AUTOLOGOUS
ARROW AND BLOOD
TRANSPLANTATION

Proceedimes o the Seventh International Symposium

\rlmeton. Tevas

KRarit N Dicwr & vz R v







Autologous Marrow and Blood
Transplantation

Proceedings of the Seventh International Symposium
held in Arlington, Texas, August 17-20, 1994,

Edited by:
Karel A. Dicke and Armand Keating

The Arlington Cancer Center

Arlington, Texas

- and

The University of Toronto

Autologous Blood and Marrow Transplantation Program
The Toronto Hospital

Toronto, Ontario, Canada

Session Organizers:

AML Alan K. Burnett

ALL Daniel Weisdorf

CML Angelo Carella

Lymphoma Thierry Philip and Phil Bierman
Myeloma Barthel Barlogie

Breast Cancer Karen Antman

Solid Tumors Roger Herzig

Peripheral Stem Cells L. B. To
Radiolabeled Antibodies Huibert Vriesendorp
New Avenues Karel Dicke and Armand Keating



Publication of these proceedings is supported by an educational grant from Baxter
Healthcare Corporation - Hyland Division.

The material contained in this volume was submitted as previously unpublished
material except in instances in which credit has been given to the source.

Great care has been taken to maintain the accuracy of the information contained in
this volume. However, the editorial staff cannot be held responsible for errors or
for any consequences arising from the use of the information contained herein.

© 1995 The Cancer Treatment Research and Educational Institute, Arlington,
Texas

ii



PREFACE

During the ten years since the first Symposium in 1984, there has
been considerable progress in the field of autologous stem cell
transplantation. Results have been promising; this modality challenged
established treatment and randomized studies are ongoing to determine the
“truth”. Such painstakingly laborious undertakings were already started
several years ago in leukemia and lymphoma and are likely to be
completed soon. In breast cancer, an explosion of activity to compare
“new” against “old” has just started. In anticipation of a positive outcome,
important steps to reduce costs of transplantation have been made and will
definitely facilitate its use in a larger group of patients.

The format of this Symposium has contributed to communication
among scientists from all over the world. Due to their efforts, as well as to
the courage of our patients, this field will continue to develop and open
many more frontiers of treatment which make the impossible of today
possible in the near future. Such developments motivated us again to
prepare proceedings, and was a stimulus to organize another symposium in
1996. The title of this Symposium will be, “Autologous Marrow and
Blood Transplantation, the 8th International Symposium”. Besides
marrow, the use of peripheral blood as a source of stem cells has been
established; therefore peripheral blood deserves to be incorporated into the
title of this Symposium, as well as on the cover of the current Proceedings.

Karel A. Dicke
Armand Keating
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BONE MARROW TRANSPLANTATION OR INTENSIVE
CONSOLIDATION CHEMOTHERAPY IN ACUTE MYELOID
LEUKEMIA. THE EORTC-LCG AND GIMEMA EXPERIENCE
(1986-1993)

R. Willemze, A. Vekhoff, S. Suciu, F. Mandelli, Th. de Witte, G. Solbu,
ML. Vegna, M.C. Petti, R.A. Zittoun

Departments of Hematology of Leiden University Hospital, Leiden; Hotel
Dieu, Paris; Universita La Sapienza, Roma; St. Radboud Hospital,
Nijmegen, and EORTC Data Center Brussels

INTRODUCTION

Most patients under the age of 50 years with acute myeloid
leukemia in first remission undergo bone marrow transplantation or will
receive several courses of intensive chemo’cherapy.l Both treatment
modalities have been claimed to prolong remission and result in disease-
free survival in about 25-50% of the patients.z'7 The EORTC and
GIMEMA Leukemia Cooperative Groups performed a randomized phase
III study (AML-8A) to compare prospectively and according to intention
to treat allogeneic bone marrow transplantation, autologous bone
transplantation and short intensive chemotherapy during first complete
remission of acute myeloid leukemia in a large number of patients and
centers.’ Since in this trial bone marrow transplantation resulted in a
longer disease-free survival than intensive chemotherapy, subsequently
they designed a study to be used as pilot study for a new randomized trial
(AML-10). This AML-10 pilot study had the following aims: to extend
the eligibility of patients until 60 years of age; to increase the remission
percentage and to improve the feasibility to perform allogeneic or
autologous marrow transplantation in all CR patients. Preliminary results
showed indeed that these aims can well be reached and the randomized
study was started in November 1993.

MATERIALS AND METHODS
All patients with previously untreated acute myeloid leukemia

were eligible. In the AML-8A ftrial, most centers entered only the patients
between 10 and 45 years. In a few centers, also patients up to 60 years



were included. In the AML-10 pilot study, ages from 10 to 60 years were
allowed. Patients with AML secondary to other myeloproliferative
diseases or myelodysplastic syndrome of more than 6 months duration
were excluded. The median age of the patients was 33 years (range 11-59)
for the AML-8A trial and 48 years (range 12-59) for the AML-10 pilot
study.

Treatment protocol AML-8A4: The induction treatment consisted
of one or two courses of cytarabine (Ara-C) 200 mg/M2 as continuous,
infusion on days 1-7 and daunorubicine 45 mg/M2 IV on days 1, 2 and 3.
All patients who achieved complete remission were scheduled to receive
intensive consolidation with Ara-C 1000 mg/Mzas 2-hour infusion every
12 hours on days 1-6 and m-AMSA 120 mg/M21V on days 5, 6 and 7.
After one year of study the dose of Ara-C was decreased to 500 mg/M>
because of observed severe toxicity. Patients with a complete remission
and an HLA-identical family donor were scheduled to undergo allogeneic
bone marrow transplantation. The remaining patients were to be
randomized to receive an autologous bone marrow transplantation or a
second intensive consolidation course. Bone marrow transplantation was
performed after a conditioning of cyclophosphamide (60 mg/kg per day on
day 2 consecutive days), total body irradiation or busuifan (4 mg/kg/day
on days -6 to -3), and cyclophosphamide (60 mg/kg/day on days -2 and -
1). In case of allogeneic bone marrow transplantation graft versus host
prophylaxis consisted of cyclosporine or cyclosporine and methotrexate.
The second intensive consolidation course consisted of Ara-C 2000 mg/M>
as 2-hour infusion every 12 hours on days 1-4 and daunorubicin 45
mg/Mz/day on days 5, 6 and 7.

Treatment protocol AML-10: Remission induction consisted of
idarubicine 12 mg/M (after the first 70 patients decreased to 10 mg/M?)
IV on days 1, 3, 5, cytarabine 100 mg/M" daily as continuous infusion for
10 days, and VP16-213 100 mg/M2 daily on days 1 to 5. This regimen was
followed by an intensive consolidation course consisting of cytarabine 500
mg/M2 as a two-hour infusion twice daily for 5 days and mitoxantrone 12
mg/M2 on days 4, 5 and 6. All patients were supposed to undergo a bone
marrow transplantation: an allogeneic BMT for patients under the age of
50 in case an HLA-identical sibling was available, and an autologous
BMT in all other patients. Conditioning regimen and post-BMT measures
were similar as in the AML-8A trial.

Statistics. Duration of survival was calculated from the date of
diagnosis until death. The disease-free survival was calculated from the



data of first complete remission until the date of first relapse, or the date of
death in first complete remission. The duration of survival from complete
remission corresponds to the time from first CR to the date of death.
Actuarial curves were calculated according to the Kaplan-Meier technique,
the differences between curves were tested for statistical significance using
the two-tailed log-rank test.

RESULTS

Between November 1986 and April 1993, 941 patients were
included in the AML-8A trial and 262 in the AML-10 pilot study. After
one or two induction courses, complete remission was achieved in the
AML-8A trial in 623 patients (66.2%) and in 211 patients (80.5%) in the
AML-10 pilot study; 576 AML-8A patients and 192 AML-10 pilot
patients received first consolidation; 168 AML-8A and 52 AML-10 pilot
patients had an HLA-identical sibling and were planned to receive an
allogeneic bone marrow transplantation but 22 and 7 patients, respectively,
relapsed already before allogeneic BMT or refused BMT; 254 AML-8A
patients were randomized to undergo an autologous bone marrow
transplantation (128 patients), or receive a second intensive consolidation
(126 patients). The reason that AML-8A patients without an HLA-
identical donor were not randomized was mainly due to severe toxicity and
patients refusal after the consolidation course. In the AML-10 pilot study,
136 patients were eligible for autologous BMT. Forty-seven of them could
not undergo a BMT due to early relapse or inadequate bone marrow
harvesting. Fifty-six randomized AML-8A patients did not receive the
allocated arm mainly due to refusal, toxicity of previous chemotherapy, or
carly relapses. This means that 44% (416/941) of AML-8A patients and
51% (134/262) of the AML-10 pilot patients finally received one of the
treatment options. ' The median time between the achievement of a
complete remission and autologous bone marrow transplantation was 3
months for the bone marrow transplantation for AML-8A patients,
compared to 5 months for AML-10 pilot patients. In the AML-8A trial,
the distribution of relapses and of death in CR were the following: allo-
BMT (41 and 29), autologous BMT (52 and 12) and second intensive
consolidation (72 and 9).

The time to hematologic recovery was longer followin:
autologous BMT than following allogeneic BMT or second consolidation.
In the AML-10 pilot study, the median time of neutrophil recovery (>0.5 x



109/L) after autologous BMT was 6 weeks, and of platelets (>50 x 109/L)
was 15 weeks; similar figures were obtained in AML-8A study. Disease-
free survival in the AML-8A trial for allogeneic bone marrow
transplantation, autologous bone marrow transplantation, or second
intensive consolidation was 50, 48 and 30% respectively, at 4 years
(p=0.04). Probably due to achievement of a high number of second
remissions in the second intensive consolidation group overall survival of
the three groups was not different, approximately 50% at 4 years.® Follow-
up in the AML-10 pilot study is still short. The disease-free survival at 18
months was 50%. Overall survival for the whole AML-8A group and in
the AML-10 pilot study group was 38% at 4 years and 50% at 2 years,
respectively.

DISCUSSION

The AML-8A trial, performed by the EORTC and GIMEMA
Leukemia Cooperative Groups, shows that intensive consolidation therapy
through bone marrow transplantation gives a better outlook with respect to
DFS than through high-dose chemotherapy. Disadvantages of the trial are
the limited age range, mainly patients between 15 and 45 years of age, and
the relative low percentage of patients that finally received the appropriate
treatment regimen. A new randomized trial needs to address these topics
in addition to further improving the remission induction percentages and to
further decreasing the relapse incidence after autologous bone marrow
transplantation.

For this reason, the EORTC and GIMEMA Leukemia Cooperative
Groups designed the AML-10 pilot study which included all patients
between the ages of 15 and 60 years. A more intensive remission regimen
was introduced and autologous BMT was to be given to all patients who
did not meet the criteria for an allogeneic transplantation.

Compared to the AML-8A trial, age in the pilot study increased
from a median of 33 to a median of 48 which is more comparable to the
median age of the previous EORTC Leukemia Cooperative Group AML
trials.

The percentage of patients that reached a complete remission was
75% after one course and 80% after two courses and this seems better than
the percentages achieved in the AML-8A trial, also taken into account that
the median age of the AML-10 pilot group was + 15 years higher.



About 50% of all AML-10 pilot patients reached the designed
treatment arm, i.e. bone marrow transplantation. In both trials, early
relapses and treatment refusal played an important role in the final
achievement of the designated treatment arm. Although the pattern of
relapses does not seem to be altered among both trials, less refusals,
possibly due to the absence of randomization, were seen in the AML-10
pilot patients.

Specific problems of the AML-10 pilot study are the delayed
performance of the autologous BMT (5 months after CR) and the delayed
platelet recovery after autologous BMT. These problems may be due to
the intensity of the induction/consolidation regimen. Since the primary
aims of the AML-10 pilot are fulfilled, the EORTC and GIMEMA
Leukemia Cooperative Groups decided to start a prospectively randomized
trial based on the AML-10 pilot study.

This trial which is eligible for all patients between 15 and 60 years
of age includes a randomization at diagnosis comparing the tested
intensive induction regimen with a similar regimen but where
daunorubicin or mitoxantrone replaces idarubicin, a consolidation course
containing intermediate dose Ara-C and the same anthracycline as in the
induction course, followed by bone marrow transplantation.

REFERENCES

1. Stone RM and Mayer RJ: Treatment of the newly diagnosed adult with the
novo acute myeloid leukemia. Hematol Oncol Clin North Am 7:47064, 1993.

2. Buchner Th, Urbanitz D, Hiddemann W, et al: Intensified induction and
consolidation with or without maintenance chemotherapy for acute myeloid
leukemia (AML): Two multicenter studies of the German AML Cooperative
Group. J Clin Oncol 3:1583-1589, 1985.

3. Rohatiner AZS, Gerory WM, Bassan R, et al: Short-term therapy for acute
myelogenous leukemia. J Clin Oncol 6:218-225, 1988.

4. LZittoun R, Jehn U, Fitre D, et al: Alternating v. repeated postremission
treatment in adult acute myelogenous leukemia: A randomized phase III
study (AML-6) of the EORTC Leukemia Cooperative Group. Blood 73:896-
906, 1989.

5. Preisler HD, Raza A, Early A, et al: Intensive remission consolidation
therapy in the treatment of acute nonlymphocytic leukemia. J Clin Oncol
5:722-730, 1987.

6. Casselith PA, Begg CB, Silber R, et al: Prolonged unmaintained remission
after intensive consolidation therapy in acute nonlymphocytic leukemia.
Cancer Treat Rep 71:137-140, 1987.



Willemze R, Fibbe WE, Kluin-Nelemans JC, et al: Bone marrow
transplantation or chemotherapy as postremission treatment of adult acute
myelogenous leukemia. Ann Hematol 62:59-63, 1991.

Zittoun RA, Mandelli F, Willemze R, et al: Autologous or allogeneic bone

marrow transplantation versus intensive chemotherapy in acute myelogenous
leukemia. In press.



PROGRESS REPORT ON MRC AML 10
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For the MRC Leukemia Working Parties

The MRC AML-10 Trial has recruited 1820 patients and will close
at the end of September, 1994. This trial compares ADE vs DAT
induction (2 courses) followed by two intensification courses with MACE
and MiDAC: Patients are randomized to receive an autoBMT as a 5th
course versus no further treatment (STOP). All patients with sibling
donors should receive allogeneic BMT as a Sth course. Patients with
secondary leukemia can be admitted, and the age range is 0-55 years.
Sixty-six percent of secondary cases entered CR (n=63) compared with an
81% remission rate overall. Children under 15 years had a CR rate of
91%.

The overall survival from diagnosis at 5 years is 39% with 50% of
patients under 35 years alive at 5 years compared with 30% of 36-55 year
olds. Survival from remission at 5 years is 58% in the <35 years and 38%
in the 35-55 yrs. If BMT patients are censored at BMT, the remission
durations at 5 years are 48% and 30% respectively in these two age
cohorts.

Of 762 patients who entered remission and are evaluable, 296 had
a matched donor and will be analyzed as having alloBMT (on an intention
to treat basis) although only 174 have so far actually received the allograft.

Ninety-one patients relapsed or died in CR and therefore could not
be randomized to the auto vs STOP option. Sixty-two chose autograft and
300 were not randomized because of patient or physician preference for
STOP. Three hundred fifty-five have been randomized to autograft
(n=178) or STOP (n=177), i.e., approximately 40% of patients who
entered CR.

The overall survival from CR at S years of patients with a donor
was 58% compared with 51% for those with no donor (p=0.7). The
outcome of auto vs STOP is still coded but the risk of death in CR post
BMT was 20% for allograft and 18% for autoBMT.

The overall outcome was dictated by two major risk factors: a)
cytogenetics, b) % blasts in bone marrow after the first treatment course,
no matter what treatment was given. Given the dominance of the biology



and response of the disease large numbers of patients will be needed to
demonstrate a clear benefit of any of the post-CR treatment modalities.

Of 63 patients who relapsed in the STOP arm, 54% (n=34)
achieved CR2 of whom 21 had an autograft. The survival from relapse in
these patients is 18% at 2 years and the duration of second remission 19%.
The strategy of reserving autograft for use upon relapse has therefore only
been modestly effective.

10
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COMPARISON OF INTENSIVE CONSOLIDATION
CHEMOTHERAPY AND UNPURGED AUTOLOGOUS BONE
MARROW TRANSPLANTATION AS POST REMISSION
THERAPY IN ADULT ACUTE MYELOID LEUKEMIA

J.L. Harousseau, * B. Pignon, F. Witz, C. Linassier, B. Lioure,
D. Caillot, J.Y. Cahn, A. Sadoun, P.Y. LePrise, J.F. Abgrall,
N. Ifrah, J. Briere, D. Guyotat, B. Desablens, F. Mors,

P. Casassus, P. Berthaud, P. Hurteloup

On behalf of the GOELAM Group
*Department of Hematology - C.H.U. Nantes, FRANCE.

INTRODUCTION

When this study was designed, the optimal consolidation therapy
after remission achievement in acute myeloid leukemia (AML) was
already controversial. Three different approaches were discussed:
allogenic bone marrow transplantation (allo BMT), chemotherapy and,
mainly in Europe, autologous bone marrow transplantation (ABMT). The
indications of allo BMT were, at that time, rapidly increasing and the
results were improving. Some investigators considered that allo BMT was
the best option for patients under the age of 40 and with an HLA identical
sibling. Others stated that allo BMT should be proposed only in second
remission.'” Conventional chemotherapy was still used but several pilot
studies showed that a disease-free survival of 30 to 50% could be achieved
after short-term 1ntens1ve consolidation chemotherapy (ICC) without
maintenance treatment.”’ ABMT after myeloablative treatment was
another attractive approach. In pilot single center studies or in the annual
survey of the European reglstry, disease-free survival rates round 50%
were obtained.*'® However, in all these studies, the issue of patient
selection was raised. Thus, randomized studies comparing ABMT and
ICC were mandatory. In 1987, the French group GOELAM initiated such
a study.

PATIENTS AND METHODS

Patients aged 15 to 50 years with de novo AML were included in a
multicenter study involving 16 centers of the GOELAM group. Patients
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with  preexisting myelodysplastic syndromes or with Dblastic
transformations of chronic myeloproliferative disorders were not included.
Chemof/radio induced leukemias were also excluded. From November
1987 to April 1994, 470 patients were enrolled and 420 patients are
currently evaluable.

Induction Treatment
For the remission induction treatment patients were randomized
between cytarabine (Ara-C) 200 mg/M /d (continuous infusion) for 7 days
plus idarubicin (IDR) 8 mg/M /d IV for 5 days and Ara-C at the same
dosage plus zorubicine (ZRB) 200 mg/M for 4 days. A bone marrow
aspiration was performed at day 17: if the marrow remained blastic (<50%
blasts) a second course was administered w1th 3 days of Ara-C plus 2 days

of either IDR 10 mg/M*/d or ZRB 200 mg/M?/d.

Post-Remission Treatment

Patients in complete remission (CR) were allografted if they were
under the age of 40 years and had an HLA-identical sibling. The
conditioning regimen and the graft-versus-host disease prophylaxis and
treatment varied according to protocols used in the different transplant
centers. Patients over 40 years or w1thout a suitable donor received a first
course of ICC (ICC1) Ara-C (3 g/M in 3 hours 1nfusmn every 12 hours for
eight doses d1 to d4) and either IDR 10 mg/M /d [d5-6] or ZRB 200
mg/M /d [d5-6]. After hematopoietic recovery, marrow was collected. No
in vitro manipulation was done. Patients were then randomized between a
second course of ICC (ICC2) and ABMT. The second course was m
AMSA 150 mg/M%/d [d1 to d5] and VP-16 100 mg/M%d [d1 to d5]. The
preparative regimen for ABMT was the Baltimore protocol (busulfan 4
mg/kg/d for 4 days and cyclophosphamide 50 mg/kg/d for 4 days).

RESULTS

Induction Treatment
The median age of the 420 evaluable patients was 35 years. There
was no significant difference between the IDR arm (216 patients) and the
ZRB arm (204 patients) regarding the following initial characteristics: sex,
age, performance status, fever, white blood cell count, hemoglobin level,
platelet count, FAB classification, incidence of karyotypic abnormalities.
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. Of the 420 patients, 326 (77.5%) achieved CR with no significant
difference between the IDR arm (77%) and the ZRB arm (78%). CR was
achieved in one course in 95% of the cases. There were 8 early deaths, 19
deaths in aplasia and 67 (16%) failures, with no significant difference
between the two groups.

Of the 326 patients in CR, 70 were planned to undergo an allo
BMT and 59 have actually been transplanted 40 to 220 days (median 64)
after CR achievement. Sixty-five patients who should have received ICC1
were excluded for a variety of reasons (protocol violation, infection and
other visceral complication after remission induction, refusal, relapse, data
not yet available). Thus, 191 patients are evaluable for ICC1. The median
time between CR achievement and ICC1 was 20 days (1-112). The
median duration of neutropenia (<0.5.109/L neutrophils) after ICC1 was 18
days and 5 toxic deaths were recorded.

Second Intensification
Of the 186 patients still in CR after ICC1, only 171 have been
randomized (87 ABMT, 84 ICC2). However, on the basis of the summary
reports received so far, only 115 patients actually underwent the
randomized treatment (58 ABMT, 57 ICC2).

Survival

The median follow-up time is 44 months. By July 1994, there
were 16 relapses and 14 procedure-related deaths in the allo BMT group,
79 relapses and 10 toxic deaths in the group of 191 patients receiving
ICC1. The actuarial risk of relapse at 5 years is 32% after allo BMT and
50% after ICC1. The 5-year event-free survival (EFS) (Fig 1) and 5-year
overall survival (OS) are respectively 36% and 56% after BMT, 46% and
52% after ICC1. The comparison between allo BMT and ICC1 is
statistically unvalid since all allo BMT patients did not receive the same
post-remission therapy and the same conditioning regimen. However, the
EFS and OS curves appear to be identical, even when considering the
results according to the intention to trial. There is no significant difference
between ABMT and ICC2. For the patients in CR who actually received
the randomized consolidation, the actuarial risk of relapse at 5 years is the
same (43%), the 5 years EFS and OS are respectively 52% and 56% for
ABMT, 56% and 59% for ICC2 (Fig 2).
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---- Oonsolidation (N = 57)
—— Autologous BMT (N = 58)

Figure 2.
DISCUSSION

This trial is presently closed but the final analysis has not yet been
done. Definitive conclusions cannot be drawn. However, several points
have to be emphasized.

