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ORIGINAL ARTICLE

Daclizumab prevents acute rejection
and improves patient survival post
transplantation: 1 year pooled analysis

Abstract Daclizumab is a geneti-
cally engineered human IgG1 mon-
oclonal antibody specific for the o
chain of the IL-2 receptor. A pooled
analysis of two randomized, double-
blind studies was performed on the
efficacy and safety of daclizumab in
renal transplantation, given in addi-
tion to standard immunosuppres-
sion. Patients receiving their first
cadaveric renal allograft were ran-
domized to receive 5 doses of dac-
lizamab (n = 267) or placebo

(n = 268), starting pre-operatively.
Acute rejection at 1 year occurred
less frequently with daclizumab
(n=74,27.7%) than with placebo
(n=116,43.3%) (P = 0.0001). Few-
er patients treated with daclizumab
required anti-lymphocyte therapy
for acute rejection (7.9 % vs. 15.3%;
P = 0.005). Mean cumulative doses
of corticosteroids were lower with
daclizumab (4133 mg) than with
placebo (4562 mg). One year graft
survival was 91.4 % with dac-
lizumab, compared with 86.6 % on
placebo (P = 0.065), with patient

survival of 98.5% and 95.1 % for
daclizumab and placebo respective-
ly (P = 0.022). Daclizumab was well
tolerated. No increase in infectious
episodes or lymphoproliferative dis-
orders was observed with dac-
lizumab. The incidence of cytomeg-
alovirus infections was similar with
daclizumab and placebo (15% vs.
17.5%). Therapy with daclizumab
significantly reduces acute rejection
in renal transplantation and im-
proves patient survival without any
increase in morbidity.

Key words Humanized monoclonal
antibody - Anti-1L-2 receptor -
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Introduction

Acute rejection is an important risk factor for chronic
rejection and subsequent graft loss [1, 8, 9, 13]. Howev-
er, prevention of acute rejection episodes after renal
transplantation remains a therapeutic challenge. Cur-
rent immunosuppressive regimens generally consist of
multiple agents that interfere with the function of the
immune system at various levels. Although reductions

in acute rejection may be achieved by increasing such
immunosuppressive therapy [4, 10, 15], this is at the ex-
pense of generalized immunosuppression with its atten-
dant risks of opportunistic infections and malignancies.
Therefore, there is a clear need for more specific, less
generally toxic immunosuppressive agents for the pre-
vention of rejection post-transplantation.

One target for more specific immunosuppressive
therapy has been the interleukin-2 receptor (IL-2R)
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[17]. The IL-2R consists of three polypeptide sub-units.
The g and y sub-units of the IL-2R are expressed on
resting T lymphocytes and a number of other cell types,
whereas the o sub-unit, also known as T-cell activation
antigen (TAC) or CD25, is only expressed on activated
T-cells following the interaction of the specific T-cell
surface receptor and antigen. Early studies on murine
monoclonal antibodies directed at the IL-2R have
shown reductions in acute rejection [3, 7, 16). However,
murine monoclonal antibodies have a number of char-
acteristics that limit their clinical effectiveness. The
most significant limitation is their immunogenicity with
almost all patients rapidly developing anti-isotypic anti-
bodies [7, 16]. As a consequence, murine monoclonal
antibodies are cleared rapidly from the body, reducing
their circulating haif-life below the level necessary for
clinical utility [2].

Daclizumab is a recombinant humanized IgG1 mon-
oclonal antibody directed against the o sub-unit of the
IL-2R and incorporating the antigen-binding regions
of the parent murine monoclonal antibodies [5, 6, 12].
As daclizumab is composed of 90% human IgG se-
quences, it lacks the immunogenicity of a murine mon-
oclonal antibody and therefore offers the potential for
greater therapeutic use of IL-2R blockade. As a conse-
quence of its low immunogenicity, daclizumab also has
a long half-life (20 days} comparable with that of hu-
man IgG.

The efficacy and safety of daclizumab for the first
6 months post-transplantation has been reported in two
large, randomized, double-blind studies [11, 18]. In
these studies, daclizumab was shown to reduce biopsy-
proven acute rejection at 6 months by 47 % and 37 % in
the double- and triple therapy trials, respectively. This
paper presents the pooled analysis of these two pivotal
studies with a follow-up extended to one year after
transplantation to further characterize the efficacy and
safety of daclizumab.

