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Background
We report a prospective multicenter phase II study of haploidentical hematopoietic stem cell
transplantation using CD3/CD19-depleted grafts after reduced intensity conditioning with flu-
darabine, thiotepa, melphalan and OKT-3. 

Design and Methods
Sixty-one adults with a median age of 46 years (range 19-65 years) have been enrolled.
Diagnoses were acute myeloid leukemia (n=38), acute lymphoblastic leukemia (n=8), non-
Hodgkin’s lymphoma (n=6), myeloma (n=4), chronic myeloid leukemia (n=3), chronic lym-
phatic leukemia (n=1) and myelodysplastic syndrome (n=1). Patients were considered high risk
because of refractory disease (n=18), cytogenetics (n=6), complete remission (≥2) (n=9),
chemosensitive relapse in partial remission (n=4) or relapse after prior hematopoietic stem cell
transplantation (n=15 allogeneic, n=8 autologous, n=1 both). At haploidentical hematopoietic
stem cell transplantation, 30 patients were in complete remission and 31 in partial remission.
Grafts contained a median of 7.0×106 (range 3.2-22) CD34+ cells/kg, 4.2×104 (range 0.6-44)
CD3+ T cells/kg and 2.7×107 (range 0.00-37.3) CD56+ cells/kg. 

Results
Engraftment was rapid with a median of 12 days to granulocytes more than 0.5×109/L (range
9-50 days) and 11 days to platelets more than 20×109 (range 7-38 days). Incidence of grade II-
IV acute graft-versus-host-disease and chronic graft-versus-host-disease was 46% and 18%,
respectively. Non-relapse mortality on Day 100 was 23% and 42% at two years. Cumulative
incidence of relapse/progression at two years was 31%. Kaplan-Meier estimated 1-year and 2-
year overall survival with median follow up of 869 days (range 181-1932) is 41% and 28%,
respectively.

Conclusions
This regimen allows successful haploidentical hematopoietic stem cell transplantation with
reduced intensity conditioning in high-risk patients lacking a suitable donor. (clinicaltrials.gov
identifier:NCT00202917).
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ABSTRACT



Introduction

The availability of a suitable HLA-matched donor is
one of the major limitations to the widespread applica-
tion of allogeneic hematopoietic stem cell transplantation
(HSCT). A matched related donor can only be found for
30% of patients, and a matched unrelated donor for only
up to 70%.1 The search for a donor can be even more dif-
ficult for patients from ethnic minorities or if the aggres-
sive course of the disease requires fast identification of a
suitable donor. Since virtually every patient has a suitable
haploidentical related donor within the family, a success-
ful strategy for haploidentical allogeneic hematopoietic
stem cell transplantation (haplo-HSCT) would eliminate
the problem of the lack of donors. 
However, initial trials of haplo-HSCT were complicat-

ed by a high incidence of graft-versus-host-disease
(GVHD), engraftment failure, and infectious complica-
tions resulting in unacceptably high treatment-related
morbidity and mortality (TRM).2 Graft rejection and
GVHD is primarily mediated by host and donor T cells.
Therefore, attempts to overcome the HLA-barrier were
focused on strategies for effective host and graft T-cell
depletion. The Perugia group pioneered an approach for
graft T-cell depletion by positive selection of CD34+ stem
cells combined with transplantation of a megadose of
these cells (>10×106 CD34+ cells/kg body weight) in order
to overcome the HLA barrier in the haploidentical set-
ting.3,4 The strategy allowed successful haplo-HSCT with
a low rate of GVHD and a promising event free survival
for patients transplanted in complete remission (CR).5
However, this strategy for haplo-HSCT relies on inten-
sive myeloablative conditioning regimens and CD34-
selection for T-cell depletion that may lead to high toxic-
ity and slow immune reconstitution. The reported inci-
dence of non-relapse mortality (NRM) is up to 57% and
is mainly related to toxicities and infections.6 In our own
experience of haplo-HSCT using such an approach, we
observed high toxicity from the conditioning regimen,
high NRM, slow engraftment (namely of platelets) and
delayed immune reconstitution.7 A delayed engraftment
was observed particularly with CD34 doses of less than
8×106/kg body weight.8 This means elderly, heavily pre-
treated and comorbid patients can not benefit from such
an approach. New strategies of graft manipulation using
immunomagnetic cell depletion aim to improve engraft-
ment, making haplo-HSCT feasible even after reduced
intensity conditioning (RIC) and without megadoses of
CD34+ cells. Based on the promising experiences gained
at St. Judes Children’s Research Hospital, Memphis, in
the pediatric population,9,10 a new regimen was developed
using graft CD3/CD19 depletion with microbeads coated
with anti-CD3 and anti-CD19 on a CliniMACS device.
This approach allows the transplantation of an
“untouched” graft product in contrast to CD34 selected
stem cells that are coated with CD34-specific
microbeads, potentially altering the characteristics of the
stem cells transplanted. CD3/CD19 depleted grafts not
only contain CD34+ stem cells, but also CD34-negative
(CD34-) progenitors, natural killer (NK), dendritic and
other graft-facilitating cells,11-16 and enable haplo-HSCT
after RIC using fludarabine, thiothepa and melphalan. T-
and B-cell depletion was employed to reduce the risk of
GVHD and to prevent EBV-lymphoproliferative disease
(LPD). In addition to chemotherapy, the anti-CD3 mAb