1. The CR rate is high (77.5%) especially when considering that it is
a multicenter study and that all patients having received the first day of
treatment have been evaluated. This confirms the results we previously
achieved with ZRB’ and the good antileukemic activity of IDR recently
shown by other groups % However, only 5% of the CR were achieved
with the second course of induction treatment and there were 16% failures.
Strategies to increase the antileukemic activity of the remission treatment
and of the salvage regimen in case of primary failure are still needed.

2. Regarding the post-remission therapy, we confirm the results of
the previous analysis showing no significant difference between ICC2 and
unpurged ABMT in terms of relapse rate, EFS, OS. To demonstrate a
hypothetical advantage of one arm would require a very large cohort of
patients. It should be noted that some patients who could not undergo
ABMT because of poor or slow hematopoietic recovery after ICC1 were
treated off protocol with ICC2 and they share the same prognosis as
randomized patients.
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Thus after ICC1, ICC2 appears to be as effective as ABMT and
can be offered to a larger number of patients. These results differ from
those of the EORTC study in which ABMT appeared to be superior to
chemotherapy in terms of EFS.”

This discrepancy does not appear to be due to inferior results of
ABMT in our group but actually to better results of ICC2. We have no
explanation for this apparent superiority of our ICC regimen, since the
designs of the two protocols were very similar and since in both studies,
the interval between each phase of the treatment had to be the shortest
possible. We can only underline several differences: the dose of m
AMSA is much higher in the GOELAM protocol (600 mg/Mztotal dose
versus 360 mg/Mz), VP-16 is used in the GOELAM protocol not in the
EORTC protocol, the EORTC group use daunorubicin for induction and
ICC whereas the GOELAM group use IDR or ZRB.

As in other studies on intensive post-remission therapy, the issue

of tolerability must be raised. Only 53% of the patients in CR could
complete the whole protocol treatment (allo BMT, ICC or ABMT). New
strategies are needed to reduce the toxicity of these intensive regimens.
The use of hematopoietic growth factors (G-CSF or GM-CSF) could be of
value in this regard, since it appears that after intensive chemotherapy the
risk of leukemic blast stimulation is reduced.
3. In our experience, allo BMT does not appear to give better results
than ICC or ABMT. These results with allo BMT are inferior to those
currently achieved for AML in first CR by other groups. This is due to a
relatively high risk of relapse (32% at 5 years). Thus, new strategies are
discussed in order to decrease the relapse rate after allo BMT (ICC prior to
allo BMT or more intensive conditioning regimen).

CONCLUSION

These results confirm that a significant improvement of survival
can be obtained in AML for patients up to 50 years of age, thanks to
different modalities of intensive therapy. However, this study fails to
demonstrate the superiority of any of the three approaches tested. In our
next study, ICC will be considered as the reference arm and ABMT will be
no longer used as consolidation of first remission.
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MYELOGENOUS LEUKEMIA IN ADULTS:
THE BGMT EXPERIENCE
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From the Departments of Hematology of Bordeaux (CHU Bordeaux,
Hopital Haut-Levéque), Grenoble (CHU Grenoble, Hopital La Tronche),
Marseille (Institut Paoli Calmettes), Montpellier (Hopital Lapeyronnie)
and Toulouse (CHU Purpan).

INTRODUCTION

In adult patients with “de novo” acute myeloid leukemia (AML)
under the age of 50-60 years who achieve a complete remission,
controversy still persists regarding the choice of optimal subsequent
treatment to prevent leukemia relapse and prolong survival.' Three
different approaches are available: allogeneic bone marrow
transplantation (AlloBMT) which is only suitable for young patients with
an HLA-identical sibling donor; autologous marrow (purged or unpurged)
marrow transplantation (AutoBMT); intensification with chemotherapy
(high dose ara-C in most cases) eventually followed by maintenance
chemotherapy. The decision to use chemotherapy or transplants is very
difficult because the results of these different therapeutic strategies
overlap.

To compare AlloBMT, AutoBMT and chemotherapy, prospective
studies have been conducted over the last decade. They generally indicate
that AlloBMT is superior to chemotherapy in preventing relapse and to a
lesser extent in increasing the proportion of disease-free patients alive at 3-
5 years.2 The value of AutoBMT is more difficult to appreciate as very
few prospective studies have compared either AlloBMT and AutoBMT or
AutoBMT and chemotherapy.

In 1984, we started a prospective cooperative study (BGM 84
study) comparing AlloBMT, AutoBMT and intensive chemotherapy. We
found that the resuits of AlloBMT were significantly better than those in
the group of patients treated with AutoBMT or chemotherapy.3 In 1987, a
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new protocol (BGMT 87 study) was designed: 1) to compare AlloBMT
with other therapeutic approaches (AutoBMT + chemotherapy); 2) to
compare autologous stem cell transplantation (ASCT) and chemotherapy;
3) to compare ASCT using either unpurged bone marrow or peripheral
blood stem cells.” Finally, in 1991 (ongoing BGMT 91 study) the study
was designed to compare AlloBMT and AutoBMT. This report
summarizes the results of these three protocols.

PATIENTS AND METHODS

Eligible patients had to have a diagnosis of AML according to the
FAB classification. Patients with a prior history of myelodysplasia or
preleukemia were excluded, but patients with previous neoplasia were
included when there was no evidence of preleukemia or myelodysplasia
before diagnosis of AML. All patients were more than 15 years old; the
upper limit of age was 50 years (BGM 84 study) or 55 years (BGMT 87
and 91 studies).

STUDY DESIGN

In the three consecutive protocols, the induction and consolidation
chemotherapy regimens were similar. The patients received ara-C (100
mg/M /day, continuous infusion) over a 10-day period and DNR (60
mg/M /day, bolus for three days). The patients who failed to enter
complete remission (CR) after one course of chemotherapy were given a
second course of induction chemotherapy identical to the first. When CR
was achieved (after one or two courses of induction treatment) the patients
received consolidation therapy 28-35 days after completion of induction
treatment, con51st1ng of ara-C (50 mg/M /12.h, subcutaneously, 7 days)
and DNR (60 mg/M /day, intravenous bolus, 2 days). One month after
consolidation (about 60-70 days after diagnosis), the patients who were
still in CR were designated to receive either AlloBMT or to be given
another treatment (chemotherapy or ASCT).

The patients were designated to receive AlloBMT when they
fulfilled the following criteria: age <45 years; presence of an HLA-
identical sibling donor with unreactive mixed lymphocyte reaction.

All other patients still in CR but not fulfilling the eligibility criteria
for AlloBMT received different treatments.
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BGM 84 Study
The patients were randomized to receive either four monthly
courses of intensive chemotherapy (VP 16 + AMSA/ara-C alone/ara-C +
DNR/POMP regimen) or AutoBMT. AutoBMT consisted of a double
transplant of unpurged marrow with Melphalan (HDM = 140 mg/M?)
given intravenously before every transplant.

BGM 87 Study

The patients received an 1ntens1ﬁcat10n (high dose ara-C:
3g/M2/12 h, 8 doses and DNR: 45 mg/M ?/day, 3 days), then they were
randomly designated to receive either autologous stem cell transplantation
(ASCT) or maintenance chemotherapy. The patients who were
randomized for ASCT underwent either a bone marrow harvest (in
Grenoble, Marseille and Toulouse), or peripheral blood stem cell
collection (PBSC) (Bordeaux), then they were subsequently given a
conditioning regimen con51st1ng of Busulfan (4 mg/kg/day, 4 days) and
Melphalan (140 mg/M ) before the reinfusion of bone marrow or PBSC.
No further treatment was administered after ASCT.* The patients who
were randomly assigned to receive maintenance chemotherapy after
intensification treatment were given five cycles of Ara-C (50 mg/M /12.h
subcutaneously 5 days) and DNR (1 mg/kg/day, one day) which were
adminstered 1, 3, 6, 9 and 12 months after intensification. Between these
five courses of chemotherapy and after the fifth cycle, the patients received
a continuous treatment consisting of altered courses of 6-mercaptopurine
and methotrexate for a total period of two years.

BGMT 91 Study

In this protocol, all the patients not eligible for AlloBMT received
an intensification with lower doses of Ara-C (500 mg/Mz/ 12.h) and DNR
as in the BGMT 87 study. Then, they received the cyclophosphamide
(120 mg/kg) + total body irradiation (12 Gy) regimen before the reinfusion
of unpurged marrow collected before intensification. Some patients
received interleukin-2 after AutoBMT.

Treatment cohorts were compared by t-test and Chi-square test.
Survival curves were calculated by the method of Kaplan and Meier and
the log rank test was used for comparison of these curves. Remission
duration (disease-free survival, [DFS]) was calculated from the date of CR
to the date of relapse or death.
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RESULTS

In the description of results, we will focus on the results of ASCT
in comparison with those of either AlloBMT or chemotherapy.

BGM 84 Study

The results were recently updated (Table 1). The actual number of
relapses was significantly higher after chemotherapy than after either
ASCT or AlloBMT. The actuarial DFS curves are shown on Figure 1.
Due to the low number of patients included in this study, the difference
was statistically significant only when AlloBMT and chemotherapy were
compared (p=0.003). AutoBMT produced intermediate results (Figure 1).
The actuarial risk of relapse was significantly lower after AlloBMT or
AutoBMT than after ISC (p<0.001 and p<0.05).

Table 1. Actual Results
AlloBMT ASCT Chemo

CCR* 11 5 2
BGM 84  Deaths 5 1 1
Relapses 4 6 17
CCR* 23 16 -
BGMT 87 Deaths 5 2 15
Relapses 5 15 23
CCR* 16 40 --
BGMT 91 Deaths 10 2 -
Relapses 1 22 -
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0.70 t
0.60
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0.40
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0.10 1 Llsc
0.00 + + —
0 12 24 36 48 60 72 84 96 108
Auto /1SC p=.07 Months of CR1
Allo / ISC p=.003

Figure 1. Disease-free survival according to the type of post-induction treatment
(BGM 84 study)
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DFS




23

BGMT 87 Study

Of the 99 patients who achieved CR and could not respectively
undergo AlloBMT, 77 patients were randomized for either maintenance
chemotherapy (n=38) or ASCT (n=39). Of the 77 patients, 42 patients
relapsed 5 to 50 months after CR (median = 10.8 months); two patients
died early after ASCT from transplant-related complications; 33 patients
are still alive in CR 28 to 81 months after CR (median = 56 months). Of
the 39 patients allocated to ASCT, 33 patients did undergo ASCT using
either bone marrow (n=16) or blood stem cells (n=17) and six did not
because of relapse (n=3), refusal (n=2), or poor hematopoietic progenitor
content in the transplant product (n=1). As shown on Table 1, the number
of patients who survived without relapse was not statistically different
after ASCT and maintenance chemotherapy. The actuarial DFS curves
(shown on Figure 2) of ASCT and chemotherapy did not differ
significantly.

1.00 1
0.90
0.80
0.70 ALLO
" 0.60 1 AUTO
= 0.50 1
0.40 1 ISC
030 1
0.20 1
0.10 + ALLO/ISC p=.02
0.00 t + 1
0 12 24 36 48 60 72 84 96

Months of CR1

Figure 2. Disease-free survival according to the type of post-induction treatment
(BGMT 87 study)

BGMT 91 Study

This study is still ongoing. By April 1, 1994, 64 patients were
treated with AutoBMT. There were two transplant-related deaths, 22
patients had a relapse and finally 40 patients are still alive in complete
remission (Table 1). That contrasts with that encountered after AlloBMT:
of the 27 patients transplanted, there were: one relapse, 10 transplant-
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related deaths and 16 patients alive in CCR. The actuarial proportion of
patients who survived without recurrent disease at 2 years was 45.1
+12.6% (95% CI) and did not differ significantly from that found for
AlloBMT (58.1+£18.8%; 95% CI) (p=NS) (Figure 3).

1.00 1
0.90
0.80

070 ALLO
g:gg S AUTO
040 §
0.30
020 1
010 § p=ns
0.00

DFS

0 12 24 36 48
Months of CR1

Figure 3. Disease-free survival according to the type of post-induction treatment
(BGMT 91 study)

Meta-analysis. For the comparison of ASCT with either
AlloBMT or chemotherapy, we performed a meta-analysis of the results of
the three protocols. The comparison of ASCT with AlloBMT was possible
in the three protocols, but ASCT could be compared with chemotherapy
only in the BGM 84 and BGMT 87 studies. As shown on Figures 4 and 5,
the S-year DFS after ASCT was significantly lower than after AlloBMT
(41.9£10.8% versus 58.3+12.6%; p = 0.04) and did not differ significantly
from that found after chemotherapy (45.8+15.2% versus 32.3+12.7;
p=0.14). The actual results also showed a higher proportion of long-term
survivors after AlloBMT than after either ASCT or chemotherapy (Table

1).
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BGMT 84/87/91
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Figure 4. Disease-free survival of patients undergoing AlloBMT or ASCT (meta-
analysis of BGM 84, BGMT 87 and BGMT 91 studies)
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Figure 5. Disease-free survival of patients undergoing ASCT or chemotherapy
(meta-analysis of BGM 84 and BGMT 87 studies)

DISCUSSION

The results of ASCT that we report in these consecutlve studies
did not differ significantly for those published elsewhere. > We did not find
any significant difference in the DFS of patients treated with either ASCT
or chemotherapy. Similar results have been found in some studies but
were not confirmed in other prospectlve studies showing a s1gn1ﬁcant
advantage of ASCT over chemotherapy ® Thus, this question remains
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controversial and further prospective studies are needed to better assess the
place of ASCT in the treatment of adult AML. Prospective studies are also
needed to explore the role of bone marrow purging.

Very few prospective studies have compared AlloBMT and
ASCT. Our results suggest that AlloBMT is superior to ASCT to increase
the proportion of long-term survivors. That was confirmed in other
prospective studies.’ Moreover, AlloBMT seems to be more cost-effective
than ASCT in AML patients.8 Thus, we feel that ASCT could be discussed
when AlloBMT is not feasible.
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AUTOLOGOUS BONE MARROW TRANSPLANTATION FOR
ACUTE LEUKEMIA. THE STATUS IN 1994

N. C. Gorin

Bone Marrow Transplant Unit and Acute Leukemia Working Party of the
Eruopean Cooperative Group for Bone Marrow Transplantation (EBMT),
Hopital St. Antoine, Paris, France

INTRODUCTION

In the past 5 years, a considerable amount of information has
become available in the field of autologous bone marrow transplantation
(ABMT) for acute leukemia (AL). ABMT has been shown to be
associated with a high rate of leukemia-free survival (LFS) in patients with
acute myelocytic leukemia (AML) both in first (CR) and second (CR2)
complete remission. Despite the absence of randomized studies, the
amount of data in favor of marrow purging with cyclophosphamide
derivatives (4 hydroperoxycyclophosphamide and mafosfamide) has been
such that we, in Paris, now consider the infusion of unpurged marrow in
AML, apart from a randomized study, as unethical. Results of ABMT in
ALL presently do not reach the level achieved in AML and reports from
various institutions remain controversial. Arguments in favor of purging
in ALL do exist but they are less convincing than in AML. The suggestion
however is that, while purging may be just as needed in ALL as in AML,
present purging tools are not effective enough in ALL and tumor
resistance in the body to the pretransplant regimen (which leads to a
persisting high rate of relapse) precludes an accurate evaluation of its role,
and possibly masks any potential efficacy.

Meanwhile, reports from the EBMT registry and results of the
EORTC AML-8 study have given indications of the comparative roles of
allogeneic BMT, ABMT and conventional chemotherapy (CT). Globally,
allogeneic BMT, which remains restricted to patients with an HLA-
identical sibling donor, is associated with a lower relapse rate, a higher
transplant related mortality and a higher LFS than ABMT. Both
allogeneic BMT and ABMT give superior LFS as compared to CT in
AML. This information is summarized below.
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Overall Review of ABMT in Acute Leukemia

We reviewed information published on ABMT in AL. Tables 1, 2,
3, and 4 summarize the LFS reported in AML CR1 with purged marrow
(Table 1), with unpurged marrow for adults (Table 2) and children (Table
3) and the LFS reported in AML CR2 (Table 4). Table 5 lists the
arguments in favor of marrow purging for AML and Table 6 details the
role of mafosfamide when used in vitro. This role goes far beyond a mere
tumor cytotoxic effect. Table 7 is a compendium of the results of ABMT
in both AML and ALL, as estimated from individual centers and analyzed
on the EBMT data base. Table 8 lists some data suggesting that purging
may be effective, although not established in ALL.

A Ten-Year Single Institution Experience of ABMT with Marrow
Purged by Mafosfamide. Report of the Paris St. Antoine Team

We analyzed the data from 125 consecutive AL adult patients we
autografted with a marrow purged by mafosfamide (ASTA Z) during the
period of January, 1983 to January, 1993. The median follow-up was 64
months (range: 3-126). There were 84 AML and 41 ALL. At time of
ABMT, 64 AML were in CR1 and 20 in CR2; 35 ALL were in CR1 and 6
in CR2. The median age of the patients was 33 years (16-55). The median
interval between achieving CR and autografting was 5 months (1.3-23).
The pretransplant regimen consisted of cyclophosphamide (120 mg/kg)
and total body irradiation (TBI). All patients were grafted with autologous
marrow treated in vitro with mafosfamide used at levels individually
adjusted (AD) in 95 patients and at a standard dose (SD) in 30 patients.
The initial richness in granulomacrophagic progenitors (CFU-GM1) of the
harvested marrows was 5.16 x 104 CFU-GM/kg (0.55-33). Following
mafosfamide purging the residual CFU-GM number (CFU-GM2) was
0.021 x 10%/kg (0-1.78). Thirty-three patients were grafted with marrows
containing no detectable residual CFU-GM.

RESULTS

Outcome
For AML: leukemia-free survival (LFS): 58+7%, relapse
incidence (RI): 25+6% at 8 years, in CR1. LFS: 34+11%, RI 48+12% in
CR2 at 5 years. Transplant related mortality (TRM): 25+6%.
For ALL: LFS: 57+8%, RI: 37+8% and TRM: 10+5% at 8
years.
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There was no statistical difference when comparing the survival
curves for AML and ALL (LFS: p=0.63, RI: p=0.72, TRM: p=0.19).
However, the incidence of late relapses (i.e. >1 year posttransplant) was
significantly higher for ALL: 24+8% vs 4+3% (p=0.004).

Toxicity

Twenty patients died from toxicity: 16 out of 84 AML and 4 out
of 41 ALL. Patients receiving marrow containing no detectable CFU-GM
behaved as the global population.

Engraftment.  the median days of engraftment were: for
neutrophils (PN >0.5 x 1091): 30 days (D) (12-153) for AML and 20 D
(13-136) for ALL (p=0.0004); for platelets (plt >50x10%1): 90 D (19-850)
for AML and 37 D (15-120) for ALL (p=0.003). The probability of
engraftment was significantly higher in ALL (p<10-3) for both neutrophils
and platelets.

By multivariate analysis, 4 factors were found to favorably
influence engraftment, in addition to a diagnosis of ALL: a younger age,
ABMT performed in CR1, the AD technique of purging and a shorter
interval from CR to ABMT (Table 9).

Figures 1 and 2 compare the kinetics of engraftment for
neutrophils (Fig. 1) and platelets (Fig. 2), according to whether the marrow
was purged with mafosfamide at doses individually adjusted or at a
constant dose. The analysis shows that patients engrafted with marrow
purged at the constant dose have a considerably higher probability to
engraft more slowly than those receiving marrow purged at a variable
dose. This however did not translate into a better outcome in terms of
better LFS and lower TRM, probably due to good patient care. However,
the slow kinetics of engraftment of AML patients is a matter of concern
since it has direct implications on the total duration of hospitalization and
the overall cost of the procedure. We consider that it is of considerable
practical clinical interest to try to identify prognostic factors for rapid
engraftment. In this respect, the present study favors younger patients,
ABMT in CR1 and purging at levels individually adjusted. AML patients
with these 3 characteristics would have an RR of 3.3 for quicker
engraftment on PN and 5 for quicker engraftment on platelets. Two
factors were correlated with a better outcome:

1. The LFS was higher (p=0.04) and the TRM was lower (p=0.003)

in patients who received richer marrow (Fig. 3).
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2. The RI was lower in patients autografted within 150 days from CR

(p=0.03).

Our experience initiated in January, 1983, takes advantage of
being one with the longest existing follow-up. We conclude first on
clinical grounds that ABMT with marrow purged by mafosfamide indeed
is feasible for both AML and ALL in a large fraction of patients and is a
therapeutic approach associated with a high LFS. The results of
multivariate analyses has led us to collect as much marrow as feasible, and
do ABMT preferentially in CR1. Research programs in our institution are
presently aiming at speeding up engraftment in AML either with the use of
agents protecting normal stem cells in vitro during purging or with
cytokines administered in vivo posttransplant (Table 10).

Comparative Evaluation of Allogeneic and Autologous BMT:
EBMT Analyses

The EBMT has recently analyzed retrospectively the data from
1696 patients with AML transplanted in Europe from 1987 to 1992. One
thousand one hundred fourteen adult patients were transplanted in CR1;
598 received an autograft and 516 an allograftt The TRM was
significantly higher following allo-BMT (27% vs 13%, p<10-4); the LFS
was higher following ABMT (52% vs 42%, p=0.006). Two hundred
eighty-eight adult patients were transplanted in CR2. In these patients, the
LFS was 39% and 30% respectively for allo-BMT and ABMT, but this
difference was not statistically significant. Finally, when comparing 113
children autografted to 129 allografted in CRI, the LFS was better
following allogeneic BMT: 68% vs 47% (p=0.002). Results are detailed
in Tables 11 (adult AML CR1), 12 (adult AML CR2) and 13 (childhood
AML CR1).

The EBMT database for the same analyses in ALL consisted of
1336 patients: 850 adult and 486 children. The group of adult patients
contained 326 allografts in CR1 vs 300 ABMT, 108 allografts in CR2 vs
116 ABMT. Seventy-nine children were allografted and 52 autografted in
CR1, 174 were allografted and 181 autografted in CR2. The analyses
focused on those who received TBI as a pretransplant regimen since the
use of TBI in ALL was consistently associated with better outcome.
Results are shown in Tables 14 (adult ALL CR1), 15 (adult ALL CR2) and
16 (childhood ALL CR2). In adults, the TRM was significantly lower
after ABMT in CRI and CR2 and the relapse incidence significantly
higher after ABMT in CR1. The LFS was not significantly different after
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ABMT or allogeneic BMT although the trend was in favor of allogeneic
BMT in CR1 (47+£3% vs 40+4%, p=0.06). In children in CR2, the TRM
was small following either ABMT or allogeneic BMT; the relapse
incidence was significantly higher after ABMT (60+5% vs 32+5%,p<10-)
and as a consequence, the LFS was significantly higher after allogeneic
BMT (54+4% vs 36+4%, p=0.003).

