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PREFACE

The Fifth International Symposium on Autologous Bone Marrow
Transplantation was a real success! The title of the Proceedings, "Autologous
Bone Marrow Transplantation”, does not reflect the significance of peripheral
blood as an alternate source of stem cells. Peripheral stem cell transplantation
was one of the highlights of this symposium. Another highlight was the session
on breast cancer. The rapid improvement of results of high dose chemotherapy
with stem cell support in this disease may have caused a headache for the
insurance carriers but not for the clinical investigators and certainly not for our
patients! In the laboratory new strategies are under development which may
have reached the clinic by the time of the next symposium. Last but not least,
explosive progress with hematopoietic growth factors introduces a new era in
the field of high dose therapy and stem cell transplantation.

Over 4000 autotransplants were performed in 1989 and in 1990, a
marked difference compared with 10 transplants in 1976! This expanding field
needs cohesiveness of investigators to enhance effective progress. This
symposium has been, is and will be, one of the main instruments to achieve
this. Therefore, plans are underway for the next symposium to be held here in
July 1992. Again, welcome to Omahal
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Progress Report: MRC Tenth AML Trial

EVALUATION OF AUTOLOGOUS BONE MARROW
TRANSPLANTATION IN ACUTE MYELOID LEUKEMIA: A
PROGRESS REPORT ON THE MRC TENTH AML TRIAL

A.K. Burnett, A.H. Goldstone, I.M. Hann, R.F. Stevens, J.K.H. Rees,
K. Wheatley and R.G. Gray

For the Adult and Childhood Leukaemia Working Parties of The United
Kingdom Medical Research Council; Department of Haematology, Glasgow
Royal Infirmary, Glasgow, United Kingdom

INTRODUCTION

Several single centre series suggest that autologous bone marrow
transplantation may be the best method of maintaining first remission of acute
myeloid leukemia (1-5). Indeed the experience is not apparently inferior to the
results achieved by allogeneic transplantation. A major limitation in acceﬁ i
the single series or registry results is the concern that the patients included have
been, to a greater or lesser extent, selected by "time censoring”. That is, that
they are patients who have survived in remission - usually for 4-6 months -
until the autograft was done, and therefore were at a lower risk of relapse
anyway (6, 7). If series involving chemotherapy alone are similarly time
censored, the 5 year outcome is mot substantially inferior to the autograft
results. Since the outcome of receiving an autogmg at second remission is not
significantly inferior to a graft in first remission, it might be more appropriate
to reserve the use of autograft only for those patients who relapse and achieve
a second remission.

While delaying the autograft would have the advantage of avoiding
unnecessary transplants for patients who were already cured, it does have some
potential pitfalls. First, the prospects of achieving a second remission nd
largely on the length of first remission, and are probablty about 20-30% for
patients relapsing within a year. Second, the rate of relapse in second
remission, as in first remission, is most marked in the first six months, so a
further time censoring bias is introduced to the second remission data. to
compare the efficacy, in patients who have all received 4 intensive courses of
chemotherapy, of (1) allogeneic versus autologous BMT versus no further
treatment in first remission, (2) autologous BMT in first remission versus no
further treatment (STOP) with late autograft in those who relapse and achieve
a second remission. A subsidiary objective is to compare "DAT 3+10"
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(Daunorubicin, Ara-C, Thiogmanine) with "ADE 10+3+5" (Ara-C,
Daunorubicin, and Etoposide) as remission induction treatment.

MATERIALS AND METHODS

Rationale of Trial Design
The rationale of the MRC AML 10 Trial design (figure) has some

specific points. It is intended that all entrants, who must be under S5 years of
age, should have identical chemotherapy pre-transplant comprising four courses.
The evaluation of transplantation (allogeneic or autologous) will be based on its
potential additional value compared with no further chemotherapy. The
induction and consolidation phases of chemotherapy are designed to achieve a
high rate of remission, and subsequently be of adequate intensity (a) to achieve
the maximum leukaemic cytoreduction as a means of "in vivo purging" of the
harvested marrow, (b) to minimize the risk of relapse during the period of
pre-transplant remission and (c) to provide as good a prospect as possible of
curing patients without recourse to BMT which will be seen in the STOP arm.
On the other hand it was hoped that the chemotherapy would not be sufficiently
severe to prevent patients’ progression through the protocol, or to damage the
regeneirative potential of the graft or increase the toxicity of a subsequent
transplant.

P The myeloablative protocol will be cyclophosphamide/TBI in first
remission but will be Busulphan/Cyclophosphamide in second remission because
uncontrolled data suggest that it may be superior to TBI in this context (8).

PROGRESS REPORT

The study opened in summer 1988. At June 1990, 494 patients were
on study, including 109 children. Of 373 evaluable, 299 (80%) have entered
remission (226/292 adults 77%; 73/81 children 90%). Of those who remitted,
71% achieved CR after course 1, and 24% after course 2, so about three
quarters of the patients will receive 3 courses of post-remission induction
therapy. Important haematological toxicity occurred after courses 3 and 4. The
median times taken to regenerate neutrophils to 1.0 x 10%1, were 17, 18, 24
and 31 days after the four courses, respectively. Similar prolongation of
thrombocytopenia was noted. Regeneration of platelets to S0 X 1(%71 being
achieved respectively in 16, 19, 24 and 25 days.

Ten patients have relapsed during the time scale of the post-induction
chemotherapy, which is an actuarial relapse of 7-8% in the pre-transplant
interval, indicating that few patients are being lost to the transplant option,
which was the main criticism of the autograft data. Ten patients have died in
remission following course 3 or 4. Although this is not an unacceptable rate
(10 out of 360 courses administered 3%), it is, in part, a reflection of the
haematological toxicity of the protocol combined with the traditional approach
of attempting to give post remission therapy on an increasingly outpatient basis.
While the number of days in hospital did not reflect this (27, 22, 25, 25 days
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after course 1-4); we have been able to show that the risk of death in these
patients was related to the duration of hospital stay after treatment.

Of the 299 patients in remission, 52 have not yet reached the second
randomization point and 22 are excluded because of early- relapse (10 cases) or
death in CR (12 cases). Sixty-three patients have an HLA matched sibling and
have been allocated to an allograft. One hundred and fourteen patients have
been randomized to early autograft (n=57) or STOP treatment with a potential
late autograft (n=57). An additional 7 patients elected to be autografted, and
41 patients for various reasons of their own, or their physicians’ choice, were
not submitted to randomization but have usually collected all four courses of
treatment. The reasons for election to stop have not yet been examined in

Of the 63 patients intended for allograft, 5 will not receive it because
of intercurrent relapse (3 cases) or death (2 cases). Nineteen are pending or
have not yet been reported, and 39 transplants have been completed, of whom
29 are alive 2 to 21 months post-transplant. There have been 8 procedural
deaths and 2 post-transplant relapses. Sixty-four patients were intended to
receive an autograft but 2 died pre-transplant (1 relapse). Twenty-four have not
yet been reported. Amongst the 38 cases transplanted thus far, there have been
4 procedural related deaths.

Fifty-seven patients have been randomized to STOP treatment and are
candidates for late autografts, 2 have died in remission. No information on the
scheduling or outcome of second remission autografts is yet available. Several
of these patients will however be off protocol because the relapse occurred
within 6 months of the bone marrow harvest.

Observations on Trial Pr

Recruitment and achievement of complete remission has so far been
very good, particularly in children. The intensity of post remission courses
three and four, has been reflected in important haematological toxicity which
is consistent with its objective, namely to induce minimal residual disease. The
disadvantage of this has been the occurrence of a few deaths in complete
remission, but these have, in several cases, been related to the early discharge
from hospital of these patients before recovery of peripheral blood counts. It
has also contributed to refusal of the second randomization, by physician or
patient. One of the major biases in the reported autograft series is the CR to
ABMT delay, during which patients will relapse at a rate of around 5% per
month. The total actuarial relapse rate during this delay in this trial is low at
around 8%, thus vindicating the use of intensive post remission chemotherapy.
It will be some time before it is know whether this will result in less relapses
post autograft (and indeed post allograft) than usually seen.

Subsidiary objectives of this trial include efforts to study the quality of
remission at the time of bone marrow harvest, by cytogenetic analysis,
molecular-genetic studies of clonality, growth in long-term bone marrow
culture, and the exploitation of inappropriate co-expression of antigens on
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individual’s leukaemic cells. The relevance of these features, together with the
more usual prognostic factor analysis, will emerge in due course.
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6-Thioguanine 100 mg/m? 12-hourly orally days 1-8 Inclusive
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AUTOLOGOUS BONE MARROW TRANSPLANTATION VERSUS
CHEMOTHERAPY FORADULT ACUTE MYELOBLASTIC LEUKEMIA
IN FIRST REMISSION: PRELIMINARY RESULTS OF A
MULTICENTER RANDOMIZED STUDY

J.Y. Cahn, J.L. Harousseau, B. Pignon, M. Mercier, F. Witz, P. Colombat,
F. Oberling, C. Ghandour, N. Ifrah, D. Caillot, M. Jeffredo, B. Desablens,
B. Audhuy, P. Casassus and P. Hurteloup

;or the GOELAM Study Group, France; Hopital Minjoz Bd Fleming, Besancon,
rance

INTRODUCTION

Complete remission is now expected in the majority of previously
untreated adults with de novo acute myeloid leukemia (AML). Patients under
age 60 enter complete remission in 70-75% of cases (1). Treatment strategies
are directed on maintaining these remissions by intensification chemotherapy (2)
or very intensive chemotherapy or chemo-radiotherapy followed by autologous
or allogeneic bone marrow transplantation.

To evaluate the relative value of each approach, the GOELAM group
decided, in November 1987, to initiate a prospective randomized study
comparing early autologous BMT to a second intensification chemotherapy for
all patients less than 50 years old. Patients less than 40 with an HLA identical
sibling were randomized at diagnosis and received allogeneic BMT after
achieving CR without consolidation or intensification therapy.

PATIENTS AND PROTOCOLS

All patients aged less than 50 years old with untreated de novo AML
were randomized at diagnosis between two induction therapies: regimen A
consisting of idarubicin (8 mg/m?/d x § days) and cytarabine (200 mg/m?¥/d x
7 days) or regimen B consisting of zorubicin (200 mg/m%d x 4 days) and
cytarabine (same dose than regimen A).

Patients under age 40 who had an HLA identical sibling donor
proceeded to allogeneic bone marrow transplantation without other
intensification therapy. Conditioning regimen and graft-versus-host disease
prophylaxis were chosen according to each center’s protocol.

The other patients attaining complete remission received a first
intensification with high-dose Ara-C (3 g/m* q 12 h from D1 to D4) followed
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by the same anthracycline (randomized at induction): idarubicin (10 mg/m%*d
DS and D6) or zorubicin (200 mg/m*d DS and D6).

After hematological reconstitution, unpurged marrow was harvested in
each patient. A second intensification was then randomized consisting of either
a five-day chemotherapy regimen (m-Amsa : 150 mg/m%d x 5 days; VP 16 :
100 mg/m*d x 5 days) or autologous bone marrow transplantation.
Conditioning regimen prior to autologous BMT was Busulfan and
Cyclophosphamide according to the Johns Hopkins group (3) with Busulfan (4
mg/kg/d x 4 days) and anticonvulsivant therapy followed by Cyclophosphamide
(30 mg/kg/d x 4 days) associated with Mesna.

Delay between first intensification and marrow harvest was fixed at 75
days, after which patients were no longer eligible for the second intensification.

PRELIMINARY RESULTS

As of June 1990, 197 patients have entered the study and 169 are
evaluable for induction therapy : 130/169 patients (76.9%) achieved complete
remission (p=0.72 between the two regimens). Fourteen patients (8.2%) died
during induction therapy and 25 (14.8%) had a resistant disease. Thirty-one
patients with HLA identical sibling received an allogeneic BMT and eighty
patients received their first intensification. Four patients (5%) died from the
procedure or relapse and, at time of analysis, 55/80 were randomized for the
second intensification.

Twenty-nine received autologous bone marrow transplantation with a
mean follow-up of 370 days since the first randomization and 256 days since
marrow harvest. At time of analysis, 22/29 (75.9%) are alive; 21 in continuous
complete remission (72.4 %). Out of the 29 patients, 7 died: 5 from relapse
and 2 from toxicities.

Twenty-six patients received a second intensification with m-Amsa and
VP 16 with a mean follow-up of 342 days since the first randomization and 220
days since marrow harvest. Twent_;'-four are alive at time of analysis; 20 are in
continuous complete remission (76.9%) and 4 in relapse. Two patients died
after relapse.

Thirty-one patients have been allografted: 20 are alive, 18 remain in
continuous complete remission (58%). Eleven patients died: 5 from GVHD,
1 from relapse and S from other causes.

DISCUSSION

It appears from this preliminary analysis that such a cooperative study
comparing intensive chemotherapy and autologous bone marrow transplantation
may be feasible with completion of the randomized treatment not appearing to
be a major problem. Only 7 out of 80 patients (8.7%) were not randomized
following medical decision or patient refusal, which seems acceptable.
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Due to improvements in intensification chemotherapy results, we chose
to compare this approach with autologous bone marrow transplantation for
AML in first remission.

In order to eliminate the heterogeneity in the ABMT arm, the
Busulfan-Cytoxan regimen was chosen, thus avoiding the bias of different total
body irradiation protocols as well as limiting the delay on waiting lists in the
different transplant units.

Without definite proof of purging efficacy (4), it is difficult to
homogeneize between several groups (standard versus adjusted dose of
mafosfamide), thus, we decided to use unpurged marrow after the first
intensification. Furthermore, in our previous experience (P. Herve et al.,
unpublished), we found that chemical purging after high-dose Ara-C was not
always feasible.

Preliminary results of this randomized study do not allow us to draw
any conclusions because of the limited number of included patients and the
short follow-up. The study is expected to be closed to inclusion at the end of
1991, with at least 50 evaluable patients in each arm.

The analysis will compare planned treatments, performed or not, as
well as comparison of groups who effectively completed their treatments.

Due to the absence of intensification post-induction, the allogeneic
BMT evaluation will be biased in this study: this approach was chosen in order
to lower cumulative toxicities. However, another important parameter to be
evaluated in this study will be the impact of bone marrow transplantation on an
unselected population of adult AML, all included at diagnosis.
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LONG TERM FOLLOW-UP OF ACUTE MYELOGENOUS LEUKEMIA
PATIENTS AFTER TREATMENT WITH DOUBLE INTENSIFICATION
AND AUTOLOGOUS BONE MARROW TRANSPLANTATION (ABMT)

Karel A. Dicke, Jorge A. Spinolo and Elihu H. Estey

University of Nebraska Medical Center, Omaha, Nebraska and M.D. Anderson
Cancer Center, Houston, Texas

ABSTRACT

To determine if a second intensification with ABMT would effect long
term disease-free survival (DFS), data was analyzed from 18 AML patients
(pts) in 1st remission 4-6 years after treatment. This pt group was induced with
AMSA-OAP, intensified with AMSA and HD Ara-C followed by
cyclophosphamide 6g/m?, BCNU 300 mg/m? and VP-16 750 mg/m? + ABMT
ensued at 6 months from CR (range 5-9). Bone marrow (BM) was stored after
AMSA-HIDAC. ABMT was followed by 6 cycles of AD-OAP. There were
no treatment-related deaths. Presently pts remain in CR (median 52+ mo;
range 46-64+); 8 pts have relapsed (median 18+mo; 7-24). The 5 yr DFS is
56%. AMSA-HIDAC prior to BM harvest may decrease the leukemic load of
the infused marrow (in vivo purge). Of the 12 pts with favorable prognostic
factors, 8 are still in CR (66%) compared to 2 out of 6 pts (33% p=0.07) with
unfavorable factors. These data are superior but not significantly better than
the results of a concomitantly treated chemotherapy group. Interpretation of
results is limited due to small patient numbers and patient selection. A study
has been designed in which patients are stratified according to prognostic
factors and in which the role of auto-BMT can be evaluated.

INTRODUCTION

The treatment of acute myelogenous leukemia (AML) with conventional
chemotherapy protocols resulted in a 15-25% disease free survival rate.! In
recent years, factors predicting outcome of treatment have been described of
which age, cytogenetics, WBC count at time of diagnosis and number of
courses needed to achieve complete remission are most significant.? Selection
on the basis of those factors resulted in the identification of patient
subpopulations with a long term disease free survival (DFS) rate of 40%. In
the past years, advances have been made in post remission induction treatment;
the development of high dose (HD) Ara-C programs as early intensification
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after induction treatment has contributed significantly to the long term DFS
rate.>* On the basis of the principle of intensification of remission, we initiated
8 years ago a post remission induction treatment in which in addition to the
early HD Ara-C intensification, a subsequent intensification program was
included. This consisted of high dose Cyclophosphamide, BCNU and VP-16
(CBYV) in conjunction with autologous bone marrow transplantation (auto-BMT).
In this paper, we report a follow-up of the results and we describe our current
study.

MATERIALS AND METHODS

Patient Population

Patients under age 60, diagnosed with AML using the FAB criteria
were entered in protocol 82-86 approved by the Institutional Review Board
(IRB). Schema 1 presents a schematic design of this protocol. A minimum of
1x10® marrow cells/kg body weight was collected after the first second or third
maintenance course after HD Ara-C treatment. The methods of marrow storage
and preparation procedures of the marrow cells for transplantation have been
described previously.® The CBV regimen has been documented in Schema 2.

RESULTS WITH PROTOCOL 82-86

Of the 63 patients achieving CR, 18 were treated with CBV and BMT
as second intensification (Schema 3). Of the 18 patients, 10 are in continuous
complete remission (CCR) with a median follow-up of over 5 years (Table 1).
Eight patients relapsed after a median remission duration of 13’ months (Table
2). Of the 18 patients, 12 had favorable prognostic factors according to
Keating’s model?, 8 (67%) are in CCR. Of the 6 patients with unfavorable
prognosis, only 2 are still in remission (Table 3). There is no transplantation
related mortality.

As can be noted in Schema 3, 45 of 63 patients who achieved remission
were not transplanted. One of the major reasons of not being entered into the
transplantation program is relapse of leukemia occurring within 6 months after
remission induction; over 20% of the patients relapsed before reaching the
transplantation phase in the protocol (Schema 3). The majority of the relapses
is after the course of maintenance immediately after CR induction and after the
second and third course of maintenance after HD Ara-C intensification (Schema
1).

CURRENT AML PROGRAM (#273-90)

Based on our experience with protocol 82-86, two major changes have
been introduced in the new protocol. In the first place the maintenance
treatment after induction has been deleted and the time interval between HD
Ara-C treatment and transplant has been shortened; only one maintenance
course has been included. The marrow for transplantation is harvested
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immediately after HD Ara-C intensification. In the second place, the patients
are stratified according to prognosis. Stratification is done after HD Ara-C
intensification. Patients with a favorable prognosis will be treated with the
CBV program and unmanipulated marrow. In patients with unfavorable
prognostic factors, the cytoreduction of the second intensification has been
increased. The BCNU in the CBV program has been replaced by 1020 cGy of
total body irradiation (TBI). In addition, the bone marrow cells harvested for
bone marrow transplantation are incubated with 4 hydroperoxy
cyclophosphamide (4HC) and vincristine. The prognostic factors used in
protocol 273-90 have been listed in Table 4. Protocol 273-90 has been outlined
in Schema 4 and Schema 5.

DISCUSSION

The interpretation of the results obtained with protocol 82-86 is limited.
Patient selection and time census may explain the favorable results. When the
results of this patient population are compared with those of a group of patients
concurrently treated with the same protocol except for transplantation and
matched for prognostic factors, the results of the BMT treated patients are
better. However, the level of significance has not been reached due to the
small numbers of patients in both treatment arms.

It seems that the patients with poor prognostic factors have a higher
relapse rate than those with favorable indicators (67% vs. 33%, Table 3). An
increase in cytoreduction for the poor prognostic group seems therefore
indicated. Reoccurrence leukemia after auto-BMT is originated either from the
leukemic cell population present in the bone marrow transplant or from
leukemic cells surviving the conditioning regimen. Therefore, in the poor
prognostic group besides the in vivo purge, also ex vivo treatment of the bone
marrow cells is used for leukemic cell reduction. In order to minimize the
leukemic cell population escaping the conditioning regimen, we increased its
cytoreductive potential. We selected the VP-16-cyclophosphamide-TBI regimen
used for allogeneic bone marrow transplantation (Table 5). Although in the
allogeneic population, no treatment regimen related deaths were recorded, it
needs to be seen if in the autologous setting similarly favorable results can be
obtained. This program is the first program in which high dose treatment with
BMT is tailored according to prognosis.
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TABLE 1

CR DURATION
RELAPSE FREE PATIENTS

NUMBER: 10/18 (S6%)
MEDIAN DURATION: 64+ MONTHS
76+, 68+, €8+, 68+,

67+, 62+, 59+, 58+,
56+, 55+

TABLE 2

CR DURATION
RELAPSED PATIENTS
NUMBER: 8/18 (44%)
MEDIAN DURATION: 19 MONTHS

24, 22, 29, 29
18, 13’ 9’ 7
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TABLE 3
PROGNOSTIC FACTORS AND
QUTCOME AFTER CBV
Median
No. of CR
Brognosis —Pts__ [o{os:3 Duration (mos) _P_
Good 12 8 (67%) 64+
0.069
Bad 6 2 (33%) 19

Prognostic Model: PCRL, Keating, et al. (Retf.2)

TABLE 4
FRONT-LINE TEERAPY FOR ADULT AML
RISK GROUPS
e Good prognosis:
Karyotypes: inv 16 diploid

+ (15;17) 45 X-Y
+ (8;21)

and

Achievement of CR in cne cycle

e Poor vrognosis:
CD 34 (+) blasts > 70%
Any karyotype cother than above
Above karyotypes if > 1 cycle to CR
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TABLE 5

Increase of Leukemic Cell Kill
in Bad Prognosis

1. Marrow Harvest: 4HC in vitro treatment
2. Recipient copditioning regimen:
VP-16 11500 mg/m? day -7

CTX * 60 mg/kg days -6,-5
TBI : 1.7 Gy bid days -3 -2,-1

FIGURE 1. Schema 1

"TREATMENT OF AMI,
PROTOCOL 82-86

INDUCTION: AMSA-0AP
PRE-BMT INTENSIFICATION HD ARA-C + AMSA
MAINTENANCE: AD-QAP

AD-QAP
HARVEST-—

AD-OAP
HIGH DOSZ THERAPY ‘CBV + ABMT
MAINTENANCE: AD-QAP X 3

AMSA-0AP X 3
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FIGURE 2. Schema 2

THE CBV REGIMEN

Total Dose
Cyclophosphamide 6 gr/m? day 1-4
BCNU 300 mg/m® day 1
VP-16 750 ng/m® day 1-3

BMT day 7

FIGURE 3. Schema 3

TREATMENT DISTRIBUTION OF AMI, PATIENTS
IN PROTOCOL 82-86

—ALLO BMT 6
~CBV~ABMT 18
~PROTOCOL VIOLATION 11

OR LOST TO F/U

ENTERED > CR

~SEVERE ORGAN TOXICITY 4
76 63 ’

~RELAPSE < 6 MOS 15

OR EARLY DEATH

~CONTROLS 9



20 v
Session 1: Acute Myelogenous Leukemia - CR1

FIGURE 4. Schema 4

S8hort time intervals
Onset CR -~ BMT is 3-4 months

Induction
Ara~-C-Dauno (3,7)

1 Month:
Pre~Intensification
HD Ara-C-Mitox.
Marrow Harvest
2 Months Maintenance

Marrow Harvest

BMT

Maintenance x 2
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FIGURE 5. Schema §

Stratification good versus bad prognosis

Induction
Pre-intensification
Good + Intermediate Bad Prognosis

CBV + BMT Increasae leukemic cell kill
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AUTOLOGOUS BONE MARROW TRANSPLANTATION IN ACUTE
LEUKEMIA: THE ROLE OF MARROW PURGING

N.C. Gorin

Department of Hematology, Hopital Saint Antoine, Paris, France

INTRODUCTION

Allogeneic bone marrow transplantation (BMT) has improved the prognosis
of acute leukemia in patients with HLA identical siblings. As an alternative,
in the past decade, several teams including ours, have developed autologous
bone marrow transplantation (ABMT) to allow high dose consolidation therapy
in an effort to offer a similar chance to most patients with no available donor.
Results of ABMT from various institutions and the European Registry indicate
that this goal may have been reached and, further, the possibility to extend
ABMT even to patients who are candidates for allo BMT is being considered.

Despite the clear demonstration in numerous animal models of the
efficacy of marrow purging in reducing leukemic cell contamination in marrow
collected in complete remission (CR) or in artificial marrow tumor cell
mixtures, resulting in cure of leukemia by ABMT in these models, the
important question of the efficacy of marrow purging in the human situation has
remained unanswered for several years. This situation has dramatically
changed in 1988 when for the first time the analysis of the European registry
demonstrated the value of marrow purging with mafosfamide in acute
myelocytic leukemia (AML) autografied in first remission (CR1) (1). Later,
this demonstration was confirmed by the 1989 (2) survey, and further extended
by the last EBMT analysis presented in May 1990 in the Hague. We will
summarize these data in a first part. Ina second part, we wish to report on the
present status of our own trial in Hopital Saint Antoine Paris in 100 patients
with AML and ALL receiving marrow purged with mafosfamide at a level
individually adjusted, defined as the CFUGM LD 95 which spares 5 + 5 %
CFUGM. We found that the relapse rate was significantly related to the
residual amount of CFUGM progenitors in the marrow after purging. We
interpreted these data as indirect evidence that the outcome of patients
autografted is indeed dependent of the quality of the marrow infused (3).
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PATIENTS AND METHODS

Marrow Purging with Mafosfamide is Effective for AML Autografted in
First CR: The European Surveys

a) The 1988 European survey, after several years of frustration, was
the first to show clear evidence in favor of marrow purging in AML CR1. As
a consequence of a first analysis, a specific second study was independently
conducted by 2 distinct statistical teams (1).

Several steps were taken to improve the quality of the data and to
structure the analysis:

1) Before the study, all teams received a printout of their own previous
reports for verification and corrections.

2) Although we studied both the probability of relapse and the
leukemia-free survival, we felt that the first parameter, which censors all causes
of death not directly related to leukemia, was more appropriate to establish the
possible antileukemic effect of purging.

3) We decided to focus within the study on a relatively homogeneous
subpopulation of patients without high risk criteria, autografted in CR1 after
TBI. Indeed, in the past there has been difficulty in studying patients with
AML treated by ABMT because of the variety of pretransplant regimens used,
in contrast to allogeneic BMT, where TBI is the standard modality.

4) It had been suggested that marrow purging might not bring any
additional and/or detectable beneficial tumor cytoreduction in a situation where
chemotherapy previously given to the patient would achieve a sufficient degree
of so called "in vivo purge". Therefore, we analyzed purging versus no
purging, by intervals from CR to ABMT, postulating that the effect of purging
might be more easily detectable, or alternatively, purging might be more
effective, in patients transplanted earlier after fewer courses of consolidation
chemotherapy following the induction of CR. This analysis produced some
interesting results.

5) A careful comparison of the two populations, purge versus no purge,
did not detect any selection bias. This study included an analysis of all
chemotherapy induction and consolidation regimens given in the pretransplant
period with a special attention to high doses Ara-C, a comparison of
pretransplant intervals, and a search for a possible center effect.

We analyzed data from 263 patients with acute myelocytic leukemia
(AML) autografted in first remission (CR) during the period from January,
1982 to January, 1987 at one of 34 centers in the European Bone Marrow
Transplant Group. The median age of patients was 30 years (range, 1 to 65).
The median interval between achieving CR and autografting was 5 months
(range, 1 to 23). Of the 263 patients, 131 patients received cytoreductive
regimens that included total body irradiation (TBI); the remainder received
various combinations of cytotoxic drugs. Sixty-nine patients received
autologous marrow purged in vitro with mafosfamide, and 194 received
unpurged marrow. The median follow-up was 24 months (range, 12 to 97).
For patients with standard risk AML in CRI autografted after TBI (n = 107),
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the leukemia-free survival (LFS) was higher, and the probability of relapse was
lower in recipients of purged than of unpurged marrow (63% versus 34% yP=
.05 and 23% versus 55%, relative risk 0.34, p = .005, respectively). The
superior results of purging were most obvious in patients autografted within 6
months of achieving CR (probability of relapse, 20% versus 61%, p = .01).
Patients with longer intervals between CR and autografting had higher LFS and
lower probabilit; of relapse than those autografted early in CR (intervals greater
than 9 months, 7 to 9 months, 4 to 7 months, and < 3 months : LFS = 56%,
40%, 35%, 27%, p = .007, probabt;ll;;y of relapse = 25%, 56%, 59%, 67%,
p = .005; respectively). We concluded that marrow purging with mafosfamide
was valuable for patients autografted early in first CR.

b) The 1990 survey confirmed the efficacy of marrow purging in AML
CR1, not only after TBI, but even when considering the whole population of
patients autografted in CR1 whatever the pretransplant regimen. It further
extended the observation that the efficacy of marrow purging was easier to
detect in patients more likely to have persisting residual tumor at time of
ABMT, with the finding of a statistically significant advantage for purfmg in
patients achieving CR1 with a delay from initial to CR1 > 40 days, and not in
those with a delay < 40 days. For the 1990 EBMT survey, 62 European teams
(see appendix) reported 1688 autografts for consolidation of acute leukemia, as
of December 31, 1989. The distribution for bone marrow transplant (ABMT)
was the following : AML : status CR1: 671; CR2: 196 - pretransplant regimens
: total body irradiation (TBI) : 456, Busulfan + Cyclophosphamide (BU-CY)
174. Marrow purging with mafosfamide 269 corresponding to 26% of the
patients in CR1 and 41% in CR2. ALL status : CR1 312, CR2 259
pretransplant regimens : TBI 537, BU-CY 52. Marrow purging with
mafosfamide 256, with monoclonal antibodies 175 corresponding to 61%
purged in CR1 and 75% purged in CR2. The overall results were the following
: for patients autografted in CR1, the leukemia free survival and relapse rates
at 7 years were 48 + 2% and 41 + 3% for AML (fig 1) and 44 + 5% and 45
+ 5% in ALL (fig 2). In CR2 the figures were LFS 34 +/- 4% and relapse
rate 54 + 5% for AML and 32 + 3% and 62 + 4% respectively for ALL.
Patients not relapsing at 1 gear post ABMT had a probability of being cured at
7 years of 86% and 71% if autografted in CR1 and CR2 for AML (fig 3), and
81% and 59% for ALL (fig 4). Multivariate analysis of relapse rates in several
subpopulations confirmed the efficacy of marrow purging in AML CR1: in
patients transplanted prior to January, 1988 (minimum follow up 2 gears), the
relapse rate with purged marrow was 35 + 5% vs 47 + 3% (p = 0.005) (fig
5). In patients autografted after TBI only, it was 29 + 5% vs 50 + 4% (p <
0.0001) and further 16 + 6% vs 60 (p = 0.001) in those autografted within 6
months from induction of CR (fig 6). In patients autografted after TBI who
reached CR1 with a delay from diagnosis to CR1 > 40 days, the figures were
23 + 8% vs 56 + 6% (p = 0.001) in favor of purging while relapse rates with
and without purging were similar in those who initially reached CR1 within 40
days. Results were also significant in multivariate analysis though at lower
levels when considering all patients autografted until December, 1989. Finally,
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it was found that patients with AML CR1 autografted post TBI not relapsing at
1 year had a 91% probability of cure with purged marrow versus 80% with
non-purged marrow (p = 0.1) (fig 7). Relapse patterns were different in that
the plateau for persisting remission started at 18 months with purged marrow
versus 30 months with unpurged marrow. Multivariate analysis similarly
performed for ALL failed to show any advantage for marrow purging whatever
the technique used (fig 8). These results on 671 AML CRI patients confirmed
the initial finding, that marrow purging is effective and easier to detect in
situations where residual tumor is more likely to persist (initial diagnosis to
CR1 > 40 days, CR1 to ABMT < 6 months).

In contrast to AML, the 1990 EBMT survey did not show any
beneficial effect for purging, either with mafosfamide, or monoclonal
antibodies, or even all techniques combined, in ALL. This absence of
beneficial effect of purging in ALL may alternatively mean that in vitro purging
has no major impact in the absence of sufficient reduction of body tumor load
or that present means for purging in AML are inadequate.

Marrow Purging With Mafosfamide at the Individually CFUGM LD 95
Adjusted Level

Design of the study. In the late seventies, our team decided to design
a program of high dose consolidation therapy containing total body irradiation
(TBI), followed by ABMT with purged marrow for patients with acute
myelocytic (AML) and acute lymphocytic leukemia (ALL) in remission (4). In
designing this program, we tried to define an optimal technique for purging
which would achieve a maximum antileukemic activity without jeopardizing
marrow engraftment. As a consequence of the initial report by Sharkis and
Santos in the Brown Norway myelocytic (BNML) rat leukemia model (5),
showing that the efficacy of cyclophosphamide derivatives for marrow purging
existed only above a certain threshold of dose, and also as a result of our own
preliminary in vitro studies showing wide variations in the individual sensitivity
of progenitor cells including clonogenic leukemic cells (CFUL) from patient to
patient, we selected mafosfamide for purging at the highest tolerable dose which
we defined as the CFUGM LD 95 sparing, S + 5% CFUGM.

Previously, we have published several aspects of our purging procedure
as well as our first clinical results in a small series of 23 patients. We are
reporting here on our global experience in 100 patients autografted since
January 1983. In addition, to producing leukemia free survival (LFS) which
we believe compare favorably to allo BMT, we also found interesting
correlations of LFS and relapse rate to several characteristics of the marrow
transplanted. We consider that some of these may be indirect evidence in favor
of marrow purging at levels individually adjusted.

One hundred patients (55 AML, 45 ALL) entered the study. The sex
distribution was 61 males and 39 females. The median age was 36 years
(range, 6 to 56) for AML and 25 years (range, 5 to 55) for ALL. Six out of
the 55 AML and twelve out of the 45 ALL patients were children.
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The distribution of the patients was the following : AML in first
complete remission with standard prognosis factors (AML CR1 SR) : 32, AML
in first CR with high risk factors (AML CR1 HR) : 13, AML in second
remission (AML CR2) : 10, ALL in first CR with standard prognosis factors
(ALL CRI1 SR) : 9, ALL in first CR with high risk factors (ALL CR1 HR) :
24 and ALL in second CR (ALL CR2) : 12.

Each marrow collection was preceded by the preincubation test (PIT)
realized on a 10 ml marrow sample taken 15 days before, in order to determine
the CFU-GM LD 95 dose of mafosfamide to be used for in vitro purging.
Buffy coat from the part of marrow to be treated was collected on a
haemonetics H30 cell separator and adjusted to a final cell concentration of
2.107 cells per milliliter with TC 199 medium and a final hematocrit of 5 g.
The suspension was finally incubated with mafosfamide at the concentration
previously established from the PIT for 30 minutes in a water bath at 37C, with
gentle shaking. Following incubation, the BM suspension was cooled,
centrifuged, washed, resuspended in irradiated autologous plasma and
cryopreserved.  All patients received the standard pretransplant regimen
consisting of cyclophosphamide 60mg/kg/day x 2 and TBI. Thawed marrow
w?d infused on day 0. Following ABMT, no maintenance chemotherapy was
used.

RESULTS

Clinical Results

In the population of 45 AML CR1 patients the probability of persisting
remission, relapse rate and leukemia free survival at 6 years were respectively
70% +7,30% + 7,56% + 7. When comparing AML CR1 SR to AML CR1
HR, the difference was not statistically significant both in terms of probabilities
of relapse and LFS.

Of the 10 patients autografted in CR2, only 3 are alive and well
including 2 for more than 2 years post-transplant, in whom the duration of their
CR post ABMT has presently reached 2 times (25 months vs 13) and 9 times
(54 mo vs 6) the duration of their first remission (inversion).

In the 33 ALL patients autografted in CR1, the figures for probability
of remission, relapse rate and LFS at 5 years were 67% + 9, 33% + 9 and
60% + 9. Interestingly, of 2 patients with a Philadelphia chromosome at initial
diagnosis, 1 relapsed at 12 months and 1 remains in CR at 42 months. A
patient with the t (4, 21) translocation is still in CR 28 months post transplant.
There was no statistically significant difference in terms of disease free
probability and leukemia free survival when comparing the standard risk and
high risk subgroups (50% + 18 vs 73 + 9; 4% + 17 vs 67 + 10, p = NS).
In the 12 patients autografted in CR2, one patient died from sepsis while in
persisting remission 12 months post ABMT; 8 patients (62%) relapsed at a
median of 6 months (2-15). The figures for probability of remission, relapse
1l'a2t;6and LFS at 15 mo were respectively 31 + 14%, 69 + 14% and 25 +
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Purging and Relapse Rate

We studied the relapse rate in relation to marrow purging. We found
no relation to the dose of mafosfamide used, but a statistically significant
relation to the residual amount of CFUGM progenitors in the marrow after in
vitro treatment, expressed in percentage of the initial value pretreatment : all
patients combined, the relapse rate was 29 + 8% vs 54 + 7% in those
receiving marrow containing less more than 3% residual CFUGM (p < 0.05)
figure 9. The figures were 27 + 9% vs 39 + 8% in patients autografted in
CR1 and 38 + 21% vs 66 + 13% in those autografted in CR2 (p < 0.01).
Relapse rates were not correlated in a similar way to the residual amount of
BFUE progenitors.

These results are somewhat similar to those of Rowley et al of the
Hopkins group (6), who observed in their own series of AML patients that
CFUGM recovery of less than 1 g resulted in actuarial LFS of 36% compared
with 16% for those with a recovery of more than 1%.