OKT-3 was used to deplete remaining host T cells, avoid-
ing graft rejection. In contrast to the frequently used poly-
clonal anti-thymocyte globulin (ATG), OKT-3 spars
incoming engraftment-facilitating cells such as NK cells. 
Using CD3/CD19 depleted haploidentical grafts and

RIC with fludarabine, thiotepa and melphalan, we
observed sustained and, compared with CD34 selection,
accelerated engraftment without a megadose of CD34+

stem cells7,17 even in an elderly and heavily pre-treated
patient population. We report the results of a prospective
multicenter phase II study evaluating this approach.

Design and Methods

Study protocol and centers
Patients were enrolled between 2003 and 2009 in a multicen-

ter phase II study of haploidentical hematopoietic cell transplan-
tation with CD3/CD19 depleted grafts after a reduced intensity
conditioning regimen for adult patients with therapy refractory
hematologic diseases (ClinicalTrials.gov N. NCT00202917). The
participating centers were all in Germany; these were the
Medical Centers of the Universities of Tuebingen, Dresden,
Essen, Halle, Muenster and Wuerzburg, and the Deutsche Klinik
für Diagnostik Wiesbaden. The study protocol was approved by
the local institutional review boards and the German federal
agency the “Paul Ehrlich Institute” that is responsible for
approval of trials in HSCT. All patients gave their written
informed consent. The primary objective was the evaluation of
TRM on Day+100 after haplo-HSCT. Secondary objectives were
engraftment, toxicity, infections, immune reconstitution,
GVHD, rate of relapse and event free survival (EFS).

Eligibility criteria
Inclusion criteria were patients with high-risk hematologic dis-

eases curable with allogeneic HSCT. These were acute myeloblas-
tic leukemia (AML), myelodysplastic syndrome (MDS), acute
lymphoblastic leukemia (ALL), chronic myeloid leukemia (CML),
paroxysmal nocturnal hematuria (PNH), multiple myeloma (MM),
non-Hodgkin’s lymphoma (NHL) or Hodgkin’s disease (HD).
Inclusion criteria included relapsed disease refractory to conven-
tional chemotherapy or relapse after preceding autologous or allo-
geneic HSCT. Further inclusion criteria were age 18-65 years,
Karnofsky score over 60%, and no HLA-identical donor with up
to one antigen or two allelic mismatches.
Exclusion criteria were: less than three months after preceding

HSCT, CNS involvement, more than 30% (amended to 10%
after 18 patients enrolled) blasts in bone marrow in ALL, AML or
CML, non-response to chemotherapy, prior myocardial infarc-
tion, uncontrolled fungal infections, liver function abnormalities
with bilirubin more than 2 mg/dL and transaminases more than
two times the upper limit of normal, chronic active viral hepati-
tis, ejection fraction less than 40%, patients with over grade II
hypertension by CTC criteria, creatinine clearance less than 50
mL/min, respiratory failure necessitating supplemental oxygen
or diffusing capacity for carbon monoxide less than 30%, allergy
against murine antibodies, HIV-infection, pregnancy or breast
feeding, no adequate contraceptive method.

