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Background and Objectives. After allogeneic stem cell transplantation treatment fail-
ures are mostly caused by graft rejection or graft-versus-host disease (GVHD). T-cell
depletion is an appropriate tool to prevent GvHD. However, it might be associated with
an increased risk of graft rejection, which can be recognized by serial and quantitative
characterization of chimerism. Thus, pre-emptive immunotherapy might be helpful to
avoid graft rejection.

Design and Methods. We present the outcome of 56 transplants performed in 53 chil-
dren with non-malignant diseases. T-cell depletion was conducted in 27/56 grafts.
When increasing mixed chimerism over 30% autologous cells occurred low dose donor
lymphocyte transfusions (DLT) were performed.

Results. During the course of the follow-up 29 out of 53 patients achieved complete
chimerism or low mixed chimerism (0-1%) and 28/29 remained in continuous com-
plete remission. Donor engraftment failed in 2/53 patients who died of serious infec-
tion. Increasing mixed chimerism was found in 19 out of 56 transplantations. Fifteen
of these 19 patients received additional immunotherapy with DLT. Eleven out of the 15
remained in complete remission. One of the 15 patients developed GvHD grade Il that
turned out to extensive chronic GvHD. The 3-year overall survival was 100% for
patients transplanted from matched related or unrelated donors and 75% for patients
transplanted from mismatched donors.

Interpretation and Conclusions. We demonstrated that children transplanted for non-
malignant diseases have an excellent overall survival. T-cell depletion is associated
with an increased risk of graft rejection. Pre-emptive immunotherapy with DLT, admin-
istered on the basis of increasing mixed chimerism, is feasible and might prevent graft
rejection.
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llogeneic stem cell transplantation is a
Atreatment option for children with

several acquired and inherited non-
malignant diseases affecting hematopoietic
stem cells and their derivates." Besides
graft-versus-host disease (GvHD), graft
rejection is a common treatment complica-
tion, even years after stem cell transplanta-
tion.*® T-cell depletion is an appropriate tool
to prevent GvHD, however, this procedure
might be associated with an increased risk of
graft rejection. An early stage of graft rejec-
tion is represented by increasing autologous
marrow repopulation called increasing
mixed chimerism."” At this stage therapeutic
intervention might avoid graft rejection. In
theory there are two therapeutic principles:
i) to increase immunosuppression, or to ii)
increase the alloreactive potential of the graft
e.g. by administering donor lymphocyte
transfusions (DLT). Based on our experience
in prospective studies in children with
malignant diseases, we decided to determine
whether the latter approach might also be
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feasible in patients with non-malignant dis-
eases."™ In order to do this we monitored
hematopoietic chimerism in peripheral
blood samples from children with non-
malignant diseases who underwent allo-
geneic stem cell transplantation once a week
after transplantation up to day +100 and
thereafter once a month. In case of increas-
ing mixed chimerism over 30% of autolo-
gous cells we administered DLT.

Design and Methods

Patients

Between December 1992 and July 2004, 56
allogeneic stem cell transplantations were
performed in 53 children for non-malignant
diseases at the University Children’s
Hospital Tuebingen. Peripheral blood sam-
ples from these children were analyzed for
hematopoietic chimerism once a week after
stem cell transplantation up to day +100 and
thereafter once a month. The study protocol



was approved by the Clinical Ethics Committee of the
University of Tuebingen, and the study was conducted
according to the principles of the Declaration of
Helsinki. Informed consent was obtained from the
patients and parents according to institutional guide-
lines. The median age at stem cell transplantation was
5.7 years (0.2-16.9 years), and the median duration of
follow-up was 5.1 years (0.8-10.8 years). Data were ana-
lyzed as of July 1* 2005. Table 1 summarizes the
patients’ characteristics giving information about under-
lying diseases, types of stem cell donors, sources of
stem cells, T-cell depletion and the conditioning regi-
mens.

