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Graft-versus-host disease (GVHD) is a major cause of mortal-

ity and morbidity after allogeneic bone marrow transplanta-

tion, but can be avoided by removing T lymphocytes from

the donor bone marrow. However, T-cell depletion increases

the risk of graft rejection. This study examined the use of

CD52 monoclonal antibodies to eliminate T cells from both

donor marrow and recipient to prevent both GVHD and

rejection. Seventy patients receiving HLA-identical sibling

transplants for acute myelogenous leukemia (AML) in first

remission were studied. An IgM (CAMPATH-1M) was used

for in vitro depletion of the graft and an IgG (CAMPATH-1G)

for in vivo depletion of the recipient before graft infusion. No

posttransplant immunosuppression was given. Results were

compared with two control groups: (1) 50 patients who

received bone marrow depleted with CAMPATH-1M, but no

CAMPATH-1G in vivo; and (2) 459 patients reported to the

International Bone Marrow Transplant Registry (IBMTR) who

received nondepleted grafts and conventional GVHD prophy-

laxis with cyclosporin A (CyA) and methotrexate (MTX). The

incidence of acute GVHD was 4% in the treatment group

compared with 35% in the CyA/MTX group (P F .001).

Chronic GVHD was also exceptionally low in the treatment

group (3% v 36%; P F .001). The problem of graft rejection,

which had been frequent in the historic CAMPATH-1M group

(31%), was largely overcome in the treatment group (6%).

Thus, transplant-related mortality of the treatment group

(15% at 5 years) was lower than for the CyA/MTX group

(26%; P 5 .04). There was little difference in the risk of

leukemia relapse between the treatment group (30% at 5

years) and the CyA/MTX group (29%). Survival of the treat-

ment group at 6 months was better than the CyA/MTX

group (92% v 78%), although at 5 years the difference was

not significant (62% v 58%) and neither was the difference in

leukemia-free survival (60% v 52%). We conclude that T-cell

depletion is a useful strategy to prevent GVHD, provided

that measures are taken to ensure engraftment. Using

CAMPATH-1G to deplete residual host lymphocytes is a

simple and practical method to do this. At least in AML, the

beneficial reduction in GVHD can be achieved without an

increased risk of relapse.

r 1998 by The American Society of Hematology.

H IGH-DOSE CHEMOTHERAPY and radiotherapy fol-
lowed by transplantation of allogeneic hematopoietic

stem cells can cure patients with leukemia. However, allografts
have several adverse effects, the most serious of which is
graft-versus-host disease (GVHD). It can result in severe
damage to skin, liver, and gut, frequently leading to death or
chronic disability. To control GVHD, immunosuppressive drugs
such as cyclosporin A (CyA), methotrexate (MTX), and cortico-
steroids are administered posttransplant.1,2 However, even with
combined cyclosporin and methotrexate, GVHD remains the
single most common cause of death after allogeneic transplants.

For many years it has been known that GVHD can be
prevented by depleting T lymphocytes from the donor bone
marrow and a variety of methods were developed to accomplish
this.3-8 One of the most widely used has been the monoclonal
antibody (MoAb) CAMPATH-1M, a rat IgM antibody that
recognizes the CD52 antigen.9 CD52 is abundantly expressed
on all human lymphocytes and is an exceptionally good target
for cell lysis by antibody with human complement; this
provided a simple method for purging the donor T cells.10 Prior
studies demonstrated the efficacy of T-cell depletion and
consequent reduction in GVHD.6,11-14However the benefit was
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offset by an increased risk of graft rejection by residual host T
cells,15,16 and some patients suffered an increased risk of
leukemia relapse due to the loss of graft-versus-leukemia effects
contributed by donor lymphocytes.12,17Animal models18,19 and
clinical experience20,21 showed that graft rejection might be
overcome by increasing the immunosuppression of the recipient
before transplantation. One way of delivering this, without
adding to the toxicity of the conditioning regimen, is to use
MoAbs to deplete residual host T cells.22 A rat IgG2b CD52
antibody, CAMPATH-1G, effectively depletes human lympho-
cytes in vivo.23 Like CAMPATH-1M, it can activate human
complement, although this is not sufficient for systemic T-cell
depletion. Rat IgG2b also binds human Fc receptors and
engages cellular killing mechanisms.24

