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lemtuzumab Induction in Kidney Transplantation: Clinical Results
nd Impact on T-Regulatory Cells

. Morales, M.R. Bono, A. Fierro, R. Iñiguez, C. Zehnder, M. Rosemblatt, L. Calabran, C. Herzog,
. Benavente, J. Aguiló, J. Pefaur, A. Alba, M. Ferrario, W. Simon, L. Contreras, and E. Buckel

ABSTRACT

Alemtuzumab (ALT), a humanized monoclonal anti-CD52 antibody, was introduced in
solid organ transplantation as an induction agent. ALT associated with anticalcineurins has
provided a low incidence of acute rejection episodes (ARE) and potential tolerogenic
properties. We analyzed the clinical outcomes and effects on peripheral Treg of renal
transplant recipients treated with ALT. Six-month data on kidney alone or kidney combined
with pancreas or liver patients treated with ALT and tacrolimus (TAC) in standard doses were
compared with those on renal transplant recipients of similar demography who were not
treated with ALT. We evaluated patient and graft survivals, ARE incidence, hematological
parameters, renal function, adverse events, and CD4�CD25�FoxP3� T cells in peripheral
blood. Demographics of recipients, donors, and transplants were similar in both groups.
Mean HLA mismatch was slightly greater among ALT-treated patients (3.5 vs 2.5). No
combined transplantation was performed in the ALT-untreated group. Patient and graft
survivals were 100% without rejection or serious infections in both groups. ALT-treated
recipients showed anemia and leukopenia in 3 patients as well as severe lymphopenia
in 5 recipients, who partially recovered on day 90. Final mean plasma creatinine was
1.4 mg/dL, while calculated creatinine clearance was approximately 65 mL/min in both
groups. Mean Treg cell percentage was higher among ALT-treated recipients than the
comparative group or healthy controls (P � .05). In conclusion, renal transplantation
results obtained using ALT with rigorous immunosuppressive therapy were excellent;
serious adverse events and acute rejection were absent. The effect of the increased

proportion of Treg cells must be evaluated with longer observation.
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LEMTUZUMAB (ALT; Campath, Schering) is a hu-
manized monoclonal anti-CD52 antibody, recently

ntroduced in solid organ transplantation as induction ther-
py. Its target, the CD52 molecule, is a glycoprotein ex-
ressed on approximately 95% of peripheral blood lympho-
ytes, natural killer cells, monocytes, macrophages, and
hymocytes. ALT when used alone or associated with
TOR inhibiting drugs was not effective to obtain efficient

mmunosuppression, a conclusion supported by the high
ncidence of acute rejection episodes (ARE);1–4 many
atients suffered C4d-positive humoral ARE.3 Neverthe-

ess, anti-CD52 antibody combined with other immunosup-
ressive agents such as cyclosporine (Neoral, Novartis) or
acrolimus (Prograf, Astellas) with or without an antime-
abolite (MPA), either sodium mycophenolate (MPS; My-

ortic, Novartis) or mycophenolate mofetil (MMF; Cell- d
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ept, Roche) may provide excellent outcomes with a low
RE incidence,5–7 without increasing the rate of adverse

ffects like infections or cancer. The main side effects of
LT are leukopenia and lymphopenia, which are severe

nd longlasting. Actually, B-lymphocyte counts return to
ormal levels within 3 to 12 months, but CD4� and CD8�
-lymphocyte counts may be depressed for 3 years.8

In relation to the effect of ALT induction on Treg, which
eem to be crucial to develop tolerance, an increased
roportion of these cells has been reported in recipients
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3224 MORALES, BONO, FIERRO ET AL
nduced with ALT, who were also treated with antiprolif-
ratives and anticalcineurins, based on the comparison of
reg counts among treated versus nontreated patients,
alues in the pretransplantation period, and measurements
n control volunteers.7 Also, in the context of renal trans-
lantation, it has been shown that immunocompetent T
ells with a memory phenotype are resistant to lysis follow-
ng antibody-mediated T-cell depletion mediated by
LT.9,10 Some data suggest that in vitro9 these cells are

ensitive to calcineurin inhibitors, which decrease interleu-
in 2 (IL-2) and interferon gamma production. These
bservations in aggregate reveal the complexity of factors

nfluencing the balance between regulatory and reactive T
ells among patients receiving multiple drug therapy.