Finally, we investigated the occurrence of late events (beyond 2
years) in patients with acute leukemia who received an allogeneic BMT
(n=1059) or an ABMT (n=656) in Europe during the period from January
1979 to December 1990. Patients with no recurrence of leukemia at 2
years had an overall 82% chance of being alive in complete remission at 9
years following transplantation regardless of the nature of the leukemia,
the status at transplant and the type of transplant. The incidence of late
relapses continuously decreased with time. The latest relapses in AML
were observed following BMT at 6.6 years in a patient transplanted in
CR1 and at 3.7 years in a patient transplanted in CR2, and following
ABMT at 6 years and 5.1 years respectively. The latest relapses in ALL
were observed following BMT at 4 years in a patient transplanted in CR1
and 6.8 years in a patient transplanted in CR2, and following ABMT at 5.3
years and 4.5 years respectively.

Several factors predictive for late relapses or deaths were
identified. Patients allografted experienced a lower frequency of late
relapses than patients autografted. Consequently, LFS and survival were
better after allogeneic BMT for ALL, but a similar effect was not
detectable in AML due to a parallel increase in the procedure related
mortality. Of the numberous other prognostic factors studied, the female
sex in AML, the use of TBI in ALL and the status in CR1 rather than CR2-
3 for both ALL and AML allografted were correlated with a lower relapse
incidence. The use of TBI in ALL was also associated with a better LFS
and survival. The absence of acute GVHD in allografted AML correlated
with a better LFS and a better survival, but had no influence on the relapse
incidence. This study indicates that patients alive and well at 2 years
posttransplant have a very high probability of being cured, but the
possibility of a late relapse still remains. Fig. 4 (AML) and Fig. 5 (ALL)
indicate the LFS and relapse incidence in patients autografted who are
alive and well at 2 years posttransplant.
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CONCLUSION

ABMT now is part of the routine strategy for treatment of acute
leukemias, however, several problems remain: the need for better purging,
essentially in ALL, and the need for an improved engraftment, essentially
in AML. Marrow protection against mafosfamide such as provided by
etiofos is one direction of research we follow. The use of cytokines post-
ABMT, including long-term G-CSF or GM-CSF in an effort to boost the
normal myeloid compartment and possibly depress the leukemic clone is
one other direction of interest, especially in ALL. Other ways to better
control minimal residual disease consist of the use of interleukin-2 or
linomide posttransplant. Interesting results have been obtained with
maintenance chemotherapy post-ABMT for ALL CR1.

REFERENCES

1. LaPorte JPh, Douay L, Lopez M, et al: 125 adult patients with primary acute
leukemia autografted with marrow purged by mafosfamide, a 10 year single
institution experience. Blood (in press, 1994).

2. Frassoni F, Labopin M, Gluckman E, et al. on behalf of the Acute Leukemia
Working Party of the European Group for Bone Marrow Transplantation
(EBMT): Are patients with acute leukaemia, alive and well 2 years post-bone
marrow transplantation cured? A European survey. Leukemia 8(6):924-928,
1994,

3. Frassoni F, Labopin M, Gluckman E, et al: Results of allogeneic bone
marrow transplantation for acute leukemia have improved over time in
Europe. A report of the Acute Leukemia Working Party of the European
Group for Bone Marrow Transplantation (EBMT), submitted, 1994.

4. Mandelli F, Labopin M, Granena A, et al: European survey of bone marrow
transplantation in acute promyelocytic leukemia (M3). Bone Marrow
Transplant 14:293-298, 1994,

5. Douay L, Hu C, Giarratana MC, et al: WR 2721 (Etiofos) protects normal
progenitor stem cells from cyclophosphamide derivative toxicity, with
preservation of their antileukemic effects: Application to in vitro marrow
purging. In: The Negative Regulation of Hematopoiesis, M. Guigon et al
(eds), Colloque INSERM, 1993, 229, 469-476.

6. Gorin NC: High dose therapy in AML. In: High Dose Cancer Therapy,
Armitage J and Antman K (eds), 1994, second edition, in press.

7. Grande M, Barbu V, Van Den Akker J, et al: Autologous bone marrow
transplantation in ALL: Relapse linked to infusion of tumor cells with the
back up marrow. A case report. Bone Marrow Transplant (in press, 1994).



10.

11.

12.

13.

14.

33

Gorin NC, Douay L, LaPorte JPh, et al: Autologous bone marrow
transplantation using marrow incubated with Asta Z-7557 in adult acute
leukemia. Blood 67:1367-1376, 1986.

Lopez M, Dupuy-Montbrun MC, Douay L, et al: Standardization and
characterization of the procedure for in vitro treatment of human bone marrow
with cyclophosphamide derivatives. Clin Lab Haematol 7:327-334, 1985.
Douay L, Mary JY, Giarratana MC, et al: Establishment of a reliable
experimental procedure for bone marrow purging with mafosfamide (Asta Z-
7557). Exp Hematol 17:429-432, 1989.

Gorin NC, Herzig G, Bull MI, Graw RC: Long-term preservation of bone
marrow and stem cell pool in dogs. Blood 51:257-265, 1978.

Gorin NC: Collection, manipulation and freezing of hemopoietic stem cells.
Clin Hematol 15:19-48, 1986.

Douay L, LaPorte JPh, Mary JY, et al: Differences in kinetics of
hematopoietic reconstitution between ALL and ANLL after autologous bone
marrow transplantation with marrow treated in vitro with mafosfamide (Asta
Z-7557). Bone Marrow Transplant 2:33-43, 1987.

Gorin NC, Labopin M, Meloni G, et al: Autologous bone marrow
transplantation for acute myeloblastic leukemia in Europe: Further evidence
of the role of marrow purging by mafosfamide. Leukemia 5(10):896-904,
1991.

Table 1. Results of ABMT with Purged Marrow in AML CR1

Group No. of Pretransplant LFS %

Patients Regimen

St. Antoine, Paris 64 CY-TBI 58
Heidelberg 35 CY-TBI 58
Parma 20 CY-TBI 69
Manchester 30 CY-TBI 78
Atlanta 27 various 63
Baltimore 48 BU-CY 38
ECOG 39 BU-CY 54
Stanford 34 BU-E 57
San Francisco 35 BU-E 79

TOTAL/MEDIAN 332 ~58

NO LATE RELAPSE
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Table 2. Results of ABMT with Unpurged Marrow in

Adult AML CR1
Group No. of Pretransplant LFS %
Patients Regimen
UCH-London 82 CT 48
Glasgow 73 CY-TBI 44
Barcelona 24 CY-TBI 48
Genoa 55 CY-TBI 49
Belgium 33 + ARA-C 31
Roma 101 CY-TBI/BAVC 41
Stanford 34 BU-E 32
TOTAL/MEDIAN 402 ~45
EBMT 598 various 42
Table 3. Results of ABMT with Unpurged Marrow in

Childhood AML CR1

Group No. of Pretransplant LFS %
Patients Regimen
Parkville-Australia 25 HDM 68
EBMT 49 CY-TBI 63
EBMT 37 various 42
TOTAL/MEDIAN 111 ~63
Table 4. Results of ABMT in AML CR2
PURGED MARROW

Group No. of Pretransplant LFS %

Patients Regimen
St. Antoine, Paris 20 CY-TBI 34
Heidelberg 30 CY-TBI 34
Atlanta 28 various 39
Baltimore 82 BU-CY 38
Pittsburgh 27 BU-CY 48
San Francisco 21 BU-E 52
TOTAL/MEDIAN 208 ~35

UNPURGED MARROW

Roma 31 BAVC 56
Barcelona 18 CY-TBI 28
EBMT 190 aduits various 30

35 children various 40




Table 5. Evidence in Favor of Purging in ABMT for AML.
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BNML rat model (Sharkis 1980, Wiley 1991).
The characteristics of the purged graft predict outcome
Better LFS for:
residual CFU-GM <1% (Rowley 1989)
CR LPC sensitive to 4 HC (Miller 1991)
o  EBMT surveys (Gorin 1990, 1991)
Better LFS with purged marrow
slow remitters
early transplants
¢  Gene marking in: AML (Brenner 1993)
CML (Deisseroth 1994)

Table 6. The Role of Mafosfamide in Marrow Treatment.

Direct cytotoxic effect on committed progenitor cells

Induction of apoptosis in human AML, enhancement by IL.3, IL6
(Bullock 1993)

Increase of NK cell population and activity in mice following mafosfamide
ABMT (Skorski, 1988)

In lymphocytes of normal volunteers cultured in vitro with 4HC
(Sharma, 1984)

In patients autografted for:

AML

NHL

but not ALL (Carlo-Stella, 1994)

Table 7. ABMT for Acute Leukemia.
Compendium of results from Individual Teams and EBMT

Disease/Status LFS # RI#
AML CR1

purged 58 25

unpurged 45 45
AML CR2 35 55
ALL CRI1 (adults) 40 55
ALL CR2

children 40 60

adults 30 65
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Table 8. Data Suggesting an Efficacy of Purging in ABMT for ALL.

e BCL I mouse model.
Correlation of the number of LPC infused to the outcome

Simmonson 1989
Uckun, Kersey 1990, 1992

e EBMT survey
possible efficacy in early remitters, i.e. chemosensitive disease
unpublished 1992

e Occasional observations
Grande, Gorin 1994

e  Effective marrow purging in NHL (BCL2-PCR) predicts favorable outcome
Gribben, Nadler 1991

Table 9. Factors Influencing Engraftment Multivariate Analyses*
125 adult patients with primary acute leukemia autografted with
marrow purged by mafosfamide at hopital St. Antoine

Factor Neutrophils Platelets

RR* * p RR* * p
Patient age >33 y 04 0.0001 0.38 0.003
Purging with 2.16 0.002 223 0.012

mafosfamide at
adjusted levels

Transplant in CR2 0.53 0.02 0.44 0.014
Interval from CR to 0.65 0.048 0.61 0.044
ABMT >5 months

* Stratified at diagnosis.

**Relative risk for probability of engrafiment.

Higher doses of marrow in CFU-GM/kg pre-purging tended to be associated with
Jfaster neutrophil engrafiment (p=0.06).

Table 10. ABMT in Acute Leukemia: Future Programs.
Hopital Saint-Antoine, Paris

e  Protection of normal stem cells during in vifro purging
- Etiofos
- Acetyl S-DKP
* Positive selection of normal progenitors
CD34 +Lin- Thy 1 + 10
e Cytokines postABMT
To accelerate engraftment
To control MRD




Table 11. Allogeneic Versus Autologous BMT in Adults with
AML CR1: 4 Years Results
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LFS RI TRM

Autologous BMT 42 + 3% 52 + 3% 13 + 2%
N =998

Allogeneic BMT 55+3% 25 +3% 27 +2%
N=516

p. Univariate 0.006 <10* <10

p. Multivariate 0.006 <10 <10™

Table 12. Allogeneic Versus Autologous BMT in Adults with
AML CR2: 4 Years Results

LFS RI TRM
Autologous BMT 30 +4% 63 +5% 20+ 3%
N=190
Aliogeneic BMT 39+7% 42 + 8% 32+5%
N =98
p. Univariate 0.22 0.001 0.02
p. Multivariate NS 0.0002 0.004

Table 13. Allogeneic Versus Autologous BMT in
Childhood AML CR1: 4 Years Results

LFS RI TRM
Autologous BMT 47 + 6% 48 + 6% 8+4%
Allogeneic BMT 68 + 5% 25+5% 9+3%
p. Univariate 0.0014 10" 0.56
p. Multivariate 0.005 0.0008 NS

Table 14. Allogeneic Versus Autologous BMT Following TBI in
Adults with ALL CR1: 4 Years Results

LFS RI TRM
Autologous BMT 40 +4% 55 +4% 11+3%
Allogeneic BMT 47 +3% 35+4% 27 +3%
p. Univariate 0.19 <10™ <10’

p. Multivariate NS (0.06) <10™* <10
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Table 15. Allogeneic Versus Autologous BMT Following TBI in
Adult Patients with ALL CR2: 4 Years Results

LFS RI TRM
Autologous BMT 30+ 6% 64 + 7% 16 + 7%
Allogeneic BMT 25+ 6% 52+ 8% 48 + 8%
p- Univariate 0.30 0.17 0.0002
p. Multivariate NS NS 0.0002

Table 16. Allogeneic Versus Autologous BMT Following TBI in
Childhood ALL CR2: 4 Years Results

LFS RI TRM
Autologous BMT 36 +4% 60 + 5% 11 +3%
Allogeneic BMT 54+ 4% 32+5% 21 + 4%
p. Univariate 0.003 <10™ 0.09

p. Multivariate 0.003 =10" NS
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THE RECIPE FOR SUCCESSFUL
ABMT IN ACUTE LEUKEMIA

Optimal in vivo purging
- Several consolidation courses
- Boost radiotherapy

Optimal in vitro purging

Optimal pretransplant regimen
eg. High dose TBI for ALL

Optimal timing: in CR
AND ...

BELIEVE IN IT !!!
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AUTOTRANSPLANTS FOR ACUTE MYELOGENOUS
LEUKEMIA IN NORTH AMERICA

P.A. Rowlings, A. Keating, M. M. Horowitz, M. J. Zhang,
J. O. Armitage, K. A. Sobocinski

For the Acute Myeloid Leukemia Working Committee of the North
American Autologous Bone Marrow T ransplant Registry
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High-dose chemotherapy and/or radiotherapy followed by an
allogeneic bone marrow transplant, usually from an HLA-identical sibling,
is an effective and established treatment for acute myelogenous leukemia.
However, only one-third of otherwise eligible patients have such an HLA-
identical sibling donor. Therefore, there is considerable interest in
autologous transplants, where patients’ own stem cells are used for
hematopoietic support after high-dose therapy.l'

Controversies exist regarding who is most likely to benefit, the
optimal timing and the most effective preparative regimens for
autotransplants.  Although the randomized clinical trial is generally
accepted as the best way of assessing new treatments™, there are few
randomized studies in bone marrow transplantation. Most published data
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on the use of autotransplants comes from phase I and II trials in small
series of patients and the medical literature gives conflicting information.
The cost and logistic difficulties of conducting randomized clinical trials
and the limitations of small single center studies provide an impetus to
explore alternative methods of evaluatmg new treatments, especially for
preliminary stages of investigation. 1% Data from consecutive series of
patients treated in multiple centers, accumulated in an observational
database, as has been developed and maintained by the International Bone
Marrow Transplant Registry (IBMTR) and the Autologous Blood and
Marrow Transplant Registry of North America (ABMTR) are ideal for this
purpose. Participation of many centers in an observational database is
easier to achieve than multicenter trials since it does not require adherence
to a common protocol, only agreement to report all patients.

The ABMTR was founded in 1990 by a group of clinical
investigators in response to the rapid increase in autotransplants in North
America. It was modeled after the IBMTR which has successfully
collected and analyzed data on allogeneic bone marrow transplants since
1972.  One hundred and twenty institutions in North America have
contributed data for over 11,000 patients receiving autotransplants since
1989. The ABMTR is governed by an Advisory Board of 31 distinguished
scientists. Data collection by the ABMTR occurs at two levels. First,
participating institutions register each consecutive autotransplant,
providing core disease, treatment and outcome information. Registration
allows the ABMTR to monitor trends in autotransplant use and outcomes,
and select patients for clinical studies. The second level of data collection
is submission of detailed report forms for patients in specific studies.
Comprehensive reports are currently required for transplants for breast
cancer, lymphoma and acute leukemia. The data for the preliminary
analyses of autotransplants for acute myelogenous leukemia (AML)
(described below) was provided by 98 institutions, predominantly from
North America but also South America. Core data were analyzed for 1288
patients; more detailed data were available and analyzed for 697 patients
who received autotransplants between 1989 and 1993.

Over the past five years there was a dramatic increase in the
number of autotransplants performed in North America, This resulted
from increasing use of autotransplants to treat breast cancer and non-
Hodgkin’s lymphoma. The annual number of autotransplants for AML,
reported to the ABMTR, remained relatively constant during this time,
about 250 per year. Most autotransplants for AML were done in first
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remission. The median age of autotransplant recipients was 32 years
(range 1 to 75).

Transplant-related mortality (TRM) was about 15% and did not
change between 1989 to 1992. The risk of TRM was approximately 15%
after transplants in first remission (N=432), 17% in second remission
(N=175), and 20% in other disease states (N=90). These differences were
not statistically significant. The probability of relapse at three years was
about 35% for patients receiving autotransplants in first remission, 60% in
second remission, and 75% in other disease states. The three-year
probability of leukemia-free survival (LFS) was about 55% after
transplants in first remission, 40% in second remission, and 20% in other
disease states. These differences in relapse and LFS are highly statistically
significant.

CONCLUSION

Despite widespread increase in application of autotransplant
technology for other diseases, numbers performed for AML have remained
relatively constant over the last five years. Data collected by the ABMTR
will allow investigation of potentially important prognostic and treatment
variables affecting outcome of autotransplants. Comparisons will be made
with other therapies for AML such as allogeneic bone marrow
transplantation. This will be achieved by comparing patients reported to
the ABMTR with those from the IBMTR database transplanted over
concurrent time periods and adjusting for significant prognostic factors.
Although randomized controlled trials remain the gold standard for
assessing therapies, registries such as the ABMTR and IBMTR are being
increasingl?/ recognized as essential resources in evaluating transplant
strategies.1
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RESULTS OF CHEMOTHERAPY WITHOUT TRANSPLANT IN
AML IN SECOND CR AT M.D. ANDERSON CANCER CENTER

E.H. Estey, M.B. Rios

From the Department of Hematology, University of Texas M.D. Anderson
Cancer Center, Houston, TX 77030

The purpose of this manuscript is to describe M.D. Anderson’s experience
in AML patients who in second remission (CR) received chemotherapy
without bone marrow transplantation. This describes the great majority of
AML second CR patients at M.D. Anderson. Thus, between 1980 and
1993 chemotherapy without transplant produced second CRs in 195 AML
patients. One hundred sixty-five of these (85%) continued to receive
chemotherapy only, 15 received an autologous transplant, and 15 received
an allogeneic transplant. The chemotherapies used in the 165 patients
were variable, as was the duration of continued therapy in second CR. It
would be fair to say however that the great majority of the 165 received
ara-C in either high- or intermediate-dose and that the duration of therapy
was generally between 6-12 months.

Characteristics of the 165 patients are shown in Table 1. Their
low median age and long first CR duration (relative to that of all first
relapse AML patients at our hospital) reflects the assoc1at10n of age or
duration of first CR and probability of achieving a second CR.! Similarly,
the relatively high frequency of inv(16), (8;21), or t(15;17), and the
relatively low frequency of -5 and/or -7 or +8 is a result of the association
between initial cytogenetic pattern and probability of second CR.

Table 1. Characteristics of chemotherapy patients

Patients 165

Median age 45

Median weeks first CR 60
Inv(16) or t(8;21), or t(15;17) 27%
Normal 42%

-5/-7 1%

+8 2%
Other 17%

Insufficient for analysis 10%
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One hundred twenty-nine of the 165 patients given chemotherapy
without a transplant in second, chemotherapy induced CR have had
recurrence of AML. Kaplan-Meier analysis indicates that disease will
recur in 50% of the patients by 26 weeks. At one year the probability of
remaining in CR is .25+.04(SEM) and at two years the probability is
.15+.03. When results are plotted on a logarithmic rather than a linear
scale, it appears that there is a constant relapse rate such that by 2-1/2
years the probability of continued CR is essentially zero. This constant
relagse rate is very different from what one sees in AML patients in first
CR” Among 692 of the latter, the relapse rate appeared to slow
substantially after two years in CR.

Are there second CR patients who have a better prognosis than the
average for all 165 patients described above? We looked at two possible
prognostic characteristics: Cytogenetics and duration of first CR. Patients
were divided into 3 cytogenetic groups, using the karyotype found at initial
presentation. In one group were 45 patients with either inv(16), t(8;21), or
t(15;17), in the second were 69 patients with a normal karyotype, and in
the third were 51 patients with other karyotypes. While there was some
tendency for the first group to do better than the second or third, this was
not pronounced and there was no difference between the second or third,
(log rank observed/expected values were 0.79, 1.17, and 1.04 respectively)
and the log rank p-value for the comparison between the three groups was
0.19. The prognostic insignificance of cytogenetics in second CR patients
given chemotherapy of course contrasts starkly with what one sees in first
CR.> This clearly indicates not only the heterogeneity to be found within
any general prognostic group (e.g., patients with a given karyotype) but
illustrates the need both to determine over what time period any prognostic
characteristic is operative and to identify new posttreatment prognostic
characteristics. It is possible that cytogenetic pattern might have been
prognostically significant if we had available cytogenetic data at time of
the first relapse. However, to date, analysis suggests that cytogenetic
pattern at first relapse adds little information to that obtained from initial
cytogenetics in predicting probability of second CR.*

In contrast to cytogenetics, duration of first CR was strongly
correlated with duration of second CR. Patients with first remissions
under 27 weeks had shorter second CRs than patients with first remissions
27-52 weeks who in turn had shorter second CRs than patients with first
remissions 53-104 weeks who had shorter second CRs than patients with
first remissions in excess of 2 years. It is possible that the relationship
between probability of second CR and duration of first CR is monotonic.



55

Certainly it is more than binary [>1 year vs <1 year] and this is important
because, for example, the IBMTR is considering duration of first CR only
as a binary variable in their comparison of chemotherapy vs transplant in
second CR. Plotting on a log scale indicates that only in patients in second
CR after a first CR lasting over 2 years does the rate of relapse decrease
with time. In this respect, these second CR patients are similar to the
average first CR patient. Frequently, a second CR that lasts longer than a
first CR is taken as evidence of the superiority of transplantation over
chemotherapy alone (“inversion™). It was thus interesting to note that in
seven patients, duration of second CR after chemotherapy was longer than
duration of first CR after chemotherapy. Clearly, then an“inversion” can
be a result of a “poor” treatment applied in first CR as well as a “good”
treatment applied in second CR.