A combined strategy using CAMPATH-1M to T-cell–deplete
donor bone marrow and intravenous CAMPATH-1G to ablate
residual host immunity has been used in more than 600
transplants worldwide, primarily in transplants from unrelated
donors.13,14,25,26 We report here results of 70 HLA-identical
sibling transplants for acute myelogenous leukemia (AML). We
compare the results first to a historical group receiving
CAMPATH-1M-treated marrow but no intravenous CAMPATH-1G
and second to a matched group of concurrently treated patients
reported to the International Bone Marrow Transplant Registry
(IBMTR) who received unmanipulated transplants and posttrans-
plant cyclosporin plus methotrexate for GVHD prophylaxis.

MATERIALS AND METHODS

MoAbs. CAMPATH-1G27 was prepared from the culture superna-
tant of hybrid myeloma cell culture in a hollow-fiber fermentor
(Acusyst-Jr; Cellex, Minneapolis, MN). It was purified by affinity
chromatography on protein A sepharose, followed by ion exchange
chromatography on S-sepharose, and formulated in phosphate-buffered
saline. CAMPATH-1M10 was prepared from hybrid myeloma cells
using three methods: (1) ascitic fluid fractionated with ammonium
sulphate, (2) hollow-fiber culture supernatant fractionated with ammo-
nium sulphate, and (3) culture supernatant from stirred fermentors
purified by affinity chromatography on protein A sepharose (this was
performed by Wellcome Biotech [Beckenham, UK], who provided
some of the antibody for this study). Batches prepared by each method
were tested in a variety of analytical systems. All had comparable
potency for complement-mediated cell lysis and insignificant effect on
colony-forming cells.28,29Process (1) was used for the historic controls,
process (2) was used for the study patients at London and Riyadh, and
process (3) was used for the study patients at Ulm.

In vitro T-cell depletion of bone marrow.A similar depletion
procedure was used for all transplants, as described previously.11,25

Donor bone marrow was harvested in the usual way and processed using a
cell separator to prepare a cell concentrate in balanced salt solution
(containing Ca21) that was free from plasma and depleted of red blood cells
and granulocytes. The volume of the mononuclear cell suspension was
adjusted so that the cell density did not exceed 53 107/mL, and CAM-
PATH-1M was added to give a final concentration of 0.1 mg/mL. The
mixture was incubated for 10 to 20 minutes at room temperature, and then
donor serum was added to a final concentration of 25% (vol/vol). It was then
incubated for a further 20 to 45 minutes at 37°C. The treated bone marrow
was washed once before infusion. Experiments had shown that differences in
antibody batch or incubation timing did not materially affect the efficacy of
T-cell depletion (G.H., unpublished work). The fraction of residual T cells
was measured using standard methods, according to the practice in each
center, either by E-rosettes or by fluorescence-activated cell sorting (FACS)
analysis using appropriate T-cell–specific mouse MoAbs. (All of the study

patients were assessed by FACS analysis using CD3 antibodies to enumerate
T cells.)

In vivo administration of CAMPATH-1G.Patients were treated with
20 mg/d of CAMPATH-1G over a period of 5 days at the beginning of
the pretransplant conditioning therapy. Each dose was diluted in 250 mL
normal saline and infused intravenously over 3 hours. To minimize the
expected systemic first dose reaction, most patients received medication
before the first antibody infusion, either 0.5 to 1 g prednisolone (Ulm) or
100 mg hydrocortisone plus 50 mg diphenhydramine (Royal Free,
Riyadh), followed by 33 1 g paracetamol daily.

Patients: Study group. Three transplant centers participated in the
study: Ulm University Hospital (Ulm, Germany), Royal Free Hospital
(London, UK), and King Faisal Hospital (Riyadh, Saudi Arabia). The
original plan was to include all patients over 13 years with acute
leukemia in first remission transplanted from HLA-matched siblings
with the intent of comparing results in acute lymphoblastic leukemia
(ALL) and AML. Because very few patients with ALL were recruited,
this analysis focuses on patients with AML. (Inclusion of the ALL
patients would not significantly affect the results.) The conditioning
regimen was determined according to the standard protocol of each
center. All included cyclophosphamide plus total body irradiation
(TBI), which was administered as a single dose in 23% patients (at the
Royal Free) and multiple fractions in the others (at Ulm and Riyadh).
Additional chemotherapy (busulphan) was administered in 6% of
patients (Royal Free only). None of the patients received any additional
lymphoid irradiation and none received posttransplant immunosuppres-
sion. There was no selection of patients according to cytogenetic risk
group and data on risk groups were not reported systematically. Each
center recruited consecutive patients provided that they gave informed
consent. The numbers of patients and conditioning regimens at each
center are shown in Table 1.