Flow cytometry
Analysis of the initial leukapheresis product and CD3/CD19

depleted grafts was performed using flow cytometry. Cells were
analyzed for CD3, CD19, CD56 and CD34 with fluorochrome-
labeled antibodies (all Becton Dickinson, Heidelberg, Germany).
Flow cytometric analysis was performed using a flow cytometer
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(FACScalibur, Becton Dickinson, Heidelberg, Germany). CD34
determination followed the guidelines of the International
Society for Hematotherapy and Graft Engineering.18

Donors, HLA-typing, matching, stem cell mobilization
and collection
Family members were assessed for HLA-compatibility by high-

resolution molecular typing methods. Peripheral blood mononu-
clear cells (PBMCs) were mobilized with human G-CSF
(Lenograstim, Granocyte®, Chugai Pharma, Germany) at a dose of
2 x 5 mg/kg/day for five days, and stem cells were collected on
Days 5 and 6 using a Cobe-Spectra (CaridianBCT Inc., Lakewood,
CO, USA) or Baxter CS3000 PLUS (Baxter, Germany) cell separa-
tor. A total of 10-15 liters of blood was processed at a flow of 50-
80 mL/min on one or two consecutive days. We sought to obtain
at least 6×106 CD34+ cells/kg recipient body weight. 

CD3/CD19 depletion, conditioning regimen 
and transplantation
CD3/CD19 depletion was performed by negative selection

using the automated CliniMACS device as described (Miltenyi
Biotec, Bergisch-Gladbach, Germany).9,19 In brief, PBMCs were
processed either immediately or mixed with an equal volume of
autologous plasma and stored overnight at 4°C. PBMC were
washed once with CliniMACS PBS buffer (phosphate-buffered
saline supplemented with 1 mM EDTA and 0.4% of human albu-
min) and incubated with anti-CD3 and anti-CD19 antibodies
directly conjugated to magnetic microbeads (Miltenyi, Bergisch-
Gladbach, Germany). The amount of antibody used was calculat-
ed according to the manufacturer's instructions. One vial was used
for every 4x1010 MNC with a maximum of 15×109 CD3+ T cells
and a maximum of 5×109 CD19+ cells. Cells were then incubated
under continuous agitation at room temperature for 30 min,
washed once with CliniMACS PBS buffer, resuspended in 100-300
mL buffer, and then processed with the fully automated Clinimacs
device (Miltenyi) equipped with LS tubing set (162.01) separation
columns using the program Depletion 2.1 for CD3/CD19 deple-
tion, according to the manufacturer's instructions. 
Reduced intensity conditioning regimen consisted of fludara-

bine (150 mg/m2, n=57 or 200 mg/m2, n=4), thiotepa (10 mg/kg),
melphalan (120 mg/m2) and OKT-3 (5 mg/day, Days -5 to +14).
Patients received fresh or cryopreserved peripheral blood stem
cells (PBSC) processed with CD3/CD19 depletion as described
above on Day 0. The patients received no G-CSF support post
transplant. Mycophenolate mofetil (MMF, 15 mg/kg bid) was
used as postgrafting immunosuppression only if the T-cell con-
tent in the graft exceeded 5×104 CD3+ cells/kg.

Monitoring of patients for engraftment, chimerism,
immune reconstitution, disease and donor
lymphocyte infusions
Hematopoietic donor cell chimerism in mononuclear cells

(MNC) was monitored in all patients using microsatellite markers
as described.20 Additionally, in some patients, T- and NK-cell
chimerism was evaluated by flow cytometry.21 Engraftment and
immune reconstitution was assessed by peripheral blood counts
and flow cytometry. The reconstitution of CD3+, CD4+, CD8+,
CD19+ and CD56+ cells was monitored at 2-4 week intervals in
the early post transplant period and then every three months.
Engraftment was defined as the first day on which the absolute
neutrophil count (ANC) was consistently over 0.5×109/L. Platelet
engraftment was defined as the first day with platelets consistent-
ly more than 20×109/L. Response was assessed according to the
criteria of the International Working Group.22 GVHD was
assessed and graded as described.23 Toxicities were scored accord-

ing to the National Cancer Institute Common Toxicity Criteria
(3.0). Patients received additional donor lymphocyte infusions
(DLI) in case of relapse or progression of underlying disease.
PBMCs were freshly obtained from the donor and adjusted to a
defined CD3+ T-lymphocyte content (range 1×104 to 3×108 CD3+
cells/kg) and given at various time points after transplantation. 