Methods

Patients

Adult patients receiving their first cadaveric renal transplant were
eligible to participate in the studies. Additional inclusion criteria
were the ability of the patient to understand the consent form and
to give written informed consent, and in women, the use of effec-
tive contraception for 4 months after transplantation. The main ex-
clusion criteria were: previous use of anti-IL-2R mAB; positive T-
cell cross-match to donor lymphocytes; multiple organ transplant;
significant active infection; history of malignancy within the previ-
ous 5 years (other than non-melanomatous skin cancer); and life
expectancy severely limited by conditions other than renal failure.

All patients gave written informed consent to participate in the
studies, which were approved by the local Ethics Review Board or
Institutional Review Board. The studies were conducted in accor-
dance with the Declaration of Helsinki and Good Clinical Practice.

Design

Both studies were double-blind, placebo controlled, randomized
trials and were carried out simultaneously so that the study results
of one were not known before the other. The studies were unblind-
ed after every patient had been followed for one year. One study
was carried out in 11 centers in the USA, 3 in Canada and 3 in Swe-
den (Study 1), the other study was carried out in 15 European, 2
Australian, and 2 Canadian transplant centers (Study 2). Both
studies were of similar design. The key features and differences
are shown in Table 1.

Immunosuppressive treatment

Eligible patients were randomly assigned to receive daclizumab
1.0 mg/kg fortnightly at 5 doses or placebo. Study medication was
given as a 15-min intravenous (IV) infusion, with the first dose ad-
ministered immediately prior to transplantation. Cyclosporine was
started perioperatively at an initial oral dose of 5 mg/kg twice daily
and continued at the necessary dose to maintain blood levels with-
in accepted therapeutic limits. In Study 1, methylprednisolone was
administered IV at 7 mg/kg perioperatively, followed by 3 mg/kg
IV on Day 1, 2 mg/kg IV on Day 2, switching to oral methylpred-
nisolone tapered to 20-30 mg by Day 30, 10-20 mg by Day 90 and
5 -10 mg by Day 180. In Study 2, methylprednisolone or pred-
nisone were given according to center practice. In Study 1, azathio-
prine was given at a dose of 4 mg/kg starting at the time of trans-
plantation, and thereafter at doses of 1-2mg/kg per day. In Study 2,
azathioprine could be added in cases of acute rejection at the dis-
cretion of the investigator.

First-line treatment of acute rejection was methylprednisolone
for 3 days with tapering oral prednisone. Baseline immunosup-
pression and study medication was continued unchanged. Second-
line therapy of acute rejection consisted of OKT3 or anti-lympho-
cyte globulin. In some centers, depending on center practice or dis-
cretion of the investigator, patients received cytomegalovirus
(CMYV) prophylaxis, generally consisting of ganciclovir IV for
7-21 days post transplant with maintenance for 3 months with ei-
ther oral ganciclovir or acyclovir.

Endpoints

The primary efficacy variable was the incidence of biopsy-proven
acute rejection in the first 6 months post transplant. Histological
confirmation of acute rejection, using core biopsy evaluation by
the Banff classification [14], was required within 24 h of initiation
of anti-rejection therapy. For some patients, a core biopsy was not
obtained or the biopsy did not fulfill the histological criteria for re-
jection, although these patients were treated for acute rejection
based on clinical signs and symptoms. These patients were consid-
ered to have ‘presumptive’ rejection if they required the adminis-
tration of a full course of immunosuppressive therapy for rejection.

Other efficacy variables included patient- and graft survival up
to 1 year, incidence of delayed graft function (defined as urine out-
put < 30 ml/h in the first 24 h post transplant or reduction from
baseline in serum creatinine at 24 h post transplant of < 0.5 mg/
dl), renal function assessed by serum creatinine and glomerular fil-
tration rate (GFR), percentage of patients requiring anti-rejection
treatment and cumulative corticosteroid dose. Graft loss was de-
fined as graft nephrectomy, re-transplantation, permanent return
to dialysis, or death with a functioning graft.