CONCLUSION

Presently available data indicate that marrow purging with CY
derivatives reduces the relapse rate in patients autografted for AML in first
remission. Although there is a suggestion that purging is similarly effective for
AML in second remission, a longer follow up and a further patient accrual are
necessary to validate (or dispute) this hypothesis. While these conclusions
result from the analysis of the European registry, a few individual studies such
as those conducted at Johns Hopkins University in Baltimore, in Parma (7), as
well as our own in Hopital Saint Antoine, further indicate that the relapse rate
indeed in AML is linked to the way marrow has been treated (mafosfamide
constant dose vs adjusted dose, or correlation with the number of residual
progenitors in the treated marrow). In contrast there is yet no indication
whatsoever suggesting a possible beneficial effect of purging for ABMT in
AML. The significance of this is unclear; it may be of course that marrow
purging results in no detectable improvement in the absence of a sufficient
tumor load reduction obtained with the pretransplant regimens in use.
Alternatively, however, it should be considered that presently available methods
of purging in ALL may be inadequate.
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TABLE 1
AUTOLOCOUS DONE MARROW TRANSPLANTATION
FOR ACUTE LEUKEMIA (December 1965
LIST OF INSTITUTIONS RETORTING DATA
NUMBER OF
TEAM COORDILNATOUR PATIENTS

[ROMA, LTALY MELONI 158
PARIS, ST ANTOINE, FRANCE GUIUN 123
HEIDELDERG, WEST GERMANY KORDLING 108
UCIL LONDON, UK GOLDSTONE o1
[BESANCON, FRANCE NERVE 80
GENOVA, ITALY CANELLA 3]
TEIPZIG, DOR TELDIG B
'ROYAL FREE HOSP., LONDON, UK PRENITICE a7
UPPSALA, SWEDEN SIMONSSON a0
[PARMA, ITALY RIZZOLI [xY
TOURS, FRANCE COLOMIAT It
GLASGOW, UK DURNELT =
ITORINO, ITALY AGLIETTA 5
MILANO, ITALY POLLI 3
IBRUXELLE. DELGIUM FERRANT 3%
IDORDEAUX, FRANCE REIFFERS 31
LYON, FRANCS SOUILLET R1)
[BARCELONA. SPAIN DRUNET MAURL 0
SANTANDER, SPAIN TIAONUO X
GIRECIT, HOLLAND VERDONCK KT
IBARCELONA. SPALN ORTEGA =
BOLZANO, ITALY COSER %
HUDDINGE, SWEDEN BJORKS TRAND =
PAVLA, ITALY ALESSANDIRINGQ P~
ROTTERDAM, HHOLLAND LOWENUENRG P
NIJMEGEN. HOLLAND DE WITI1E 21
PESARO, ITALY PORCELLING 19
BIRMINGIAM, UK FRANKL LN [\7)
NANTES. FRANCE HARROUSSEAU 19
PADOVA. ITALY COLLESLLLI 9
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AUTQLOGOUS DONE MARROW TRANSFLANTATION
FOR ACUTE LEUKEMIA (December 1969
LIST OF INSTITUTIONS REPORTING DATA

CAU LU XL\N

TOTAL :

;

—

NANCY, FRANCE — WITZ 19
WESTMINSTER, UK BARRET-POYNTON 18
NEWCASTLE, UK PROCIUR 18
PESCARA, ITALY TORLONTANO 16
FIRENZE, ITALY FERRINT ROSS1 16
LEIDEN, HOLIAND __WILLEMZE i3
JULM, WEST GERMANY WIESNETH 13
ROMA. ITALY DE LAURENZ] 13
[BOLOGNA, ITALY VISANI-TURA 13
[ROTONDO, ITALY GRECO 13
ZAGRAED, YUGOSLAVIA NEMET-LADAR 1
I TRIESTE, ITALY ANDOLINA 12
BERN, SWITZERLAND ~_ DBRUN DEL RE 2
BIRMINGILAM, UK MILLIGAN 12
HOTEL DIEU, PAIUS, FRANCE ZITTOUN i1
AMSTERDAM,. HOLLAND — VAAN LEEWEN 10
NICE, FRANCE GRATECOS 10
TIANGIEN, CHINA YAN WENWEI 10
LUND, SWEDEN DEKASSY 9
[GENEVE, SWITZERLAND CHAPUIS 8
WIEN, AUSTRIA HINTERBERGER 7
[INNSBRUCK, AUSTRIA MUDER 7
LAS PALMAS. SPAIN HERNANDEZ 7
(LR PITIE PARIS, FRANCE LEBLOND )
(HENRI-MONDOR, GREIELL, FRANCE VERNANT )
T ETIENNE, FRANCE FREYCUN 8
GEMELL], ROMA. ITALY LEONE [y
LONDON, UK SAMSON q
MILANO, [TALY DE CATALDO 3
PALERMO, {TALY MAIOLINQ 3
COCIHIN, PARUS, F RANCE BLELANGLER 2
IBELI NG, CIINA 2
688
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FIGURE 1
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FIGURE 3
ABMT IN AML
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FIGURE 5
ABMT in AML CR1
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FIGURE 7

ABMT IN AML CR1 FOLLOWING TBI
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FIGURE 8
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FIGURE 9

Relapse rate after autologous bone marrow
transplantation for consolidation of acute lcukemia
in complete remission : relation to recovery of CFUGM
in the marrow infused, following purging

with mafosfamide.
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AUTOLOGOUS BONE MARROW TRANSPLANTATION IN ACUTE
MYELOID LEUKEMIA IN FIRST REMISSION: AN EASTERN
COOPERATIVE ONCOLOGY GROUP PILOT STUDY

Peter A. Cassileth, M.D., Janet Andersen, M.S., Hillard M. Lazarus, M.D.,
Herbert Kaizer, M.D., Elana Bloom, M.D., Gerald J. Elfenbein, M.D.,
George W. Santos, M.D., John M. Bennett, M.D., O. Michael Colvin, M.D.
and Martin M. Oken, M.D.

For the Eastern Oncology Group; University of Pennsylvania Cancer Center,
Philadelphia, Pennsylvania

INTRODUCTION

Induction chemotherapy in adults with acute mg'seloid leukemia (AML)
regularly yields complete remission (CR) rates of 65-70%. The optimal
approach to post-remission therapy that will prolong remission duration and
improve the cure rate remains conjectural. Previous studies of the Eastern
Cooperative Oncology Group (ECOG) have established that maintenance
chemotherapy improves remission duration and survival compared to no further
therapy (1). Moreover, ECOG demonstrated in a randomized trial that a single
course of intensive post-remission chemotherapy prolonged complete remission
and survival compared to patients receiving maintenance chemotherapy (2).
Other pilot studies confirm that after intensive post-remission therapy,
long-term, disease-free survival occurs in >30% of patients (3-5). These
results suggest that intensification of post remission therapy, even by means of
a single course of treatment, improves the outcome. Further dosage escalation,
however, requires bone marrow rescue, either using allogeneic bone marrow
transplantation (ALLOBMT) or autologous bone marrow transplantation
(AUTOBMT). ALLOBMT in first CR provides long-term, disease-free
survival in approximately 50% of patients (6). Similarly, AUTOBMT, using
purged or unpurged marrow, effectively salvages a proportion of patients with
AML in second or third remission (7,8) and yields long term survival of
38-61% in first CR (8,9). Critical analysis of the value of AUTOBMT in AML
in first remission in a number of studies is hampered because patients received
varying induction therapy regimens, underwent AUTOBMT at widely disparate
times after CR, and received differing schedules of conventional chemotherapy
post-remission prior to AUTOBMT. This ECOG study provides data on
AUTOBMT in patients with AML in first CR who are uniformly treated to
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induce CR, receive no other therapy before AUTOBMT, and undergo
AUTOBMT in a fixed time frame shortly after CR.

We describe below the preliminary analysis of this study, ECOG
P-C486, which closed in April, 1990.

PATIENTS AND METHODS

After obtaining written informed consent, patients with de novo,
previously untreated AML, aged 15-55 years, were eligible for this study. All
patients’ diagnoses and FAB type were confirmed by centralized histologic
review. Induction chemotherapy consisted of IV daunorubicin, 60mg/m*d on
days 1-3, plus cytarabine, 25mg/m? by IV push, followed by continuous IV
infusion of 200mg/m?/d on days 1-5 and 6-thioguanine, 100 mg/m? orally every
12 hours on days 1-5. Patients failing to obtain complete remission after one
to two courses of induction therapy were taken off study. Patients in CR who
were < 41 years old and had a histocompatible sibling were offered
ALLOBMT. The balance of patients in CR underwent AUTOBMT one to three
months after CR, providing that they were free of infection, had no overt or
occult central nervous system leukemia, and had adequate pulmonary, cardiac,
hepatic and renal function. The treatment plan for AUTOBMT was as
previously developed and described by the Johns Hopkins group (7). In brief,
bone marrow was harvested under general or spinal anesthesia from the iliac
crests. 'The buffy coat was separated and residual hematocrit adjusted to
approximately 7%. The buffy coat «cells were exposed to
4-hydroxyperoxycyclophosphamide (4-HC) at a final concentration of 100
mcg/ml for 30 minutes at 37C. Residual 4-HC in the supernatant was removed
by centrifugation, the cells were resuspended and cryopreserved. The treatment
regimen consisted of busulfan, 1 mg/kg orally every six hours x 16 doses (days
1-4), followed by 1V cyclophosphamide, 50 mg/kg/d on days 5-8. Twenty-four
to 36 hours after completing chemotherapy, the cryopreserved cells were
thawed at the bedside and reinfused through a central venous catheter. During
the period of busulfan therapy, patients received phenytoin therapy to prevent
seizures. Subsequent supportive care of patients adhered to established ECOG
guidelines for bone marrow transplant patients.

RESULTS

The CR rate for the 106 eligible, currently evaluable, patients receiving
induction therapy was 74%. Of the 78 patients achieving CR, data are
available at the time of this report on 32 patients undergoing AUTOBMT and
15 patients undergoing ALLOBMT. Patient undergoing AUTOBMT had a
median age of 36 years (range, 18-50), a median time to CR of 46 days (range,
22-126) and underwent BMT at a median of eight weeks post CR (range, 2-24).
Patients receiving ALLOBMT had a median age of 33 years (range, 17-40), a
median time to CR of 47 days (range, 19-103) and underwent BMT at a median
ten weeks post CR (range, 1-24).
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Patients undergoing AUTOBMT were reinfused with a median 2.6 x
10® nucleated cells/kg (range, 1.4-5.4). Starting from this day of bone marrow
reinfusion, the median time for patients to recover > 500 granulocytes/mm was
31 days (range, 17-58), and the median time to self-sustaining platelet counts
was 46 days (range, 26-151). The number of infused nucleated bone marrow
cells correlated inversely with the time to granulocyte recovery (p = .001) and
to platelet recovery (p = .0006). It is noteworthy that the time for patients to
be platelet transfusion-free was >2 months in 25% of patients and >3 months
in 15% of patients. Three patients (10%) died of complications of AUTOBMT,
including one case each of venoocclusive disease of the liver, sepsis and lung
toxicity. With a median follow-up of 11 months, six patients (20%) have
relapsed; one before transplant at three months and five after transplant at 4,
10, 11, 21 and 21 months. Currently 23/32 (72%) of patients are alive and in
continuous CR at a range of 2+-31+ months, and 24/32 (75%) of patients are

alive.

Of patients undergoing ALLOBMT, four died of transplant-related
complications, including one case each of is, acute graft versus host
disease, venoocclusive disease of the liver and cytomegalovirus pneumonia.
Three patients relapsed, including two relapses prior to transplantation at one
and two months. One of these patients is currently receiving reinduction
therapy and the other was reinduced into second CR followed by ALLOBMT.
This latter patient is alive and in CR at 14+ months. One patient relapsed after
ALLOBMT at seven months. This patient was reinduced into second CR and
underwent a second ALLOBMT. This patient is alive in CR at 21 + months.
With a median follow-up of nine months, 8/15 (53%) of patients are alive in
continuous CR at 1+-28+ months, 10/15 (67 %) are currently in CR and 11/15
(73%) are alive. The actuarial survival cures for patients undergoing
ALLOBMT and AUTOBMT are shown in Figure 1.

DISCUSSION

The preliminary results of this cooperative group study indicate that the
survival from ALLOBMT and AUTOBMT in adults with AML in first CR are
comparable. As expected, the proportion of deaths from therapy-related
complications and relapse of leukemia differ between ALLOBMT and
AUTOBMT. Patients failing therapy with AUTOBMT are more likely to die
of recurrence of their leukemia than from the therapy, whereas the converse is
true for ALLOBMT. With longer follow-up, one would anticipate additional
relapses in the AUTOBMT group and additional deaths from complications of
graft versus host disease and immunosuppression in the ALLOBMT group. The
results of AUTOBMT are better than might be expected because of the absence
of the benefit of the graft versus leukemia effect that accompanies graft versus
host disease in ALLOBMT. It may be, however, that in the setting of recovery
from AUTOBMT, there is enhanced generation of a population of autologous
lymphocytes that are cytocidal for the patient’s own residual leukemic cells
(10,11). This study employed 4-HC marrow purging to eliminate clonigenic
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occult leukemic cells in the harvested marrow. Purging in this
multi-institutional, cooperative group, setting provided results similar to those
reported by John Hopkins(7), with a low mortality rate (<10%).
Nevertheless, the necessity and value of marrow purging remains uncertain
(12). A definitive conclusion on the relative value of intensive conventional
chemotherapy, AUTOBMT, and ALLOBMT in first remission AML awaits the
results of the randomized study (ECOG EST 3489) recently initiated by ECOG
in conjunction with the Southwest Oncology Group.
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FIGURE 1.

Actuarial survival duration of patients in CR. The hash marks indicate
surviving patients at the time of this data analysis.
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INTRODUCTION

In the last three years several papers reported the role of autologous
bone marrow transplantation (ABMT) as a technical approach to maintain in
complete remission (CR) acute leukemia.

Data on leukemia free survival (LFS) obtained with allogeneic bone
marrow transplantation seem to be very close to those obtained with ABMT.
The relapse rate after transplant is more significant in ABMT, but the incidence
of toxic effects is higher with the allogeneic technique. At present, it is not
clear which of these two therapeutic approaches is preferable (1-3). A major
concern with autograft is the possibility that reinfused cells might contain
malignant clones. Several methods, i.e., monoclonal antibodies, chemical
agents, long-term cultures, have been proposed for "ex vivo" purging in order
to eliminate minimal residual discase (MRD), but the relevance of these
techniques is still uncertain (4-9).

In the present study, we report the clinical results obtained in 101
patients with acute non lymphoid lenkemia (ANLL) grafted in first complete
remission (CR1) with unpurged or purged marrow. As purging agent the
cyclophosphamide derivative mafosfamide was used. In the last 4 years, in
order to improve the efficacy of the purging procedure, the dose of
mafosfamide has been individually evaluated in each patient by means of a
"programmed method", based on the sensitivity of blast colony-forming cells
(Blast-CFC) to the drug.

One of the most attractive approaches to control the MRD "in vivo" is
the manipulation of immunological reactivity of the host (10). We report "in
vitro" data concerning the modification of immunophenotype induced by
mafosfamide on the hemopoietic cells.
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MATERIALS AND METHODS

Patients

We evaluated 101 patients with ANLL in CR1. The subgroups were
as follows: 50 patients grafted with unpurged marrow, 33 with marrow purged
with mafosfamide at standard dose and 13 with mafosfamide at programmed
dose. Of the 101 patients, 65 were male and 46 female. The median age was
27 years (range 5 to 54 years): 12% were children (less than 14 years of age);
48% were between 15 and 30 years old; 40% were between 40 years old and
54 years old. The FAB subtypes of the patients are reported In Table 1.
According to EBMT Group, we classified as "high risk" the patients presenting
one of these characteristics: 1) leucocyte count > 10°/1 at presentation; 2)
secondary ANLL; 3) blastic diffusion to central nervous system (CNS); 4)
presence of cytogenetic abnormalities. The majority of the patients (n = 84)
were classified at standard risk and 17 were defined at high risk.

All patients received the same "7+3" induction regimen [daunorubicin
(DNR) 45 mg/sq m days 1 to 3 and ARA-C 200 mg/sq m, days 1 to 7
continuous iv infusion]. As consolidation protocols the patients obtaining CR
were treated with 2 courses of chemotherapy with intermediate doses of ARA-C
plus AMSA or high dose ARA-C plus DNR.

Pretransplant Regimens

The pretransplant regimens were: Cyclophosphamide (CY) 50mg/kg x
4 days or 60 mg/kg x 2 days, plus Total Body Irradiation (TBI: 10 Gy single
dose or 12 Gy fractionated dose); this protocol was performed in 48% of the
patients. The remainder received Busulfan (BU) 4 mg/kg x 4 days followed by
CY 60 mg/kg x 4 days. None of the patients received chemotherapy after
ABMT.

Bone Marrow Purging with Mafosfamide

Harvested marrow was centrifuged (21,500 rpm, 20 min) and the
bully-coat was collected and resuspended (2x10’ cells/ml) in TC199 medium
(80%, v/v) and autologous plasma (20%, v/v). The hematocrit of the cell
suspension was always <5%. Mafosfamide (ASTA Werke, Bielfeld, FRG)
was provided as lyophilized compound and reconstituted with saline at 10
mg/ml. Marrow cells were incubated with the drug (30 min, 37C) with gentle
agitation every 5 min, then the reaction was stopped by immersion in ice-cold
water (4C). Following centrifugation (2,800 rpm, 15 min), marrow cells were
resuspended (4x10/mi) in irradiated autologous plasma (55%, v/v), TC 199
(35%, v/v) and DMSO (10%, v/v). When the standard purging technique was
used, mafosfamide concentration was 80-100 ug/ml. When the programmed
purging method was used, the "optimal dose" of mafosfamide was evaluated in
each patient 10-15 days before marrow harvest. Marrow sensitivity to
increasing doses (50-200 ug/ml) of the drug was tested on a feederlayer colony
assay (11,12). This method allows the growth of undifferentiated (type I) as
well as differentiated (type II-III) clonogenic cells. The dose of mafosfamide
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used for purging was that able to spare S0% undifferentiated colonies, the so--
called Blast-CFC. For cryopreservation of marrow cells, a programmed
biological freezer Nicool 416 was used.

After marrow infusion all patients were hospitalized in laminar air flow
room, supported with irradiated platelets and packed red cells. A broad
spectrum of antibiotic, antimycotic, antiviral drugs and immunoglobulin were
administered until the patients are free of fever and the total leucocyte count
rose above 1x10°/L, with an absolute number of neutrophils more than
0.5x10°/L.

The disease free survival (DFS) was calculated by Kaplan & Meier
method. Differences between groups were determined by means of the Logrank
test.

Immunological Analysis

Following mafosfamide treatment, marrow cells were cultured in
suspension at 37C for 7 days. The percentage of natural killer and IL-2
receptor-positive cells was evaluated using the monoclonal antibodies B73.1
(gently provided by Dr. B. Perussia, Wistar Institute, Philadelphia, USA) and
IL2-R1 (Coulter, Hialeah, USA). Unpurged marrow calls were used as control.

RESULTS

Table 2 shows the hemopoietic reconstitution in patients autografted
with unpurged, standard dose and adjusted-dose purged marrow. The kinetic
of engraftment was not significantly different when the two purging techniques
were compared.

As shown in Figure 1, clinical results comparing standard versus
adjusted-dose purging versus unpurged marrow demonstrated a LFS of 48%
[median follow-up (mFU): 13 mos., range: 2-64 mos.], 76% (mFU: 15 mos.,
range: 1-31 mos.) and 37% (mFU: 10 mos., range: 1-96 mos.), respectively.
A significant statistical difference was observed between the adjusted-dose
purged group versus the unpurged and standard-dose purged group (p <0.01).
The probability of relapse rate was: 49% for standard-purged patients, 24% for
patients grafted with adjusted-dose of mafosfamide, and 61% for untreated
patients (p <0.01) (Figure 2). When the interval CR1-ABMT was less than 4
months, the results of marrow purging were as follow: a) LFS: 44% for purged
marrow and 37% for unpurged marrow, (p = not significant) (Figure 3); b)
probability of relapse: 60% for unpurged patients and 52% for purged patients,
(p <0.05) (Figure 4).

When the mafosfamide concentrations inducing 50% inhibition of
Blast-CFC growth (Blast-CFC IDy,) were analyzed In a group of 17 patients,
it was observed that 35% of the patients required <100 ug/ml to achieve 50%
growth inhibition, whereas 65% of the patients required >100 ug/ml. In
particular, 90% of the patients in the latter group required 100-130 ug/ml of
mafosfamide to achieve a Blast-CFC IDy,.
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To investigate the immunological modifications induced by
mafosfamide, expression of B73.1 and IL-2 receptor was studied (n = 8) in
mafosfamide-treated marrow cells cultured in suspension for seven days (Figure
5). The percentage (mean+/-SEM) of B73.1 positive cells was S+2 and 24 +3
in unpurged and purged samples, respectively.  Similarly, following
mafosfamide treatment IL-2 receptor expression was increased from 10+3 to
28+5.

DISCUSSION

The aim of the present study was to evaluate the possibility of using an
experimental "in vitro" approach for marrow purging to decrease the high rate
of relapse in patients with ANLL in CR1 grafted with autologous marrow. The
patients entered into this study were very homogeneous in terms of induction
therapy, consolidation regimens and prognostic factors.

The conditioning regimens (CY-TBI and BU-CY) did not show
significant differences in term of LFS. Analysis of patients undergoing ABMT
<4 months after achieving CR did not demonstrate a significant difference
between the standard purging group and the unpurged group in terms of LFS.
However, a significant advantage of purging In terms of probability of relapse
was observed (Figure 4).

The analysis of clinical data on patients treated with individual purging
measuring the Blast-CFC IDy,, demonstrated impressive results (76% of LFS
at 36 months), showing a different sensitivity to the drug in each patient which
reflects the efficacy of the technical approach. The kinetic of engrafment in this
group was not significantly delayed when compared to that observed in ABMT
using standard doses of mafosfamide, thus confirming that the Blast-CFC
evaluation is an effective method to measure the more immature hemopoietic
compartment.

The increasing number of B73.1-positive cells In ANLL marrow
mafosfamide treatment suggests an immunological-mediated mechanism of the
drug active in the control of MRD "in vivo" and determining a decreased
probability of relapse after ABMT. Recently, Skorski et al (10) demonstrated
that post graft appearance of natural killer (NK) cells and macrophages are
prolonged in mafosfamide-treated mice and suggested that this phenomenon is
probably due to the lack of a feedback inhibition of hemopoiesis, mediated by
accessory cells destroyed by mafosfamide. The enhanced expression of IL2
receptors on hemopoietic precursors induced by the drug may suggest that
mafosfamide could increase the LAK precursors cells.

The efficacy of 4-hydroperoxycyclophosphamide (4-HC) and
mafosfamide in a rat model (Brown Norwey myelocytic leukemia) (13,14). The
clinical results reported in our study and the increasing percentage of cells
expressing the NK-cells marker as well as the IL2 receptor, allow us to
conclude that the chemical purging with cyclophosphamide derivatives with
optimized techniques determines a reduction of tumor load "in vitro" and an
enhancement of immunological control of MRD "in vivo".
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TABLE 1., Patient Characteristics

No. of Patients 101
Median Age (range) (yr) 27(5-59
Male 54.4%
Female 45.6 %
FAB Classification
M1 172 %
M2 2.1%
M3 25.0 %
M4 23 %
MS 134 %
Pretransplant Regimens
Purged Group
Cy + TBI 26 %
Bu + CY 74 %
Unpurged Group
Cy + TBI 67 %
Bu + CY 33 %
Unpurged Patients 52 %
Standard-Dose Purged Patients 36 %
Adjusted-Dose Purged Patients 13%
TABLE 2
Hematologic Recovery
UNPURGED ___ PURGED
Landmark Standard Dose Adjusted Dess
Leukocytes 1 x 109/L 12-36"* 15-39 16-49
Neutrophils 0.5 X109 14-40 18-42 19-55
Platelets 50 x 1091 18 - 190 22-145 19 - 230

* Range in days
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FIGURE 1

Leukemia free survival (LFS) after ABMT in ANLL in CR1. Patients
were grafted with either unpurged (NP) or mafosfamide-purged marrow, using
standard (P) or adjusted (ADJ) doses of the drug.
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FIGURE 2

Probability of relapse for patients with ANLL in 1st CR following
ABMT with either unpurged (NP) or mafosfamide-purged marrow, using
standard (P) or adjusted (ADJ) doses of the drug.
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FIGURE 3

LFS following ABMT in ANLL in relation to a CR-ABMT interval <4

months. Patients autografted with unpurged (NP) or standard dose (P Std)
purged marrow are compared.
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FIGURE 4

Probability of relapse following ABMT in ANLL in relation to a CR-
ABMT interval <4 months. Patients autografted with unpurged (NP) or
standard dose (P Std) purged marrow are compared.
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FIGURE 5

B73.1 and IL2rec expression in mafosfamide-treated cells from ANLL
patients (n=8).
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INTRODUCTION

Most patients with acute myelogenous leukemia (AML) who relapse
after receiving intensive remission induction regimens are rarely cured by
further conventional chemotherapy. High dose chemotherapy or
chemoradiotherapy followed by allogeneic marrow transplantation has been used
to successfully treat some of these patients (1-3). Since only 25-30% of patients
have an HLA compatible family member donor available, the use of autologous
marrow transplants (AMT) is being explored. Most marrow transplant centers
restrict AMT to patients with AML in first or second remission (4-6). This
report details the Seattle experience with AMT for patients with AML in first
untreated relapse or in second remission.

METHODS

From September 1979 through December 1989, 56 consecutive patients
with AML beyond first remission were treated with high dose chemotherapy or
chemoradiotherapy and an infusion of cryopreserved autologous remission
marrow. Table 1 shows the pre-transplant characteristics. Fifty-five patients
had relapsed in marrow and one patient had a large chloroma without marrow
involvement. Thirty patients were transplanted in untreated first relapse with
cryopreserved marrow stored while in first remission. Two marrows were
incubated in vitro with the anti-CD33 monoclonal antibody L4F3 and 13 were
incubated with 4-hydroperoxycyclophosphamide (4-HC), 2 at a dose of 100
ug/ml 4-HC and 11 at 60 ug/ml (4). The 26 patients transplanted in second
remission had remission status determined by bilateral iliac crest aspirates
within 2 weeks of transplant. Two of the 26 patients had marrow stored while
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in first remission and 24 while in second remission. One patient had marrow
purged with L4F3, 6 with 100 ug/ml of 4-HC and 5 with 60 ug/ml of 4-HC.

Transplant preparative regimens consisted of cyclophosphamide (CY)
and total body irradiation (TBI) given as a single exposure of 10.0 Gy or
12.0-15.75 Gy over 4-7 days, or busulfan 16 mg/kg plus CY 120 mg/kg, or
busulfan 8 mg/kg plus CY 60 mg/kg plus 12.0 Gy TBI (Table 2).
Cryopreserved marrow was thawed rapidly and immediately infused following
the last dose of TBI or 36 hours after the last dose of CY (7). Protocols and
consent forms were approved by the Institutional Review Board of the Fred
Hutchinson Cancer Research Center and all patients gave informed consent.
Data were analyzed as of August 1, 1990.

Kaplan-Meier estimates were used to determine probabilities of
engraftment, non-leukemic mortality, relapse and disease-free survival for each
group (8). Engraftment is defined as peripheral blood granulocyte level
> 1000/mm? and platelet level >50,000/mm’. Logrank statistics were used to
test for differences. The following parameters were entered into multivariate
analyses: duration of first remission, months between marrow storage and
relapse or months between relapse and storage, marrow cell dose x10%kg, in
vitro marrow purging, transplant preparative regimen X 10%/kg, in vitro marrow
purging, transplant preparative regimen and phase of disease at transplant.
Endpoints evaluated included engraftment, relapse and survival. The relative
risk of an event in this proportional hazards model was the instantaneous risk
in comparison to those patients free of the event when adjusted for other
variables (9).

RESULTS

First Untreated Relapse

Six of 30 patients transplanted in first untreated relapse survive relapse
free from 289-2802 days (Table 2). The probability of disease-free survival is
20% at one year and 10% at 3 years (Figure 1). Five of the six patients have
complete recovery of marrow function, but one survives >1.5 years with
persistent thrombocytopenia.

Recurrent leukemia occurred in 10 patients between day 28 and day
233. Figure 1 illustrates the probabilities of relapse for patients receiving
purged (55%) or unpurged (63 %) marrow (p=0.20).

Twenty of the 30 patients had incomplete recovery of marrow function
following transplant. Five of these 20 received a median of 4.2 x 10%kg
(1.1-6.1) nucleated marrow cells, but died of infection before day 20 without
recovery of any peripheral blood counts. The remaining 15 patients received a
median of 3.0 x 10%kg (1.1 - 8.6) nucleated marrow cells and 9 of the 15 died
of non-leukemic causes. Four of the 9 never had recovery of any peripheral
blood counts and died before day 100. Four of 5 patients had only recovery of
granulocyte levels (500-1,000/mm’) and died of bleeding or infection, and one
patient survives >1.5 years without platelet recovery. The probability of
non-relapse mortality before day 100 was 43%. The 10 patients with complete
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hematopoietic recovery had a median aspirated marrow cell dose of 4.6 x
10%kg (2.8-5.1). For these 10 patients, granulocyte levels (> 1,000/mm’
recovered at a ‘median of day 42 (33-81) and (>50,000/mm’) platelets
recovered at a median of day 66 (45-160).

Second Remission

Seven of 26 patients transplanted in second marrow remission survive
leukemia-free from 300-1185 days post-transplant (Table 2). Figure 2
illustrates the probability of disease-free survival (26%). Five patients have
complete recovery of marrow function and 2 survive 300-720 days with platelet
levels of 20,000 and 50,000/mm?>.

Eleven patients relapsed between 45 and 198 days after transplant. The
probability of relapse for the 12 patients who received purged marrow was 37%
and for the 14 patients given non-purged marrow was 79% (P=0.23).

Incomplete recovery of hematopoiesis occurred in 18 patients. Among
the 8 patients with complete marrow reconstitution, the median aspirated
marrow cell dose was 3.0 x 10%kg (1.0 - 9.1). Circulating granulocytes
recovered to >1000/mm® at a median of day 44 (22 and 115) and platelets
recovered to > 350,000 by a median of day 117 (36-337). Among the patients
with poor engraftment, 5 received a median of 2.8 x 10%/kg (1.8-5.6) nucleated
marrow cells and died of infections before day 20. Thirteen received a median
marrow cell dose of 3.0 x 10%kg (0.8-6.3). of these 13 patients died of
transplant related complications, 8 of recurrent leukemia and 2 survive with
platelet counts between 20,000 and 50,000/mm*. The probability of non-relapse
mortality was 328 at 100 days.

When all 56 patients were considered in a multivariate analysis, none
of the factors tested were significantly associated with engraftment. The
number of months between storage and relapse or months between relapse and
storage was the only factor associated with relapse. When evaluated as a
continuous variable, the greater the number of months between storage and
relapse the less the risk of relapse (Relative Risk (RR) 0.88) (P=0.05). Patients
who had less than 5 months between storage and relapse had a relapse rate of
54% whereas those more than § months had a relapse rate of 22%. Survival
was significantly related to the length of first remission (RR = 0.96, P=0.05).
None of the patients whose first remission was less than 7 months survive.
Among patients whose first remission was 7-12 months 15% survive compared
to survival of 32% for patients whose first remission was > 12 months.

DISCUSSION

'We have previously reported that patients with AML who have an HLA
matched sibling do not benefit from attempts at induction into second remission
before transplantation (1,10,11). In the current study, the disease-free survival
of patients in first untreated relapse was similar to that of patients transplanted
while in second remission. These results are similar to those achieved
following matched allogeneic transplants for patients with AML at the same
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phase of disease. The two groups of autografted patients however are not
directly comparable since most patients who had marrow stored in first
remission could proceed to transplant whereas patients transplanted in second
remission could only be transplanted if they achieved a second remission which
probably occurred in 30-40% of relapsed patients. Transplantation in untreated
first relapse increases the total number of patients who could benefit from a
transplant and transplantation in second remission would need to be twice as
effective to be the preferred time for a transplant. It is, therefore, reasonable
to consider marrow storage for all patients in first remission who do not have
a suitably matched family member domor with the intent to perform an
autologous transplant at first sign of relapse.

The majority of autologous marrow transplants performed for patients
with AML utilize some form of marrow purging in an attempt to deplete the
marrow of residual leukemic cells (4). The present study included patients who
received purged and unpurged marrow, but was not a randomized study. For
the more recent patients, purging has been restricted to patients where more
than 4.0 x 10%/kg total nucleated cells were collected and patients yielding less
than this number received non-purged marrow. Thus, conclusions about the
effectiveness of purging cannot be made. However, there were no statistically
significant differences observed in relapse rates between purged and unpurged
marrow and the probabilities of relapse were similar to those seen following
allografts in similar patients. Improved purging methods are unlikely to result
in a significant decrease in relapse rates. More effective pre-transplant or
post-transplant treatment regimens are more likely to effect overall outcome.

The major reason for treatment failure in these patients was poor
engraftment with an accompanying high non-relapse mortality. However, the
reason for the high proportion of patients with poor engraftment is not clear and
these results may differ from those reported by others (6,12). The apparent
differences may reflect patient selection, differences in purging or freezing
techniques or the collection of larger numbers of marrow cells. It cannot be
concluded from this study that 4-HC purging increases the graft failure rate
since there were no differences in the frequency of graft failures between the
recipients of purged and non-purged marrow. The more likely explanation for
poor engraftment is a quantitative or a qualitative defect in hematopoietic stem
cells. There was a suggestion in this study that patients receiving a high cell
dose had less graft failure suggesting a quantitative defect, however this trend
was not statistically significant. Attempts to aspirate more marrow cells or
augment the marrow harvest with peripheral blood stem cells could be of
potential benefit (13). Whether or not normal hematopoiesis can be enhanced
by growth factors remains to be determined. In addition, the use of more
aggressive supportive care techniques could decrease mortality and allow time
for engraftment and result in improved survival (14).

These data demonstrate that for the patient with AML beyond first
remission, autologous marrow transplantation in first untreated relapse or in
second remission results in small but probably significant fraction of long term
survivors. The major problems which need to be addressed relate to
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improvements in complete engraftment rate in order to decrease non-relapse
mortality. In addition, improved methods to prevent relapse are also required.
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TABLE 1
Patient Characteristics
Pirst Untreated Second
Relapse Remission
Number Patients 30 26
Age, years: median (range) 26 (3-%6) 31 (6-50)
FAB Group
M1-M2 11 11
M3 b 1
M4 6 8
MS 2 1
M6 2 1
Unknown 8 4
Length First Remission
nonths: median (range) 12 (3-35) 18 (3-40)
Months CR 1 to Storags
median (range) 7 (3-35) 13 (6-44)
Nunber Purged Marrow 1s 12
% Marrow Blasts at Transplant
median (ranga) 46 (5-95) 0
* One patient was in first marzow remission but had an

extramedullary (chlorema) relapse
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TABLE 2

Transplant Results

First Untreated Second
Relapse Remission

Number Patients 30 26
Preparative Regimen

CY + 10.0 Gy TBI 1l 3

CY + 12 = 15.75 Gy TBI 19 8

BU + CY + 12.0 Gy TBI 3 8

BU + CY 7 7
Engraftment:

No Gratt 7 4

Partial Graft 8 9

Complete Graft 10 9

Not Evaluable* S 5
Relapse:

Marrow Purged 4 4

Marrow Not Purged 6 7
Cause of Death

Infecticn 9 3

Bleeding 4 2

ARDS/II? 1 2

VoD 0 1l

Relapse 10 11
Survival 6 7

*Death from infection before day 20.
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FIGURE 1

Kaplan Meier probability of disease-free survival (10%), and
Kaplan-Meier probability of relapse for 15 patients whose marrow was not
purged (NO BM Rx) and 15 patients whose marrow was purged (4-HC)
(P=0.20). Tic marks signify patients surviving in remission after autologous
transplant in first untreated relapse.
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FIGURE 2

Kaplan-Meier probability of disease-free survival (26%) and
Kaplan-Meier probability of relapse for 14 patients whose marrow was not
purged (NO BM Rx) and 12 patients whose marrow was purged (4-HC)

(P=0.23). Tic marks signify patients surviving in remission after autologous
transplant in second remission.
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HIGH DOSE CHEMOTHERAPY AND UNPURGED AUTOLOGOUS
BONE MARROW TRANSPLANTATION FOR ACUTE LEUKEMIA IN
SECOND OR SUBSEQUENT REMISSION

JA Spinolo, KA Dicke, LT Horwitz, S Jagannath, E Estey, H Kantarjian,
AR Zander and G Spitzer

University of Nebraska Medical Center, Omaha, Nebraska and The University
of Texas, M. D. Anderson Cancer Center, Houston, Texas

INTRODUCTION

Treatment of acute leukemia (AL) in adults frequently achieves’
complete remissions (CR); however, most patients suffer relapses, and
long-term leukemia-free survival (LFS) is achieved in only a minority of
patients.  Once relapse occurs, salvage chemotherapy regimens can be
attempted', but long-term LFS is very rarely achieved.

Drug-sensitive tumors (such as leukemia) show a dose-response curve
in animal tumor systems.’ High doses of cytosine arabinoside (Ara-C) can
produce CR in patients refractory to lower doses’; addition of an Ara-C
intensification to front line therapy seems to improve long-term DFS when
compared with low dose maintenance therapy.” For many drugs, dose escalation
is limited by bone marrow toxicity, but increased cytoreduction is possible if
myeloablative regimens are followed by bone marrow transplantation (BMT).
ghl\Z'nylla:lt: gf dose escalation in acute leukemia is confirmed by the syngeneic

We have shown that high-dose therapy and ABMT Broduced only
transient remissions for patients with relapsed acute leukemia.>™ Patients who
receive transplants while still responding to chemotherapy have a lower tumor
load and less resistant disease, and high-dose therapy with autologous bone
marrow transplantation (ABMT) has been used to prolong second remission in
acute leukemia. "> We treated 22 adult patients with acute leukemia in second
or subsequent remission with high dose chemotherapy and unmanipulated
ABMT; three patients obtained long-term remissions that were longer than any
of their prior remissions ("inversions"). Since results of salvage regimens are
difficult to compare because of patient selection biases, we propose the adoption
of a standard way of reporting results of salvage therapy that would allow for
more accurate comparison of different treatments.
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PATIENTS AND METHODS

Patient Population

All patients gave informed consent; the protocol was approved by the
Institutional Review Board of the M. D. Anderson Cancer Center. Twenty-two
patients were treated (Table 1). The median age was 31.5 years (range, 21 to
55 years). Seven patients had ALL and 15 had AML; 13 were in second
remission, eight in third remission, and one in fourth remission. The median
duration of first remission was 18 months (range, 2 to 29 months). For the
patients receiving transplants in third remission, the median duration of the
second remission was 10 months (range, 1 to 93 months). Other details of
patient characteristics are given in Table 1, and prior therapies and duration of
prior remissions are detailed in Table 2.

Bone Marrow Collection

Bone marrow was collected during remission. A median of 1.65x10®
nucleated cells/kg (range, 1.0 to 5.0) was harvested and cryopreserved in liquid
nitrogen. Eight patients had bone marrow collected in the same remission in
which they were transplanted. For these patients, the median time from CR to
BMT was 3 months (range, 1 to 6 months), and median time from harvest to
BMT was 1 month (range, 1 to 2 months). Fourteen patients were harvested
in a remission previous to the one when they had ABMT; of them, ten were
harvested in first remission, three in second remission, and one in third
remission (Table 1). In this group, the median time from harvest to relapse was
10 months (range, 2 to 22 months), and the median time between remission and
ABMT was 2 months (range, 1 to 4 months).

High-Dose Therapy

On day -6, patients received cyclophosphamide, 1.5 g/m? intravenously
(IV) daily x 4 days; BCNU (carmustine) 300 mg/m’® iv x 1 dose, and VP-16
(etoposide) 100 to 150 mg/m? IV every 12 hours x 6 doses (CBV).'*!¢ On day
0, all the stored bone marrow was thawed at 37C and infused through a central
venous catheter. The median interval between remission and BMT was 2
months (range, 1 to 6 months). The first two patients received only three days
of cyclophosphamide; the first 15 patients received 600 mg/m? of VP-16, and
the rest received 750 mg/m? except for patient 18, who received 900 mg/m?.
No further chemotherapy was given unless patients had a relapse.