Chimerism assays

Hematopoietic chimerism was assayed in unfraction-
ated leukocytes from peripheral blood of each patient at
weekly intervals during the first 100 days and monthly
afterwards. As previously described, DNA of peripheral
blood samples was extracted using Qiagen Mini Kits
(Qiagen, Hilden, Germany). Then a semiquantitative
polymerase chain reaction (PCR) assay, based on the
amplification of short tandem repeat (STR) markers,
was used."™® Amplified fragments were separated by
capillary electrophoresis using an ABI prism 310
sequencer (Applied Biosystems). For detailed evalua-
tion, the corresponding peak area values were exported
to the Applied Biosystems Genotyper software. The
percentage of donor and recipient DNA was calculated
from individual proportions of donor and recipient peak
areas in relation to the summation of all signals. As a
quality control, a follow-up sample was analyzed
together with the former sample throughout. The vari-
ability of this method for quantifying mixed chimerism
was determined to be in the range of 5%."6™"*

Definition of chimerism status and response

The patients were stratified individually on the basis
of serial analyses by STR-PCR, within the limits of sen-
sitivity (approximately 1-5%).'*'*"” Patients whose sam-
ples showed no evidence of autologous cells at any time
post-transplant were considered to have complete
chimerism, patients whose samples constantly showed
autologous signals that did not exceed 30% were speci-
fied as having stable mixed chimerism. Autologous sig-
nals immediately post-transplant that did not further
increase but spontaneously decreased during follow-up
were categorized as signifying decreasing mixed
chimerism. A significant increase (5% or more) in the
proportion of autologous cells between two consecutive
assessments, which, furthermore, exceeded 30%, was
defined as increasing mixed chimerism. Patients whose
samples showed only autologous signals and no donor
signals were categorized as having autologous reconsti-
tution. Response was defined as a decreasing propor-
tion of the autologous signal or a return to complete
chimerism.

Strategy for additional immunotherapy
The cut-off level of 30% autologous cells for pre-emp-
tive immunotherapy was chosen somewhat arbitrarily

partly based on the finding of Nesci et al. in 1992 who

SCT in children with non-malignant diseases

Table 1. Patients’ characteristics.

Patients 53
Transplants 56
Age 5.7 years (0.2-16.9)
Follow up® 5.1 years (0.8-10.8)
Disease
Severe aplastic anemia 21
Wiscott-Aldrich syndrome 7
Adreno-leukodystrophy 6
Blackfan-Diamond anemia 5
Osteopetrosis 5
Thalassemia 3
Histiocytosis 3
Polycythemia vera 1
Schwachman-Diamond syndrome 1
Sickle cell disease 1
Donor
Matched family donor 24
Mismatched family donor 9
Matched unrelated donor 18
Mismatched unrelated donor 5
Stem cell source
Bone marrow 32
Peripheral blood 24
T-cell depletion
Yes 27
No 29
Conditioning regimen
Busulfan based 33
Myeloablative
Bus+Cyc (+ATG) 23
Bus+Cyc+Eto (+ATG) 2
Bus+Cyc+Flu+ATG/OKT3 6
Bus+Cyc+Thio+ATG 2
Not busulfan based 23
Non-myeloablative
Cyc+ATG 10
Flu+Cyc+ATG 1
Thio+Flu+Mel+0KT3 1
TBI+Cyc+ATG 1
TBI+Flu+Cyc+0KT3 1
TBI+Thio+Cyc (+ATG) 4
TLI+Cyc (+ATG/OKT3) 5

‘Median (range); ‘of patients alive and in complete remission independently of
type of chimerism or immunological intervention. ATG: anti-thymocyte globulin;
Bus: busulfan; Cyc: cyclophosphamide; Eto: etoposide; Flu: fludarabine;

Mel: melphalan; OKT3, orthoclone; TBI, total body irradiation; Thio, thiotepa;
TLI; total lymphoid irradiation.