The long-term benefit of using ALT and tacrolimus
TAC) in renal transplant recipients is far from being
onfirmed in at least 2 aspects: (1) its efficiency in terms of
cute rejection sparing more than other antibodies com-
only used for induction therapy; and (2) its possible

olerance-inducing effects. In fact, patients treated with
LT plus low-dose TAC (target trough blood levels of 4–7
g/mL) and MPA still suffer an 18% incidence of biopsy-
roven ARE despite the presence of 39% to 27% Treg
easured at 60 to 240 days after transplantation.7 Further-
ore, Kirk et al11 showed that all patients treated with 4

oses of ALT and deoxyspergualin experienced ARE dur-
ng the first month posttransplantation. In contrast, recipi-
nts treated with ALT and full doses of TAC (target level of
0 ng/mL) showed a low incidence of ARE (1%), but 45%
f them experienced rejections following the antical-
ineurin weaning, thus showing the persistence of an im-
unoreactive response among a high proportion of renal

ransplant recipients treated with the anti-CD52 antibody.6

Table 1. Demographic and Early Posttransplantation Outcom
Comparative Group Not T

Recipient

Age (y) Gender Original Disease PRA (%) Age (y)

LT
1 51 M DM 1 0 33
2 47 M DM 1 0 18
3 50 F IgA/cirrhosis 57 28
4 66 M Hypertensive 0 28
5 62 M IgA 0 55
6 53 F Undetermined 3 39
7 42 M Alport 0 53
8 39 M IgA 0 39

1 59 M Undetermined 0 48
2 31 F Glomerulonephritis 0 28
3 55 F Undetermined 8 19
4 26 F Lupus 0 47
5 57 F Undetermined 31 3
6 58 F Lupus 0 19
7 60 M Pyelonephritis 0 21
PRA � % preformed HLA antibodies; D/L � deceased or living donor; CIT � cold
iabetes mellitus nephropathy.
We have reevaluated the effect of immunosuppressive
herapy including ALT and full-dose TAC plus MPA for
aintenance immunosuppression in 8 consecutive uns-

lected transplants of kidney alone, or combined with either
ancreas or liver, including 2 retransplantations. We sought
o evaluate the treatment efficacy in terms of patient and
raft survivals, incidence of ARE, renal function, adverse
vents, and Treg status. CD4�CD25�FoxP3� Treg cell
esponses measured during the repopulation period of
LT-treated recipients were compared with a group of

enal transplant patients of similar demography and follow-
p, who did not received ALT for induction therapy.

ATIENTS AND METHODS

n 2005, ALT was introduced for the treatment of renal transplant
ecipients in our institution. In this communication we evaluated
he outcomes after ALT treatment and immunosuppressive main-
enance therapy including TAC at full dose and MPA with the
ntention to rapidly taper steroids. The study group included 8
idney allograft recipients: male/female ratio was 6/2 and mean age
as 51 years (range, 39–66 years). Two patients were recipients of

econd grafts and 3 received combined transplants: 2 renal and
ancreas and 1 kidney and liver. Table 1 shows that 1 patient had
7% preformed HLA antibodies and that all recipients were CMV
gG positive. The mean HLA match was 1.65, while the mean HLA
ismatch was 3.5. Donors were all deceased with a male/female

atio of 5/3 and a mean age of 36 years (range, 18–53 years). The
ean cold ischemia time was 14.3 hours (range, 6–28 hours), and

he mean plasma creatinine at donation was 0.9 mg/dL (range,
.4–1.8 mg/dL). Two patients displayed delayed graft function
DGF), defined as requiring posttransplantation dialysis. ALT was
nitiated intraoperatively by a slow intravenous infusion of a 30 mg
ose. Another 30 mg dose was given on day 4 posttransplantation

n 3 recipients. Methylprednisolone was administered intravenously

riables in Recipients Treated With Alemtuzumab (ALT) and a
d With Alemtuzumab (C)

or Transplant

der D/L Renal/Pancreas/Liver ABDR Mismatch CIT (h) DGF

D R/P 3 10 No
D R/P 4 6 No
D R/L 2 8 No
D R 4 13 Yes
D R 3 28 No
D R 5 19 No
D R 2 24 Yes
D R 5 6 No