Statistical Methods

Relapse was defined as the presence of > 5% blasts in two consecutive
bone marrow differentials or any evidence of extramedullary leukemia. Blood
count recovery times were measured from day of BMT to the day when the
reported value was reached; patients who relapsed before full recovery were
censored at the time of relapse.
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Remission duration was measured from date of BMT to date of relapse
death from any cause, or last follow-up. The method of Kaplan and Meier Y
was used to plot remission duration curves. The duration of remission in
distinct patient groups was compared using the generalized Wilcoxon test.'® All
reported P values are two-sided.

RESULTS

Patients 2, 16, and 18 (two transplanted in third remission and one in
second remission) are still disease-free at 87+, 51+, and 49+ months after
transplant, respectively. These remission durations surpassed the length of first
remission for all three patients and that of the second remission for the two
patients transplanted in third remission (Table 3). Seventeen patients have
relapsed at a median time of 5 months (range, 4 to 7), and all but one have died
of their disease (Fig. 1). Two patients had treatment-related deaths (see below).
The long-term DFS rate is 14% (95% CI, 0% to 25%).

Prognostic Factors

The following factors were evaluated to determine their relationship
with remission duration: age, sex, diagnosis, number of relapses before BMT,
history of CNS involvement, dose of cyclophosphamide, dose of VP-16,
duration of first remission, timing of bone marrow collection (same CR as
transplant or not), remission in which bone marrow was collected, and interval
between CR and transplantation. For patients whose marrow was harvested in
first remission, the interval between bone marrow collection and first relapse
was also evaluated. Cytogenetics were analyzed in AML patients, who were
grouped as good risk (inv 16), intermediate risk (diploid, t(8;21), and poor risk
(all others). ” No significant differences were observed between different patient
groups, a finding that may be due to the small number of patients studied.

Toxicity

All patients had fever while neutropenic, and ten patients had
culture-proved sepsis. Patients 9, 10, 13, and 18 had pneumonia (three with
concomitant sepsis). Patient 20, who had received anthracyclines in the past,
had cardiogenic shock on day 21 and was discharged with Grade II congestive
heart failure that resolved after 5 months. Patients 7 and 13 experienced
seizures during the administration of chemotherapy; in patient 7, the seizures
were preceded by an extrapyramidal reaction to antiemetics. Neither patient
had a history of CNS involvement, and both had normal findings in
cerebrospinal fluid examination and computed tomography of the brain.
Patients 6 and 13 had gross hemorrhagic cystitis which subsided with bladder
irrigation.

There were two early deaths: patient 9 died on day 19 after transplant
of Pseudomonas aeruginosa bronchopneumonia and probable CNS bleeding
(coma, anisocoria); patient 13 had pneumonia, sepsis, gastrointestinal bleeding,
and status epilepticus of unclear cause, and died on day 12.
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Hematopoietic Recovery

The two patients who died early after transplantation were not
evaluable. The median times (ranges) from BMT to absolute granulocyte count
of 0.5x10°/1 and to platelet count of 50x10°/1 were 22 days (14 to 55+ days)
and 29 days (13 to 76 days) respectively. There was no significant difference
in recovery times if bone marrow was harvested in first remission as opposed
to bone marrow harvested in subsequent remissions.

DISCUSSION

Three of our patients have achieved inversions and remain disease-free
87+, 51+, and 49+ months after CBV + ABMT, respectively. The major
question is whether these long-term remissions are due to the high-dose
regimen. Patient 2, who had an 11-month first CR with doxorubicin, Ara-C,
vincristine, and prednisone (Ad-OAP), obtained his pre-BMT remission with
amsacrine (AMSA). It is unlikely that single-agent AMSA is curative for
patients with relapsed AML; although several large phase-II evaluations of
AMSA for relapsed or refractory AML showed 41 CRs in 2435 patients, none
of the remissions lasted more than 59 weeks.?? Patient 16 was in third
remission after high-dose Ara-C, a therapy that had failed to cure him in the
past. It is very unlikely that repeating the same regimen would have achieved
prolonged DFS in the second relapse. Finally, patient 18 had achieved a long
first CR of ALL, but the second CR was very short. In spite of the long first
remission, the poor outcome of the first salvage therapy indicates a very low
likelihood of prolonged DFS with the third line regimen. Consequently, we
believe that the high-dose treatment, and not the regimens used to induce
remission before it, was responsible for the good outcome in these three
patients.

Comparisons of efficacy of salvage treatments for relapsed leukemia are
difficult because of heterogeneity of patient populations. The natural history of
acute leukemia shows progressive shortening of remission duration after each
relapse; remissions that last longer than the preceding ones are unusual, if
adequate treatment is given in every occasion. We have proposed the use of
the term "inversion" for evaluation of results of salvage therapies. % Inversion
is defined as a remission that lasts longer than prior one, and has a clinically
significant duration (i.e., 12 months or greater). In this concept, each patient
serves as his own control, thus eliminating selection bias related to length of
previous remission and allowing comparison of results between different
groups.

Conventional dose salvage therapy produces long-term DFS almost
exclusively in patients with prolonged first remissions.> 2% A better prognosis
is seen with first remissions greater than 12 months ' or 18 months.>** We
did not find a correlation between duration of first remission and remission
duration after salvage in our patients, suggesting that dose escalation may be
equally effective in late and may be an artifact due to the Inversion rates are
difficult but seem low. A series of 80 salvage chemotherapy' had ten received
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BMT (five allogeneic term DFS rate of chemotherapy early relapses, but this
finding small number of patients treated. to estimate from published data, AML
patients who achieved a CR with long-term survivors, but seven and two
autologous), for a longterm DFS rate of chemotherapy of less than 5%.
Another series of 41 AML patients in second CR had three inversions.® In
ALL, a series of pediatric patients with initial CR lasting 18 months or longer
had a 3-year DFS of 54% (95% confidence interval, 39%-69%), whereas none
of those with shorter first remissions reached 3 years free of disease.* Second
remissions were longer than the first ones in ten of 31 patients. Overall,
conventional dose chemotherapy is unlikely to produce inversions in a large
percentage of adult patients with acute leukemia in second or greater remission,
and results are very poor in patients with short first remissions.

Results of ABMT in second or subsequent remission are variable,
because of marked heterogeneity of treatments before BMT, conditioning
regimens, and length of follow-up among diverse patient groups; most trials
have small numbers of patients, and the confidence limits of the reported
long-term LFS rates are wide. Four groups have reported long-term LFS rates
of 18%, 20%, 43%, and 52% in groups of 20 or more patients '“4; their
respective inversion rates were 21 % ; unknown, '222%, '* and 52%;" an earlier
publication from the second group ' described an inversion rate of 30%.

The failure of high-dose therapy to cure relapsed leukemia may be due
to the regimen utilized or to infused leukemic cells. With allogeneic
transplantation, which eliminates the risk of infusing leukemic cells, only about
25% to 30% of AML patients transplanted in first relapse or second CR with
cyclophosphamide and total-body irradiation (TBI) are cured, 32 whereas 35%
to 55 % suffer relapses. Clearly, better cytoreductive regimens are needed; this
need is greater in autologous BMT, where the graftversus-leukemia effect is
absent. The encouraging preliminary results with the BAVC regimen'* need to
be confirmed with larger numbers of patients. Since the marrow infused with
ABMT may contain residual clonogenic leukemic cells and induce relapse,
many investigators have tried to eliminate these cells ex vivo !'"* (purging).
The efficacy of purging is unclear because there is no reliable method to
monitor the efficacy of cell removal, and because of the heterogeneity of patient
groups discussed above. The European Bone Marrow Transplantation Group
(EBMTG) found no difference between purged and unpurged bone marrow in
second remission,® and other reported results with unpurged bone * marrow
seem equal or superior to those of purging. More data are needed to fully
ascertain the role of ABMT and the need of purging; this report provides
additional information about ABMT with unpurged bone marrow.

Although three (14%) of our patients are long-term survivors and
appear to have been cured by CBV with ABMT, the inversion rate is not better
than that of conventional-dose chemotherapy, and seems worse than that of
some ABMT trials. We do not believe that this poor outcome is solely due to
the unpurged bone marrow, because these results are not worse than those
obtained with CBV and marrow purged with vincristine and 4-HC.7 It seems
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that CBV is not effective enough, and a better cytoreductive regimen will be
needed to obtain a larger cure fraction.
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Pt. Remission No. at
No. Age Sex DX Cytogenetics gtorage BMT (mo)
1 24 M ALL Diploiad 2 2
2 32 M AML Diploid 2 2
3 1 M AML Ph(+) 2 3
4 a8 M AML t(8;21),+8 1 2
] 32 M AML +8 1 2
[ 21 r ALL Is0 7q 3 3
7 22 ) 4 ALL Ko metaphases 2 2
8 [ 28 M AML Diploid 3 3
9 35 N AML Diploid 1 2
10 43 M AML €(8;21), 45X-Y 1 2
11 28 M ALL Diploid 3 3
12 50 M AMI, Diploid 1 2
13 32 M AML Diploid 1 2
14 27 1 4 ALL Diploid 1 2
18 22 4 AML Invl2 1 2
16 40 M AML Iavié 2 3
17 48 4 AML Invls, +8 1 2
18 a7 e ALL Unknown 1 3
19 24 M AML Iavis 2 2
20 32 M ALL Ph{+) 3 3
21 28 M AML Invié 2 3
22 27 - AML Invis 3 4

DX: diagnosis; CR: complete remission; BMT: bone marrow
transplantation; AML: acute myelogenocus leukemia; ALL: acute

lymphoblastic leukemia.
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TABLE 2

Prior Therapy
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TABLE 3

Post-Transplantation Course

. Resission Savere
No. duration (wo) toxicities
1 3.8 Mucositis 3+
2 87.0+ -
i ;-9 Sepsis, delayed platelet rscovery
.8 -~
H 4.9 -
6 5.8 Cystitis
z 7.8 Sepsis, jaundice, Seizure
6.6 -
9 0.6 Sepsis, pneumonia, CNS bleeding, jaundice, died day 19
10 S.2 Pneumonia
11 8.8 Sapsis
12 6.2 -
13 0.4 Sepsis, pneumonia, mucositis 3+, GI bleeding, seizures,
cystitis, died day 12
14 1.1 -
is 13.0 -—
16 51.0+ Sepeis
17 3.5 -
18 49.0+ Sepsis, pneumonia
19 4.2 Sepsis, perirectal cellulitis
20 2.8 CHP
£33 7.2 Sepsis
22 12.0 Sepsis

Pt: patient; RD: remission duration; CHF: congestive heart failure.

FIGURE 1

CR duration, measured from day of transplantation. Tic marks indicate
patients alive and in continuous remission.

CBV-ABMT for AML in CR>2

Leukemia—free survival
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BAVC FOLLOWED BY UNPURGED MARROW IN II CR AML
PATIENTS

G. Meloni, M. Vignetti, P. De Fabritiis, R. Foa, M.C. Petti, R. Pinto,
M. Rolla and F. Mandelli

Hematology, Department of Human Biopathology, University "La Sapienza”,
Roma, Italy; Clinica Medica, Medical Science and Human Oncology
Department, University of Torino, Italy

INTRODUCTION

Autologous bone marrow transplantation (ABMT) is a promising
therapeutical strategy which offers an alternate approach to post-remissional
management of patients with acute myelogenous leukemia (AML) (1-2). Its role
is still to be demonstrated in first remission AML patients and various
pluricentric controlled trials are ongoing in Europe and the USA to verify the
value of ABMT versus cither intensive postremissional chemotherapy or
allogeneic BMT.

The situation is different in second remission AML. So far results
from chemotherapy programs are very poor and few patients, if any, can be
cured without bone marrow transplantation. ABMT represents an alternative
approach to allogeneic BMT and a 25% of disease free survival (DFS) is
reported at 7 years in the 1990 EBMT survey (3).

From this survey, positive impact of marrow purging has been
established in patients treated with regimens including total body irradiation
(TBI) for the first time. Another important answer which has been drawn from
this analysis concerns the timing of marrow collection; in fact no difference has
been observed in the DFS between patients transplanted with marrow collected
in 1st or in 2nd CR.

In our experience we have transplanted AML patients in 2nd CR with
a high dose conditioning regimen BAVC (BCNU, AMSA, VP-16, ARA-C) (4)
utilizing unpurged marrow collected during first or second remission.

From October 1984 and June 1990, 31 consecutive AML patients,
without HLA compatible donor, suitable for aggressive chemotherapy entered
this study. Median age was 22 years (range 1-49), 12 were female, according
to FAB classification, the patients were allocated as M1(5) M2(8) M3(4)
M4(11) M5(2) M6(1). Median first CR duration was 14 months (range 1-44).
ABMT was performed after a median of two months (range 1-13) from reaching
2nd CR. The majority of patients were induced in 2nd CR with high or
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intermediate doses of ARA-C plus either AMSA or Mitoxentrone. After
complete remission a consolidation with the same drugs employed for induction
was performed in 22 cases while the others underwent directly ABMT. Twenty-
five patients underwent marrow collection immediately prior the starting of
pretransplant chemotherapy and 6 were transplanted with marrow harvested
during 1st CR. The techniques of marrow collection, cryopreservation and
reinfusion have been previously described (5). Patients were nursed in single
or double rooms, bowel decontamination was performed with -either
norfloxacine or cotrimoxazolo. Broad spectrum antibiotics were given for fever
during aplasia adding amphotericin 8 when a persistent fever or a documented
fungal infection occurred. All patients at risk for the recurrence of herpes virus
infection received prophylactic intravenous acyclovir. Conditioning regimen
was well tolerated and only various degrees of pausea and vomiting were
observed during administration of chemotherapy. Five patients developed severe
oral mucositis which was generally resolved at the time of bone marrow
engraftment. Episodes of severe hemorrhage were not observed. Twenty-one
had fever during aplasia: in 11/21 (52%) fever was associated with positive
culture for bacteria (10) or fungus (1 patient). One patient died in aplasia on
day + 31 without evidence of engraftment. In the remaining 30 patients the
median time required to attain an absolute neutrophil count in excess of 0.5 x
10°/1 was 18 days (range 11-40). A platelet count exceeding 50 x 10°/1 was
observed after a median of 30 days (range 13-180). No correlation was
observed between the number of nucleated bone marrow cells infused and the
rate of hematological recovery.

As of June 1990, 19 of 30 evaluable patients are in CCR with a median
follow-up of 35 months (range 1-66). Ten patients relapsed in the bone marrow
and 1 patient had an isolated meningeal relapse. Median time to relapse was
6 months (range 2-18).

The duration of the second CR has exceeded the duration of the 1st CR
in 13 patients. Among patients relapsing after ABMT, a 2nd CR duration
greater than the first one was observed only in the case with isolated CNS
relapse. Projected probability of DFS in all 31 transplanted patients is 56% at
66 months (Figure 1). A relationship between probability of CCR and length
of first CR, FAB classification, time of bone marrow collection sex, age and
consolidation therapy was not observed.

From November 1989 in the attempt to eradicate minimal residual
disease we devised a plan of post transplant therapy utilizing IL-2 (6). IL-2 was
used as consolidation after complete hematological recovery by continuous
infusion for 5 days with daily escalating doses from 100 mcg/m?/day, up to a
maximum tolerated dose. Maintenance treatment consisted of low dose IL-2
(100-200 mg/m?) given daily 5 days per month for 6 months on an outpatient
basis over a 6 hours infusion period (7).

So far, 3 patients (Table 1) have been treated without major side effects
and are in CCR at 8, 8 and 6 months from transplant respectively. In two of
glese patients the duration of the second CR has exceeded the duration of the

st one.
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In our experience BAVC regimen was well tolerated with less then 3%
transplant related deaths. It is worth noting that, despite the fact that the
marrow was not purged ex vivo, in 13/30 (43 %) evaluable patients duration of
2nd CR has exceeded the duration of first CR and that an EFS of 56% is
projected at more than 5 years after a median follow up of 3 years.

It would be very important that these results will be confirmed by
several other groups on a larger series of patients to verify the feasibility and
the antileukemic efficacy of BAVC regimen. The value of IL-2 as post-
transplant therapy is under investigation.
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TABLE 1

IL-2 TREATMENT

Pts Sex/Age FAb ICR I CR => ABMT ABMT -~» iL-2 Total Il CR

{months) {months) (days) (months)
1 F/5 M7 3 1.5 58 7.5
2 F/11 M4 9 2 84 10
3 F/24 M4 17 3.5 103 11.85

FIGURE 1
AML in 2nd CR
BAVC Regimen
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AUTOLOGOUS BONE MARROW TRANSPLANTATION WITH
EEPUR%K MARROW IN ACUTE NON-LYMPHOBLASTIC

B. Bjorkstrand, P. Ljungman, C. Malm, O. Vikrot, KH Robert and G Gahrton

Department of Medicine at the Karolinska Institute/Huddinge University
Hospital, Stockholm and University Hospital, Linkoping, Sweden

INTRODUCTION

During the last 10 to 15 years a number of transplant centres have reported
their results of successfully treating patients with acute non-lymphoblastic
leukemia (ANLL) in relapse [1,5] or complete remission [2,3] with high-dose
chemo/radiotherapy followed by autologous bone marrow transplantation
(ABMT). Attempts to further increase the efficacy of ABMT in ANLL have
been made, e.g. by double sequential autografting [4,5] or ex vivo marrow
purging, mainly with cytostatic drugs [6,7]. Randomized prospective trials
comparing ABMT to other treatment modalities have recently been published,
where ABMT in first complete remission ANLL was shown to be superior to
standard chemotherapy [8] but less effective than allogeneic BMT [8,9] to
prevent leukemic relapse and improve patient survival. As far as ex vivo
purging is concerned, no controlled prospective trials comparing purged and
unpurged ABMT have been undertaken. Thus, the value of purging is still
uncertain, although in one uncontrolled trial of ANLL autografted in first
complete remission (CR1) after marrow purging with mafosfamide, the
leukemia free survival was significantly better when compared to an "unpurged"”
control group [10].

The aim of the present study was to evaluate the efficacy and toxicity of
high dose cytoreductive treatment followed by ABMT for ANLL in different
stages of disease. For patients in second or subsequent remission the very poor
long term survival with conventional antileukemic therapy justified the
uncontrolled use of ABMT. The CRI1 patients were compared to a historical
control group of individuals in the same stage of disease, who had received
conventional chemotherapy in the two centres in charge of this study during the
seven years prior to the start of the Huddinge University Hospital
ABMT-program for ANLL in CRI.
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PATIENTS AND METHODS

Patients

Twenty-six adults, between 15 and 60 years of age, with ANLL
underwent unpurged ABMT at Huddinge University Hospital from 1985 to
April 1990. Thirteen patients were in first complete remission (CRI), nine were
in second and one was in third complete remission (CR2-3) and three were in
first relapse. The diagnosis of ANLL was preceded by a six month phase of
myelodysplastic syndrome - MDS - (refractory anemia with excess of blasts) in
one of the CR1 patients and one of the patients transplanted in relapse.
Twenty-three of the 26 patients (including 12 of the 13 patients transplanted in
CR1) received their primary induction and consolidation treatment in the
University Hospitals of Huddinge or Linkoping. The 13 CRI1 patients were
compared to a historical control group (n = 26), consisting of all the patients
who were in the same age group, were treated with conventional chemotherapy
in the two centres from 1981 to 1987, and who reached CR1. These control
patients also lacked HLA-matched sibling donor and therefore would have been
eligible for ABMT. Pre-transplant eharacteristics and induction chemotherapy
for the ABMT-group and the control group were similar (table 1, table 2).
Four additional patients (three in CR1 and one in CR2) were planned for
ABMT, but were never transplanted because of leukemic relapse or infectious
death shortly before transplantation; these patients are not included in the
analyzes.

The bone marrow harvest was performed within two months prior to ABMT
in all patients who were autografted in remission. Patients transplanted in
relapse were autografted with marrow cryopreserved in CR1. One marrow
harvest was sufficient in 22 patients, but due to low cell numbers marrow was
harvested twice in three patients and three times in one patient. Bone marrow
was obtained by aspirations from the iliac crests. The processing of the marrow
then consisted of density gradient separation on IBM 2991 cell separator,
controlled rate freezing to -80Celsius with dimethylsulfoxide and autologous
plasma and cryopreservation in liquid nitrogen at -190Celsius. At
transplantation, the marrow was thawed in water bath at +40Celsius and then
was immediately infused into the patient through a central venous line.

The conditioning regimens used were cyclophosphamide 120mg/kg + total
body irradiation 10 Gy (Cy/TBI) in 15 cases, busulfan 16 mg/kg +
cyclophosphamide 120 mg/kg (Bu/Cy) in nine, busulfan 16 mg/kg + melphalan
140 mg/sqm (Bu/Mel) in one and busulfan 16 mg/kg (Bu) in one case. All
patients received oral antimicrobial prophylaxis with ciprofloxacin or
norfloxacin and amphotericin B through the neutropenic period. Prophylactic
acyclovir was given to patients seropositive for Herpes simplex virus.
Complete information on the transplanted patients is presented in table 3.

Statistical Methods
For the CR1 patients, a series of pretransplant variables were studied
(table 1) and analyzed using Mann-Whitney’s test or Fischer’s exact test.
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Kaplan-Meier curves for the CR1 patients (figure 1) were calculated and
compared using the log rank method.

RESULTS

CRI Results of all patients are summarized in table 3.

Of the patients transplanted in CR1, eight of 13 (62%) are in
continuous complete remission (CCR) at a median time of 21 (range 10-36)
months after achieving CR and at median 16 (range 4-32) months after ABMT.
Three patients have relapsed at one, three and six months after ABMT (three,
six and ten months after CR), and of these two have died. Two patients died
in therapy related complications (gastrointestinal bleeding; veno-occlusive
disease of the liver plus CMV-pneumonitis). For the historical control group,
the corresponding figures are five of 26 (19%) of the patients surviving in CCR
at 29, 32, 52, 65 and 85 months. Twenty patients relapsed after a median
remission duration of 8.5 (2-36) months, and one died of infection while in CR.
Fourteen of the relapsed patients died from leukemia; the remaining six patients
underwent ABMT in second or subsequent remission, and are accounted for
below. Disease free survival at 24 months was 62% for the ABMT-group and
23% for the control group (p = 0.1) - see figure 1.

CR23

Five of 10 (50%) of the patients transplanted in CR2-3 are in CCR with
a duration of seven, 27, 32, 44 and 63 months respectively (i.e. five, 25, 26,
34 and 49 months post ABMT); all five have inverted (CR2-3 is longer than
CR1) - see figure 2. Five have died: two in leukemic relapse after three and
five months, and three due to transplant related complications (two infectious
deaths, one multi-organ failure). One of the relapsed patients had an
incomplete conditioning therapy, because he interrupted the planned
Bu/Cy-conditioning regimen due to psychological reasons after only receiving
busulfan (Bu).

Relapse
Of the three patients transplanted in relapse, one is in CR four months
after ABMT, and two have died from transplant related infection (aspergillosis)
and relapse shortly after ABMT, respectively.
The two patients with ANLL preceded by MDS are both among the
relapsed patients.

Kinetics of Engraftment

The median time to reach granulocyte counts of >0.5x10°/L was 27
days (16-86), and that for platelets >50x10°%/L 175 days (106-591), without
significant difference between patients in CR1 and CR2-3. See table 3.

-
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Toxicit,

yIn total, there were five treatment related deaths: two of 13 patients in
CR1, three of 10 in CR2-3 and one of three relapse patients. The causes of
death have been accounted for previously in the text. All 26 patients had fever
necessitating the use of intravenous antibiotics. In the majority of cases, the
fever was due to gram-positive bacterial septicemia, mainly with
Staph.epidermidis or alpha hemolytic streptococci, or of unknown origin. No
gram-negative infections were seen. Five patients had CMYV disease (three with
fever only, two with pneumonitis of which one was fatal and one resolved on
antiviral treatment). There were three cases of deep fungal infection, with one
death. Most patients had oropharyngeal mucositis of mild to moderate severity.
Veno-occlusive disease of the liver occurred in two patients, and was fatal in
one.

DISCUSSION

We conclude that ablative chemoradiotherapy followed by ABMT with
unpurged marrow is effective as consolidation treatment for ANLL in complete
remission, and that it might induce sustained CR in relapsed ANLL. For
patients transplanted in CR1, disease free survival was superior to that of a
historical control group of patients of similar characteristics, but who had
conventional antileukemic treatment. The control patients were consecutive and
treated in only two hematological centres. Although the difference between the
two groups of CR1 patients is not statistically significant, mainly due to the
limited number of patients, there is a strong trend towards it. The efficacy of
ABMT is, despite the small number of patients, further supported by the fact
that afl five patients in continuous CR2 have second remissions exceeding the
duration of their first remissions. The two patients with ANLL preceded by
MDS had no or short post-transplant remissions, which supports the results of
a previous study that ABMT is not effective in this group of patients [11].
Transplant related toxicity was acceptable, but seems to increase with more
advanced stages of leukemia. Our results are consistent with those of similar
trials [2-5, 8-9], and comparable with those of ABMT with "purged” bone
marrow [6-7, 10].
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TABLE 1

Characteristics of CR1 Patients:

ABMT Group and Chemotherapy Control Group

Number of patients
Median age at diagnosis (years)

Sex
Males
Females

FAB<lassification
Ml
M2
M3
M4
M5
M6
M7

Induction tretment modality
(see table 2)
TAD
POCAL
POCALdna
Arydauno
Mitox/HiDAC
AraC/Mitox
HiDAC/Amsa

Mean no of induction courses
10 achieve CR

Median time from diagnosis
o CR (days)

Mean n:0 of consolidation
geatments

Maintenance treatment
N:o of patients
Median duration (months)

ABMT
13
49 (18-59)

(38 %)
62 %)

00 A

8 %)
(L %)
0 %)
(38 %)
(15 %)
@ %)
0 %)

O RO -

(69 %)
8%
© %)
8 %)
3@ %)
©%)
3%

D e e O e O

14 Q-9

33 @25-110)

25 @3

Coatrols
26

46.5 (1660)
17 (65 %)
9 (35%)
4 (15%)
8 Q(l1%)
2 8%
6 (B%)
5 (19%)
1 @@A%)
0 (0%
10 (38%)
5 (9%
4 (15%)
2 8%
2 3%
3 (12%)
0 0%
1.6 (1-3)
48.5 (21.252)
23 (1-3)
10 (38%)

11 (2-28)

N.S.
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TABLE 2

TAD
AraC 100 mg/m*® b.i.d. i.v. bolus day 1-7; Thioguanin 100 mg/m?
b.i.d. orally day 1-7; Daunonibicin 60 mg/m?%day 1.v. day 5-7.

POCAL/POCALdna*
AraC 100mg/m?%day cont. i.v. inf. day 1-7; Thioguanin 50 mg/m?
b.i.d. orally day 1-7; Prednisone 30 mg/m* b.i.d. orally day 1-7;
Doxorubicin/Doxorubicin-DNA complex 30 mg/m%/day i.v. day 4-5;
Vincristin 2 mg i.v. day 1 + day S.

Ara/Dauno
AraC 100 mg/m%day cont. i.v. inf. day 1-10; Daunorubicin 50
mg/m?%day i.v. day 1-3.

Mitox/HiDAC
Mitoxantron 12 mg/m?/day i.v. day 1-5; AraC 1 g/m? bi.d. i.v. day
1-3.

AraC/Mitox
AraC 100 mg/m?*day cont. i.v. inf. day 1-7; Mitoxantron 12
mg/m?/day i.v. day 1-3.

HiDAC/Amsa
AraC 3 g/m? b.i.d. i.v. day 1-5; Amsacrine 75 mg/m?/day cont. i.v
inf. day 2-4. .

*During the time period Huddinge University Hospital participated mn a
randomized prospective multicentre trial of the Leukemia Group of Middle
Sweden (LGMS), comparing the two variants of the POCAL regimen.
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TABLE 3

Characteristics of All ABMT Patients

N:o of patients transplanted
Median age at ABMT

Median time CR to ABMT
(months)

Continuous CR (CCR)
N:o of patients
Median duration (months)

Median duration of CR1, for
CR2-3 patients (months)

N:o of relapses post ABMT
N:o of transpl related deahts

Conditioning regimen
Cy/TBI
Bu/Cy
Bu/Mel
Bu

Granulocyte count
<0.5x10%/L. (days)

Plarciet count
<50x109/L (days)

CR1
13

50 (19-60)

4.1 (29-6.6)

8 (62%)
21 (1036

3 3%
2 (5%

10 (T7%)
3 @3®
0 0%
0 0%

27 (16469)

175 (106-182)

CR2.3
10

28 (23-53)

4.4 (0.5-15.1)

S (50%)
32 (763)
19 @36
2 (0%
3 Go0%)
(50 %)
(30 %)

(10 %)
(10%)

e b WD A

25 (18-86)

148 (67-591)

Relapse
3

43 (26-59)

1 (3%

1 @G3%)
1 33%)

0%
(100 %)
©%)
0 %)

cCowo

N.R.

Total

26

41  (19-60)

42 (05-15.1)
14 (4%)

2535 @-63)

6 B%
6 (B%)

W

(58 %)
(34 %)
3 %)
“%)

- I

21 (1686)

175 (106-591)
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AUTOLOGOUS TRANSPLANTATION WITH CHEMOPURGED BONE
MARROW IN PATIENTS WITH ACUTE MYELOCYTIC LEUKEMIA IN
SECOND AND THIRD REMISSION

Andrew M. Yeager, Scott D. Rowley, Richard J. Jones, Herbert Kaizer,
Janice M. Davis, O. Michael Colvin and George W. Santos

The Oncology Center and the Departments of Medicine, Pediatrics, and
Neurology, The Johns Hopkins University School of Medicine, Baltimore,
Maryland

INTRODUCTION

Autologous bone marrow transplantation (ABMT) may be an
alternative to allogeneic BMT for the treatment of acute myeloid leukemia
(AML) in remission. We have previously described the preliminary results of
autografting using marrow treated ex vivo with
4-hydroperoxycyclophosphamide (4HC), an active alkylating agent in aqueous
solution, in patients with AML in second or third remission (CR2 or CR3)
(1,2). In this report we present an update and extension of these studies with
a description of autografting with chemopurged marrow in 88 patients with
second- or third-remission AML.

METHODS OF STUDY

Patients

Eighty-eight patients with AML (37 females, 51 males) were included
in this study. The median age of these patients was 25 years (range, 2 to 56).
Seventy-three patients were in CR2 and 15 were in CR3 at the time of marrow
collection and ABMT. The distribution of FAB morphological subtypes was:
M1, 29; M2, 12; M3, 8; M4, 32; M5, 6; M7, 1. The median duration of CR1
was 14 months (range, 2 to 96); in patients transplanted in CR3 the median
duration of CR2 was five months (range, 1 to 25). At the time of marrow
collection and ABMT, the median duration of CR2 or CR3 was 2.5+ months
(range, 1.5+ to 6+). All protocols for ABMT were approved by the Joint
Committee on Clinical Investigation of The Johns Hopkins Medical Institutions,
and informed consent was obtained from all patients.
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Marrow Collection, Processing, and Infusion

For each patient, an attempt was made to aspirate at least 3-4 x 10°
nucleated marrow cells/kg from the iliac crests. Approximately 70 to 75% of
the collected marrow was incubated with 4HC ex vivo and the remainder was
cryopreserved without treatment to be used as a reserve or "backup” marrow
in the event of failure of engraftment with the 4HC-treated portion. In 75
patients, the autologous marrow cell suspension was centrifuged in transfer
packs, the buffy-coat was extracted, and the hematocrit was adjusted to 5 to
7%. The buffy-coat cells were then incubated ex vivo for 30 min with 4HC at
a final concentration of 60 ug/mL (1 patient), 80 ug/mL (2 patients), or 100
ug/mL (72 patients) (1). Since aldehyde dehydrogenase in erythrocytes can
inactivate 4HC and its levels may vary from patient to patient (3), a technique
to obtain erythrocyte-free marrow mononuclear cells by density-gradient
centrifugation was used in 13 patients. Briefly, the marrow buffy-coat cells
were layered onto Ficoll-diatrizoate in a COBE Model 2991 cell washer and
centrifuged at 2000 rpm; the light-density (sp. gr. <1.077 g/mL) mononuclear
cells were collected, washed and incubated for 30 min with 60 ug/mL of 4HC
(4). After incubation, the marrow cells were recentrifuged, resuspended, and
frozen in 50 mL polyolefin bags in a controlled-rate freezer. The 4HC-treated
marrow was kept in a liquid nitrogen freezer until infusion, when it was rapidly
thi\;veq in a 37C water bath and injected intravenously at a rate of 10 to 15
mL/min.

Preparative Regimens

Eighty-six patients received high-dose busulfan (BU; 1 mg/kg/day p.o.
every six hours for 16 doses) and cyclophosphamide (CY; 50 mg/kg/day i.v.
for four days). Two patients with a history of central nervous system leukemic
involvement were given CY (50 mg/kg/day i.v. for four days) followed by total
body irradiation (3.0 Gy/day for four days, with lungs shielded after 9.0 Gy).

RESULTS

Transplant-Related Mortality

Eighteen patients died from non-leukemic causes after ABMT. Eleven
patients (eight in CR2 and two in CR3) died with documented or presumptive
bacterial or fungal sepsis during aplasia or early hematologic recovery, eight
to 35 days after ABMT. One patient with AML in CR2 had nonfatal sepsis
with Klebsiella pneumoniae at the time of marrow infusion, had persistent
marrow hypoplasia, and died with Gram-negative sepsis five months after BMT.
Two patients (one in CR2, one in CR3) died with interstitial pneumonitis three
and eight months, respectively, after BMT; one of these cases was attributable
to cytomegalovirus and one was idiopathic. Three patients (one in CR2, two
in CR3) died with hepatic veno-occlusive disease five to seven weeks after
autografting. One patient died with idiopathic hyperammonemia syndrome 43
days after BMT.
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Hematologic Reconstitution

Satisfactory hematologic reconstitution occurred in 75 of 77 evaluable
patients (the 11 patients who died with ABMT-related complications during
aplasia were excluded). The neutrophil count exceeded 0.5 x 10°/L at a median
of 39 days in recipients of buffy-coat marrow and 45 days in patients given
light-density marrow mononuclear cells (range, 12 to 99 days; p=0.09). The
platelet count exceeded 50 x 1(P/L at a median of 66 days after buffy coat
ABMT and 86 days following infusion of light-density marrow cells (range, 23
to 259 days; p=0.64). Two patients in CR2 did not have hematologic
reconstitution after autografting with marrow buffy-coat cells incubated with
100 ug/mL of 4HC. One of these patients did not have a reserve marrow
available for infusion and, as indicated above, died with persistent marrow
hypoplasia and gram-negative bacterial sepsis five months after ABMT. The
other patient had satisfactory hematologic reconstitution after infusion of
untreated reserve marrow 38 days after ABMT and is currently in unmaintained
CR2 45 months later. The granulocyte-macrophage colony-forming cell
(GM-CFC) content (mean +/- standard deviation) of these marrow grafts after
4HC treatment was 4.5 + 8.8 x 10°/kg in buffy-coat recipients and 1.9 + 4.4
x 10%/kg in patients given light-density marrow mononuclear cells (range, 0.0
to 71.3; p=0.05). The logarithm of GM-CFC content of the 4HC-treated
marrow graft could be correlated with the time to hematologic recovery (5).

Leukemic relapses and disease-free survival. Thirty-five patients (30,
CR2; 5, CR3) had leukemic relapses at a median of 6.1 months (range, 1.8 to
23.2) after ABMT; all of these were hematologic relapses, and no
extramedullary relapses were observed. The actuarial relapse rates are 57% in
CR2 and 61% in CR3, but these differences are not statistically significant
(Figure 1). Thirty-five patients (31, CR2; 4, CR3) are in unmaintained
remission at a median of 26.5+ months (range, 0.5+ to 105+) after ABMT
with 4HC-treated marrow. The actuarial disease-free survival is 36% in CR2
and 23% in CR3 (Figure 2); although the period of observation is still limited
in these patients, there is a trend towards a lower relapse rate and a higher
disease-free survival in recipients of erythrocyte-free marrow mononuclear cell
suspensions versus buffy-coat suspensions. In 22 of the 35 patients in
unmaintained CR after ABMT, the duration of post-transplant remission exceeds
that of CR1 ("inversions"); in contrast, inversions were observed in only two
of the 35 patients who relapsed after ABMT for second- or third-remission
AML.

DISCUSSION

Intensive antileukemic therapy followed by autologous BMT with
4HC-treated marrow may be associated with long-term disease-free survival in
patients with AML in CR2 or CR3, in whom conventional therapy is not
curative. The actuarial relapse rate is similar to that seen with syngeneic BMT,
and the disease-free survival compares favorably to that observed after
allogeneic BMT in similar groups of patients. In this series, one problem is the
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high transplant-related mortality in patients autografted in CR3; indeed,
although the actuarial relapse rates are virtually indistinguishable in patients
transplanted in CR2 and CR3, the nonleukemic deaths in third-remission
patients are well over twice that in second-remission patients (six of 15, versus
12 of 73). Whether this mortality rate can be improved upon is debatable; the
deaths from hepatic veno-occlusive disease could not be predicted before ABMT
by abnormalities in hepatic function chemistries (6), and fatal CMV pneumonitis
is decidedly rare in recipients of marrow autografts (7). Furthermore, although
the median age was somewhat greater in patients transplanted in CR3 versus
CR2 (33 versus 21 years), the range of ages was similar in both groups.
Perhaps one recommendation, given this higher procedure-related mortality
when ABMT is carried out for AML in CR3, is to proceed with autografting
in CR2, since there is no proof of cures of AML in second or subsequent
relapse with conventional chemotherapy alone.

Our previous studies with 4HC-treated marrow buffy-coat cell
suspensions have demonstrated that the effectiveness of ABMT in AML, as
shown both by lower relapse rates and increased disease-free survival, can be
correlated with a greater degree of reduction in GM-CFC (i.e. <1% of
pre-incubation levels) after ex vivo incubation with 4HC (8). Presumably this
assay, which measures sensitivity of a normal committed hematopoietic
progenitor cell to the drug, indirectly determines the sensitivity to 4HC
treatment of the leukemic cells. More recently, using a clonogenic assay
system, Miller and colleagues have detected growth of residual occult AML in
remission marrows and have correlated the sensitivity to 4HC of these leukemic
cells with the effectiveness of ABMT with 4HC-treated marrow in these patients
(9). In addition, the studies of Gorin et al. (10,11) strongly suggest that
marrow "purging" is indeed a factor that influences relapse rates and
disease-free survival in patients undergoing ABMT for AML..

Until recently, no studies demonstrated long-term relapse-free survival
after autografting with unpurged marrow in relapsed AML. However, the
Rome group has reported an impressive disease-free survival (59%) and
actuarial relapse rate (45%) in patients with second-remission AML who
received ABMT with unpurged marrow after a polychemotherapeutic
preparative regimen (12). If others can reproduce these results, then a more
critical appraisal of the need for ex vivo autologous marrow treatment would
be warranted. Even more controversial is the role of ABMT and the need for
autograft purging in first-remission AML. Here, too, studies from the
European ABMT Group indicate that ex vivo marrow treatment is beneficial
(10,11). To address these issues, several prospective multicenter randomized
collaborative trials are in progress that compare outcomes in both adults and
children with first-remission AML given either chemotherapy alone or
autologous transplantation with 4HC-treated marrow.