Safety variables included the occurrence of adverse events, in-
fectious episodes, and occurrence of any malignancies. Adverse
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Table 1 Key features of studies

Patients Study 1 Study 2
Age 18 years* receiving first cadaveric renal transplant
Design Randomized, double-blind, placebo-controlled

No. of patients randomized
Transplant centers

Immunosuppressive therapy
Daclizumab

260 (126 daclizumab, 134 placebo) 275 (141 daclizumab, 134 placebo)
17 19

1.0 mg/kg fortnightly at 5 doses with first dose immediately prior to transplantation
S mg/kg bid starting 12 h pre-transplant to 24 h post-transplant
Dose adjustment to maintain blood levels within center therapeutic range

After rejection at discretion of investigator

Cyclosporine

(Sandimmune or

Neoral®)

Azathioprine 4 mg/kg IV at time of transplant.
Thereafter 1-2 mg/kg per day

Corticosteroids

Methylprednisolone 7 mg/kg peroperatively, 3 mg/kg
per day 1, 2 mg/kg per day 2, thereafter oral tapering

Prednisone or methylprednisolone as per
center practice

to 20-30 mg by day 30, 10-20 mg by day 90, 5-10 mg

by day 180
Treatment of acute rejection

5 mg/day IV for 7-14 days

IV methylprednisolone 7 mg/kg per day for 3 days,
thereafter tapering oral prednisone
Steroid-resistant and severe acute rejection: OKT3 at

Methylprednisolone as per center practice
for 3 days

Steroid-resistant: OKT3 or antilymphocyte
preparations

Refractory rejection treated at discretion of investi-

gator
CMV prophylaxis

In 14 out of 17 centers, ganciclovir IV 7-21 days post-

At discretion of center

transplant, thereafter 3 months of oral acyclovir
(800~3200 mg/day) or ganciclovir 1000-3000 mg/day

Primary efficacy parameter

Incidence of biopsy-proven acute rejection within the first 6 months post-transplant

event data was collected up to 3 months post-transplantation
(2 weeks after the last dose of daclizumab), occurrence of infec-
tious episodes was recorded to 6 months post-transplantation with
occurrence of any malignancies assessed to one year.

Statistical methodology

All randomized patients were included in the analysis of efficacy
and safety on the basis of intent-to-treat. All categorical variables
were analyzed using the Cochran-Mantel-Haenszel, stratified by
center. Patient and graft survival were analyzed by logrank test,
also stratified by center. Serum creatinine, glomerular filtration
rate {GFR) and cumulative dose of corticosteroid (converted to
methylprednisolone equivalent) were compared by the Wilcoxon-
rank-sum test. In general, serum creatinine levels were available
in all living patients with a functioning graft, whereas GFR data in
addition included those with graft loss (arbitrarily given a GFR
level of 5 mlmin), but missing GFR data was not uncommon due
to failure to perform the test. Kaplan-Meier estimates of the prob-
ability of developing biopsy-proven rejection, patient and graft sur-
vival, were plotted over time. Graft survival was not censored for
patients’ death with functioning graft.

A two-sided significance level of 0.05 was used in all statistical
hypothesis testing.

Results

Patients

A total of 535 patients participated in the 2 studies, 267
receiving daclizumab and 268 placebo. Table 2 shows
that the two groups were comparable with respect to
age, gender, race, cause of end-stage renal disease, pres-
ence of panel reactive anti-HLA antibodies, with no dif-
ference in donor or recipient characteristics with respect
to cold ischemic time, number of HLA mismatches or
donor age. There was no difference in the number of
CMYV positive donor to CMV negative recipient pairs
in the two groups.

Apart from one patient on placebo, all patients re-
ceived at least one dose of study medication. One pa-
tient on placebo and one patient on daclizumab receiv-
ed study medication but did not undergo transplanta-
tion. A total of 84% of patients on daclizumab and
81 % of patients on placebo received all 5 doses of study
treatment. Of the 44 (16 %) daclizumab- and 50 (19%)
placebo patients who did not complete the full course
of study medication, this was due to an adverse event/in-
tercurrent illness/death in 23 (9%) of daclizumab- and
24 (9% ) of placebo patients. Insufficient therapeutic re-
sponse was the cause of premature discontinuation for
no patients on daclizumab and 4 (1 %) patients on pla-
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Table 2 Demographics and