Because only 8% of our 195 second CR patients received an
allogeneic transplantation and only 8% received an autologous transplant,
formal regression analysis comparing these modalities with chemotherapy
in second CR would be difficult. Rather, we attempted to match each
patient who received an allogeneic transplant in second CR with two
patients who only received chemotherapy in second CR. Two criteria
were used for matching. First, the chemotherapy patient had to be alive in
CR when his/her match was transplanted. It should be pointed out that no
attempt was made however to determine how close the chemotherapy
patient was to relapse at that time although we considered the possibility of
requiring the chemotherapy patient to be in CR for X + weeks where X is
the time from second CR when the transplant patient was transplanted.
Second, the chemotherapy patients and the transplant patient had to have
the same or very close to the same first CR duration since this was clearly
related, perhaps as noted above, in monotonic fashion to duration of
second CR. Results of the analysis are shown in Table 2 and summarized
in Table 3. Note the endpoint was survival in CR. Table 3 indicates that
when one compares results in the transplant patients with the first set of
chemotherapy matches, the transplanted patients had longer DFS in 11
cases, the chemotherapy patients had longer DFS in 1 patient, there were 2
cases in which DFS was the same, and in 1 case the results are as yet
indeterminate (25 + weeks DFS for the chemotherapy patient, 46 weeks
for the transplant patient). Using McNemer’s test, the results were
superior in the transplanted patients at p=.006. However, when the
transplanted patients were compared with the second set of chemotherapy
matches there was no statistical differences (p=.77). As might be expected
then, when the results in the two sets of chemotherapy patients were
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compared, the first chemotherapy group had longer DFS than the second
in 11 of 15 cases (p=.12 with however a power of only 0.42)! This
suggests that the variation in outcome in chemotherapy patients matched
for duration of first CR was so great as to confound our chemotherapy-
transplant comparison.

Table 2. DFS in Second CR for Fifteen Patients Given Allografts
in Second CR With Each Matched With Two Chemotherapy Patients

Weeks 1st CR Weeks Survival in 2nd CR
Trans Pt Trans Pt Chemo Trans Pt Chemo
Matches Matches
1 62 63,63 19 6,30
2 121 120,120 8 6,32
3 64 65,65 9 18,44
4 30 30,30 11 11,10
5 43 43,44 14 4,121
6 33 33,34 16 8,16
7 4 4.4 17 8,21
8 36 35,36 18 18,5
9 28 28,27 19 7,10
10 6 5,8 25+ 46,14
11 30 30,30 30 26,18
12 203 206,218 45+ 34,252
13 30 30,30 70+ 11,234+
14 73 72,75 471+ 24,49
15 31 34,39 500+ 20,36

Table 3. Summary of Analysis in Table 2.

Trans Pt vs 1st Chemo Pt Trans Pt vs 2nd 1st Chemo Pt vs 2nd

Chemo Pt Chemo Pt
Chemo wins 1 5 4 (chemo 1 wins)
Trans wins 11 7 11 (chemo 2 wins)
TIE 2 1 0
Indeterminate 1 2 0
p=.006 p=77 p=.12%°

? McNemer’s test
b Power = 42
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In summary, our analysis of 195 patients in second CR at M.D.
Anderson showed: 1) that the median remission duration in the 165 of 195
patients given only chemotherapy is 26 weeks; 2) that only in second CR
patients whose first CR lasted over 2 years may be a decreasing relapse
rate with time; these constituted 20% of the 165 patients; 3) that duration
of first CR may be monotonically related to duration of second CR
confounding analyses that regard duration of first CR only as a binary
variable, and 4) that pretreatment cytogenetics is not related to duration of
second CR.
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SUMMARY

Since 1984, BAVC (BCNU, Amsacrine, Vepesid, Citosine-
Arabinoside) has been utilized as a conditioning regimen for AML patients
autografted in second CR. We have previously reported our results on 21
cases, showing a DFS probability of 52% at 63 months. So far, a total of
60 patients (31 males, median age 29 years, ranging from 1 to 54) have
been treated and DFS probability is 41% projected at ~10 years.

Concerning characteristics of the 60 patients, the median duration
of first CR was 14 months (range 1-43) and median time from second CR
to graft was 2 months. Marrow was collected from most of the patients in
second CR, at the time of transplant. No in vitro purging was utilized.
Second remission was generally reinduced with a schema including
intermediate- or high-dose Ara-C. From 1990, all-fransretinoic acid was
utilized as induction treatment in 13 patients with promyelocytic leukemia.

The BAVC regimen was well tolerated: 3 patients (5%) died
during aplasia (1 from myocardial infarction, 2 from fungal infection). In
57 evaluable cases, the median time to recovery was 24 days for
neutrophils (range 11-64) and 38 days for platelets (range 13-225).

Relapse occurred in 29 patients after a median of 6 months from
transplant (range 2-28) and 28 patients are in CCR after a median follow
up of 53 months (range 1-116); CR duration was >3 years in 18 cases and
in 21 patients the second CR is longer than the first one.

These results confirm the antileukemic efficacy and the low
toxicity of the BAVC regimen, demonstrating the possibility of obtaining
long- term second remissions in AML patients after autografting with
unpurged marrow.
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INTRODUCTION

Despite advances in the treatment of acute leukemias obtained by
adding new drugs and utilizing a better supportive therapy, the prognosis
of Acute Myelogenous Leukemia (AML) after first relapse remains
unsatisfactory; chemotherapy does not offer a real probability of long-term
remissions and all eligible patients are considered for myelosuppressive
therapy w1th allogeneic or autologous bone marrow transplantation
(ABMT) Condltlonmg regimens utilized are generally the same as for
allogeneic BMT."? These aggressive preparative regimens are responsible
for considerable transplant-related toxicity mainly in heavily pretreated
patients.

This prompted us to evaluate the efficacy of an original
conditioning regimen, BAVC (BCNU, AMSA, VP-16, Ara-C), that seems
to have lower hematological and extra-medullary toxicity, but
antileukemic activity comparable with other conditioning regimens. We
report an update of our experience concerning a total of 60 patients
autografted in second CR utilizing this regimen.2

PATIENTS AND METHODS

Patients

From October 1984 to June 1994, 60 eligible consecutive patients
with AML in second CR without HLA compatible sibling entered this
study. Median age was 29 years (range 1-54), 31 were males. Median
duration of first CR was 14 months (range 1-43). All FAB subtypes have
been enrolled in the study. At relapse, the majority of patients received at
relapse high- or intermediate-dose Ara-C plus Mitoxantrone with or
without VP-16;3 as of 1990, all-frans retinoic acid has been utilized as
reinduction treatment in 13 patients with promyelocytic leukemia. Bone
marrow was harvested in all but 6 cases during second CR, immediately
before autograft, at a median of 2 months from achievement of second CR;
no purging techniques were employed. A median of 2x10° (range 0.4-4.5)
mononuclear cells (MNC) were collected. The techniques of marrow
collection, cryopreservation and reinfusion have been previously
described.”

The BAVC reglmen consisted of BCNU 800 mg/m given on day
-6, Amsacrine 150 mg/m Etoposide 150 mg/m Ara-C 300 mg/m given
on days -5, -4, -3. Colony stimulating factors were not employed during
aplasia. The results were analyzed as of June 30, 1994.
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Supportive Care

From 1984 to 1988, patients were nursed in a reverse isolation
single room; from 1989 onwards, patients were managed in a double room.
A central venous catheter (CVC) was placed in all patients for
chemotherapy, fluids and blood product administration. Cotrimoxazole,
norfloxacine, and recently, ciprofloxacin have been utilized as
prophylactic treatment. All patients started acyclovir IV 15 mg/kg/day
from day +1 for prevention of herpes virus infection. Broad spectrum
antibiotic therapy was instituted for fever >38° C when neutrophils <500
uL, IV amphotericin B was added after 72-96 hours in case of persistent
fever without documented bacterial etiology or suspected fungal infection.
All blood products were irradiated before infusion.

RESULTS

Recovery

Recovery is evaluable in 57/60 patients. The remaining 3 patients
died early during aplasia. The median time to obtain a neutrophil count
>500/pul was 24 days (range 11-64); a platelet count >50,000/ul was
reached after a median of 38 days (range 13-225).

All patients with promyelocytic leukemia treated in relapse with
all-trans retinoic acid reached recovery in intervals not different from the
others.

Toxicity

The conditioning regimen was well tolerated; nausea and vomiting
were common, particularly during BCNU administration. Various degrees
of mucositis occurred in the majority of cases and in 7 patients it was
greater than grade 2 according to the WHO classification.

Fever occurred in 43 patients and in all, broad spectrum antibiotic
treatment was started. In 27 cases a bacterial infection was documented.
Amphotericin B was given in 6 cases; in 4 of them, a fungal infection was
subsequently documented. Three patients died during aplasia, 2 from
fungal infection and 1 from myocardial infarction. Late complications
occurred in 2 patients who developed bilateral femoral head necrosis,
requiring surgery. Both are alive and well at 115 and 53 months after
transplant.
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Clinical Results
As of June 30, 1994, 28/57 evaluable patients are in continuous
CR after a median of 53 months from ABMT (range 1-116) and 29
patients relapsed after a median of 6 months (range 2-28). The second
remission is longer than the previous one in 21/28 cases and 18 patients
have been long-term survivors for over 36 months. The overall disease-
free survival is 41% projected at more than 9 years.
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Figure 1. Disease-free survival (DFS) of AML patients autografted in 2nd
CR-BAVC regimen.

Statistical Analysis

Univariate analysis did not show any influence on DFS of age
(<15 versus >15 years), sex, time to achieve first CR (<40 versus >40
days), first CR duration (<12 versus >12 months), time from second CR to
ABMT (<2 versus >2 months), number of reinfused cells or FAB subtype.
The influence of age, first CR duration, time from second CR to ABMT
and number of reinfused cells were also analyzed in a multivariate
proportional hazard model; the length of first CR showed a positive,
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statistically significant, influence on DFS (p=0.01), while a trend was
present in favor of pediatric patients (p=0.08).

DISCUSSION

We previously reported our results in 21 AML patients autografted
with unpurged marrow after conditioning with the BAVC regimen. The
probability of DFS was 52% projected at 60 months. The relatively small
number of patients and the short follow-up allowed only preliminary
conclusions concerning the antileukemic efficacy of our regimen.
Nevertheless, the protocol was associated with low toxicity: less than 5%
of transplant-related deaths in a heavily pretreated group of patients.5

Up to now, a total of 60 AML cases received autografts in second
CR after BAVC. The clinical results of our previous report are confirmed:
1) probability of DFS is 41% projected at ~10 years, with 18 patients who
are long-term survivors at >3 years and are potentially cured; 2) the
transplant-related toxicity is low, with 5% of early deaths; no life-
threatening side effects are observed in the long-term follow-up of these
patients.

Our BAVC regimen gives similar results in terms of antileukemic
efficacy as compared to other conditioning regimens but has fewer toxic
effects and, above all, allows for a better quality of life. Furthermore,
these results do not seem to be inferior to those obtained after allogeneic
BMT. Prospective randomized trials should be performed to verify the
efficacy of our BAVC regimen versus the more established regimens, but
may not be feasible because of potential difficulties in accruing sufficient
numbers of patients.
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AUTOLOGOUS BONE MARROW TRANSPLANT WITH 4-
HYDROPEROXYCYCLOPHOSPHAMIDE PURGING IN
PATIENTS WITH ACUTE MYELOGENOUS LEUKEMIA IN
SECOND COMPLETE REMISSION

.C.B. Miller and R.J. Jones

Bone Marrow Transplantation Program, Johns Hopkins Oncology Center,
Baltimore, MD

While chemotherapy offers the potential for cure in patients with
acute myelogenous leukemia (AML) in first complete remission, Zcure is
rare with chemotherapy in patients who have relapsed. Bone marrow
transplant offers the potential for cure in patients in first relapse or greater.
Allogeneic bone marrow transplant from a matched sibling has been the
treatment of choice in relapsed patients with AML in second remission if a
suitable donor is available.> Allogenelc bone marrow transplant offers the
advantage that a second rem1ss1on need not be obtained’ as well as the
graft-versus-leukemia effect.® Many patients do not have a suitable sibling
donor or are too old to undergo allogeneic bone marrow transplant.
Autologous bone marrow transplant is an option for patients without a
suitable donor.”” D1sadvantages of autologous bone marrow transplant is
the need for adequate marrow that is not contaminated with leukemia cells.
Different strategles have been used to decrease leukemia burden of
marrow graft We have used 4-hydroperoxycyclophosphamide (4HC),
a cyclophosphamide cogener, to purge marrows in patients with acute
myelogenous leukemia in second remission since completion of a phase
one trial.'”® Since 1983, 90 patients with AML in second complete
remission have been treated with autologous bone marrow transplant with
4HC purged marrow. Between 1983 and 1988, mononuclear cells
collected from a buffy coat preparation of marrow were treated with 100
micrograms/ml of 4HC. After 1988, in order to decrease variability of
4HC purging based on red blood cell contamination,”’ bone marrow cells
were ficolled to remove red blood cells and granulocytes prior to treatment
with 4HC at 60 micrograms/ml of nucleated marrow cells.

Patient characteristics of the 90 patients are in Table 1. Thirty
percent of the patients were considered high risk as defined by
chromosomal abnormalities other than t(8;21), t(15;17), or inverted 16,
white blood count greater than 100,000/mm at presentation, presence of
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extramedullary disease, secondary AML or preexisting myelodysplastic
syndrome, or failure to achieve a complete remission with initial
chemotherapy. The remaining patients were standard or good risk
patients. Median age was 22 years. Forty percent of the patients were
consolidated prior to harvest. In all cases, marrow was harvested during
second remission and myeloid growth factors were not used routinely. All
patients were prepared with busulfan (4 mg/kg/day orally for four days
followed by cyclophosphamide 50 mg/kg IV daily for 4 days).

Table 1. Patient Characteristics

Age
Median 22 years
Range 1-54 months
High risk at presentation
Yes 30%
No 70%
CR to BMT
Median 3 months
Range 1-9 months
Consolidation
Yes 40%
No 60%

Actuarial disease-free survival and risk of relapse for all patients at
10 years are shown in Figures 1 and 2. Median follow-up is 70 months
(range 6 to 135). Actuarial disease-free survival at 10 years is 30% with
an estimated relapse risk of 62%. Median time to relapse was 10 months
with only 1 patient relapsing after 2 years. There was a trend to improve
disease-free survival and risk of relapse in the patients who were treated
with ficolled marrow compared to buffy coat marrow with a 40% actuarial
disease-free survival (Figures 3 and 4, p=0.08). This improved survival is
possibly related to a more standard and slightly more potent actual
concentration of 4HC in the ficolled patients as the patient groups are
similar.
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When disease-free survival in the patient group treated with
autologous transplants was compared to patients treated with allogeneic
transplant from an HLA identical sibling during the same period, no
differences were seen (Figure 5). Risk of relapse was significantly higher
in the autologous patients compared to the allogeneic patients (Figure 6),
however, transplant related mortality (mainly graft-versus-host disease)
was higher with allogeneic transplant recipients.

Non-relapse mortality was 16% in the autologous transplant
patients. Cause of death in all autografted patients is shown in Table 2.
Median day of transplant related death was 25 days (range 8 to 272).
Sepsis early after transplant and venooclusive disease of the liver were the
most common causes of death.

Table 2. Cause of Death

BMT Day Cause of Death
24 CNS bleed
155 Sepsis, failure to engraft
13 Sepsis
17 Sepsis
9 Sepsis
24 Venooclusive disease of liver
24 Aspergillus
8 Sepsis
37 Sepsis
27 Venooclusive disease of liver
43 Venooclusive disease of liver
165 Interstitial pneumonia
25 Venooclusive disease of liver
272 Sepsis, failure to engraft

Day to neutrophil count greater than 500/mm’was 45 days (range
20 to greater than 272 days). While period of neutropenia was long, it did
not contribute to excess mortality as only two of the patients with
neutropenia lasting more than 50 days died of non-relapse mortality (sepsis
days 155 and 272). Platelet recovery was prolonged with only 30% of the
patients recovering platelet independence before day 50. Due to excellent
platelet support, despite prolonged thrombocytopenia, only one patient
died of hemorrhage.
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In summary, autologous bone marrow transplant with 4HC purged
marrow cures approximately 40% of patients autografted in CR2 using our
current protocol. While this is comparable to disease-free survival in
allografts, autologous bone marrow transplant requires marrow that is
harvested in remission (data not shown). Therefore, we are recommending
that patients with AML who are not candidates or who refuse bone marrow
transplant in first complete remission have marrow harvested and purged
with 4HC in first remission for use as salvage with subsequent relapse.
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MONOCLONAL ANTIBODY-MEDIATED APPROACHES TO
THERAPEUTICS IN ACUTE MYELOID LEUKEMIA: MARROW
PURGING FOR AUTOLOGOUS BONE MARROW
TRANSPLANTATION AND IN VIVO SEROTHERAPY

E. D. Ball, K. Selvaggi, L. Clark and J. Wilson

From the University of Pittsburgh School of Medicine, the Graduate
School of Public Health, and the Pittsburgh Cancer Institute, University of
Pittsburgh, Pittsburgh, PA

ABSTRACT

We are exploring several approaches to improving outcomes in
acute myeloid leukemia (AML) using monoclonal antibodies (mAb)
directed to myeloid differentiation antigens. We have conducted a trial of
ABMT for AML using mAb (PM-81, AML-2-23) and complement (C’)-
mediated purging targeting myeloid antigens CD15 and CD14 since 1984.
The preparative regimen was initially Cy/TBI (60 mg/kg/day x 2,
fractionated total body irradiation (TBI)-total dose, 1,200 c¢Gy) but was
changed to Bu/Cy (busulfan, 4 mg/kg/day x 4, Cy, 60 mg/kg/day x 2) in
1988. The Bu/Cy regimen has been associated with an improved outcome.
In our last formal data analysis we studied 7 first CR (CR1), 45 2nd or 3rd
CR (CR2/3), and 11 Ist relapse (R1) patients who were treated with
Cy/TBI or Bu/Cy followed by ABMT with mAb-purged bone marrow
(BM). Median age at ABMT for the 56 CR2/3 and R1 patients was 36
years. Patients in CR2/3 or R1 treated with Bu/Cy had an actuarial 3-year
disease-free survival (DFS) of 48% (95% confidence interval [C.I.], 29-
67%). In contrast, patients treated with Cy/TBI had an actuarial 3-year
DFS of 31% (95% [C.L], 16-46%). We conclude that long-term DFS can
be achieved in slightly less than 50% of patients with advanced remissions
and relapsed AML using Bu/Cy with mAb-purged BM. There was no
difference in outcome comparing patients transplanted in first relapse or
CR2/3. This suggests that harvesting marrow in first CR with the intention
of transplantation at first relapse represents an attractive strategy for
managing patients in first remission. We are planning a trial of ABMT
with purged vs unpurged marrow in patients in CR2/3 to address the
question of the clinical value of purging.

To develop in vivo therapeutics, we are exploring two approaches.
In one, we are using the C’-activating properties of PM-81 (an IgM) and
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have instituted a phase I/II trial of in vivo therapy with PM-81 mAb in
patients with relapsed AML in conjunction with chemotherapy. After
determining the maximally tolerated dose, a Phase II trial of in vivo mAb
therapy following ABMT is planned with the hypothesis that serotherapy
will lower relapse rates by eliminating minimal residual disease. In
another approach, we are developing bispecific antibodies (BsAb)
comprised of an anti-CD33 mAb (251) and an anti-CD16 or CD64 (Fcy
Receptor III and I) that are capable of activating normal leukocyte effector
cells and redirecting their cytotoxicity to myeloid leukemia cell targets.
Significant degrees of natural killer cell and monocyte-mediated killing
have been achieved with these bifunctional molecules. Clinical trials of
BsAb appear to be warranted.

INTRODUCTION

For over ten years we have used two monoclonal antibodies
(mAb) (PM-81 and AML-2-23) to treat bone marrow from patients with
acute myeloid leukemia (AML) whose cells manifest one or both of these
antigens and who are in first or greater remission for subsequent reinfusion
after ablative chemoradiotherapy.l’2 We have pioneered a novel approach
to in vitro manipulation of marrow cells with mAb and complement using
an automated cell processor to expose cells to a constant infusion of
complement.3 The majority of patients have been in second or third
complete remission (CR) at the time of transplant. Another group of
patients have been transplanted in early first relapse with marrow
harvested and purged in first CR. A smaller number of patients have been
transplanted in first CR.

Our studies and others '**7 have shown that long-term disease-
free survival (DFS) can be achieved in patients with AML after first
relapse with ABMT using both purged and unpurged marrow. The issues
that need to be addressed are: 1) the role of purging, 2) the optimal timing
of ABMT in the management of AML, and 3) the role of posttransplant
immunotherapy. This paper will discuss our ideas and approaches to these
questions.

The Role of Purging
Reports from our ongoing study and others have confirmed that
long-term DFS can be achieved in 30-50% of Patients with AML in second
or third CR when ABMT is performed."**” While these results are
influenced by patient selection bias and other factors, the consistency of
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reports from centers around the world is convincing that ABMT results in
superior outcomes compared to conventional chemotherapy only-induced
remissions. However, the role that marrow purging plays in the outcomes
of ABMT is not entirely clear. Good results have been reported from
groups using unpurged marrow and from those using purged marrow. The
issue is complicated by the multitude of preparative regimens employed,
the previous treatments that the patients received, and other factors
including selection bias. Thus, it is difficult to draw definite conclusions
from these unrandomized and disparate trials.

The probable efficacy of marrow purging has been shown in
several studies.’ Importantly, recent reports of Neomycin-resistance gene-
marked autologous bone marrow cells from patients with AML
undergoing ABMT have shown that leukemia cells sampled at relapse
contained the transferred gene demonstratlng that occult marrow leukemia
cells can at least contribute to relapse However, the ideal demonstration
of purging efficacy would be a prospective randomized study using a
common preparative regimen and stratifying for prognostic factors.

The two most common purging methods have been chemical and
immunological. The former approach has been widely tested using one of
two cyclophosphamide derivatives, 4-hydroperoxycyclophosphamide and
mafosfamide. Immunologic approaches have included mAb-mediated
cytotoxicity (complement or immunotoxin) and culture of marrow in
interleukin-2.

We reported recently the results from the first 63 patients treated
on our study of mAb-purged marrow.” Forty-six second/third CR patients
were transplanted using PM-81 and AML-2-23-treated bone marrow. We
noted that the long-term DFS of these patients has been improved through
implementation of the Bu/Cy preparative regimen (Bu, 16 mg/kg and Cy,
120 mg/kg) supplanting Cy/TBI. Actuarial 3-year DFS of the patients in
CR2/3 treated with Bu/Cy was 48%. Seven CRI1 patients have undergone
ABMT using PM-81 and AML-2-23-treated bone marrow. Although this
small sample size makes it difficult to obtain accurate estimates of survival
and remission duration, we were encouraged that the 3-year DFS in this
group is 56%.