Finally, the substantial differences in relapse rates between recipients
of allogeneic and syngeneic or autologous BMT underscore the potential role
of an allogeneic graft-versus-leukemia (GVL) effect, similar to but dissectable
from the graft-versus-host (GVH) reaction (13,14), in eliminating residual
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leukemia in vivo. One approach to decrease the high relapse rates after
autologous or syngeneic BMT for the acute leukemias might therefore involve
post-BMT immunomodulation by providing a GVL effect. Preclinical studies
have shown that rodents given short-course cyclosporine after syngeneic or
autologous BMT develop a syndrome that mimics allogeneic GVH disease
(15,16), with which is associated the appearance of cytotoxic lymphocytes with
polyclonal anti-Ia specificity (16). In an Ia-bearing rat myeloma model, this
induced syngeneic GVH disease also has an antitumor effect (17). In patients
with refractory lymphoma undergoing ABMT with unpurged marrow (18) and
AML patients transplanted with 4HC-treated marrow (Yeager AM, unpublished
observations), histopathologically documented cutaneous GVH reactions can be
induced with post-ABMT low-dose cyclosporine (1 mg/kg/day for 14 to 28
days), although the onset of these changes is later in AML recipients of
chemopurged marrow (median 28 days, versus 11 in lymphoma patients).
Studies are currently in progress to determine whether induction of this
GVH-like effect conveys an additional antileukemic advantage after ABMT with
4HC-treated marrow in patients with AML.
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Figure 1
Probability of remaining in remission after ABMT with 4HC-treated

marrow in 73 patients with AML in CR2 (solid line) and 15 patients with AML
in CR3 (dashed line).
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Figure 2

Probability of disease-free survival after ABMT with 4HC-treated
marrow in 73 patients with AML in CR2 (squares) and 15 patients with AML
in CR3 (diamonds). Individual living patients are indicated by the symbols.
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4-HYDROPEROXYCYCLOPHOSPHAMIDE (4-HC) PURGING OF
AUTOLOGOUS BONE MARROW IN SECOND AND LATER
REMISSION AML: CLINICAL RESULTS

William M. Boggs, Christine Deans, Jan S. Peterson, Denise Whitman
and Patricia Passante

Nova Pharmaceutical Corporation, Baltimore, Maryland

INTRODUCTION

Allogeneic bone marrow transplantation (BMT) appears to be the best
available treatment for acute myelogenous leukemia (AML), because the risk
of relapse is greater and the disease-free survival shorter in patients who receive
intensive chemotherapy, compared to patients who undergo BMT (1).
Unfortunately, approximately 70% of patients otherwise appropriate for
transplantation have neither an HLA-identical donor nor an identical twin (2).
An autologous bone marrow transplantation (ABMT) is their only treatment
option.

P While ABMT avoids the universal immunosuppression and frequent
graft-versus-host disease which occur with allogeneic transplants, an obvious
limitation is the significant possibility that the marrow will be contaminated by
malignant cells at the time of collection. Rather than reinfuse contaminated
marrow, it would appear logical to deplete the marrow selectively of neoplastic
cells, leaving the normal cells relatively unscathed. The technique which has
seen the greatest use, in the United States and worldwide, has been
pharmacological purging of the contaminated bone marrow by brief incubation
with small amounts of 4-hydroperoxycyclophosphamide, an activated form of
cyclophosphamide. This method depletes the marrow of tumor cells, while
relatively sparing the normal hematopoietic elements (3-6).

What follows is a discussion of data which have been collected for 201
patients with a diagnosis of AML in second or later complete remission whose
autologous marrows were treated with 4-HC and subsequently reinfused.

PATIENTS AND METHODS

Patients were selected from an Oracle-based clinical database, collected
and audited by Nova Pharmaceutical Corporation, containing information
concerning all patients known to have received a 4-HC-treated ABMT between
January 1980 and March 1989 in the United States. The patients reported here
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had a diagnosis of AML and a clinical status of second or later complete
remission at the time of transplant.

Patients’ bone marrows were harvested, and a buffy coat of the marrow
was incubated for 30 minutes at 37C in a 4-HC solution containing 2.0 x 10’
nucleated cells/ml and 5-log red blood cells (hematocrit). The marrows were
then washed and cryopreserved. Patients were subsequently treated with a
marrow-ablative regimen of cyclophosphamide and total body irradiation or
cyclophosphamide and busulfan, after which their treated marrows were
reinfused.

The primary endpoints considered in this study are total survival and
disease-free survival. Total survival is defined as the time in weeks from bone
marrow transplantation until death. Since the study was closed for data
collection on March 1, 1989, patients alive at that time had censored survival
times. Disease-free survival is defined to be the time in weeks from bone
marrow transplantation until relapse. If death occurred prior to relapse or if the
patient was alive and disease-free at the study termination date, his or her
disease-free survival time was censored. Treatment of deaths without evidence
of relapse as censored data can cause estimated median disease-free survival
time to be greater than median total survival time. Engraftment times were also
determined as the number of days between ABMT and attaining a total
granulocyte count of at least 1000/ul.

Using the product limit method in the SAS statistical software package
and SAS/GRAPH, survival functions were estimated and curves drawn both for
disease-free survival and for total survival. From these functions, estimates of
median disease-free survival times and median total survival times were
reported. Censoring is indicated by asterisks on the survival curves.

RESULTS

Two-hundred, one (201) patients were treated at 24 centers: 168 were
in CR2, 30 were in CR3, and 3 were in later complete remissions at the time
of ABMT. The median age of the patients was 30 years, with a range of 1 to
66 years. There were 115 male and 86 female patients.

Fourteen patients received preparative regimens of cyclophosphamide
and total body irradiation, while 111 patients were prepared with
cyclophosphamide and busulfan. The remaining 76 patients had marrow
ablative regimens containing other combinations of chemotherapeutic agents
with or without irradiation.

The concentration of 4-HC used in the purging process ranged from 20
ug/ml (1 patient) to 140 ug/ml (1 patient), with most patients receiving 100
ug/ml (176 patients). Twelve patients received 4-HC in combination with other
agents.

8 For all patients, the median disease free survival was greater than 72
weeks, with 52% in complete remission beyond 72 weeks, and for as long as
423 weeks post-ABMT. For patients in CR2, median disease free survival was
greater than 71 weeks, with 55% in complete remission beyond 71 weeks.
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When the patients were divided according to the duration of their first
remissions (<12 months, 12-18 months, and >18 months), there were no
differences in disease free survival. See Figure 1.

For all patients, median total survival was 44 weeks, with 36% of
patients living beyond 96 weeks. For CR2 patients, median total survival was
54 weeks, with 42% living beyond 96 weeks. When the patients were grouped
12)y duration of CR1 (as above), total survivals were not different. See Figure

The median interval between ABMT and engraftment was 29 days, with
a range from 9 days to 130 days for 168 patients who engrafted. A total of 28
patients (14 %) failed to engraft, but 21 of these died within 30 days of ABMT,
leaving less than a 4% failure-to-engraft rate among AML patients surviving at
least one month. Engraftment data were not available for 5 patients.

DISCUSSION

These results confirm that long term disease free survivals are possible
for AML patients in second and later complete remissions who receive
autologous bone marrow transplantations treated with 4-HC. Both disease free
survivals and total survivals reported here exceed those reported for patients
who are treated with chemotherapy alone, only 5-10% of whom are expected
to enjoy long term survival (7). Although comparative data have not been
presented here for unpurged autologous transplants, recent reports support the
necessity and superiority of purged ABMT compared to untreated ABMT (8,

9). _
Furthermore, although times to engraftment are somewhat greater than
those encountered with allogeneic transplantations, the actual engraftment rates
are as good as those achieved with allogeneic transplants (1). The avoidance
of graft-versus-host disease and the lower risk of immunosuppression and
interstitial pneumonitis faced with autologous transplantation may, in fact, make
4-HC-purged ABMT a lower morbidity therapy than allogeneic transplantation.
No randomized, controlled trial has been conducted to address the
question of the necessity of purging autologous bone marrow. Given the
extensive experience with and widespread use of 4-HC in AML, it is
questionable whether such a trial could ever be completed. Nevertheless, it is
clear that 4-HC can be used safely to attain long term disease free survivals in
certain patients who undergo autologous bone marrow transplantations.
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FIGURE 1
Disease-Free survival. Patients are divided according to their durations
of first complete remissions as labelled: <12 months, 12-18 months, or >18
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SECOND REMISSION

Carl Lenarsky MD, Kenneth Weinberg MD, Juanita Petersen BS, Jan Nolta BS,
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INTRODUCTION

The primary therapy for children with acute non-lymphoblastic
leukemia (ANLL) has dramatically improved over the last decade.
Approximately 70% of patients can be induced into remission (1,2). Patients
in first remission who receive an allogeneic bone marrow transplantation (BMT)
from a histocompatible sibling donor have a 60-65% chance for prolonged
disease free survival (3,4). Patients who receive maintenance chemotherapy
rather than BMT in first remission have a 40-45% chance for long term
remission. However, once a patient with ANLL on maintenance chemotherapy
suffers a relapse, there is little hope for prolonged survival without BMT (5).
One alternative for the patient with ANLL who relapses is to receive an ABMT.

ABMT may be successful if residual clonogenic leukemia cells are
eliminated from the graft. One approach to the removal of residual ANLL cells
is the incubation of the harvested marrow cells with
4-hydroperoxycyclophosphamide (4HC) (6-8).

In this report we describe our results with ABMT for thirteen pediatric
patients with ANLL in second remission. One innovation in our process was
the removal of red blood cells (RBC) from the purging environment. RBC
contain aldehyde dehydrogenase, an enzyme which inactivates 4HC ex vivo (9).
Factors that inactivate 4HC may reduce the efficiency of the leukemic cell
purge. Therefore, our methodology included the reduction of the RBC
concentration (<0.5%) in the marrow/4HC mixture.
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PATIENTS AND METHODS

Patients

Thirteen patients with ANLL in second remission were entered on this
study. The median age was 5 years (range 1 to 21). Marrow was harvested
from 11 patients in second remission; 2 patients had marrow harvested during
first remission. The median duration of first remission was 12 months (range
2-60). The median duration from second remission to transplant was 1 month
(range 1-12). Informed consent was obtained for all patients.

Marrow Processing

Step 1. Marrow was collected from the posterior iliac crests according
to the methods of Thomas and Storb (10). A median of 3.3 X 108 nucleated
marrow cells’kg (range 1.8-6.5) of recipient body weight were obtained for
4HC purging; additional marrow was obtained and not purged for backup use
in case of non-engraftment.

Step 2. Separation: Five cc of ficoll-hypaque (Pharmacia, Uppsala,
Sweden) was overlayed on 10 cc of 72% percoll (Sigma Chemical, St. Louis,
MO) in 50 cc centrifuge tubes. After the addition of magnesium-free,
calcium-free, Hanks Balanced Salt Solution (HBSS) (Irvine Scientific, Santa
Ana, CA) to the packed bone marrow to return the marrow to original volume,
30-35 cc of the marrow was overlayed onto each ficoll/percoll gradient, which
was then centrifuged at 2000 rpm for 30 minutes. The interface cells were
removed and washed twice with HBSS. In our laboratory, the addition of the
ficoll/percoll gradient results in a mean recovery of >80% of the nucleated
marrow cells and a mean recovery of >95% of the mononuclear cells.

Step 3. 4HC Treatment: The cells were adjusted to a concentration of
2 X 10’/m! with RPMI 1640 medium (Irvine Scientific, Santa Ana, CA) and
10-15% autologous plasma. The hematocrit was always < 0.5%. The cells
were incubated with 4HC (100 micrograms/ml) (M. Colvin, Johns Hopkins
University, Baltimore, MD) at 37C for 30 minutes, then cooled rapidly on ice
for 10 minutes, centrifuged at 2500 rpm for 10 minutes and resuspended in
autologous plasma at a concentration of 50 X 10° cells/ml.

Preparative Regimen and Marrow Infusion

All patients received a transplant preparative regimen of busulfan, 1
mg/kg orally every six hours on Day -9, -8, -7 and -6 followed by
cyclophosphamide, 50 mg/kg intravenously on Day -5, -4, -3 and -2. Intrathecal
therapy was not administered. No patient received diphenylhydantoin. Bone
marrow was infused on Day 0. A median of 1.2 X 10® (range 0.4-3.5 X 10%)
mononuclear cells per kilogram were infused.
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RESULTS

Engraftment and Post-Transplant Complications

All but one 3patient (#8) attained an absolute neutrophil count (ANC)
greater than 500/mm°® by a median of 40 days post transplantation (range 25-70)
(Table 1). All but two patients (#8, #13) attained a platelet count greater than
50,000/mm? by a median of 58 days post transplantation (range 22- 100 days).
The two patients who did not achieve hematologic reconstitution relapsed at 60
and 120 days. There were no treatment related deaths. All patients developed
mild to moderate mucositis. Twelve patients developed symptomatic
veno-occlusive disease of the liver.

Progenitor Cell Assays

Results of 14 day and 30 day progenitor cell colony assays are
summarized in Table 2. There was minimal recovery of colony forming units
after 14 days. There was a substantial increase in the percent recovery of all
colony types in the 30 day assays, with a median 20% recovery of BFU-E,
90% recovery of CFU-GM and 35% recovery of CFU-GEMM.

Survival

Seven of thirteen patients are disease free survivors (median 34 months,
range 22-39 months) at the time of analysis. For six of the seven disease free
survivors, the duration of the post transplant remission has exceeded the
duration of their first remission. Six patients relapsed in bone marrow at 2, 4,
5, 6, and 19 months post-transplant, including 1 patient (#11) whose post
transplant remission was longer than his first remission. The projected disease
free survival is 53%.

DISCUSSION

Since most pediatric patients with ANLL who have a histocompatible
sibling donor are transplanted in first remission, there is usually no successful
therapy for children with ANLL who attain a second remission. The results of
the present study indicate that ABMT with 4HC purged bone marrow is a safe
and efficacious therapy for children with ANLL in second remission. The
projected disease free survival for our patients is 53%, with a median follow
up of 34 months. Although the number of patients in the present study is
relatively small, the number of patients reported here represents more children
with ANLL in second remission receiving ABMT with a longer median follow
up than three previously published studies combined (7,11,12). It is unlikely
that significant numbers of additional children with ANLL in second remission
will become eligible for an ongoing study, since 4HC purged ABMT are now
being conducted in children with ANLL in first remission who lack a matched
donor.
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Our results suggest that the disease free survival for pediatric patients
may be superior to that seen in adults. There were no toxic deaths in our
series, whereas there were five early deaths among the first 25 patients reported
by the Baltimore group. In addition, our method for the separation of marrow
and for purging with 4HC, i.e., the elimination of exogenous RBC from
marrow/4HC mixture, may lead to a more effective purge of leukemic cells
from the harvested bone marrow. Jones et al. examined the effects of graded
concentrations of RBC on the ex vivo activity of 4HC against normal human
bone marrow and against the K562 myeloid leukemia cell line (13). They also
studied the effects of the incubation concentration of RBC during clinical
purging with 4HC. They found that increasing the concentration of RBC
resulted in less toxicity to marrow progenitor cells as well as less effective
leukemic cell purge. Their observations may be explained by the inactivation
of 4HC ex vivo by the red cell enzyme, aldehyde dehydrogenase. Therefore,
a higher RBC concentration during clinical purging would be expected to hasten
hematologic recovery following ABMT, and reduce the overall morbidity and
mortality of the procedure. Thus, other investigators have maintained the RBC
concentration of the purging medium >5% (11). Unfortunately, a concentration
of RBC sufficient to reduce 4HC activity against normal marrow cells is likely
to be associated with a decreased leukemia cell kill, a factor which might
increase the chance for leukemic relapse following BMT. In fact, recent data
suggests a correlation between increasing RBC “concentration and relapse
following 4HC purged ABMT (14).

The RBC concentration of the marrow/4HC mixture in our laboratory
was maintained < 0.5%. The removal of RBC is enhanced by our method of
mononuclear cell recovery. Traditional methods for mononuclear cell recovery
involve the use of buffy coat removal (by cell washer or manual methods) or
separation on a ficoll gradient. In our laboratory ficoll gradient separation
i'ields a 50-60% recovery of the mononuclear cells. The addition of a percoll
ayer to the ficoll gradient results in a nearly 100% recovery of the
mononuclear cell fraction. Since the hematopoietic progenitor cells are
distributed throughout the mononuclear cell compartment, the total recovery of
progenitor cells is enhanced. Additionally, the separation of nucleated marrow
cells on the ficoll/percoll gradient results in an efficient removal of RBC.
Recently, Korbling et al reported successful engraftment in all evaluable
patients receiving ABMT transplants with bone marrow that was incubated with
mafosfamide in a medium depleted of RBC (12).

Our results with 14 day assays for hematopoietic progenitor cells
showed almost no recovery of CFU-GM, BFU-E or CFU-GEMM from the
4HC purged bone marrow. Rowley et al have reported a correlation between
the CFU-GM content of 4HC purged bone marrow and time to engraftment
(15). However, no such correlation was present for our patients due to the low
numbers of progenitor cell colonies counted at 14 days. Since our clinical
observation was that it required 2-3 weeks before the earliest signs of
engraftment, we have recently extended the analysis of colony forming ability
to include the 30 day assay. We have found a significant increase in the
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detection of progenitor cells from 4HC treated marrow in the 30 day assay as
compared to the 14 day assay although no correlation exists between the rate
of engraftment and the number of progenitor cells assayed at 30 days.

' In summary, high dose chemotherapy followed by infusion of
autologous bone marrow purged with 4HC can result in long term disease free
survival for some children with ANLL in second remission. Studies comparing
ABMT and allogeneic BMT for children with ANLL in first remission are in
progress.
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TABLE 1
Patient Characteristics and Results
Age/Sex Length of # mono- Days to ANC Relapse DFS?
Yrs' 1st nuclear > (months) {months)
Remission  cells 500/mm’
{months) infused x
10°/Kg
T, 4/F 8 1.2 35 - K]
2. 1/M 2 1.8 34 .- 35
3. /M 60 0.5 39 .- 34
4. 1I/M 4 1.1 i} -- 38
5. 7/F 16 1.4 51 .- 30
6. S/F 17 2.7 38 - 30
7. 19/F 24 0.4 28 6 -
8. 12/M 48 0.5 - 2 -
9. F 6 1.0 40 .- 22
10. 6/F § 1.5 45 [ -
11. 16/M 3 6.5 10 S -
12. §/F 24 1.6 46 19 .-
13. 4M 12 3.5 40 4 --

1. Patients #7 and #12 had marrow harvested in Ist remission.

2. Disease Free Survival
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TABLE 2
Progenitor Cell Colony Assay:
Comparison of 14 Day and 30 Day Cultures
Percent Recovery (post 4HC/pre 4HC x 100)
14 Day 30 Day
BFU-E .06 (0-3)' 20 (3-60)
CFU-GM 0 (0-3) 90 (0-100)
CFU-GEMM 0 (0-21) 35 (5-68)

1. Median (range)



113
Monoclonal Antibody-Purged ABMT
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MONOCLONAL ANTIBODY-PURGED BONE MARROW
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ABSTRACT

We have been exploring the use of anti-myeloid monoclonal antibodies
(mADb) in the treatment of acute myeloid leukemia (AML) to purge marrow for
autologous bone marrow transplantation (ABMT). Forty patients with AML in
either 1st CR (n=4) or 2nd and 3rd CR (n=33), or early 1st relapse (n=3)
were treated from August, 1984 until May, 1990 using highdose chemotherapy
and using monoclonal antibody (mAb) and complement (C’) treated bone
marrow. Seven patients in 2nd or 3rd CR survive disease-free from 11 to 71
months post-ABMT. Six of these seven long-term survivors showed
"inversions", where their post ABMT remission lasted longer than any previous
one. Actuarial two and three year disease-free and overall survival of patients
in 2nd and 3rd CR was 27% (+ 9%) and 20% (+ 9%), and 33% (+ 9%)and
27% (1 9%), respectively. Three patients were transplanted at 1st relapse with
marrow previously harvested in 1st CR; two survive at six and 15 months in
2nd CR. We also discuss two new approaches to the problem of recurrent
disease: 1) the use of neuraminidase to increase mAb plus complement killing
of % cells and 2) the use of cellular cytotoxicity mediated by bispecific
antibodies.

INTRODUCTION

Treatment of AML with chemotherapy can induce a complete remission
(CR) in 50-80% of patients (1). However, most patients relapse and ultimately
die of their disease. Bone marrow transplantation (BMT) offers the promise of
complete elimination of occult leukemia cells during CR (2-4). Encouraging
results have been reported with allogeneic BMT as consolidation therapy in 1st
CR. In 2nd and 3rd CR, allogeneic BMT can also be curative, although
relapse-free survival is lower than in 1st CR. However, since the majority of
patients with AML either do not have an HLA matched-donor or are considered
too old for an allogeneic BMT, autologous BMT (ABMT) is a viable alterative
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(5-7). Methods of purging autologous marrow using monoclonal antibodies
(mAb) () or cytotoxic drugs (6,7) are under study.

We are using two mAbs, PM-81 and AML-2-23, that bind to leukemia
cells from >95% of AML patients (8- 10). In the presence of complement
(C’) they can lyse leukemia cells from almost all patients with AML, including
their progenitor cells (11). As of May, 1990 we have performed ABMT in 40
patients in 1st-3rd CR using mAb plus C’purged marrow. This report updates
our experience with this approach to ABMT in AML and describes two novel
adaptations of immunotherapy using anti-myeloid mAb.

MATERIALS AND METHODS

Clinical Trial

Patients under the age of 60 years with good performance status were
eligible. Leukemia blast cells, obtained at diagnosis or at relapse, when
available, were required to express the antigens reactive with PM-81 (CD 15)
and/or AML-2-23 (CD 14) on >20% of cells.

A mean of 7.28 x 10® nucleated bone marrow cells/kg were harvested.
After concentrating mononuclear cells by Ficoll-Hypaque gradient
centrifugation, there was a mean recovery of 20.6% cells available for
treatment. A mean of 9.97 x 10’ cells/kg were treated with mAb plus C’on the
Haemonetics cell processor as described (5) and from that there was a mean
recovery of 39%. An average of 3.60 x 107 cells’kg was used for the
transplant.

Thirty-one (31) patients were treated with cyclophosphamide (CY) (60
mg/kg x 2 days) (days -5 to -3) and fractionated total body irradiation (fTBI)
(200 cGy twice daily for three days, total dose of 1200 cGy) (days -2 to 0).
Eight patients (in 2nd CR) was treated with busulfan (16mg/kg/day for four
days) (days -9 to -6) and cyclophosphamide (60mg/kg/day for two days) (days
-5 and -4). One patient (in 3rd CR) was treated with busulfan (16 mg/kg/day
for four days) (days -7 to -4) and VP-16 (60mg/kg) (day -3).

Neuraminidase Treatment of Bone Marrow

Based on our findings that the enzyme, neuraminidase, increases the
binding of PM-81 to the CD15 antigen on AML blasts, we treated one patient
in this series with bone marrow that was treated with neuraminidase prior to
purging with mAb plus C’(12). Details of this case can be obtained from a
published report (12).

Bispecific Antibody

Bispecific antibodies were prepared using an anti-FcyR I mAb, 32.2 (an
IgG1), and the anti-myeloid cell mAb, PM-81, reactive with the CD 15 antigen,
for studies of antibody-dependent cellular cytotoxicity (ADCC). Conjugates
were made by cross-linking sulfhydryl groups of Fab fragments of mAb 32 and
sulfhydryl groups added to intact PM-81 (an IgM) using N-succinimdyl-
acetyl-S-thioacetate (SATA). The ability of the bispecific antibody to mediate
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attachment of human monocytes to tumor target cells was confirmed in a
microtiter well assay of binding using MTT-labeled U937 cells (FcyRI-bearing)
to SKBR-3 (breast carcinoma) target cells.

RESULTS

Forty patients with AML ranging in age from 11 to 53 years were
transplanted between August, 1984 and May 1, 1990 at the DHMC (Table 1).
All but one patient had de novo AML at the time of initial diagnosis. This
patient had a myelodysplastic syndrome prior to diagnosis of AML. With two
exceptions, the patients met the specified criteria for cardiac, pulmonary, renal,
and hepatic function. Exceptions were a patient with elevated hepatic enzymes,
presumably due to non-A, non-B hepatitis and one with an abnormal left
ventricular ejection fraction. The median time between the current remission
and ABMT was 60 days, with a range of four days to 15 months. The
transplants in the four patients in 1st CR were performed at a median time of
10 months (range 6-14 months) after achieving CR.

All cases were > than 20% positive for PM-81 and 37% of cases were
positive for AML-223 binding. On average, 78.5% of leukemia cells were
positive for binding to mAb PM-81 (range 31-100%, median 81%).

Toxicity

Four patients died within two months of ABMT: one each from
overwhelming fungal sepsis, hepatic veno-occlusive disease, hemorrhage and
from cardiac failure. Three additional patients died later from non-leukemic
causes related to ABMT: two from intracerebral hemorrhages and one of
overwhelming pseudomonal sepsis at three months while the bone marrow was
hypocellular.

Colony-Forming Units and Engraftment

The median recovery of CFU-GM was 36% (range 22-150) for the 1st
CR group and 47% (range 17-156) for the 2nd/3rd CR group. Median
recovery of BFU-E was 38% (range 34-93) for the 1st CR group and 68%
(range 13-1003) for the 2nd/3rd CR group. Median recovery of CFU-MIX was
46% (range 29-96) for the 1st CR group and 37% (range 0-226) for the 2nd/3rd
CR group. Median numbers of 1.02 x 10* and 0.8 x 10* CFU-GM/kg body
weight were infused in each 1st and 2nd/3rd CR patient, respectively, at the
time of ABMT. A median number of 2.5 x 10 cells/kg body weight (range 1.7
to 8.2 x 107) were infused into each 1st CR patient. The median number of
c7>ells tra:%sfuscd into the 2nd/3rd CR group was 2.8 x 10"/per kg (range 0.8 to

4 x 10).

Median recovery times for neutrophils to 500 cells/ul were 27 and 32
days for the 1st and 2nd/3rd CR patients, respectively. Median times to reach
platelet counts of >20,000 and > 50,000ul were 38 and 66 days (1st CR) and
46 and 82 days (2nd/3rd CR). Days to achieve engraftment was negatively
correlated with weight-adjusted CFU-GM, BFU-E, CFU-MIX, and the number
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of cells infused. This means engraftment was faster in those infused with larger
numbers of CFU.

Relapse

One 1st CR patient relapsed 11 months post-ABMT. The pre-ABMT
CR durations of the other three 1st CR patients surviving relapse-free after the
transplant were 6, 9, and 11 months. Ten 2nd/3rd CR patients relapsed at
times ranging from three to 32 months post-ABMT. Median time to relapse for
2nd/3rd CR patients was 11.4 months post-ABMT and 19.5 months post-CR.

Survival

The survival from transplant of all patients as of April 26, 1990 are
shown in Figure 1 by CR group. The median relapse-free survival time of the
CR1 group has not been reached, since half of 1st CR patients had not relapsed
as of this analysis; however, it is at least 28 months post-ABMT and 34 months
post-CR. Actuarial two year survival and relapse-free survival post-ABMT are
both 75% (+21%). Three of the four patients are surviving at 33, 35, and 45
months post-ABMT. Actuarial two-and three-year survival of the patients in
the 2nd/3rd CR group is 33% (+9%) and 27% (+ 9%) from ABMT. Median
survival of this group is 6.4 months from the date of ABMT and 8.1 months
from documentation of the current remission; median relapse-free survival
post-ABMT is 5.2 months. Seven patients survive disease-free at 11, 17, 26,
42, 51, 65, and 71 months post-ABMT. Of the patients transplanted in 2nd and
3rd CR, six were shown to have "inversions" where the duration of their
post-AMBT CR2 or CR3 exceeded the duration of the CR1 or CR2 by 12, 13,
18, 37, 39, and 39 months. Five of these are in the group of seven survivors.
In the analysis of the 1st 30 patients, the FAB subclass correlated with
relapse-free survival in the 2nd/3rd CR group (5). Patients with FAB
subclasses M4 and M5 had better disease-free survival than other subclasses.
Their rate of mortality or relapse was on average 15% (95% confidence
interval, 3% to 85%; p=.03) that of the other subclasses.

Neuraminidase Treatment

One patient was treated by ABMT with marrow that had been exposed
first to the enzyme neuraminidase to enhance CD15 expression. The
remarkable aspect of this case was that the marrow engrafted very rapidly thus
showing that cryptic CD 15 is not found on the pluripotent stem cell and that
neuraminidase may have actually increased homing of stem cells into the bone
marrow, or, alteratively, decreased non-specific uptake in extra-medullary sites.

Bispecific Antibody Killing

The ability of the bispecific antibody to mediate killing of HL-60
promyelocytic leukemia cells was studied using a 6 hr chromium-51 release
assay. Effector cells were monocytes obtained by cytopheresis and cultured for
18 hr with gamma interferon (100 units/ml). Monocytes alone caused minimal
killing (5-20%), monocytes plus bispecific antibody caused moderate killing
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(20-50%), and monocytes plus bispecific antibody plus human serum resulted
in maximal killing (50-80%) (Figure 2). Thus, this bispecific antibody
possessed the ability to lyse tumor cell targets by two different mechanisms,
complement and cellular-mediated lysis.

DISCUSSION

Multi-center and uncontrolled studies in Europe have demonstrated that
AML patients transplanted within the 1st six months of their 1st CR show a
relapse-free survival benefit using marrow that had been treated with
mafosfamide (7). Though no randomized studies directly comparing ABMT
with and without marrow purging have been reported, long-term survival has
been noted for AML patients in 2nd and 3rd CR after ABMT using various
methods for removing occult leukemia cells (5-7). Our study has demonstrated
three-year overall survival in 27% of patients in 2nd and 3rd CR and
relapse-free survival of 20%. Interestingly, we found a survival benefit with
FAB M4, MS subclasses. This contrasts with many studies that have shown
that FAB M4 and M5 cases have had lower survival rates.

Overall, these results are encouraging. The number of long-term
survivors in 2nd and 3rd CR is similar to that reported with allogeneic BMT
and from ABMT using alternative forms of marrow purging (13). Long-term
disease free survival in patients with AML in 2nd or 3rd CR after
chemotherapy is unusual. Recently, the M.D. Anderson Hospital reported that
patients with 1st CR greater than 18 months have a better prognosis than those
who relapse sooner. In this report, there were several long-term survivors (14).
These data do raise questions about the relative efficacy of ABMT in patients
with AML after 1st CR. Although the numbers in our study are small, we
looked at the proportion of patients transplanted in 2nd and 3rd CR who had 1st
CR of less than 12 months, 12 to 18 months, and greater than 18 months of
which there were eight, seven, and eight patients, respectively. There were
three relapses in the 1st group, two in the 2nd, and three in the 3rd group and
there were one, two, and three long-term survivors in the respective groups.
The only difference in the outcomes in the groups was a greater number of
toxic deaths in the group with the shortest 1st CRs. Another criticism of
marrow transplantation data has been that there is an inherent selection bias due
to the time required to get to transplant (17). The median time to ABMT for
patients in 2nd and 3rd CR in this study was 60 days. Thus, because some
patients treated with chemotherapy might have already relapsed by two months,
we may have selected somewhat for a population at lower risk for relapse.
However, as discussed above, the duration of 1st CR, which has considerable
predictive value for subsequent relapse potential, did not obviously correlate
with outcome in our patients.

The major questions for investigators in ABMT seem to be the
following: when to transplant, who to transplant, what preparative regimen is
optimal, whether to purge the marrow, and how to purge marrow (assuming
one believes the marrow should be purged). The issue of when to transplant
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is clearly difficult. We favor the idea of transplant in 1st CR, but in the context
of a clinical trial with a control arm using chemotherapy only. Who to
transplant could perhaps be phrased by saying who shouldn’t be transplanted.
Perhaps patients with clearly defined good risk factors should be spared the
potential toxicity of ABMT. For example, patients with chromosomal
abnormalities including translocations of 8;21 and 15;17 or an inverted 16th
chromosome, who have been shown by several groups to have a favorable
survival, should be excluded from 1st CR transplant. Whether to purge
residual disease is an important technical issue that can only be resolved in a
randomized study. However, potential problems with such a study are that both
physicians and patients may have strong feelings against using unpurged
marrow and thus not participate in the study. As long as purging is safe,
arguments against the need for purging are reduced to discussions of
economics. Similarly, whether any of the available purging methods is superior
is not clear from the data available. However, an argument for a randomized
study comparing two different purging methods is stronger because there is no
known difference between any technique presently in use. The difficulty of any
of the above mentioned studies is that AML is a relatively rare disease and thus
enrolling sufficient numbers of patients is a barrier to successful completion of
studies in a timely manner.

In addition, it appears that more attention needs to be given to
post-transplant therapy in order to lower relapse rates. We have described in
this report the creation of a novel immunotherapeutic agent, a bispecific
antibody comprised of an anti-CD 15 mAb and a mAb to the
monocyte-associated Fc receptor. This antibody is able to mediate ADCC as
well as complementdependent lysis using human C’ and could be used
post-transplant to treat residual disease. We have infused this antibody into
three patients and found it to be well-tolerated. We are exploring the possibility
of using the antibody post-transplant in a randomized fashion. Finally, we wish
to call attention to an intriguing observation that a patient whose marrow was
treated with neuraminidase prior to mAb plus C’purging had a remarkably rapid
engraftment. This raises the question of whether the pluripotent stem cell can
be manipulated to enter the marrow cavity faster by biochemical changes and
accelerate hematopoiesis. Since the morbidity and mortality of ABMT is
related in large part to myelosuppression, the benefit of shortening recovery
times is obvious.
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TABLE 1

Clinical characteristics of patients.

CR N Ages (Medign) _ Male:Female M1 /Mlziﬁa'ﬂmnﬁmwmz
1st 4 3446 (43) 31 1 2 1
2nd 26 11-53 (38) 16:10 13 3 10
3d 7 29-57 (44) 6:1 4 1 2
IstRelapse 13 18-36 (26) 1:2 1 Q 2
All 40 11-57 (42) 26:14 19 6 15
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FIGURE 1

Overall survival of 37 patients who have undergone ABMT with mAB
and C’-purged bone marrow. Solid line represents patients in 1st CR (four
patients) and the dashed line represents patients in 2nd and 3rd CR combined
(33 patients).
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FIGURE 2

Ability of bispecific antibody to kill HL60 target cells with and without

human complement.
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HEMATOLOGICAL RECOVERY AFTER AUTOLOGOUS BONE
MARROW TRANSPLANTATION IN ACUTE LEUKEMIA:
PROGNOSTIC FACTORS

C. Canals, J.M. Marti, E. Martinez, J. Sierra, R. Gilabert, C. Punti,
S. Brunet, A. Torras, R. Ayats, A. Valls, A. Grafiena, L. Andres, andJ. Garcia

Hemaztology Service, Hospital de Sant Pau, Barcelona, Spain

INTRODUCTION

Kinetics of hemopoietic reconstitution after autologous bone marrow
transplantation (ABMT) can be influenced by many different factors, such as
diagnosis, disease status, chemotherapy before harvesting and ex vivo bone
marrow manipulation (fractionation, purging and cryopreservation procedures).
The relationship between the patterns of hematological recovery and the amount
of marrow cells or hemopoietic precursors transfused has been extensively
examined with controversial results [1-7]. Inadequate engraftment after ABMT
has been more frequently reported in patients with acute leukemia (AL). The
aim of this study is to identify the main factors influencing hematological
recovery in these patients. With this information we will be able to recognize
cases with high risk of prolonged aplasia, and to select candidates to post-
transplant support with cytokines or peripheral stem cells to accelerate
recovery.

PATIENTS AND METHODS

Patient Selection and Characteristics

Seventy successive AL patients (32 ALL and 38 ANLL) who
underwent ABMT were retrospectively studied. Ages ranged from 7 months
to 50 years (median 17 years). There were 39 males and 31 females. Patient
characteristics are shown in Table 1.

METHODS

Bone Marrow Processing

Two cell separation methods have been employed. Forty eight patients
had been autografted with marrow buffy-coat (BC) obtained by automatic
procedure (IBM 2991) and 22 with marrow mononuclear cells (MNC) obtained
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by density gradient on Ficoll (Lymphoprep). This second group included 19
"in vitro" treated marrows (3 ASTA Z and 16 MoAb treatments).

Median number of cryopreserved cells was 3.2 (0.6-5.5) ESNC/Kg for
the first group (BC), and 1.8 (0.14-8.8) ETMNC/Kg for the second one.
Median numbers of cryopreserved CFU-GM were 4.9 (0.4-19.3) E4/Kgand 1.3
(0.2-4.3) E4/Kg, respectively.

Purging, cryopreservation and thawing were performed following
standard methods.

Hematologic Recovery Evaluation

After bone marrow infusion, hematologic reconstitution was evaluated
through peripheral blood counts and sequential marrow examinations.
Leucocyte, granulocyte, reticulocyte and platelet recoveries were monitored.

Post-Transplant Qutcome

The median follow up has been 7 months (4-58m). Thirty-eight
patients are alive, with a median survival time after ABMT of 7 months.
Thirty-four were in maintained post-transplant CR. Median disease free
survival (DFS) was 6 months (0.5-58m), with an actuarial probability of DFS
of 42% at two years. Four patients had relapsed but were alive on new
chemotherapy. Seven early deaths had occurred and 24 patients had died after
relapse at 1.5-24 months after ABMT (median 4m).

Statistical Analysis

~ Days to reach peripheral counts over 500 granulocytes/mm®, 20,000
platelets/mm?® and 50,000 platelets/mm® were the three engraftment parameters
analyzed. Two groups of variables were studied. The first group included all
the patient characteristics exposed in Table 1. In ANLL patients chemotherapy
before marrow collection was also analyzed. The second group of variables
included the following marrow processing parameters: cell separation methods,
marrow purging, number of cryopreserved cells (two independent groups
according to fractionation method) and number of cryopreserved CFU-GM (data
not available in 19 cases). As marrow MNC fractionation was a variable
strongly correlated with "in vitro"” treatment, it could not be independently
studied.

The influence of these variables on engraftment parameters was
evaluated using univariate and multivariate statistical analysis (test for
comparison survival curves proposed by Peto & Peto [8], and Cox regression
models [9]). Correlation tests have also been performed (Spearman).

RESULTS

Granulocyte Recovery ‘

Hematological recovery was not evaluable in 6 patients, as early death
had occurred due to transplant related complications. Four out of 64 patients
failed to engraft (6.25%), and 60 patients showed a successful granulocyte
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recovery within a median time of 24 days (10-67d; mean 28). Engraftment data
are summarized in Table 2.

Univariate analysis led to the following results:

1. Higher amounts of cryopreserved CFU-GM (> 4E4/Kg) accelerated
granulocyte recovery (p<0.001). See Figure 1. The Spearman rank correlation
test showed a low but statistically significant correlation between this two
parameters: rs=-0.4878 (p <0.006).

2. "In vitro" marrow treatment adversely affected granulocyte recovery
(p<0.0007). See Fig 2.

3. Patients conditioned with CY +single dose TBI showed a faster
recovery (p <0.006).

4. High AraC doses (> 12gr/m?) prior to marrow collection prolonged
severe neutropenia after ABMT (p <0.002). See Figure 3. A correlation was
found between these two variables in the Spearman test: rs=0.6815 (p <0.001).