D R 3 6 No
D R 2 24 No
D R 3 12 No
D R 3 10 Yes
D R 2 13 Yes
D R 2 21 No
D R 3 21 Yes
e Va
reate

Don

Gen

M
M
M
M
F
F
F
M

F
M
M
F
M
M
F

ischemia time; DGF � delayed graft function; IgA � IgA nephropathy; DM 1 �
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ALT INDUCTION IN KIDNEY TRANSPLANTATION 3225
uring the first 4 days (500/250/125/60 mg/d) followed by oral
rednisone withdrawn in 2 patients during the first week, and
iscontinued prior to week 12 in 2 other patients but maintained in

recipients. MMF or MPS (3 and 5 recipients, respectively)
rescribed in standard doses were adjusted according to the blood

eukocyte counts; either drug was discontinued when the WBC was
elow 3000/mm3. TAC was started on day 1 with the exception of
patients who suffered DGF and received the first dose on day 13
r 16. TAC administered at a dose of 0.10 to 0.15 mg/kg/d was
hereafter adjusted to target levels of 12 ng/mL during the first
onth and approximately 8 to 10 ng/mL afterward. CMV prophy-

axis initially included intravenous ganciclovir and thereafter val-
anciclovir was given to all patients for 3 to 6 months. Anti-
nfectious prophylaxis was provided by cotrimoxazole and nystatin
t standard doses during the same period.

ARE was defined as an increase of serum creatinine of 0.3 mg/dL
r greater from the nadir, which was unrelated to pre- or postrenal
auses and confirmed by a renal biopsy. Hematological and bio-
hemical parameters as well as renal function tests were evaluated
aily during the first 2 weeks, twice a week during the following 14
ays, thereafter weekly, and then every 2 weeks to 6 months.
reatinine clearance was calculated according to the Cockcroft-
ault formula. Screening for proteinuria was performed by dip-

tick or calculated based on the urinary protein and creatinine
etermination in a morning sample. TAC trough levels were deter-
ined by immunoassay (IMX, Abbott Park, Ill, United States).
In 7 patients, CD4�CD25�FOXP3� T-cell counts were per-

ormed by flow cytometry (eBioscience Inc) with determinations
erformed at 2 months posttransplantation in 1 case, at 3 to 4
onths posttransplantation in 5 other patients, and at 19 months

osttransplantation in the remaining recipient. One patient did not
onsent to undergo the test.

A comparative group was formed by 7 recipients of kidney
ransplants who were not treated with ALT but otherwise received
imilar immunosuppression and were also followed for 6 months
fter transplantation. Among the ALT-untreated recipients, 2
eceived induction with thymoglobulin (Aventis) and 5 did not
eceive IL-2 receptor antagonists or any other induction. None of
his cohort was sensitized. They were all maintained with steroids,
yclosporine, and MPA (4 cases) or azathioprine (2 cases). One
atient was converted to low-dose TAC treatment associated with
verolimus (EVL; Novartis, and another was converted to a
alcineurin-free EVL-based treatment. Table 1 shows the demo-
raphics of the donors and recipients among the ALT-treated and
untreated recipients. All patients gave their informed consent to
articipate in the study; 1 patient treated with ALT refused to
articipate in the FoxP3 determinations. The Student t test was
sed to compare samples.