We are encouraged by these results. Future plans are to perform a
randomized trial comparing purged to unpurged marrow ABMT for
patients in second complete remission to better define the contribution of
purging to disease-free survival following ABMT.
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Table 1. Disease-free Survival of 63 Patients by Remission Status at

BMT and by Regimen
CR 2-year (% 3-year (% + Relapse (3-year) (%)
+S.D.) S.D.)
1 (n=7) 71+15 71+20 29+29
2/3 (Bu/Cy, 48 +20 48 +13 38+25
n=18)
2/3 (Cy/TBI, 26+17 22+8 55126
n=28)
1st relapse 36 +35 36 +35 43 +40
(n=11)*

*Includes two patients prepared with Cy/TBI and nine treated with Bu/Cy
(see below for discussion of ABMT in first relapse).

Optimal Timing of ABMT

Several studies have indicated that the optimal timing of ABMT is
not clear. Performed in first CR, ABMT results appear comparable to
allogeneic BMT and is slightly superior to standard chemotherapy.
However, patients who relapse from chemotherapy may be salvaged by
ABMT at first relapse or after achieving second remission.

We are conducting a prospective study of ABMT at the time of
first relapse using the Bu/Cy ablative regimen” as the remission inducing
therapy followed by transplantation of previously harvested bone marrow
that was purged with mAb plus C’. We have found this approach to be
feasible and attractive to patients. To date, we have transplanted marrow
into 18 patients. The disease-free and overall survival of these patients is
43% and 49% respectively, at three years (Figure 1). Follow-up ranges
from two to 62 months (median 20 months) in survivors. Six patients
survive greater than two years and two patients are surviving greater than 5
years. Median survival is 15 months. We are not aware of any non-
myeloablative remission-inducing chemotherapy programs capable of
achieving these promising results. We will continue to accrue to this
ongoing study to gain more confidence in the outcomes observed thus far.

This approach is attractive in several ways. One is that only
patients who truly need a high-dose regimen with stem cell rescue are
subjected to the morbidity and mortality of this intense procedure, another
is that salvage of relapsed patients is possible with the result that the
number of long-term disease-free survivors is similar to what is reported
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with BMT performed in first CR. We have found that patients who relapse
can be swiftly transplanted provided that the follow-up after marrow
harvest is close thus insuring that relapse is diagnosed early. In our
practice, this is accomplished by monthly bone marrow examinations and
CBC in the first year after harvest.

Analysis of Time to Death or Relapse
R1 Patients

1.00

.80

.60

.40

Estimated Survival

.20

0.004 . + r v v : - v
o 12 24 36 48 60 72 84 96 108
Months Following BMT

Figure 1. Disease-free survival of 18 patients treated with ABMT using
Bu/Cy and mAb-purged marrow in first relapse.z

POST-TRANSPLANT IMMUNOTHERAPY

PM-81 Serotherapy in Patients with AML in first relapse
and Second CR
Despite the controversy over which ABMT approach is best, it is
sobering to note that up to 50% of transplanted patients eventually relapse.
The failure to cure these patients deserves more attention and innovation.
Post-ABMT immunotherapy is one approach under active study. Studies
of mAb therapy, interleukin-2 infusion, natural killer cell augmenting
pharmaceuticals such as linomide, and adoptive cellular therapy are
underway. We are using mAb-based approaches to address this issue.
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One of our approaches that is presently in phase I/II trials is discussed
below.

PM-81 is an IgM mAb directed against the cellular differentiation
antigen CD15, which is expressed on blast cells in 95% of AML patients.”
PM-81 reacts with both normal granulocytes and monocytes and leukemic
myeloid cells, and is capable of mediating complement (C’)-dependent
cytotoxicity in the presence of both rabbit and human C’.

We recently completed a study of PM-81 mAb serotherapy in
patients with relapsed AML.'® The study was a phase I design with the
intention of establishing safety, feasibility and optimal biological dose of
mAb. Patients were treated with escalating doses of purified PM-81
(MDX-11, Medarex, Inc., Annandale, N.J.) prepared under an IND
approved by the United States Food and Drug Administration (FDA) using
a continuous intravenous infusion over 24 hours followed by conventional
dose chemotherapy.

Monoclonal Antibody Administration. Patients were hydrated with
normal saline for 4 h prior to administration of PM-81, and premedicated
with diphenhydramine and acetaminophen. PM-81 was administered
intravenously through either a peripheral line or central line. Three
patients received doses of 0.5 mg PM-81/kg, 8 patients received 1.0 mg/kg
and 5 patients received 1.5 mg/kg all at an infusion rate of 10ml/hour.

Toxicities. Of the 16 patients entered onto the study, 13 received
complete infusions of PM-81; the infusions of the remaining 3 patients
were stopped within 30 minutes due to severe allergic reactions. In the 13
patients receiving the 0.5 or the 1.0 mg/kg dose, none suffered toxicities
greater than grade II (ECOG). The majority of toxicities were minor
allergic reactions that resolved with antihistamine therapy and/or
decreasing the rate of infusion. One patient developed human anti-mouse
antibodies noted 4 weeks post-infusion. This patient was treated with the
0.5 mg/kg dose of PM-81.

Effects of Treatment. Upon completion of the PM-81 infusion, 9
of 12 (75%) patients showed a decrease in WBC. Seven of the 9 patients
with decreased WBC had a 50% or greater transient decrease in WBC.
Blast counts at the end of infusion decreased for 7 of the 12 patients
(58%), and 8 of 12 (73%) patients experienced a 50% or greater transient
decrease in their blast counts. Significant transient decreases of WBC and
blast counts were seen at all three PM-81 doses.

Pharmacokinetics. The dose of PM-81 received, along with the
initial reservoir of CD15, whether cell-bound (on normal or leukemic
cells) or soluble, affected the serum levels of PM-81. Patients receiving
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the lowest dose of PM-81 (0.5 mg/kg) had no detectable serum mAb,
while all patients receiving the highest dose (1.5 mg/kg) had quantifiable
serum PM-81. Patients receiving the median dose (1.0 mg/kg) had
detectable serum PM-81 levels. Serum PM-81 levels typically peaked
between 12-24 h and returned to zero within 24 h after the infusion ended.

Patients with the lowest levels of serum CD15 at T=0 for their
dosage achieved the highest serum levels of PM-81. As expected, patients
had either free antibody or free antigen present in their serum at T=0 and
T=24; in no case did we find both serum PM-81 and serum CD15 present
simultaneously. Serum levels of CD15 were unrelated to the patient’s
initial WBC.

The percentage of peripheral leukemic blasts with cell-bound PM-
81 was also an indicator of cell-bound PM-81 in marrow leukemic blasts.
Those patients who had both quantifiable serum levels of PM-81 and
>50% circulating blasts with cell-bound PM-81 had>60% leukemic blasts
in their marrow with cell-bound PM-81. Patients with lower percentages
of circulating blasts with cell-bound PM-81 or serum levels of PM-81 that
could not be quantified had a significantly lower percentage of cell-bound
PM-81 positive blasts in their marrow (<16%).

Conclusions. This phase I study shows that the infusion of mAb
PM-81 was successful in decreasing the WBC of 75% of the patients
treated, with more than half the patients experiencing a significant (>50%)
transient decrease in their WBC. PM-81 was also successful in reducing
the leukemic blast counts of over half the patients, with 67% experiencing
significant transient decreases. These reductions were not dose-dependent
or related to serum PM-81 levels.

The percent of CD15 positive leukemic blast cells remained fairly
stable during the PM-81 infusion indicating no internalization or shift in
antigen expression during PM-81 treatment. Shedding of surface antigen
was also not apparent as serum CD15 levels generally decreased to 0 after
24h of mAb treatment, thus predicting that patients could be treated over a
longer time period in future studies. Also, with only one patient
developing HAMA, it is conceivable that some patients could be given
subsequent mAb therapies without affecting pharmacokinetics or causing
allergic reactions. It is likely that the study design of administering mAb
prior to chemotherapy may have abrogated an immune response to mAb.

While mAb infusions are significantly less toxic than conventional
chemotherapies, some side effects have been documented. Most common
are fever, chills, and transaminasemia. Generally, allergic reactions to the
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murine antibody occurs in less than 10% of patients, with 1% or less
experiencing anaphylaxis.'!

The results of this study indicate the need for patients to achieve
serum levels of PM-81 to allow for access to the bone marrow
compartment. While 1.0 mg/kg/24h of PM-81 was sufficient to achieve
serum levels in some patients, those with high initial WBC, high tumor
burden (unless the patient had a high percentage of blasts with low CD15
positivity), or high levels of serum CD15, required higher doses. Patients
in the successor study may be able to achieve higher levels of serum PM-
81 without significantly higher doses since their reservoir of CD15 will
most likely be lower. In this phase I/II study that is underway, patients
first receive conventional chemotherapies to achieve remission and lower
the cell burden prior to PM-81 infusion. A bone marrow examination at
day 14 must reveal a hypocellular marrow to go ahead with the mAb
infusion. Although patients in our phase I/Il study have lower initial
WBCs and tumor burden, it is possible that these patients may still have
high initial serum CD15 levels. Thus far, this study has shown that mAb
administered during aplasia is better tolerated compared to the outcomes in
the phase I study with no Grade 2 or greater allergic reactions in six
patients. In the phase I/II study, patients will receive 1.0 mg/kg over a 24,
48 or 72 h period.

Bispecific Antibodies composed of anti-CD33 and anti-FcgRI
and I (mAb 251 x mAb 22 and 3GS8.

Another exciting approach to mAb-mediated antileukemia therapy
is the use of bifunctional or bispecific antibodies that target both effector
leukocytes and leukemia cells through cell surface antigens. We have
prepared BsAb comprised of either the 3G8 mAb (anti-FcyRIII, expressed
on NK cells) or the 22 mAb (anti-FcyRI) and mAb 251 (anti-CD33,
expressed on myeloid leukemia cells, developed by EDB) using chemical
linkage techniques. Briefly, the component mAb (3G8 or 22 and 251)
were reacted with either of the bifunctional linkers, SATA or sulf-SMCC,
and then co-incubated under conditions that allowed the creation of a
disulfide bond thus creating a covalent link between the two mAb.

These two BsAb were capable of mediating ADCC of several NK-
insensitive leukemia cell line targets (HL-60, NB4, and U937) using
peripheral blood lymphocytes (PBL), adherent natural killer cells (A-NK),
PMNs, and monocytes from normal volunteers as effector cells. Up to
78% cell lysis was achieved at effector:target ratios of 50:1 using
monocytes and NK cells as effector cells (Figures 2 and 3). Somewhat
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less, but significant, activity was seen with INFy-incubated PMNs.
Notably, resting NK cells were quite active with the BsAb 251x3G8
against cell lines without the addition of any exogenous IL-2 (Figure 4).
Marked augmentation of killing by adherent-NK cells was observed.

ADCC using monocytes against HL-60 cell
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Figure 2. Lysis of HL-60 leukemia cells with BsAb (251x22) and IFNy-
activated monocytes.

ADCC using monocytes against NB4 cell
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Figure 3. Lysis of NB-4 leukemia cells with BsAb (251x22) and IFNy-
activated monocytes.
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ADCC of BsAb 251x3G8 against NB
leukemia cells
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Figure 4. Lysis of NB-4 leukemia cells with BsAb (251x3G8) and
Peripheral Blood Lymphocytes (no IL-2).

Peak activity with PBL effectors was observed with concentrations
of BsAb of 0.1-0.5 pg/ml (Figure 5). In the absence of BsAb, only 5-10%
lysis was observed with each of these effector cell populations. BsAb
activity was inhibited by co-incubation with Fab fragments of each of the
parental mAb, 3G8, 22 or 251, present in 10-fold excess.

ADCC vs NB4: 251x3G8 BsAt
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Figure 5. Concentration-dependence of ADCC of NB-4 leukemia cells
with BsAb (251x3G8) and Peripheral Blood Lymphocytes.
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An important feature of the mAb to FcyRI (22) is that its epitope is
outside of the Fc binding site and thus not inhibited by immunoglobulin
(Ig). We have shown the absence of blocking of the BsAb by the addition
of Ig in this system under conditions where an IgG2a mAb directed to
transferrin receptor (SCCL-1) was blocked from mediating ADCC. The
implications of these findings are thatin vivo binding of the BsAb will not
be inhibited by endogenous Ig in contrast to a mAb engaging an FcR
through its Fc domains.

We intend to develop these immunoconjugates for in vivo use in
patients with CD33-positive AML and CML. An attractive strategy is to
use the BsAb following ABMT during the engraftment period when
augmented NK cell activity has been observed. The addition of IL-2 or G-
CSF therapy may potentiate the effects of the BsAb and augment ADCC.
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PURGED AUTOLOGOUS BONE MARROW TRANSPLANTATION
FOR ACUTE NONLYMPHOBLASTIC LEUKEMIA

S.C. Gulati, R. Gandhi, P.M. Parikh, G. Gandhi,
K. Atzpodien, C. Romero

The New York Hospital - Cornell Medical Center, New York, NY

INTRODUCTION

Current combination chemotherapeutic protocols are able to
achieve remission in 60 to 80% of patients with acute nonlymphoblastic
leukemia (AML). Usual standard chemotherapies includes combination of
continuous infusion of cytosine arabinoside; and daunomycin or idarubicin
or mitoxantrone, often with other drugs. A multitude of modifications in
dosage and scheduling over the last decade have failed to improve the
long-term survival beyond 15 to 35%." Use of various consolidation and
maintenance schedules have also shown no significant benefit. One option
is to explore the use of high dose intensification with either allogeneic or
autologous bone marrow transplantation (BMT). Autologous BMT
(ABMT) has been shown to be beneficial especially when combined with
purging of harvested marrow using 4 hydroperoxycyclophosphamide (4-
HC) and/or etoposide (VP-16). VP-16 has also been shown to be useful
for treating patients with refractory or relapsed AML. We therefore used
total body irradiation (TBI), VP-16 and cyclophosphamide (CY) as
conditioning protocol; complete hematoablation was rescued with 4-HC
and VP-16 purged marrow."*

MATERIALS AND METHODS

All patients with a confirmed diagnosis of AML in first or
subsequent remission and without a HLA matched sibling were eligible for
this study. An informed consent was obtained prior to commencing the
therapy. A total of 38 patients have been included between February 1985
and January 1992. There were equal number of males and females (19
each) with a median (range) age of 36 (20-54) years. At the time of
ABMT 21 were in first remission, 15 in second and 2 in third remission.

Bone marrow was harvested under general anesthesia in remission
at a time convenient to the patient and physician (harvest was preferred in
first remission). Of the harvested marrow, usually 2 x 10® mononuclear
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cells per kg were purged with VP-16 (8.5 microM) and 4-HC (100
microM) for 60 minutes at 37°C as previously described and the remaining
cells cryopreserved untreated as back up (if needed a second harvest was
done to have at least 1 x 10%cells as back up). All patients except one had
successful engraftment without requiring reinfusion of the back-up
marrow.

Conditioning included 125 cGy hyperfractionated TBI thrice a day
(day -10 to day -7), 250 mg/M of intravenous VP-16 (day -6 to day -4)
and 60 mg/kg of intravenous CY (day -3 and day -2). The purged and
cryopreserved marrow was reinfused on day 0. Patients were followed up
till death or relapse Statistical analysis was done using the method of
Kaplan and Meier to plot disease-free survival (DFS).

RESULTS AND DISCUSSION

The actuarial DFS for all 38 patients is 45%. DFS showed no
statistical difference between patients autografted in first versus
subsequent remissions (Figure 1; p value=0.16). Survival was also not
statistically different between the various age groups (Figure 2). A total of
17 patients are alive disease-free at present and the overall median DFS is
27 months. Of the 21 patients with adverse events, 15 relapsed and six
(15.8%) had toxic deaths. These included infection (3), bleeding (2) and
hepatic venoocclusive disease (VOD; 1). The median interval to the
adverse event was 6.5 months (range 0.4 to 34.3 months).

Several studies have clearly shown the benefit of dose intensity in
treating patients with AML It is however not clear which therapeutic
option gives best results.® One randomized study of 43 adults with AML
given post consolidation therapy in first remission showed a 4-year event-
free survival of 34% with allogeneic BMT, 45% with busulfan and 47%
with ABMT. 1t is therefore clear that irrespective of the intensification
chosen, the most important obstacle still remaining is the eradication of
residual disease. Viable AML cells may persist in the host or could be
reinfused with the autograft. There is evidence to show that both may be
important. Our strategy was to devise a protocol that would address both
these issues.

Currently, there is concern that newer BMT conditioning regimens
are not truly myeloablative (hence, have the potential to leave behind
viable tumor cells). However, the dose of TBI used by us is well
established to lead to permanent aplasia. In order to enhance the
tumoricidal effect, especially in resistant myeloblasts, we added VP-16 to
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the CY-TBI conditioning. In fact, VP-16 inhibits topoisomerase II and
acts synergistically with alkylating agents.

Recent data show the benefit of purging in patients with bone
marrow involvement in relapsed lymphomas. Persistence of bcl-2 marker
by polymerase chain reaction (PCR) at the end of purging correlated
strongly with a higher clinical relapse. Retrospective analysis in patients
with AML also showed advantage in patients autografted within six
months of the diagnosis and in first remission. This observation suggests
that viable residual cells in the harvested marrow can lead to a relapse.™ 47
Furthermore, the current purging techniques (usually with 4-HC alone)
were inadequate. Laboratory data has shown that 4-HC: VP-16 in the
ratio of 1:0.342 is the best combination for purging AML marrow. We
therefore decided to use this chemical method of negative selection. Other
investigators have utilized methods of positive selection especially for
normal CD34 stem cells enrichment. There are no consistent disease
specific genetic markers to target for such detection. And even if such
methods were available, the highly sensitive PCR methods of detecting
minimal residual disease can still not detect as much as 15,000
contaminant cells in a usual bone marrow harvest of 2 x 10® mononuclear
cells.

With an overall DFS of 45% and 60% for those autografted in first
CR, our results are similar to or slightly better than those reported by
Ranson et al.? It is difficult to separate the effects of TBI, CY, VP-16
conditioning versus 4-HC, VP-16 purging in our study Most of the toxic
deaths were related to myelosuppression, only one being due to hepatic
VOD. Our data suggests that use of VP-16 in conditioning and purging of
ABMT (in combination with other modalities/drugs) is possible with
acceptable toxicity. Our disease-free survival in first and second remission
is not statistically different probably because of the small number of
patients.

The role of ABMT is less controversial for AML in second
remission. In this subset, most currently available purging have not been
shown to be of significant benefit - probably because they have drug-
resistant residual disease. Mafosfamide purging also has no significant
benefit in patients achieving remission in less than 40 days. Presumably
these patients had responsive disease whlch would be eradicated by
induction chemotherapy and/or condmomng * There is some data to
show that the benefit of ABMT in AML is proven only for a small subset
who take more than 40 days to achieve remission or are harvested within
six months of diagnosis.3 We are currently investigating the combination



90

of 4-HC with VP-16 as used in our purging method to decide on beneficial
effects on specific subsets. Thus, our approach provides a useful new
avenue in the treatment of patients with AML.

ACKNOWLEDGEMENTS

We thank the generous grants from the Dorothy Rodbell Cohen
Foundation, the Jhaveri Foundation, Morgan Murray Foundation, Tow
Foundation, the Lymphoma Foundation, Lisa Bilotti Fund and Lori Strauss
Foundation.  Dr. Parikh is recipient of the International Cancer
Technology Transfer (ICRETT) award.

REFERENCES

1. Gulati S, Acaba L, Hahalom J, et al: Autologous bone marrow transplantation
for acute myelogenous leukemia using 4-hydroperoxycyclophosphamide and
VP-16 purged bone marrow. Bone Marrow Transplant 10:1-6, 1992.

2. Ranson MR, Scarffe JH, Morgenstern GR, et al: Post consolidation therapy
for adult patients with acute myeloid leukemia. Br J Haematol 79:162-169,
1991.

3. Labopin M and Gorin NC: Autologous bone marrow transplantation in 2502
patients with acute leukemia in Europe: A retrospective study. Leukemia
6:95-99, 1992,

4. Gulati SC: Purging in bone marrow transplantation. R.G. Landers, Austin,
1993, pp 45-50.

5. Parikh P, Polwes R, Treleaven J, et al: High dose cytosine arabinoside plus
etoposide as initial therapy for AML: A single centre study. Br J Cancer
62:830-833, 1990.

6. Ljungman P, deWitte T, Verdonck L, et al: Bone marrow transplantation for
acute myeloblastic leukemia: An EBMT leukemia working party prospective
analysis from HLA-typing. BrJ Haematol 84:61-66, 1993.

7. Brenner MK, Rill DR, Moen RC, et al: Gene marking to trace origin of
relapse after autologous bone marrow transplantation. Lancet 341:85-86,
1993.



91

ROQUINIMEX (LINOMIDE) IN AML AFTER ABMT - AN
UPDATE OF TWO ONGOING RANDOMIZED STUDIES

B. Nilsson,' B. Simonsson, J. Rowe, K. Meier, L. Larsson, P. Hokland,
A. Carella, F. Lauria, P. Cassileth, A. Keating, C. Juttner for the
International Linomide Study Groups.

! Pharmacia, Inc., 7001 Post Road, Dublin, OH 43017, USA

An unacceptably high rate of relapse continues to be a major
problem in AML in remission after chemotherapy as well as after ABMT.
A recent update of European registry data on 1282 ABMT recipients with
AML in remission showed a relapse incidence of 52% in first complete
remission (CR1) and 63% in second CR (CR2). The corresponding figures
for allogeneic transplantation were 25% and 42% respectively.1

The allogeneic graft versus leukemia reaction (GVLR) appears to
be the most important reason for the difference in relapse rates between
allogeneic BMT and ABMT. Cytotoxic T cells and NK cells have
demonstrated ability to kill leukemic cells in minimal residual disease, and
may play important roles in the GVLR*®

Roquinimex (Linomide) is an orally active immunomodulatory
compound that has shown therapeutic activity in preclinical models of
autoimmune and malignant disorders. Roquinimex has been shown to
enhance NK and T cell number and activity in patients with myeloid
leukemia after ABMT.

Aiming at determining if roquinimex can prolong the time to
relapse or decrease the relapse rate in AML after ABMT, two
multinational randomized double-blind placebo-controlled studies have
been initiated (Figure 1).

CURRENT LINOMIDE STUDIES

Europe CR 12-16D LINOMIDE
AML——  ABMT—————> 1 or 2 years Evaluation of:
treatment Time to relapse
Relapse rate
USA ANC >100 Placebo Survival
Canada' Toxicity
Australia Immune parameters

Figure 1. Design of the studies of roquinimex (Linomide) in
AML after autografiing.
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EUROPEAN STUDY

The patients should have AML in first or subsequent remission
obtained after any kind of induction and consolidation chemotherapy, be
10-65 years of age, and meet all institutional eligibility criteria for ABMT.
Performance status should be 0-3, and the patients should not have any
other disease which might substantially decrease the chance of survival, or
have bilirubin, SGOT, SGPT, or creatinine levels of more than twice the
upper reference value. All patients gave informed consent, and the study
was approved at all the participating institutions’ ethics committees, and
by all health authorities in the participating countries.