Patients: Historic CAMPATH-1M controls.A database is main-
tained by GH of all transplants using CAMPATH-1 antibodies. It contains
information on the patient and donor characteristics and transplant outcomes.
It is a condition of antibody supply that data are regularly reported to the
CAMPATH users database. Controls were selected using the following
criteria: (1) patients more than 13 years of age, (2) transplants forAMLin first
remission, (3) HLA-identical sibling donors, (4) conditioning regimens based
on cyclophosphamide and TBI, (5) no lymphoid irradiation, (6) no intrave-
nous CAMPATH-1G or other antibody, (7) T-cell depletion with
CAMPATH-1M, and (8) no posttransplant immunosuppression. Fifty
patients meeting these criteria were identified; 26 were transplanted at
the same three centers as the 70 study patients.

Patients: IBMTR controls. A second control group of patients
receiving non–T-cell–depleted transplants between 1984 and 1995 was
selected from the IBMTR database using the same criteria described
above, except that patients from the three study centers were excluded
and GVHD prophylaxis was with combined CyA and MTX.30 IBMTR
is a voluntary study group of over 300 transplant centers worldwide that
contribute detailed data to a Statistical Center at the Medical College of
Wisconsin. Participants are required to report all consecutive trans-

Table 1. Conditioning Regimens Used at the Three Study Centers

Ulm

Royal

Free Riyadh

No. of patients 41 16 13

TBI fractions (no.) 6 1 6

TBI total dose (rad) 1,200 750 1,200

TBI dose rate (rad/min) 12 16 8

Time between last dose of antibody and

transplant 5 d 1-3 d 5 d

Additional chemotherapy (no. of

patients) 0 4 0
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plants. The IBMTR database includes 40% to 45% of allogeneic
transplant recipients since 1970. Computerized error checks, physician
review of submitted data, and on-site audits of participating centers
ensure data quality. Selection of the control group proceeded as follows:
patients with AML, transplanted in CR1 from 1984 through 1995
(inclusive), N 5 2,940; exclude the three study centers, N5 2,759;
select patients transplanted from HLA-identical siblings, N5 2,429;
select cyclophosphamide1 TBI with no ATG for conditioning, N5

1,307; select MTX plus CyA for GVHD prophylaxis, N5 512; and
select patients more than 13 years of age at transplant, N5 459.

These 459 cases were reported to the IBMTR by 95 transplant
centers.

Statistical analysis. Characteristics of the treatment groups were
compared using thex2 test for categorical variables and the Wilcoxon
two-sample test for continuous variables. Comparing outcomes be-
tween the treatment groups required adjustment for the differences in
baseline characteristics of the patients. First, associations between
outcomes and potential prognostic variables were evaluated in each
group separately using Cox proportional hazards regression with a
forward stepwise approach.31 The outcomes considered were rate of
engraftment (days to reach 0.53 109 neutrophils/L), graft failure,
transplant-related mortality (TRM; defined as death in continuous
complete remission), relapse, survival, and leukemia-free survival.
Variables considered were age at transplant, recipient gender, donor
gender, and year of transplant. Variables significantly associated with
the outcome in any treatment group were included as covariates in
subsequent comparisons. Possible interactions between significant
covariates and the type of treatment were tested. The proportionality
assumption of the Cox model was tested by adding a time-dependent
covariate for each covariate.32 The proportionality assumption did not
hold for treatment effects on survival, indicating that the relationship
between treatment and survival outcomes differed over time. To
determine regions of the treatment period where the relative risk of
mortality between different treatments was a constant, a series of Cox
models with different cut-off time points for time-dependent treatment
effects were fitted.32 The final model chosen was the one giving the
largest partial likelihood. In this model, treatment was considered as a
time-dependent covariate with different coefficients from 0 to 6 and
greater than 6 months since transplantation. The adjusted relative risks
(95% confidence intervals andP values) of the study group versus
historic group and study group versus MTX/CyA group were calculated
for each outcome. Where appropriate, confidence intervals were
calculated based on a log transformation.

