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Comparison between antithymocyte globulin and alemtuzumab
and the possible impact of KIR-ligand mismatch after
dose-reduced conditioning and unrelated stem cell
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Summary

We compared antithymocyte globulin (ATG) with alemtuzumab in 73
patients with multiple myeloma, who underwent reduced conditioning with
melphalan/fludarabine, followed by allogeneic stem cell transplantation from
human leucocyte antigen-matched or -mismatched unrelated donors. The
ATG group had more prior high-dose chemotherapies (P < 0-001), while
bone marrow was used more as the stem cell source in the alemtuzumab
group (P < 0-001). Alemtuzumab resulted in faster engraftment of leucocytes
(P = 0:03) and platelets (P = 0-02) and in a lower incidence of acute graft
versus host disease (GvHD) grades II-1V (24% vs. 47%, P = 0-06). More
cytomegalovirus (CMV) seropositive patients in the alemtuzumab group
experienced CMV reactivation (100% vs. 47%, P = 0-001). The cumulative
incidence of treatment-related mortality at 2 years was 26% [95% confidence
interval (CI) = 12-37%] for ATG vs. 28% (95% CI = 15-55%) for
alemtuzumab, P = 0-7. There was no significant difference in the estimated
2-year overall and progression-free survival between ATG and alemtuzumab:
54% (95% CI: 39-75%) vs. 45% (95% CI: 28-73%) and 30% (95% CI:
16-55%) vs. 36% (95% CI: 20-62%) respectively. In multivariate analysis,
treatment with alemtuzumab had a higher risk for relapse (hazard ratio: 2-37;
P = 0-05) while killer immunoglobulin-like receptor (KIR)-ligand mismatch
was protective for relapse (P < 0-0001). We conclude that alemtuzumab
produced less acute GvHD, but higher probability of relapse. The data
implicated a major role of KIR-ligand mismatched transplantation in
multiple myeloma.

Keywords: allogeneic stem cell transplantation, alemtuzumab, antithymocyte
globulin, multiple myeloma, killer immunoglobulin-like receptor ligand.
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Non-myeloablative or dose-reduced stem cell transplantation
is a promising treatment approach in patients with haemato-
logical malignancies, who are not eligible for a standard
conditioning procedure, because of age, performance status or
active infection. Several reduced-toxicity regimens have been
investigated for haematological malignancies and solid
tumours, whose antitumour effect relies on a graft versus
malignancy effect rather than on chemotherapy effects (Slavin
et al, 1998; Childs et al, 2000; Giralt et al, 2001; McSweeney
et al, 2001). The use of unrelated donors in standard
myeloablative transplantation is associated with a higher rate
of graft failure, higher incidence of graft versus host disease
(GvHD) and more toxicity in comparison with sibling
transplantation, limiting this approach to younger patients
with a good performance status (McGlave et al, 1993). Several
dose-reduced regimens, including low-dose total body irradi-
ation (Maris et al, 2003), fludarabine and melphalan (Giralt
et al, 2001) or busulphan (Nagler et al, 2001) have been used
with unrelated donors and minimal regimen-related extra-
medullary toxicity has been observed. However, one trial using
the melphalan/fludarabine regimen, reported an incidence of
severe acute grade III/IV GvHD of 39% and a high treatment-
related mortality (TRM) because of GvHD (Giralt et al, 2001).
Therefore, strategies to prevent high TRM by reducing acute
GvHD without abrogating the graft versus malignancy effect
are needed. A high rate of graft-failure was observed when
T cells were depleted from the graft by CD34" cell selection
(Bornhauser et al, 2002); the use of in vivo T-cell depletion
strategies as part of the conditioning regimen may enhance
engraftment by T-cell depletion of the recipient. As a result
of the long half-life of depleting antibodies, T-cell depletion
of the graft will occur ‘in vivo’, resulting in a lower rate of
severe GVHD. Antithymocyte globulin (ATG) as well as
alemtuzumab (Campath-1H) have been shown to ensure
allogeneic engraftment with a low rate of severe GvHD after
dose-reduced conditioning followed by matched and mis-
matched unrelated stem cell transplantation (Nagler et al,
2001; Chakraverty et al, 2002; Kroger et al, 2002a). Because
allogeneic stem cell transplantation seems to be a curative
treatment option in patients with multiple myeloma, reduced-
intensity conditioning followed by allogeneic stem cell trans-
plantation has become a commonly used treatment approach
in these patients (Badros et al, 2001; Kroger et al, 2002b;
Maloney et al, 2003; Peggs et al, 2003). However, the experi-
ence of allogeneic stem cell transplantation from unrelated
donors in multiple myeloma is still limited (Kroger et al,
2002a; Peggs et al, 2003; Shaw et al, 2003) and further studies
are necessary to determine the optimal conditioning regimen
and GvHD prophylaxis. In the current retrospective analysis,
we compared the results in patients with multiple myeloma
who were transplanted from human leucocyte antigen
(HLA)-matched or -mismatched unrelated donors in two
prospective studies, which were carried out in the UK and in
Germany or Israel respectively. Both studies were based on the
melphalan/fludarabine regimen, but the UK study used

