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A. Introduction 

Bone marrow transplantations (BMT) are 
being performed in West Germany, the 
United States, and other European coun- 
tries with increasing frequency. The first al- 
logeneic BMT in Germany was done in 
Munich 1975 in a patient with severe aplas- 
tic anemia. Since then 128 BMTs have been 
registered by the German Group for BMT, 
which consists of four active transplan- 
tation centers: Essen, Munich, Tübingen, 
and Ulm. All these transplantation units 
are not independent institutions, but are in- 
tegrated into medical or pediatric depart- 
ments of university hospitals. Thus all 
groups treat patients with hematological 
neoplasias or bone marrow failure in the 
conventional way as well. 

The German Group for BMT organizes 
regular plenary meetings, stimulates com- 
mon study protocols, and organizes the as- 
signment of patients from one center to 
another according to actual capacity. We 
present the Tübingen experience here, with 
discussion of the clinical management, re- 
sults, and experimental approaches. 

B. Patients and Methods 

Thirty-three BMTs were performed in 
Tübingen between August 1976 and May 
1982. Seven patients suffered from severe 
aplastic anemia, 25 patients were trans- 

* With the support of the Deutsche Forschungs- 
gemeinschaft, DFG Forschergruppe „Leukä- 
mieforschung", Wa 139/ 11-139/ 13-5 

planted for acute leukemia, and one pa- 
tient was transplanted for chronic myelo- 
cytic leukemia in the chronic phase. The 
first three leukemia patients transplanted in 
Tübingen in l976/ 1977 were in the end 
stage of their disease and resistant to con- 
ventional chemotherapy. All patients died 
in the early posttransplant period from 
persisting leukemia or leukemia-related 
complications. In October 1979 we decid- 
ed, as the first group in Germany, to per- 
form BMT in patients with leukemia only 
in remission. This decision was based on 
the Seattle experience with this procedure 
[5, 61. Since that time we have transplanted 
22 leukemic patients in remission. Di- 
agnoses and remission status are shown in 
Table 1 .  

The age range of the patients was be- 
tween 3 and 35 years. The donors were 
identical twins in two cases; the others were 
siblings with HLA-A, B, C, D and DR 
identity, with one exception, a positive 
MLC. In eight cases there was an ABO in- 
compatibility, requiring a plasma exchange 
in one case with a very high isoagglutinin 
titer; in the other cases bu@ coat prep- 
arations were grafted. All patients were 

Table 1. Bone marrow transplantation in pa- 
tients with leukemia in remission (n=22) .  Di- 
agnoses and remission status 

I. 11. 111. remission 

AML 6 6 1 
ALL 5 2 
AUL 1 
CML 1 (chronic phase) 
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Fig. 1. Protocol for uroprotection with Mesna to prevent cyclophosphamide-induced cystitis 

treated under gnotobiotic conditions in 
Laminar airflow units and received Bac- 
trim prophylaxis for pneumocystis. The 
conditioning regimen consisted of 60 mg/ 
kg cyclophosphamide on days -5 and -4. 
Under strict uroprotection with Mesna, ac- 
cording to the protocol outlined in Fig. 1, 
with shortened application intervals [ l ]  no 
hematuria occurred. 

Total body irradiation was performed on 
day 0 before marrow infusion, with a 10- 
MeV linear accelerator at a dose rate of 
0.07 Gy/min up to a midline dose of 
10 Gy. The lung dose was limited to 8 Gy 
by satellite technique. Patient No. 16 
received a fractionated irradiation with 
7 X 2 Gy on consecutive days. The bone 
marrow aspiration was performed accord- 
ing to the technique of Thomas and Storb 
[4]. In our first marrow transplantation we 
were impressed by striking megaloblastic 
abnormalities in the newly engrafted mar- 
row, independent of methotrexate. We 
found severely decreased levels of folic acid 
in the early posttransplant phase in spite of 
regular oral substitution, presumably due 
to diminished absorption caused by the 
radiation-induced damage to the intestine 
in the light of the low storage capacity for 
this vitamin. In view of this experience we 
give a consequent intravenous substitution 

of folic acid as a Part of our hyperali- 
mentation protocol. 