ESULTS

here were no differences between the ALT-treated and
omparative group regarding recipient and donor demo-
raphics such as age, gender, and recipient body mass index.
lso, ALT recipients and controls were not different in cold

schemia time, mean HLA mismatch, donor plasma creat-
nine, recipient preformed antibodies, and DGF (Table 1).

atient and Graft Survivals, Acute Rejection, and
linical Outcome

ALT-treated patients. The 8 patients completed 6 months

bservation. The patient and graft survivals were 100%. c
wo patients who displayed DGF gained normal renal
unction before the end of the first month. In all patients
he diagnosis of ARE was not suspected given the stable
enal, pancreas, or liver function. Exocrine and insulin
roduction measured by lipase and amylase plasma concen-
rations and C-peptide or insulin blood levels were stable
mong combined pancreas/renal transplant recipients (data
ot shown). One patient who received a combined liver/
enal transplant showed completely normal liver function.
ne renal biopsy, which was negative for rejection or viral

nfection (CMV or BK virus), was performed in another
ecipient who developed fever that lasted for the first 4
eeks following simultaneous kidney/pancreas transplanta-

ion. The microbiological and image studies were negative.
he fever finally remitted in coincidence with antibiotics
rescribed for an eventual diagnosis of sinusitis.
Comparative group. As in the ALT group, the patient and

raft survivals were 100%. No rejection was suspected
uring the period. Three recipients displayed CMV infec-
ions that responded to specific treatment. Two patients
isplayed DGF. One of them did not recover renal
unction completely, maintaining a calculated creatinine
learance less than 30 mL/min during the observation
eriod. Importantly, these 2 recipients were converted to
ither a low-dose TAC treatment associated with EVL or to
calcineurin-free EVL-based treatment.

aintenance Immunosuppression

ALT-treated patients. Eight patients received TAC
hroughout the observation period without displaying evi-
ence of either clinical neurotoxicity or nephrotoxicity.
ean and standard deviations of trough TAC levels at days

, 28, 60, 90, and 180 were: 6.7 � 1.9, 12.5 � 4.3, 9.3 � 1.9,
.7 � 1.9, and 7.6 � 1.5 ng/mL, respectively. MPA doses
ere adjusted according to leukocyte count. In 4 patients,
PA was discontinued because of leukopenia. Steroids

ere eliminated in 4 patients according to the protocol,
hile they were maintained at low doses in second trans-
lant recipients and in patients whose leukopenia pre-
ented them from receiving MPA.

Comparative group. Five patients received cyclosporine
hroughout the observation period without showing any
linical signs of nephrotoxicity. C2 levels (data not shown)
ere maintained between 1100 and 1400 ng/mL during the
rst 2 months, and thereafter reduced to 800 to 900 ng/mL.
wo patients converted to EVL presented EVL levels in the

ange of 3 to 5 ng/mL.

ematological Adverse Events

ALT-treated patients. Table 2 shows the hematological
hanges that occurred in the first 6 months: moderate
nemia (mean hematocrit increased from 27% to 37.4%
rom days 7 to 180), profound leukopenia in 3 recipients
mean WBC count approximately 3000/mm3 on days 60
nd 90), and severe lymphopenia in 5 patients (absolute

ount � 0 or 2). On day 7, the mean lymphocyte count was
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3226 MORALES, BONO, FIERRO ET AL
4/mm3 increasing to 87/mm3 on day 28, 196/mm3 on day
0, 371/mm3 on day 90, and 918/mm3 on day 180.
Comparative group. Tables 2 and 3 show that in the

hole 6-month period, there were lower values of hemato-
rit (NS), leukocytes (P � .05), and lymphocytes (P � .05
ntil day 90) among the ALT recipients when compared
ith the non-ALT-treated group. The comparative group

howed less anemia and leukopenia, but the differences did
ot reach statistical significance. However, measurements
erformed around 4 months following transplantation, the
ime when regulatory T cells were measured, showed the
otal lymphocyte count (P � .028) and the CD4� percent-
ge (P � .001) and number (P � .012) to be significantly
ecreased in the ALT-treated recipients.

