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Context: Preventing acute rejection (AR) after kidney transplantation is of utmostimportance
because an AR can have a negative impact on long-term allograft survival.

Evidence Acquisition: Directory of Open Access Journals (DOAJ), Google Scholar, PubMed,
EBSCO, and Web of Science have been searched.

Results: At the moment this can be done by using rabbit anti-thymocyte globulins (tATGs)
as an induction therapy. However, because tATGs are associated with some deleterious
side-effects, such as the opportunistic infections cytomegalovirus (CMV) and de novo post-
transplant cancer, it is very important they are used optimally, i.e., at minimal doses that
avoid many side-effects but still retain optimal treatment efficacy. Recent data show that
the risk of CMV infection can be minimized using tacrolimus plus everolimus, and not
tacrolimus plus mycophenolic acid, as the maintenance immunosuppression. The use of
tATG is particularly valuable in; (2) sensitized patients; () in recipients from an expanded-

criteria donor, thus enabling the introduction of calcineurin inhibitors at reduced doses; and
(¢) for patients where steroid avoidance is contemplated. However, we also need to consider
that tAT'G may increase the risk of de novo cancer, even though recent data indicate this is
unlikely and that any risk can be reduced by using mammalian target of rapamycin (mTOR)
inhibitors instead of mycophenolic acid combined with low-dose calcineurin inhibitors.
Conclusions: Even though tATGs do not improve long-term kidney-allograft survival, they
may help reduce calcineurin-inhibitor dosage during the eatly post-transplant period and
minimize the risk of AR.

Implication for health policy/ practice/ research/ medical education:

The use of anti-thymocyte globulins (rATGs) is particularly valuable in; (@) sensitized patients; (4) in recipients
from an expanded-criteria donor, thus enabling the introduction of calcineurin inhibitors at reduced doses;
and (¢) for patients where steroid avoidance is contemplated. However, we also need to consider that rATG
may increase the risk of de novo cancer, even though recent data indicate this is unlikely and that any risk
can be reduced by using mammalian target of rapamycin (mTOR) inhibitors instead of mycophenolic acid
combined with low-dose calcineurin inhibitors.
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1. Context

Polyclonal antibodies directed against T lymphocytes
(ATG) have been developed since discovering the un-
derlying mechanisms involved in acute cellular rejec-
tion. Initially derived from horse serum, these drugs
have a potent depleting effect but have been frequent-
ly associated with serious adverse effects, such as se-
rum sickness, profound pancytopenia, infection, and
cancer.

2. Evidence Acquisition

Directory of Open Access Journals (DOAJ), Google
Scholar, PubMed, EBSCO and Web of Science were
searched with key words relevant to kidney transplan-
tation, anti-thymocyte globulins, acute rejection, cyto-
megalovirus and de novo cancer.

3. Results

In the early1980s, rabbit-derived anti-thymocyte glob-
ulins (tATG) were licensed for use in kidney trans-
plantation: this preparation had a better tolerance
profile and was used initially to treat steroid-resistant
rejection. Later on, they were introduced as an in-
duction agent within immunosuppressive protocols,
and were frequently used with anti-calcineurin inhibi-
tors, anti-proliferative drugs, and steroids. At present,
rATGs are the most widely used induction treatments
worldwide: in the US alone they are given to >60% of
de novo kidney-transplant recipients (1).

Two forms of rATG exist: Thymoglobulin® (Sano-
f1), which is extracted and purified from the serum
of pediatric thymic tissue—-immunized rabbits, and
ATG-Fresenius®, which is derived from the se-
rum of immunized rabbits with a human T-cell line
(Jurkat cells).

Over the past 30 years, since its first commercializa-
tion, its quality, dosing schedules, induction protocols,
and concomitant drugs, as well as the patients’ char-
acteristics and the clinicians’ expectations have dra-
matically changed. In this review we summarize and
prioritize the most recent data concerning the use of
rATGs in modern induction protocols.