RESULTS

T-cell depletion in vitro by CAMPATH-1M.Several method-
ologies were used over the years to estimate the fraction of
residual T-cells in treated marrow (Table 2). The measured
fraction of residual T cells in the study group (median, 0.4%)
was less than in the historic control group (median, 1.0%;P 5
.024), but the result must be treated with caution owing to the
potential variability in the measurement of small numbers of

cells. The total number of mononuclear cells infused varied
significantly between each of the three study centers and
between the study group (median, 1.03 108/kg) and the historic
control group (median, 2.153 108/kg; P , .001). Conse-
quently, the calculated numbers of T cells infused differed
significantly between the study group (median, 0.23 106/kg)
and the historic group (median, 1.73 106/kg; P , .001).

Lymphocyte depletion in vivo by CAMPATH-1G.CAMPATH-
1G treatment was started before other components of the
conditioning regimen, so that antibody effects could be deter-
mined. All patients had rapid and profound depletion of blood
lymphocytes. The number of clonable T cells that could be
recovered from recipient blood samples obtained 1 to 2 days
after the CAMPATH-1G infusions was reduced by 2.5 to 3 logs
compared with pretreatment samples.33 As in other studies with
CAMPATH-1G or CAMPATH-1H, there was generally a first-
dose effect of fever, often with rigors and nausea, which is
related to a release of cytokines.34,35In two patients the reaction
was severe, and it was decided to discontinue CAMPATH-1G.
(These patients are still included in the analysis.) All other
patients had diminished reactions to the second and subsequent
doses.

Effect of year of transplant. To determine whether patients
transplanted before 1990 could be included in comparative
analyses, we examined the IBMTR dataset for differences
between patients transplanted in 1984 through 1989 compared
with 1990 through 1995. There were no statistically significant
differences in the actuarial risks of transplant-related mortality
(26% v 27% at 4 years), relapse (26%v 33% at 5 years),
survival (57%v 58% at 5 years), or leukemia-free survival
(54%v 49% at 5 years). Therefore, all data from 1984 through
1995 were pooled for subsequent analyses.

Comparison of prognostic features of the study and control
groups. Characteristics of the study and control groups are
shown in Table 3. The most significant difference was in age.
The median age of the study group (36 years) was significantly
higher than the historic control (30 years;P 5 .003) or the
CyA/MTX group (31 years;P 5 .03). There was also a
difference in the gender of patients between the study group
(57% male) and the historic control (38% male;P 5 .04), but
not the CyA/MTX group (50% male). The potentially confound-
ing effect of patient age on the outcome has been adjusted in a
multifactorial model (see below).

Comparison of outcome for study and control groups.
Univariate analyses of outcome are shown in Table 4. Engraft-
ment was significantly slower in both CAMPATH groups
compared with the CyA/MTX group (Fig 1). Even disregarding
patients who did not engraft at all, there was a delay of 1 day in

Table 2. Measured Extent of T-Cell Depletion In Vitro and Numbers of T Cells Infused

Ulm Royal Free Riyadh Study Group Historic Group

No. of patients measured 40 15 13 68 40

Mononuclear cells (3108/kg) 1.4 (0.5-4.0) 0.5 (0.2-0.8) 0.1 (0.1-2.4) 1.0 (0.1-4.0) 2.2 (0.1-6.0)

T cells (%) 0.8 (0.0-3.0) 0.2 (0.0-7.5) 0.2 (0.0-2.7) 0.4 (0.0-7.5) 1.0 (0.0-10.0)

T cells infused (3106/kg) 0.8 (0.0-5.4) 0.12 (0.0-3.7) 0.04 (0.0-2.2) 0.2 (0.0-5.4) 1.7 (0.0-25.0)