5. We have not observed differences in the kinetics of granulocyte
recovery between ALL and ANLL.

6. Finally, we failed to identify any other variable influencing this
engraftment parameter.

The following variables were selected for the multivariate analysis:
amount of CFU-GM, purged vs non purged marrow, total AraC dose prior
marrow collection and conditioning regimens. The first three vatiables
maintained their prognostic value for granulocyte recovery (p<0.01, p<0.01
and p<0.002 respectively). Conditioning regimen was not identified as a
prognostic factor, probably due to the reduced number of patients in the
single-dose TBI group.

Platelet Recovery

Time to reach maintained peripheral blood counts over 20,000 and
50,000 platelets/mm® were the two parameters employed to evaluate the kinetics
of post-transplant platelet recovery.

The first parameter, evaluable in 60 cases, was not achieved on 9
occasions (15%). Seven of these patients relapsed in a short period of time.
Fifty one patients reached this platelet level, within a median time of 40 days
(17-97d; mean 43d).

Time to reach 50.000 platelets/mm® was evaluable in 53 patients, with
a median recovering time of 57 days (18-250 d; mean 72d). Thirteen cases
failed to achieve this level (24%), with further evidence of disease progression
in 9 of them.

At the univariate analysis the following results were observed:

1. Younger patients (<18 years) showed a faster platelet recovery
(p <0.002 and 0.0003 for the 2 points respectively). See Fig 4.

2. Purging adversely affected platelet recovery, leading to a prolonged
time to reach 20,000 platelets/mm’. The second parameter analyzed was not
influenced by this variable.

3. Diagnosis was not identified as a factor with predictive value for
platelet recovery. However, considering patients grafted with unpurged
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marrows, ALL diagnosis was a good prognostic factor (p <0.03 and p <0.005
respectively).

4. Single-dose TBI conditioning regimen was associated with a shorter
time to reach 20,000 platelets/mm® (p<0.01) but did not modified further
platelet recovery.

5. There was a trend for a prolonged thrombocytopenia in patients that
had received higher AraC doses before marrow harvesting, but without a
statistically significant difference.

6. None of the other factors influenced these parameters.

Age was the only variable showing influence on platelet recovery at the
multivariate analysis (p <0.006).

DISCUSSION

We have analyzed the kinetics of hemopoietic reconstitution in patients
undergoing ABMT for acute leukemia. The incidence of failed or delayed
engraftment following autotransplantation ranges from S to 38% in different
published studies. In our series, lack of engraftment has been observed in 6%
of the evaluable cases. Furthermore, up to 24% of the patients failed to
achieve peripheral platelet counts over 50,000/mm>. As previous reports have
already pointed out [4], we have observed that early post-transplant relapse
represents a relatively frequent cause of graft failure in these patients.

Several authors have described a linear correlation between the number
of CFU-GM grafted and the kinetics of hematologic recovery [1]. Others have
reported an exponential correlation of the marrow CFU-GM content and post-
transplant engraftment [3]. Finally, some studies have shown a CFU-GM
threshold in respect to the rate of recovery [2]. However, as these observations
have not been confirm by other authors, the usefulness of CFU-GM assays in
predicting engraftment remains controversial. In our opinion, one of the
reasons for the absence of consistent results is the heterogeneity of the groups
studied. In our series we have found that patients grafted with more than 4x10*
CFU-GM/KG have a significantly faster granulocyte recovery. Furthermore,
a linear correlation between CFU-GM and neutropenia period could be
established. On the other hand, this parameter did not correlate with the
kinetics of platelet recovery. This finding, consistent with other reported data,
reflects the lineage commitment of these precursor cells.

It has been postulated that the number of nucleated marrow cells
transfused was predictive, to some extent, of hematological recovery [6].
However, this correlation could not be established in our study.

As previously exposed, we have observed a delayed hemopoietic
reconstitution in patients autografted with purged marrows. Incubation with
ASTA Z to eradicate residual leukemia cells is known to delay neutrophil and
platelet recovery [10-11]. Similar results have been observed in some cases
after marrow purging with MoAb. However, other studies did not confirm this
finding. As we have studied a limited number of cases autografted with purged
marrow, the influence of different "in vitro" treatments could not be evaluated.
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Several studies have described a more severely altered engraftment in
ANLL than in ALL [12-13]). Considering the overall group, we failed to
confirm this observation. However, excluding patients autografted with marrow
purging, a faster platelet recovery has been observed in ALL patients.

Extensive chemotherapy before harvesting is known to reduce the stem
cell potential of the marrow, being one of the factors delaying post-transplant
hematological recovery [14-15]. As ANLL patients had all received similar
protocols, we have been able to evaluate the influence of chemotherapy in this
set of patients. Our results clearly shows that granulocyte recovery is more
delayed in patients previously treated with higher AraC doses. We have also
found that platelet recovery was influenced, to a lesser extent, by this factor.

Age has been identify as one of the main factors influencing platelet
recovery in our patients. Previous reports had already described a faster
recovery in younger patients [16].

We have observed that patients receiving conditioning regimens
involving unfractionated TBI showed a fast hematologic recovery. This finding
may reflect a less microenvironmental damage in this subgroup, or a possible
endogenous marrow recovery.

In summary, our study shows that marrow graft CFU-GM content, "in
vitro" purging and chemotherapy before harvesting (AraC) are the main
variables conditioning granulocyte recovery after ABMT in AL patients. Ina
similar way, the kinetics of platelet recovery is essentially affected by age,
diagnosis and, to some extent, by marrow purging.
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TABLE 1
PATIENT CHARACTERISTICS
Diagnosis 32 ALL / 38 ANLL
Age (median-range) 17 years (7 months-50 y)
Sex (males/females) 39 / 11
Disease status at BMC : CR1 36
CR2 29
+CR2 5
Time in CR before BMC: 4 months (2-16)
Interval chemotherapy- BMC: 1.5 months (1-17)
Interval from BMC to ABMT: 2 months (0.3-22)
Disease status at ABMT: CR1 28
CR2 33
+CR2 9
Conditioning regimens:
CY + fractionated TBI (1200c¢cGy) 56
CY + single dose TBI (1000cGy) 6
Chemotherapy protocols 8
CR: Complete remission BMC: Bone marrow collection

Cy: Cyclophosphamide TBI: Total body irradiation



130
Session 1: Acute Myelogenous Leukemia

TABLE 2

ENGRAFTMENT DATA

3
GRANULOCYTES > 500/mm :
- Six non evaluable patients (early deaths)
~ Evaluable patients:
- 4 graft failures (6%)
1 relapse (6th week)
3 back-up marrows (on days +23, +28,+40)

- 60 succesful granulocyte recovery:

MEDIAN: 24 days (10-67d)

3
PLATELETS > 20.000/mm :
- Ten cases could not be evaluated
- Sixty evaluable patients:
- 9 did not reached this platelet level (15%)
7 early relapses
2 back-up marrows (+90,+180)

- 51 cases reached this end point:

MEDIAN: 40 days (17-97d)

3
PLATELETS > 50.000/mm
-Fifty three evaluable patients:
-13 did not achieved this platelet level (24%)
9 disease progression
4 maintained thrombocytopenia

-~ 40 satisfactory platelet recovery:

MEDIAN: 57 days (18-250)
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FIGURE 1

Cumulative probability of granulocyte recovery after ABMT depending
on CFU-GM transfused.

—— < 4E4 CFU-GM /kg
~ee 2 4E4 CFU-GM/ kg

d
leeee

L

Probability of GRN 2 500/mm3

1 2 3 4 s s

Time (weeks)



132
Session 1: Acute Myelogenous Leukemia

FIGURE 2

Cumulative probability of granulocyte recovery after ABMT for
patients autografted with purged or unpurged marrows.
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FIGURE 3

Cumulative probability of granulocyte recovery after autotransplant
depending on AraC doses received before marrow collection.
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FIGURE 4

Cumulative probability of achieving peripheral blood counts over
50,000 platelets/mm?® after ABMT for patients younger or older than 18 years.
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"IN VITRO" CELL PROLIFERATION STUDIES ON ASTA Z 7654 (AZ)
TREATED BONE MARROW (BM): PRELIMINARY RESULTS

D. Tugues, R. Gilabert, C. Punti, R. Ayats and J. Garcia

UCBTMO, Fundacio d’Investigacio Sant Pau, Hospital de la Santa Creu i Sant
Pau., Barcelona, Spain

INTRODUCTION

Autologous Bone Marrow Transplantation (ABMT) is a promising
therapeutical approach for an increasing number of malignancies (1).
Nevertheless, its efficacy can be impaired by the reinfusion of neoplastic cells
remaining in the cryopreserved marrow.

Several methods for removing residual neoplastic cells from BM have
been proposed, being immunological and chemical methods are the most widely
employed (2,3,4). Immunological methods are usually based on the recognition
of specific antigens by appropriate monoclonal antibodies for its subsequent
complement mediated lysis or separation by plglsical methods (5,6,7). Chemical
"ex vivo" BM treatment is usually based on the utilization of cytotoxic agents
from which cyclophosphamide derivatives are the most frequently employed

8,9. .

Mafosfamide-lysine (ASTA-Z 7654) is a cytotoxic and phase
independent cyclophosphamide-derived aliquoting agent. In theory, its cytotoxic
effect is more effective on highly proliferating cells and less effective on
undifferentiated cells (normal stem cells?) (10, 11) in which aldehyde
dehydrogenase content (AZ inactivating enzyme) is lower (12).

These characteristics confer some specificity to this compound, making
it useful for the "ex vivo" treatment of eventually neoplastic cells contaminating
BM, which has already demonstrated its effectiveness on AML marrow purging
and to a lesser extend in ALL and CML (13).

In order to increase AZ clinical effectiveness in preserving normal
hemopoiesis potential, adjusted doses, according to CFU-GM growth inhibition,
have been proposed (14). In preliminary analysis of the European Bone
Marrow Transplantation group, autologous transplants performed with AZ
adjusted dose have shown longer disease free survival (15).

Since CFU-GM inhibition studies used for adjusting AZ doses, are
tedious, expensive and time consuming, alternative methods should be explored.

With this purpose, we have initiated a series of experiments combining
CFU-GM and Long Term Marrow cultures (LTMC) and cell cycle (CC)
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analysis by flow cytometry. In this paper we expose our preliminary results
obtained after BM treatment with an AZ single dose.

MATERIAL AND METHODS

Eleven BM samples from patients suffering from different malignant
hematological diseases (ANLL, HD, NHL and Neuroblastoma) and one healthy
donor have been treated "in vitro" with AZ,

BM mononuclear cells (MNC), obtained by density centrifugation with
Ficoll Diatriazoate (hematocrit <1%), at a 10’ CMN/ml, have been incubated
with AZ 7654 (100 uM concentration), at 37C during 30 min, according to the
protocol proposed by NC Gorin.

Cytotoxic effect has been assessed by CFU-GM cultures, LTMC and
CC analysis. CFU-GM cultures were performed according to Pike and
Robinson (16) technique. Briefly, 10° marrow cells were cultured on soft agar
0.3% in McKoys supplemented medium over a feeder layer constituted by 10°
peripheral on 0.5% agar in McKoys supplemented medium.

LTMC were performed according to Gartner and Kaplan technique
(17).Briefly, 2 x 10 MNC were suspended in alpha medium supplemented with
20% fetal calf serum, horse serum and hydrocortisone. Cultures were
incubated at 37C in 5% CO, atmosphere, and maintained by weekly
demi-population with addition of fresh medium. The cell suspension obtained
was assayed for CFU-GM cultures.

Cell cycle proliferative phase assessment (S +G,M) has been performed
by cell nuclei isolation by means of treatment with triton-100 (0.1%) and
sodium citrate (0.1%), incubated in solution of RNase (0.5% in phosphate
buffer, pH 7.4) for 30 min. at 37C to prevent RNA staining. After
centrifugation, the cells were stained for DNA with propidium iodide (0.02
mg/ml in phosphate buffer, pH 7.4). The nuclei were analyzed on an EPICS V
cell sorter, tuned at 488nm., and the fraction of cells in phases S+G,M was
estimated by using the PARA-1 program of parametric analysis of the MDADS
software (Coulter Cientifica). All these analyses have been performed before,
immediately after marrow treatment and on days 2,14,21,28 and 35 of LTMC.

Statistical Analysis

Statistical analysis has been performed by means of Wilcoxon Signed
Ran]lc test, to avoid disturbances due to the non normal distribution of the
results.

RESULTS

CFU-GM Cultures

As expected, BM incubation with AZ induces an immediate CFU-GM
growth inhibition of 99.66% (99.93%-90%) with respect to untreated BM.
After 48 hours in LTMC, a progressive increase of CFU-GM growth has been
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observed until reaching a maximum on day 7, followed by a rapid and
progressive reduction (Fig 1).

One out of the eleven cases did not follow this kinetic pattern, showing
no CFU-GM growth inhibition after treatment and a progressive and non
reversible growth reduction from day 2 (Figure 2) .

Flow Cytometry Analysis of Cell Cycle

After treatment, an immediate reduction of 77.896 (51.16%-97%) of
cells in S+G2M has been observed, followed by an increase of proliferating
cells from 48h of LTMC, reaching statistically significant differences (p <0.02)
on day 14, with respect to its control. After day 21 a progressive decrease of
cells in phase S+G2M was observed (Fig.3). A linear correlation between the
number of proliferating cells before treatment and AZ cytotoxicity has been
observed (cc= 0.8414, p<0.05).

Relationship Between CFU-GM Growth and Cell Cycle

From 48 hours until 14 days of culture, a linear correlation was found
between the proliferative fraction and number of CFU-GM obtained
(cc=0.8032, p<0.05) (Fig 4).

DISCUSSION

For effective ABMT, the ideal "in vitro" chemotherapy should be
selective, with a specific killing effect on clonogenic leukemic cells, while
simultaneously sparing the normal hematopoietic stem cells. Previous
preclinical studies as well as the present study have demonstrated that the "in
vitro" cyclophosphamide treatment of BM strongly inhibits the proliferation of
myeloid committed precursors, preserving normal "stem cell” ability for long
term growth (11).

As it has been demonstrated, "in vitro" adjusting of chemotherapeutic
agents dose correlates with a better early progenitor cell preservation and more
efficient ABMT results. With the aim of determining the relationship between
CFU-GM, LTMC and flow cytometry analysis we have performed a series of
experiments utilizing AZ at a single dose (100 mill). Our results confirm the
expected immediate cytotoxic effect of this agent over myeloid committed
precursors followed by a progressive recovery of the CFU-GM content of
LTMC (10). Even the slightly lower total CFU-GM recovery, compared with
untreated samples, reflects some damage extended to normal progenitors, this
committed cell growth recovery suggests an adequate preservation of normal
stem cells.

Flow cytometry analysis generally confirms this finding, showing a
progressive increase of the proliferating fraction which prolonged beyond
CFU-GM growth. This cell cycle behavior may reflect the addition of the
differentiation and proliferation from stem to committed cells and from
committed cells to the late myeloid differentiation steps (Fig 5). Moreover, the
CC and CFU-GM proliferation kinetics of treated samples also suggest a
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feedback effect, promoting a simultaneous pass through the committed status of
the majority of resting stem cells. As expected, it has been demonstrated that
the BM fraction with high proliferative potential is more sensitive to the
cytotoxic effect of AZ.

Currently CFU-GM cultures are the only way to determine the adjusted
dose of cyclophosphamide derivatives for ABMT, thus, it is worth consideration
to use the flow cytometry analysis as an alternative to evaluate the response of
bone marrow granulocyte-macrophage colony forming cell progenitors to AZ
as demonstrated before by the correlation of number of CFU-GM and the
proliferative fractions that contain cells in S+G,M phase in the first weeks,
however after two week time the number of CFU-GM decreases for the cell
maturation, meanwhile the proliferative fraction is still increasing until day 21.

The preliminary results described suggest that the use of flow cytometry
may be useful to determine the effect of different pharmacological agents on
hemopoietic precursors.

REFERENCES

1. Dicke KA, Spitzer G, Peters L: Autologous bone marrow
transplantation in relapsed adult acute leukemia. Lancet 3: 514-517,
1979.

2. Letha E. Mills, Edward D. Ball Alexandra L. Howell, et al: Efficacy

of Bone Marrow Purging In AML Using Monoclonal Antibodies and
Complement. Proceedings of the of the Second International Symposia
on Bone Marrow Purging and Processing, in Samuel Gross, Adrian P.
Gee, Diana A. Worthinton-White (eds): Bone Marrow Purging and
Processing, Vol 33. Alan R. Liss. Inc, 1990, pp 165-171.

3. Elizabeth J. Shpall, Ian C. Anderson, Robert C. Bast, Jr., et al:
Immunopharmacologic Purging of Breast Cancer From Bone Marrow
for Autologous Bone Marrow Transplantation.Proceedings of the
Second International Symposia on Bone Marrow Purging and
Processing, in Samuel Gross, Adrian P. Gee, Diana A. Worthirton-
White (eds): Bone Marrow Purging and Processing, Vol 333. Alan R.
Liss , Inc, 1990, pp 321-336.

4. N.C. Gorin, J.P. Laporte, L. Douay, et al: Use of Bone
Marrow Incubated With Mafosfamide in Adult Acute Leukemia Patients
in Remission: The Experience of the Paris Saint-Antoine Transplant
Team. Proceedings of the third International Symposium. Karel A.
Dicke, Gary Spitzer, Sundar Jagannath (eds) Autologous Bone Marrow
Transplantation, Vol 3, pp 15-22, 1986.

5. Racadot E., Herve P., Lamy B., et al: Preclinical studies of a panel of
12 monoclonal antibodies in view of bone marrow purging in a acute
lymphoblastic leukemia. Leukemia Research 11:987-994, 1987.

6. Punti C., Garcia J., Ramom I., et al: Tratamiento "in vitro" de la
Medula Osea con Anticuerpos Monoclonales (ACMN) y Compleniento
C’. Biol Clin Hematol 10:183-189, 1988.



10.

11.

12.

13.

14.

15.
16.

139
Cell Proliferation Studies with ASTA Z 7654 (AZ)

Treleaven J.G. and J.T. Kenishead: Removal of tumor cells from bone
marrow: an evaluation of the available techniques. Hematol Oncol. 3:
65-75, 1985.

P. Herve, J.Y. Cahn, E. Plouvier, et al: Autologous Bone
Marrow Transplantation in Acute Leukemia Using Marrow Cells
Chemopurified With a Cyclophosphamide Derivate (ASTA Z 7557)
Exp. Hematol. 12 (Suppl.) 133-134 1984.

O’Dwyer PJ, Leyland-Jones B, Alonso MT, et al: Etoposide
(VP-16-213) current status of an active anticancer drug. N Eng Med
312: 692, 1985.

L.Douay, N.C. Gorin, M. Lopez, J.P. Laporte, et al: Study of ASTA
Z 7557 on Human Hemopoietic Stem Cells. Application to Autologous
11385 Marrow Transplantation. Exp. Hematol. 12 Suppl. 15) 135-136,
C.R.J. Singer and D.C. Linch: Comparison of the sensitivity of normal
and leukemic myeloid progenitors to "In Vitro" incubation which
cytotoxic drugs: A studies of pharmacological purging. Leukemia
Research, Vol 11, pp 953-959, 1987.

Khon FR and Slader NE: Aldehyde dehydrogenase activity as the basis
for the relative insensitivity of murine pluripotenial hematopoietic stem
cells to oxozaphosphorines. Biochem Pharmacol 34: 3465, 1985.
Meloni G., De Fabritiis P., Pulsoni A., et al: Results of two different
conditioning regimens followed by ABTM in refractory acute
lymphoblastic leukemia. Haematologica, 74: 6770, 1989.

Eurydice Tamayo and Patrick Herve: Preclinical Studies of the
Combination of Mafosfamide (Asta-Z 7654) and Etoposide (VP 16-213)
f(;r8 lgurging Leukemic Autologous Marrow. Exp. Hematol. 16:97-101,
1988.

Bone Marrow Transplantation, F.E. Zwaan and R.Willemze (eds), Vol
S, (Suppl 2), Abst:9, 1599, 1990.

B.L. Pike and W.A. Robinson: Agar Bone Marrow Colony in
Agar-Gel. J. Cell. Physiol, 76: 77-84. (17) S. Gartner and H.S.
Kaplan: Long-Term Culture of Human Bone Marrow Cells: Proc.
Natl. Acad. Sci. Vol 77 N98. pp 4756-4759, 1980.



140
Session 1: Acute Myelogenous Leukemia

FIGURE 1

Comparison of the number of CFU-GM between treated and non-
treated bone marrow. The treated ones show an immediate growth inhibition
of 99.44% after ASTA-Z treatment.
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FIGURE 3

treated and non-treated bone marrows
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FIGURE 4

)

Correlation between the proliferative fraction and number of CFU-GM
determinates by flow cytometry, before and after treatment.
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FIGURE 5

Effect of ASTA-Z on the CFU-GM recovery and cellular Kinetics of
LTBMC.
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DETECTION OF MINIMAL RESIDUAL DISEASE IN HEMATOPOIETIC
MALIGNANCIES

Mary Jean Dicke-Evinger and Karel A. Dicke
University of Nebraska Medical Center, Omaha, Nebraska

ABSTRACT

A major problem in the effective treatment of cancer is the high
frequency of recurrence of disease most likely from clinically undetectable
minimal residual disease. Molecular technology has provided us with means
to demonstrate minimal residual disease by identifying non-random genetic
rearrangement patterns in malignant cells and by identifying genes whose
expression contribute to the malignant characteristics of these cells.

- Minimal residual disease in hematopoietic malignancies has been
detected by the use of two sensitive techniques, polymerase chain reaction
(PCR) and in situ hybridization (ISH). Restrictions in the application of PCR
to disease in which a) the chromosomal breakpoint is variable, b) quantitation
of tumor load is of significance and c) phenotypic data is valuable emphasizes
the advantages offered by the use of ISH. We have explored the use of ISH to
monitor purging of bone marrow in acute myelogenous leukemia (AML).
Using aberrant MYC expression as a marker we find that small numbers of
tumor cells are present in first remission AML  patients and that these cells are
partially removed by purging based on the phenotype of the leukemic cell
population at presentation. We conclude that both PCR and ISH analyses for
minimal residual disease are important, but that the choice of technique used is
seldom interchangeable and should rest on the information necessary for
interpretable results.

MATERIALS AND METHODS

Cells

Fresh human normal bone marrow cells were obtained from
hematologically normal donors. Leukemia marrow samples were obtained from
patients in first complete remission whose marrow was being purged for future
transplantation.
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RNA-In Situ Hybridization

A very sensitive and rapid RNA-in situ hybridization procedure was
performed as described earlier (1). Briefly cells to be analyzed are suspended
in medium containing 2% serum and then deposited on slides as a cytospin
preparation. The cells are fixed with 75% ethanol/20% acetic acid for 15
minutes at room temperature. Hybridizations were performed in 50%
formamide at 52C, followed by extensive washes in 1X SSC, 0.5X SSC and
finally 0.1X SSC containing RNase. The slides were coverslipped in 50%
glycerol/S0% phosphate-buffered saline before being viewed under a
fluorescence microscope.

Probes

Single-stranded RNA probes were generated for both MYC and SIS
from the Amprobe system of Amersham (Arlington Heights, IL). These probes
were sized between 200 and 400 base-pairs (1) and then labeled with
Photobiotin™ (BRL, MD). Detection of the biotin-labeled hybrids was
performed by the addition of FITC-labelled streptavidin (BRL, MD). Unbound
streptavidin was removed by large volume washes in 0.1X SSC containing
0.1% Triton X-100.

Quantification

The level of fluorescence/cell was used as a parameter of expression
levels in these studies. Several samples were further analyzed using a laser-
based image analysis system (Meridian ACAS 570). Studies using cell lines
have demonstrated that this method has the sensitivity to distinguish between a
gene expressed at 5-10 copies per cell and one present at 20 copies per cell.
In these experiments overexpression was defined as a greater than 3-fold
increase in the level of fluorescence present in a cell as compared to that found
in the brightest cell present in any normal bone marrow currently assayed under
the same hybridization conditions.

RESULTS

It is unclear at this time if the purging of bone marrow from leukemic
cells is beneficial to the long term survival of AML patients undergoing
autologous bone marrow transplantation (ABMT). The biological significance
of such procedures will depend in part on the role these re-infused leukemic
cells play in the recurrence of disease after transplantation. The fewer leukemic
cells to escape the transplantation conditioning regimen, the more significant the
leukemic cell population in the graft will be. A significant drawback in the
answering of this question has been the inability to monitor the assumed
removal of these residual leukemic cells.

When testing leukemic cell separation techniques on untreated or
relapsed leukemic patients, it is possible to monitor the separations with little
difficulty using standard techmiques such as morphology, cytochemistry,
cytogenetics and the jn vitro colony formation assays. None of these assays are
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specific and sensitive enough to detect the small numbers of leukemic cells
which may be present in remission marrow. Since the purpose of the leukemic
cell separation techniques is to be used for remission marrow, such detection
methods leave us to do these separations blindly. For the past decade
mngildemble effort has been made to use molecular technology to resolve these
problems.

Since these tumor cells are part of a heterogeneous population of cells,
the use of Southern and/or Northern blotting techniques have not enabled us to
detect fewer than 1% contaminating tumor cells unless pre-selection is used
through which our sensitivity increases to 0.1% at best. From estimates of the
leukemic cell population in remission marrow, the frequency of the leukemic

" cell population is one leukemic cell in 20,000 cells, or 0.005%, which is far
below the detection limits of the techniques discussed above. PCR does have
the sensitivity to detect rare events in a cell population, but does not lend itself
to quantitation of relatively small changes in the population (less than 10-fold)
and in disecase where there are considerable variations in chromosomal
abnormalities.

Our approach to this problem has been the identification of an
abnormality which is detectable at the single cell level. We have reported the
development of an extremely sensitive and rapid RNA-in situ technology which
permits the detection of specific mRNAs within individual cells (1). This
technology enables us to identify cells with the abnormal expression of any
marker gene at a level of 1/50,000 cells. Using this RNA-in situ hybridization
methodology, we have identified the abnormally high expression of MYC which
occur greater than 90% of untreated and relapsed AML patients (2). The high
levels of MYC mRNA found in these cells cannot simply be attributed to the
proliferative capacity of these cells or to the presence of normal, immature
hematopoietic cells. Bone marrow cells from over fifteen solid tumor patients
have now been examined in a longitudinal study choosing several time points
before transplantation and at two time points (1 month and 2.5 months) after
BMT when the hematopoietic cells are in a highly proliferative state. With the
exception of two patients who appeared to have a subpopulation of cells with
high MYC expression before ABMT, in no case were any cells found which
express MYC at the high levels found in the leukemic cell population (Dr.
Spencer, personal communication).

As confirmation that the cells we were examining actually belonged to
the leukemic cell compartment, comparisons were made with the percentage of
blast cells determined morphologically in these AML patients. We found that
the percentage of cells overexpressing MYC at least equals, and often exceeds,
the number of blast cells present in the marrow. We have also examined bone
marrow cells of 10 AML patients who are long term survivors after BMT. The
median CR duration at the time of examination for this group was 38 months
with the individual remissions ranging from 14-78 months. The presence of an
abnormal cell population expressing MYC at high levels similar to that found
in AML short term remission patients, does not occur in this patient group. It
is unclear at this time if the purging of bone marrow of leukemic cells is
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beneficial to the long term survival of AML patients undergoing ABMT. As
discussed earlier, a significant drawback in the answering of this question has
been the inability to monitor the assumed removal of these residual leukemic
cells. We have begun to apply our RNA-in situ hybridization technique to this
problem. Since we find such high levels of MYC to be present in AML patient
bone marrow, we were interested to see if these cells are removed during a
purging procedure using monoclonal antibodies directed against the leukemic
cell population. Early results indicate that there is indeed a decrease, although
not a complete elimination, of this MYC overexpressing subpopulation of cells
after purging (Table 1). Although we have not yet attempted to quantify the
efficiency with which these abnormal cells are removed, this test does appear
to be a promising means by which to assess leukemic cell removal.

DISCUSSION

The effective treatment of cancer is diminished by the high frequency
of recurrence of disease. Since a combination of cytogenetic and molecular
markers can often identify the cells present in recurrent disease as similar if not
identical to the original tumor cell population, the recurrence of disease most
likely stems from clinically undetectable minimal residual disease. Molecular
technology has been helpful in demonstrating the presence of low numbers of
tumor cells in patients clinically in remission for as long as 10 years.

Two sensitive techniques which have been used to detect minimal
residual disease in hematopoietic malignancies have been polymerase chain
reaction (PCR) and in situ hybridization (ISH). PCR analysis is complimen
to such techniques as Southern blotting and chromosomal banding since it
provides an increased sensitivity of detection, but does not offer any additional
information over the more standard assays.

We have explored the use of RNA-ISH to monitor purging of bone
marrow in acute myelogenous leukemia. Using aberrant MYC as a marker we
found that small numbers of tumor cells are present in first remission AML
patients and that these cells are removed to a variable degree by purging based
on the phenotype of the leukemic cell population at presentation.

In situ hybridization offers an important advantage in permitting genetic
analyses on single cells where results can also be related to cell morphology,
phenotype and protein expression. In addition, the frequency of cells carrying
an abnormality can
readily be assessed.
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TABLE 1
IMMUNOPURGE
Percent Positive
Patient MyYc 8IS lLog Removal

1 before 73 69

after 71 64 0
2 before 45 30

after >0.13 0? 2
3 before 39 0?

after >0.05 0? 3
4 before 22 0?

after >0.2 0? 2

ND before 0? 0?
after 0? 0? NaA

*At least 5,000 cells examined per slide
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HIGH DOSE CHEMOTHERAPY AND ABMT FOR ADULT ACUTE
LYMPHOBLASTIC LEUKEMIA IN FIRST REMISSION

JA Spinolo, KA Dicke, L] Horwitz, H Kantarjian, S Jagannath and GS Spitzer

University of Nebraska Medical Center, Omaha, Nebraska and M.D. Anderson
Cancer Center, Houston, Texas

INTRODUCTION

Current treatment regimens for adult ALL achieve CR rates of
70-80%.!? Cyclic intensive chemotherapy produces long term leukemia free
survival (LFS) rates of 20% to 40%.>'2 In an effort to improve this outcome,
autologous bone marrow transplantation (ABMT) has been used, allowing dose
escalation unlimited by hemopl;oietic toxicity. Several groups have reported long
term LFS rates of 38-65%.'>'7 We present our experience with 26 adult
patients with ALL who received high-dose cyclophosphamide, BCNU, and
;/P%IG (CBV) + ABMT, with a long term leukemia-free survival (LFS) of

4%.

PATIENTS AND METHODS

Patient Population -

Eighty-eight out of 105 adult ALL patients who received induction
chemotherapy with VAD (vincristine/doxorubicin/dexamethasone) followed by
CVAD (VAD + cyclophosphamide) achieved CR (67 with VAD, 21 with
CVAD). After CVAD, patients received three sequential maintenance
chemotherapy combinations, as described in reference 5, followed by late
intensification with high-dose CBV + ABMT. After recovery from
CBV-ABMT, patients repeated all non-BMT cycles once. Eligibility for ABMT
was restricted to patients aged <60 years, with performance status <2 in the
Zubrod scale, and normal renal, hepatic, cardiac and pulmonary function, who
were not eligible for allogeneic BMT. Twenty-six patients reccived ABMT at
a median of 34 weeks from CR (range, 24-50). Nineteen patients who received
the same program, except for the CBV intensification, and who were alive and
in CR at the point when CBV was to be given, are used as controls. Patient
characteristics are described in Table 1. The rest of the CR patients are
accounted for as follows: 9 patients received allogeneic BMT, 11 had
treatment-related deaths, 2 were > 60 years old, and 21 relapsed prior to
scheduled BMT.
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High-Dose Therapy

All patients gave informed consent; the protocol was approved by the
Institutional Review Board of the M.D. Anderson Cancer Center. On day -6,
patients received cyclophosphamide, 1.5/m? intravenously (IV) daily x 4 days }
BCNU (carmustine) 300 mg/m? IV x 1 dose, and VP-16 (etoposide) 125 mg/m'
IV every 12 hours x 6 doses (CBV)."* On day O, a median of 1.6x10°
nucleated cells/kg (range, 1.0 to 4.3) was thawed at 37C and infused through
a central venous catheter.

Statistical Methods

Relapse was defined as the presence of > 5% blasts in two consecutive
bone marrow differentials or any evidence of extramedullary leukemia. Low
and high risk patients were defined according to the criteria used in the German
cooperative studies3, to which B cell phenotype and presence of the
Philadelphia chromosome were added.** Blood count recovery times were
measured from day of BMT to the day when the reported value was reached.
Leukemia-free survival was meas from date of BMT to date of relapse
death from any cause, or last follow-up. The method of Kaplan and Meier®
was used to plot remission duration curves. The duration of remission in
distinct patient groups was compared using the generalized Wilcoxon test.? All
reported P values are two-sided.

RESULTS

BMT Patients

With a median follow-up of 156 weeks, 14 patients were still alive and
in CR at 86 to 243 weeks (median LFS, not reached), and 10 patients had
relapse of leukemia at a median of 82 weeks (range, 45-126). One patient died
of CNS bleeding in the early posttransplantation period, and another patient
died in CR during a cycle of intensive maintenance chemotherapy 18 weeks
after BMT. The four-year LFS rate was 54% (Fig. 1).

Control Patients

The four-year LFS rate was 35%, and the median LFS was 112 weeks
(Fig. 1). Eight patients remain alive and NED at a median of 185 weeks (range,
154-314); 10 patients have suffered relapses at a median of 89 weeks (range,
53-221), and one patient died of sepsis at 111 weeks while still in CR.

The risk factors: age, WBC count, cycles to CR, B cell leukemia and
Philadelphia(+) ALL were equally distributed between control add ABMT
patients (Table 1). When control and ABMT patients were considered together,
there were 16 good risk and 29 poor risk patients. There was a trend for
improved LFS in good risk patients (P= .107) (Fig. 2). Among BMT patients,
there were 8 good risk and 18 poor risk patients. There were two relapses at
47 and 121 weeks among the former, with six patients alive and well (LFS =
75%), whereas there were 8 relapses and two deaths in remission in the latter
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group, with 8 patients alive and well (LFS = 44%; P= .164). Among the
control patients, there were 8 good risk and 11 poor risk patients; in the former
group, there were 3 relapses and 1 death in remission, with 4 patients still alive
and well (LFS = 50%); among the poor risk patients, 7 relapsed, and 4 are
alive NED (LFS = 23%; P= .38).

There was no significant difference between BMT and control patients
in either the good risk groups (P= .353) or the poor prognosis patients (P=
.84) (Fig. 3a and 3b, respectively).

Toxicity of CBP-ABMT

There was one treatment-related death (CNS bleeding in a patient with
platelet alloimmunization). Three patients had grade 3 mucositis; 5 patients had
sepsis, and one patient had reversible pericarditis of unclear etiologi'.

Hemopoietic recovery was evaluable in 25 patients (the early death is
excluded). The median times (ranges) from BMT to absolute granulocyte count
of 0.5x10°/1 and to platelet count of 50x10°/1 were 29 days (14 to 39 days) and
29 days (12 to 50 days), respectively. All patients but one were able to receive
the planned maintenance therapy.

DISCUSSION

This group of ABMT patients had a long term LFS of 54%, with a low
treatment related mortality (1/26). Other trials with similar number of patients
show longer term LFS rates of 40-65%; '*'* cooperative group reports &V
show lower LSF rates (Table 2). Although it is difficult to compare results of
groups that are heterogeneous in composition, treatment regimens, and interval
between CR and BMT, the results reported here are certainly not worse than
the raarﬁrage, with the added advantage of a very tolerable morbidity and low
mo .

tyRisk groups are well defined in pediatric ALL, and current treatment
protocols assign different regimens according to risk factors. In adult ALL,
recent large studies have identified a small population of good prognosis
patients, with long term LFS rates of S50%-70%, and a larger population of
poor prognosis patients with LFS of 20-30%.>5 In this report, there was a
trend favoring the good prognosis patients that did not reach statistical
significance. This may be because most poor prognosis patients had suffered
relapses by the time they were eligible for CBV, and thus only the best patients
in that subgroup were included in this analysis.

Although results of ABMT were not significantly better from those of
control patients, the sample size may be too small to detect differences. When
only good prognosis patients were analyzed, a trend favoring BMT over
controls was seen. Very large numbers of patients will be required to discern
whether ABMT benefits patients with good prognostic features; however, the
low morbidity and mortality of this therapy make it attractive as an alternative,
possibly non-cross-resistant regimen. Since CBV did not prevent administration
of subsequent intensive chemotherapy, it is an excellent regimen to integrate in



154
Session 2: Acute Lymphocytic Leukemia - CR1

ALL treatment strategies, where maintenance chemotherapy is very important.
Maintenance chemotherapy after BMT for ALL is probably necessary, as
indicated by the decreased relapse rate of allogeneic transplant patients who
received methotrexate for GVHD prophylaxis.?

Disappointingly, although the majority of adult ALL patients belong in
the poor prognosis group, we did not see an advantage for CBV in this
population. In these patients, CBV only seems to delay relapses, and probably
is not cytoreductive enough to be curative. Alternatively, it may be that the
high dose chemotherapy was given too late (median, 8 months after CR),
allowing for the development of resistant cells in these patients heavily exposed
to agents that induce the mdr genme (vincristine, anthracyclines) or other
mechanisms of resistance (methotrexate). Our experience with CBV-ABMT
suggests that ABMT should be given earlier, and that the poor prognosis
patients should receive a more intensive cytoreduction than CBV. These
hypotheses will be tested in our current front line regimen.
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Table 1
Characteristics CBV-ABMT Control pts.
(no. = 26) (mo. =19)

Median age (range) 32 (15-49) 24 (15-59)

Modi Pts. > 35 years 414 8 6
ian WBC (range) (1-428) 5 (1-358)

Pts. > 30 4 4

Cyclesto CR > 1 7 5

B-cell leukemia 1 0

Philadelphia (+) 1 1

! Expressed as WBC x 10°/1

Table 2

RESULTS OF ABMT FOR ALL IN CR1

Group Pts. Regimen Long-term

LFs
Seattle'® 14 Cy-TBI 5 4 %
Uppsala* 21 Cy-TBI + other 6 5 %
Marseille!s 22 Cy/Mel-TBI 40%
This report 26 CBV 5 4 %
ISG'¢ 37 Various 3 8 %
EBMTG" 233 Various 41%

Abbreviations: Pts: patients; ISG: Italian Study Group; EBMTB: European
Bone Marrow Transplantation Group; Cy- TBI: cyclophosphamide and total
body irradiation; Mel: Melphalan.
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FIGURE 1
Leukemia-free survival (LFS) by treatment modality.
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FIGURE 2

Leukemia-free survival (LFS) by risk groups.
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FIGURE 3A
Good risk patients (as defined in text) : LFS by treatment modality

CBV—ABMT for adult ALL
LFS by Rx — Good risk Pts.