GvHD Prophylaxis by Preincubation with 
AHTCG 

In addition to this general procedure we 
have investigated in Tübingen, in close 
cooperation with the Munich group of Drs. 
Thierfelder and Rodt, the prophylaxis of 
graft-versus-host-disease (GvHD) by pre- 
incubation of the aspirated marrow suspen- 
sion with rabbit anti-human-T-cell-globu- 
lin (AHTCG) for depletion of GvH re- 
active cells before the marrow infusion. 
The experimental data and the theoretical 
background have been published by the 
Munich group [3]. 

Until May 1982 we performed this pre- 
incubation in 17 patients. The metho- 
trexate regimen was carried out after the 
marrow graft in the usual way. 

C. Results 

The patient characteristics and clinical out- 
come of 22 leukemic patients transplanted 
in remission can be Seen from Table 2. All 
patients had a documented take. There 
were no serious complications in the early 



Table 2. Clinical data, Course, and present status of 22 leukemia patients transplanted in remission 

Pat. Age Diagnosis Blood Marrow GvH Complications 
No. (years)/ remission group of incubation Acute/chronic 

sex patient / with ATCG Grade 
donor +/ -  

Cause of death Survival 
in days 
from 
31.5.82 

ALL 2nd 
AML 2nd 
AUL Ist 
AML 1st 

AML 1st 

AML 2nd 

ALL 3rd 

AML Ist 
ALL 2nd 
AML 1st 
ALL 2nd 
AML 2nd 

ALL 2nd 
AML 2nd 
AML 2nd 
ALL 3rd 
AML 1st 

AML 1st 
CML 
chronic phase 
AML 3rd 
AML 2nd 

ALL 2nd 

twins 
1/11" 

I" 11" 

1/11" 11/111° 

I" 11" 

I" 
111" 

twins 

I" 

111" 111" 
111" 11" 

I" I" 

MTX leukencephalopathia 
Relapse day 691 testes 
Interstitial pneumonia 
Bronchopneumonia, 
herpes zoster gen. 
Obstruct. ventil. disorder, 
bronchopneumonia, herpes 
simplex stomatitis 
Candida pneumonia, zoster 
segm., pericardial effusion 
Pulmonary aspergillus, 
herpes zoster segm. 
Interstitial pneumonia 

CMV hepatitis 

Relapse day 112, 
pulmonary aspergillus 

Interstitial pneumonia 

cGvH and liver insufficiency 
cGvH and liver insuficiency, 
herpes simplex stomatitis 

Hepatitis (?) 
Hepatitis B, herpes simplex 
stomatitis 

Interstitial pneumonia 
Herpes zoster pneumonia 
cGvH 
CMV, pneumonia 
cGvH 

Lung bleeding 

Interstitial pneumonia 

Cerebra1 hemorraghia 

Interstitial pneumonia 

Sepsis cGvH 
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Fig. 2. Time interval from transplan- 
tation to documentation of bone mar- 

20 day row take 

posttransplant period or deaths related to 
the transplant procedure. No interference 
of the AHTCG preincubation with the 
bone marrow take was observed (Fig. 2). In 
the later posttransplant period nine pa- 
tients have died so far. The actuarial sur- 
vival rate after 1 year is 55%. Major compli- 
cations were infections, chronic GvHD, 
and a combination of both. The causes 
leading to death in these nine patients can 
be Seen in Table 3. Only two out of 21 pa- 
tients had a leukemic relapse more than 50 
days posttransplant. Patient No. 8 devel- 
oped a testicular relapse on day 691. In pa- 
tient No. 21, who was transplanted for 
AML in second remission after rather short 
duration of the first remission, rapidly pro- 
gressing bone marrow failure was the first 
evidence for a relapse, which was diag- 
nosed on day 112. The patient died in 
overt leukemia from cerebral hemorrhage. 

Acute GvHD was not  a major clinical 
problem. We assume that this was due to 
the AHTCG preincubation: Out of the 16 
patients at risk, only one, who was grafted 
with preincubated marrow cells, had a 

Table 3. Causes of death after allogeneic bone 
marrow transplantation in patients with leu- 
kemia in remission (9/22 patients) 

Chron. GvHD with infectious complications 5 
Interstitial pneumonia 2 
Viral encephalitis 1 
Leukemic relapse 1 

clinical relevant acute GvHD (grade 3). A 
transient skin rash with later slight increase 
in liver enzymes and without intestinal 
symptoms was observed in 8 out of the 16 
patients at risk. 