3.1. rATG dosing

The most interesting point about tATGs is that T-cell
depletion is dose-dependent as are their side-effects.
During the eartly years of rATG induction, standard
doses were between 1 and 1.5 mg/kg/day for 7-10
days (total dose of 10-15 mg/kg) (2-9). These high
doses were frequently associated with early and late
adverse events, such as profound and prolonged leu-
copenia, thrombocytopenia, infection, and cancer.
Over time, doses used during rATG-induction regi-
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mens have been reduced because evidence shows they
are equally effective at lower doses while also being
less toxic (10). In one study, in high-risk recipients,
a mean total dose of 5.7 mg/kg produced similar
outcomes to those that received an average of 10.3
mg/kg (10).

More recent published protocols have compared very
low doses of tATGs given to low immunological-risk
patients. In one small randomized series (11), two
low-dose regimens were compared (total doses of
3.75 vs. 2.25 mg/kg) in non-sensitized patients under-
going steroid withdrawal. Both regimens achieved low
biopsy-proven acute-rejection rates (17% vs. 10%)
with potentially less opportunistic viral infections in
the lower dose group.

These very low-dose protocols show that rATG spar-
ing is feasible and probably useful in the early months
post-transplantation and in the setting of steroid
avoidance or withdrawal.

The question raised by the use of low-dose protocols
is what is the lowest dose that still possesses the best
therapeutic effect? A useful insight has been given by
a Dutch group who evaluated the effect of differ-
ent doses of tATG on T cells, B cells, and NK cells
(12). At 1.5 mg/kg total dose, T cells and NK cells
were still depleted at one week post-transplant, but
at one month later their numbers had recovered to
baseline levels, while patients receiving 3 mg/kg were
still T-cell depleted after one month but levels had
returned to baseline values by 1 year later. Prolonged
T-cell lymphopenia over the first post-transplant year
was found in those that received 6 mg/kg of tATGs.
These results infer that, the lower the dose, the more
we should expect this treatment to be ineffective and
have a lesser potential benefit.

In addition, different dosing regimens may be re-
quired for different profiles of patients: i.e., lower
doses for low immunological-risk patients and elderly
recipients; and higher doses for those with a higher
risk and for recipients of an expanded-criteria donor
kidney to reduce the toxicity from calcineurin inhibi-
tors given during the early post-transplant period (13).

3.2. Different induction strategies

Until recently, induction has been mostly reserved for
immunized patients with high titers of anti-HILLA allo-
antibodies or who have undergone repeat transplan-
tations to reduce acute-rejection episodes soon after
transplantation. Thus, some studies have explored the
use of rATGs in low-risk populations.

3.3. rATGs versus no induction
Two short-term randomized trials report that recip-
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ients who received a kidney from a deceased donor
had a reduced rejection rate when rATG was used
as the induction therapy (14,15). A parallel 6-month
multicenter European trial included 555 recipients of
a diseased-donor kidney. They were randomized into
cither receiving calcineurin inhibitors (CNI; either
tacrolimus or cyclosporine), steroids, azathioprine,
plus tATG as the induction therapy (1.25 mg/kg for
10 days), or tacrolimus, azathioprine, plus steroids,
without an induction therapy (14). Patients treated
with tATG-tacrolimus had the lowest incidence of
biopsy-proven acute rejection (BPAR) even though
this difference did not reach significance (15.1% vs.
21.2% rATG—cyclosporine and 25.4% tacrolimus—no
induction; P=ns). However, patient- and graft-sur-
vival rates, as well as serum-creatinine levels, were
similar in both groups at 6 months post-transplanta-
tion. In addition, patients receiving the rATG treat-
ment experienced a significantly higher incidence of
leucopenia, thrombocytopenia, serum sickness, fever,
and cytomegalovirus (CMV) infection (P<0.05).
Another multicenter, randomized study was con-
ducted in Europe and included 309 de novo low-risk
immunological kidney-transplant recipients who had
received a graft from a deceased donor (15). The kid-
ney recipients received either tATG (n=151, 1.25
mg/kg for 10 days) followed by a tacrolimus-based
triple therapy (i.e., tacrolimus was started on day 9),
or received no induction treatment and the tacrolim-
us-based triple therapy was started immediately fol-
lowing transplantation (n=158) (15). The incidence
of BPAR was significantly lower in the tATG group
(15.2% vs. 30.4%; P=0.001). At 12 months, patient-
and graft-survival rates, as well as renal function and
delayed graft function, were similar between both
groups. Adverse events, such as leucopenia, thrombo-
cytopenia, and CMV infections, were more frequently
reported in patients who had received an induction
therapy.