P
R
(o] 2 N
P T
(o]
R
}‘ - - - = 5]
o)
N 0.3k P = .353
L 0.2
F
s 0.ar
o 1 ] )i L ] 1
0 52 104 156 208 260 312

WEEKS

+  BMT (N=8) QO CONTROL (N=8)



160
Session 2: Acute Lymphocytic Leukemia - CR1

FIGURE 3B

Poor risk patients (as defined in text) : LFS by treatment modality.
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AUTOLOGOUS BONE MARROW TRANSPLANTATION FOR ACUTE
LYMPHOBLASTIC LEUKEMIA IN CHILDREN: ISOLATED RELAPSE
AS GOOD PROGNOSTIC FACTOR

Paolo Colleselli, Chiara Messina, Marino Andolina, Giorgio Dini,
Fulvio Porta, Roberto Miniero, Federico Bonetti, Roberta Destro
and Luigi Zanesco

Department of Pediatrics, University of Padua, Padua, Italy

INTRODUCTION

The substantial advantages of autologous bone marrow transplantation
(ABMT) are the absence of GVHD related complications and the shorter
recovery time. On the contrary the disadvantaged are the higher relapse rate
due to absent GVL effect and perhaps the transfer of leukemic cells with the

In this paper we studied 45 children affected by acute lymphoblastic
leukemia (ALL) treated with ABMT. _

PATIENTS AND METHODS

We considered 45 children transplanted for ALL, 28 males and 17
females, with a median age of 10.7 years. Four children were treated in 1st
complete remission because of resistance to pnmaay induction therapy; 25
children were transplanted in 2nd CR; 16 in > 2nd CR. The mean of 1st
remission duration was 25.8 months for patients transplanted in 2nd CR, 35.1
months for those transplanted in > 2nd CR. Analysis of the sites of relapse
before transplantation showed that 29 patients had bone marrow relapse, 12
patients had CNS and/or testicular isolated relapse only.

Twenty-nine harvests were purged in vitro by 1 mc gr/ml Vincristine
and 30 mc gr/ml Prednisone; 14 by 100 mc gr/ml mafosfamide; 2 by
monoclonal antibody incubation. Twenty-one patients received high dose
Vincristine (4 mgr/M?), TBI (1200 cGy), Cyclophosphamide (3600 mgr/m?) as
conditioning regimen before transplant.

Thirteen patients received high dose Aracytin (24 gr/m® or
Cyclophosphamide (3600 mgr/m?) and TBI. Three children received Busulphan
(16 mg/Kg) and Cyclophosphamide (200 mgr/Kg).
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RESULTS

Of the 45 children, 23 relapsed from 1 to 9 months after ABMT. Four
toxicity related deaths were observed for sepsis (2), VOD (1), or lung embolism
(1). Seventeen children remained in continuous complete remission from 1 to
4i‘i7 monihs after transplantation. The probability of EFS at 4 years was 30%
(figure 1).

High dose Vincristine did not ameliorate the EFS of this group (figure
2). On the contrary when the EFS was related to the site of relapse, isolated
or systemic, the difference was statistically significant (P = 0.05) (figure 3).

DISCUSSION

The EFS of 30% at 4 years may be acceptable but not good. The
global results do not seem to be influenced by toxic deaths, less then 10%, but
by the high relapse rate. In fact only 5 children relapsed off therapy, 4 children
in 1st CR were affected by poor prognosis disease and the remaining 36
children relapsed on therapy. High dose Vincristine added to TBI and
cyclophosphamide did not increase the leukemia free survival nor the toxicity
rate.

The better EFS of isolated relapse group (57% versus 24%) indicates
the eligibility of these patients for autologous marrow transplantation.
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FIGURE 1

30

ALL-ABNT GLOBAL EFS

100
80
60.
40
20
(1]



Session 2: Acute Lymphocytic Leukemia - CR1

164
FIGURE 2

181 X603 WA -~ -

SHINOH
oy .
e 9 ot 171 ] FA ] 9 Tt P
— { i ) | . T p T o
,.:;J - o2
I 414 _ -
ittt el e _ul... i oy
1y 3 _ .
1
’ L7 =1 09
r*
L
N 1 T = 08
'
.. i _ .
: —————= Q[ SNAWIO3ZY ONINOILIGNOD SWANLO u... |- .
A L 001
- = = = 6Z XQI-IHLI-BOA V-1V .
1 H '




165

ABMT in Children

V1V10S1 VAIQLD

SHINOH
oy
9¢ ot | 24 81 [l 9 4
| ' ¥ ' : ] | ! .
R 1 1— :
e . U
L g S a7
N Ls ' i -
tq _ -
t_ = ..
1
- y -
! ..
' .
S -
6z SASAVIAN DIHALSIS e
- — m> l-'
21 SASIVIAY TALVIOST JRAY-TIV

FIGURE 3

'0¢

‘ob

09

08

00t






167
ABMT: Report from Dana Farber Cancer Institute

AUTOLOGOUS BONE MARROW TRANSPLANTATION FOR ACUTE
LYMPHOBLASTIC LEUKEMIA IN SECOND OR SUBSEQUENT
COMPLETE REMISSION: TEN YEARS EXPERIENCE AT DANA
FARBER CANCER INSTITUTE

Robert J. Soiffer, Amy L. Billett, Denis C. Roy, Virginia Dalton,
Nancy J. Tarbell, Stephen E. Sallan and Jerome Ritz

Dana-Farber Cancer Institute and Children’s Hospital, Departments of
Medicine and Pediatrics, Harvard Medical School, Boston, Massachusetts

INTRODUCTION

During the past 20 years, significant strides have been made in the
treatment of patients with acute lymphoblastic leukemia (ALL). The minority
of children and some adults presenting with the disease are cured with
combination chemotherapy (1,2). For those patients who relapse after
remission induction, however, the prognosis is generally poor, particularly in
adults (2-4). Salvage combination chemotherapy regimens can induce second
and third remissions but only produce sustained disease-free intervals in a small
number of individuals with extended initial remissions (4,5). Allogeneic bone
marrowtransplantation (BMT) has achieved promising results for patients in >
2nd complete remission with 25-50% of patients remaining alive and free of
disease at 3-4 years (6-10). Results in children have generally been more
successful than in adults. Allogeneic transplantation, however, does have its
limitations. Only 30-40% of eligible patients will have an HLA compatible
sibling donor (11). The use of closely matched related and unrelated donors
has expanded the number of potential candidates for allogeneic transplantation
to some degree (12). The use of such alternative donors, however, carries with
it an increased risk of graft-versus-host disease (GVHD) and graft rejection
313). Moreover, a large number of patients still will remain without available

onors.

An alternative approach involves the use of autologous marrow
following high dose chemoradiotherapy. Autologous BMT has several
theoretical advantages. It allows all patients who can achieve a remission the
opportunity to undergo transplantation whether or not an HLA matched donor
is available. Also, it virtually eliminates the risks of GVHD and graft failure
and reduces the risk of interstitial pneumonitis. Potential disadvantages to
autologous BMT include the use of marrow from individuals previously treated
with chemotherapy, the probable loss of graft-versus-leukemia activity
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associated with allogeneic grafts, and the possible contamination of infused
marrow with leukemia cells. A variety of techniques designed to eliminate
residual leukemia in harvested marrow have been developed and employed in
clinical trials (10,14-16).

In this report, we describe our current experience in 80 patients with
ALL in 2nd or subsequent remission who underwent BMT using autologous
marrow treated ex vivo with monoclonal antibodies (J2, J5) which recognize the
CD9 and CDI10 antigens on pre-B ALL cells. We have previously
demonstrated the feasibility of this approach and demonstrated that stable
hematologic engraftment can be attained with marrow treated in this fashion
(14,17). A recently published report on the initial 44 children who underwent
transplantation with J2/J5-purged autologous marrow at our institution revealed
that approximately 30% of patients were alive, free of disease at 4 years
post-BMT (18). In this update, we find that autologous BMT can produce
prolonged disease free intervals in greater than one-third of both pediatric and
adult patients who have previously failed conventional dose therapy.

PATIENTS AND METHODS

Patients with a history of relapsed ALL who did not have an HLA
matched sibling donor were eligible for transplantation. Immunophenotypic
analysis of leukemic cells at the time of diagnosis or relapse revealed the
presence of the CD9 (gp26) or CD10 (CALLA) antigen on the cell surface in
all patients. The combination of the J2 antibody (IgM reacting with CD9) and
the J5 antibo;lg (IgG2a reacting with CD10) allows recognition of cells from
greater than 90% of patients with pre-B ALL (19). All patients had achieved
a complete clinical remission with salvage chemotherapy and had an adequate
performance status (ECOG 0-2) at the time of marrow harvest and BMT.
Marrow treatment with J2 and JS antibody plus complement was performed as
previously described (18). Marrow was cryopreserved in liquid nitrogen in
medium containing 10% dimethylsulfoxide and 90% autologous serum.

Over the past 9 years, a number of adjustments have been made in the
ablative regimen. All patients received cyclophosphamide (1800 mg/m?%day x
2d in children and 60 mg/kg/day x 2d in adults) and total body irradiation
(TBI). Cytosine arabinoside was administered prior 10 the cyclophosphamide -
in all pediatric patients and 9/17 adult patients. VM-26 was used at
150-200mg/m’ x 2 doses in 33 pediatric and 3 adult patients. TBI (1200-1400
¢Gy total dose) was given as 175-200 cGy fractions twice daily in the last 67
consecutive patients. The initial 13 patients had been treated with single
fraction TBl. Following the last dose of radiation, the antibody-treated marrow
was rapidly thawed, diluted in media containing 25 U/ml DNA-ase to prevent
clumping, and infused intravenously into the patient. Patients were hospitalized
at Children’s Hospital, Dana-Farber Cancer Institute, or Brigham and Women’s
Hospital in single non-laminar air flow rooms observing strict reverse isolation
precautions.
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RESULTS

Characteristics of the 80 patients in this study are listed in Table 1.
There were 63 pediatric and 17 adult patients; 73% of patients were male. The
median age of the children was 8.5 years (range, 3-18 yrs) while the median
age in adults was 25 years (range 18-55 years). Sixty percent (60%) of patients
were in a 2nd complete remission (CR) and 38% in 3rd or greater CR at the
time of transplantation Two patients transplanted in 1st remission had been
considered induction failures because of the prolonged times required to attain
CR. A history of extramedullary leukemic involvement (CNS,testes) was
present at some point in 41 % of patients prior to BMT. Of the 80 patients,
63% had at least one remission exceeding 2 years. Forty percent (40%) of the
study population had relapsed while receiving chemotherapy. The median
interval between achieving a CR after relapse and BMT was 3 months (range
0.5-5 months).

The event-free survival (EFS) of the patients in this study is displayed
in Figure 1. At 4 years post-BMT, the EFS of the pediatric population is 36%
+ 7%. Inthe adults, EFS is 34% + 13% at 4 years. One pediatric patient
relapsed late, 6 years post- BMT. However, immunophenotypic analysis
revealed that the leukemic blasts were of myeloid origin, suggesting that this
event represented either a secondary leukemia or a de movo process. A
summary of our clinical results is shown in Table 2. Thirty-five of 80 patients
remain in continuous complete remission with a median foliow-up of 9 months.
Twenty-nine patients relapsed, 53-887 days post-BMT. Sixteen patients died
while still in clinical remission. Toxic deaths occurred within 3 months of
BMT in all cases. Fungal sepsis accounted for 7 deaths, hemorrhage for 3,
interstitial pneumonitis for 2, cardiac necrosis for 1, and VOD for 1. The
etiologies of 2 deaths could not be determined. The minority of fatal events
occurred early in the development of our transplant program. Of the 29
patients transplanted before 1985, 11 (38%) developed fatal complications. In
contrast, only 5 of 51 patients (9.8 %) treated since January 1985 have suffered
treatment related mortality.

We analyzed several pre-transplant characteristics to determine if they
exerted any influence on ultimate outcome. Relapse post-BMT did not appear
to be related to sex, age, WBC at diagnosis, antibodies used in marrow
treatment, remission number, or presence of extramedullary involvement in
either the adult or pediatric patients. Confirming our earlier observation, a
pre-BMT remission lasting more than 24 months correlated with prolonged
survival in transplanted children (Figure 2a). Among the 17 adults in our
series, initial remission duration did not appear to have the same strong
prognostic significance as in the children (Figure 2b).

Of the patients evaluable for hematologic engraftment, the median
number of days to achieve a granulocyte count greater than 0.5 x 10°/1 was 23
days (range 10-161 days). Platelet counts exceeding 20 x 10°/1 on successive
days without transfusion were achieved a median of 26 days post-BMT (range
12-110 days). No correlation between the number of marrow cells infused and
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hematologic engraftment was found. The rate of engraftment in these patients
is similar to that observed in recipients of purged autologous transplants for
non-Hodgkin’s lymphoma and multiple myeloma at our institution (data not
shown).

DISCUSSION

Our experience over the past decade suggests that autologous bone
marrow transplantation can help to consolidate the remissions of patients with
ALL who have previously experienced a clinical relapse. Given that the vast
minority of patients with relapsed ALL do not experience prolonged
disease-free intervals following standard combination chemotherapy, our 4 year
EFS of 36% in children and 34% in adults is encouraging. Moreover, with the
introduction of modifications in the ablative regimen and improvements in
supportive care during the past 5 years, the procedure has become safer and the
toxic death rate has dropped considerably. Transplant related mortality has
decreased from 38% to less than 10% since January 1985.

Our overall results are relatively similar to those from several large
series on allogeneic bone marrow transplantation for ALL in 2nd CR, in which
25-50% of patients are long term survivors (6-10). A recent study from the
University of Minnesota comparing allogeneic and autologous BMT for ALL
found a slight advantage for patients undergoing allogeneic transplantation (10).
It is important to note that the 3 year EFS for patients undergoing auto-BMT
in that series was only 20%. Our data, however, suggest that autologous BMT
is a very reasonable alternative for eligible patients with ALL who do not have
a suitable sibling donor. Under such circumstances, it would seem preferable
to perform an autologous transplant rather than pursue a time consuming and
costly search to locate a closely matched unrelated donor, particularly in light
of the high incidence of GVHD associated with transplantation of unrelated
marrow.

While there has been a minor reduction in the transplant related
mortality which we have observed over the past § years, relapse post-BMT
remains a significant problem. This is particularly evident in children with
short initial durations of remission. There are several potential ways to
approach this difficult problem. These include alteration of the ablative
regimen, administration of additional pre- or post- transplant chemotherapy, or
possibly manipulation of the immune system post-BMT to induce
“graft-versus-leukemia” activity. We are currently attempting to address these
issues at our institution. High risk pediatric patients (those with brief initial
remissions) are being treated with an alternative conditioning regimen and
schedule. Adults are being entered onto a phase I clinical trial using low doses
of recombinant interleukin-2 designed to augment the number of activated
natural killer (NK) cells. Preliminary data suggest that non-toxic doses of rIL-2
can successfully expand the NK population in vivo in patients after autologous
transplantation. Further work is needed to evaluate these and other methods to
reduce the rate of relapse post-BMT.
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TABLE 1
PATIENT CHARACTERISTICS

Pediatric Adult
Number 63 17
Sex 45M, 18F 13M, 4F
Age at BMT 85yr 25 yr
(3-18yr) (18-55yr)
Remission #1

1 1
2 39 9
>3 23 7
Duration of Longest Remission
<2yr 20 9
>2yr 43 7
Extramedullary Involvement
yes 29 4
no 33 13
Interval from Last CR to BMT
Months (median) 3 3
TABLE 2
SUMMARY OF RESULTS

Pediatric (n=63) Adult (n=17)

Alive (CCR) 27 8
Relapse 24 5

Died in Remission 12 4
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FIGURE 1
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FIGURE 2a
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FIGURE 2b
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Barcelona, Spain

INTRODUCTION

Autologous Bone Marrow Transplantation (ABMT) is a promising
therapeutical approach for treatment of some of these patients lacking
histocompatible donors (1,2). The main problem of such transplants is, in some
cases, the high relapse rate due to the persistence of residual neoplastic cells,
either in patients or in reinfused bone marrows, resistant to the induction and
consolidation regimens.

Theoretically, patient persistent cells can be eradicate using more
aggressive eradicative therapies, while bone marrow residual cells can be
eliminated by means of different techniques: biological, chemical, physical and
immunological (36).

Monoclonal antibodies and Complement (C’) cytolytic treatments of
bone marrow collected in complete remission permit, in theory, the BM
decontamination of neoplastic cells based on the MoAb ability for binding to the
specific antigen, activating the classical C’ pathway and producing final cell
lysis (7-9). From those, the most commonly used for "in vitro" BM cell
purging include CD2, CDS and CD7 (10,11) for "T" malignancy and CD9,
CD10, CD19 and CD24 (12-14) for "B" malignancy treatments. The aim of the
present work is to describe our experience on marrow purging of 56 patients
suffering from ALL using MoAb specific for "T" cells: 18 treatments
(CD2,3,4,5,6,8 and 28), and for "B" cells: CD10 (16 treatments), CD20 (3
treatments) and CD10, 19, 20 (17 treatments), and 1 treatment with 7 MnAbs
pool (6 anti T MoAbs + anti CALLA). Thirty-two patients transplanted with
such treated marrows have been clinically monitored paying special attention
to the hematological reconstitution and disease free survival.

MATERIAL AND METHODS
Patients

Fifty-six poor prognosis ALL patients have been selected for marrow
purging followed by ABMT. Selection criteria for marrow purging was the
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existence of a complete phenotypical study of neoplastic cells. Patients lacking
such determinations have constituted a control group. Patient ages, sex,
diagnosis and status at marrow harvesting and at ABMT are shown in Table I.

"In Vitro" Bone Marrow Treatment

Bone marrow was obtained in complete remission periods, excepting
3 (two in 1st PR and one in 3rd Rel), by means of standard technique and
divided in two parts: one for "in vitro" treatment (> 2.5 x 10ES cells /Kg) and
the other as "back up" marrow (> 1.5 x 10E8 cells/Kg).

Density centrifugation technique was used for mononuclear cell (MNC)
separation of treatment part and automatic buffy coat separation with IBM 2991
was employed on "back up" marrows. The low density fraction (MNC) was
incubated once with specific MnAb during 30 min at 40C to avoid antigenic
modulation. After washing with phosphate buffer activated with 0. 5% v/v
human serum albumin 20% (PBA), MNC have been treated twice successively
with new born rabbit serum (Peel Freez), as complement source, and DNAsa
during 60 min at 37C at 1 x 10E8 cell/ml concentration on every cycle. After
treatment both BM fractions were cryopreserved with 10% DMSO using
standard techniques.

Monoclonal Antibodies

Mouse MnAb used in this study (table II), gently donated by Prof. P.J.
Martin from Fred Hutchinson Cancer Research Center (Seattle, USA), were
utilized in purified form at saturating concentrations.

"In Vitro" Monitoring

Bone marrow treatment monitoring has been performed by means of
cell counts, CFU-GM and Long Term Bone Marrow Cultures (LTBMC), cell
viability and indirect immunofluorescence (using EPICS V flow cytometer) on
the following steps: in fresh bone marrow, after fractionation, after MnAb
incubation and after every C’ incubation.

Hemopoietic Cultures

CFU-GM cultures have been performed according to Pike and
Robinson technique (15), using feeder layer as conditioning medium. LTBMC
have been performed using a modification of Gartner and Kaplan technique
(16).

Cell Viability Studies
Cell viability has been assessed by means of double staining with
Fluorescein Dyacetate (FDA) and Propidium Iodide (IP) (Sigma) followed by
flow cytometry (FC) analysis (EPICS V, Coulter Cientifica, Spain).
Biparametrics histograms: forward angle light scattering (FALS) - green
fluorescence logarithm (LIGFL) / FALS- red fluorescence logarithm (LIRFL)
define alive cells (green fluorescence), dead cells (red fluorescence) and
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intermediate status by simultaneous measuring of cell size and fluorescence

7.

Undirect Immunofluorescence Studies

Undirect immunofluorescence studies have been performed to assess the
positive cell percentage in each treatment step. Cell samples (5 x 10ES cells)
with bounded primary MnAb have been incubated, as second antibody, with
50ul (1:25 v/v) fluoresceinated goat anti-mouse antibody (GAM-FITC)(Becton
Dickinson) at 49C over 30 min.

The determination of the amount of positive cell among all the process
has been performed by biparametric histograms: FALS/LIGFL.

BM Treatment Yield Assessment

Due to the our current lack of sensitive tests for determining very small
concentrations of true neoplastic cells (i.e. <1:1000) we have been monitoring
the processes by means of all positive cell quantification, preliminarily assuming
that neoplastic cells behavior during cytolytic treatments correlates with normal
ones.

Thus, specific, cell depletion yielding has been determined by
quantifying positive alive cells in non treated sample and after
C’ treatments, applying the following formula:

% initial % pre treatment

(+) cells X alive cells
Depletion Log Log

% post X % post

treatment treatment

(+) cells alive cells

Patients Autografted

Thirty-two BM from patients whose features are shown (table I), were
treated with anti "T" MnAb pool, six were treated with anti CD10 MnAb (four
with 26.2 MnAb and two with 24.1 MnAb), one were treated with B1 MnAb
and twelve were treated with anti "B" MnAb pool.

All patients received similar eradicative regimen : 1200 to 1400
fractionated total body irradiation and Cyclophosphamide 120 mg/Kg.

Hematological Recovery Assessment

Hematological parameters used for monitoring hematological recovery
after transplant were: time, necessary (days) to reach 1000 leukocytes, 500
granulocytes, 20000 and 50000 platelets per pl and BM cytological studies
considering first appearance of erythroid, myeloid and megakaryocytic
precursors.
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Statistical Methods

To avoid disturbances produced by results without a normal
distribution, we have employed non parametric statistical tests: Spearman
correlation, Wilcoxon Rank sum tests for two groups and Wilcoxon signed rank
:11118:; test. Actuarial survival curves were compared by means of Logrank test

RESULTS

Bone Marrow "In Vitro" Treatment

Overall "in vitro" treatment results of 56 BM are shown in Table III.
After some preliminary experiments (data not shown) we defined 0.1% as a
safety limit for FC cell positive detection. Pretreatment positive cell percentage
before treatment, assessed by undirect immunofluorescence and FC, depends
on MnAb utilized, ranging from 3.91 to 45.88% (median 13.59%) on "T"
treatments and from 0.30 to 39.79% (median 7.79%) in "B" treatments.

Globally, median depletions ranged from 1.25 to 1.61 Logs, without
showing any statistically significant difference between the different treatments
employed (Table III).

CFU-GM recovery after "in vitro” treatments has been variable: 60.15
(17.7 to 173.0) on "T" treatments, 110.65% (26.5 to 302.0) on CD10
treatments, 24.20% (20.0 to 51.80) on CD20 treatments and 72.95% (35.6 to
547.7) on "B" pool treatments.

Bone Marrow Infusion and Hematological Reconstitution

Thirty-two patients were transplanted with such treated BM, receiving
a median cell dose of 1.32 x 10E7 mononucleated cells/Kg (0.14-6.8). Mean
CFU-GM infused was 1.60 x 10E4/Kg (0.115.2).

Seven patients were reinfused with back up marrows because of
hematological recovery lack 21 days after ABMT. Median cell (buffy coat) and
CFU-GM dose administered in these second infusions respectively were 3.33
x 10E7 /Kg (0.59-13.60) and 0.79 x 10E4 /Kg (0.07-4.1). Two patients died
early at days +26 and +33 post ABMT showing some signs of hematopoietic
reconstitution.

Median time to reach 1000 leukocytes, 500 granulocytes, 20000 and
50000 platelets/ul respectively was 36 (12-91), 38 (12-94), 57 (20-114) and 46
(20-292) days, which strongly contrast (P<0.05) with a control group
autografted with non treated marrows whose median time to reach 500
granulocytes, 20000 and 50000 platelets/ul respectively was 18 (10-37), 28
(12-48) and 41 (18-75) days (Table IV).

Cell dose and number of CFU-GM infused doesn’t correlate nor define
any special criteria for hematological recovery prognosis. Only LTBMC shows
some predictive power on hematological (19).
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Clinical Outcome

Nineteen patients remain alive and well in CR from day +46 to +660
(median +265) after transplant. Ten patients relapsed between days 50 and 365
g:l;llian“?)l). Three patients died from transplant complications, pneumonitis

e IV).

Actuarial disease free survival is better in patients transplanted with
treated marrows, compared to the above mentioned control group, however, it
is not statistically significant (see fig 1).

DISCUSSION

Bone marrow purging with MnAb and C’ is a widely employed
technique in the ABMT setting when BM is impaired. Since today many teams
have been performing such procedures, following the logical approach of
reaching the maximal neoplastic cell reduction in autologous grafts.

Our team has been performing ABMTs in ALL during the last four
years using "ex vivo" treated BM following the above mentioned techniques.
According to the assumption of the existence of some correlation degree
between normal and neoplastic cell depletion we have analyzed the overall
purging behavior as well as the eventual toxicity over normal hemopoietic
precursors.

In our hands, the 1.44 logs specific cell depletion median, can be
considered as quite low in comparison to the results previously reported in
preclinical models (14). This fact can be explained by the high cellular
heterogeneity, by an anticomplementary effect in human bone marrow or/and
by the existence of low antigenic density cell populations.

In our cases, the observation of the low MnAb labeling of the positive,
after treatment, residual cells (data not shown) support this last theory. In
agreement with other authors we have observed better depletion results after
two complement courses than after a single one (20) and a moderate toxicity
over hemopoietic committed precursors. Paying attention to the clinical patients’
behavior, in our series we observed a peripheral cell counts recovery delay (500
granulocytes and 20000 platelets/ul recovery) which does not differ from that
reported by other authors.

According to data already published, we couldn’t find any predictive
value of the cell number nor CFU-GM infused. Contrarily, our preliminary
LTMC data suggest some correlation between its results and hematological
reconstitution. In our patients we are not able to statistically demonstrate any
positive clinical effect of marrow purging, which is a common finding in other
series. Nevertheless, our data showing a better but not statistically significant
DFS in patients grafted with purged marrow and in patients receiving marrows
more effectively purged (more than 1.5 logs.) suggest some positive effect of
this procedure. Probably, the high relapse rate of ALL after ABMT is the
consequence of two different factors: the ineffectiveness of eradicative therapies
delivered as conditioning regimen and the persisting neoplastic cells in the graft.
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Solutions to overcome this two main problems should consider the development
of new eradicative regimens and more effective purging procedures.
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TABLE 1
Description of the patients atudied
* PURGED HBARVEST ABMT
Nusber 56 2
Ages asdian (range) 16.5 (4-43) 16 (4-40)
Sex
Male 33 13
Famale 22 14
Diagnosis
T-ALL 13 13
a-ALL 38 12
aulL-AlL b3 3
Disease status
i1z 2 29 19
1sc 22 2 2
2zd CR 29 16
Jrd C2 4 3
3zd Rel b3 -
4tk CR - L
* UNIURGED
Nuaber 14
Age nedian (range) 12.5 (3-22)
Sex
Male 9
Temalg S
Diag=ssis
Al 14

Disease stacus

1a% CR q 2
aad c2 [ ] 6
Jzd Q2 2 4
{4zx o2 - i
Ral - 8
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TABLE 2
Characteristics of the Monoclonal Antibodies Used in This Study

CELLULAR NAME IG CLASS TIGEN N4 AG
SPECIFICITY DESIGHATION (KD)
Pool anti T 3s.1 IgG2a CcD2 50

10.2 IgG2a cos 67
38.1 Igi [0k 13
64.1 IgG2a [=+3} 19
12.1 1gG2a cD6 100
9.3 IgG2a cpas 44
66.1 IgM CD4 55
51.1 IgG2a cbs 32
Anti CALLa 24.1 IgGla cD10 100
26.2 IgM cnlo 100
Anti B1 IFS IgG2a €D20 as
Pool anti B J149 IgM 403 8] 100
£-35% IgM €D19 95
IFS IgGia cDp2o as

TABLE 3

Summary of the Results of the "In Vitro" Treatments: Specific Cell Depletion
and CFU-GM Cultures

% cells (+) deplection
Log. S CFU - oM
1ist C’* and C’ tecovery
T pool 94.63 96.50 1.43 6§0.15
(l=18) (47.9 - 99.5) (63.3 - 99.6) (0.49 - 2.48)} (17.7 - 173.0)
T pool 94.238 95.95 1.39 N.D
+ CD 10
ca 10 93.85 97.59 1.61 110.6%
(N=135) {(11.3 - 99.7) (42.2 - 99.9) (0.23 -~ 3.37)| (26.5 - 302.0)
cD 20 83.33 93.%0 1.28 24.20
(}N=3) {(80.3 - 99.2) (94.5 -~ 99.7) (1.18 -~ 2.57)| (20.0 - 8%1.8)
8 pool 94.96 96.97 1.55 72.95
(N 17} (78.6 - 95.9) (87.9 - 96.9) (0.91 - 2.24)] (35.6 - 547.7)
TOTAL 94.22 96.41 1.44 70.10
(N=56) (11.3 - 99.7) (42.2 - 99.9) (0.23 - 3.3 (17.7 - 547.7)
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TABLE 4

Summary of the Results of Hematological Recovery and Disease Outcome of
Patients Autografted

Leukocytas Granulocytas Platelats
21000 2500 220000 250000
36 38 57 46
Purged (12 ~ 91) (12 -~ 94) (20 - 114) (20 - 292)
N=32 N=23 N=29 N=2S N=13
18 a8 41
Unpurged (10 - 37) (12 = 438 ) (18 - 75 )
N=1¢ N=13 N=13 N=13
Relapse D.r.s Diad
(days) (days) (days)
353 +503 86
ALL-T (50 - 63) . (7% - 650) (33 - 133)
N=13 N=3 N=3 N=2
168 +123 ae
ALL-B (S8 - 365%) (46 ~ 396)
N=13 Na7 N=10 N=1
+310
aull-ALll - -
N=l N=1
Total 91 +253 33
purged (%0 - 16%5) (46 ~ 680) (26 = 133)
N=32 N=10 N=19 Na3
Total 15¢ +389 4S
unpurged (63 - 720) (180 - 933)
¥=13 Nal0 fi=3 Nal
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FIGURE 1

Disease-free survival of acute lymphoblastic
influence of marrow purging. ..

FIGURE 2
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FIGURE 3
Disease-free survival of patients grafted with purged marrow: influence

of the effectiveness in the purging.
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REGIMEN-RELATED TOXICITY AFTER MARROW
TRANSPLANTATION FOR ACUTE LEUKEMIA

Scott 1. Beuarman, Motomi Mori, Finn B. Petersen,
Frederick R. Appelbaum, Walter G. Meyer and C. Dean Buckner

Division of Clinical Research, Fred Hutchinson Cancer Research Center,
Seattle, Washington

INTRODUCTION

Bone marrow transplantation is the treatment of choice for many
hematologic malignancies. = The morbidity and mortality of marrow
transplantation may be considerable, as a consequence of the high-dose
chemotherapy or chemoradiotherapy used to prepare patients for transplant.
Toxicities which are attributed to the preparative therapy are referred to as
regimen-related toxicity (RRT). Assessment of regimen-related toxicity is
useful in comparing large disparate groups of patients receiving the same or
different preparative regimens (1), as well as in determining maximum tolerated
doses for phase I studies (2). This report will discuss the grading criteria for
RRT, factors associated with severe RRT, and some potential modalities to
prevent or ameliorate severe RRT.

PATIENTS AND METHODS

Toxicity Grading

RRT was graded using an empirically designed system to assess
morbidity in the heart, bladder, kidneys, lungs, liver, central nervous system,
oral mucosa, and gastrointestinal tract (1, 3) due to the marrow transplant
preparative regimen (Table 1). Data attesting to RRT were obtained
documenting all transplant related toxicities on a daily basis. RRT was graded
on the day of transplant (day 0) and on days 7, 14, and 28 post-transplant.
Because lung RRT may develop after day 28 post-transplant, the lungs were
graded again at day 100. Patients who died after day 28 were graded with the
highest RRT score achieved by day 28. Data attesting to RRT were obtained
from chart reviews documenting all toxicities on a daily basis. Toxicity which
could be attributed to infection, bleeding, medications, or graft versus host
disease were excluded from RRT. Whenever possible, biopsy or autopsy data
were used to corroborate RRT. Each patient’s maximum RRT score was the
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highest score achieved in any single organ. All chart reviews were done by a
single reviewer.

Patient Selection

Between July 1, 1988 and June 30, 1989, 348 consecutive patients
underwent a first marrow transplantation for malignancy at the Fred Hutchinson
Cancer Research Center or Swedish Hospital Medical Center. Of these, 155
patients were transplanted for acute leukemia and are included in this analysis.
Eighty-three patients were male and 72 were female. The median age for all
patients was 24 (range 0.7 to 54) years. Patient characteristics are shown in
Table 2. Preparative regimens for transplant included cyclophosphamide (CY,
120 mg/kg) plus fractionated or hyperfractionated total body irradiation (TBI,
12-15.75 Gy); Busulfan (Bu, 14-16 mg/kg) plus CY (120 mg/kg); Bu (6.7
mg/kg) plus CY (49 mg/kg) plus TBI (12 Gy); VP16 (52 mg/kg) plus CY (103
mg/kg) plus TBI (12 Gy); Carmustine (BCNU, 300-600 Mg/M?) plus VPI6
(2400 Mg/M>) plus CY (7.2 g/M?) ; or hyperfractionated TBI (13.2-14.4 Gy)
plus CY (120 mg/kg). With the exception of autologous or syngeneic marrow
recipients, all patients received one of several immunosuppressive regimens
postgrafting as prophylaxis for acute graft versus host disease (GVHD).

Statistical Methods

Kaplan-Meier probability estimates were used to display survival, with
logrank statistics used to test for differences in survival. The two-sided Fisher’s
exact test or the chi-square test was used to determine the difference in
proportions of grade 3 or 4 RRT between discrete groups. Multivariate
analysis for development of grade 3 or 4 RRT was performed using the
stepwise logistic regression procedure.

RESULTS

Regimen-Related Toxicity

Twenty-seven patients (17%) developed grade III or IV RRT in one or
more organs (Table 3). The incidence of grade 3 or 4 RRT was not influenced
by diagnosis or type of transplant. Grade 3 or 4 RRT occurred less commonly
in younger patients and in patients early in their disease process (first remission
or first untreated relapse or as primary therapy for acute leukemia evolving
from myelodysplastic syndrome, 8/70, 11%) compared with patients
transplanted beyond untreated first untreated relapse (19/85, 22%), p=0.090.
Grade 3 or 4 RRT was less frequent in patients who were prepared for
transplant with cyclophosphamide and 12 Gy of fractionated TBI than for
patients prepared with most other regimens but the numbers are small in each
regimen category. Organs most severely affected were the lungs, liver,
kidneys, and CNS (Table 4). The distribution of severe RRT among each of
the organs graded was not influenced by diagnosis or type of transplant. A
multivariate analysis was performed using the variables age (< 18 vs > 18),
preparative regimen (Cy/12 Gy TBI vs others), GVHD prophylaxis
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(cyclosporine + methotrexate vs others), type of transplant, diagnosis, and
disease status to predict development of grade 3 or 4 RRT. Both age > 18 and
poor risk status (transplantation in second remission or beyond) were
independent significant predictors for the development of grade 3 or 4 RRT.
The relative risks were 2.77 (95% confidence intervals 1.01, 7.55) for age >
18 and 2.70 (95% confidence intervals 1.07, 6.80) for poor risk disease status.

Survival

The Kaplan-Meier probability estimate for survival at 100 days post-
transplant was 63 % for all patients. The probability of surviving 100 days post-
transplant was not influenced by diagnosis or by the type of transplant (data
not shown). Patients who developed grade 3 RRT had a significantly greater
probability of dying prior to day 100 posttransplant than did patients whose
maximum RRT was grade 1 or 2 (Figure 1), despite the fact that the majority
of patients who developed grade 3 RRT did not die of RRT (data not shown).

DISCUSSION

Almost one-fifth of patients undergoing marrow transplantation for acute
leukemia will develop life-threatening (grade 3) or fatal (grade 4)
regimen-related toxicity. Most patients developing grade 3 RRT will die prior
to post-transplant day 100.

Older patients and those with more advanced disease appear to be at
greatest risk. This is in keeping with prior studies illustrating that patients with
advanced disease tolerate the rigors of transplantation less well than patients
with less advanced disease (1,3).

Recipients of autologous marrow developed just as much grade 3 or 4 RRT
as recipients of allogeneic marrow. We previously reported that autologous
marrow recipients may be protected from severe RRT (1). In that study, less
than 25% of patients who received autologous marrow were transplanted in
relapse, suggesting that the apparent protective effect may have been due to the
good risk status of those patients rather than the type of transplant. More
recent reports also show that autologous transplantation is not free of
life-threatening or fatal RRT (1, 4, 5).

Prevention of severe regimen-related toxicity after transplantation has
several potential benefits. Superior early transplant survival would probably
result if severe RRT could be prevented. Though the majority of patients who
develop grade 3 RRT died of causes other than RRT, this study and previous
studies show that grade 3 RRT appears to predispose patients to develop
additional life-threatening transplant-related complications.

Prevention of severe RRT may permit delivery of potentially higher doses
of chemoradiotherapy and, in theory, result in lower relapse rates and improved
disease-free survival. CIlift et al. recently reported lower relapse rates for
patients with AML in first complete remission (6) and for patients with CML
in first chronic phase (7) who were randomized to receive cyclophosphamide
plus 15.75 Gy TBI versus cyclophosphamide plus 12 Gy TBI. However,
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preparation with 15.75 Gy TBI did not result in improved survival because
mortality from causes other than relapse was increased. Clift et al. also showed
that patients transplanted for AML in first remission with the higher dose of
TBI were unable to receive full doses of immunosuppression post-transplant and
developed more acute GVHD (4). It is possible, though unproven, that
amelioration of severe RRT may permit tolerance of the prescribed postgrafting
immunosuppressive therapy, thereby resulting in fewer deaths from acute graft
versus host disease.

One potential agent to minimize regimen-related toxicity is prostaglandin
E,, a vasodilatory prostaglandin with antiplatelet and fibrinolytic activity.
Gluckman and colleagues treated SO patients undergoing marrow transplantation
for leukemia with PGE, as prophylaxis against veno-occlusive disease of the
* liver (8). E:g' found that fewer patients treated with PGE, developed VOD

when comp: with patients who did not receive PGE,. They also showed that
patients with a prior history of hepatitis, a documented risk factor for VOD,
developed less VOD if treated with PGE, versus no PGE,.

A second agent which may have activity in preventing regimenrelated
toxicity is Pentoxyfylline (PTX), a hemorrheologic agent approved for the
treatment of claudication. PTX has been shown to modulate inflammation by
its effect on deformability of neutrophils and red blood cells (9, 10), thereby
improving blood flow. PTX also promotes chemotaxis and reduces superoxide
production. It also affects production by the vascular endothelium of
prostaglandins 12 and E2 (11) which enhance local-regional blood flow and
thrombolysis (12). PTX has also been shown to modulate the inflammatory
monokine tumor necrosis factor alpha (TNFa). Plasma levels of TNFa correlate
with development and severity of GVHD, VOD, and non-infectious pneumonia
after marrow transplant (13). In animal models of sepsis, ARDS, and
radiation-induced lung injury, PTX significantly reduced levels of TNFa and
improved survival of treated animals when compared to untreated controls (14,
15). Both PTX and prostaglandin E, are under investigation at our institution.