Randomization between roquinimex and placebo was made prior
to the ABMT, and study drug treatment started 12-16 days post ABMT.
The patients were stratified by institution and between CR1 and CR>1.
Remission was defined as <5% blast cells in a normocellular marrow, and
relapse was defined as >10% blast cells, also that in a normocellular
marrow. The initial dose was 0.05 mg/kg body weight twice during the
first week, 0.1 mg/kg twice during the second week, and 0.2 mg/kg twice
weekly thereafter for two years or until relapse, death or intolerable
toxicity. Dose modifications were made in case of toxicity. Demographic
data, patient history, and clinical and laboratory parameters were recorded.
The study is still blinded, no information on the separate treatment arms is
available.

Two hundred seventy-eight (278) patients have been randomized
at 39 centers in 10 countries between February, 1991 and May, 1994, The
numbers of males and females were similar, the median age was 39 years
(range 11-64). Eighty percent of the patients were in their first remission,
2 patients were in CR3 and one in CR4. Sixty-four percent had FAB-class
M1-M3, and 36% had M4-M7.

The most prominent toxicities have been nausea/vomiting, edema,
musculoskeletal discomfort, headache, skin rash, diarrhea, fatigue, and
pericarditis/serositis. ~ Forty-five serious adverse events have been
reported: 11 intracranial, 8 cytopenias, 8 with fever including hemorrhagic
cystitis, 6 veno-occlusive disease, 4 cardiac including pericarditis, 3
gastrointestinal and hepatic, 2 mental, and one each of thrombosis,
hypertriglyceridemia, and skin rash, respectively.

Of the first 255 patients, 91 are still ongoing, 76 have relapsed, 74
have died, and 17 have completed two years of treatment. Seventy-two
(72) patients have been withdrawn; 43 due to adverse events, 15 due to
patient refusal, and 14 for other reasons. The number of relapsed plus the
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number of dead patients is 104 of 255, and the number of relapsed plus
dead plus withdrawn is 147 of 255 patients. The median follow-up time is
18 months (range 4-40).

NORTH AMERICAN-AUSTRALIAN STUDY

This study is still accruing patients. Eligibility criteria are the
same as for the European study, and the patients are being randomized to
receive either roquinimex or placebo. The patients are registered and give
their consent to participate prior to autografting, which may be with bone
marrow or peripheral blood progenitor cells. Remission is defined as in
the European study, but relapse is defined as >5% blast cells in the
marrow. Extramedullary leukemia is a relapse criterion in both the
European and the American-Australian studies.

In both studies, effective contraception is a strict requirement,
since roquinimex may be teratogenic, as indicated by preclinical findings.
Concommitant treatment with other immunomodulating agents, such as
interferons, interleukin-2, cyclosporine, pentoxyfylline or GM-CSF or
chemotherapy is not allowed. Corticosteroids, non-steroidal anti-
inflammatory drugs, and ciprofloxacin should be avoided.

The patients are randomized when eligible for start of treatment,
which is defined as when the absolute neutrophil count reaches 100
cells/pl post autografting. The dosage is the same as for the European
study, with the difference that treatment is continued for one year only or
until relapse, death, or untolerable toxicity. The same demographic,
clinical and laboratory parameters as in the European study are recorded.
Informed consent is obtained from all patients, and the study has been
approved at all the IRBs/Ethics Committees at participating institutions, as
well as by the health regulatory authorities in the US, Canada, and
Australia. The study is blinded, and no information is available regarding
the separate treatment arms.

Two hundred (200) patients have been registered, and 183 have
been autografted. Twenty-seven (27) have relapsed, died or been
withdrawn prior to randomization. One hundred fifty-seven (157) patients
have been randomized at 20 centers in the US, 5 centers in Canada, and 9
in Australia. The patient population is similar to that in Europe, except
that slightly more patients have received purged marrow or have been in a
later stage of their disease. Further, a minority of American and Australian
patients have been autografted with blood derived progenitor cells.
Adverse events have been similar to what has been reported for the
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European study. Forty-three (43) patients have relapsed, including 25 of
73 who have been followed for more than one year.

SUMMARY

In order to assess the potential role for inmunotherapy of AML
with the immunomodulator roquinimex in the autologous setting,
randomized studies have been designed. Patients who have undergone
autografting for AML in remission are being treated with roquinimex
(Linomide) or placebo during one or two years in order to determine if this
compound can increase the time to relapse or decrease the rate of relapse.
Since observation time is too short and the studies are blinded, no
conclusions can be made regarding efficacy in the entire group or in the
actively treated patients.
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INTRODUCTION

Two factors are believed to contribute to the higher relapse rates
seen after autologous BMT as compared to allogeneic BMT. First,
autologous marrow, even when harvested in complete remission (CR),
may contain enough residual leukemic stem cells to reestablish disease.
Studies using genetically marked marrow autografts to determine the
origin of relapse after autologous BMT have now shown unequivocally
that relapse can originate from such residual leukemic cells present in the
autograft This result strongly suggests that some form of marrow
manipulation (i.e., purging) is essential. Second, after allogeneic BMT, T-
lymphocytes from the donor can induce a cascade of antileukemic effects
that have collectively been termed graft-versus-leukemia (GVL) effect.*
Autologous BMT is not associated with a GVL effect. The fact that the
probability of relapse after autologous BMT is similar to that seen after
BMT from a twin, where a known normal marrow is transplanted, further
supports the contention that residual leukemia remaining in the patient
contributes in a significant way to relapse after autologous BMT. One
way to try to compensate for the loss of a GVL effect after autologous
BMT might be to increase the dose of radiation and chemotherapy given in
preparation for BMT. However, this also causes an increase in regimen
related tox1c1ty to other tissues with the result that overall survival is not
1mproved This has triggered considerable interest in the potential of
immunotherapeutic approaches as these should be non-crossreactive and
hence additive with the effects of chemotherapy and radiation and are
thought to be particularly effective against residual disease.
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Although favorable results with respect to disease-free survival
and relapse rate after autologous BMT have been reported in some
studies,” " such data need to be carefully analyzed with attention given to
whether results reflect data from patients with ‘standard risk’ as well as
others with ‘high risk’ features. Generally, relapse rates are high (50-70%
within the first two years after BMT) in patients receiving a marrow
transplant in first remission when ‘high risk’ features are present at
diagnosis.g'10 Analyses from chemotherapy and BMT trials have shown
that ‘high risk’ can be defined as having: 1) a high number of peripheral
blasts at diagnosis; 2) chromosomal abnormalities (except t(8;21), inv16,
1(16;16), t(15;17)); 3) morpholo%ical features compatible with FAB M5
(monocytic); and 4) older age.'*" Conversely, patients with certain ‘good
risk’ features (particularly FAB M3, t(15;17) generally have a lower
relapse rate after autologous BMT."

Autografts of peripheral blood progenitor cells (PBPC) obtained
after mobilization with hematopoietic growth factors offer the additional
advantage of giving a more rapid neutrophil and platelet recovery.
However, in AML their use has also been associated with high relapse
rates. The two studies in patients with AML in first remission have
reported relapse rates of 60%'® and 70%'° at 2 years, respectively. The
cause of these high relapse rates is not known but might be related to the
higher nucleated cell numbers given with PBPC transplants and a possibly
higher number of contaminating leukemic cells. Further purging (either
pharmacological or with antibodies) of PBPC autografts has generally not
been undertaken, as it is technically difficult to process the large number
of cells involved. However, if the problem of high relapse could be
overcome, the faster engraftment with PBPC transplants would clearly
make them a preferred source of stem cell for transplantation.

Several years ago we showed that human AML cells maintained in
culture without growth factors showed a selective decline in clonogenic
leukemic cells with persistence of their normal counterparts.20 More
recently, studies in a murine model suggested that the infusion of marrow
which has been activated by IL-2 for a few days prior to infusion could
improve the survival of mice previously inoculated with the myeloid
leukemic cell line C1498.2' In order to achieve a durable antileukemic
effect, it was also necessary to administer IL-2 to these mice immediately
after infusion of the IL-2 activated bone marrow. Such a strategy thus
builds on earlier studies from our own center’’as well as those by Forman
et al”® and Long et al” by combining in vifro purging and an in vivo
adoptive immunotherapy component after marrow infusion.
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RESULTS AND DISCUSSION

Based on the above, we undertook a series of studies to develop a
procedure that would incorporate the beneficial features of each of the
above findings and also be feasible for an AML autografting protocol.
Instead of culturing marrow with IL-2 for 48 hours,?' we investigated the
effect of culturing it for 8 days since this would allow the conditioning
regimen to be given without requiring cryopreservation of the autograft.
We already had previous positive experience with autografts of marrow
that had been cultured for 10 days without IL-2.** In addition, it was
anticipated that a greater purging effect might be achieved with a more
prolonged culture period and also that a better activation of immune
effector cells would occur. The preclinical experiments performed
indicated that the cytotoxic activity of marrow/PBPC from patients with
AML in first remission after ex vivoculture for 8 days in IL-2 is equivalent
to that seen with normal human marrow” and that the number and
functional performance of committed and more primitive hematopoietic
cells is not affected by culture for 8 days in IL-2. Finally, the culture
conditions lead to both the activation of effector cells with antileukemic
activity and the release of antileukemic cytokines into the culture
supernatant.26

On the basis of these findings, we initiated a phase I study using
marrow autografts from patients with AML in first remission with ‘high
risk’ features (as defined above) in which the marrow cells were cultured
for 8 days in the presence of IL-2.7 Escalating doses of IL-2 were also
administered to the patient for the first week. Ten patients were treated
and the results can be summarized as follows: 1) posttransplant IL-2 doses
of up to 6 x 10> BRPM units/MZ/day (administered subcutaneously) were
tolerated by patients in the first week posttransplant; 2) although this trial
was not designed to provide efficacy data, the low relapse rate to date of
22% (median follow-up of 26 months) compares favorably with results
published by other centers (Figure 1) considering that these were patients
who had poor prognostic features, had not received any consolidation
treatment and had received a transplant (with one exception) within 6
weeks of entering first remission; 3) neutrophil and platelet recovery was
delayed with a median of 49 days to achieve an absolute neutrophil count
of 0.5 x 10°/L and 98 days to achieve a self-sustained platelet count of 20
x 10°/L.

Although the recovery of neutrophils in this study was not
different from what had been reported after transplantation of AML
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patients w1th autologous marrow purged with 4-HC or even unpurged
marrow,”® it was felt that the protocol would not be generally useful unless
it could be modified to achieve a faster hematologic recovery. Since
earlier studies had shown that patients with AML could be engrafted using
PBPC autografts collected after G-CSF mobilization,'*"’ we autografted
the next 6 patients with G-CSF mobilized PBPC as a supplement to the IL-
2 cultured marrow. Recovery of neutrophils (median 15 days) and
platelets (median 22 days) in these was faster than in the initial 10 patients
who had received marrow only (Table 1).

Table 1. Hematologic Recovery Parameters in Patients
Given IL-2 Cultured Bone Marrow plus G-CSF Primed

PBPC (not cultured)

UPN ANC >20.5 Platelets 220 Discharge Outcome

x 10°/L x 10°/L (Day)
845 16 16 16 Rem, 15mos
873 n/e# n/a n/a Died, Day +1
883 15 12 16 Rel, Day +77 (Died D + 177)
890 12 77* 82 Rem, 9mos
919 25 -@ n/a Died, Day 702
936 10 33 22 Rem, 5mos

# - patient died on day 1 during the blood stem cell infusion of heart block that was
Jelt to be related to DMSO toxicity;

* - platelet study;

@ - died of gastrointestinal bleed and multiorgan failure, received platelet

transfusions despite having achieved selfsustained platelet count 220 x 10°/L;

Abbreviations:

ANC=absolute neutrophil count; Rem=remission; Rel=relapse;

UPN=unique patient number.

Hematopoietic assays confirmed that the anticipated significant
reduction in the number of hematopoietic progenitor cells in the bone
marrow of leukemic patients in first remission by comparison to normal
values suggesting why recovery times post-BMT might have been delayed
in the first 10 patients who were given marrow only. Moreover, the
numbers of these cells present in the G-CSF mobilized PBPC harvests
obtained by leukapheresis were found consistently to be several times
higher than in the marrow collections from the same patients (Table 2).
Furthermore, cytotoxicity and growth inhibition studies suggested that the
ability to purge leukemic cells is about 8 times higher in blood than in
marrow.”
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Table 2. Progenitor Cell Content of Bone Marrow
vs PBPC for AML in First Remission
UPN CFC (x10°/kg)  LTC-IC (x10°/kg)
BM PBPC BM PBPC
845 0.8 5.5 0.12 10.3
873 1.3 6.9 1.50 1.7
883 0.7 21.6 0.04 5.3
890 1.0 28.3 0.07 8.2
Abbreviations:
UPN=unique patient number; BM=bone marrow;
BPC=blood progenitor cells; CFC=colony forming cells;
LTC-IC=long-term culture-initiating cells;
Results represent the number of CFC and LTC-IC of 3
consecutive leukaphereses performed on
day 5-7 of G-CSF treatment

On the basis of these data, we chose to eliminate the use of
marrow altogether and substitute in its place an equivalent number of IL-2
activated, G-CSF mobilized PBPC. Thus, part of a 3-day PBPC harvest
was cultured in IL-2, and the remainder not treated with IL-2 but
cryopreserved and infused on day +1. Results obtained in 3 patients
treated in this way (Table 3) suggested that relatively swift and stable
engraftment could be achieved with the infusion of such PBPC autografts
(without marrow).

Table 3. Hematologic Recovery Parameters in Patients Given
G-CSF Primed PBPC Cultured in IL-2 Plus Additional
Cryopreserved PBPC (not cultured)
UPN ANC Platelets Discharge Outcome
(205x10°L) (220x 10°/L) (Day)  (Months)

915 32 50 47 Rem, 7mos
929 49 56 54 Rem, 5mos
951 12 51 33 Rem, 3mos

Parallel in vitro studies demonstrated that the concentration at
which the PBPCs are cultured ex vivo in IL-2 could be increased from 1 x
105mL to 3 x 10%mL without compromising either hematopoietic
progenitor maintenance or immune effector cell activation but, of course,
this triples the number of cells that can be cultured in a given volume. As
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a result, most of the cells obtained in 2 days of leukapheresis can be
cultured in IL-2 in a maximum volume of 10 L, with enough cells leftover
for 1x 10° cells/kg non IL-2 treated PBPC to be cryopreserved as a backup
in case of primary graft failure (defined as ANC <0.1 x 10°L by day 28
post-PBPC infusion). Two patients have now been treated according to
this modified protocol and have shown stable neutrophil recovery on day
23 and 44 after infusion respectively.

Thus, the initial feasibility of using PBPC cultured in IL-2 for 8
days as an exclusive source of cells for the hematologic rescue of AML
patients given myeloablative chemotherapy has been established. The
important modification compared with our previous study lies in the fact
that patients can now be given only PBPC that have been subjected to the
ex vivo purging and activation procedure and will not receive any
untreated/purged cells.
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INTRODUCTION

Autologous bone marrow transplantation (ABMT) is a therapeutic
approach that permits the administration of high-dose chemoradiotherapy
followed by the infusion of patient’s own marrow, previously collected
during remission and cryopreserved." Following ABMT, a variable
relapse rate has been documented due to either the inability of
conditioning regimens to eradicate “in vivo” minimal residual disease, or
the persistence of malignant clonogenic cells in the reinfused marrow
cells, or the lack of a graft-versus-leukemia effect.>”’ Recently reported
data obtained by marking autografted cells with the neomycin-resistance
gene have shown that, at least in acute m?'elogenous leukemia (AML),
relapse is due to reinfused leukemic cells.” This experimental evidence
strongly supports a role for marrow purging to achieve elimination of
residual malignant cells from the graft. The rationale for purging is based
on the concept of different sensitivity, different specificity, or different
behaviour between leukemic and normal stem cells when exposed either to
chemical as well as immunological agents or cultured in vitro.” Various in
vitro purging methods available result in a 4-6 log cell killin vitro and in 1
log reduction in tumor burden.’

The most widely used agents for pharmacological purging are the
active  metabolites of  cyclophosphamide, such as 4-
Hydroperoxycyclophosphamide (4-HC), and the more stable compound
mafosfamide. By using clonogenic assays, it has been demonstrated that
mafosfamide inhibits in a similar dose-dependent manner the in vitro
growth of normal CFU-Blast, CFU-GEMM, BFU-E, CFU-GM, as well as
the leukemic progenitors CFU-AML.'*'? It is now well established that
normal CFU-Blast as well as CFU-GM express wide variation in
sensitivity to mafosfamide.'""'* In a group of AML patients studied at our
institution, the dose of mafosfamide inducing 50% CFU-Blast growth
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inhibition ranged from 61 to 146 p.g/ml.12 This demonstration has been
used to establish procedures of individual adjustment of the dose of
mafosfamide used for marrow purging in order to decontaminate the
marrow with the maximum tolerated dose of mafosfamide. Recently, 4-
HC has been reported to cause 1ntemucleosomal DNA fragmentation of
leukemic cells, a typical feature of apopt081s * Moreover, in a murine
model, substantial data suggest that chemical purging may activate
immune effector cells important for the control of hematologic
malignancies after bone marrow transplantatlon Natural Killer (NK)
cells constitute an immunocompetent cellular subpopulation with a
regulatory function on hemopoiesis and a capability to exert immune
surveillance on neoplastic cell growth In the allogeneic BMT setting, it
is strongly suggested that a graft-versus-leukemia effect operates via the
activation of a nonspecific effector system. 7 NK cells have been
considered as effectors of an immune response that could play a possible
role in preventing relapse after BMT.'® Studies aimed at evaluating the
recovery of immunocompetent cells following BMT demonstrated a rapid
recovery in the number and function of NK cells after allogeneic BMT,
whereas the findings have been controversial after ABMT, especially in
relation to the different types of purging procedures employed
(pharmacological or 1mmunolog1cal)

In this paper, we report our clinical results obtained in AML
patients autografted with marrow purged either at standard- (100
ug/ml/20x10 buffy-coat cells) or adjusted-dose (concentration of
mafosfamide inducing 50% inhibition of CFU-Blast growth mafosfamide).
In addition, NK cell regeneration was investigated in a group of patients
receiving marrow purged with mafosfamide at adjusted-dose.

PATIENTS AND METHODS
Patients

Forty-five patients with AML undergoing ABMT with marrow
purged at standard- (n=21) or adjusted-dose (n=24) were included in this
study. Patient characteristics are shown in Table 1. Patients (males = 23;
females = 22) ranged in age from 9 to 56 years (median 35 years). All
were transplanted in first complete remission defined as <5% bone marrow
blasts on marrow aspirate.
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Table 1. Pétients Characteristics

Standard-Dose Adjusted-Dose
(N=21) (N+24)
Age (years)
Median 31 36
Range 9-48 19 - 56
Sex (Male/Female) 11/10 12/12
FAB Classification
M1 (%) 15 21
M2 (%) 35 28
M3 (%) 12 15
M4 (%) 25 21
M5 (%) 13 15
Interval remission to harvest
(months)
Median 3 5%
Range 1-10 1-14
Interval remission to ABMT
(months)
Median 3 6*
Range 1-12 1-18
Pretransplant regimens
TBI-CY 7 3
BU-CY 14 21
*P <025

Conditioning Regimens
Thirty-five patients were conditioned with busulfan (BU) 4 mg/kg
x 4 days followed by cyclophosphamide (CY) 50 mg/kg x 4 days and ten
patients with CY 50 mg/kg x 4 days or 60 mg/kg x 2 days, plus total body
irradiation (10 Gy single dose or 12 Gy fractionated dose).

Marrow Purging

Harvested marrow was centrifuged (2,500 rpm, 20 min) and the
buffy-coat cells collected and resuspended (20x10° cells/ml) in TC199
medium (80%, v/v) supplemented with autologous plasma (20%, v/v).
The hematocrit of the cell suspension was always <5%. Mafosfamide
(ASTA Werke, Bielefeld, FRG) was provided as a lyophilized powder to
be reconstituted with saline. Marrow cells were incubated with the drug
(30 min, 37°C) with gentle agitation every 5 min, then the reaction was
stopped by immersion in ice-cold water (4°C). When the standard purging
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technique was used, mafosfamide concentration was 100 ug/ml/20x106
buffy-coat cells. The method of adjusted-dose purging has been described
in detail elsewhere'? and was performed on an individual basis aimed at
evaluating mafosfamide-induced growth inhibition of primitive adherent
blast colong-forming unit (CFU-Blast). Marrow was purged with the dose
of mafosfamide resulting in 50% inhibition of CFU-Blast growth (IDs).
With this technique the value of CFU-Blast IDs,has been shown to be
significantly higher (P <0.05) than CFU-GM IDys value.'> After purging,
marrow cells were resuspended (40x10 /ml) in irradiated autologous
plasma (55%, v/v), TC 199 (35%, v/v) and DMSO (10%, v/v). After
cryopreservation performed at a controlled rate, marrow cells were stored
in the liquid phase of liquid nitrogen.

Clinical Monitoring

After marrow infusion all patients were hospitalized in laminar air
flow rooms and supported with irradiated platelets and packed red cells.
The patients were routinely given transfusions when hemoglobin values
were less than 8.0 g/dl, and recelved platelet transfusions when platelet
counts were less than 20 x 10°/L. Patients were regularly started on broad-
spectrum 1ntravenous antibiotics when the absolute neutrophil count fell
below 500 x 10%L. They were monitored with daily physical
examinations, daily blood counts, electrolyte measurements, kidney and
liver function tests. Additional laboratory tests of serum were performed
three times a week.

Immunological Monitoring

In order to investigate the immune effects induced in vivo by
mafosfamide purging, NK cell number and activity were evaluated before
ABMT and monthly thereafter. The surface antigen phenotype was
evaluated with the monoclonal antibody CD16/Leu-11b (Becton
Dickinson, Mountain View, CA, USA). Phenotypic analysis was
performed with a FACSort flow cytometer (Becton Dickinson). Data were
processed with a Hewlett-Packard personal computer using Lysis II
software. Cytotoxic activity was measured in standard 4 hour 51Cr release
assays at effector (E) to target (T) cell ratios of between 100:1 and 1:1.
The K562 cell line was used as target for fresh NK cell activity.
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Statistical Analysis
Disease-free survival (DFS) and probability of relapse (PR) were
calculated by the Kaplan-Meier method. Differences between groups were
determined by means of the log-rank test.

