.3% 0.794

Delayed graft function (%) 30% 21% 0.001

 

Table 2: Demographic characteristics of the propensity score study cohort



Page 14/15

  ATG-treated patients

(n=154)

Non ATG-treated patients

(n=154)

p

Age (years) 50+13 50+14 0.829

Gender (% male) 61% 59% 0.727 

Dialysis (%) 92 % 92 %  1

Dialysis duration (months) 49+44 42+35 0.775

Pre-transplant diabetes  21% 20% 0.842

Pre-transplant history of cancer 3% 4%  0.759

Body mass index (%) 24.9+4.9 24.4+4.2 0.384

Previous transplantation  7% 6% 0.788

PRA > 0 (%) 38% 37% 0.898

PRA > 30% 15% 15% 1

Pre-transplant CMV exposure (%) 64% 52% 0.001

CMV prophylaxis (%) 45% 57% 0.003

Tacrolimus (%) 59% 65% 0.203

MPA (%) 97% 97% 0.872

Scheduled corticoid withdrawal

(%)

8.8% 9.3% 0.794

Delayed graft function (%) 30% 21% 0.001

 

Table 3: Hazards ratio of ATG for acute rejection (unadjusted and adjusted for relevant parameters in the
overall cohort and in different subgroups

Unadjusted, 1.18 95%CI, 0.83 to 1.69; p=0.356

Adjusted for,

Age, 1.18 95%CI, 0.83 to 1.70; p=0.345

Gender, 1.22 95%CI, 0.86 to 1.75; p=0.269

Previous transplantation, 1.09 95%CI, 0.75 to 1.58; p=0.649

Presence of HLA antibodies, 1.17 95%CI, 0.79 to 1.73; p=0.356

Delayed graft function, 1.15 95%CI, 0.78 to 1.64; p=0.466

Center, 1.08 95%CI, 0.74 to 1.59; p=0.682

Propensity score, 1.02 95%CI, 0.66 to 1.58; p=0.913
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Figures

Figure 1

Kaplan-Meier acute rejection-free survival curves for patients according to the use of ATG