Cell numbers are reported as medians, with the range in parentheses. There was a statistically significant difference between each study center

in the total numbers of mononuclear cells (P , .005), but there was no significant difference between centers in the percentage of residual T cells

or the total numbers of T cells infused. However, there was a significant difference between the study group and the historic control group with

regard to each of these parameters (P 5 .024 for percentage of T cells and P , .001 for total T cells).
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the median time to reach 0.53 109 neutrophils/L for the historic
CAMPATH group and 5 days for the study group. There was a
significant variation in time to engraftment among the three
study centers. The median time to reach 0.53 109 neutrophils/L
at Ulm was 23 days, whereas at the Royal Free and Riyadh, the
median was 30 days (P 5 .001). Platelet engraftment was not
reported in this study.

The study group had a significantly lower risk of rejection
than the historic group (6%v 31%;P 5 .0003) but a higher risk
than the CyA/MTX group (2%;P 5 .03; Fig 2). The incidence
of both acute and chronic GVHD was significantly lower in the
study group compared with either of the two control groups.
Only 3 of the 70 study patients developed grade 2 acute GVHD
and 2 developed mild/moderate chronic GVHD; there were no
more severe cases.

Transplant-related mortality was significantly lower in the
study group than in the historic group (15%v 58%;P , .0001)
and also less than in the CyA/MTX group (26%;P 5 .04; Fig
3). Relapse was similar in the three groups. Survival and
leukemia-free survival were significantly higher in the study
group than in the historic group, but similar to that in the
CyA/MTX group (Figs 4, 5, and 6).

Outcome after graft failure/rejection.Primary failure of
engraftment was documented in 9 of the historic control group
(18%) and 3 of the study group (4%). Late graft rejection
occurred in 6 of the historic group (12%) and 1 of the study

Table 4. Outcome According to Treatment Group

% Probability (95% confidence interval) Significance

Study (1) Historic (2) CyA/MTX (3) P12 P13

0.5 3 109 neutrophils/L .84 ,.0001

By day 21 23 (14, 34) 50 (36, 64) 59 (55, 64)

By day 30 78 (67, 87) 70 (57, 82) 93 (90, 95)

By day 60 94 (87, 98) 83 (71, 92) 99 (97, 100)

Graft failure .0003 .03

At 1 mo 4 (1, 11) 20 (10, 32) 1 (0, 3)

At 12 mo 6 (2, 13) 31 (19, 45) 2 (1, 3)

Acute GVHD

Grade II-IV 4 20 35 .01 ,.001

Chronic GVHD

Grade I-IV (limited-extensive) 3 21 36 .005 ,.001

Transplant-related mortality ,.0001 .06

At 3 yrs 15 (7, 25) 53 (38, 67) 25 (21, 29)

At 5 yrs 15 (7, 25) 58 (43, 72) 26 (22, 31)

Relapse .54 .67

At 3 yrs 27 (17, 39) 22 (9, 38) 24 (20, 29)

At 5 yrs 30 (19, 42) 22 (9, 38) 29 (24, 35)

Survival .001 .27

At 3 yrs 65 (53, 76) 39 (26, 53) 59 (55, 64)

At 5 yrs 62 (50, 74) 35 (22, 49) 58 (53, 62)

Leukemia-free survival .002 .24

At 3 yrs 62 (50, 73) 37 (24, 51) 57 (52, 62)

At 5 yrs 60 (47, 71) 33 (21, 47) 52 (47, 57)

The outcome is reported, together with the 95% confidence interval. Significance (P ) values in this table (except for GVHD) were calculated from

a univariate long-rank test (ie, they do not take into account any potential covariates).

Table 3. Features of Study and Control Groups

Study (1) Historic (2) CyA/MTX (3)

Significance

P12 P13

No. of patients 70 50 459

Median year of

transplant 92 (87-96) 86 (84-94) 90 (84-95) ,.001 ,.001

Median follow-up

(months) 44 116 58 ,.001 .01

Male patient 57% 38% 50% .04 .24

Male donor 61% 52% 54% .34 .29

Median age at

transplant 36 (14-50) 30 (14-47) 31 (14-56) .003 .03

The extreme range of the data is shown in parentheses. Probabili-

ties (P ) are calculated by the x2 test or Wilcoxon two-sample test as

appropriate.