One final agent of note is tissue plasminogen activator (tPA). tPA is a
potent thrombolytic agent used for the treatment of coronary thromboses and
peripheral venous and arterial thromboses. Because the pathogenesis of VOD
is, in part, due to deposition of clotting factors in the subendothelial zone of
affected hepatic venules leading to congestion and ischemia from reduced
sinusoidal blood flow, thrombolytic agents may have potential efficacy in
reversing the manifestations of VOD. Baglin et al. recently reported on the use
of tPA in a patient with VOD after autologous marrow transplantation for
multiple myeloma (16). Administration of tPA resulted in prompt resolution
of encephalopathy and ascites with improvement in liver function. Severe VOD
after marrow transplantation has a mortality rate in excess of 80% (17).
Therefore, intervention in the setting of severe VOD must be considered, even
wlll)en thc;l potential toxicity of that intervention (eg. thrombolytic agents) is
substantial.
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TABLE 1
Criteria for Regimen-Related Toxicity (RRT)

(Grade 4 is fatal; toxicities caused by infection, hemorrhage, GVHD; non-
transplant mediations are excluded.)

Onade 1 Ounde 2 Orade 3
Cardisc RRT ECO changes not requiring ECQ changes requiting therapy  Severe FCO changet minimally
diomegaly with or i itoring: CNF ©r N0l sesponsive 1 thesapy;
without symptoms tesponding to digoxin or voliage decrease of 3 SO%;
diuretics cardiogenic  shock
Dladdet RRT Paintess pic h ia Paintess pic h ia Frank hemorrhagic cystitis
lasting 2 days lasting 7 days ; painful requiring tocal invasive iherapy
hematuria
Kidney RRT Creatinine < 2 x baseli Creatinine 2 2 x haseline Remi failore: requiting  diatysiy
Lung RRT Dyspnea withoul CXR changes or E ive infilirate or d Iding phewmonia  requiring
isolated infiltratefinterstitial  intceativial changes with mere than 50% () by mask or

changes not caused by dyspes; decrease in pO2 > 10%  mechanical .vemilstion
congestive hesrt failare (CHF)  from baseline not requiring
>350% 03 by mask or inwhation

Liver RRT 20 < bilirvhin < 6.0: weight 6.0 g hilitubin < 20.0; SGOT > & Bilirubin 2 20.0; accites
gain 2.5 -5% from baseline; X baseline: ascite; weight gain  compromicing respiration;
SGOT 2-§ s baseline > 5% from heseline hepstic  encephalopathy
CNSART S but S M but fuced when Seirure or coms
other sigas/symp
Mucosal RRT Mild pain or ul § Mucositis requiring 1V narcotic  Mucositic requiring
ansigesia prophylactic imuhbation or

causing aspiration

Gt Tract RRT : Watery sicols 0.5-2.0 L /day Water stonls >2 L/iday: partial Jleus requiring suctinn:
ileus: Mleeding without hemorrhagic entercolitia
hypotension causing  hypntention
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TABLE 2

Patient Characteristics

AML ALL
Noo . % No %
Number of patients 84 71
Median age, in years (range) 31 (2-54) 18 (.7-52)
Discase status
First remission 248 29 7 10
First untreated relapse 28 33 10 14
Second remission 10 12 7 10
Other 22 28 47 66
Source of marrow
Autologous 14 17 13 18
Family donor 60 n 47 66
Unrelated volunteer donor 10 12 11 15
Preparative Regimen
Cy/12 Gy TBI 12 14 0
Cy/13.2 - 14.4 Gy TBI 21 25 39 55
Cy/15.7S Gy TBI 20 24 8 11
13.2-14.4 Gy TBI/Cy 0 14 19
Bu/Cy 14 17 0
Bu/Cy/TBI 15 18 0
BCNU/Cy/VP16 0 6 8
VP16/Cy/TBI 2 2 4 6
GVRHD Prophylaxis
Cyclosporine 7 8 17 24
Methotrexate 11 13 1 1
Cyclosporine + Methotrexate 49 58 37 52
Other 3 4 3 4
None 14 17 13 18

2 includes 2 paticnts transplantcd as initial therapy for AML after myelodysplastic
syndrome; ® inciudes 3 patients who received syngeneic transplants.
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Incidence of Grade 3 or 4 RRT

Ovenill incidence 27/185 17%
Diagnosis AML 15/84 13% p=1.000
ALL 12/711 16%
Type of Transplant
Autologous 427 15%
Pamily donor 18/107 17% p=0.707
Uarelated donor 521 24%
Patiest Age <18 6/56 11% p=0.124
218 21/99 22% :
Preparative Regimen
Cy/12 Gy TBIL 012 0%
Cy/13.2-14.4 Gy TBI 12/60 20%
Cy/15.75 Gy TBL 5728 18%
132-144 Gy TBICy 4 21%
Bu/Cy 114 kil
Bu/Cy/TBI 415 7%
BCNU/Cy/VP16 %6 33%
VP16/Cy/TBI ] %
GVHD Prophylaxis
Cyclosporing + MTX 18/38 21% pw0.228
Others 5/43 12%
TABLE 4
Grade 3 or 4 RRT According to Organ System
AML ALL
Qzgan No % No. S 2
Heart 0 0
Bladder 0 0
Kidneys 5 [] 4 6 1.000
Lungs 2 2 [} 3 0.143
Liver 6 7 5 7 1.000
s 1 1 3 4 0.333
Qral mucosa 3 4 1 1 0.5628
Gt Tract (/] 1]
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FIGURE 1

Survival at day 100 post-transplant for patients whose maximum RRT

in any organ was 1 or 2 versus patients whose maximum RRT was grade 3
(p=0.0001).

1.04

o
e

Maximum RRT= { or 2

o
bid

PROBABILITY

o
+

Maximum RRTw= 3
0.21

O‘o‘ 4 ¥ L) 13 L3 L L] L4

Q 10 20 30 40 50 60 70 80 980 100
DAYS FROM BMT




199
Conditioning Regimen for ABMT

BUSULFAN AND CYCLOPHOSPHAMIDE AS CONDITIONING
REGIMEN FOR AUTOLOGOUS BONE MARROW TRANSPLANT IN
ACUTE LYMPHOBLASTIC LEUKEMIA

G. Meloni, P. Defabritiis, F. Mandelli, A. Manna, G. Bisceglie, A. Porcellini,
M.M. Greco, M. Carotenuto, L. Moretti and V. Rizzoli

Hematology/Oncology Service, Bone Marrow Transplant Center, Cremona, Italy

INTRODUCTION

Allogeneic bone marrow transplantation (BMT) for acute lymphoblastic
leukemia (ALL) in complete remission (CR) yields 5 year disease-free survival
approaching 30% (1). Unfortunately, less than a third of patients have a suitable
donor. Autologous bone marrow transplantation (ABMT) has therefore become
increasingly used.

Although the majority of patients with ALL ultimately relapse after
ABMT, long-term survival is similar to the outcome after BMT (2). The high
relapse rate associated with ABMT for ALL is due to the persistence of
leukemic cells in vivo and perhaps to their presence in the autograft although
the relative contribution of the two sources to relapse remains to be established.

As an approach to reducing relapse, we and others (3,4) have explored
conditioning regimens other than the cyclophosphamide-total body irradiation
(CY-TBI) protocol developed by the Seattle Group (35).

An attractive alternative is busulfan and cyclophosphamide (BU-CY)
(6) which appears to be effective in acute myeloid leukemia (AML), as shown
by Yeager et al (7). Results with autografting AML patients in second and third
remission using this regimen are comparable to those obtained with allogeneic
transplantation (5,6). We found that in contrast to CY-TBI, BU-CY was capable
of eradicating thalassemic marrow (8). Moreover, it was successfully employed
in a second transplant for chronic myeloid leukemia in blast crisis in a patient
who relapsed after an initial transplant in which CY-TBI was the conditioning
regimen (9).

Here, we report our results obtained in 30 consecutive ALL patients
autografted in CR after BU-CY conditioning regimen. The results are
presented in Tables I, II and III. The patients autografted in CR I (Table I)
were all adults except for two children who underwent ABMT because they
both met the criteria of high risk ALL. Of the 5 patients autografted in CRIII,
3 survive disease-free at 17+, 7+ and 3+ months respectively after ABMT.
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Sixteen ALL cfaatie:nts were autografted in CR II: 9 died of recurrent leukemia
between 9 and 2 months after ABMT and 1 of ARDS, while 6 are disease- free
from 60+ to 2+ months after ABMT. Of the 9 patients autografted in CR I,
1 underwent allogeneic BMT at 64 months after ABMT for an ANLL
recurrence and died of acute GVHD 2 months later, 5 died of recurrent
leukemia and 3 survive disease-free at 33+, 14+ and 8+ months respectively
after ABMT.

As shown in Table IV, recovery to 0.5 x 10°/L neutrophils was similar
to results reported by others (mean 20.8 + 5.7), while for 3 patients it took up
tloog%‘, 71 and 210 days (mean 43.3 + 14.7) for the platelets to reach 50 x

The BU-CY regimen was in general well tolerated with acceptable
toxicitly similar to previously published reports on the use of BU-CY for
transplant in acute non-lymphoblastic leukemia, chronic granulocytic leukemia
and thalassemia (7-9).

In most of the patients the main side effect was mucositis. Two
patients had serious hemorrhagic cystitis despite the use of MESNA.

Because of the small number of patients treated with the BU-CY
regimen and the limited follow-up, we cannot draw definite conclusions.
However, the results suggest that the busulfan-cyclophosphamide regimen
should be investigated further in ABMT of lymphoid malignancies.
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TABLE 1

BU-CY IN ALL CR |

Pt Age/Sex Interval CR/ PURGING DFS SURVIVAL CUTCOME

ABMT (mos)

1 /M 2 - *14 +14 AW.

2 10/F 8 AZ 100 60 68 ANLL-BMT
3 22/M 6 - *33 33 AW.

4 20/M 7 AZ 8O 12 13 LEUK.
6 19/F 18 AZ 100 5 8 LEUK.
6 8/M 7 AZ 80 12 24 REL.

7 23/M 9 AZ 80 8 14 LEUK.
8 18/M 6 - 5 *17 REL.

] 20/F 3 AZ 110 8 +8 LA
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BU-CY IN ALL CR I

TABLE 2
PT AGE/SEX
1 6/M
2 22/M
3 26/M
4 12/F
5 23/M
6 11/M
7 6/M
8 12/M
9 8/M
10 12/F
11 10/F
12 5/M
13 §4/F
14 /M
15 13/M
16 11/F

INTER.CR/
ABMT (mos)

DERWGONNAS 2D

PURGING

100
100
120

120
120

120
120
120
120

i20
120

DFS SURVIVAL OUTCOM

+60 *60 AV,
16§6d 15 d ARDS
8 7 REL.
3 Q REL.
+49 49 AW,
*46 +48 AW,
16+ 27 C.R.
2 3 LEUK.
*25 *25 AW,
5 8 LEUK.
4 6 LEUK.
4 8 LEUK.
4 5 LEUK.
2 2 LEUK.
2 2 LEUK.
*2 2 AW.
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TABLE 3

BU-CY IN ALL CR il

Pt Age/sex Interval CR/ DFS SURVIVAL OUTCOME

ABMT (mos)
1 7/M» 3 4 4 LEUKEMIA
2 18/M 2 7 7 RELAPSE
3 13/M 3 +17 *17 AW,
4 13/F 1 * 7 . 7 AW.
5 11/M 1 *+ 3 *« 3 AW.

PURGING = MAFOSFAMIDE 120  » = B0

TABLE 4
BU -CY IN ALL
DAYS TO REACH
PMN » 0.5x10 /1 PLT » 50x10 /1
Mean SD 208 5.7 43.3 147

range 12 - 356 22 - 210
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IDARUBICIN PLUS HIGH OR INTERMEDIATE DOSES OF ARA-C
FOLLOWED BY BONE MARROW TRANSPLANTATION IN
ADVANCED ALL

G. Meloni, W. Arcese, A.M. Carella, M. Carotenuto, E. Madon, L. Zanesco,
L. Annino, F. Giona, A.M. Testi, M.L. Vegna, and F. Mandelli

For the GIMEMA-AIEOP Groups, Rome, Italy

INTRODUCTION

The prognosis of patients with acute lymphoblastic leukemia (ALL) has
been improved during the last decade, with a probability of cure in more than
50% in children (1) and 30% in adults (2). An important, still unsolved,
problem is what should be done with patients whose initial therapy failed or in
whom bone marrow relapse occurred during therapy or shortly thereafter.

In recent years, new drugs and schedules have been employed in many
centers in order to increase the complete remission (CR) and
disease-free-survival (DFS) rates in these patients. In accordance with current
efforts, two consecutive pilot studies were carried out for advanced ALL
patients utilizing high or intermediate cytarabine (Ara-C) doses and a new
daunorubicin analogue, idarubicin (IDA), as induction treatment, followed by
megadose chemo/radiotherapy plus bone marrow transplantation (BMT) as
intensive post-remission phase. Reinfusion of hematological progenitor cells,
which circumvents the limitation of doses, allows the administration of
potentially marrow-lethal doses of cytotoxic therapy (3). For refractory
leukemic patients with matched sibling donors, allogeneic BMT offers improved
survival (4) when compared with conventional chemotherapy. As only 15% to
25% of patients have a matched donor, autologous bone marrow cells can be
utilized as an interesting alternative approach (5), if the marrow in likely to be
free of clonogenic tumor cells and can be collected and stored without loss of
viability of hematological stem cells.

The first trial LAL-R8S5 was initiated in August 1985 and closed in
April 1989. The second trial LAL-R87 started in March 1987 and is still in
progress.

The first induction schedule, LAL-R85 (Table 1), consisted of Ara-C
given at a dose of 3 g/m? every 12 hours by a 3-hour infusion for a total of 6
doses and IDA, administered at a dosage of 12 mg/m?day as a 30-minute
infusion at 0, 24 and 48 hours. In the second approach, LAL-R87, Ara-C was
reduced to 1 g/m? given as continuous infusion for 6 hours daily for 6 days and
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IDA to 5 mg/m?/day for 6 doses as a 30-minute infusion administered 3 hours
after the end of Ara-C (6).

The LAL-R87, envisaged for patients in CR, is a consolidation therapy
consisting of two weekly doses of Vincristine + Prednisone followed by two
L-VAMP (Vincristine, Ara-C, Methotrexate, Prednisone) cycles (Table 2).

Non-B ALL patients in first or subsequent bone marrow (BM) relapse
with or without simultaneous extra-hematological involvement and patients
refractory to conventional induction regimens were eligible for both studies.

Selective criteria for the LAL-R8S trial included: a) age < 50 years;
b) first relapse occurring during post-remission treatment or within 1 year after
therapy discontinuation. Criteria for the LAL-R87 trial included: a) age < 55
years; b) remission duration < 24 months for patients in first hematological
relapse. Adequate liver, cardiac and pulmonary functions were also required.

Ninety-one (91) ALL patients (31 children and 60 adults) were enrolled
in the LAL-R8S trial. CR was achieved in 21/31 children (68%) and 31/60
adults (52%) with an overall CR rate of 57%. Twelve patients relapsed early,
2 patients died in CR. Sixteen patients (4 children and 12 adults) were
considered not suited for bone marrow transplantation and 22 (42%) (11
children and 11 adults) underwent BMT: 17 were autografted and 5 patients
who had HLA identical siblings received allogeneic BMT. The projected
actuarial disease-free-survival (DFS) for all responding patients is 15% at 55
months.

As of June 1990, 78 patients (43 children and 35 adults) were enrolled
in the LAL-R87 trial. CR was achieved in 35/43 children (81%) and 19/35
adults (54%) with an overall CR rate of 69%. Ten patients relapsed early, one
child died in CR. Ten patients (4 children and 6 adults) were considered not
suitable for BMT, 3 patients were too early, and 30 patients (55%) (24 children
and 6 adults) underwent BMT: 18 were autografted and 12 received allogeneic
BMT. The projected actuarial DFS for all responding patients is 23% at 34
months. In Table 3 are summarized the characteristics of the LAL-R85/LAL-
R87 transplanted patients. Thirty-five patients were autografted, median age
was 13 years (range 2-55), 28 were male, transplant was performed after a
median of two months (range 1-5) from CR. Conditioning employed regimens
were the BMVC (BCNU, Mitoxantrone, VP-16, Ara-C)(7), the Busulphan
(BU)+ Cytoxan (CY)(8) and the CY +TBI, in 9, 20 and 6 patients respectively.

Seventeen (17) patients received allogeneic BMT, median age was i3
years (range 4-41), 10 were male, transplant was performed after a median of
3 months (range 1-5) from CR. Conditioning regimens were the BU+CY and
the CY+TBI in 11 and 6 patients respectively.

Twenty of 35 autografted patients relapsed, 1 in the TBI arm, 6 in the
BMVC arm and 13 in the BU+CY arm; median time to relapse was 6, 3 and
3 months respectively. Three patients died in CR in the CY +TBI group and
1 in the BMVC group. Eleven patients are in CCR after a median follow up of
33 months (range 3-49) from ABMT. Projected probability of DFS is 29% at
49 months.
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Five of 17 allografted patients relapsed: 2 in the CY +TBI group after
13 and 15 months and 3 in the BU+CY group after 3, 7, and 14 months. Two
patients died in CR in the CY+TBI group and 2 in the BU+CY group; 8
patients are in CCR after a median follow up of 14 months (range 1-49) from
transplant. Projected probability of DFS is 32% at 49 months.

In transplanted patients no difference was observed in the probability
of DFS concerning conditioning regimens, age, sex, induction schedules and
transplant procedures.

Because of 22 early relapses, 3 deaths in CR and 3 too early, 78/106
responders were evaluable for ablative programs; among them, 52 were
submitted to transplant procedures and 26 were considered not eligible for
various reasons and received conventional chemotherapy. No statistically
significant difference of DFS was observed between the two groups, although
a positive impact on DFS was achieved in the transplanted group (DFS 30% at
49 months vs 12% at 45 months).

In ALL the problem of relapse and drug resistance of leukaemic cells
is still unsolved. New remissions can be obtained with conventional
chemotherapy, but the length of second and subsequent remissions is usually
less than one year with a minimal probability of cure, especially when relapse
occurs in therapy or shortly thereafter (9).

New agents and different combinations have been employed in
refractory patients with the aim of prolonging remissions by overcoming the
problem of drug resistance (10). High-dose ARA-C therapy was utilized in the
treatment of relapsed or refractory acute leukemia and beneficial effects were
reported (11). Better results were achieved by combining administration of high
or intermediate dose Ara-C with an anthracycline.

In our experience, the combination of high or intermediate Ara-C doses
and IDA was effective in inducing CR in 52/91 patients (57 %) in the LAL-R85
and in 64/78 (69%) in the LAL-R87.

The value of high-dose chemo/radiotherapy followed by reinfusion of
hematopoietic stem cells in prolonging DFS in advanced ALL is still unclear,
even though recent reports demonstrate the possibility of long-term survival in
patients submitted to such an intensive program (12).

A randomized trial will be necessary to elucidate the role of a very
aggressive post-remission approach in improving long-term prognosis in patients
with advanced ALL.
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FIGURE 3
LAL R 85 / LAL R 87
PATIENTS DETAILS
ABMT BMT
Patients ) 17
Median age(years) 13 13
range (2-55) (4-41)
Sex MI/F 2817 1017
LAL R 85 17 5
LAL R 87 18 12
Months to transplant
median 2 3
range (1-5) (1-5)
Conditioning regimen
BMVC 9 -
Bu + Cy 20 11

Cy + T8I 6 6
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DETECTION OF MINIMAL RESIDUAL LEUKEMIA IN AUTOLOGOUS
PBETMIESNS'II%N BONE MARROW GRAFTIS OF T-LINEAGE ALL

Fatih M. Uckun, Norma K.C. Ramsay, Robert Haake, Daniel Weisdorf,
John H. Kersey and Daniel A. Vallera

Departments of Therapeutic Radiology-Radiation Oncology, Pediatrics,
Medicine, and the Bone Marrow Transplantation Program, University of
Minnesota, Minneapolis, Minnesota

INTRODUCTION

A number of BMT centers have investigated the role of high dose
radiochemotherapy followed by autologous BMT for the treatment of high risk
remission ALL (1-7). A potential limitation of autologous BMT is the likely
presence of occult leukemia cells in remission autografts. Therefore, most
BMT centers use remission autografts which are purged ex vivo to eliminate the
residual leukemic cell contamination (1-10). Most commonly applied purging
methods include the use of monoclonal antibodies plus complement,
cyclophosphamide congeners, monoclonal antibodies linked to magnetic beads,
immunotoxins, and combined immunochemopurging using monoclonal
antibodies plus complement or immunotoxins in combination with 4-HC (10).
This report summarizes our results on 14 consecutive patients with high risk
remission T-lineage ALL who underwent autologous BMT using autografts
which were purged ex vivo using an anti-CD5 immunotoxin plus an anti-CD7
immunotoxin combined with 4-HC. We used a new quantitative minimal
residual disease (MRD) detection assay system which combines multiparameter
FACS with leukemic progenitor cell assays (5) for detection of residual
leukemic blasts in autografts before and after purging. Our findings
demonstrate the clinical value of this new MRD detection assay in (a)
evaluating the efficacy of purging against residual clonogenic leukemic blasts
in remission autografts and (b) predicting the outcome of autologous BMT.

MATERIALS AND METHODS

Patients

Between October 1986 and May 1989, 14 consecutive patients with
high risk ALL in complete remission were enrolled in this study. Follow-up
was complete through September 1990. The pretransplant characteristics are
summarized in Table 1. All patients had an immunophenotype consistent with
T-lineage ALL. Four patients were in first remission, 5 were in second
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remission, and 5 were in third remission. The first remission patients included
3 adult males 2 of whom had high WBC (> 50,000/uL) at diagnosis and an
adolescent male with a WBC of 17,900/uL and a pseudodiploid karyotype. In
the remaining 10 patients, who were in their second or third remission, the
median duration of first remission was 10 months and the median time from
diagnosis to BMT was 20 months. The remission status of the bone marrow
was confirmed in all patients within 10 days prior to the preparative regimen.
The percentage of lymphoblasts in the pretransplant bone marrow biopsy
specimens ranged from 0% to 3%.

Conditioning and Purging

The first 9 patients were conditioned with single dose TBI (850 cGy
delivered in a single fraction at 26 cGy/min) followed by high dose ARA-C (12
doses at a dose of 3g/m? and a total dose of 36 g/m?). The last 5 patients were
conditioned with hyperfractionated TBI (1375 cGy total dose in 11 x 125 cGy
fractions) followed by cytoxan (60 mg/kg/day x 2 days). Autografts were
purged ex vivo with a cocktail of two immunotoxins (T101-Ricin/anti-CDS5 and
G3.7-Ricin/anti-CD7 each at 500 ng/ml, 2 hrs treatment at 37C in the presence
of 200 mM lactose) plus 4-HC (10 ug/ml, 30 min treatment at 37C), as
previously described (5).

MRD Detection Assay

Ficoll-Hypaque separated bone marrow mononuclear cells (MNC) from
prepurge and postpurge samples of autografts were analyzed by two-color
immunofluorescence for the early T-lineage surface antigens CDS and CD7
using a mixture of FITC labeled 10.2 (anti-CDS5) and G3.7 (anti-CD7) MoAb
and the late T-lineage surface antigen CD3 using the PE conjugate of G19.4
(anti-CD3) MoAb, as described (11). Sterile cell sorting at 1500 cells/sec was
performed to isolate viable CD5,7*CD3" as well as CD5,7*CD3* T-lineage
cells. CDS,7*CD3* cells were analyzed since some ALL cases had a CD3*
mature T-cell ALL phenotype. FACS sorted cells were assayed for T-lineage
ALL blast colony formation in a leukemic progenitor cell (LPC) assay system,
as previously described (8, 11, 12). Colony cells had blast morphology and
their immunological marker profiles (TdT*CD2+CD3+*CD5*CD7* CD25 in the
CD3+*CDS5,7* FACS sorted fraction and TdT*CD2*CD3'CD5*CDS*CD25" in
the CD3°CDS,7* FACS sorted fraction) were consistent with T-lineage ALL.
The number of CD5,7* T-lineage LPC per 10 MNC in the autografts was
calculated from the percentages of CD3°CD3,7* and CD3*CDS,7* lymphoid
cells and the sum of the number of blast colonies in these fractions, as
previously reported.

RESULTS

Residual Leukemic Progenitor Cells in Autografts
The number of CD5,7* T-lineage LPC per 10®* MNC in the remission
autografts prior to purging showed a pronounced interpatient variation, ranging
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from <233 (= <0.0002%) to 214,047 (= 0.2%) (median = 8,568 = 0.009%)
(11). When CDS5,7* FACS sorted T-lineage lymphoid cells from postpurge
autograft samples were assayed for T-lineage ALL blast colony formation, no
blast colonies were observed in 11 of 13 patients. The numbers of T-lineage
LPC in the postpurge autografts ranged from < 14/10° MNC (= <0.0000 1
%) to 1,488/10° MNC (=0.001%). Thus, 82.6% - >99.96% of residual T-
linecage LPC were eliminated from autografts by the applied combined
immunochemopurging protocol (Table 2).

Bone Marrow Transplantation and Posttransplant Course

The bone marrow cell dose of the autografts ranged from 0.23-0.78 x
10° MNC/kg. The number of reinfused T-lineage LPC ranged from <8/kg to
655/kg. Thirteen of 14 patients engrafted, as defined by a WBC> 1,000/ul
for 3 consecutive days, at a median of 23 days post BMT. Nine patients
relapsed 1.2-17 months (median = 2.2 months) post BMT and 6 have
subsequently died of leukemia (11). Two patients are alive disease free at 26
and 28 months post-BMT. The Kaplan-Meier estimates and standard errors of
the probability of remaining in remission were 14 + 13% for patients who had
<0.009% residual LPC in their prepurge autograft samples and 53 + 25% for
patients who had > 0.009% residual LPC in their prepurge autograft samples
(P=0.006) (Table 3). By comparison, the percentage of TdT* cells or the
percentage of lymphoblasts did not correlate with the probability of relapse after
BMT. Eight of 9 patients who relapsed did not have any residual LPC detected
in their postpurge autografts. In the remaining patient, the residual LPC
contamination was only 0.0002% in the purged autograft Thus, no apparent
correlation was found between the efficacy of purging/LPC contamination in the
purged autograft and the probability of relapse post BMT.

DISCUSSION

Our findings provide initial evidence that in high risk remission
T-lineage ALL, high numbers of residual LPC in the remission bone marrow
prior to BMT indicate a poor prognosis. This correlation suggests that the LPC
assays Rely detect the in vitro counterparts of the in vivo clonogenic T-lineage
ALL blasts. Importantly, we found no correlation between the outcome and (a)
the efficacy of purging, (b) the number of residual LPC in autografts after
purging, or (c) the estimated numbers of reinfused LPC. These preliminary
findings suggest that in high risk remission T-lineage ALL, the primary reason
for the recurrence of leukemia after autologous BMT is not the reinfusion of
leukemic blasts in autografts due to ineffective purging, but rather the inability
of the conditioning regimen to eradicate the therapy refractory residual leukemia
burden in vivo. The MRD detection assay used in this study may help us to
determine (1) the optimal timing for BMT so that high risk remission ALL
patients can undergo BMT when their residual disease burden is minimal, and
the probability of a given preparative regimen to eradicate their minimal
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residual disease is high, and (2) the need for additional therapy to achieve a
more substantial remission with minimal residual leukemia burden.

ACKNOWLEDGEMENTS

This work was supported in part by U.S. Public Health Service Grants
RO1-CA42633, ROI1-CA-51425, RO1-CA25097, RO1-CA-25097,
PO1-CA-21737, R29-CA-42111, RO1-CA-31618 and RO1-CA-36725 from the
National Cancer Institute, DHHS. Fatih M. Uckun is a Scholar of the
Leukemia Society of America. Daniel Vallera was a Scholar of the Leukemia
Society of America during parts of this study. John H. Kersey is the Recipient
of an Outstanding Investigator Award (CA49721) from the National Cancer
Institute. This is publication #60 from the Tumor Immunology Laboratory,
University of Minnesota.

REFERENCES

1. Gorin NC, Herve P, Aegerter P, et al.: Autologous bone marrow
transplantation for acute leukaemia in remission. Br J Haematol
64:385, 1986.

2. Kersey JH, Weisdorf D, Nesbit, et al.: Comparison of autologous and
allogeneic bone marrow transplantation for treatment of high-risk
refractory acute lymphoblastic leukemia. New England Journal of
Medicine 317:461-467, 1987.

3. Sanders JE, Doney KC, Hill R, et al.: Autologous marrow transplant
experience for acute lymphoblastic leukemia. [In] Autologous Bone
Marrow Transplantation. Prc. 4th Internatl. Symposium. Dicke KA,
Spitzer G, Jagannath S, Evinger-Hodges eds, eds. pp. 155-160, 1989.

4, Dicke KA, Spitzer GF: Clinical studies of autografting in acute
lymphoblastic leukemia. Clin Hematol 15:86, 1986.

S. Uckun FM, Myers DE, Kersey JH, et al.: Immunotoxins in bone
marrow transplantation: An updated review of the Minnesota
Experience. (In) Membrane-Mediated Cytotoxicity, UCLA Symposium
on Molecular and Cellular Biology, New Series, Vol. 45, pp. 231-242,
B. Bonavida and RJ Collier (eds.); Alan R. Liss, Inc., New York,
N-Y, 1987.

6. Simonsson B, Burnett AK, Prentice HG, et al.: Autologous bone
marrow transplantation with monoclonal antibody purged marrow for
high risk acute lymphoblastic leukemia. Leukemia 3:631-636, 1989.

7. Preijers FWMB, Witte TD, Weasels JMC, et al.: Autologous
transplantation of bone marrow purged in vitro with anti-CD7-(WTI-)
ricin A immunotoxin in T-cell lymphoblastic leukemia and lymphoma.
Blood 74:1152-1158, 1989.

8. Uckun FM, Gajl-Peczalska KJ, Myers De, et al.: Marrow purging in
autologous bone marrow transplantation for T-lineage acute
lymphoblastic leukemia: Efficacy of ex vivo treatment with



10.

11.

12.

215
Detection of Minimal Residual Leukemia

immunotoxins and 4-hydroperoxy-cyclophosphamide against fresh
leukemic marrow progenitor cells. Blood 69:361-366, 1987.

Uckun FM, Stong R, Youle RJ, et al.: Combined ex vivo treatment
with immunotoxins and mafosfamide: A novel
immunochemotherapeutic approach for elimination of neoplastic T-cells
from autologous marrow grafts. J of Immunol 134:3504-3515, 1985.
Uckun FM, LeBien TW, Gajl-Peczalska KJ, et al.: Ex vivo marrow
purging in autologous bone marrow transplantation for acute
lymphoblastic leukemia: Use of novel colony assays to test the
anti-leukemic efficacy of various strategies. (In) Progress in Bone
Marrow Transplantation, UCLA Symposium on Molecular and Cellular
Biology, New Series, Vol. 53, pp. 759-771, RP Gale and R. Champlin
(eds.); Alan R. Liss, Inc., New York, NY, 1987.

Uckun FM, Kersey JH, Vallera DA, et al.: Autologous bone marrow
transplantation in high risk remission T-lineage ALL using
immunotoxins plus 4-HC for marrow purging. Blood, in press, 1990.

Uckun FM, Myers DE, Ledbetter JA, et al.: Use of colony assays and
highly potent anti-T-cell immunotoxins to elucidate the
immunobiological features of leukemic lymphoid progenitor cells in
Télineage acute lymphoblastic leukemia. J of Immunol 140:2103-2111,
1988.



216

Session 2: Acute Lymphocytic Leukemia

TABLE 1

Immunophenotype
Diagnosis

Sex

Age

WBC at Dx

Remission Number

% Lymphoblasts
in Bone Marrow

% TdTT Cells in
Bone Marmrow

Patient Characteristics

CD1+- cD2+/- CD3+/- CDs+- CD7+
T-lineage ALL (n = 14)

Male:n=12
Female:n=2

Median = 14 yr
Range=6-35yr

Median = 164,000/.L
Range = 3,600/uL - 800,000/uL.

First Remission: n = 4
Second Remission: n=$§
Third Remission: n= 5

Median = 0.4%
Range=0-3.1%

Median = 0%
Range = 0-6%
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TABLE 2

Residual LPC in T-lineage ALL Remission Autografts
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INDUCTION OF PHILADELPHIA-NEGATIVE HEMOPOIESIS AND
PROLONGATION OF CHRONIC PHASE IN PATIENTS WITH
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SCHETEI\I}/I(OZEI‘HLLESRAPY AND TRANSFUSION OF PERIPHERAL BLOOD

T.P. Hughes, F. Brito-Babapulle, D.J. Tollit, P. Martiat, S. Bowcock,
K.H. Th’ng, C. Dowding and J.M. Goldman
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ABSTRACT

We treated 16 patients with Ph-chromosome positive chronic myeloid
leukemia in chronic phase by autografting with blood-derived hemopoietic stem
cells. Thirteen patients were autografted electively and three were autografted
after marrow cells from HLA-identical sibling donors had failed to engraft. In
14 patients hemopoiesis recovered; one failed to engraft and died 3 months after
autografting; another has remained pancytopenic for 22 months after
autografting. = Three patients developed late cytopenias; two became
pancytopenic and received further stem cell transfusions at 3 and 40 months
respectively after first autograft; the third received further stem cells for
thrombocytopenia 39 months after a second autograft. Four patients have
entered blast crisis and died. Four patients have not required chemotherapy
after autograft; in 2 cases hemopoiesis is almost exclusively Ph-negative (48 &
63 months post autograft). The actuarial survival at 5 years post autograft is
63% + 19%. We conclude that autografting in chronic phase with peripheral
blood stem cells probably delays transformation by reducing the size of the
leukemic stem cell population and might in some cases result in cure b
inducing permanent damage to the leukemic clone in association wi
reconstitution of normal hemopoiesis.

INTRODUCTION

We have previously reported the results of autografting patients during
the chronic phase of chronic myeloid leukemia (CML) with peripheral blood
stem cells. We now update our results in 16 patients who have been followed
for a median of 48 months since autograft.
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PATIENTS AND METHODS

Patients

Thirteen patients with Ph-positive CML in chronic phase were treated
with cytoreductive therapy followed by autografting with peripheral blood
buffy-coat cells which had been collected at the time of diagnosis (1,2). Three
other patients were autografted as a rescue procedure after an allograft failed
(Table 1). There were six women and ten men. Their median age was 39 years
(range 29-62). One patient (no.4) had not received any treatment; another
patient had only received standard conditioning therapy preceding allogeneic
marrow graft. The remaining patients received various combinations of
busulphan, 6-thioguanine and/or hydroxyurea. Two patients (nos.14 & 16) had
also received alpha-interferon. The median duration of chronic phase before
the autograft was 20 months (range 1-67).

Cytoreductive Therapy Before Autografting

Twelve of the patients treated electively received busulphan 4 mg/kg
orally on 4 consecutive days followed 24 hours later by melphalan 60 mg/m2
given by IV bolus injection. The remaining patient (no.16) who was
autografted electively received cyclophosphamide 60 mg/kg intravenously for
two consecutive days instead of melphalan. The autograft was administered 24
hours after the melphalan or cyclophosphamide ceased. In three cases (nos.1-3)
the patient received standard conditioning therapy for T-depleted marrow
transplants from HLA identical siblings. These patients were autografted when
it was clear that the allograft had failed to take.

Autografting
The techniques for collection and cryopreservation of blood-derived
hemopoietic stem cells has been described elsewhere (1,2).

Follow-Up

The clinical status of the patients together with blood counts were
monitored at regular intervals post autograft. Between 2 and 13 marrows were
studied in each patient. Duration of follow-up in surviving patients was
calculated to the 1st of August 1990.

Cytogenetic Analyses
Routine cytogenetic analysis was performed on all patients at frequent
intervals for the first 12 months and at various intervals thereafter.

PCR Analysis

RNA was prepared from peripheral blood and bone marrow cells from
one patient (no.4) and cDNA was prepared using an ABL specific
oligonucleotide primer and reverse transcriptase. cDNA was then used for PCR
as previously described (3) using nested primers for a second round of PCR.
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RESULTS

Toxicity

The chemotherapeutic regimen was relatively uncomplicated. Mucositis
was usually severe but transient. There were only one transplant-related death
which was attributable to non-engraftment (see below).

Initial Engraftment .

There was early evidence of trilineage engraftment in 14 of the 16
patients. One patient (no.14) never engrafted and remained severely cytopenic
until he died of hemorrhage 3 months post autograft. Another patient (no.15)
remained pancytopenic despite a secondp0 infusion of cells 3 months after the first
autograft but has gradually increasing cell counts 22 months post autograft.

Graft Failure After Initial Engraftment

Three of the 14 patients with initial engraftment developed cytopenias
subsequently. One patient (n0.11) had abrupt graft failure at 3 months. She
received two further autografis without further cytoreductive therapy but
restoration of adequate hemopoiesis on each occasion was only transient. She
remained red cell and platelet transfusion dependent for 24 months but has
gradually increasing cell counts (WBC 2.2 x 10°/1 and platelets 20 x 10°/1 at
last follow-up) 46 months post first autograft. The second patient (no.1)
became gradually cytopenic 30 months after autograft. She received a second
autograft without preceding chemotherapy 42 months after the first procedure
which rapidly restored her leucocyte and platelet counts to normal without
progressing to leucocytosis. The third patient had received a second autograft
with chemotherapy 14 months after the first procedure. He then developed
severe thrombocytopenia (platelets 1-5 x 10°1 with virtually absent
megakaryocytes in the marrow aspirate and trephine 39 months after the second
autograft while on a course of alpha interferon. A further infusion of cells
resulted in a steady rise in platelet and leucocyte counts which have recently
been controlled with hydroxyurea.

Hematologic Evolution of CML After Autografting

In general cytotoxic drugs were restarted when the leucocyte count
remained consistently above 30-50 x 10°/1. Following the autograft no patient
required chemotherapy for at least 8 months. The pattern after that in the 14
evaluable patients was variable. Three patients (Group 1, Figure 1) commenced
cigtoxic drugs 12-14 months post autograft and have remained in stable
chronic phase (follow-up 60-73 months post autograft). Four patients (Group
2) commenced cytotoxic drugs 10-26 months post autograft for chronic phase
disease but this transformed within 12 months to blastic phase. four
patients died soon after transformation. Four patients (Group 3) have not
required cytotoxic therapy post autograft. Three of these patients are referred
to above (nos.1, 11 & i5). The fourth patient (no.4) is mildl neutropenic
(1.5-2 x 10°/1) with normal marrow morphology 63 months ager autograft.
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Three patients were electively treated with Second autografts with preceding
conditioning (group 4) 11, 22 and 26 months after first autograft. Two remain
in chronic phase on cytotoxic therapy 62 and 66 months post first autograft
respectively. The third patient has not required further treatment and is now
26 months post second autograft.

Cytogenetic Studies

During the first year post autograft Ph-negative metaphases were
observed in between O and 88% of metaphases studied. After one year post
autograft Ph-negative metaphases have been observed in 3 cases (figure 2). One
patient (no.15) has 40% Ph-negative metaphases in bone marrow cells 23
months post autograft (previous studies were unsuccessful). The second patient
(no.11) has had 100% and 93 % Ph-negative metaphases on 2 studies 34 and 40
months post autograft respectively. The third patient (no.4) has had exclusively
Ph-negative metaphases at 51, 57 and 61 months post autograft. At 61 months
blood and marrow cells were also studied by PCR for evidence of cells
containing the leukemia-specific BCR/ABL chimeric transcript. No evidence
of residual leukemia was found.