reg Determinations in Both Groups

hree to 4 months following transplantation (the T-cell
ecovery phase), the percentage of CD4�CD25�FoxP3�

Table 2. Hematological Data, Renal Parameters, and Tacrolim
Pancreas or Liver Treated With Alemtuzumab, TAC, and Antime

During the

7 28

ematocrit (%)
ALT 27.2 � 4.6 29.1 �

Comparative 31.3 � 3.1 34.5 �

BC counts (/mm3)
ALT 7908 � 3469 3158 �

Comparative 12574 � 5555 8238 �

ymphocyte counts (/mm3)
ALT 24.4 � 51.6 86.8 �

Comparative 460.7 � 797 540.2 �

lasma creatinine (mg/dL)
ALT 2.6 � 1.9 1.4 �

Comparative 3.7 � 1.8 1.6 �

reatinine clearance (mL/min)
ALT 51.0 � 25 64.8 �

Comparative 29.9 � 26 49.6 �

K 506 level (ng/mL)
ALT 6.7 � 1.9 12.5 �

Data are mean values � SD.
Comparative group was formed by 7 patients who were not treated with ale

Table 3. Peripheral Blood Lymphocytes in Alemtuzumab-
Renal Tra

Leukocytes
(/mm3) Lymphocytes (%)

Lymphocytes
(/mm3) LT CD4�

LT
Mean 4004 8.9 411* 7.3
SD 2144 7.5 421 5.4

Mean 5163 22.0 945* 32.1
SD 1986 17.6 378 12.1

*P � .028.
†P � .001.
‡
P � .012.
§P � .031.
cells was 19.9% � 14.9% (range, 4.6%–42.3%) among
atients treated with ALT and 4.1% � 3.8% (range,
%–11.5%) among recipients not treated with ALT (P �
031) and 3.1% � 1.1% (range, 2.5%–4.6%) among healthy
ontrols (P � .05 comparing ALT-treated versus healthy
ontrols). Considering that the comparative group was not
omogeneous and that 5 patients did not receive any
ntibody induction, we compared FoxP3� T cells of this
ubgroup of recipients with those treated with ALT, observ-
ng that differences in the percentage of FoxP3 maintained
heir significance (P � .034). As expected, given the impor-
ant total lymphopenia of the ALT group, the mean abso-
ute counts of Treg were 4.1 � 4.6, 17.2 � 28.9, and 3.3 �
.8/mm3 among patients treated with ALT, treated without
LT, and healthy controls, respectively (NS). At the time
hen the FoxP3 determinations were performed, the mean

eukocyte count was 4004 � 2144/mm3 in the ALT group
ompared with 5162 � 1985/mm3 in the comparative group

ood Levels of 8 Recipients of Kidney Alone or Combined With
lites, and 7 Patients of the Comparative Group Both Observed
6 Months

Posttransplantation Day

60 90 180

28.0 � 6.4 34.1 � 5.6 37.4 � 6.6
36.8 � 5.5 37.0 � 5.4 42.5 � 8.0

7 3050 � 649 3175 � 1568 4600 � 1474
6 8404 � 4317 8222 � 4294 8752 � 2410

196.3 � 134.4 371 � 292 918 � 508
675.4 � 379 551.3 � 651 602.8 � 808

1.4 � 0.4 1.4 � 0.3 1.4 � 0.4
1.4 � 0.6 1.4 � 0.8 1.4 � 0.6

60.5 � 11 63.9 � 13 65.4 � 14
59.8 � 22 64.1 � 25 64.2 � 25

9.3 � 1.9 8.7 � 1.9 7.6 � 1.5

mab.

ed (ALT) and Untreated (C) Recipients at 4 Months After
antation

LT CD4�
(/mm3) LT CD4�CD25�FoxP3� (%)

LT CD4�CD25�FoxP3�
(/mm3)

38‡ 19.9§ 4.1
62 14.9 4.6

302‡ 4.1§ 17.2
199 3.8 28.9
us Bl
tabo
First

5.7
6.9

145
401

68.3
520

0.4
0.7

17
21

4.3
Treat
nspl

(%)