alemtuzumab plus ciclosporin A (CSA) for GvHD prophy-
laxis, whilst the German study used ATG (Anti-rabbit,
Fresenius, Bad Homburg, Germany) plus CSA and metho-
trexate. Furthermore, we investigated the potential influence
of killer immunoglobulin-like receptor (KIR)-ligand mismatch
in GvH-direction on outcome.

Patients and methods

We analysed a total of 73 patients who received ATG
(n = 48) or Campath 1-H (n = 25). The major inclusion
criteria for both protocols were ineligibility for a standard
unrelated stem cell transplantation because of age
(>45 years), prior high-dose regimen, severe organ dysfunc-
tion, active fungal infection or reduced performance status.
Major exclusion criteria were cardiac insufficiency with an
ejection fraction of <30%, liver transaminases greater than
three times the upper limit of normal, creatinine clearance
<30 ml/min. Both studies were approved by the local ethics
committees and all patients gave written informed consent.
Unrelated donor selection was performed using serological
typing for class I antigen (HLA-A and HLA-B) and molecular
typing for HLA-DRB1 and HLA-DQBI. To determine KIR-
ligand mismatch, molecular typing for HLA-A, B and HLA-C
was also performed. KIR-ligand mismatch was defined as
described by Ruggeri et al (2002). KIR-ligand incombatibility
was determined by the absence of one donor KIR-ligand class
I allele in the recipient. Because KIR2DL1 recognizes HLA-
Cwi4-related alleles, KIR2DL2/3 HLA-Cw?3-related alleles and
KIR3DL1 HLA-B alleles sharing the Bw4 specificity, these
receptors were taken into consideration. Eight patients received
stem cell transplantation from a KIR-incompatible donor with
KIR-ligand mismatch in GvH direction. All KIR-ligand incom-
patibility involved the HLA-C locus.

Chimaerism studies were performed by means of fluores-
cence in situ hybridization for sex-mismatched transplantation
or by microsatellite polymerase chain reaction (PCR) or PCR
to amplify DNA sequences that are specific for the
Y-chromosome as described recently (Kottaridis et al, 2000;
Fehse et al, 2001). Patients with mixed haematopoietic
chimaerism and residual disease 6 months after transplanta-
tion were candidates for a donor-lymphocyte infusion in both
protocols. Unrelated donors gave written informed consent
according to the national standards and procedures of the
relevant registries.

Patients characteristics

The patients’ major clinical characteristics are listed in Table 1.
Most of the patients had advanced disease, and 50% of the
ATG group and 52% of the alemtuzumab group had
experienced relapse after a prior autograft. More patients in
the ATG group had prior autologous stem cell transplantations
(P < 0-001). More patients in the ATG group than in the
alemtuzumab group received peripheral blood stem cells as a
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Table I. Patients’ characteristics.

Antithymocyte globulin Alemtzumab P-value
Number of patients 48 25
Median age (years) 50 (range, 32-62) 47 (range, 33-60) 05
Patient sex
Male [n (%)] 31 (65) 21 (84) 0:08
Female [n (%)] 17 (35) 4 (16)
Type
IgG [n (%)] 21 (44) 15 (60) 05
IgA [n (%)] 10 (20) 5 (20)
Light chain [n (%)] 13 (27) 5 (20)
Non-secretory [#n (%)] 3 (6) -
Plasmacell-leukaemia [n (%)] 1(2) -
Median prior chemotherapy regimens 3 (range, 1-12) 2 (range, 1-4) 0-03
Prior autologous transplants
None [n (%)] - 10 (40) <0-001
One [n (%)] 36 (75) 15 (60)
Two [n (%)] 12 (25) -
Relapse to prior autologous 24 (50) 13 (52) 08
high-dose therapy [n (%)]
No relapse to standard or 18 (37) 9 (36) 0-8
high-dose chemotherapy [n (%)]
Recipient
CMV-positive [ (%)] 35 (73) 14 (56) 02
CMV-negative [n (%)] 13 (28) 11 (44)
Graft source
PBSC [n (%)] 39 (81) 7 (28) <0-001
BM [n (%)] 9 (19) 18 (72)
Status prior to allo-SCT
CR/PR [n (%)] 29 (60) 17 (68) 05
NC/PD [ (%)] 19 (40) 8 (31)
Time from diagnosis to 22 (48) 12 (48) 09
SCT >24 months [n (%)]
HLA-mismatch [n (%)] 5 (10) 5 (20) 03
KIR-ligand-mismatch 7 (15) 1(5) 04

