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Abstract

Purpose In patients undergoing allogeneic stem cell
transplantation, conditioning regimens containing alem-
tuzumab instead of anti-thymocyte globulin (ATG) may
result in an earlier platelet engraftment and a reduced num-
ber of platelet transfusions.

Methods We performed a retrospective, single-center,
case—control study analyzing time to engraftment and
transfusion needs using alemtuzumab in comparison with
ATG as part of conditioning protocol.

Results Median values for time to platelet engraftment,
number of transfused platelet concentrates and number of
transfused red cell concentrates were 12 versus 19.5 days
(p < 0.001), 2 versus 14 (p < 0.001) and 6 versus 14.5
(p = 0.003) in the alemtuzumab and ATG group. Time to
leukocyte engraftment did not differ with median 15 days
in both groups. Patients in the ATG group showed a sig-
nificant higher decrease in platelet count during condi-
tioning (68 vs. 29 %, p = 0.001), leading to significant
lower median platelet counts at the day of stem cell infu-
sion (38 vs. 95.5 Gpt/l, p = 0.008), and higher values for
median C-reactive protein after first antibody infusion
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(69.0 vs. 43.6 mg/l, p = 0.001) compared with alemtu-
zumab group. Test for significance was done by using
Wilcoxon rank-sum test. Subgroup analysis considering
the type of ATG used (Thymoglobulin vs. ATG Fresenius)
revealed that differences between alemtuzumab and ATG
group were more due to effects of ATG Fresenius than
Thymoglobulin.

Conclusions The use of alemtuzumab in comparison
with ATG as part of the conditioning regimen may be
an approach to reduce the number of transfused plate-
let and red cell concentrates after allogeneic stem cell
transplantation.

Keywords Stem cell transplantation - Platelet -
Engraftment - ATG - Alemtuzumab

Introduction

Patients undergoing allogeneic stem cell transplantation
may require intensive blood component support. Aside
from rare transfusion-related complications, including
transmission of viral and bacterial infections, transfusion-
associated graft-versus-host disease, acute lung injury and
alloimmunization to HLA class I expressed on platelets,
platelet transfusions are cost-intensive, and there is an
increasing demand for platelet transfusions.

During the last years, several studies have revealed
that the need for platelet transfusions can be reduced by
restrictive transfusion regimens and the avoidance of pro-
phylactic transfusions (Wandt et al. 2012; Stanworth et al.
2013) in hematooncologic patients after intensive chemo-
therapy. This includes lowering of the threshold for pro-
phylactic platelet transfusion, determination of the optimal
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dose (Slichter et al. 2010) (PLADO trial) and assessment
of the feasibility of a therapeutic transfusion regimen.

Another interesting approach may be to apply modi-
fied conditioning regimens which result in an earlier plate-
let engraftment and a reduced number of platelet transfu-
sions needed after intensive chemotherapy and allogeneic
transplantation. Such a regimen leading to earlier platelet
engraftment may be the use of the humanized monoclonal
antibody against CD52 alemtuzumab as part of the condi-
tioning regimen.

Alemtuzumab (Campath-1H) is the humanized deri-
vate of the Campath-1G antibody developed by Wald-
mann and Hale (2005). Polyclonal antibodies like
anti-thymocyte globulin (ATG) have been used in com-
bination with standard cyclosporine/methotrexate (CsA/
MTX) prophylaxis to reduce the incidence and severity
of graft-versus-host disease (GvHD), especially in vol-
unteer unrelated donor transplantation, for years (Wei-
den et al. 1978; Ramsay et al. 1982; Theurich et al. 2012;
Finke et al. 2009). Alemtuzumab is used for prophylaxis
of GvHD in vivo since 1998 (Hale et al. 1998; Kotta-
ridis et al. 2000). The optimal dose and schedule of
alemtuzumab in the allogeneic stem cell transplanta-
tion (allo-SCT) setting has not been defined yet (Poiré
and van Besien 2011). High doses as 100 mg alemtu-
zumab infused over 5 days before transplant were found
to be highly efficient in reducing GvHD (Perez-Simon
et al. 2002; Delgado et al. 2008; Peggs et al. 2007; Van
Besien et al. 2009), but possibly leading to impaired
immune reconstitution (Penack et al. 2008; Julius-
son et al. 2006), an increased rate of infections (Avivi
et al. 2004; Chakrabarti et al. 2002; Myers et al. 2005;
Park et al. 2009) and in some studies increased relapse
rates (Kroger et al. 2005; Soiffer et al. 2011). During
the last years, several studies using significant reduced
doses of alemtuzumab have been successfully carried
out when combined with CsSA/MTX treatment after allo-
SCT (Chakraverty et al. 2010; Bertz et al. 2009). In a
previous study of our group analyzing GvHD and over-
all survival (OS) in patients after allo-SCT, we found
no evidence for a reduced OS when using low doses of
alemtuzumab as part of the conditioning regimen (Buse-
mann et al. 2013).