Statistical analysis
Sample size calculation for this exploratory phase II study was

based on an expected TRM/NRM of 25% until Day +100. With
a sample size of 60 patients, a two-sided 95% confidence inter-
val (CI) will extend 11% from the observed proportion.
Therefore, a sample size of 60 was considered to be sufficient to
evaluate TRM/NRM until Day +100 as primary objective of this
phase II study. The sample size was calculated using nQuery 4.0
(Statistical Solutions Ltd, Cork, Ireland). SAS version 9.1.3 (SAS
Institute, Cary, NC, USA) biostatistical software was used for
statistical analysis. Actuarial curves for overall survival (OS) and
EFS were estimated according to the Kaplan-Meier method. The
log rank test was used to compare Kaplan-Meier estimates (OS
and EFS) between different groups of patients. OS was measured
as the number of days from transplantation to death from any
cause. Patients who were still alive at follow up were censored
at the last follow-up date. Time to NRM included only deceased
patients who died without preceding relapse. Cumulative inci-
dence curves for NRM and relapse were adjusted for competing
risks. EFS was calculated as the number of days from HSCT until
relapse/progression/death. Patients were censored at the last fol-
low-up date without evidence of disease progression/relapse or
date of death. Risk factors for survival, relapse/progression and
NRM were evaluated using univariate comparisons and Cox’s
regression model. Cox’s regression model for NRM was adjusted
for competing risk relapse/progression using the free Riskcox
software.24 The following factors were included in the regression
models: gender, age (<55 vs. ≥ 55 years), prior HSCT, achieve-
ment of CR prior to haplo-HSCT (yes vs. no), grade of acute
GVHD (aGVHD) (<3 vs. ≥ 3), chronic GVHD (cGVHD), diagno-
sis (AML vs. other). A landmark analysis was used to assess the
impact of cGVHD on survival.25 The first occurrence of cGVHD
in our cohort at eight months was used as landmark. All patients
who were alive and in CR at eight months after haplo-HSCT
were included in this analysis.  

Results

Patients and donors
Sixty-one patients were enrolled in the study. Patients’

characteristics are shown in Table 1. Patients were heavi-
ly pre-treated with a median of 4 (range 1-9) lines of prior
chemotherapy. Median EBMT-HSCT risk score was 6
(range 5-7).26,27 All donor-recipient pairs had at least a two-
loci mismatch and 38 patients had in addition a KIR mis-
match in GVH direction using the KIR-ligand model.11 If a
choice of multiple donors was available, the donor with a
KIR mismatch was chosen.

CD3/CD19 depletion
T- and B-cell depletion was 4.1 log. The grafts con-

tained 1.48% CD34+ cells due to the high content of non-
CD34+ cells such as NK cells, monocytes, granulocytes
and antigen presenting cells. Average recovery of CD34+

cells was 59%. Online Supplementary Table S1 gives details
of graft composition and CD3/CD19 depletion in 26
patients treated within the study in Tuebingen. 

Haplo-HSCT with RIC and CD3/CD19 depletion
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Graft content
All patients received HSCT with CD3/CD19 depleted

haploidentical grafts. The CD3/CD19 depleted grafts con-
tained a median of 7.0×106 (range 3.2-22×106) CD34+
cells/kg, 4.2×104 (range 0.6-44×104) CD3+T-cells/kg and
2.7×107 (range 0.00-37.3×107) CD56+ cells/kg. Twenty-
seven patients received MMF as their graft CD3-content
exceeded 5×104 CD3+ cells/kg.

Engraftment
All but 5 patients engrafted with full donor chimerism

by Day 7-126 after haplo-HSCT. Two of these patients
died due to NRM within 14 days after HSCT before
engraftment could occur. Median time to engraftment was
12 (range 9-50) days to more than granulocytes 0.5×109L
and 11 (range 7-38) days to platelets more than 20×109/L
(Online Supplementary Figure S1). Data on transfusion sup-
port was available for 51 patients. Fifty of 51 patients
(98%) required platelet support (median 7, range 0-53).
Forty-eight of 51 (94%) patients received red blood cell
transfusions (median 8, range 0-46). Four cases of second-
ary graft rejection were observed; 2 of these were rescued
by a consecutive haplo-HSCT with CD3/CD19 depleted
cells from an alternative haploidentical donor. 