baseline character of renal allo- l(zlai:li;g;r;lab 23_%2136%)
graft recipients No. (%) of patients
Mean age £ SE 46+ 0.8 47+£0.8
Male : female 67% M:33% F 64% M:36% F
Race
Caucasian 220 (82 %) 208 (78 %)
Black 26 (10%) 30 (11%)
Other 21 (8%) 30 (11%)
Primary cause of renal failure
Diabetes Mellitus 36 (13%) 39 (15%)
Glomerulonephritis 94 (35%) 95 (35%)
Hypertension 28 (10%) 25 (9%)
Polycystic and Other Hereditary Diseases 45 (17%) 40 (15%)
Pyelonephritis/Interstitial Nephritis 23 (9%) 16 (6%)
Unknown Etiology 26 (10%) 30(11%)
Other 15(6%) 23(5%)
Renal reactive antibodies®
0% 231 (88%) 229 (88%)
1149 30 (11 %) 21 (8%)
>50% 1(0%) 11 (4%)
Cold ischemic time
(h, mean = SD) 22+8 22+9
HLA mismatch (A, B, DR)?
0 23(9%) 16 (6%)
1 16 (6%) 27 (10%)
2 40 (15%) 35(13%)
3 56 (21%) 54 (20%)
4 51(19%) 47 (18%)
5 49 (18 %) 44 (16 %)
6 15(6%) 25(9%)
CMYV serological status?
Donor +/ patient + 97 (36 %) 118 (44 %)
Donor +/ patient — 60 (22%) 58 (22%)
Donor —/ patient + 64 (24%) 56 (21%)
, o Donor —/ patient — 38 (14%) 24(9%)
Data were missing for some Donor age + SD 37415 39417

patients

cebo. For 2 patients on daclizumab and 5 on placebo,
the patient’s decision to withdraw from the study was
the reason for discontinuation of therapy. The remain-
ing patients (19 and 17, respectively) could not be con-
sidered to have completed the full course of treatment,
due either to administrative reasons or protocol viola-
tion.

Efficacy

Daclizumab prophylaxis resulted in a significant reduc-
tion in the incidence of biopsy-proven acute rejection,
during both the first 6 months and the first year after
transplantation (P < 0.001; Table 3). Likewise, including
the presumptive acute rejection episodes, the difference
between the two treatment groups was highly significant
(P < 0.001). The proportion of patients experiencing a

second acute rejection episode and the mean number
of episodes per patient was also significantly reduced
with daclizumab. Figure 1 shows the observed cumula-
tive incidence of biopsy-proven acute rejection during
the first year post transplant, which was significantly
lower for daclizumab compared with placebo
(P =0.0001, logrank test). Among patients with rejec-
tion, the median time to first rejection episode was de-
layed from 18 to 40 days with daclizumab.

The distribution of Banff grading of the rejection ep-
isodes observed, was similar in both groups with
50-60 % graded as borderline or grade 1, 3040 % grade
2 and 4-8 % grade 3.

The proportion of patients who required additional
anti-lymphocyte therapies to treat steroid-resistant re-
jection was reduced by half with daclizumab (21 pa-
tients, 7.9%) compared with placebo (41 patients,
15.3%) (P = 0.005; Table 3). This difference was still ap-
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Zenapax (n=267) 74 events
- = = Placebo (n=268) 116 events
P=0.0001 (stratified logrank test)
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Fig.1 Cumulative incidence of biopsy-proven acute rejection dur-

ing the first year posttransplant for daclizumab — (n =267, 74
events) and placebo ---- {n = 268, 116 events)

parent when only patients with rejection were taken
into account. In the daclizumab group, a significantly
lower cumulative dose of steroids was used during the
first six months post transplant (4133 mg), compared
with placebo (4562 mg) (P = 0.04).

Figures 2 and 3 show patient and graft survival re-
spectively at one year after transplantation. Patient sur-
vival was significantly greater at one year for dac-
lizumab treated patients (98.5 % ) compared with place-
bo (95.1%) (P =0.022, logrank). Graft survival at one
year was also numerically higher with daclizumab
(91.4 %) compared with placebo (86.6 %), although this
difference did not reach statistical significance
(P = 0.065, logrank).