GvH-direction [n (%)]

Median follow-up: days (range) 554 (range, 381-727)

945 (range, 484-1406) 0-18

CMV, cytomegalovirus; PBSC, peripheral blood stem cells; BM, bone marrow; allo-SCT, allo-

geneic stem cell transplantation; CR, complete remission, PR, partial remission; NC, no change;

PD, progressive disease.

graft-source (81% vs. 28%, P < 0-001). No difference between
donor sex, HLA-mismatch, remission status prior to allogeneic
stem cell transplantation, cytomegalovirus (CMV) serostatus
of the recipient or age was observed between the two groups.
KIR-ligand mismatch in GvH-direction was observed in seven
patients of the ATG group and in one patient of the
alemtuzumab group (P = 0-42). The median follow-up was
slightly shorter in the ATG group (median: 554 vs. 945 d,
P =018).

Conditioning regimen

In both trials, the conditioning regimen consisted of melphalan
and fludarabine. In the UK study melphalan (140 mg/m?) was
given intravenously on day —2, while fludarabine (150 mg/m?)

was given intravenously divided over 5 d, from day -7 to —3. In
the German study, a median melphalan dose of 140 mg/m®
(range 100-150 mg/m?®) was given intravenously divided on
day —3 and -2, while a median fludarabine dose of 120 mg/m*
(range, 90-180 mg/m?) was given intravenously between day
-7 to =3 and -5 to -3.

GvHD prophylaxis

In the UK study, GvHD prophylaxis was with alemtuzumab,
100 mg in total, given intravenously as 20 mg/d for 5 d (days
—8 to —4). Further GVvHD prophylaxis consisted of CSA in
both groups, starting on day —1 at 3 mg/kg as intravenous
infusion and switched to an equivalent oral dose as soon as
possible. CSA was reduced on day +100 and discontinued

© 2005 Blackwell Publishing Ltd, British Journal of Haematology, 129, 631-643 633
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Fig 1. Overall survival, progression-free survival, relapse-incidence and treatment-related mortality of all patients according to the treatment with

antithymocyte globulin (n = 48) or alemtuzumab (n = 25).

between days +140 and +180, if no GvHD had occurred. In the
German study, ATG (Anti-rabbit) was used at a median dose
of 60 mg/kg (range, 30—60 mg/kg), divided intravenously over
12 h on day -3 to —1. Furthermore, all patients received
methotrexate, (10 mg/m”) intravenously on days +1, +3 and
+6. Acute and chronic GVHD was graded according to the
international standard criteria (Shulman et al, 1980; Przepi-
orka et al, 1995).

Supportive care

All patients were nursed in reverse isolation in conventional or
laminar airflow rooms. Prophylaxis against pneumocystis
carinii was carried out with cotrimoxazole or pentamidine
inhalation. Acyclovir and fluconazole or itraconazole prophy-
laxis was routinely used in all patients. CMV-negative patients
received only CMV-negative blood products. All blood prod-
ucts were irradiated to 25 Gy. Febrile neutropenic fever was

treated with broad-spectrum antibiotics according to the
centres’ policy for treatment of neutropenic fever. CMV-
positive recipients were monitored at least weekly for CMV
infection by PCR within the UK study and by PCR or/and
antigenaemia-assay within the German study. Pre-emptive
therapy was started with 10 mg/kg gancyclovir per day after
two consecutive positive PCR results or one positive antigen-
aemia assay.

Statistical methods

Differences in the distributions of the risk factors in different
groups was evaluated by the chi-squared test on the appro-
priate cross-tabulation for discrete variables and by the Mann—
Whitney test for continuous variables. Probabilities of overall
survival (OS) and progression-free survival (PFS) were
estimated according to the Kaplan—-Meier product limit
method and differences among groups were tested by the

634 © 2005 Blackwell Publishing Ltd, British Journal of Haematology, 129, 631-643
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Fig 2. Overall survival, progression-free survival, relapse-incidence and treatment-related mortality according to the treatment with antithymocyte
globulin (n = 18) or alemtuzumab (n = 9) in patients without any relapse prior to allogeneic stem cell transplantation.

log-rank test. The multivariate analysis for OS and PFS was
carried out using the Cox proportional hazards model.
Estimation of relapse and TRM incidence was performed
using the proper estimator of cumulative incidence curves
(Gooley et al, 1999) and the comparison was made by the Gray
test (Gray, 1988). The Fine and Gray model for cumulative
incidence was used to assess adjusted effects in multivariate
analysis (Fine & Gray, 1999). The same methodology was used
to compare engraftment, acute GvHD and chronic GvHD,
taking into account their timing and the occurrence of death as
a competing risk, in addition to the more traditional
comparison of total percentages only. For the multivariate
analysis, all variables with P-values from the univariate analysis
below 0-2 were considered as potential prognostic factors, and
the selection was carried out by applying a backward proce-
dure.