reported a significantly increased risk of graft rejection
in patients transplanted for thalassemia after autologous
cells had exceeded more than 30%." Our own observa-
tional experience at the beginning of the study con-
firmed this high risk of graft rejection in children with
acquired anemias and increasing mixed chimerism with
more than 30% autologous cells. On the other hand
broad experience in pre-emptive treatment of patients
with advanced hematologic malignancies has revealed
that low starting doses of DLT are unlikely to induce
severe GvHD when treatment is initiated at a stage in
which patients have high levels of autologous cells in
contrast to the situation in patients who are complete
chimeras at the time of pre-emptive immunotherapy."
In addition, various previous studies in patients with
severe aplastic anemia indicate that lower levels of sta-
ble mixed chimerism are not correlated with an
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enhanced risk of graft rejection and vice versa.""* These
findings supported our adoption of the policy of pre-
emptive immunotherapy when autologous cells exceed-
ed 30% also in patients with non-malignant diseases.
Taken together, we planned a stratified immunological
intervention for patients with increasing mixed
chimerism. If the patient was receiving cyclosporine A
this immunosuppressive agent was to be immediately
withdrawn. Chimerism was to be assayed weekly until
complete chimerism was restored. If mixed chimerism
continued to increase after cessation of cyclosporine A,
a DLT was to be given. Immunotherapy for patients not
receiving cyclosporine A consisted of DLT as front-line
treatment. Patients who showed further increasing
mixed chimerism, despite the first DLT, were to receive
additional DLT after at least four weeks had elapsed.
The cell dose to administer was based on the number
and potential severity of HLA mismatches between the
donor and recipient, and ranged from 2.5x10* to
7x10°%kg body weight (BW). Patients with a matched
family donor were to receive starting doses of 5x10%/kg
BW. Patients with a mismatched family donor, matched
unrelated donor or mismatched unrelated donor were
to receive starting doses of 2.5x10%kg BW. The CD3-
positive cells were collected from the donor's peripher-
al blood by positive selection using the magnetic acti-
vated cell sorting (MACS) technique provided by
Miltenyi Biotech (Bergisch-Gladbach, Germany). The
CD3-positive cells were counted by flow cytometry and
frozen in aliquots of 2.5x10%kg body weight of the
recipient.”” Since no patient was on cyclosporine A
when mixed chimerism increased, immunotherapy
consisted of DLT as frontline treatment (Table 2).

Graft-versus-host disease
GVHD was graded according to previously described
clinical criteria.?*

Statistical methods

The probability of event-free survival (EES) and over-
all survival was estimated by the method of Kaplan and
Meier.” An event was defined as disease progression or
transplant-related death. Univariate analyses of prog-
nostic factors were performed using the log-rank test
and Fisher's exact test. Values were considered statisti-
cally significant when the p value <0.05.

Results

Patients

Fifty-three patients underwent allogeneic stem cell
transplantation and three of them received a second
transplant after graft rejection. Patients were transplant-
ed due to severe aplastic anemia (n=21), Wiscott-
Aldrich syndrome (n=7), adreno-leukodystrophy (n=6)
and other diseases (n=19) (Table 1).

Chimerism and response

During the course of follow up 29/53 patients showed
complete chimerism in all consecutive blood samples or
showed only low mixed chimerism (0-1%) immediate-
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ly after the stem cell transplantation which then con-
verted to complete chimerism (Table 3). Of these 29
patients, only one, who suffered from adreno-leukody-
strophy (ALD), showed progressive disease, whereas
28/29 are in continuous complete remission. Donor
engraftment failed in two out of the 53 patients, who
recovered an autologous status and died of serious
infection. In the follow-up of the 56 transplants, mixed
chimerism was found in 25. Of these 25 cases, five
showed a stable form of mixed chimerism never
exceeding 30% of autologous cells. Four of the five
patients remained in continuous complete remission
and one died of transplant-related causes. One of the 25
later had decreasing mixed chimerism and is in com-
plete remission.

Increasing mixed chimerism was found in the follow-
up of 19 of the 56 transplants (Table 2). Fifteen of these
19 cases received additional immunotherapy with DLT.
No patient was on cyclosporine A when mixed
chimerism increased. Eleven of the 15 remained in com-
plete remission, two were in partial remission and one
patient with ALD had progressive disease. Only one
patient rejected his graft, received a second transplant
and is a complete chimera in complete remission. In the
follow-up of four out these 19 transplants increasing
mixed chimerism was detected but no additional thera-
py was administered. In one patient with thalassemia in
complete remission the autologous signal spontaneous-
ly decreased. Two of the four with increasing mixed
chimerism rejected their grafts, received a second trans-
plantation and achieved complete remission with com-
plete chimerism. One patient with ALD showed pro-
gressive disease. Rejection occurred exclusively in the
group of children with increasing mixed chimerism

(Table 3).