Table 4 shows a summary of the cause of death and
graft failure during the first year post-transplant. Death
from infection or lymphoma occurred in only two pa-
tients (0.8 %) on daclizumab compared with 6 patients
(2.2 %) on placebo. In keeping with the lower overall in-
cidence of acute rejection with daclizumab, acute rejec-
tion was the cause of graft loss in only 1 patient (0.4%)
on daclizumab, compared with 6 (2% ) on placebo. The
main reason for graft failure in placebo patients was
death with functioning graft, which occurred in 12 place-
bo patients vs. 3 patients treated with daclizumab.
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Fig.2 Cumulative proportion of patient survival during the first
year posttransplant for daclizumab — (n = 267, 4 deaths) and pla-
cebo ---- (n =268, 13 deaths)
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Fig.3 Cumulative proportion of graft survival during the first year

posttransplant for daclizumab — (r = 267, 23 graft losses) and
placebo ---- (n =268, 36 graft losses)

Onset of graft function was delayed in 83 (31.1 %) of
daclizumab patients compared to 90 (33.6 %) on place-
bo, with no significant difference between the groups.
Graft function at 6 months (intent-to-treat analysis) was
significantly (P = 0.03) superior in daclizumab patients
(GFR median 48, range 5-163 ml/min, » = 153) com-
pared with placebo patients (41, 5-229 ml/min; n = 161).
When only successful patients were included, alive and
with functioning graft, there was no difference (mean
GFR £+SD at 6months: 554 +243 n=137 vs

Table 3 Acute rejection episodes in the first year after renal transplantation in the placebo and daclizumab groups (NA Not applicable)

Daclizumab Placebo P-Value

(n=267) (n=268)

No. (%) of patients
One or more biopsy-proven acute rejection episodes at 6 months 67 (25.1%) 110 (41.0%) <0.001
One or more biopsy-proven acute rejection episodes at 1 year 74 (27.7%) 116 (43.3%) <0.001
One or more biopsy-proven or ‘presumptive’ acute rejection episodes at 6 months 80 (30.0%) 119 (44.4%) 0.001
One or more biopsy-proven or ‘presumptive’ acute rejection episodes at 1 year 87 (32.6%) 125 (46.6%) 0.001
Two or more biopsy-proven or ‘presumptive’ acute rejection episodes at 1 year 37 (13.9%) 54 (202%) 0.043
Mean number of acute rejection episodes/patient at 1 year (£ SD) 05£09 0.8+1.0 < 0.001
Median time (days) to first acute rejection episode 40 18 NA
Patients requiring additional antilymphocyte therapies to treat rejection 21 (79%) 41 (15.3%) 0.005
Patients requiring additional antilymphocyte therapies to treat rejection among 21/80 41/119 NA
patients with rejection (26.3%) (34.5%)
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Table 4 Causes of death and

graft failure at one year in the Cause ](2la1:11226u71;1ab }:acezbgé)
placebo and daclizumab groups No. (%) of patients
Death 4(15%) 13 (4.9%)
Infection 1(04%) 6(22%)
Lymphoma 1(0.4%) 0
Cardiovascular® 0 3(1.1%)
Pulmonary embolism 0 1(0.4%)
Intracerebral bleeding 1(0.4%) 0
Bleeding unspecified 0 1(0.4%)
Multiple organ failure 0 1(0.4%)
Suicide/self-inflected injury 1(04%) 1(04%)
Graft failure 23(9%) 36 (13%)
Death with functioning graft 3(1.1%) 12 (4.5%)
Acute rejection 1(0.4%) 6(22%)
Chronic rejection 4{1.5%) 2(0.8%)
Technical cause
Problem with vein anastomosis 0 1(0.4%)
Renal vein thrombosis 4(1.5%) 3(1.1%)
Renal artery thrombosis 4 (1.5%) 1(04%)
Graft thrombosis 1(0.4%) 0
Renal artery atheroma 1(04%) 0
Infarcted kidney 1(04%) 2(0.8%)
Cortical necrosis 0 1(0.4%)
Hemorrhage from biopsy site 1(04%) 0
Malignancy in allograft 0 1(0.4%)
2 Includes one case of ‘collapse’ Recurrence of original renal disease 1(04%) 1(0.4%)
without autopsy in the placebo Primary nonfunction 2(0.8%) 5(19%)
Non compliance 0 1(0.4%)

group

533 +275, n=130; lyear: 557 +232, n=144 vs
56.0 + 25.6, n=137). Similarly, at both 6 months and
1year after transplantation, no marked differences
were seen in serum creatinine levels between daclizumab
vs. placebo patients (mean + SD at 6 months: 1.7 + 0.69,
n=229vs 1.8 £0.78, n = 217; 1 year: 1.7 + 0.65, n = 231
vs 1.7 + 0.68 n = 220). However, serum creatinine levels
were numerically lower at each time point up to 6 months
in the daclizumab treated group.