Our initial clinical observations showed that recovery
of platelets in patients transplanted from matched unre-
lated donors (MUD) was more rapid using alemtuzumab
instead of ATG, substantially reducing platelet transfusion
requirements.

So we performed a retrospective, single-center, case—
control study at our institution to evaluate the time to
engraftment and transfusion needs using alemtuzumab in
comparison with ATG-containing protocols.
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Patients and methods

In total, 44 patients who underwent allogeneic stem cell
transplantation from MUD at the Department of Hematol-
ogy and Oncology of the University of Greifswald during
the period from 2001 to 2012 were analyzed retrospec-
tively. A matched-pair analysis was carried out regarding
age, diagnosis and conditioning regimen.

Since all patients had fulfilled common criteria to qual-
ify for allogeneic stem cell transplantation, their bleeding
risk profiles were comparable. In detail, no patient had
dedicated risk factors for severe bleeding such as plasmatic
coagulopathy, neither inborn nor hepatopathy-related. No
patient had uncontrolled hypertonic disease or suffered
from relevant vascular diseases.

One group of patients was treated with alemtuzumab
(manufacturer Genzyme, USA) 10 mg at day —2 (respec-
tively, 20 mg in case of mismatch transplantation); this
group was called the Campath group. The other group was
treated with an alternative immunosuppressive regimen
containing ATG and called the ATG group. The ATG group
was either treated with either ATG Fresenius (10 mg/kg for
3 consecutive days, manufacturer Fresenius, Germany) or
Thymoglobulin (2 mg/kg for 3 consecutive days, manufac-
turer Genzyme, USA). Additionally, all patients received
cyclosporin A, starting on day —3 (initial dose 3 mg/kg
cont. i.v.), in conjunction with either short-course metho-
trexate (15 mg/m? day +1, 10 mg/m? day +3 and +6) or
mycophenolate mofetil (MMEF, CellCept 15 mg/kg bid
p-o.) if recommended by the conditioning protocol. Briefly,
CsA/MTX was preferred after myeloablative conditioning
and CsA/MMF after reduced intense protocols.

Platelet engraftment was defined as the first day of trans-
fusion-independent increase in platelet count above the
threshold of 20 Gpt/l. Leukocyte engraftment was defined
in the same way as the first day of increase in leukocyte
count above the threshold of 1.0 Gpt/l. Platelet and leuko-
cyte engraftment was noticed as day after transfusion of the
first allogeneic stem cells for every patient analyzed. For
patients who never fell below a platelet count of 20 Gpt/l
(respectively, 1 Gpt/l for leukocyte count), engraftment was
defined as day 0; for patients who never engrafted during
observation period, engraftment was defined as day 40 (end
of observation period). Furthermore, the number of trans-
fused platelet and red cell concentrates from the day of
transplantation (day 0) to day 40 after transplantation was
noticed. In general, a platelet concentrate was transfused if
the platelet count fell below 10 Gpt/l during post-transplan-
tation period (respectively, below 20 Gpt/l in patients with
fever or an increased bleeding risk) or in a situation of clin-
ically relevant bleeding. Red cell concentrates were trans-
fused if hemoglobin level fell below 5.0 mmol/l, in case
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of a relevant bleeding or under conditions when a higher
hemoglobin level had to be maintained for clinical reasons.

For the Campath and ATG group, median values were
calculated for leukocyte engraftment, platelet engraftment
and the number of transfused platelet and red cell concen-
trates. In addition, these values were calculated for ATG
subgroups (ATG Fresenius or Thymoglobulin). Accord-
ing to our clinical observations, we also calculated the
median platelet count at day O before transfusion of the
stem cell product. Looking at the baseline characteristics
of our study population, we did not see any significant dif-
ferences in platelet counts before conditioning between
Campath and ATG group. Nevertheless, may slight imbal-
ances in this parameter have an influence on the median
platelet count at day O. For this reason, we calculated the
relation Tyx/T- between the median platelet count at day
0 (Tpx) and the median platelet count before condition-
ing (T¢) for both groups. So the median decrease in plate-
let count during conditioning therapy can be calculated by
1 — Trx/Tc. Additionally, the median value for C-reactive
protein (CRP) at day O and on the first day after start of

Table 1 Baseline characteristics and demographic data

the antibody application was calculated. Subgroup analysis
was also performed for all these values.