Survival

The probability of event-free survival (EES) at 3 years
was 0.90 for all patients (Figure 1). Progression of the
underlying disease and transplant-related mortality
were defined as events. The probability of 3-year EES
was 1.00 for patients transplanted from a matched fam-
ily donor (n=28), 0.86 for patients transplanted from a
matched unrelated donor (n=18) and 0.75 for patients
transplanted from a mismatched donor (n=12) (log rank
test p<0.05; Figure 2). The probability of overall survival
at 3 years was 1.00 for patients transplanted from a
matched family donor or matched unrelated donor and
0.75 for patients transplanted from a mismatched donor
(log rank test p<0.05; Figure 3). The reduced overall sur-
vival of patients transplanted from a mismatched donor
is due to three patients who died from transplant-relat-
ed causes. The probability of 3-year EFS was 0.91 for
patients with increasing mixed chimerism who there-
fore received DLT (n=14). Increasing mixed chimerism
and autologous reconstitution occurred more frequently
in patients who received T-cell depleted transplants
(¢<0.05; Table 4).

Graft-versus-host disease and toxicity
Severe acute GvHD (grade II-IV) occurred more fre-
quently in patients with complete chimerism than in
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Table 2. Characteristics of patients with increasing mixed chimerism or autologous reconstitution.

No. Diagnosis Sex Age (y) Donor Regimen  T-Depl. DLT No.DLT  Cells/kg Time max. last ~ GVHD  Outcome  Status  Follow-up

to MC (d) MC (%) chim. (%) II-IV (vears)
1 ALD m 59 MUD Bus+Cyc+tATG  yes yes 7 1%x2.5x10* 99 >80 60-80 no PR alive 14
2x5x10*
2x1x10°
1x2x10°
1x4x10°
2 ALD m 11 MMUD TBI+Cyc+ATG ~ yes no — - 56 AR AR no  Progression  alive 40
3 ALD m 115 MUD Bus+Cyc+tATG  yes yes 9 4%2.5x10*
4x5x10°
1x1x10° 28 20-30  5-10 no  Progression alive 2.7
4 Osteopetrosism 0.3 ~ MUDBus+Cyc+Flu+ATG yes yes 16 3x5x10* 37 60-80  40-60 no CR alive 31
1x2.5x10°
Ix1x10°%, 1x5x10°
1x1x10°,1x2x10°
1x4x10°, 1x5,8x 10°
1X7x10°% 5x1x 10"
5 Osteopetrosis f 0.3  MMFDBus+Cyc+Thio+ATGyes yes 3 2% 5x10° 118 AR AR no Rejection*  alive 2.7
IxI1x10°
6 PV m 121 MUD Bus+CyctATG  yes yes 1 1x2.5%10* 74 30-40 cC no CR alive 5.0
7 SAA f 102 MFD  Cyc+ATG no no - - 15 AR AR no Rejection* alive 0.3
8 SAA m 36 MFD Cyc+AlG yes yes 2 2%2.5x10* 22 >80 10-20 no CR alive 5.0
9 SAA m 123 MUD Fu+Cyc+ATG  yes yes 4 2%2.5x10* 21 20-30 cC yes** CR alive 24
1x 5x10¢
1x 6x10°
10 SA m 78 MUD TL+Cyc+ATG yes  yes 5 5%2.5x10* 20 30-40 1525 no CR alive 7.0
11 SAA f 48  MMUDTLI+Cyc+OKT3  yes no - - 24 >80 >80 no Rejection*  alive 0.1
12 SCD f 156  MFDBus+Cyc+Flu+OKT3 yes yes 5 2%2.5x10* 21 >80 cC no CR alive 55
1x5x10*
2x1x10°
13 Thalassemia m 1.9 ~ MFD Bus+CYC+ATG ~ no no - - 826 30-40  10-20 yes CR alive 7.0
14 Thalassemia m 3.1 MFD Bus+CYC+ATG  no yes 13 2x5x10* 12 >80 80 no PR alive 6.7
1x7.5x10°
2XTx10° 8x6x10°
15 Thalassemia f 169  MFD Bus+CYC+ATG  yes yes 3 1%x2.5x10* 19 >80 1-5 no CR alive 3.0
1x 1x10°
1x5x10*