†

†
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ALT INDUCTION IN KIDNEY TRANSPLANTATION 3227
NS). The mean lymphocyte count was 411 � 420/mm3 for
he ALT-treated versus 944 � 378/mm3 among the non-
LT-treated recipients (P � .028). No correlation was

ound between FoxP3 percentage and leukocyte or lympho-
yte blood counts.

enal Function Parameters

ALT-treated patients. Mean plasma creatinine concentra-
ions decreased from 2.6 � 1.9 on day 7 to 1.4 � 0.4 mg/dL
n day 180. During the same time, calculated creatinine
learance increased from a mean of 51 � 25 to 65.4 � 13.8
L/min (Table 2). No abnormalities in urinary protein

xcretion were observed (data not shown).
Comparative group. Table 2 shows that the mean plasma

reatinine concentration decreased from 3.7 � 1.8 on day 7
o 1.4 � 0.6 mg/dL on day 180. During the same time,
alculated creatinine clearance rose from a mean 29.9 � 26
o 64.2 � 25 mL/min. No abnormalities in urinary protein
xcretion were observed (data not shown). No statistical
ifferences were observed between the ALT-treated and the
omparative group relative to renal function parameters.

erious Adverse Events

ALT-treated patients. No adverse effects were observed
ollowing ALT administration. An episode of profound
enous thrombosis of the lower extremity contralateral to
he organ implantation occurred in 1 case 1 month follow-
ng renal transplantation. A subsequent ultrasound exami-
ation demonstrated resolution of the complication with
ubcutaneous anticoagulation. As already mentioned, 1
atient displayed low-grade prolonged fever during the first
weeks following combined kidney/pancreas transplanta-

ion. A relationship of this event to the study medication can
nly be assumed. No cases of CMV infection, new onset
iabetes mellitus, or malignancies were seen during the study.
Comparative group. Three cases of CMV disease im-

roved with specific therapy in this group. One patient
eveloped a urinary fistula and lymphocele, both of which
ere corrected surgically. One recipient who had displayed
GF followed by stable renal dysfunction developed grade
chronic allograft nephropathy (Banff classification). The

mmunosuppression was switched to EVL plus low-dose
AC at 3 months posttransplantation. Another patient who

howed DGF and subsequent low renal function (creatinine
learance 24 mL/min) was converted to EVL plus low-dose
AC and steroids and MPA during the first month
osttransplantation.

ISCUSSION

he search for new induction immunosuppressive protocols
hat have tolerogenic properties has been ongoing through-
ut the history of organ transplantation. Herein we have
eported our experience with ALT, analyzing not only the
linical outcomes but also the presence of T regulatory cells
Tregs) supposedly relevant to long-term survival of trans-

lanted organs. l
The data presented in this article showed excellent
-month outcomes in recipients of kidney alone a kidney
ombined transplants treated with the anti-CD52 monoclo-
al antibody. Patients who received ALT administered as a
ingle 30 mg dose without or with a second 30 mg dose,
epending on the presence or absence of DGF, were also
reated with TAC in standard doses and, when the leuko-
yte count allowed it, an antimetabolite such as MPA.
atients were unselected and incorporated into the new

herapy in a consecutive form, independent of the immu-
ological risk. To compare immunological parameters, a
roup of recipients who were not treated with ALT was also
xamined. Nevertheless, there were 3 differences compar-
ng the demographics of the ALT-treated vs comparative
roups: (1) the comparative group did not receive com-
ined grafts; (2) patients in the comparative group received
yclosporine and not TAC as the main immunosuppressive
aintenance therapy; and (3) 5 recipients in the compara-

ive group did not get antibody induction but 2 were treated
ith thymoglobulin. Four of the ALT-treated recipients
ust be considered to be high immunological risk: 1 was

ighly sensitized, while the other 3 were recipients of
ombined transplants (2 simultaneous renal/pancreas grafts
nd a second renal graft recipient who simultaneously got a
iver graft). Only 1 recipient was highly sensitized in the
omparative group.