The results obtained in both groups were analyzed by
the Wilcoxon rank-sum test (respectively, Kruskal-Wallis
test for subgroup analysis) and calculated with the statis-
tical software package SPSS. Statistical significance was
assumed if significance level p was below 0.05.

Results

In total, 44 patients were included in the analysis. The
HLA match was 10/10 (matched unrelated donor, MUD)
in 26 cases (59 %) and 9/10 (mismatched unrelated donor,
MMUD) in the remaining 18 cases (41 %). Baseline char-
acteristics and demographic data of our study population
are given in Table 1.

Although there are no serious imbalances in the dis-
tribution between both groups for the attributes listed in
Table 1, a trend toward more aggressive conditioning regi-
mens in the Campath group can be noticed. Nevertheless,

Campath group ATG group All
No. of patients 22 22 44
Type of ATG: ATG Fresenius 11
Type of ATG: Thymoglobulin 11

Median age (years)

Median cell dose (CD34+; 10° cells/kg body weight)

Median platelet count before conditioning (Gpt/l)

Sex recipient: male

Sex recipient: female

Disease: AML

Disease: ALL and Burkitt’s lymphoma

Disease: myeloma

Disease: MDS

Disease: CML

Disease: low-grade B-NHL (FL, CLL, MCL)

Disease: high-grade B-NHL

Disease: T-NHL

Conditioning regimen: myeloablative (BuCy, BuCyVP16, Cy12GyTBI)
Conditioning regimen: medium intensity (BuFlu, TreoFlu, FluMel)
Conditioning regimen: non-myeloablative (Flu2GyTBI, Flu2GyTBITT)
Match: MUD (10/10)

Match: MMUD (09/10)

50.1 (19.8-70.0)
7.10 (2.72-11.32)

47.2 (20.3-67.0)
5.84 (0.85-19.11)

49.2 (19.8-70.0)
6.80 (0.85-19.11)

126 (13-483) 139.5 (4-345) 135 (4-483)
15 16 31 (70 %)
7 6 13 (30 %)
4 4 8 (18 %)
4 4 8 (18 %)
3 3 6 (14 %)
2 2 49 %)

1 1 2 (4 %)

6 6 12 27 %)
1 1 2 (4 %)

1 1 2 (4 %)
10 (45 %) 6 (27 %) 16 (36 %)
7 (32 %) 13 (59 %) 20 (45 %)
5(23 %) 3 (14 %) 8 (18 %)
14 (64 %) 12 (55 %) 26 (59 %)
8 (36 %) 10 (45 %) 18 (41 %)

Range in parentheses. BuCy: busulfan + cyclophosphamide, BuCyVP16: busulfan + cyclophosphamide + etoposide, Cy12GyTBI: cyclophos-
phamide 4 12 Gray total body irradiation, BuFlu: busulfan + fludarabine, TreoFlu: treosulfan 4 fludarabine, FluMel: melphalan + fludarabine,
Flu2GyTBI: fludarabine + 2 Gray total body irradiation, Flu2GyTBITT: fludarabine + thiotepa + 2 Gray total body irradiation. MUD: matched

unrelated donor (10/10), MMUD: mismatched unrelated donor (09/10)

Differences in median age, median CD34+ cell dose and median platelet count before conditioning are not significant between both groups
using Wilcoxon rank-sum test. Distribution of conditioning regimens and MUD/MMUD is not significantly different between both groups using

Chi-square test
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Table 2 Engraftment and blood products consumption

Median Campath group ATG group Significance level (p)
No. of patients 22 22

Leukocyte engraftment (days after Tx) 15 (11-28) 15.5 (10-31) n.s.
Platelet engraftment (days after Tx) 12 (0-33) 19.5 (0-40) <0.001
No. of platelet concentrates (day 0—day 40) 2 (0-12) 14 (1-31) <0.001
No. of red cell concentrates (day O—day 40) 6 (2-24) 14.5 (2-31) 0.003
Median platelet count before conditioning (Gpt/l) 126 (13-483) 139.5 (4-345) n.s.
Platelet count day 0 (Gpt/1) 95.5 (6-205) 38 (3-319) 0.008
Platelet count day 0 versus platelet count before conditioning 0.71 (0.11-2.77) 0.32 (0.06-5.25) 0.001
Decrease in platelet count during conditioning 29 % 68 %

CRP after first antibody application (mg/l) 43.6 (14.2-103.0) 69.0 (27.0-108.0) 0.001
CRP day 0 (mg/l) 26.0 (12.8-54.8) 28.4 (7.5-129.0) n.s.