Although these two trials demonstrated that a
rATG-induction therapy can delay the introduction
of CNIs and lower the incidence of early-rejection
episodes, this was at the expense of reversible throm-
bocytopenia and leucopenia, and increased infection,
particularly CMV.

Moreover, despite significantly decreasing the rate
of BPAR, the induction therapy seemed to have no
significant impact on one-year patient-survival, or
graft function or survival. Therefore low-risk patients
treated with a modern immunosuppressive treatment
that includes a CNI, an anti-proliferative, and steroids,
may not need a rATG-induction regimen.
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3.4. Early steroid-withdrawal strategies supported by lympho-
cyte-depleting induction therapies

Another way to profit from the immunosuppressive
potential of rATG induction is to rapidly withdraw
steroids in specific patients. The focus of this strategy
is to reduce the morbidity tied to chronic steroid ex-
posure, such as diabetes, weight gain, hyperlipidemia,
and hypertension.

A few prospective randomized trials have explored
this possibility and all show that when patients are
treated with a maintenance immunosuppressive reg-
imen coupled with CNIs and mycophenolate mofetil,
rATG induction allows safe withdrawal of steroids
within the first three months (16-19). All trials show
either a lower or similar BPAR rate in rATG-treated
patients. Some trials have also described a better met-
abolic profile when steroids were withdrawn (19).

3.5. CNI avoidance or CNI sparing with rATG induction
While CNI sparing or the late introduction of CNIs
is a widespread and relatively accepted strategy, com-
plete CNI avoidance is still debated.

A few prospective studies show that the late introduc-
tion of CNIs is feasible when patients undergo an in-
duction with tATGs, with this strategy being especial-
ly useful when there are risk factors for delayed graft
function (20,21): i.e., older donor age, long ischemia
time, a vascular donot.

CNI avoidance plus a maintenance therapy of mam-
malian target of rapamycin (mTOR) inhibitors and
mycophenolate mofetil have shown excellent one-
year results regarding BPAR and patients’ survival
(22-24). However, only one study has actually demon-
strated lower graft survival in a CNI-free group (22).
The question then arises as to what happens in the
long run and whether these patients, once the immu-
nosuppressive effect of tATG disappears, develop de
novo donor-specific alloantibodies (dnDSAs): indeed,
m-TOR inhibitor-based immunosuppressive regi-
mens may enhance this phenomenon (25,20).

3.6. Delayed graft function and induction therapy

It has been reported that intraoperative administra-
tion of anti-thymocyte globulins may minimize the
lesions caused by ischemia-reperfusion injury, and the
subsequent development of delayed graft function.
Hence, a prospective, randomized trial on recipients
of a de novo kidney transplant from a deceased donor
found that, compared to postoperative administra-
tion, giving the first dose of rATG intraoperatively
was associated with less delayed graft function (14.8%
intraoperatively vs. 35.5% postoperatively; P<0.05)
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and resulted in significantly better renal function
by day 14 (serum creatinine 1.81 vs. 2.82 mg/dL;
P=0.04) (27). However, these findings have not been
reproduced since.