© 2005 Blackwell Publishing Ltd, British Journal of Haematology, 129, 631-643

The statistical analyses were performed using the Statistical
Package for the Social Sciences (spss) versions 11-0-1 (2001)
and R 1-6-2 (2003); in particular, the analyses in the framework
of competing risks were carried out using the additional R
package ‘cMPrsK’ developed by Gray, version 2 1-2 (2000).

Results

Engraftment

No primary graft failure occurred in either group. Two
patients in the ATG group died prior to engraftment.
Achievement of a sustained leucocyte count >1 x 10°/1 for
three consecutive days was faster in the alemtuzumab than in
the ATG group (median: 13 vs. 15 d, P = 0-003) and the same
was true for sustained platelet engraftment >20 x 10°/1 with-
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Fig 3. Overall survival, progression-free survival, relapse-incidence and treatment-related mortality according to the killer immunoglobulin-like
receptor ligand mismatch in graft versus host-direction (yes: n = 8; no: n = 57).

out platelet transfusion (median: 13 vs. 19 d, P = 0-002)
(Table II)

Response and donor-lymphocyte infusion

A total of 94% of the patients in the ATG group and 90% of
the patients of the alemtuzumab group showed an objective
response (complete or partial remission) after allograft
(P = 04). No change or minor response was observed in
two patients in each treatment group. However, the rate of
complete remission after allograft was higher in the ATG group
than in the alemtuzumab group (51% vs. 19%, P = 0-01). Full
chimaerism at day 100 was observed in all but one patient in
the ATG group, while five patients of the alemtuzumab group
achieved only mixed chimaerism. Patients with residual disease
or/and mixed chimaerism were eligible for donor lymphocyte

infusion (DLI): seven patients of the ATG group and seven
patients of the alemtuzumab group received pre-emptive DLIs,
usually starting with 1 x 10° CD3" cells/kg with dose escala-
tions at 10—12-week intervals (Table II).

Graft versus host disease

Patients receiving alemtuzumab had a slightly lower incidence
of acute GVHD grades II-1IV (24% vs. 47%, P = 0-06) than
patients who received ATG. Using death within day 100 as a
competing risk, the difference was statistically significant
(P = 0-05). For severe grade III/IV acute GvHD, the cumu-
lative incidence for ATG at day 100 was 13% and for
alemtuzumab 0% (P = 0-05). The incidence of chronic GVHD
after alemtuzumab was 25% in comparison with 36% after
ATG (P = 0-4). After additional treatment with DLIs because

636 © 2005 Blackwell Publishing Ltd, British Journal of Haematology, 129, 631-643



Table II. Results comparing antithymocyte globulin and alemtuzumab.

Alemtuzumab versus ATG for Unrelated Allograft in MM

Antithymocyte globulin Alemtuzumab P-value
Number of patients 48 25
Leucocyte count >1 X 10%/1, median day (range) 15 (10-23) 13 (3-22) 0-003
Platelet count <20 x 10°/1 median day (range) 19 (9-43) 13 (9-23) 0-002
PR/CR after allograft (%) 95 90 0-4
Complete remission after allograft (%) 51 19 001
Acute GvHD grades II-1V [n (%)] 22 (47) 6 (24) 0-05
Acute GvHD grades III-1V [n (%)] 6 (13) 0 0-05
Acute GvHD grades II-IV after DLI [n (%)] 22 (47) 8 (32) 0-2
Chronic GvHD [n (%)] 13 (36) 5 (25) 0-4
Chronic GvHD after DLI [n (%)]* 13 (33) 9 (45) 0-4
CMV-reactivation [only CMV-positive recipients 16 (47) 12 (100) 0-001
(ATG: n = 34; alemtuzumab: n = 12)] [n (%)]
Cumulative incidence of treatment-related mortality at 1 year (%) 26 (95% CI: 12-37) 28 (95% CI: 15-55) 07
Estimated overall survival at 2 years (%) 54 (95% CI: 39-75) 45 (95% CI: 28-73) 05
Estimated progression-free survival at 2 years (%) 30 (95% CI: 16-55) 36 (95% CI: 20-62) 05
Cumulative incidence of relapse at 2 years (%) 41 (95% CI: 26-66) 29 (95% CI:19-63) 09

*Only for mixed chimaerism and residual disease.