Fig 1. Speed of engraftment. Note the cross-over between study

and control groups. The study group engrafts more slowly, but a

higher proportion of patients eventually engraft.
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group (1%). It was not possible to determine the cause of graft
failure in every case, but it is likely that most, if not all, were
due to immunological rejection. Therefore, both early and late
graft failure were analyzed together. Patients were treated by
reinfusion of stored autologous marrow (5 historic control and 1
study) or by a second transplant of unfractionated allogeneic
marrow from the original donor (6 historic control and 3 study).
In 11 cases, these rescue procedures resulted in successful
engraftment, but many of the patients suffered further complica-
tions and eventually 12 of 15 patients died in the historic group
(9 from graft failure) and 4 of 4 patients died in the study group
(all from relapse).

Multivariate analysis. The results were further analyzed
using the Cox proportional regression model to test for interac-
tions with prognostic factors that might have affected the results
of univariate analyses (Table 5). Variables used in building the
model were age, year of transplant, patient gender, donor
gender, and treatment group. Outcomes were rate of engraft-
ment, graft failure, transplant-related mortality, relapse, sur-
vival, and leukemia-free survival. There was a significant
association between age and transplant-related mortality. The
relative risk of transplant-related mortality for patients more

than 30 years of age was 1.53 times that for patients under 30
years (95% confidence interval, 1.08 to 2.15;P 5 .02).
However, the relationship between patient groups and outcome
was similar for young and old patients. In the final model,
allowing for the effect of age, there was less than half the risk of
transplant-related mortality in the study group compared with
the CyA/MTX control (relative risk, .45;P 5 .02). Tests for
proportionality indicated that the effect of the study treatment
on survival differed at different times after the transplant. In the
first 6 months after the transplant, survival of patients in the
study group was significantly higher than the control groups;
among patients surviving 6 months, subsequent survival was
similar in the study group versus the two control groups. It is not
surprising that no significant difference in long-term survival
could be shown, because the size of the study did not give it
sufficient power to demonstrate even a 10% difference.

Causes of death.The underlying causes of death in each
patient group are reported in Table 6. Because of the small
numbers in the study and historic control group and the
difficulties inherent in assigning a single cause of death to some
patients, we did not attempt formal statistical analysis. The most
frequent cause of death in the study group was relapse (15
patients), followed by infection (7 patients). There were 3

Fig 3. Probability of transplant-related mortality (death in continu-

ous complete remission). Note the significantly reduced mortality of

the study group in the first 6 months.

Fig 4. Probability of relapse.

Fig 5. Probability of survival.

Fig 2. Risk of graft failure.
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deaths from infection in the study group after 6 months: 1
varicella zoster1 aspergillus (day 191), 1 varicella zoster1
hepatitis C (day 858), and 1 unknown organism (day 387).

DISCUSSION

Since the early clinical trials of T-cell depletion, it was
realized that graft rejection by residual host T cells was a major
problem that negated much of the clinical benefit of avoiding
GVHD. Graft rejection could be reduced, but not eliminated, by
giving extra whole body20 or total lymphoid irradiation21 or by
administering posttransplant CyA.13Animal experiments showed
that anti–T-cell MoAbs could be used to escalate the immuno-
suppression without toxicity, and this prompted the collabora-
tive CAMPATH users group to begin a number of pilot studies
using CAMPATH-1G to deplete residual host T cells.13,14,25,26

These studies gave encouraging results, but it was possible that
other improvements in transplant protocols over time might
have influenced the outcome. Therefore, we performed the
present comparison with a large contemporaneous control
group of patients selected from the IBMTR database. A second

problem associated with T-cell depletion is the loss of beneficial
graft-versus-leukemia effects. This is well documented for
patients with chronic myeloid leukemia (CML), but it is not
clear whether there is a significant effect in patients with acute
leukemia. In this analysis, we evaluated relapse in patients
transplanted for AML in first complete remission.