3.7. Effect of r ATG on long-term patient- and graft-survival
rates

What about long-term survival? Only registry data are
available to answer this question; unfortunately, there
are few results from long-term randomized controlled
studies. The FEuropean Collaborative Transplant
Study, coordinated by Opelz et al, has reported high-
er 3-year allograft-survival rates in patients receiving
a first transplant and who had received an induction
therapy of either rtATG or IL2RA, when compared
to receiving no induction, but this resulted in, at least
for rATG, a higher rate of non-Hodgkin’s lymphomas
(28). More recent US data from the OPTN registry
(29) focused on induction therapies in living-donor
transplantation and where the recipients received the
more ‘modern’ immunosuppression of tacrolimus,
mycophenolate mofetil, and steroids. The results ac-
tually showed no benefit to kidney-allograft surviv-
al at 5 years after using any type of antibody in the
induction therapy, although the non-induction group
actually suffered from a greater 5-year mortality.
Finally, very few data have reported on the capacity
of rATG induction to reduce dnDSA development
and thus the incidence of consequent acute or chron-
ic antibody-mediated rejections. One recent publica-
tion showed that tATG was superior to 1L2 receptor
antagonists in preventing dnDSAs and antibody-me-
diated rejection in a moderately sensitized population
(30). These very limited data strengthen the belief
that rATG is not exclusively a T-cell depleting agent,
but can probably also alter B-cell function either by
disrupting antigen presentation and/or T-cell-to-B-
cell crosstalk.

3.8. Drawbacks

Since its introduction, rATGs have been associated
with all the drawbacks of strong immunosuppressive
regimens, i.e., infections and de novo cancers.
Infectious complications are common during the
post- transplant period but the main risksignificantly
associated with rATG treatment is CMV. The more
often it affects CMV-seronegative patients receiving
a CMV-seropositive kidney, and has been described
in almost all clinical trials in which a tATG-induction
therapy has been performed. However, in more re-
cent protocols where lower doses of rATG are used,
the prevalence of CMV disease is reported as less se-
rious. Various strategies have been adopted to reduce
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the risk of CMV infection: CMV prophylaxis based
on (val) ganciclovir is widely used when treating pa-
tients with rATG. More recently, an interesting study
showed the efficacy of an original immunosuppressive
strategy where rATG induction was associated with
low-dose tacrolimus and everolimus. In this study, the
authors achieved an extremely low incidence of CMV
disease even without CMV prophylaxis (10%) when
compared to induction with basiliximab-, tacrolimus-,
and mycophenolate mofetil-based immunosuppres-
sion (37%) (31).

Cancer, and in particular post-transplant lymphop-
roliferative disorders (PTLD), has been described to
occur more frequently in patients that have received
rATG. European (28) and US registry (32) reports
show higher incidences of PTLD when T-cell deplet-
ing agents are used for AR or as an induction therapy,
when compared to no induction at all. But if we look
only at tATG use as an induction treatment the data
are conflicting between the two registries: the Amer-
ican registry does not show any difference, whereas
the European registry shows a worse risk profile for
tATG (particularly Thymoglobulin®). This appar-
ent difference is probably because of the difference
in these two cohorts: in Europe rtATG was used in
historically earlier periods for induction, i.e., before
the 2000s and at higher doses, whereas in the Unit-
ed States, the use of rATG as an induction therapy
gained momentum after the year 2000 and now al-
most 60% of patients receive low-dose rATG as an
induction.

A very recent study by Hall et al (33) has confirmed,
by comparing the different registries (and thus obtain-
ing more precise data), that tATG use is not associ-
ated with lymphoma nor with any solid cancer except
for melanoma in the non-Hispanic white population.
This finding is reassuring and confirms a recent me-
ta-analysis in which the authors showed how difficult
it is to interpret retrospective studies and that the only
solid evidence states that: “the lower the dose, the
lower the risk” (34).