In contrast major problems were caused 
in our series by chronic GvHD. We ob- 
served this syndrome in six patients, in five 
after engraftment of preincubation marrow. 
We were able to favorably influence the 
clinical symptoms by prednisolone/azathi- 
oprine treatment, but five patients with 
chronic GvHD died from infectious com- 
plications due to the severe immuno- 
deficiency caused by this disease. Of par- 
ticular interest was an obstructive venti- 
lation disorder which occurred in two pa- 
tients after the onset of chronic GvHD. 
Treatment with corticosteroids, antibiotics, 
and adequate broncholytic measures did 
not prevent progression. Both patients de- 
veloped recurrent pneumothorax as  a later 
complication. Progressive respiratory fail- 
ure and subsequent overwhelming infec- 
tions were fatal in both cases. Interstitial 
pneumonia as typical complication in the 
later posttransplant period occurred in five 
patients, in only two cases without associ- 
ation of chronic GvHD. This was due to cy- 
tomegalovirus and varicella-zoster virus re- 
spectively and of an unidentified etiology 
in three cases. 

We conclude from our experience that 
preincubation with the Munich AHTCG 
reduces morbidity and mortality of acute 
GvHD but does not prevent chronic 
GvHD. So in our opinion it is a logical 
consequence to combine this procedure 



with other methods to control immune re- 
actions or induce tolerance. In this direc- 
tion we have initiated a protocol to com- 
bine AHTCG preincubation with cyclo- 
sporin A treatment. 

In the context of these objectives of im- 
proving the control of the potentially life- 
threatening GvH reaction, improvement of 
the diagnostic tools and a better patho- 
physiological understanding of this condi- 
tion are important. Since 2 years Müller in 
our group has been supplementing the 
histological estimation carried out by F. R. 
Krüger (Cologne) by immunohistological 
analysis with monoclonal antibodies [2]. It 
is too early to draw definite conclusions, 
but the preliminary results can be summa- 
rized insofar that in GvH reactions lym- 
phoid infiltrates consist of mature T cells, 
that there is a focal or generalized appear- 
ance of Ia-like antigens on keratinocytes, 

a ~a r t i a l  reduction of Lan- and that there is 
gerhans cells. 

D. Conclusion 

The impact of BMT on the treatment of 
acute leukemias and chronic myelocytic 
leukemia cannot yet be estimated defi- 
nitely. We think that with the increased 
rate of complete remissions in adult AML 
by the improvement of induction regimens 
in the past years and the limited results in 

I , 1 I  . l nduct ion 
111 . Consolidation 
I V  . Maintenance 

BMT Bone marrow transplantat ion 

conventional maintenance therapy for re- 
maining in continuous remission, BMT in 
first remission should be considered a treat- 
ment strategy with curative potential in pa- 
tients with histocompatible sibling donors 
under the age of 35 years. In a common 
protocol with the Ulm group we treat our 
AML patients according to a regimen 
which integrates BMT for those patients 
with an available donor (Fig. 3). This pro- 
tocol has also been taken up by other non 
transplanting members of the South Ger- 
man Hemoblastosis Group. In ALL we re- 
commend transplantation in adults still in 
second remission in addition to high-risk 
patients. 

The indication for BMT in children has 
been widely discussed in the German BFM 
Study Group, with the conclusion that 
transplantation in AML in first remission is 
not generally acceptable. Children with 
ALL, besides rare cases of B-ALL, should 
be transplanted in second remission. In 
CML in adults and children risk factors 
must be evaluated for an individual deci- 
sion. 

The four German Centers have an annual 
transplantation capacity now of about 
10-15 each. Two other groups are in prep- 
aration. The future will show if this capaci- 
ty is sufficient when, we hope, favorable 
long-term results are produced and the po- 
tential - complications of GvHD and in- 
terstitial pneumonia can be prevented or 
treated effectively. 

7 .  
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