The absence of ARE among the 8 ALT-treated patients
hroughout the first 6 months posttransplantation, the
ptimal renal function obtained in all patients, the relatively
ood compliance in the presence of mild leukopenia and
ymphopenia, and the increase in Tregs are observations
hat lead us to speculate that the drug combination used in
his study represented an important advance toward opti-
al immunosuppression. Four of 8 patients were steroid-

ree, while 3 remained under steroid therapy due to severe
eukopenia which prevented us from using MPA. One last
atient had to continue steroids at usual doses to avoid a
ecurrence of IgA nephropathy in a second transplant.

The leukopenia in the ALT recipients, which was more
evere than in patients who did not receive ALT, forced

PA dose reduction or discontinuation, thus creating a
ituation often associated with a higher incidence of rejec-
ion or infection. Fortunately, that was not the case among
LT-treated recipients, who did not suffer rejection or

evere infections during the study. As shown in Table 3, the
ontrol group displayed less anemia (P � .05) and did not
how leukopenia or lymphopenia (P � .028). Thus, MPA
rescription must be cautious in this cohort. Remarkably,
MV infection was present in 3 patients of the nonleuko-
enia control group and none of the ALT-treated recipi-
nts, probably due to lower adherence either to CMV
rophylaxis or CMV antigenemia measurements in the
omparative, non-ALT-treated group.

In relation to the use of anticalcineurin therapy as part of
he maintenance immunosuppressive therapy during the
rst 6 months, TAC was dosed to obtain TAC trough blood
evels (at day 28, the mean level was 12.5 ng/mL; range,
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3228 MORALES, BONO, FIERRO ET AL
.0–20.8 ng/mL), which were higher than those reported by
iancio et al,7 who also reported a greater incidence of
RE. As planned, TAC trough levels were reduced after-
ard (7.6 ng/mL at 180 days) to prevent anticalcineurin
ephrotoxicity. These TAC blood levels may represent the
nticalcineurin concentration necessary to prevent ARE,
erhaps due to sustained in vivo inhibition of IL-2 and

nterferon gamma production by memory T cells, which
ave been reported to be not abrogated by ALT.9,10 Among
he comparative group, C2 cyclosporine levels were main-
ained within recommended values, namely 1436 ng/mL at
0 days and 844 ng/mL at 180 days (data not shown).
Confirming a previous report,7 patients treated according

o this protocol showed a 5-fold increase in the mean
ercentage of CD4�CD25�FoxP3� elements compared
ith recipients not receiving ALT or healthy controls
mong analyses performed on peripheral blood at approx-
mately 120 days posttransplantation (19.9 vs 4.1; P � .05).
evertheless, not all ALT-treated recipients showed the

ame degree of increase in CD4�CD25�FoxP3�: 3 dis-
layed percentages twice those of healthy controls, but
imilar to untreated recipients. In 4 ALT-treated patients,
he percentage increase was 10-fold. The follow-up of these
atients may suggest whether these differences have predic-
ive value for acute or chronic rejection or any relevant
mmunological outcome. Importantly, Ciancio et al7 re-
orted that patients treated with basiliximab or thymo-
lobulin as induction therapy did not experience the same
egree of increase in Treg cells measured as CD25� T cells
r FoxP3 copies/5000 CD3 cells. Recently, similar results
ave been obtained examining CD4�CD25�FoxP3� T
ells in transplant recipients treated with ALT, but followed
or longer periods of time.12

This experience does not allow us to answer some basic
uestions about antibody induction therapies: (1) Do we get
fficient tolerance when inducing with ALT? (2) Are pe-
ipheral FoxP3� T cells significant in the clinical setting of
rgan transplantation to predict a tolerogenic state in a
iven patient? (3) In graft recipients treated with ALT, can
nticalcineurin drugs be tapered at some time after trans-

lantation to prevent nephrotoxicity without increasing the

a
S

isk for ARE? Longer and larger studies using anti-CD52
ntibodies must be designed to answer these questions.
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