4. Conclusions

rATGs are now an integral part of the transplant cli-
nician’s armament. With time, experience has shown
us the dangers of over immunosuppression as tATG
dosing protocols have evolved. Although rATG was
used at first almost exclusively for induction in high-
risk patients or to treat AR, increasing numbers of
patients now receive small doses of rATG to reduce
exposure to steroids and CNIs.

Unfortunately, good prospective randomized trials
are lacking, and are needed to establish whether these
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low-dose tATG protocols actually benefit patients in
the long term, especially when coupled with modern
immunosuppressive maintenance regimens of low-
dose tacrolimus plus mycophenolic acid. De zovo DSA
development and consequent chronic antibody-me-
diated rejection may be reduced by rATG treatment,
but more prospective data are required.

The most recent studies show that de #ovo cancer rate
is not significantly higher in rATG-treated patients
compared to patients not receiving an induction
therapy, but caution needs to be taken when a high
or cumulative dose of this potent immunosuppres-
sor is given.

Finally, as far as infection is concerned, CMV seems
to be more frequent: thus, prophylaxis or different an-
tiviral strategies, e.g. by replacing mycophenolic acid
by everolimus need to be considered, especially for
CMV seronegative recipients with a CMV seroposi-
tive donor.

Authors’ contribution
Primary draft by PM and TJ. Manuscript edit by LR.
All authors read and signed the final paper.

Conflicts of interest
The authors declare no conflict of interest.

Funding/Support
None.

References

1. Wiseman AC. Induction therapy in renal transplan-
tation: why? What agent? What dose? We may never
know. Clin ] Am Soc Nephrol. 2015;10(6):923-5.

2. Brennan DC, Flavin K, Lowell JA, Howard TK,
Shenoy S, Burgess S, et al. A randomized, dou-
ble-blinded comparison of Thymoglobulin versus
Atgam for induction immunosuppressive therapy
in adult renal transplant recipients. Transplantation.
1999;67(7):1011-8.

3. AghalA, Rueda J, Alvarez A, Singer GG, Miller BW;
Flavin K, et al. Short course induction immunosup-
pression with thymoglobulin for renal transplant re-
cipients. Transplantation. 2002;73(3):473-5.

4. Gurk-Turner C, Airee R, Philosophe B, Kukuru-
ga D, Drachenberg C, Haririan A. Thymoglobulin
dose optimization for induction therapy in high
risk kidney transplant recipients. Transplantation.
2008;85(10):1425-30.

5. Hardinger KL, Rasu RS, Skelton R, Miller BW, Bren-
nan DC. Thymoglobulin induction dosing strategies
in a low-risk kidney transplant population: three or
four days? | Transplant. 2010;2010:957549.

6. Klem P, Cooper JE, Weiss AS, Gralla |, Owen P,
Chan L, et al. Reduced dose rabbit anti-thymocyte

10.

11.

12.

13.

14.

15.

16.

114 Journal of Nephropathology, Vol 4, No 4, October 2015

globulin induction for prevention of acute rejection
in high-risk kidney transplant recipients. Transplan-
tation. 2009;88(7):891-6.

Laftavi MR, Alnimri M, Weber-Shrikant E, Kholi R,
Said M, Patel S, et al. Low-dose rabbit antithymoc-
tye globulin versus Basiliximab induction therapy
in low-risk renal transplant recipients: 8-year fol-
low-up. Transplant Proc. 2011;43(2):458-61.
Wong W, Agrawal N, Pascual M, Anderson DC,
Hirsch HH, Fujimoto K, et al. Comparison of two
dosages of thymoglobulin used as a short-course
for induction in kidney transplantation. Transpl Int.
20006;19(8):629-35.

Stevens RB, Mercer DE, Grant W], Freifeld AG,
Lane JT, Groggel GC, et al. Randomized trial of
single-dose versus divided-dose rabbit anti-thymo-
cyte globulin induction in renal transplantation: an
interim report. Transplantation. 2008;85(10):1391-
9.