RESULTS

The main characteristics of the patients receiving standard- or
adjusted-dose purged autografts are summarized in Table 1. There were
no significant differences between the two groups in terms of sex, disease
phase, FAB classification or pretransplant regimens. In the group of
patients grafted with adjusted-dose purged marrow, the intervals from
achieving remission to marrow collection (5 vs 3 months) and the interval
from achieving remission to ABMT (6 vs 3 months) were significantly (P
£.025) longer as compared to patients grafted with standard-dose purged
marrow.

Twenty-four of 45 patients survive, with a median follow-up
duration of 19 months (range 1 to 114). Nine of 21 patients transplanted
with standard-dose purged marrow and fifteen of 24 patients transplanted
with adjusted-dose purged marrow survive without evidence of recurrent
leukemia. Two patients grafted with standard-dose purged marrow and
three patients grafted with adjusted-dose purged marrow died of
transplant-related toxicity. The DFS for patients grafted with standard- or
adjusted-dose purged marrow were 47% (median follow-up duration 18
months, range: 2 to 114) and 68% (median follow-up duration 23 months,
range: 1 to 96), respectively (Fig. 1). The difference between purge
adjusted vs purge standard was statistically significant (P <.05). The
probability of relapse for patients grafted with standard-dose and adjusted-
dose purged marrow were 48% and 29% (P <.05), respectively (Fig. 2).

To test the possible immune-enhancing effect of mafosfamide,
pre- and post-transplant modifications of NK cells were monitored in 8
AML patients by evaluating the NK functional activity and the percentages
of circulating CD16+ cells (Fig 3). The mean (+SE) pre-transplant value
of NK activity was 32.5£6%. Cytotoxic activity reached pre-transplant
values two months after ABMT (3414.5%, p<0.4) and showed a
significant and persistent increase at 4 (42.5+3%, p<0.025), 6 (48+3%,
p<0.025) and 12 months (5416%, p<0.05). The mean (+SE) pre-
transplant value of CD16+ cells was 5£1.3%. This value increased
progressively up to 6.7+2% (p<0.375) at 2 months, 8.4+2.2% (p<0.05) at
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MAFOSFAMIDE PURGED AUTOGRAFS
Natural Killer Cell Regeneration - AML
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Figure 3. Values of mean (+SEM) cytotoxic activity and CDI16 cells before and
after autologous bone marrow transplantation purged with mafosfamide at
adjusted-dose.
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4 months, 9.812.4% (p<0.005) at 6 months and reached 12.8+2.4%
(p<0.005) at 12 months.

DISCUSSION

High-dose radio-chemotherapy followed by ABMT is 1ncreasmgly
used to consolidate remission in hematological malignancies. 2 To
prevent the risk of reinfusing tumor cells that might contribute to relapse,
several strategies have been proposed to purge the graft of residual
malignant cells. The strong requirement for efficient marrow purging
approaches is now supported by studies employing gene marking
techniques. % These studies have demonstrated that autologous marrow
harvested from leukemia patients in complete remission contains
malignant cells capable of inducing relapse

This paper reports the results updated to June 1994 of 45 AML
patients autografted with either standard- or adjusted-dose purged marrow.
The main aim was to give general figures on the value of marrow purging
at standard or adjusted dose for ABMT in AML in first remission, both in
terms of DFS and probability of relapse. In keeping with our previous
analysis,’ ? individual mafosfamide dose adjustment significantly increases
DFS and decreases the probability of relapse as compared to standard-dose

zge These data are also in agreement with results reported by Gorin et
al,

Cyclophosphamide has been reported to modulate a number of
immune responses in vitro and in vivo.'"¥? When cultured with
cyclophosphamide normal lymphocytes had an increase in NK cell
activity in comparlson to lymphocytes cultued in the absence of
cyclophosphaxnlde In a mouse model an immunologic activity of
mafosfamide has been demonstrated.'* Since an enhanced regeneration of
NK cells posttransplant could play a relevant role in the control or
eradication of minimal residual disease, we evaluated the immune effects
exerted by mafosfamide purging in patients undergoing ABMT. AML
patients grafted with purged marrow showed a significant and long-lasting
increase in NK function and number, still persisting after twelve months
posttransplant. In keeping with findings reported herein, eight AML
patients transplanted w1th unpurged marrow have been shown to lack any
increase in K562 killing."” From these data, and considering that none of
our patients showed any evidence of viral reactivation that could explain
earlier and faster activation of the immune system, it seems reasonable to
ascribe the documented increase in the NK activity to the purging
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procedure with mafosfamide.”* Therefore, mafosfamide acts not only
through a potent killing effect on clonogenic cells but also by enhancing
NK cell regeneration. The NK cells, in fact, were fully functional as
measured by lytic activity to K562 targets, and moreover normal to high
cytotoxicity to target cells was maintained throughout the posttransplant
period. The long-lasting increase in NK number and function observed
post-ABMT could imply a graft-versus-leukemia effect able to play a
major role in the control of minimal residual disease.

In conclusion, our data demonstrate that: a) as compared to
standard-dose purge, adjusted-dose purge significantly affects DFS and
PR; b) mafosfamide enhances posttransplant NK regeneration; c¢)
collection and ex vivo expansion of NK cells by using immunostimulatory
cytokines, such as IL-7 and IL-12, could be proposed as a posttransplant
therapy in high-risk AML patients; d) randomized trial testing the efficacy
of marrow purging are now ongoing.
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CHEMOTHERAPY IN ADULT ALL - STATE OF THE ART
D. Hoelzer

In adult acute lymphoblastic leukemia the complete remission
(CR) rates are 65% - 85%. They can be achieved with cycling
combination chemotherapy, usually including vincristine (VCR),
prednisolone (PRED) and an anthracycline antibiotic with or without L-
asparaginase, cytosine arabinoside (Ara-C) and cyclophosphamide (CPA).
These high CR rates are not only beneficial for further chemotherapy but
also for bone marrow transplantation (BMT) where a CR is still considered
to be a prerequisite.

Prognostic factors known to influence the outcome of ALL, such
as initial white blood cell count, organ involvement (e.g., CNS or
mediastinal tumor, immunophenotype, cytogenetic aberrations and other
variables), no longer have an impact on the CR rate. The only exception is
age, which shows a strong inverse correlation. In adolescents the CR rate
approaches 85% - 90% whereas it decreases to 40% or less in ALL
patients over 60 years.

Leukemia-free survival (LFS) rates in adult ALL at 5 or more
years in a large series of nearly 5000 patients range from 20% - 35%.
There is no substantial improvement of the overall cure rate in the recent
decade, but significant changes are observed in ALL subgroups. The
outcome for adult ALL should therefore be considered within these
specific groups (Table 1).

Table 1. Recent Chemotherapy Results in Adult ALL

Subgroup Incidence No.Pts CRRate MRD LFS

Overall 4802 76% 23 m. 32%
(64-85)  (11-32) (18-40)

Risk group

High 70% 8-13 m. 20-25

Low 30% 72-NR 50 or>

Age

15-20 82-95% 32-65%

20-50 80% 35%

50-60 40-70% 0-20%

>60 37-63% 0-2%

Subtype

T-cell ALL 24% 367 83% 27 m. 46%

(61-90) (6-NR) (26-60)
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Table 1. (cont’d)

Subgroup Incidence No.Pts CR Rate MRD LFS
common ALL 52% 702 78% 26 m. 34%
(64-90) (16-36) (30-43)
B-cell ALL 3% 73 72% 51%
(63-83) (20-62)
My+ ALL 19% 208 77%
(29-80) 0-37%
Cytogenetics
Ph'/BCR-ABL+ 24% 264 64% §m. 0-16%

(44-76) (5-11)
* Pooled data from published literature

Low Risk versus High Risk Patients

Low risk is defined in several adult ALL series by the following
characteristics: younger age (at least below 50 years), time to CR within
4/5 weeks, lower leukocyte count, T-ALL subtype, and Philadelphia.
chromosome/bcr-abl rearrangement (Ph/bcr-abl) negativity. Such patients
constitute a selected series of about 30% of the patients and their survival
rate is 50% or even higher in some studies. '

High risk patients are defined by increased age, late achievement
of CR (>4/5 weeks), high white blood cell count, and Ph/ber-abl positivity
detected by cytogenetic or molecular analysis. These patients constitute
about 70% and their survival is 20% - 25%.

The relativeness of such risk definition is evident. Mature B-ALL,
a rare but aggressive subtype with high risk of relapse, has changed its
outcome from a survival of less than 10% to approximately 50% following
treatment with short, intensive, high dose chemotherapy cycles. Are these
patients still high risk patients?

Age
As for achievement of CR, age has the greatest impact on the
outcome of adult ALL. Survival decreases from up to 60% in adolescents
to a survival rate of nearly 0% in patients above 70 years. This has an
implication for the outcome after chemotherapy with regard to overall
survival, depending on what age groups are included in a reported series.

Immunophenotype
There have been several reports on the role of immunophenotype
as an independent prognostic variable. However, with change in treatment
and improved results, e.g., for T-ALL and mature B-cell ALL, the immune
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phenotype is now more often used for subtype adjusted treatment
strategies.

T-ALL. This subtype, usually associated with predominance of
male sex, high WBC count, CNS infiltration, and mediastinal tumor,
formerly had a poor outcome in children as well as in adults. The MRD
was 10 months or less. Results for adult T-ALL have 1mproved with CR
rates of up to 95% and LFS has increased to 45 - 60%.* Sufficient in vivo
and in vitro evidence has accumulated that CPA and Ara-C are mainly
responsible for this improvement. The inclusion of Ara-C and CPA pulses
during continuation therapy was beneficial in childhood T-ALL.* Also, in
adult ALL the combination of Ara-C and CPA added to the conventional
drugs improved CR rate and LFS in T-ALL.>®

In recent studies the latest relapses for T-ALL occur at
approximately 3 years. The optimal duration of treatment for T-ALL is as
yet undefined as is also the value of a conventional maintenance therapy
with MP and MTX, with or without additional treatment.

B-lineage ALL. This comprises, according to the stage of
differentiation, the subtypes pre- pre-B-ALL, common ALL, pre-B-ALL
and mature B-ALL.

Common ALL is the most frequent subtype in adults (52%) as
well as in children (65%). The outcome has not changed very much in
recent years and the survival remains 25 - 35%. This may be partly
explained by the fact that about 45% of adult patients with c-ALL are
Ph/bcr-abl positive ALL’s’ whose prognosis remains poor. However, for
adults with Ph/bcr-abl negative, c-ALL results have not greatly improved,
at least not in the German multicentre ALL (GMALL) studies (>700 c-
ALL patients). In particular, most studies indicate that these patients
relapse over a period of up to 5-6 years. It seems that some of the
intensified regimens, particularly with short intensive treatment cycles
such as high dose Ara-C, may not have had a substantial benefit for c-
ALL.

Pre-B-ALL also includes Ph/bcr-abl positive cases; the outcome is
similar to that for common ALL but has not been analyzed separately in
most adult ALL series.

Pre-pre-B-ALL. The majority of these patients (60-70%) have the
translocation t(4;11). Pre-pre-B-ALL was associated with a poor outcome
in children, especially in infants and in adults. In recent adult ALL
studies, it seems that the prognosis can be improved by the use of i mtenswe
treatment regimens to a continuous CR (CCR) rate of 48% at 3-1/2 years.?
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Mature B-ALL is associated with male predominance, often
lymphadenopathy, abdominal tumor masses, renal, bone and CNS
involvement.

In earlier trials, remission rates for adult B-ALL were low and
remission duration and survival was poor. In nine studies with a total of
44 patients, the weighted mean CR rate was 44% and most patients
relapsed rapidly, reflected by the MRD of 11 months and the very low
survival rate (<10%).

There is a change in the outcome of B-ALL and Burkitt’s
lymphoma in several childhood and adult studies. In childhood B-ALL,
the outcome has 51%n1ﬁcantly improved, with CR rates of 81-96% and LFS
rates of up to 76%.

The drugs responsible for this improvement are fractlonated high
dose CPA, hlgh dose methotrexate (HdM) (0.5 to 8 g/M ), and high dose
Ara-C (HdAC); these have resulted in an 81% CR rate in the Pediatric
Oncology Group study and an 88% CR rate in the French Pediatric
Oncology Society study. In the Berlin-Frankfurt-Miinster (BFM)
protocols, CR rates of 91-93% were obtamed with moderate doses of CPA
or ifosfamide and HdM (0.5 to § g/M ) but without HIAC. In addition to
CPA, HdM, or HdAC, the regimens contained the cytostatic drugs
adriamycin (ADM), Ara-C, teniposide, VCR, PRED, daunorubicin, and
etoposide.

When these childhood B-ALL protocols were applied in adult
patients with B-ALL, results were also 1mproved > The CR rates now
approach 70% and CCR rates range between 20 and 63% with a weighted
mean value of 51%. In the childhood as well as in the adult B-ALL
regimens above, relapses occur almost exclusively within the first year and
thereafter the patients can be considered to be cured. Thus maintenance
therapy is no longer indicated.

Myeloid antigen positive ALL. With current more detailed
immunological analyses, increasing numbers of patients with myeloid
antigen positive (My+) ALL (approximately 20%) can be detected.
Common to these leukemias is that in addition to the markers specific for
ALL, the myeloid markers CD13, CD14, CD15, CD33 and CDw65 may
be expressed on 20% or more of the cells.

Whether My+ ALL has an adverse impact on outcome is
controversial.'® Among childhood ALL studies, there are some which
show a lower LFS for My+ patients of 38% and 39% compared to 75%
and 78% for patients without myeloid markers. Other studies, including
those of the BFM group, have found no disadvantage for My+ patients in
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CR rate or LFS. The few adult studies available indicate an inferior
outcome for My+ ALL patients, both for CR rate (77%) and LFS, but in a
recent GMALL analysis the LFS rate is 37%. Larger patient numbers and
longer follow-ups are required before it can be definitely stated that, even
with intensified treatment schedules, My+ ALL has still an adverse
prognosis.

Philadelphia chromosome/bcr-abl positive ALL. Ph'/bcr-abl
positive ALL is the subgroup of ALL having the worst pro§nosis in
children as well as in adults. A new diagnostic approach for Ph positive
ALL is the detection of bcr-abl rearrangements by molecular
analysis.7’l7’18 In eight cooperative trials, the incidence of Ph'/bcr-abl
positive ALL ranged from 9% to 30%.

In 12 studies with a total of 264 patients, the weighted mean CR
rate is 64%. The MRD in all series is short (5 to 11 months) and the
survival rate, from 0 to 16% at 3 to S years, is extremely poor in all
reports. There is no difference in outcome between patient groups when
the Philadelphia chromosome is detected cytogenetically nor between
those with molecular detection of the bcr-abl rearrangement, neither
within the latter between the p190 or the p210 groups.”’19

The treatment of Ph'/bcr-abl positive ALL patients remains an
unsolved problem. With intensified induction regimens, the CR rate can
be increased to 75%. Thus, obtaining CR is not as difficult as maintaining
it. HdAC (3 g/M2 x 6-8) with VCR, ADM and dexamethasone as
consolidation treatment and HdAC (1 or 3 g/sz 8) with mitoxantrone in
the GMALL trials seems to have a beneficial effect.'*

A new approach to the treatment for Ph'/bcr-abl positive ALL
might be the use of biological response modifiers as maintenance therapy.
There are single observations indicating that a-interferon applied in CR
patients can maintain remission and also the combination of IL-2 and a-
interferon may be beneficial.2°

What do chemotherapy results imply for BMT in adult ALL?
It seems that with recent intensive chemotherapeutic regimens similar
overall results (when corrected for age), and similar tendencies for an
improvement in ALL subgroups are obtained in adult ALL. The decision
when to have a BMT differs widely.21 Some indications for BMT could
change since prognosis after chemotherapy has improved substantially,
e.g., in T-ALL, pre-pre-B-ALL and B-ALL. In contrast, there are
subgroups with a uniformly poor prognosis, such as Ph'/bcr-abl positive
ALL, where the indication for BMT is unanimous.
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In fact, there are at present two approaches to the use of BMT in
adult ALL: one is to consider all adult ALL patients as high risk with poor
outcome and to offer them a BMT in first CR. The other is to select only
high risk patients for BMT in first CR and low risk patients for BMT in
second CR, respectively.22 Large cooperative national trials are underway
to evaluate these approaches prospectively. Hopefully a clear indication of
how chemotherapy and BMT can best be scheduled for an individual
patient will soon be available.

REFERENCES

1. Hoelzer D, Thiel E, Loffler H, et al: Prognostic factors in a multicenter study
for treatment of acute lymphoblastic leukemia in adults. Blood 71:123-132,
1988.

2. Clarkson B, Gaynor J, Little C, et al: Importance of long-term follow-up in
evaluating treatment regimens for adult with acute lymphoblastic leukemia.
Haematol Blood Transfus 33:397-408, 1990,

3. Hoelzer D, Thiel E, Loffler H, et al; Intensified chemotherapy and
mediastinal irradiation in adult T-cell acute lympho-blastic leukemia. In:
Gale RP, Hoelzer D (eds). Acute Lympho-blastic Leukemia. New York, Alan
R. Liss, 1190, pp 221-229.

4. Lawer SJ, Pinkel D, Buchanan GR, et al Cytosine
arabinoside/cyclophosphamide pulses during continuation therapy for
childhood acute lymphoblastic leukemia. Cancer 60:2366-2371, 1987.

5. Clarkson BD, Gee T, Mertelsmann R, et al: Current status of treatment of
acute leukemia in adults: an overview of the Memorial experience and review
of literature. CRC Crit Rev Oncol Hematol 4:221, 1986,

6. Schiffer CA, Larson RA, Bloomfield CD, for the CALGB: Cancer and
Leukemia Group B (CALGB) studies in acute lymphocytic leukemia (ALL).
Leukemia 6(Suppl 2):171-174, 1992,

7. Maurer J, Janssen JWG, Thiel E, et al: Detection of chimeric BCR-ABL

genes in acute lymphoblastic leukemia by the polymerase chain reaction.

Lancet 337:1055-1058, 1991.

Hoelzer D: Personal communication.

9. Murphy SB, Bowman WP, Abromowitch M, et al: Results of treatment of
advanced-stage Burkitt’s lymphoma and B cell (Sig+) acute lymphoblastic
leukemia with high-dose fractionated cyclophosphamide and coordinated
high-dose methotrexate and cytarabine. J Clin Oncol 4:1732-1739, 1986.

10. Patte C, Philip T, Rodary C, et al: High survival rate in advanced-stage B-cell
lymphomas and leukemias without CNS involvement with a short intensive
polychemotherapy. Results from the SFOP (French Pediatric Oncology
Society) of a randomized trial of 216 children. J Clin Oncol 9:123-132, 1991.

*®



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

123

Reiter A, Schrappe M, Ludwig W-D, et al: Favorable outcome of B-cell acute
lymphoblastic leukemia in childhood: a report of three consecutive studies of
the BFM group. Blood 80:2471-2478, 1992.

Fenaux P, Lai JL, Miaux O, et al: Burkitt cell acute leukaemia (L3 ALL) in
adults: areport of 18 cases. BrJ Haematol 71:371-376, 1989.

Pees HW, Radtke H, Schwamborn J, Graf N: The BFM protocol for HIV-
negative Burkitt’s lymphomas and L3 ALL in adult patients: a high chance
for cure. Ann Hematol 65:201-205, 1992.

Hoelzer D, Thiel E, Loffler H, et al: The German multicentre trials for
treatment of acute lymphoblastic leukemia in adults. Leukemia 6(Suppl
2):175-177, 1992.

Patte C, Michon J, Frappez D, et al: Therapy of Burkitt’s and other B-cell
lymphomas: experience with the LMB protocols of the SFOP (French
Pediatric Oncology Society) in children and adults. Bailliéres Clin Haematol
7:339-348, 1994.

Ludwig WD, Harbott J, Rieder H, et al: Incidence, biologic features and
treatment outcome of myeloid-antigen-positive acute lymphoblastic leukemia
(My+ ALL). In: Biichner et al (eds). Acute Leukemias 1V.
Berlin/Heidelberg, Springer-Verlag, 1994, pp 25-32.

Lestinghi TM, Hooberman AL: Philadelphia chromosome-positive
lymphoblastic leukemia. Hematol Oncol Clin North Am 7:161-175, 1993.
Westbrook CA, Hooberman AL, Spino C, et al: Clinical significance of the
BCR-ABL fusion gene in adult acute lymphoblastic leukemia: a Cancer and
Leukemia Group B study (8762). Blood 80:2983-2990, 1992.

Kantarjian HM, Talpaz M, Dinghra K, et al: Significance of the P190 versus
P210 molecular abnormalities in adults with Philadelphia chromosome-
positive acute leukema. Blood 78:2411-2418, 1991.

Martin H, Atta J, Bruecher J, et al: Autologous bone marrow transplantation
and maintenance therapy with IL-2/a-IFN in Ph'-positive/BCR-ABL positive
ALL. Blood 82(Suppl 1):167a, 1993.

Gale RP and Butturuni A: Treatment strategies for acute lymphoblastic
leukemia. Haematol Blood Transfu 33:684-687, 1990.

Horowitz MM, Messerer D, Hoelzer D, et al: Chemotherapy compared with
bone marrow transplantation for adults with acute lymphoblastic leukemia in
first remission. Ann Int Med 115:13-18, 1991.






125

UPDATE OF A RANDOMIZED CONTROLLED TRIAL
COMPARING AUTOLOGOUS BONE MARROW
TRANSPLANTATION AND CHEMOTHERAPY AS
POSTREMISSION THERAPIES IN ADULT ACUTE
LYMPHOBLASTIC LEUKEMIA (LALA 87)

D. Fiére, H Dombret, F. Rigal-Huguet, M. Kuentz, N. Gratecos, V.
Leblond, B. Pignon, F. Witz, Ph. Travade, C. Danaila, C. Sebban

French Group of Therapy of Adult Acute Lymphoblastic Leukemic Hopital
Edouard Herriot 69003 LYON FRANCE

Although the use of intensive combination chemotherapy
regimens has led to noticeable improvement in prognosis of adult acute
lymphoblastic leukemia (ALL), post-induction chemotherapy groduces
long-term disease free survival (DFS) rates of only 20- 40%."** In an
effort to improve this outcome, autologous bone marrow transplantation
(ABMT) has been used allowing dose escalation unlimited by
hemopmetlc tox1c1ty ¥ Several groups have reported long term-DFS rates
of 38-65%.*" But the actual benefit of this approach remains questionable
due to possible patient selection bias. So after the pilot study, the French
Group of Therapy for adult ALL, proposed a trial with the first objective
being to evaluate randomly, after consolidation therapy, the benefits of
autologous BMT over classical maintenance chemotherapy.9

This study was a part of a large multicenter trial conducted
between November, 1986, and July, 1991, by 43 French and Belgian
institutions. General results have been already published and we shall
focus on the controlled comparison of ABMT and chemotherapy as
strategies for post-induction therapy, with a median follow-up of 60
months.