Immune reconstitution
Detailed studies on immune reconstitution were per-

formed and results have been published.28 In the present
study, immune reconstitution was analyzed in 24 patients.
In brief, on Day 20, a median of 248 CD16+56+CD3- NK-
cells/mL (range 1-886) were observed (Online Supplementary
Figure S2). T cells regenerated with a median of 191 CD3+
cells/mL (range 38-799) on Day 100 (Online Supplementary
Figure S2). On Day 100 a median of 66 CD8+ cells/mL
(range 8-170) versus 70 CD4+ cells/mL (range 12-301), and
on Day 400 a median of 157 CD8+ cells/mL (range 19-980)
versus 181 CD4+ cells/mL (range 32-379) were observed.
The subset of naive T cells showed slower regeneration
compared to memory T cells with a median of 28
CD4+45RA+ (range 0-152) versus 79 CD4+45R0+ cells/mL
(range 14-310) and 166 (range 21-2396) versus 237 (range
46-252) on Days 100 and 400, respectively. The T-cell
repertoire was skewed with oligoclonal T-cell expansion
to Day 100 and normalization after Day 200. B-cell recon-
stitution reached a median of 32 (range 0-407) CD19+20+
cells/mL on Day 100. Six of these 24 patients received
donor lymphocyte infusions (DLI) for relapse or mixed
chimerism resulting in acceleration of immune recovery in
T and NK cells.

Toxicity, infections, GVHD and NRM
The regimen was well tolerated; maximum acute toxic-

ity was grade 2-3 mucositis, nausea and loss of appetite.
Initially, we observed severe neurotoxicity in 4 patients
administered 200 mg/m2 fludarabine. Consequently, flu-
darabine dose was reduced to 150 mg/m2. NRM in the first
100 days was 14 of 61 (23%) and 25 of 61 (41%) after two
years. Table 2 shows the causes of NRM and time to death
after haplo-HSCT. Cumulative incidence (CI) of NRM
adjusted for relapse as competing risk was 23% on Day
100 (95% CI: 0.147-0.359) and 42% at two years (95% CI:
0.291-0.538) (Figure 1A). Causes of infectious deaths are
shown in Table 2. Online Supplementary Table S2 provides
details of immune reconstitution and infectious deaths of
patients treated in Tuebingen. Incidence of grade II-IV

aGVHD was 46% and 18% of chronic cGVHD (n=11, lim-
ited n=7, extensive n=4). The occurrence of acute and
chronic GVDH in relation to T-cell dose in the graft is
shown in the Online Supplementary Figure S3. In patients
receiving a graft with CD3+ T cells more than 7.5×104/kg,
the proportion of GVHD is increased as shown in the
Online Supplementary Figure S4 (aGVHD P=0.018; cGVHD
P=0.062). 

Disease response, event free and overall survival
Forty-two patients achieved CR after HSCT, 19

relapsed. Overall survival is 16 of 61 patients (26%) with
a median follow up of 869 days (range 181-1932). The
Kaplan-Meier estimate of EFS and OS is 34% and 41% at
one year and 25% and 28% at two years, respectively
(Figure 1B). Kaplan-Meier estimated 2-year OS was 29%
in AML, 0% in ALL and 50% in NHL patients (Figure 2A).
For patients with AML in CR at time of haplo-HSCT, 2-
year estimated OS was 32% (Figure 2B). All but one
patient transplanted for advanced ALL died either due to
relapse (n=4) or NRM (n=3). 
Cumulative incidence of relapse/progression adjusted

for competing risk NRM at two years was 31% (95% CI:
0.197-0.433). Patients with limited cGVHD had a better 2-
year survival with 67% versus 24% without any cGVHD
(P=0.0864), as evaluated by a landmark analysis at eight
months after haplo-HSCT (Figure 2C). Graft CD3 content
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Table 1. Patients’ characteristics.
Characteristics N=61

Patients Female=23
Male=38

Donors Siblings=23
Mothers= 7
Children= 24
Cousins=7

Diagnosis AML=38
ALL=8
NHL=6
MM=4
CML=3
MDS= 1
CLL=1

Stage at HSCT CR=30
PR=31

Median age, years (range) 46 (19-65)
Engraftment, days to >500/mL ANC: 12 (range, 9-50)
median (range) >20x109/L PLT: 11 (range, 7-38)
Acute GVHD ≥2 28 (46%)

II=17
III=7
IV=4

Chronic GVHD 11 (18%)
limited=7
extensive=4

NRM 26 (43%)
infections=18
IPS=1
cardiac failure=2
tetraparesis of unkown origin=1
GVHD=4

Relapse 19 (31%)



(>75,000 CD3+ cells/kg vs. <75,000 CD3+ cells/kg) impact-
ed OS as follows: Kaplan-Meier estimate for 1-year OS
was 35% with the higher versus 45% with the lower T-cell
content and 21% versus 33% for 2-year OS (P=0.27)
(Figure 2D). 