Survival
The median survival of the group has not yet been reached. Eleven of
the 16 patients remain alive. The actuarial survival at § years is 63% + 19%.

DISCUSSION

Sixteen patients with CML in chronic phase were treated by
autografting with peripheral blood-derived stem cells. One patient failed to
engraft and died in marrow aplasia. Four patients developed blastic
transformation and died. Eleven survive with or without evidence of CML in
chronic phase. The overall actuarial probability of survival for these 16
patients is 63% + 19% at 5 years from the first autograft procedure. This
figure is substantially better than the survival that would be expected for a
comparable cohort of patients treated by conventional agents (20-30%). This
difference may have been achieved by chance but it seems likely that the onset
of blastic transformation was delayed at least in some cases by the autograft
procedure. If this were so, one may speculate that the high dose chemotherapy
or chemoradiotherapy is effective by reducing for a period of years the size of
the leukemic stem cell pool susceptible to blastic transformation.

The relatively frequent observation of cytopenia developing early or
late after initial engraftment deserves comment. We have speculated previously
that CML stem cells collected from the peripheral blood may in some cases
have only a finite capacity to maintain leukemic hemopoiesis and further that
they may differ in this regard from marrow-derived stem cells. We have no
proof of this contention and further studies with other myeloablative regimens
and marrow-derived stem cells will be required to confirm or refute it. If,
however, one accepts provisionally the limited replicative capacity of the
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transfused stem cells, then later hematologic events will depend on the viability
of normal and/or leukemic stem cells that have survived the conditioning
chemotherapy. Such residual stem cells may have been damaged to varying
degrees. The timing of the cytopenias we have observed would thus depend on
numbers and replicative capacity of the stem cells transfused and the extent to
which leukemic or normal hemopoiesis can take over when the transfused stem
cell population is exhausted.

We can use this kinetic theory to interpret the sequence of hematologic
events in patients who did not become cytopenic after autografting. There were
three distinct patterns (figure 3). First, there may be gradual repopulation of the
marrow and blood with leukemic cells which re-establish CP disease and dictate
the need for further chemotherapy (line A, seen in 10 cases) ; secondly the
leukemic clone may reconstitute hemopoiesis but fails to expand to the point
where cytotoxic drugs are required (line B, seen in 3 cases including one after
a second autograft) - this suggests impaired proliferative capacity of the
leukemic clone; and thirdly, the leukemic clone may be effectively eradicated
with re-establishment of normal hemopoiesis (line C, seen in 2 cases). This
situation may or may not be tantamount to cure.

The observation that small numbers of Ph-positive metaphases can
persist in the marrow for a number of years without other evidence of leukemia
cell proliferation is of great theoretical interest. An analogous sequence of
events may be seen occasionally after allografting for CML.. If the Ph-positive
metaphases reflect the persistence of leukemic stem cells, studies designed to
define the factors that could restrain their proliferation after autografting or
allografting would be rewarding.
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TABLE 1

Clinical details of 16 patients treated by autografting (A/G)

Events after (first) A/G

Duration Survival
Sex/age of CP Duration without from
at A/G before A/G Treatment cytotoxic drugs Survival diagnosis
Patient (yr) (months) before A/G (months)* Further treatment (months)* (months)*

1" F/36 32 BU Th+ a2nd A/GH 74+ 106+

2* M/L9 10 HY 14 IFN 60+ 70+

3* M/3% 10 Nil 28 HU, Allograft, 42 s2
2nd A/G, CTS

4 F/29 1 Nil 63+ Nil 63+ 64+

5 M/32 30 L] 13 2nd A/G, 3+ 103+
Allograft, [EN

[] F/3%9 25 676 26 2nd A/G,BU, IFN 70+ 95+

7 /32 30 BU/6TG 10 2nd A/G, IFN, 63+ 98+
3rd A/G

8 F/29 15 HU 8 cTs 1% 29

9 M/33 20 Wy 19 HU, 2nd A/G 58+ 78+

10 M/31 6 KUY 14 HU, Allograft 61+ &7+

1 F/53 10 HU 48+ 2nd A/G#, 48+ 58+
3rd A/GH

12 /51 8 w % WY, 1FN, CTS 3% 42

13 F/45 4 8uU 19 W, cTS 37 81

1% M/59 12 1FN/KU 3 Nil 3 135

15 M/62 14 HU 22+ and A/G# 22+ 36+

16 /41 67 HU/1FN a+ Nil 8+ 75+

CPzchronic phase; HUshydroxyurea; 6TG=6-thioguanine; [FN=alpha- interferon; BUsbusulphan;

2nd or 3rd A/G= second or third autograft.

* ¢+ indicates that the patient continues without cytotoxic treatment (colum 5) or contirwes
to survive (colums 7 and 8).

~ Patients 1, 2 and 3 were autografted after failure of HLA identical donor cells to engraft.
# Autograft performed without preceding cytoreductive therapy.

$ Patients 3, 8, 12 and 13 entered blastic transformation and were treated by combination
chemotherapy (CT).
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FIGURE 1
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Figure 1: The pattern of CML in 14 patients

with more than 12 months follow-up post autograft.

Patients are divided into 4 groups (see text).

The Ph chromosome status of patients in group 3

is shown in brackets. Patients in the other groups

are all Ph-positive.

I Represents the interval in which no cytotoxic
therapy was given to the patient.

Y Represents the interval in which cytotoxic
therapy was given for chronic phase CML

i Represents the interval of blastic phase of
CML.

4 Indicates second autograft with preceding
chemotherapy (same protocol as the first
autograft).
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FIGURE 2
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FIGURE 3
Survival of the leukemic
clone post autograft
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Possible fates of the leukemic clone after
autograft. Line A represents the gradual return to
chronic phase CML with leucocytosis requiring cytotoxic
therapy. Line B represents the re-establishment of the
leukemic clone as the predominant source of hemopoiesis
but without leucocytosis or thrombocytosis. Line C
represents failure of the leukemic clone to re-establish
Ph-paositive hemopoiesis although Ph-positive cells may
remain present at a low level.
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FIGURE 4
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INTRODUCTION

Alpha interferon induces durable cytogenetic remissions in 20% of
chronic myelogenous leukemia (CML) patients (1). 30% of CML patients are
currently eligible for allogencic bone marrow transplantation which cures half
of the patients treated (2). We are developing autologous transplantation for the
CML patients who are ineligible for allografts or alpha interferon. Table 1
shows the treatment plan for our program.

The goal of this program is to increase percentage of patients who
achieve stable major cytogenetic remissions (Ph+ cells less than 30%)
following intensive therapy and autologous bone marrow transplantation. The
first step is to use in vivo combination chemotherapy (daunomycin, 120 mg/m?
dl, high dose cytosine arabinoside, 1.5 gm/m? CI qd x 4, and GMCSF, 125
meg/m’ s.c. qd d4 to until the granulocyte count is greater than 500/mm?) to
increase the number of Philadelphia chromosome negative cells. The second
step is storage of these peripheral blood and marrow autologous cells.

Next, we propose to use in vitro separation, autologous reconstitution,
and interferon maintenance to further increase the percent of autologous cells
which are diploid following intensive therapy and autologous bone marrow
transplantation. The precedent for the use of chemotherapy for the in vivo
cytogenetic conversion of Ph+ to Ph- cells is the experience of Dr. H.
Kantarjian and his colleagues in the M. D. Anderson Leukemia Section with
combination chemotherapy in three settings: (1) DOAP Therapy in previously
untreated CML patients, (2) daunomycin and high dose ara-c treatment of
interferon resistant previously treated CML patients, and (3) daunomycin, high
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dose ara-c and GMCSF treatment of CML blast crisis patients. The summary
of this data is that 30-50% of such CML patients exhibit major cytogenetic
remissions following this chemotherapy. Although these remissions are brief,
they persist for a sufficient period of time to permit collection of autologous
hematopoietic progenitor cells which are enriched in diploid cells (3).

We are evaluating two types of systemic preparation for autologous
bone marrow transplantation: (1) combination chemotherapy (the CBV regimen:
cycloghosphamide 1.5 gm/m? qd x 4, BCNU 300 mg/m? x 1 day, and VPI6 125
mg/m* q 12 h x 6) and (2) a combination of TBI (1020 rads), cyclophosphamide
60 mg/kg qd x 2 days and 125 mg/m? of VPI6 q 12h x 6. We studied these
two regimens in late chronic phase or advanced (accelerated phase or blast
crisis) CML patients in pilot trials. The marrow was stored at a median of 36
months after diagnosis and the therapy was delivered on the average several
months thereafter. In the chemotherapy trial, there were 8 first chronic phase
patients, 3 second chronic phase patients, 2 third chronic phase patients, 1
accelerated phase patient, and 1 blast crisis patient. In the TBI VPI6 cytoxan
trial, there were 5 chronic phase patients, 1 second chronic phase patients, and
2 accelerated phase patients. The time required for hematopoietic recovery to
500 granulocytes/mm® was 26 and 36 days for the CBV and TBI regimens,
respectively. Treatment deaths occurred at the 12% level with one patient
dying of cytomegalovirus pneumonitis and the other from a CNS bleed. Ten
out of 15 patients in the combination chemotherapy trial (CBV) and 4 out of 8
patients treated in the TBI, VP16 and cytoxan program exhibited reappearance
of diploid hematopoiesis following intensive therapy.

Among the patients enrolled in the CBV program, 5 out of 15 patients
developed a complete or major cytogenetic remission with reduction of the
Philadelphia chromosome positive cells to less than 30%. The probability of
achieving a major cytogenetic remission was 75% in those individuals in whom
the percentage of Philadelphia chromosome positive cells was less than 12% at
the time of autologous storage. In contrast, the probability of achieving a major
cytogenetic remission was less than 30% in those individuals in whom greater
than 30% Philadelphia chromosome-positive cells persisted at the time of
autologous reconstitution.

The duration of major or minor cytogenetic remissions in those
individuals (Ph+ cells greater than 30%) was between one and two months,
whereas the duration of major cytogenetic remissions after autologous
reconstitution was 18, 12, 4, 3, and 1 months. The trends in this data suggest
that CML patients ineligible for allograft or interferon should be induced into
cytogenetic remission before autologous storage, and that every attempt should
be made to achieve a major or complete cytogenetic remission following
transplant in order to produce a durable remission after therapy.

The probability of being sufficiently sensitive to alpha interferon after
transplant to be maintained on alpha interferon as a single agent in our series
was highest in the 8 first chronic phase CML patients who were treated with
combination chemotherapy as a preparative regimen, whereas it was very low
in advanced disease (second chronic phase or accelerated and blast crisis).
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Similarly, the probability of remaining alive after transplant was directly
correlated with being in first chronic phase at the time of treatment.

We will, therefore, attempt to deliver our therapy to patients who are
in the first chronic phase, as early as possible in their disease, and with cells
that have been collected at a time when major cytogenetic remissions have been
induced by chemotherapy. We will also to continue to utilize interferon
maintenance in these patients since four patients appeared to have acquired
collateral sensitivity to interferon after autologous bone marrow transplantation,
and other center have similar findings.

An area of very active investigation is the development of techniques
which can be used for in vitro fractionation of normal and Philadelphia
chromosome positive cells.

Previous reports indicate that there is an adhesive defect in the late
myeloid CML progenitor cells (4). As reported by Guba and Emerson (5), we
have found a surface cytoadhesion molecule, LFA3, to be expressed at lower
than normal levels in the CML cell late myeloid progenitor cells. This
deficiency is correctable by exposure to interferon. ,

As shown in Figure 1, we are incubating ficoll hypaque fractionated
mononuclear cells from CML marrow on pre-irradiated allogeneic feeder layers
for two hours. Following this period of incubation, the suspension cells are
rinsed and then the cultures are carried along for 3 to 14 days. Colonies grown
in methylcellulose from cells derived from the marrow normal cell cultures are
evaluated by the polymerase chain reaction (PCR) for Philadelphia chromosome
positive cells.

As shown in Figure 2, we are also currently standardizing conditions
in serum free medium under which the growth of Philadelphia chromosome
positive cells can be inhibited by antisense oligonucleotides to the ber-abl
transcript. We are currently working out the conditions in which both of these
manipulations will result in complete eradication of the Philadelphia
chromosome positive population.

As shown in Figure 3, we have discovered a cytoplasmic phosphatase,
which is increased 50-fold CML myeloid progenitor cells. This phosphatase
opposes the action of interferon on the activation of cytoplasmic precursors of
nuclear transcriptional regulatory proteins of which bind to interferon inducible
Transcriptional Enhancers (6). Were we to find a way of circumventing the
effect of this phosphatase in CML cells, we could develop an approach to
sensitization of CML cells to the in vivo antiproliferative effects of interferon
CML cells. We have already isolated the nuclear proteins which bind to the
transcriptional enhancers of interferon inducible genes (7), and we are isolating
the phosphatase as well.

We have also been studying ways of predicting interferon sensitivity to
alpha interferon (8). This assay measures the sensitivity of cells from CML
patients to the inhibitory effects of interferon on reducing the phosphatase
induced change of nuclear proteins binding to interferon inducible
transcriptional enhancers (8). Eventually, this assay will be used to identify
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CML patients who are sensitive or resistant to interferon therapy so as to permit
the allocation of CML patients to interferon therapy or to a transplant program.

As shown in Table 1, we are approaching the development of
autologous reconstitution by first induction of cytogenetic remission with
chemotherapy, collection of autologous stem cells which are enriched in
Philadelphia chromosome negative cells due to chemotherapy induced
cytogenetic remissions, in vitro fractionation to further enrich the autologous
cells in Philadelphia chromosome negative cells, bone marrow transplantation
with these autologous cells, and interferon maintenance. Hopefully, the
combination of these approaches will lead to more durable remissions in a
(glreater percentage of interferon resistant CML patients who have no allograft

onors.
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AUTOGRAFTING WITH CURATIVE INTENT FOR PATIENTS WITH
CHRONIC MYELOID LEUKEMIA
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R. Keith Humphries, Hans-G. Klingemann, Peter M. Lansdorp,
Donna E. Reece, John D. Shepherd and Allen C. Eaves

Leukemia and Bone Marrow Transplant Program of British Columbia,
Vancouver General Hospital, Vancouver, British Columbia, Canada

INTRODUCTION

Intensive therapy in marrow-ablative dose supported by transplantation
of bone marrow from a suitable donor is the only established curative treatment
for patients with chronic myeloid leukemia (CML) (1-3). The immunological
problems associated with allogeneic bone marrow transplantation (BMT),
however, remain formidable and necessitate age and histocompatibility
restrictions that significantly limit the applicability of this approach (4). For
BMT to have a major impact on CML, it will be essential to make the
procedure safer and available to a much larger proportion of patients.

The results of syngeneic BMT (5) in patients with CML in chronic
phase indicate that ablative therapy alone (i.e., without a graft-versus-leukemia
effect associated with allogeneic BMT) can eradicate the leukemic clone. As
residual Philadelphia chromosome (Ph1)-negative hematopoietic stem cells are
known to persist in many patients (6-8), the use of autologous marrow to
support intensive therapy is an attractive possibility. For this to be effective,
however, a highly selective and efficient procedure for isolating Phl-negative
stem cells free of Phl-positive stem cells is required.

We have previously shown that marrow from most patients with CML,
when used to initiate long-term cultures, is spontaneously and rapidly depleted
of Phl-positive cells, whereas residual Phl-negative hematopoietic cells are
relatively well maintained and frequently become predominant within 4-6 weeks
(7,9). It is presumed that this in vitro "switch" to Ph1-negative hematopoiesis,
which is usually not complete at the level of the more differentiated cell
compartments until after four weeks of culture, reflects a selection in favor of
more primitive Phl-negative stem cells (i.e., cells capable of reconstituting all
blood cell lineages following transplantation) at some earlier time, i.e., within
the first 10 days of culture. In three cases where it was possible to undertake
clonality studies, it was demonstrated that at least some of the Phl-negative
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hematopoietic cells appearing in culture did not belong to the leukemic clone
and hence were presumably normal (10-12).

On the basis of these observations, we initiated a study in 1987 to
evaluate the use of intensive therapy supported by transplantation of cultured
autologous marrow for patients with CML who were ineligible for allogeneic
BMT (Figure 1). In an attempt to ensure that this treatment would be used in
those likely to benefit from it, we "screened" all candidate patients by
examining the behavior in culture of cells from a preliminary sample of their
marrow. This report briefly reviews the results obtained to date.

PATIENTS AND METHODS

The eligibility criteria were that patients be <60 years of age, be in
morphological chronic phase of CML and lack a suitable family member or
unrelated volunteer to serve as a donor for allogeneic BMT. On screening of
the marrow sample, the number of normal (Phl-negative) stem cells present
after an interval of 10 days was assumed to be sufficient if the number of
normal clonogenic progenitors present (i.e., derived from them) after a further
3-5 weeks of incubation in long-term culture (i.e., after a total of 4-6 weeks)
was >2% of the number of clonogenic progenitors found on average in
analogous cultures initiated with marrow from a series of normal individuals.
At the same time, the number of Phl-positive clonogenic progenitors was
required to have decreased to undetectable levels (i.e., to <0.1% of normal
clonogenic progenitor levels). The time for evaluating the clonogenic progenitor
content of the long-term cultures was chosen on the basis of our decision to use
a 10 day culture period for the treatment of the autograft prior to BMT. This,
in turn, was based on previous evidence indicating that this period might be
adequate for most patients (9), as well as initial clinical experience with
cultured marrow from a patient with acute myelogenous leukemia autografted
in Manchester (13).

All suitable patients underwent leukapheresis on a number of occasions,
and buffy coat preparations were cyropreserved to serve as an untreated
reserve. The methods employed for harvesting and culturing the marrow were
as described previously (14). Briefly, 2 x 10" nucleated cells from each patient
were set up in culture, and 10 days later 1.3-3.6 x 10%/kg cells were collected
and infused. In the interval, patients received etoposide 1.8 g/m? X 1,
cyclophosphamide 2.0 g/m? x 3 and TBI 200 cGy x 5 or 6 (3 patients) or
busulfan 1 mg/kg x 16, cyclophosphamide 60 mg/kg x 2 and melphalan 90
mg/m’)X 1 (6 patients) or busulfan 1 mg/kg x 16 and melphalan 90 mg/m? (1
patient).

RESULTS

Ten patients aged 22-59 (median 43) years, 6 in 1st chronic phase
(Group 1) and 4 in accelerated phase or in 2nd or 3rd chronic phase (Group 2),
have been treated with intensive therapy and transplantation of cultured
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marrow. One is still too early post-BMT to evaluate. In all of the other 9,
satisfactory engraftment occurred (neutrophils > 1.0 x 10°/L and platelets > 20
10°/L by median day 31 and 42 post-BMT, respectively,). During the initial
phase of hematopoietic regeneration post-BMT, 100% Phl-negative cells were
detected in 8 patients and 94% in the ninth. In one of the female patients,
clonality studies were possible using methylation analysis of a Bgl 1 restriction
fragment length polymorphism (RFLP) in one of her X-linked PGK genes, as
well as by analysis of the BCR locus. These studies showed that in this patient,
the regenerating hematopoietic cells in vivo, like those produced after 4 weeks
in vitro, showed no detectable cells with a BCR rearrangement and were
polyclonal (12). Two patients (both in Group 2) died; 1 of therapy-related
toxicity and 1 of recurrent blast phase disease, 1 and 4 months post-BMT
respectively. The other seven patients remain well in hematological remission,
with 84-100% Phl-negative marrow cells, 5-33 months post-BMT. Four (3 in
Group 1) have received no further therapy. The other 3 (2 in Group 1) are on
alpha-interferon after detection of 10-16% Phl-positive marrow cells at 12
months post-BMT.

DISCUSSION

In selected patients with CML, the consistent achievement of
Phl-negative hematopoiesis that is subsequently sustained for many months after
intensive therapy and autografting with cultured marrow is gratifying.
Moreover, these findings provide continuing support for the tenet that
transplantable normal hematopoietic stem cells from some patients may be
maintained in culture at useful levels for a period of at least 10 days. These
preliminary results also suggest a potentially important role for this form of
therapy and warrant its assessment in larger numbers of patients. Having
established the feasibility and potential of the approach, our efforts are now also
directed towards the development of modifications to the procedure that might
make it easier to undertake and that could allow patients presently considered
"unsuitable" to meet the current entry criteria.
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FIGURE 1

Autografting in CML using maintenance of marrow cells in culture to
select for Phl-negative stem cells. Marrow is harvested from the patient and
then incubated in tissue culture flasks for 10 days. Meanwhile, the patient
receives intensive therapy at the completion of which the marrow cells are taken
out of culture and infused.
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CHRONIC MYELOGENOUS LEUKEMIA: IN VITRO MARROW
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GRANULOCYTE-MACROPHAGE COLONY-STIMULATING FACTOR
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P. De Fabritiis, A.M. Carella, V. Rizzoli
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INTRODUCTION

Chronic myelogenous leukemia (CML) is a clonal disorder arising from a
neoplastic transformation at the level of the pluripotent hematopoietic stem cell
(1). A characteristic marker of the disease is the presence of the Philadelphia
(Ph') chromosome, which results from a molecular rearrangement involving the
BCR and Abl genes located on chromosome 22 and 9, respectively (2).

Intensive chemoradiotherapy followed by allogeneic bone marrow
transplantation has been shown to be a curative treatment modality for CML
(3). However, this approach - in addition to a high rate of fatal complications
mainly related to graft-versus-host disease - is restricted to <30% of CML
patients, due to age limitations and availability of HLA-identical donors (3).

Experimental as well as clinical data demonstrating the persistence of
functionally competent Ph'-negative hematopoietic stem cells support the
feasibility of autologous bone marrow transplantation (ABMT) in CML (4-6).

The experience of several teams performing ABMT in patients with acute
leukemias using marrow purged with pharmacological agents, suggest the
possibility to use such agents to decontaminate CML marrow (7).

It was the aim of the present study to evaluate the efficacy of an in vitro
purging treatment of CML marrow, based on the combined effect of (a)
mafosfamide and (b) a short-term (7 days) liquid culture phase allowing CML
marrow cells to grow in the presence of recombinant human
granulocyte-macrophage colony-stimulating factor (rGM-CSF).

Based on the observations reported herein, it can be concluded that a
subgroup of CML patients exists which is responsive to chemopurging. As
shown by preliminary clinical data described in the present report, this purging
modality might be useful in clinical practice.
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MATERIALS AND METHODS

Patients

Fifteen patients with Ph'-positive CML were included in this study. Table
I shows the main clinical and hematological data of the patients. Four patients
(nos. 1, 9, 10, 11) were studied at diagnosis and prior to any treatment, the
others had been diagnosed from 1 months to 3 years prior to the time of the
study, and had received prior treatment with hydroxyurea and/or
interferon-alpha. All patients but one were in the chronic phase of the disease
at the time of the study.

Cell Separation Procedures

After informed consent, bone marrow was obtained from patients by
aspiration from the posterior iliac crest at the time of examination for clinical
evaluation. Mononuclear light density bone marrow cells (MNC) were
separated by centrifugation on a Ficoll-Hypaque gradient (density 1.077 g/ml)
at 400g for 40 min at 20C. Interface cells were washed three times and
suspended in RPMI-1640 medium (GIBCO, Grand Island, NY, U.S.A.)
supplemented with 10% fetal bovine serum (FBS, Hyclone, Logan, Utah,
U.S.A.) and 200 mM glutamine (GIBCO, Grand Island, NY, U.S.A.).

In Vitro Purging

MNGCs obtained by density _Fradient separation were counted and their
concentration adjusted at 2x10"/ml. Samples were obtained for direct
cytogenetic analysis while the remaining cells were divided in two aliquots to
be treated with either medium or freshly diluted mafosfamide (Asta Pharma,
Biclefeld, FRG). Treatment with mafosfamide (100 ug/ml) or control medium
was performed by incubating the cells for 30 min at 37C in a water bath with
frequent agitation. The cells were subsequently incubated for 5 min on ice to
stop the reaction, washed twice, and then processed according to the
experimental model depicted in Figure 1.

Suspension Culture

Untreated and mafosfamide-treated MNCs resuspended in RPMI-1640
medium supplemented with 10% FBS and 200 mM glutamine were cultured (1
x 10%ml, 37C, 5% CO,) for 7 days in 75-cM2 tissue culture flasks. Both
untreated and mafosfamide-treated cells were cultured with and without
recombinant human granulocyte-macrophage colony-stimulating factor
(rGM-CSF). At the end of the culture period the cells were harvested and
progenitor cell growth as well as cytogenetic and immunological parameters
were assayed.

Clonogenic Assay

The clonogenic cell content of each sample was assayed prior to and after
suspension culture.  The assay for pluripotent colony-forming units
(CFU-GEMM), erythroid bursts (BFU-E), and granulocyte-macrophage
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colony-forming units (CFUGM) has been previously described (8). Briefly,
5x10* untreated or mafosfamide-treated MNCs were plated in 35mm Petri
dishes in 1ml aliquots of Iscove’s modified Dulbecco’s medium (IMDM, Miles
Laboratories, Naperville, IL, U.S.A.) containing: 30% FBS; 5 x 10° M
2-mercaptoethanol; and 0.9% (wtv) methylcellulose. Cultures were stimulated
with a mixture of human recombinant colony-stimulating factors (CSF):
interleukin-3 (IL-3, 10 ng/ml), granulocyte-CSF (G-CSF, 10 ng/ml),
granulocyte-macrophage-CSF (GM-CSF, 10 ng/ml) and erythropoietin (1
U/ml). Recombinant IL-3, GM-CSF, G-CSF and erythropoietin were
generously provided from Genetics Institute (Boston, MA, U.S.A.) and Amgen
Inc. (Thousand Oaks, CA, U.S.A.). All colony-stimulating factors were used
at optimal concentrations, as determined in preliminary experiments. To allow
a direct comparison of the progenitor cell content of each sample prior to and
after liquid culture, a fraction of each sample, corresponding to a fixed number
of cells present in the liquid culture on day O, was removed and incorporated
into clonogenic assays identical to those plated prior to the suspension phase,
i.e., the cells were replaced by volume. Thus, no correction was made for cell
death or proliferation. After incubation for 14 days at 37C in a humidified
atmosphere supplemented with 5% CO,, the cultures were examined with an
inverted microscope. Four dishes were set up for each individual data point per
experiment. Mixed colonies (CFUGEMM) defined as containing at least
erythroid and granulocytic cells by their in situ appearance, erythroid bursts
(BFU-E) with more than 500 cells and granulocyte-macrophage colonies
(CFU-GM) with more than 40 cells were all scored from the same plates.

Cytogenetic Analysis

Cytogenetic analysis and GTG-banding techniques were performed in each
case prior to and after suspension culture according to standard methods.
Patients showing >30% Ph'-negative metaphases were considered responsive
to the purging procedure.

Surface Marker Analysis

Phenotypic analysis was performed by indirect and direct
immunofluorescence using a Coulter EPICS-Profile II flow cytometer. The
following monoclonal antibodies were used: MY10 (gently provided by Prof.
C.I. Civin, John Hopkins Oncology Center, Baltimore, U.S.A.), B73.1 (gently
provided by Dr. B. Perussia, Wistar Institute, Philadelphia, USA) and IL2-Rl
(Coulter, Hialeah, USA).

Proliferation Assay

To assay proliferative activity of untreated and mafosfamide-treated MNCS,
5x10* cells in 200 ul were cultured (37C, 5% CO,, 7 days) in 96-well,
flat-bottomed microculture plates (Costar) in the same complete medium used
for suspension cultures. Recombinant GM-CSF was added in the appropriate
samples. Calls were pulsed with 2 uCi/well of [*H]-thymidine during the last
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six hours of culture and were harvested with an automated harvester onto glass
fiber filters. The radioactivity was determined by liquid scintillation counting.

Statistical Analysis

Statistical analysis was performed with the statistical package Statview
(BrainPower Inc., Calabasas, CA, USA) run on a Macintosh Plus personal
computer. The significance of changes in the percentage of Ph-negative
metaphases between samples was evaluated in each patient by the chi-square
analysis.

RESULTS

Table II shows the growth of CFU-GEMM, BFU-E. and CFU-GM from
untreated and mafosfamide treated CML marrow cells. Mafosfamide induced
a nearly complete suppression of colony growth in all patients studied. In
addition, the progenitor cell content of each sample was evaluated prior to and
after suspension culture. This analgsis was performed by replacing marrow by
volume with no correction made for cell death or proliferation and failed to
reveal any amplification of clonogenic compartments due to the presence in the
liquid phase of rGM-CSF (data not shown).

Table III summarizes the results of cytogenetic analysis performed in the
15 patients studied prior to and after suspension culture of marrow cells treated
with mafosfamide. Seven of fifteen cases showed 100% Ph!-positive
metaphases in the bone marrow on direct cytogenetic analysis. In the remaining
cases the percentage of Ph'-positive metaphases on direct cytogenetic analysis
ranged from 47 to 90%. By definition, patients showing <30 Ph!-negative
metaphases were considered responsive to the purging treatment. Based on this
criterion we could identify two groups: group I including six cases (nos. 1-6)
which were responsive the purging procedure, and group II including 9 cases
(nos. 7-15) which were unresponsive. Group II included 3 out of 4 patients
studied at diagnosis and prior to any treatment. Among unresponsive patients
were included cases nos. 7, 12, and 13 who showed 53%, 37% and 37%,
respectively, of Ph'-negative metaphases on direct cytogenetic analysis but
failed to reveal any significant increase of these percentages. In the group of
responsive patients the mean (+/-SD) value of Ph!-negative metaphases on
direct cytogenetic analysis was 10%(+9). This value could be increased to
34% (+17) after suspension culture, 46% (1-26) after suspension culture with
rGM-CSF, 53% (+12) after mafosfamide treatment and 63% (+29) by
combining mafosfamide treatment and suspension culture with rGM-CSF.

Table IV shows changes in proliferative activity due to mafosfamide and
rGM-CSF. All patients revealed a significant increase of *H-thymidine due to
rGM-CSF stimulation. Interestingly, mafosfamide induced a nearly complete
suppression of proliferative activity only in cytogenetically responsive patients
but usually failed to induce any suppression in cytogenetically unresponsive
cases.
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On the basis of these observation, four patients have been autografted with
mafosfamide-purged marrow. In two cases Ph!-positive cells reappeared 5 and
7 months after ABMT and remain as a minor population 24 months following
transplantation in one patient, while the other evolved into blastic crisis 18
months following ABMT. In the third case, Ph!-positive cells were not detected
for 6 months and their reappearance 9 months after ABMT was followed by
blastic transformation. The fourth case is Ph!-negative 8 months after ABMT.

DISCUSSION

Clinical as well as experimental evidences support the existence of Ph!-
negative, polyclonal hematopoietic stem cells in the majority of patients with
CML. It seems therefore attractive to comsider autologous marrow
transplantation as an alternative therapeutic strategy for CML patients in
chronic phase. ABMT should represent a procedure able to delay the onset of
blastic transformation by inducing a period of Phl-negative hematopoiesis or by
reducing the size of the leukemic stem cell compartment.

The methodological approach described herein is based on the combination
of a chemical purging with the cyclophosphamide derivative mafosfamide and
a liquid culture purging, recently shown to be effective for isolating
Ph'-negative stem cells (9). In addition, CML marrow cells were exposed
throughout the suspension culture phase to rGM-CSF, known to act at an early
stem cell level (10).

The negligible number of colonies growing in semisolid culture following
mafosfamide treatment made it impossible to study cytogenetic changes at the
level of progenitor cell compartments. Therefore, all mafosfamide-induced
cytogenetic modifications - reflecting events involving the proliferating cells -
were obtained from cells growing in suspension cultures. To allow a direct
comparison, all samples were analyzed gy means of a similar approach.

According to data reported by the Vancouver group (11), the short-term
suspension culture phase allows the emergence of Ph!-negative cells. The use
of rGM-CSF to enhance cell growth following mafosfamide treatment represents
an intriguing issue. However, cytogenetic analysis performed following
suspension culture as well as the evaluation of clonogenic cell content of liquid
samples stimulated with rGM-CSF demonstrated that this factor is not able to
selectively stimulate Phl-positive CML cells. Indeed, in some of our cases
RGM-CSF "per se" was able to preferentially stimulate the proliferation
Ph!-negative cells (Table IIT).

Mafosfamide was effective in inducing the reappearance of Ph'-negative
cells in 6 of 15 patients studied. With the exception of case no. 1, all the
responsive cases were previously treated, i.e., they had been exposed in vivo
to cytoreductive therapy able to reduce the size of the leukemic compartment.
A complete disappearance of Ph'-positive cells was observed only in one case
(no. 6). In addition to cytogenetic changes, mafosfamide induced immunologic
modifications, such as increased expression of the natural killer cell marker
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A complete disappearance of Ph'-positive cells was observed only in one case
(no. 6). In addition to cytogenetic changes, mafosfamide induced immunologic
modifications, such as increased expression of the natural killer cell marker
B73.1 and the IL2rec, that might play a relevant role by triggering
immunological antileukemic activities.

Taken together these data allow to hypothesize that mafosfamide
preferentially exerts its marked cytotoxic effect on leukemic cells, thus
facilitating the reappearance of previously dormant Ph!-negative cells that - at
least in a subset of patients - might become the predominant hematopoietic
population.

Based on these observations, a pilot study has been carried out in vivo to
evaluate the effect of autograft CML patients in second chronic phase with
mafosfamide purged marrow. All four patients transplanted so far achieved a
Ph! chromosome negative phase ranging from 5 to 9 months. Two of these
patients underwent blastic transformation 9 and 18 months following ABMT,
respectively. Of the remaining, one has a minor po?ulation of Ph!-positive cells
24 months after ABMT, while the other is still Ph'-negative after 8 months.

The Ph'-negative phase observed in all our patients implies that
mafosfamide purging is effective in reducing the size of the malignant clone and
might induce through its cytotoxic and immune actions a modification of the
balance between leukemic and normal clones.

Although limited, the present results are encouraging. More extensive
studies are required to optimize the ex vivo purging procedure. In order to
increase the therapeutic index of mafosfamide, we are currently investigating
the possibility to "prime" CML marrow cells with colony-stimulating factors
and then purge them. Similarly, a larger group of patients with CML in first
chronic phase is required to evaluate the relevance of a combined purging
technique.
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TABLE 1
s Clinical and hematological data of the patients at the time of the
Casey Age/Sex  Clinical Peripheral Blood Bone Marrow  Previous
Status Therapy
Hb Pt WBC  Cytogenetic
g/dl x109  x109/L (% Ph-positive)
1. 49/F cP 11.7 488 80 100 no
2. 48/M cp 137 155 4.5 80 HUWABMT
3. 28/ cP 147 240 8.1 90 N
4, 3TM 2ndCP 15 180 8.8 90 IFNCT
5. 41UM cP 157 288 11 100 HUAFN
8. A8/F cp 122 158 3.9 80 IFN
7. 43M cp 13.4 138 8.4 47 IFN
8. 21M ce 158 348 47 100 HU
9. 35/F (o] 8.0 314 275 100 no
10. 8a/M cP 10.0 927 898 100 no
11. samM cP 140 627 81 100 no
12. 24M cP 159 3238 77 83 HUAFN
13, AS/M cP 142 298 8.7 63 IFN
14. 3am ceP 10.8 753 19 88 HUAFN
18, 3aM 2ndCP__ 9.3 97 3.0 100 HUAFN/CT

HD, hemoglooin; Plt, platelet counts; WBC, white blocd cell counts; CP,
ABMT, autolcgous bone marrcw transplantation; HU,
hydroxyurea; IFN, interferon-alpha; CT, chemctherapy.

chreonic phase;
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TABLE 2
Progenitor cell growth from untreated and mafosfamide-treated
marrow cells
Patient Untreated Cells * Mafosfamicde-Treated Cails *
no. CFU-GEMM BFU-E CFU-GM CFU-GEMM BFU-E CFU-GM
1 31 25:5 122=10 0 11 1123
2 1£0.25 82 23221 0 0 o}
3 41 44315 224319 0 11 85
4 0 5+1 804 0 0 2+0.5
5 0 1623 32+2 0 121 71
8 NE NE NE NE NE NE
7 3£0.5 243 9120 0 0 21
8 0 306 181:3 0 0 0
] 0 0 4023 0 0 =1
10 NE NE NE NE NE NE
11 T 6St5 884 0 11 32
12 NE NE NE NE NE NE
13 0 27+5 4225 0 0 0
14 0 0 176%10 0 0 204
15 31 242 265=9 0 0 194

* £ach value represents the mean (*SC) number of progeniters per S x 104
mononuciear celis plated
NE, not evaiuated
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TABLE 3

Percertage (and absolute number) of Ph1-negative metaphases in
bone marrow samples prior to and after suspension culture.

CASE Direct BM| Control GM-CSF Mafosfamide Mafosfamide +
GM-CSF

1. 0(10) 24(17) 18 (22) 47° (19) 18(17)
2. 20(50) | 30(10)  80°(10) €0° (10) 70" (10)
3. 10 (10) 50(100  77(11) 50 (3) 71°M
4. 10 (31) 140 18 (11) 50° (24) 75° (15)
5. 0(10) 27 (15) 31(13) 37(8) 428 (12)
8. 20 (30) 58(19) 70 (30) 738 (1) 100" (30)
7. 53(15) 59 (32) 81(21) 67 (15) 62 (24)
8. 0(20) 9(22) 11 (58) ne 27 (11)
9. 0(®) 0@ 0(12) 0(2) ne

10. 0(10) 0(5) 0(21) 0(10) 015
1. 0(20) 0(25 0(18) 0(10) 0(18)
12, a7 (@) am a1 (16) ne ne

13. 37 (8) Q(13) (21 ne e

14, 1217 1@n 1022 8(19) ne

15. 0(10) 12(8) ne 8(12) ne

ne = no analysable metaphasa

§ Increases in the percentages of Phl-negative metaphases were
statistically significant {p <0.05) ‘

® Increases in the percentages of Phl-negative metaphases were
statistically significant (p <0.01)

* Increases in the percentages of Phl-negative metaphases were
statistically significant (p <0.001)
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TABLE 4

3H-thymidine Incorporation by CML marrow cells treated with
mafosfamide and culitured for 7 days with and without rGM-CSF

Cass Control GM-CSF  Mafostamide Mafostamide +
GM-CSF
1. 1,565 * 4,775 244 321
2 1,580 7,972 160 1,680
3. 6,186 13,587 293 862
4. 2,679 8,179 2,332 3,218
5. 2,961 12,935 603 1,834
6. ne ne ne ne
7. ne ne ne ne
8. 6,383 17,2386 143 218
9. 5,902 7,506 458 277
10 853 1,545 4,325 4,189
11. 3,648 9,858 3,803 2,386
12 1,660 5,437 1,820 2,321
13. ne ne ne ne
14. 2,970 9,437 1,606 3,236
18. 2,630 13,679 3.841 10,437

* Ceunts per minute (mean from niplicats well); ne, not evajuawed;
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FIGURE 1
Schematic illustration showing the experimental design for CML
marrow purging.
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