PR, partial remission; CR, complete remission; CMV, cytomegalovirus; GvHD, graft versus host disease.

of persistent disease or mixed haematopoietic chimaerism
(n =7 in each group) the incidence of acute GVHD grades
II-IV between alemtuzumab- and ATG-treated patients was
similar (32% vs. 47%, P = 0-2) (Table II). The difference of
acute GvHD between ATG and alemtuzumab was mainly
because of the patients transplanted with bone marrow
showing a higher incidence after ATG-treatment, while those
patients who received peripheral blood stem cells showed no
clear difference in acute GVHD between the two treatment
groups. In the multivariate analysis, alemtuzumab was pro-
tective for acute GvHD [hazard ratio (HR): 05, 95%
confidence interval (CI) = 0-21-1-20], but was not statistically
significant (P = 0-12). The only significant factor for devel-
oping acute GvHD was female gender of the recipient
(HR:2-88, 95% CI = 1:33-6-26; P = 0-007).

CMYV infection

Among the CMV-positive patients the incidence of CMV
reactivation was higher in patients treated with alemtuzumab
than with ATG (100% vs. 47%, P = 0-001). However, no
direct CMV-related mortality was observed.

Treatment-related mortality

No difference in the cumulative incidence of TRM at 1 year
between the alemtuzumab and the ATG group (28% vs. 26%,
P = 0-7) was found. While four patients in the ATG group died
from acute GvHD and related complications, only one patient in
the alemtuzumab group expired because of acute GVHD after
DLI. In contrast, a higher proportion of patients in the
alemtuzumab group died of infectious complications
(5/8 = 62%) in comparison with ATG (4/12 = 33%;
P = 0-3). In the univariate analysis, transplantation from a

female donor to a male recipient versus others (P = 0-001) and
stem cell transplantation for >2 years from diagnosis (P = 0-04)
were significant factors for a higher TRM (Table III). In the
multivariate analysis, female donor to male recipient (HR: 4-42,
P = 0-006) and interval of >2 years between diagnosis and stem
cell transplantation (HR: 2-75, P = 0-04) were significant risk
factors for a higher TRM (Table III).

Overall survival

The estimated 2-year OS was 54% (95% Cl:39-75%) for the
ATG group and 45% (95% CI: 28-73%) for the alemtuzumab
group (P = 0-5). In a univariate analysis including all patients,
a worse survival was seen for patients with relapse after
autograft (HR: 2-87, P = 0-004), relapse after any prior therapy
(HR: 2:48, P = 0-02) and for male patients with female donors
(HR: 2:3, P = 0-02). OS was better in patients who were in
partial or complete remission prior to allogeneic stem cell
transplantation (HR: 0-47, P = 0-03) (Table IV). In a multi-
variate analysis (Table V) relapse after prior high-dose
chemotherapy (HR: 2-89, P = 0-005) and male patient with
female donor (HR: 234, P = 0-03) were significant factors for
worse survival after allogeneic stem cell transplantation.
However, the gender mismatch interacted with ATG/ale-
mtuzumab treatment: male patients with female donors
was only significant for ATG treatment (HR: 411,
P = 0-004), but not in those treated with alemtuzumab (HR:
19, P = 0-3).

Progression-free survival

The estimated 2-year PFS was 30% (95% CI: 16-55%) for the
ATG group and 36% (95% CI: 20—-62%) for the alemtuzumab
group (P = 0'5). If only patients without relapse to any

© 2005 Blackwell Publishing Ltd, British Journal of Haematology, 129, 631-643 637
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Table III. Cumulative incidence of relapse and treatment-related

mortality (univariate).

Relapse-rate TRM
(2 years) (%) P-value (1 year) (%) P-value
Treatment
ATG 41 09 26 0-7
Alemtuzumab 29 28
Relapsed to autograft
No 29 0-05 14 0-1
Yes 47 33
Relapse to any therapy
No 15 0-04 11 0-2
Yes 50 31
No. of prior high-dose chemotherapies
One 22 0-8 30 09
Two 43 20
Three 46 33
HLA-status
Matched 43 0-09 21 03
Mismatched 0 44
Status at transplantation
CR/PR 33 07 18 0-2
MR/NC/PD 45 34
Recipient gender
Female 58 0-003 10 01
Male 29 29
Gender-mismatch
Female to male 6 0-005 57 0-0006
Others 48 13
Recipient’s CMV-status
Positive 28 01 26 04
Negative 56 21
Graft source
Peripheral blood 44 07 26 0-7
stem cells
Bone marrow 36 23
KIR-ligand mismatch
No 47 0-05 22 09
Yes 0 30
Interval between diagnosis and SCT
<2 years 35 06 14 0-04
>2 years 41 35
Age
<50 years 45 05 18 0-2
<50 years 29 30
No. of prior chemotherapy regimens
One 20 03 22 0-4
Two 38 6
Three 50 32

TRM, treatment-related mortality; CR, complete remission, PR, partial

remission; MR, minimal response; NC, no change; PD, progressive

disease; SCT, stem cell transplantation; CMV, cytomegalovirus.

therapy prior to allograft are included, the risk of progression/

relapse or death to any cause was higher in the alemtuzumab

group than in the ATG group, but was not statistically

significant (HR: 25, P = 0-16). In a univariate analysis

638

Table IV. Univariate analysis for overall and progression-free survival.