This study convincingly demonstrates the effectiveness of the
combined CD52 antibodies in dramatically reducing the risk of
acute and chronic GVHD, without posttransplant immunosup-
pression. There were no cases of severe acute or chronic GVHD
in the study group. Similar results have been reported when the
same antibody protocol was used in other transplant indica-
tions.14,26The addition of CAMPATH-1G in vivo pretransplant
resulted in lower GVHD rates than those seen in the historic
controls, which might be due to additional depletion of donor
T cells in vivo by residual CAMPATH-1G at the time of
transplant. The measured extent of T-cell depletion by
CAMPATH-1M was greater for the study patients than the
historic controls, but the significance of this is hard to assess due
to the technical difficulties in accurate measurement of small
numbers of T cells and the fact that actual depletion is likely to
have been greater than measured, because residual T cells
would be coated with CAMPATH-1M antibody and lysed when
they encounter fresh complement after infusion of the bone
marrow.

Importantly, the study group also had a significantly lower
risk of graft failure than the historic control (6% at 12 months).
This is still higher than in the non–T-cell–depleted group (2%),
but acceptable, given the much lower risk of GVHD. Possibly
graft failure would be reduced still further if larger numbers of
stem cells were infused, as is now possible using peripheral
blood harvests. Despite the improvement in overall engraft-
ment, the speed of engraftment, as measured by the time to
reach 0.53 109 neutrophils/L, was significantly slower in the
study group compared with either control group (after exclud-
ing graft failure). The most likely explanation for this delay is
the comparatively small number of mononuclear cells infused
in the study group, especially because the greatest delay was
observed at the two centers where the smaller numbers of cells
were infused (Table 2). Experimental models have shown that
speed of engraftment is related to total stem cell dose,36 and this
has been confirmed in a recent multifactorial analysis of the
whole CAMPATH users database (G.H. and S.P. Cobbold,

Fig 6. Probability of leukemia-free survival.

Table 5. Analysis of Outcome According to a Multivariate Model

Outcome

Study v

Historic Control

Study v

CyA/MTX Control

RR (95% CI) P RR (95% CI) P

Graft failure .17 (.06, .51) .002 3.53 (1.03, 12.05) .04

Transplant-related

mortality .20 (.09, .43) ,.0001 .45 (.23, .90) .02

Relapse 1.33 (.58, 3.07) .50 1.11 (.67, 1.84) .68

Death

,6 mo .30 (.12, .75) .01 .38 (.18, .82) .01

.6 mo .55 (.28, 1.07) .08 1.37 (.82, 2.30) .23

Death and/or

relapse .48 (.29, .80) .005 .78 (.52, 1.67) .23

The Cox proportional regression model was used to allow for

factors that might influence the outcome other than the treatment

group. The only relevant factor was patient age. The adjusted relative

risks (RR) for transplant outcome according to treatment group are

shown, together with the 95% confidence interval (CI) and the

significance (P ). A relative risk less than 1.0 means the outcome was

less likely in the study group compared with the control group; a

figure more than 1.0 means that the outcome was more likely.

Table 6. Causes of Death According to Treatment Group

Study Historic CyA/MTX

Graft failure/rejection 1 9 1

GVHD 0 2 36

Relapse 15 6 56

Infection 7 8 26

Other (eg, cardiovascular, conditioning

toxicity) 2 4 58

Secondary malignancy 0 1 1

Unknown 0 2 5

Total 25 32 183

A single underlying cause of death was assigned to each patient.

Because of the small numbers, the differences in follow-up times (see

Table 3), and the difficulty in assigning a unique cause to each case,

statistical analysis is deemed to be impracticable.

4586 HALE ET AL

 For personal use only. at RADCLIFFE SCI LIBR on March 17, 2011. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


unpublished work). Rapid engraftment has been reported with
CAMPATH-1–treated stem cells from peripheral blood.37

The relative risk of transplant-related mortality was signifi-
cantly lower in the study group compared with the CyA/MTX
group (15%v 26%). This is most likely due to reducing the
incidence and severity of GVHD, although we cannot rule out a
benefit due to the avoidance of toxicity of the immunosuppres-
sive drugs themselves or consequent infection risks. One of the
most important parameters in the long-term follow-up was the
risk of relapse, because it has been shown that T-cell depletion
increases relapse risk substantially for CML,17,38 and it is
suggested that there could be a modest increase in risk for acute
leukemias. In contrast, we found no significant difference
between the study group (30% risk of relapse at 5 years) and the
CyA/MTX group (29%), supporting the concept that the impact
of T-cell–mediated graft-versus-leukemia reactions is minimal
in patients transplanted for acute leukemia in first remission.13

Overall survival was significantly better in the study group
compared with the CyA/MTX group up to 6 months; subse-
quent survival and leukemia-free survival were slightly, but not
significantly better.