16 WAS m 2 MMFD Bus+Cyc no yes 1(AC133) 1x16,6x10° 1541*** >80 40-60 no CR alive 10.8
17 WAS m 1.3 MUD Bus+Cyc+ATG no yes 6 2%2.5x10* 74 20-30  5-10 no CR alive 3.0
1x5x10*
3x7.7x10¢
18 WAS m 05 MUD Bus+CyctATG ~ no yes 14 2x2.5x10° 73 60-80  40-60 no CR alive 1.7
3x5x10¢, 3x1x10°
5x5x10°, 1x2x10°
19 WAS m 33 MUD BustCyc+tATG  yes yes 14 13%x2.5x10* 2 60-80  10-20 no CR alive 5.7
1x5x10°

ALD: adreno-leukodystrophy; ATG: anti-thymocyte globulin; AR: autologous reconstitution; Bus: busulfan; CC: complete chimerism; CR: complete remission; Cyc: cyclophos-
phamide; d: days; DLT: donor lymphocyte transfusion; f: female; Flu: fludarabine; m: male; MC: mixed chimerism; Mel: melphalan; MFD: matched family donor; MMFD,
mismatched family donor; MMUD: mismatched unvelated donor; MUD: matched unrelated donor; IT, immunotherapy; OKT3, orthoclone; PR, partial remission; SAA,
severe aplastic anemia; SCD: sickle cell disease; TBI: total body irradiation; Thio: thiotepa; TRM: transplant-related mortality; WAS: Wiscott-Aldrich syndrome; y: years.
*patients received a second allogeneic stem cell transplant and are in CR; **GVHD occurred after immunotherapy; ***no earlier post-transplant sample available.

Table 3. Outcome according to chimerism status.

Stable/ Increasing MC
Complete Decreasing All

Patients/Tx chim. mc AR patients/Tx DLI

n=53/56 n=29 n=6 n=2 n=16/19 n=15
Complete remission 45 28 5 0 12 11
Partial remission 2 0 0 0 2 2
Progression 3 1 0 0 2 1
Transplant-related mortality 3 0 1 2 0 0
Rejection 3* 0 0 0 3 1

*these patients received a second transplant and are in CR with complete chimerism. AR: autologous reconstitution; CR: continuous remission; MC: mixed chimerism;
PR: partial remission; TRM: transplant-related mortality; Tx: transplantations.
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Figure 1. Kaplan-Meier analysis of event-free survival (EFS) for all
study patients (n=53).
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Figure 2. Kaplan-Meier analysis of event-free survival (EFS)
according to the donor. MFD, matched family donor; MUD,
matched unrelated donor; MMD, mismatched donor.
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Figure 3. Kaplan-Meier analysis of overall survival (0S) according
to the donor. MFD, matched family donor; MUD, matched unrelat-
ed donor; MMD, mismatched donor.
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Table 4. Stem cell source and chimerism status.

All Stem cell
transplants characteristics

T-cell ~ No T-cell
MFD  MUD  MMD depletion depletion
n=56 n=24 n=18 n=14 n=27 n=29
Complete chimerism 29 16 (67%) 7 (39%) 6 (43%) 9 (33%) 20 (67%)
Stable/decreasingMC 6 2(8%) 2 (11%) 2 (14%) 3 (11%) 3 (10%)
Increasing MC* 19 6(25%) 9 (50%) 4 (29%) 13 (48%) 6 (23%)
Autologous reconstitution*2  0(0%) 0(0%) 2 (14%) 2(8%) 0 (0%)

*Increasing mixed chimerism/autologous reconstitution occurred more
frequently in patients who received T-cell depleted transplants (p<0.05).

MC: mixed chimerism; MFD: matched family donor; MMD: mismatched donor
(9 mismatched family donors and S mismatched unrelated donors);

MUD: matched unrelated donor.

Table 5. Status of chimerism and acute GvHD prior to DLT.

Transplants
(n=56) Grade 0-1 Grade II-IV
CcC 29 21 (72%) 8 (28%)*
mC 25 24 (96%) 1(4%)
AR 2 2 (100%) 0 (0%)

Table 6. Status of chimerism and acute GvHD after DLT.

n Grade 0-1 Grade II-IV

inc-MC 15 14 (93%) 1(7%)

*acute GvHD grade II-IV occurred more frequently in patients with CC (p<0.05).
AR: autologous reconstitution; CC: complete chimerism;
DLT: donor lymphocyte transfusion; MC: mixed chimerism.