Range in parentheses. Significance level p was calculated using Wilcoxon rank-sum test

n.s. not significant

Chi-square test shows no significant differences for dis-
tribution of conditioning regimens between both groups.
Additionally, the distribution of MUD and MMUD is not
significantly different between both groups using Chi-
square test.

Differences in median age, median dose of CD34+ cells
and median platelet count before conditioning are not sig-
nificant between Campath group and ATG group using Wil-
coxon rank-sum test.

The results are given in Table 2. Leukocyte engraftment
was not influenced by the application of alemtuzumab as
part of the conditioning regimen; in both groups, leukocytes
take in median 15 days to reach the threshold of 1 Gpt/l.
In contrast, platelet engraftment was heavily influenced
by the application of alemtuzumab instead of ATG. While
platelets in the ATG group needed 19.5 days in median to
rise above 20 Gpt/l, the median time for platelet engraft-
ment was only 12 days in the Campath group. In addition,
a median number of 14 platelet concentrates (range 1-31)
had to be transfused in the ATG group compared with a
median of 2 (range 0-12) in the Campath group. These
results are significantly different as shown by the Wilcoxon
rank-sum test with p values below 0.001 (Table 2).

Interestingly, the number of transfused red cell con-
centrates was also significantly higher in the ATG group
(median 14.5; range 2-31) compared with the Campath
group (median 6; range 2—-24). Median CRP after first anti-
body application and platelet count at day O differed sig-
nificantly in Campath and ATG group, with lower CRP val-
ues and higher platelet counts in the Campath group (43.6
vs. 69.0 mg/l and 95.5 vs. 38 Gpt/l). Likewise, Campath
patients showed a much lower decrease in median platelet
count during conditioning therapy compared with patients
receiving ATG (29 vs. 68 %). Median CRP at day 0 did not
differ significantly between both groups.
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Analyzing our data considering the type of ATG used,
we found different results (Table 3). While differences
between the Campath and Thymoglobulin group are rela-
tively small in terms of engraftment and application of
blood component concentrates, comparison of Campath
with ATG Fresenius group shows sharper distinctions for
both platelet engraftment and number of transfused blood
component concentrates. Therefore, the differences found
in our first analysis seem to be more due to effects of ATG
Fresenius than of Thymoglobulin.

Comparable differences were found for platelet count
at day 0 and platelet decrease during conditioning therapy.
Differences between Campath and Thymoglobulin group
were small, while differences between Campath and ATG
Fresenius group are impressive and clinically relevant.

Discussion

In this retrospective analysis, we could confirm our clinical
experience, which shows a reduced consumption of blood
component products and earlier platelet engraftment when
using alemtuzumab instead of ATG for GVHD prophylaxis
during conditioning therapy.

The difference in platelet engraftment between Campath
and ATG group found in our study is in contrast to results
from two other studies by Juliusson et al. (2006) and Nor-
lin and Remberger (2010), who did not find any signifi-
cant differences in platelet engraftment between patients
that received alemtuzumab or ATG. In contrast, a study by
Kroger et al. (2005) confirmed a significant earlier platelet
engraftment using alemtuzumab instead of ATG as part of
the conditioning regimen.

These varying results may be explained by the type of
ATG used in the studies. While Juliusson and Norlin used



J Cancer Res Clin Oncol (2016) 142:1091-1097

1095

Table 3 Patient characteristics, engraftment and blood products consumption (subgroups)

Median Campath group ~ ATG group Thymoglobulin ATG group ATG Fresenius Significance level (p)
No. of patients 22 11 11
Leukocyte engraftment (days after Tx) 15 (11-28) 14 (10-24) 18 (13-31) n.s.
Platelet engraftment (days after Tx) 12 (0-33) 14 (0-40) 23 (15-40) <0.001
No. of platelet concentrates (day O—day 40) 2 (0-12) 5 (1-30) 21 (5-31) <0.001
No. of red cell concentrates (day O—day 40) 6 (2-24) 8 (2-31) 21 (10-30) <0.001
Median platelet count before conditioning 126 (13-483) 159 (76-345) 93 (4-289) n.s.
(Gpt/l)
Platelet count day 0 (Gpt/l) 95.5 (6-205) 92 (36-319) 21 (3-46) <0.001
Platelet count day O versus platelet count 0.71 (0.11-2.77) ~ 0.55 (0.26-0.92) 0.16 (0.06-5.25) 0.001
before conditioning
Decrease in platelet count during condi- 29 % 45 % 84 %
tioning
CRP after first antibody application (mg/l)  43.6 (14.2-103.0) 75.4 (53.4-108.0) 52.1(27.0-96.0) 0.001
CRP day 0 (mg/l) 26.0 (12.8-54.8)  38.9 (11.5-129.0) 20.5 (7.5-89.0) n.s.