KIR mismatches
Using the KIR-ligand model,3,29 38 patients were trans-

planted with a positive KIR mismatch (KIR-MM), but no
advantage in overall survival was observed (Kaplan-Meier
estimated 2-year OS of 21% with KIR-MM vs. 40% with-
out KIR-MM; P=0.21) in the overall patient population
(Figure 2E).
In the subgroup of patients with AML (n=38), we

observed an association between KIR-MM and an
impaired survival (Kaplan-Meier estimated 2-year OS of
19% with KIR-MM vs. 65% without KIR-MM; P=0.01).

Chimerism
Complete donor chimerism was reached in 54 patients

after a median of 15 days after HHSCT (range 7-124); 7
patients died before reaching a full donor chimerism. Prior
engraftment of neutrophil full chimerism was document-
ed in 12 of 60 patients. Figure 3A shows chimerism data of
the first year after transplant. In 20 of 61 patients, T-cell
chimerism was monitored separately (Figure 3B).
Complete T-cell chimerism was reached after a median of
20 days (range 20-100).

Donor lymphocyte infusions
Eleven patients received CD3+ T lymphocytes (n=1-4

infusions) as DLI: 10 patients due to relapse (n=6) or

mixed chimerism (n=4), and one patient as antigen-specif-
ic T cells because of virus reactivation. Infusions ranged
from 2×104 to 3×108/kg at varying time points after haplo-
HSCT: Day +0-100, n=4; Day +100-200, n=6; Day +200-
300, n=4; Day +300-600, n=4. Two patients developed
aGVHD after receipt of DLI. Seven patients died due to
relapse, 2 because of infections, and 2 patients receiving
DLI for mixed chimerism are alive and in CR.

Risk factors for survival and non-relapse mortality
A univariate analysis of risk factors for OS, EFS and

NRM identifies several possible factors (Table 3).
Improved OS and EFS were associated with the presence
of cGVHD (P=0.019 and P=0.010, respectively). In multi-
variate Cox’s regression analysis adjusted for competing
risk relapse/progression, male gender was associated with
a decreased hazard ratio (HR) for NRM (HR 0.4, P=0.046)
while age 55 years or over was associated with an
increased HR of 2.8 (P=0.030).

Discussion

The present study evaluated a new approach for haplo-
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Table 2. Causes and timing of non-relapse mortality
Category Cause/Grade Days from 

haplo-HSCT
to death

Infections (n=16) Meningitis 595
Cerebral toxoplamosis 178
CMV pneumonia 100
CMV pneumonia 186
CMV pneumonia 299
Pneumonia 83
Pneumonia 86
Viral pneumonia 18
Viral pneumonia 375
Viral pneumonia 47
Bacterial pneumonia 63
Fungal infection 99
Fungal infection 187
Sepsis, MOF 260
Sepsis, MOF 87
Sepsis, MOF 2

GVHD (n=4) Acute GVHD IV 67
Acute GVHD IV 99
Acute GVHD IV 105
Chronic GVHD liver 268

Other (n=6) Progressive multifocal  leukencephalopathy 58
Progressive multifocal  leukencephalopathy 144
Idiopathic pneumonia syndrome 68
Cardiac failure 11
Cardiac failure 108
Tetraparesis of unknown origin 74

Figure 1. (A) Cumulative incidence of NRM adjusted for relapse as
competing risk. (B) Kaplan-Meier estimate of disease free and over-
all survival. Overall survival (OS): number of days from transplanta-
tion to death from any cause. Patients who were still alive at follow
up were censored at the last follow-up date. Event free survival
(EFS): number of days from haplo-HSCT until relapse/
progression/death. Patients without evidence of relapse/progres-
sion were censored at last follow-up date or date of death.
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HSCT aimed at improving engraftment even with grafts
containing lower numbers of CD34+ stem cells, and allow-
ing the use of an RIC regimen. The regimen proved to
have a low toxicity profile enabling it to be used even in
an older or heavily pre-treated patient population, includ-
ing patients who had received prior allogeneic or autolo-
gous HSCT. Various other groups have confirmed the fea-
sibility and low toxicity of this RIC for allogeneic HSCT.30-
33 Consequently, the median age of the CD3/19 patients
reported here is approximately a decade older than that
previously reported in adult patients receiving haplo-
HSCT with CD34 selected grafts.5,34
The significant influence of graft composition and con-

ditioning regimen on engraftment is illustrated by the fast
engraftment kinetics observed. This also translated into
low transfusion requirements. Although these engraft-
ment kinetics are similar to data reported by Aversa et al.
after haplo-HSCT with CD34-selected grafts (median 11
days to ANC>1×109/L and 15 days to PLT>25×109/L),5 it is

remarkable that our cohort received a much lower median
CD34 dose with 7.0×106 CD34+/kg versus 13.8×106