Safety and tolerability

The addition of daclizumab to double or triple therapy
did not increase the incidence of adverse events or
change the type of adverse events reported.

The intravenous administration of daclizumab was
not associated with any immediate side effects. There
was no significant difference in total number of adverse
events, irrespective of relationship to treatment, with
daclizumab vs. placebo. A total of 27 patients (10.1%)
on daclizumab and 20 patients (7.5 %) on placebo, expe-
rienced adverse events that were assessed as at least
possibly related to trial treatment. Fewer patients in
the daclizumab group (14 patients, 5.2 % ) reported seri-
ous adverse events during the first 3 months post trans-
plant compared with placebo (22 patients, 8.2%).

Daclizumab was not associated with an increased in-
cidence of episodes of infection, fever, sepsis, pneumo-
nia, fungal or viral infections (Table 5). There was no
significant difference between the groups for the per-
centage of patients with CMV infections (15.0% for
daclizumab vs. 17.5% for placebo), CMV viremia
(13.5% vs. 15.3%) or tissue-invasive CMV infection
(1.5% vs.2.2%).

At one year post-transplant, two daclizumab-treated
patients (0.7 %) and two placebo patients (0.7 %) had
developed a lymphoma. Both daclizumab patients were
from Study 1, (with azathioprine as part of the immuno-
suppressive regimen) and one of these patients had only
received one dose of daclizumab before being with-
drawn from the study. One placebo patient in each study
developed lymphoma in the first year post-transplant.
The incidence of non-melanoma skin tumors was not in-
creased by treatment with daclizumab. At one year
post-transplant, a total of four daclizumab-treated pa-
tients and five placebo patients had developed skin tu-
mors.

Daclizumab had no clinically significant effect on
laboratory parameters. Patients in the two studies expe-
rienced a large number of laboratory abnormalities as
would be expected for this population. However, all
could be explained by the patients’ underlying condition
and/or concomitant medication.
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Table 5 Summary of patients

with infections during first Daclizumab Placebo
6 months post-transplant (n = 267) (n=268)
No. (%) of patients
Total number of patients with infections 185 (69%) 193 (72%)
Fever of unspecified cause 28 (10%) 34(13%)
Local infections 138 (52%) 143 (53 %)
Cellulitis and wound infections 24 (9%) 11 (4%)
Urinary tract infections 91 (34 %) 100 (37 %)
Other local infections 74 (28%) 67 (25%)
Pneumonta 12 (4%) 16 (6%)
Septicemia 13(5%) 19(7%)
Fungal infections 33(12%) 36 (13%)
Fungemia 1(<1%) 3{1%)
Local fungal infections 32 (12%) 34 {13%}
Viral infections 71 (27 %) 75 (28%)
Viremia 36 (13%) 43 (16%)
Local viral infections 44 (16%) 46 (17 %)
Toxoplasmosis 1(<1%)3 0(0%)

Discussion

This pooled analysis of the two phase III studies is the
first report of efficacy- and safety data on a humanized
IL-2R monoclonal antibody, daclizumab, to one year.
The data demonstrate that the benefits with respect to
acute rejection and graft and patient survival observed
at 6 months [11, 18] are maintained to one year, without
any increase in side effects or long-term consequences
associated with over immunosuppression.

Daclizumab decreased the incidence of biopsy-prov-
en acute rejection from 41 to 25% (39 % reduction) in
the two studies at 6 months. The benefit of daclizumab
therapy was maintained at one year with a reduction
from 43 % to 28 % (36 % reduction). These results dem-
onstrate that the anti-rejection efficacy of daclizumab is
durable and that daclizumab prevents acute rejection
rather than simply delaying it. Although the primary
endpoint in this study was biopsy-proven rejection, in
clinical practice the diagnosis of acute rejection may be
made clinicaily without a kidney biopsy and it is there-
fore reassuring that the significant and long-lasting
benefit is also seen when biopsy-proven and presump-
tive rejection are included (from 44% to 30%, a 32%
reduction at 6 months; from 47 % t0 33 %, a 30 % reduc-
tion at one year).