(6N PFS
(2 years) (2 years)
(%) P-value (%) P-value
Relapsed to autograft
Yes 31 0-004 20 0-001
No 68 48
No Relapse to any therapy
No 64 0-02 59 0-002
Yes 41 19
HLA-mismatched
Yes 56 0-8 56 0-6
No 49 30
KIR-ligand mismatch (GvH-direction)
Yes 70 03 70 0-12
No 47 25
Status at transplantation
CR/PR vs. 60 0-03 40 0-08
Others 33 21
Recipient: donor
Recipient male/donor: 37 0-02 33 04
female vs.
Others 54 37
Recipient
Male vs. 49 06 37 04
Female 54 26
Recipient’s CMV-status
Negative vs. 48 0-8 23 05
Positive 51 38
Graft source
BM vs. 44 0-4 35 0-4
PBSC 53 27
Treatment
ATG vs. 54 05 30 05
Alemtuzumab 45 36
Age
<50 years 57 0-4 34 0-5
>50 years 38 32
Interval between diagnosis and SCT
<24 months 51 03 45 0-08
>24 months 47 21
No. of prior chemotherapy regimens
One 52 0-06 49 0-01
Two 67 45
Three or more 42 18
No. of prior high-dose chemotherapies
One 60 0-6 48 07
Two 48 29
Three 40 21

OS, overall survival; PFS, progression-free survival; CMV, cytomega-

lovirus; BM, bone marrow; PBSC, peripheral blood stem cells; SCT,

stem cell transplantation

including all patients, a worse PFS was observed for patients
with relapse after a prior autograft (HR: 2-86, P = 0-001) or
relapse after any therapy prior allogeneic stem cell transplan-
tation (HR: 3-07, P = 0-002) or three or more chemotherapy
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Table V. Multivariate analysis of overall and progression-free survival, relapse and treatment-related mortality (besides treatment effect of

alemtuzumab only factors with P-value <0-1).

0OS PES Relapse TRM
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Relapse to prior HR: 2-89 0-005  HR: 2-84 0001  HR: 207 009 - -
high-dose therapy ~ (95% CI:1:39-6:03) (95% CI: 1-52-5-31) (95% CI: 0-90—4-79)
Gender mismatch HR: 2:34 0-03 - - - - HR: 442 0-0006
(female to male) (95% CI: 1-1-4-96) (95% CI: 1-90-10-28)
HLA-mismatch - - - - HR: 017 001 - -
(95% CI: 0-04-0-65)
KIR-ligand mismatch — - - - HR: 0 <0-0001 - -
Female gender - - - - HR: 5-52 0-0002 — -
(95% CI: 2:23-13-66)
Time from diagnosis — - - - - - HR: 2:75 0-04
to SCT >2 years (95% CI: 1-03-7-36)
Treatment with HR: 1-05 0-9 HR:1-15 06 HR: 2:37 005 HR: 113 0-8

alemtuzumab (95% CI: 0-52-2°12

(95% CI: 0-63-2-12)

(95% CI: 0-99-565) (95% CI: 0-47-2-70)

OS, overall survival; PFS, progression-free survival; TRM, treatment-related mortality; SCT, stem cell transplantation.

regimens (HR: 1:65, P = 0-01) (Table IV). In the multivariate
analysis, only relapse after prior high-dose chemotherapy (HR:
29, P =0001) was a significant factor for worse PFS after
allogeneic stem cell transplantation (Table V).

Relapse

No significant difference was observed in the cumulative
relapse incidence at 2 years between the ATG group and the
alemtuzumab group [41% (95% CI: 26-66%) vs. 36% (95%
CIL: 19-63%), P = 0-9]. If only patients without any relapse
prior to allografting were analysed the risk of progression/
relapse was higher in the alemtuzumab group than in the ATG
group (40% vs. 0%, P = 0-004). In a univariate analysis of all
patients, male patients (P = 0-003), gender mismatch (female
to male, P = 0-005), KIR-ligand mismatch in GvH-direction
(P = 0-048) were protective against relapse, while relapse after
any chemotherapy (P = 0-035) or high-dose chemotherapy
prior to allografting (P = 0-05) were associated with a higher
incidence of relapse. In a multivariate analysis using the Fine
and Gray model, treatment with alemtuzumab (HR: 2:37, 95%
CL: 099-5'65, P = 0-05) and female gender (HR: 5-52, 95% CI:
2-23-13-66, P = 0-0002) were risk factors for relapse, while
HLA-mismatch (HR: 0-17, 95% CI: 0-04-0-65:, P = 0-01) and
KIR-ligand mismatch (HR: 0, P < 0-0001) were associated
with reduced relapse incidence.