PATIENTS AND METHODS

The autologous BMT trial reported is a part of the LALA 87
protocol which is summarlzed in figure 1. Overall results have been
published elsewhere.!°

Patients were eligible if there was: (1) a previous inclusion in
LALA trial, (2) achievement of complete remission (CR) with the
induction or the salvage therapy regimen, (3) age from 15-40 and absence
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of an HLA-identical sibling donor, or age from 40-50, (4) still in CR after
the first course of consolidation.

The randomization process took place at the beginning of the
second course of consolidation treatment if a bone marrow examination
showed the persistence of CR. Patients were allocated to the auto-BMT
arm or chemotherapy arm.

Treatment Regimen

In the autologous BMT arm, patients received 3 monthly
consolidation courses (C1, C2, C3). Marrow was harvested between C2
and C3. The protocol assumed MoAb depletion of the harvested marrow
by the MoAbs D66/CD2, AS0/CDS5 and 121/CD7 (provided by A. Bernard)
for T-lineage ALL and the MoAbs ALB2/CD10 (Immunotech, Marseille)
and SB4/CD19 (Sanofi, Montpellier, France) for B lineage ALL. Asta-Z
(Asta Werke, Frankfurt, Germany) depletion was proposed for patients
with less than two of these markers on their leukemic cells.

The conditioning regimen consisted of cyclophosphamide 60
mg/kg on days 1 and 2 and total body irradiation, either 10 Gy as a single
dose, or 12 Gy in six fractions. No treatment was administered
thereafter."'

In the chemotherapy arm, patients received the same 3 monthly
consolidation courses which consisted of the same anthracychne
administered durmg induction therapy (daunorublcm 60 mg/M* or
Zorubicin 120 mg/M day 1, Cytarabine 60 mg/M from day 3 to 7, and
Asparaginase 1000 U/kg from day 8 to 12.

Central nervous system prophylaxis was immediately delivered
after the consolidation phase (18Gy delivery above C2 for 2 weeks).
Maintenance chemotherapy con51sted of a modified L10 regimen for eight
cycles of 64 days spaced by a week.'?

Analysis

All analyses were performed on an intention to treat basis.
Disease free survival was calculated from the date of the second
randomization until relapse, death (regardless of cause) or date when last
known alive. Survival duration was calculated from the day of the first
randomization (induction) until death or date when last known alive.
When calculating DFS and survival, deaths in CR were counted as adverse
events. Univariate analysis was performed using the X’ test and the
generalized Wilcoxson test of Gehan Survival curves were estimated by
the method of Kaplan and Meier."
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RESULTS

Pretreatment Characteristics

The figure 2 shows the chart flow of 436 patients achieving CR in
the protocol. Two hundred sixty-two patients were eligible for
randomization in auto-BMT versus chemotherapy, but between the
achievement of CR and the time of randomization, 71 patients were
excluded: 21 for early relapses, 10 for patient refusals, 8 for medical
decisions, 10 for organizational reasons, 16 for severe infectious
complications during induction or salvage therapy, and 6 over 40 for
allogeneic bone marrow transplantation. Thus 191 patients were
randomized, 96 in chemo arm and 95 in auto-BMT arm.

Patient characteristics were similar in the two groups with a
median age of 28 and 25 in chemo and auto-BMT arms. Male sex in 55
and 61, T-ALL in 27 and 35, CNS involvement in 6 and 7 and white blood
cells >30 G/1in 31 and 35 patients.

Outcome

The DFS is not statistically different between the two arms. The
median DFS is 19 and 13 months for chemo and auto-BMT arms. There
are more events in the first part of the evolution in auto-BMT arm and less
in the second part so the 5-year DFS rate is respectively 25 and 35%. The
total number of relapses is 68 in chemo and 54 in auto-BMT arm, relapses
occurring late after 18 months, are 24 in chemo versus only 9 in auto-BMT
arm. Four deaths in CR occurred in each arm, 2 fatal infections, one
hemorrhage and one veno-occlusive disease in auto-BMT arm, 2 septic
deaths, one myocardial infarction and one suicide in the chemo arm.

The survival rate at S years is 31% in chemo and 40% in auto-
BMT arm and the median survival is 27 and 31 months. The difference is
not yet significant. Figures 3A and 3B indicate DFS and survival of
patients based on an intention to treat analysis.

Only 63 of 95 patients (66% of randomized patients in auto-BMT
arm were actually transplanted). The reasons for non-compliance with the
procedure were early relapse (n=19), medical complications (n=3),
insufficient marrow harvesting (n=4), refusal of patient (n=4) or
organizational reasons (n=2). B-cell depletion was performed in 25
patients, T-cell depletion in 19 patients and 8 cases were depleted with
Asta Z. The median time between CR and autologous BMT reinfusion is
116 days. Outcome of this selected group of patients is much better with a
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median DFS and S-year DFS rate of 42 months and 45%, respectively.
The median survival and 5-year survival rate are 62 months and 50%,
respectively.

DISCUSSION

The main objective reported here of this large multicenter study
was to test, in a controlled trial, the advantage of autologous BMT
compared with classical chemotherapy in adult ALL. Impressive results
have been reported from a single center trial obtained with autologous
BMT performed in first CR with DFS rates of greater than 50%."" A
retrospective analysis of 233 patients reported similar results.® However,
the absence of a controlled trial rises the possibility of patient and
treatment-related biases such as age, state of patient the duration between
CR and transplantation.

The present study shows the natural selection of good risk patients
for auto-BMT, excluding early relapses and poor clinical status. Outcome
of patients actually transplanted in first CR is the same as other
noncontrolled or retrospective published studies.

In conclusion, this trial emphasizes:

sthe importance of selection bias when evaluating auto-BMT

sthe necessity of randomized controlled trials with an intention to

treat analysis

esimilar outcomes for auto-BMT and chemotherapy as post

remission therapy in adult ALL with a trend for less
relapses in the autologous BMT arm.
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LALAS7 Protocol
Chartflow: 436 patients in CR
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Figure 2
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LALA87: DFS of patients
actually transplanted (N=63)
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LALAS87: Autologous BMT trial
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SEQUENTIAL HIGH-DOSE THERAPY OF ADULT ACUTE
LYMPHOBLASTIC LEUKEMIA: ROLE OF MAINTENANCE
CHEMOTHERAPY AFTER PERIPHERAL BLOOD STEM CELL
TRANSPLANTATION IN FIRST REMISSION

J. Mehta, R. Powles, S. Singhal, C. Horton, S. Milan,
D. Tait, J. Treleaven

Royal Marsden Hospital, Surrey, UK
ABSTRACT

A sequential therapeutic strategy employing a first complete remission *
(CR) peripheral blood stem cell autograft (PBSCT) followed by
maintenance chemotherapy has been developed for adult acute
lymphoblastic leukemia (ALL), where relapsing patients are salvaged by
an autologous or allogeneic bone marrow transplantation (BMT) in second
CR. Thuteen patients underwent PBSCT after high-dose melphalan (200
mg/M) in first CR. Eleven had high-risk disease (one of: age >35,
leukocytes >30, CR after >4 weeks). Toxicity of PBSCT was minimal
with 2 days (range 0-5) of fever and 18 days (range 17-23) in hospital.
Neutrophlls reached 0.5 x 10°/L on day 15 (range 12-27), and platelets 50
x 10°/L on day 16 (range 12-77. 6-MP was started in 12 patients on day
+32 (range 15-132). The median daily dose of 6-MP tolerated, averaged
over the entire post-PBSCT follow-up period, was 44.1 mg/M>. Nine
patients were started on MTX. Patients transplanted after December 1993
also received monthly vincristine and steroids. Ten patients (76.9%) are
alive and well on chemotherapy in first CR at 12 months (range 2-20). Of
3 patients relapsing at 4-7 months, 2 are alive and well two and three
months after allogeneic BMT from matched siblings in second CR. The
third declined autologous BMT in second CR and is currently in third CR.
Overall survival is 100%. We conclude that melphalan and post-PBSCt
maintenance chemotherapy have significant antileukemic activity in adult
ALL, patients relapsing after PBSCT can be salvaged by a second BMT,
and this structured approach minimizes treatment-related toxicity by
reserving allogeneic BMT for relapsing patients.
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INTRODUCTION

Autologous or allogeneic bone marrow transplantation (BMT) in
adult patients with acute lymphoblastic leukemia (ALL) in the ﬁrst
complete remission (CR) results in 20-70% long-term event-free survival.!”

Transplant-related mortallty remains the most important cause of failure
of allogeneic BMT,>” while the predominant cause of fallure of autologous
BMT (ABMT) is relapse of the disease posttransplant

Maintenance chemotherapy with 6-mercaptopurine (6-MP) and
methotrexate (MTX) is presumed to be useful in adult ALL because
protocols omitting maintenance chemotherapy have been associated with a
high relapse rate and relatively low disease-free survival.'”'! We have
previously shown that administration of mamtenance chemotherapy after
ABMT in ALL results in decreased relapse rates."?

To minimize transplant-related toxicity, which in our ABMT
patients was mostly attributable to total body irradiation (TBI),lzwe have
now devised a sequential treatment strategy utilizing peripheral blood stem
cell transplantation (PBSCT) as the first step after a conditioning regimen
that does not include TBL."

PATIENTS AND METHODS

In the sequential therapy program, patients aged 15 years and over
who are in first CR after a standard 4-drug induction therapy schedule
(MRC UKALL Xa Reglmen D), undergo PBSCT after high-dose
melphalan (200 mg/M ) irrespective of the availability of HLA-identical
siblings. Blood cells are harvested after a second treatment cycle
(intensification) in patients attaining CR at the end of 4 weeks of induction
therapy, and after a third cycle (consolidation) in those attaining CR after
intensification. Patients not in CR at the end of the intensification phases
are ineligible, as are patients with Ph+ ALL, B-ALL, and CNS disease.
CNS prophylaxis consists of 2400 cGy cranial irradiation in 15 fractions
before PBSCT and 6 intrathecal injections of MTX.

Maintenance chemotherapy with daily 6- MP is begun when the
leukocytes reach 3 x 10 °/IL and the platelets 100 x 10 °IL. Target doses of
6-MP and MTX are 80 mg/M daily and 20 mg/M weekly respectively.
Therapy is started with 25 mg 6-MP and this is increased weekly or
fortnightly in 25-50 mg steps. MTX at the dose of 5 mg (increasing in 2.5-
5 mg steps) is added when the dose of 6-MP reached 75 mg. The dose is
adjusted to maintain the absolute neutrophil count over 1 x 10°/L.
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Maintenance chemotherapy is scheduled to be continued for a period of
two years from the date of its commencement posttransplant. Patients
receive folic acid and prophylaxis for Pneumocystis carinii pneumonia
with oral trimethoprim-sulfamethoxazole or inhaled pentamidine while on
maintenance chemotherapy. Patients transplanted since December 1993
have also been receiving monthly vincristine and prednisolone.

In relapsing patients, repeat induction of remission is attempted
using standard or salvage regimens. Patients are offered allogeneic BMT
from matched siblings or unrelated donors, or ABMT if no suitable donors
are available using unpurged marrow harvested in second CR. The
conditioning regimen for the second transplant is high-dose VP-16 (60
mg/kg) and TBI (1050 cGy as a single fraction).

Blood stem cells were 1n1t1ally mobilized with G-CSF (Neupogen,
Amgen) at the dose of 125 pg/M sc. q.12h on days 1 to 7 (7 consecutive
days), and leukapheresis was performed on days 5 to 8 (4 consecutive
days). This has now been modified to 12-16 pg/kg G-CSF sc. q.24h on
days 1-4, and leukapheresis on days 4 and 5. The G-CSF dose is rounded
off to the nearest vial size so that the actual dose administered is between
12 and 15 pg/kg. Leukapheresis is performed on a Cobe Spectra (Cobe
Industries, Lakewood, CO) continuous-flow cell separator with 150-200%
of the patient’s calculated blood volume bemg processed at each session.
Patients receive a single dose of 200 mg/M melphalan with hydration on
day -1. The entire cryopreserved PBSC collection is thawed rapidly at
37°C and infused on day 0; 24 hours after the administration of melphalan.

Patients are treated in protective isolation in rooms with positive-
pressure ventilation. CMV-negative blood products are used for
seronegative patients in view of the possibility of a future allograft.
Broad-spectrum antibiotic therapy is started for fever in the neutropenic
phase. Irradlated random platelets are transfused to maintain the platelet
count at 20 x 10°/L, and packed cells to maintain the hemoglobin at 100
g/L. Vascular access for PBSCT is usually through a central line and
Hickman catheters are not routinely inserted.

Thirteen consecutive adult patients with ALL in first CR who
satisfied the inclusion criteria have been enrolled on the program between
January 1993 and June 1994. They were stratified into standard- or high-
risk groups on the basis of previously published criteria."* Patients with
one or more of the following features were classified as having hlgh risk
disease: age >35 years, leukocyte count at presentation >30 x 10 /L and
time taken to achieve CR >4 weeks.
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The average dose of 6-MP or MTX administered was determined
by calculating the actual total amount of drug administered after PBSCT.
The last date for determining an individual patient’s total chemotherapy
was the date of relapse or the date of analysis (31 July 1994); whichever
was the earlier. This amount was divided by the number of days (6-MP)
or weeks (MTX) from the date of the transplant to the last date of the
chemotherapy. The amount of chemotherapy delivered to these patients
was compared to a group of historic controls who received ABMT after
melphalan-TBI.

RESULTS

Table 1 shows patient characteristics at initial presentation. The
diagnosis-PBSCT interval was 4-13 months (median 5), and the CR-
PBSCT interval was 2-11 months (median 3). The first 7 PBSCT
rec1p1ents were harvested on 4 days and consequently received 8.1-15.1 x
10® nucleated cells’kg (median 13.1). With the number of leukaphereses
reduced to 2 from 4, the next 6 patients received 3.9-9.2 x 10®nucleated
cells’kg (median 4.3).

Engraftment was rapid with neutrophils reachmg 0.5 x 10°/L on
day 15.5 (range 12-27), and platelets reaching 50 x 10 °/L on day 17 (range
12-77). No transplant-related deaths were seen in the PBSCT group
(P=NS). Morbidity of the procedure was acceptable with 2 days (range 0-
5) of fever over 38°C and 18 days (range 17-23) in hospital.

Table 1. Patient Characteristics

Number of patients 13

Males 6

Females 7

Median age (range) 32 years (19-58)
Immunophenotype

Common 10

T

Null 1
Karyotype

Ph variant 1 (detected at relapse)

t(4;11) 1

t(11;14) 1

1(5;12) 1

Trisomy 8 1

Trisomy 7 1

1

Del 6q
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Normal 4
Not available 2
Features at presentation
Leukocyte count 0.7-260 (5.8)
Platelet count 13-260 (111)

Table 2 shows the time to starting maintenance chemotherapy, the
proportion of patients starting it, and the doses of chemotherapy
administered. Data on 38 adult ABMT patients are shown for comparison.
The actuarial probability of starting maintenance chemotherapy was 65%
at 3 months for ABMT recipients compared to 85% for PBSCT patients
(P<0.05). Temporary attenuation of the dose of the 6-MP and/or the MTX
was required in approximately half the patients due to myelosuppression.
No primary or secondary failure of engraftment was seen.

Three patients relapsed 4-7 months posttransplant. All three
attained a second CR with combination chemotherapy which was tolerated
well. One refused ABMT in second CR and is currently in third CR 15
months after PBSCT. The other two are two and three months after
allogeneic BMT from matched sibling donors with high-dose etoposide-
TBI conditioning seven and eleven months after the first graft respectively.
Allograft-related toxicity was acceptable and reversible in both patients.
As on July 31, 1994, all 13 patients are alive and in CR, and 10 are alive
on maintenance chemotherapy in continuous CR twelve months (range 2-
20) posttransplant.

Table 2. Post-Autograft Maintenance Chemotherapy: Comparison of

PBSCT with ABMT
Parameter ABMT PBSCT P
Number of patients 38 13
Day posttransplant to start 58.5 (26-152) 32 (15-132) 0.002
maintenance chemotherapy
Median (range)
Probability of starting 65% 85% 0.05
chemotherapy at 3 months
Patients receiving 6-MP 30 (78.9%) 12 (92.3%)
Patients receiving MTX 20 (52.6%) 9 (69.2%)
Daily dose of 6-MP 33.5(7.9-91.3) 44.1 (14.8-59.9) NS
(mg/M?) Median (range)
Weekly dose of MTX 4.7 (0.7-18.3) 7.6 (1.5-20.7) NS

(mg/M?) Median (range)
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DISCUSSION

Relapse remains the most important cause of treatment failure
after ABMT for ALL, occurring in 40-70% of patients.”” Post-autograft
strategies which have been employed in an attempt to decrease relapse
rates in ALL have 1ncluded cytokine-mediated immunotherapy with
1nter1euk1n 2 infusions,'” cell-mediated immunotherapy with haploidentical
T-cells,'® and 1ntenswe chemotherapy (repeat remission induction and
intensification).”'” We have shown that the novel strategy of continuous
maintenance chemotherapy with 6-MP and MTX after ABMT for a period
of 2 years decreases relapse rates in ALL."

Two important changes were made when we embarked upon the
sequential therapy program: Firstly, TBI was omitted from the
condltlonlng regimen to decrease peri-transplant morbidity and
mortallty, 8 and to avoid long-term consequences such as cataracts,
sterility, organ damage and secondary neoplasms Secondly, allogeneic
BMT was no longer offered in first CR to adult patients with ALL except
Ph+ ALL and patients not in CR after 8 weeks of initial therapy. The
rationale was to avoid the morbidity and mortality of allogeneic BMT in a
situation where graft-versus-leukemia reactions in first CR are relatively
less marked compared to other types of leukemia and advanced ALL.2%*!
It was decided to reserve TBI for use with a subsequent transplant (from a
matched sibling or an unrelated donor, or autologous) in case of a relapse.

In the context of these exclusion criteria, it must be mentioned that
of the two patients allografted in second CR on this program, one was
found to have a variant Ph chromosome at relapse and the other was
retrospectively found not to have attained CR after the intensification
phase of initial therapy. These two patients therefore should not have been
enrolled on the sequential therapy program, but should have been
allografted in first CR. In future, PCR will be done forbcr-abl to identify
Ph+ ALL.

In ABMT patients who relapsed after melphalan-TBI
conditioning, second remissions were difficult to attain, and most patients
died of progressive disease or toxicity of chemotherapy. The three
patients relapsing after PBSCT attained second remissions very easily
using standard combination chemotherapy. This is likely to be largely
attributable to the attenuation of the intensity of the conditioning regimen.

It is noteworthy that the intensity of the UKALL Xa chemotherapy
administered to these patients is considerably less than other protocols
which have been associated with relatively lower relapse rates.'***?
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Intensive consolidation has been shown to improve continuing CR rates
significantly in the successive German multicenter adult ALL trials.>* It is
possible that the high-dose melphalan consolidation in this group of
patients overcame some of the lack of efficacy of the induction-
intensification therapy, and that the results obtained here may be improved
further if the initial therapy is intensified.

Our data show that G-CSF-mobilized blood stem cells used to
support high-dose consolidation chemotherapy are as durable as marrow-
derived cells in tolerating maintenance chemotherapy posttransplant. As
Table 2 shows, maintenance chemotherapy could begin earlier after
PBSCT compared to ABMT due to faster hematopoietic reconstitution.
Because MTX used within the first 2 weeks posttransplant for the
prophylaxis of graft-versus-host disease after allogeneic BMT for ALL has
been shown to reduce the risk of relapse, presumably by its direct
antileukemic action,”’ early commencement of maintenance chemotherapy
after autografting may be maximally beneficial. Also, a higher proportion
of PBSCT recipients could receive maintenance chemotherapy compared
to ABMT.

The average doses of chemotherapy that could be administered
after PBSCT and ABMT were not significantly different. The projected
cumulative doses of 6-MP delivered after PBSCT are high and are
comparable to other studies.'*?>* Though it is difficult to assess the exact
benefit of dlfferent cumulative levels of maintenance chemotherapeutic
agents (26 MP) ¢ studies with higher projected total dose-delivery of 6-

MP'“?% have been associated with better long-term outcome than those
w1th lower dose.'*!!

PBSCT is increasingly replacing ABMT due to rapid engraftment
and significantly shorter periods of pancytopenia. However, as the
number of nucleated and mononuclear cells reinfused at the time of
PBSCT is much higher than that reinfused at the time of ABMT,” the
issue of contamination of the infused product with malignant cells is likely
to assume a great deal of significance. It is likely that PBSCT, as currently
employed in the acute leukemias, may result in higher relapse rates than
ABMT due to infusion of a greater number of malignant cells. The
demonstration of durability of PBSCT grafts to maintenance chemotherapy
in our study is crucial because posttransplant maintenance treatment of
some sort (chemotherapy or immunomodulation) is likely to prove
essential after PBSCT for the acute leukemias.

Much longer follow-up and a large randomized study will be
required to determine if the overall survival with our strategy of
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posttransplant maintenance chemotherapy is better or not. Our data
demonstrate that this strategy is feasible with PBSCT as well as with
ABMT. Being a relatively low-risk procedure compared to a standard
TBI-containing transplant, high-dose chemotherapy with PBSCT is likely
to find much wider application as an intensive post-consolidation
procedure if found to be beneficial. In addition to the minimal morbidity,
the median cost of these transplants is 30% less than the median cost of
autologous BMT for AML at our center using a comprehensive template
of transplant-related activities (unpublished data).

We conclude that high-dose melphalan with PBSCT in first CR
followed by maintenance chemotherapy is a safe and feasible treatment
strategy in adult ALL. Patients relapsing after PBSCT can attain second
remissions easily, and may be able to undergo second transplants after
TBI-containing regimens with acceptable morbidity. This sequential
therapy exposes only relapsing patients to the high treatment-related risk
of TBI and allogeneic BMT, but all patients benefit from the antileukemic
effect of high-dose melphalan and posttransplant maintenance
chemotherapy. Because blood-derived stem cells harvested using G-CSF
in the steady-state are as tolerant of maintenance chemotherapy after
autografting as marrow-derived cells, future studies evaluating the utility
of autografting in ALL should employ high-dose chemotherapy and
PBSCT to decrease transplant-related toxicity and maintenance
chemotherapy post-PBSCT to decrease relapse rates.
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