The reduction in acute rejection observed with dac-
lizumab is supported by a reduced use of corticosteroids
in these patients. Thus the use of daclizumab prophylax-
is benefits patients by reducing their total exposure to
corticosteroids. In addition, the use of antilymphocyte
therapy for reversal of rejection, usually indicated for
steroid resistant or histologically more severe rejections,
was significantly reduced in daclizumab-treated pa-
tients. These findings suggest that prophylaxis with dac-

lizumab reduces the incidence as well as the severity of
acute rejection episodes.

A trend to improved graft survival at one year was
observed, in keeping with that observed at 6 months
[11, 18]. This difference did not meet statistical signifi-
cance since the studies were not powered to a difference
in outcome of 4-5%, as approximately 1100 patients
would have been needed in each treatment group. The
exact explanation for the higher number of patients in
the placebo group dying with a functioning graft (12 vs.
3) is not known, although a reasonable hypothesis is
that patients in this group received more corticosteroids
and anti-lymphocyte therapy and were therefore more
vulnerable to sequelae of general overimmunosuppres-
sion, some of which were fatal. Certainly death due to
infection (1 patient on daclizumab, compared with 6 on
placebo) would support this reasoning. Of those who
died with a functioning graft, 2 out of 3 on daclizumab,
and 5 out of 12 on placebo had one or more rejection ep-
isodes prior to death. This hypothesis would also be sup-
ported by the observation of a lower incidence of CMV
infections, pneumonia, and septicemia with daclizumab.
Overall the significantly improved patient survival at
one year suggests that adding daclizumab as an immu-
nosuppressive agent directed against a specific target,
may add benefit over and above the reduction in acute
rejection, with an increase in overall safety for the pa-
tient. Furthermore, with respect to the tolerability and
long-term safety, the study provides reassuring data
that the addition of daclizumab to a standard regimen
does not increase the incidence of side effects.

A reduction in acute rejection, improved graft- and
patient survival with no increase in side effects or conse-
quence of general immunosuppression, are in keeping
with the specific mode of action of daclizumab. Further-
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more, it was demonstrated that daclizumab could be
given for two months without any side effects or the in-
duction of a xenogeneic antibody response. This addi-
tional immunosuppression did not lead to an increase
in infections, on the contrary, a tendency to a lower inci-
dence of infections could be observed. Given the fact
that the cumulative dosage of corticosteroids was signif-
icantly lower, it is most likely, that this decrease in the
overall amount of broad acting cumulative immunosup-
pression leads to a decline in infections. Thus, long-term
use of daclizumab offers the potential to reduce other
parts of the maintenance immunosuppression, giving
the possibility of a more selective therapy during the
first months.

Although there are limitations in comparing num-
bers across studies, it is of interest to note that the biop-
sy-proven rejection rate was 28% in the daclizumab
groups in both studies, whereas with placebo, a higher
incidence of rejection was seen with background dual
therapy (49 %) compared with triple therapy (38%).
This pattern was also observed for probability of rejec-
tion at one year which was 0.28 and 0.29 for daclizumab
(Study 1 and 2 respectively) compared with 0.51 for pla-
cebo with dual therapy and 0.40 for placebo with triple
therapy. Graft survival was lower overall in the dual
background therapy study (one year: 88 % daclizumab,
83% placebo) compared with 95% and 90% respec-
tively on triple background therapy. The number of ma-
lignancies and CMV infections do not allow any conclu-
sions to be drawn comparing across the studies al-
though, if anything, there was a tendency to lower over-
all rates of CMYV infection in the triple therapy study.

In summary, this study provides data on the one year
efficacy and safety of daclizumab and demonstrates a
reduction in acute rejection, improvement in patient
survival, and a trend to improved graft survival with no
increase in side effects or consequences of general im-
munosuppression. Daclizumab would therefore repre-
sent the first immunosuppressive agent which, when

added to a maintenance immunosuppressive regimen,
results in improved immunosuppression without added
toxicity, infection or lymphoproliferative disorders.
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