Discussion

T-cell depletion is the most effective strategy for prevention of
GVvHD, but it is associated with an increased incidence of graft
failure and relapse after stem cell transplantation (Apperley
et al, 1988; Marmont et al, 1991). Non-myeloablative or dose-
reduced conditioning regimens followed by HLA-identical

sibling allogeneic stem cell transplantation have become an
attractive treatment approach with low TRM for patients with
haematological malignancies who are not eligible for a
standard conditioning, but when unrelated donors are used a
high treatment-associated morbidity and mortality are found.
Recently, the MD Anderson Cancer Centre reported a TRM of
55% after dose-reduced conditioning with melphalan and
purine analog followed by unmanipulated stem cell transplan-
tation from unrelated donors. The incidence of severe grade
II/IV acute GVHD was 39% and was responsible for death in
27% of the patients (Giralt et al, 2001). The use of ex vivo
T-cell depletion by CD34" cell selection to reduce the incidence
of severe GVHD was associated with an unacceptably high rate
of primary graft failure (Kreiter et al, 2001; Bornhauser et al,
2002). Therefore, antibody-therapy within the conditioning
regimen is an attractive approach to ensure engraftment and to
lower the GvHD-associated mortality after dose-reduced
conditioning and unrelated stem cell transplantation. In the
current retrospective study, we compared the efficacy and
outcome of two in vivo T-cell depletion strategies, which were
used in two prospective dose-reduced conditioning studies in
patients with multiple myeloma who were transplanted from
an HLA-matched or -mismatched unrelated donor. Both
agents, alemtuzumab (Campath-1H) and ATG, induced
marked T-cell depletion in the recipient and ensured rapid
engraftment and, because of the long half-life, an in vivo T-cell
depletion of the graft reduced the incidence of severe GvHD
(Eiermann et al, 1999; Nagler et al, 2001; Bacigalupo et al,
2002; Chakraverty et al, 2002; Kroger et al, 2002a; Finke et al,
2003; Morris et al, 2003a). After 100 mg alemtuzumab relevant
serum levels were detectable for approximately 56 d after
allogeneic stem cell transplantation, and after 90 mg/kg ATG
(Anti-rabbit, Fresenius), detectable anti-Jurkat antibodies
persisted up to 3 weeks after allogeneic stem cell transplanta-

© 2005 Blackwell Publishing Ltd, British Journal of Haematology, 129, 631-643 639



N. Kroger et al

tion(Eiermann et al, 2001; Morris et al, 2003b). Alemtuzumab
is a humanized monoclonal antibody against human CD52, an
antigen which is expressed on T, B and natural killer (NK)
cells, but not on haematopoietic cells (Hale et al, 2001). In
contrast, ATG consists of polyclonal rabbit immunoglobulins.
After immunization with cells from a T lymphoblast cell line
(Jurkat T-cell line), this highly purified immunoglobulin
consists of antibodies exerting a direct effect towards lym-
phoblastic T cells, resulting in T-cell depletion via opsoniza-
tion and lysis following complement activation.

In both treatment arms, the incidence of acute and chronic
GvHD was rather low but there was a significantly lower
incidence of acute GVHD after alemtuzumab in comparison
with ATG. This could be due to the broader in vivo T-cell
depletion as ATG-Fresenius is only active against activated T
cells, but could be also caused by the depletion of host antigen-
presenting cells, such as B cells or dendritic cells, by
alemtuzumab, as these cells have been shown to be relevant
for incidence of acute GVHD(Buggins et al, 2002; Klangsinsir-
ikul et al, 2002). There seems to be a dose-dependent effect for
preventing acute GvHD, but appropriate dose-finding studies
are lacking for both drugs. However, after DLI given for mixed
chimaerism or to control disease after allografting, the rate of
acute GVHD increased in the alemtuzumab group to 32% and
no further significant difference in acute GvHD was observed
between the two groups. This was in contrast to previous
reports, which indicated only a modest incidence of GvHD
after delayed DLI in mainly sibling donor transplants (Mack-
innon et al, 1995; Naparstek et al, 1995). It has been recently
shown that DLI from unrelated donors after dose-reduced
conditioning induced a higher rate of acute GvHD despite the
fact that the T-cell dose from unrelated donors was half-a-log
less than that from related donors (Ayuk et al, 2004; Peggs
et al, 2004). Although mismatched unrelated donors were
included in both studies, no primary graft failure was observed
in either group. The leucocyte and platelet engraftment was
faster in the alemtuzumab group and was probably related to
the additional methotrexate that the ATG arm received. A
major difference in outcome between ATG and alemtuzumab
was the rate of complete remission and the incidence of CMV
reactivation. Both might be due to the more marked immu-
nosuppressive effect of alemtuzumab, given at a dose of
100 mg, in comparison with ATG. These strong immunosup-
pressive effects may abrogate the graft versus myeloma effect
and impair immune reconstitution after allogeneic stem cell
transplantation. Unfortunately, no data regarding immune
reconstitution were available for either group, but in vitro
studies have shown impairment of NK-cell cytotoxicity by
alemtuzumab, which could be a factor in the high incidence of
CMV reactivation (Condiotti & Nagler, 1996). A recent
retrospective study of HLA-identical sibling transplants
comparing alemtuzumab to no in vivo T-cell depletion after
melphalan/fludarabine based conditioning in lymphoid malig-
nancies similar results were obtained with a lower rate of
complete remission and a higher incidence of CMV reactiva-