Gaber AO, First MR, Tesi RJ, Gaston RS, Mendez
R, Mulloy LL, et al. Results of the double-blind,
randomized, multicentre, phase III clinical trial of
Thymoglobulin versus Atgam in the treatment of
acute graft rejection episodes after renal transplan-
tation. Transplantation. 1998;66(1):29-37.
Grafals M, Smith B, Murakami N, Trabucco A,
Hamill K, Marangos E, et al. Immunophenotyp-
ing and efficacy of low dose ATG in non-sensi-
tized kidney recipients undergoing early steroid
withdrawal: A randomized pilot study. PLoS One.
2014;9(8):e104408

Kho MM, Bouvy AP, Cadogan M, Kraaijeveld R,
Baan CC, Weimar W. The effect of low and ul-
tra-low dosages Thymoglobulin on peripheral T, B
and NK cells in kidney transplant recipients. Trans-
pl Immunol. 2012;26(4):186-90.

Khanmoradi K, Knorr JP, Feyssa EL, Parsikia A,
Jawa P, Dinh DB, et al. Evaluating safety and ef-
ficacy of rabbit antithymocyte globulin induction
in elderly kidney transplant recipients. Exp Clin
Transplant.  2013;11(3):222-8.

Charpentier B, Rostaing L, Berthoux F, Lang P,
Civati G, Touraine JL, et al. A three-arm study
comparing immediate tacrolimus therapy with an-
tithymocyte globulin induction therapy followed
by tacrolimus or cyclosporin A in adult renal trans-
plant recipients. Transplantation. Transplantation.
2003;75(6):844-51.

Mourad G, Garrigue V, Squifflet JP, Besse T, Bet-
thoux F, Alamartine E, et al. Induction versus non-
induction in renal transplant recipients with tacro-
limus-based immunosuppression. Transplantation.
2001;72(6):1050-5.

Martin ST, Roberts KI., Malek SK, Tullius SG, Va-
divel N, De Serres S, et al. Induction treatment with

www.nephropathol.com



17.

18.

19.

20.

21.

22.

23.

24,

25.

rabbit antithymocyte globulin versus Basiliximab in
renal transplant recipients with planned early ste-
roid withdrawal. Pharmacotherapy. Pharmacother-
apy. 2011;31(6):566-73.

Laftavi MR, Stephan R, Stefanick B, Kohli R, Da-
gher F, Applegate M, et al. Randomized prospective
trial of early steroid withdrawal compared with low-
dose steroids in renal transplant recipients using se-
rial protocol biopsies to assess efficacy and safety.
Surgery. 2005;137(3):364-71.

Woodle ES, Alloway R, Rike A, Roy-Chaudhury
P, Tevar A, Susskind B, et al. Corticosteroid elim-
ination: the Cincinnati experience. Clin Transpl.
2007:51-60.

Lebranchu Y, Aubert P, Bayle F, Bedrossian |, Bet-
thoux F, Bourbigot B, et al. Could steroids be with-
drawn in renal transplant patients sequentially treat-
ed with ATG, cyclosporine, and cellcept? One-year
results of a double-blind, randomized, multicenter
study comparing normal dose versus low-dose and
withdrawal of steroids. M 55002 French Study
Group. Transplant Proc. 2000;32(2):396-7.
Lebranchu Y, Bridoux F, Buchler M, Le Meur Y, Eti-
enne I, Toupance O, et al. Immunoprophylaxis with
basiliximab compared with antithymocyte globulin
in renal transplant patients receiving MMF-contain-
ing triple therapy. Am J Transplant. 2002;2(1):48-56.
Brennan DC, Daller JA, Lake KD, Cibrik D, Del
Castillo D. Rabbit antithymocyte globulin versus
basiliximab in renal transplantation. N Engl | Med.
2006;355(19):1967-77.