CD34+/kg in the Aversa study.5 We saw sustained engraft-
ment with CD34 doses of as low as 3.2×106 CD34+
cells/kg.
Evaluation of the immune reconstitution shows fast

reconstitution of NK cells. This might be directly related to
the high NK-cell content of CD3/CD19 depleted grafts.
NK cells play an important role in the defense of bacterial,
viral and fungal infections.35,36 Furthermore, NK cells may
significantly facilitate engraftment and promote graft ver-
sus tumor effects after haplo-HSCT, especially in the set-
ting of KIR mismatch. Ruggeri et al. showed a significant
positive impact of the presence of a KIR-ligand mismatch
on engraftment and survival.29,37 However, we could not
confirm a survival advantage for patients transplanted
from an NK-alloreactive donor in our study. Apart from
the limited patient number, this could be due to the differ-
ent kind of graft manipulation with more residual T cells
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Figure 2. Kaplan-Meier estimate
of overall survival in different
subgroups. Log rank test was
used to compare Kaplan-Meier
estimates between different
patient groups. (A) Main diagno-
sis groups. (B) Complete versus
partial remission in patients with
AML. (C) Influence of chronic
GVHD on survival (landmark
analysis). (D) CD3 content of the
graft; cut off 75,000 CD3+

cells/kg. (E) KIR mismatch.

Figure 3. Donor chimerism
after haplo-HSC. (A)
Percentage of donor
chimerism on different
days after haplo-HSCT
(n=55). Seven patients died
before reaching complete
chimerism. (B) Percentage
of T-cell chimerism (n=20)
analyzed by flow cytometry.
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in the graft and the RIC used in our cohort. Cooley et al.
hypothesized that T cells within the graft may affect NK-
cell function and KIR expression and thereby reduce the
impact of KIR-ligand mismatch on outcome.38 Brunstein et
al. have seen a negative impact of KIR-ligand mismatch on
outcome of cord blood transplantation (CBT) after RIC.39
Using CD3/CD19 depleted grafts and RIC, T-cell recon-

stitution appears to be faster than that reported in pub-
lished data with CD34 selected grafts.40,41 Nevertheless, T-
and B-cell reconstitution was still significantly delayed
reflecting the low numbers of residual T and B cells in the
graft. In the pediatric population, a faster T-cell reconstitu-
tion was seen after CD3/CD19 depleted haplo-HSCT.42
This may be explained by the presence of a still functional
thymus in children. Comparing the immune reconstitu-
tion of patients transplanted with CD3/CD19 depleted
versus CD34 selected grafts, one has to consider the differ-
ent conditioning regimens used. RIC, as used in this study,
may allow faster immune recovery. A prospective study
comparing both methods of graft manipulation for haplo-
HSCT after a similar conditioning regimen would be
needed to allow definite conclusions to be drawn. 
We observed a higher incidence and degree of GVHD

after haplo-HSCT with CD3/CD19 depleted grafts com-
pared to the reported low incidence of less than 10% in
patients receiving haplo-HSCT with CD34 selected
grafts.5 This may be related to the higher median T-cell
dose transplanted in our patients. Observed aGVHD was
primarily moderate skin GVHD that responded well to
steroid therapy. With this regimen, doses of less than
5×104 CD3+ cells/kg seem safe even without GVHD pro-
phylaxis; doses of more than 5×104 CD3+ cells/kg require
GVHD prophylaxis such as MMF. Doses of more than
15×104 CD3+ cells/kg should be avoided. Above 7.5×104
CD3+ cells/kg, the incidence of GVHD was significantly
increased. 
NRM adjusted for relapse as competing risk was 23%

on Day 100 and 42% at two years. This may seem to be
high for an RIC, but the median EBMT risk score in the
study population was 6 which is associated with an esti-
mated NRM of approximately 45%.26,27 Our NRM is com-
parable to the data of Aversa et al.5 with CD34-selected
grafts who reported 37% for patients transplanted in
remission and 44% for patients transplanted in relapse.
Ciceri et al. reported NRM ranging from 36% to 66%
depending on disease status at haplo-HSCT.43 Although
these previous NRM rates were seen after myeloablative
conditioning, our patients were approximately a decade
older and almost all had advanced disease. Furthermore,
most of the NRM was related to infections and GVHD,
and not to the toxicity of the conditioning regimen.
In our study, the estimated OS of 41% at one year and