tion observed for the patients of the alemtuzumab group
(Perez-Simon et al, 2002). The strong immunosuppressive
effect of alemtuzumab can also be found in the differing causes
of TRM. While in the ATG group more GvHD and GvHD-
related deaths were noted, only one patient in the ale-
mtuzumab group expired from GvHD. In contrast, more of
the patients in the alemtuzumab group died of infections.

A major concern for both strategies in stem cell transplan-
tation of multiple myeloma remains the high relapse rate (>40%
at 2 years) for the whole study population. The high relapse rate
might be partly because of the heavily pretreated study
population, with more than 66% of the patients in relapse.
Therefore the study confirmed previous results, that relapse
postautograft is a significant factor for a higher relapse rate after
dose-reduced allograft (Kroger et al, 2004) and performing
allogeneic stem cell transplantation earlier in the course of the
disease, such as an auto-allo tandem approach, seems to be
associated with a lower risk of relapse (Kroger et al, 2002b;
Maloney et al, 2003). Overall, there was no difference regarding
relapse rate between the two treatment groups, but patients in
the ATG group had received more high-dose chemotherapy. In
the univariate analysis no difference in relapse was found
between ATG and alemtuzumab, but, because of the higher
pretreatment in the ATG group, treatment with alemtuzumab
had more than twofold higher risk for relapse (HR: 2:37) in the
multivariate analysis (P = 0-05).

A new and potentially important observation in allogeneic
stem cell transplantation for multiple myeloma was the lower
relapse rate for those patients transplanted with a stem cell
graft that had KIR-ligand incompatibility in GvH direction,
which has been so far only observed for patients with myeloid
leukaemias (Ruggeri et al, 2002; Giebel et al, 2003). While no
difference in TRM, OS and PFS was seen for patients with KIR-
ligand incompatibility, a significant lower incidence of relapse
was observed (P = 0-05). Furthermore, no severe grade III/TV
acute GvHD was observed in the KIR-ligand group in
comparison with 10% of the non-KIR-ligand group, but,
because of the low number of patients, this difference was not
statistically significant (data not shown). Overall, because of
the low number (n = 8) of patients with KIR-ligand incom-
patibility in the GvH direction, no definitive conclusion can be
drawn so far, but these preliminary results may point to a role
of NK-cells in multiple myeloma. Co-incubated NK cells with
myeloma cell lines or bone marrow samples obtained from
patients with multiple myeloma resulted in a strong cytotoxic
effect even without exogenous interleukin 2 (Frohn et al,
2002). More recently, a strong anti-myeloma effect could be
induced by NK cells in bone marrow-derived myeloma cells,
while extramedullary disease in pleural effusion was resistant
to NK cells in a major histocompatibility complex class
I-dependent fashion (Carbone et al, 2004).

In conclusion, both strategies, incorporating either ale-
mtuzumab or ATG within a dose-reduced conditioning to
lower GvHD and TRM after unrelated stem cell transplanta-
tion in patients with multiple myeloma, were effective and
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ensured engraftment, even in mismatched donors. The
immunosuppressive effect of alemtuzumab, given at a dose
of 100 mg, was stronger than ATG given at a median dose of
60 mg/kg, resulting in a significantly lower incidence of acute
GvHD, but also in a lower rate of complete remissions.
Alemtuzumab was associated with a higher incidence of CMV
infection and virus-related mortality and had a higher risk of
relapse in the multivariate analysis. The preliminary observa-
tion that KIR-ligand-mismatch resulted in a lower incidence of
relapse, especially in those receiving ATG as part of their
conditioning regimen, emphasizes the need for further study of
the role of NK cells in multiple myeloma
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