Glotz D, Charpentier B, Abramovicz D, Lang P,
Rostaing L, Rifle G, et al. Thymoglobulin induction
and sirolimus versus tacrolimus in kidney transplant
recipients receiving mycophenolate mofetil and ste-
roids. Transplantation. 2010;89(12):1511-7

Larson TS, Dean PG, Stegall MD, Griftin MD, Tex-
tor SC, Schwab TR, et al. Complete avoidance of
calcineurin inhibitors in renal transplantation: a ran-
domized trial comparing sirolimus and tacrolimus.
Am | Transplant. 2006;6(3):514-22.

Buchler M, Caillard S, Barbier S, Thetvet E,
Toupance O, Mazouz H, et al. Sirolimus versus cyc-
losporine in kidney recipients receiving thymoglob-
ulin, mycophenolate mofetil and a 6-month course
of steroids. Am | Transplant. 2007;7(11):2522-31.
Croze LE, Tetaz R, Roustit M, Malvezzi P, Janbon
B, Jouve T, et al. Conversion to mammalian target of
rapamycin inhibitors increases risk of de novo do-

26.

27.

28.

29.

30.

31.

32.

33.

34.

Anti-thymocyte globulins and kidney transplantation

not-specific antibodies. Transpl Int. 2014;27(8):775-
83.

Liefeldt L, Brakemeier S, Glander P, Waiser J, Lach-
mann N, Schénemann C, et al. Donor-specific HLA
antibodies in a cohort comparing everolimus with
cyclosporine after kidney transplantation. Am ]
Transplant. 2012;12(5):1192-8.

Goggins WC, Pascual MA, Powelson JA, Magee
C, Tolkoff-Rubin N, Farrell ML, et al. A prospec-
tive, randomized, clinical trial of intraoperative
versus postoperative thymoglobulin in adult ca-
daveric renal transplant recipients. Transplantation.
2003;76(5):798-802.

Opelz G, Naujokat C, Daniel V, Terness P, Déhler
B. Disassociation between risk of graft loss and risk
of non-Hodgkin lymphoma with induction agents
in renal transplant recipients. Transplantation.
20006;81(9):1227-33.

Tanriover B, Zhang S, MacConmara M, Gao A, San-
dikci B, Ayvaci MU, et al. Induction therapies in live
donor kidney transplantation on tacrolimus and my-
cophenolate with or without steroid maintenance.
Clin ] Am Soc Nephrol. 2015;10(6):1041-9.
Brokhotf M, Sollinger HW, Hager DR, Muth BL,
Pirsch JD, Fernandez LA, et al. Antithymocyte
globulin is associated with a lower incidence of de
novo donor-specific antibodies in moderately sen-
sitized renal transplant recipients. Transplantation.
2014;97(6):612-7

Tedesco-Silva H, Felipe C, Ferreira A, Cristelli M,
Oliveira N, Sandes-FreitasY, et al. Reduced incidence
of cytomegalovirus infection in kidney transplant
recipients receiving everolimus and reduced tacro-
limus doses. Am ] Transplant. 2015;15(10):2655-64.
Caillard S, Dharnidharka V, Agodoa L, Bohen E,
Abbott K. Posttransplant lymphoproliferative disor-
ders after renal transplantation in the United States
in era of modern immunosuppression. Transplanta-
tion. 2005;80(9):1233-43.

Hall E, Engels EA, Pfeiffer RM, Segev DL. Asso-
ciation of antibody induction immunosuppression
with cancer after kidney transplantation. Transplan-
tation. 2015;99(5):1051-7.

Hertig A, Zuckermann A. Rabbit antithymocyte
globulin induction and risk of post-transplant
lymphoproliferative disease in adult and pediatric
solid organ transplantation: An update. Transpl Im-
2015;32(3):179-87.

munol.

Copyright © 2015 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is propetly cited.

www.nephropathol.com

Journal of Nephropathology, Vol 4, No 4, October 2015

115