Prospective randomized studies are often thought to be the
gold standard in evaluating new treatments, but their application
in transplantation is hindered by the relative infrequency of the
diseases treated and the fact that only a minority of patients
have suitable donors. This makes accrual of sufficient patients
difficult, if not impossible. We were primarily interested in
measuring differences in the risk of graft failure, where the
expected results were in the range of 2% to 15%. Hundreds of
patients would be required to give an adequate power. Fortu-
nately, a better alternative is available. Large clinical databases,
such as the one maintained by the IBMTR, contain data on a
large proportion of transplant recipients worldwide with details
of prognostic and treatment factors that allow application of
sophisticated statistical techniques to adjust for differences
between groups and exploit the power of large numbers.39 In the
current study, we identified 459 suitable controls receiving the
most common approach to GVHD prophylaxis against which
the combined antibody strategy could be compared. Unlike
many prospective randomized trials, in which significant differ-
ences are sometimes attributed to unusually poor performance
of the control group, we can be sure that our CyA/MTX control
group is truly representative. The accuracy of the control data
are confirmed by published results from the European Trans-
plant Registry on an overlapping set of patients, where the
outcomes are superimposable.40 However, it might be argued
that the three study centers shared some favorable factor in
common other than the treatment protocol. In fact, the three
centers were more remarkable for their diversity in approaches
to transplantation. Furthermore, this idea is negated by the
published comparison from one center (Ulm) of study patients
compared with their own CyA/MTX control group.25 The
results are very similar to those presented here, except of course
for the smaller numbers of control patients. The limitations of
our analysis should be recognized, particularly the difficulty of
allowing for possible differences in relapse risk according to
AML subtype, prior therapy, and conditioning regimen, but we
can be confident that the control group is representative of
contemporary clinical practice.

Immune reconstitution was not specifically studied here, but
results for marrow transplants depleted with CAMPATH-1M
have been reported previously.41-43 All of these reports agree
that lymphocyte recovery, particularly of CD41 cells, is slow
compared with T-replete transplants. There does not appear to
be a substantial long-term mortality as a result of opportunistic
infections, but this requires continued surveillance. Some
groups report an early increase in the frequency of cytomegalo-
virus (CMV) reactivation, although this did not necessarily lead
to severe clinical disease.44 The cellular distribution of the
CD52 antigen may be fortuitous in this regard. NK cells are
relatively spared by CAMPATH-1,41,45 and it has been sug-
gested that they may play a role in control of CMV disease and
have an antileukemia effect.46-51However, B cells are efficiently
depleted. Elsewhere, we have reported that T-cell depletion with
CAMPATH-1 antibodies does not give rise to an excess of
B-cell lymphoproliferative disorders, in contrast to some other
methods of T-cell depletion.52 We believe this is because
depletion of donor B cells removes both a potential reservoir of
virus and its major target.

In this trial, CAMPATH-1G was used as a form of monoclo-
nal antilymphocyte globulin to achieve the additional depletion
of recipient lymphocytes required to permit engraftment of
T-cell–depleted bone marrow. The positive outcome is in accord
with animal experiments, confirming that graft failure was
caused by lymphocyte-mediated rejection. The logical develop-
ment is to use the IgG antibody CAMPATH-1G (or its
humanized equivalent CAMPATH-1H) for depletion of both
donor and recipient T cells, and current trials are aimed at
developing the simplest and most effective way to administer
it—either in vivo before and after the transplant14,53,54or as a
single dose, mixed and infused with the donor bone marrow.13,55

This study confirms that T-cell depletion is the best way to
prevent GVHD. Our approach largely avoids graft rejection and
does not result in an increased risk of relapse, at least in AML
patients. The disease-free survival achieved is at least as good as
with conventional regimens, but with the following important
advantages: (1) posttransplant immunosuppression is no longer
needed and (2) almost complete elimination of acute and
chronic GVHD should translate into a substantially better
quality of life for the survivors.
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