Range in parentheses. Significance level p was calculated using Kruskal-Wallis test

n.s. not significant

Thymoglobulin in their studies, Kroger used ATG Frese-
nius. Our ATG group included both types of ATG, Thy-
moglobulin and ATG Fresenius. In our subgroup analysis,
we found only small differences in platelet engraftment
for Thymoglobulin (14 vs. 12 days), but huge differences
for ATG Fresenius (23 vs. 12 days). Therefore, there is no
major contradiction of our results to those of Juliusson,
Norlin and Kroger. The direct comparison in our subgroup
analysis suggests that differences in platelet engraftment
between Campath and ATG group were more due to effects
of ATG Fresenius than of Thymoglobulin.

But how can these differences in platelet engraftment be
explained?

Patients treated with ATG showed a significant higher
platelet decrease during conditioning therapy and lower
platelet counts at day O before infusion of the stem cell
product compared with patients treated with alemtuzumab.
From our clinical experience, we observed that ATG
induces more serious inflammatory side effects than low
doses of alemtuzumab, including fever, hypotension and
SIRS. Since these clinical parameters are hardly to objec-
tivize in a retrospective analysis, we focused on CRP as a
surrogate parameter.

Lower platelet counts at day O after ATG may be
due to a direct anti-platelet effect of the polyclonal
antibodies, the induction of a more serious inflamma-
tory reaction or even both. Two studies from Rosenberg
et al. (1975) and Lekas and Rosenberg (1976) from the
1970s already described a direct anti-platelet effect of
ATG in vitro. A recent study from Cumpelik confirmed
this observation, describing a binding of ATG to plate-
lets leading to platelet activation and hypercoagulability

(Cumpelik et al. 2015). Corresponding to our clinical
observations, we found significant higher levels for the
inflammatory marker CRP after application of ATG com-
pared with alemtuzumab (Table 2). So differences in
clinically observed inflammatory side reactions and prob-
able direct anti-platelet effects of ATG leading to a lower
platelet count at day O paralleled by an increased number
of transfused platelet concentrates may explain our find-
ings in part.

Additionally, our results may be explained by a possible
stimulatory effect of alemtuzumab on thrombocytopoiesis
and megakaryocytopoiesis as already demonstrated in vitro
by Deutsch et al. (1993) and Nagler et al. (1997) and sup-
ported by our own unpublished experiments using in vitro
cultured megakaryocytic colonies in the absence and pres-
ence of alemtuzumab (Délken G, unpublished).

As expected, a less pronounced reduction in platelet
counts during conditioning and early after stem cell trans-
plant as well as the earlier platelet engraftment in the Cam-
path group runs parallel with a lower number of transfused
platelet concentrates. This effect is also clinically of major
relevance, with a ten times higher platelet concentrate
consumption in the ATG subgroup with the latest platelet
engraftment (alemtuzumab vs. ATG Fresenius). A shorter
time to platelet engraftment was also related to a reduced
number of transfused red cell concentrates necessary; one
might discuss a reduction in silent blood losses in the pres-
ence of higher platelet counts.

Beside a reduction in bleeding risks, the application of
alemtuzumab may be an approach in reducing the number
of and costs for blood products to be given after allogeneic
stem cell transplantation.
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As in every retrospective analysis, results may be biased
by changes in concomitant therapies. Our analysis was
performed with patients treated from 2001 to 2012, when
ATG was mainly used during earlier times of this period,
while alemtuzumab was first used in 2007 in our institu-
tion. During this time, concomitant therapies (e.g., antiin-
fectives) and treatment of complications improved continu-
ously which might have influenced engraftment times and
consumption of blood component products. To exclude this
bias, a prospective randomized trial will be necessary to
proof the use of alemtuzumab as an approach to reduce the
number of blood components to be transfused after alloge-
neic stem cell transplantation.
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