28% at two years is promising, given the high-risk profile
of the patients treated. Those who received the greatest
benefit from the approach described here were patients
with NHL and AML in remission, with a 2-year survival
of 50% and 32%, respectively. Even AML patients not in
CR at time of haplo-HSCT had a 2-year OS of 25%,
which might be related to additional NK-alloreactivity.
Aversa et al. reported an EFS of 48% at two years for
patients with AML in remission at time of haplo-HSCT
but only 4% for patients transplanted in relapse.5 Ciceri et
al., summarizing the EBMT experience on haplo-HSCT
with CD34-selected grafts after myeloablative condition-
ing, described a 2-year leukemia free survival in AML of

1% for advanced patients and 21% in patients in CR2.43
Furthermore, any comparison between these studies and
our own data has to consider the several factors in our
cohort that had a potential negative impact on outcome
or risk of relapse. In fact, in our study, RIC was used in a
patient population that was more than 10 years older.
Our patients were more heavily pre-treated, with a medi-
an of 4 lines of chemotherapy, and one-third of the
patients had previously undergone autologous or allo-
geneic HSCT. Only one of our patients was in CR1 but
with high cytogenetic risk. 
Various strategies are currently being investigated to

improve immune reconstitution after haplo-HSCT using
T-cell repleted44,45 and depleted grafts. Strategies to
enhance immune reconstitution after T-cell depleted
haplo-HSCT include DLI,28 suicide-gene-engineered
DLIs,46 photodynamically purged DLI,47 but also the use of
donor regulatory T cells (Tregs) early after haplo-HSCT.48
Our group is currently evaluating selective depletion of
αβ-T-lymphocytes49 for haplo-HSCT. In a pilot study, we
observed that the residual δγ-T-cells in the graft may
enhance T-cell recovery and induce graft-versus-leukemia
(GVL) effects without GVHD. A prospective multicenter
study with this approach is currently in preparation.

Conclusions
This study shows that haplo-HSCT with CD3/CD19

depleted grafts and RIC is feasible. The regimen described
allows haploidentical HSCT in an older and heavily pre-
treated patient population and results in long-term disease
free survival.

Table 3. Risk factors for overall survival, event free survival and non-relapse
mortality.

Univariate Cox’s
log rank test regression

Variable N under P Hazard 95% CI P
(risk) risk ratio

Overall survival
Male gender 38 0.773 0.82 0.42-1.62 0.564
Age ≥ 55 18 0.280 1.56 0.79-3.11 0.202
Status (PR vs. CR) 31 0.509 1.44 0.78-2.66 0.240
Preceding Tx 30 0.255 1.46 0.75-2.82 0.263
Acute GVHD≥ 2 28 0.211 0.83 0.43-1.61 0.581
Limited/extensive 11 0.019 0.38 0.14-1.07 0.068
cGVHD

Event free survival
Male gender 38 0.647 0.85 0.43-1.67 0.630
Age ≥ 55 18 0.204 1.63 0.83-3.20 0.154
Status (PR vs. CR) 31 0.316 1.60 0.88-2.94 0.125
Preceding Tx 30 0.349 1.45 0.75-2.79 0.274
Acute GVHD≥ 2 28 0.148 0.81 0.42-1.58 0.531
Limited/extensive 11 0.010 0.35 0.12-0.98 0.046
cGVHD

Non-relapse mortality
Male gender 38 0.40 0.16-0.98 0.046
Age ≥ 55 18 2.81 1.10-7.16 0.030
Status (PR vs. CR) 31 1.12 0.49-2.55 0.786
Preceding Tx 30 1.77 0.72-4.36 0.212
Acute GVHD≥ 2 28 0.52 0.20-1.35 0.178
Limited/extensive 11 0.57 0.14-2.39 0.439
cGVHD

Tx: therapy.
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