patients with mixed chimerism or autologous reconsti-
tution. In all, 8/29 patients with complete chimerism
developed acute GVHD grade II-IV (28%), compared to
1/27 patients with mixed chimerism or autologous
reconstitution (4%) (p<0.05; Table 5). Among the 15
patients who received immunotherapy because of
increasing mixed chimerism, one developed severe
GvHD afterwards (7%) (Table 6). This patient with
severe aplastic anemia who faced clinical graft rejection
and therefore received repeated DLT developed GvHD
grade III that evolved to extensive chronic GvHD. Three
out of the 53 patients died from transplant-related caus-
es (Table 3). Among these patients one showed stable
mixed chimerism and two failed to achieve permanent
donor engraftment. They recovered an autologous sta-
tus and died of infection.

Discussion

Allogeneic stem cell transplantation is the only cura-
tive treatment option for patients with inherited and
acquired non-malignant diseases affecting hematopoiet-
ic stem cells or their derivates.”® The aim of transplanta-



tion in these diseases is to achieve sustained engraft-
ment in order to improve hematopoietic function, to
provide immune competence or to increase or normal-
ize enzyme shortage. Therefore it is not necessary to
replace the recipient hematopoietic system completely.
The achievement of a state of stable mixed chimerism
is usually sufficient to improve the patient's well being
substantially. Thus, to reduce toxic side effects, most
conditioning regimens are less myeloablative and mixed
chimerism is more likely.”® Furthermore since children
with non-malignant diseases do not benefit from a
graft-versus-leukemia effect, T-cell depletion is often
performed in these patients. As a consequence, graft
rejection or non-engraftment remain the major causes of
treatment failures in these diseases.®® Pre-emptive
immunotherapy on the basis of serial and frequent
analyses of chimerism might be a valuable tool to avoid
graft rejection.

In this study we administered additional immuno-
therapy, consisting of low dose DLT, which might
explain the lower rate of rejections in this trial than in
previous reports.”*** Indeed, 87% of the patients with
increasing mixed chimerism who received immuno-
therapy are in complete or partial clinical remission.
Only one patient with ALD showed progressive dis-
ease. This favorable outcome of immunotherapy in 15
cases in which increasing mixed chimerism was detect-
ed was not associated with an increased risk of develop-
ing GvHD. Only one patient with severe aplastic ane-
mia who faced a clinical graft rejection, and, therefore,
received repeated DLT, developed GvHD grade III that
evolved to extensive chronic GvHD.

It is known from treatment of adult patients with
chronic myeloid leukemia that immunotherapy can
cause serious pancytopenia. This is most likely if
immunotherapy starts when hematopoiesis is dominat-
ed by autologous cells. To avoid this complication
immunotherapy should be initiated when donor
hematopoiesis still predominates. Since we adopted this
strategy in the present study, pancytopenia was not
observed. In 21% of the cases with increasing mixed
chimerism no additional therapy was administered. In
two patients with severe aplastic anemia rejection
occurred too fast to initiate immunotherapy.

SCT in children with non-malignant diseases

In one patient with thalassemia in complete remission
the autologous signal decreased spontaneously without
any immunotherapy.

One patient with ALD and progressive disease
showed increasing mixed chimerism with an autolo-
gous signal of 30% during follow-up. No immunother-
apy was initiated because of the poor general condition
of the patient. Three months later autologous recovery
had occurred.

Severe acute GvHD (grade II-IV) was observed more
frequently in patients with complete chimerism than in
patients with mixed chimerism or autologous reconsti-
tution. This is consistent with previous findings.**?*
The probability of event-free survival at 3 years was
0.90 for all patients. The probability of overall survival
at 3 years was 1.00 for patients transplanted from a
matched family donor or matched unrelated donor and
0.75 for patients transplanted from a mismatched donor
(»<0.05). This reduced survival of patients transplanted
from a mismatched donor was due to three patients
who died from transplant-related causes.

In this single center trial we demonstrate that children
with non-malignant diseases transplanted from a
matched family donor, matched unrelated donor or mis-
matched donor have an excellent overall survival. T-cell
depletion is associated with a low risk of inducing
GvHD but with an increased risk of graft rejection. Pre-
emptive immunotherapy with infusions of low doses of
donor T-cells, administered on the basis of increasing
mixed chimerism, is, however, feasible and is able to
prevent graft rejection. The potential risk of GvHD
should be kept in mind.
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