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ABSTRACT

Bone marrow recurrence of adult acute lymphoblastic leukemia is typically an aggressive and
most often rapidly fatal condition, an ideal setting for testing the latest research developments and
experimental therapeutic options. Here we review recurrence mechanisms and treatment possibili-
ties in order to identify the most appropriate clinical conduct. Choice of retreatment drugs and
their dosages, related or unrelated donor bone marrow transplants, autologous peripheral blood
stem cell transplants, immune manipulations, reversal of drug resistance, and restoration of apop-
tosis are all part of an integrated short-term therapeutic and decisional network to be developed for

specific patient and disease prognostic subgroups.
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ing management options for adult recurrent

acute lymphoblastic leukemia (ALL), from
conventional chemotherapy to the latest
research developments. The compelling reasons
for tackling this subject are exemplified by the
ever increasing number and complexity of
reportedly effective therapies and the lack of a
general consensus on specific retreatment phas-
es and modalities. To facilitate the reader’s
understanding, we will first define the clinical
and biological issues underlying the problem of
recurrence (section 1), then analyze in detail
known retreatment results by therapy type and
intensity (section 2) and, finally, discuss the
case and the indications for a revised strategy
based on available traditional and investiga-
tional therapeutic weapons (section 3).

In this survey we discuss the role of all exist-

Nature of the problem

The relevant facts

ALL in people aged 15 to 60 years is chemo-
curable in approximately 20-30% of cases using
moderately aggressive front-line treatments.'

The therapeutic intervention is biphasic: a
complete remission (CR) must be achieved
first, and secondly, recurrence must be avoided.
The concept of cure refers to a patient who is
alive and well, leading a normal life, in first
unmaintained remission five to ten years after
ALL diagnosis. A recurrence beyond that point
is rare though possible;* nonetheless, it seems
impractical to extend beyond five years the
minimum length of follow-up needed to
declare a patient at great risk for cure. It is also
possible that with modern highly intensive pro-
grams the frequency of late relapses will be
reduced with respect to older trials, as was
observed in a recent large French study in
patients undergoing high-dose chemo-radio-
therapy followed by either allogeneic or autolo-
gous bone marrow transplantation.’

Treatment failure is caused by either a prima-
ry refractory disease or, much more commonly,
by a recurrence. Bone marrow relapse is the
major reason for treatment failure. In a review
we performed on the long-term outcome of 269
patients,’ bone marrow relapse was by far the
predominant adverse event affecting prognosis
(Figure 1). Relapse in the central nervous sys-
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1 Alive in first CR 21%
FAILURES:
2 Bone marrow relapse 36%
3 Induction death 16%
4 Refractory to induction therapy 13%
5 Central nervous system relapse 6%
6 Death in remission 4%
7 Relapse in other site (skin, testis, eye) 3%

Figure 1. Outcome and reasons for failing front-line therapy in adult ALL
(adapted from ref. #3). Failure is defined as death by any cause or recur-
rence in any site.

tem or in other sites, such as the testis, is now of
less concern than in the past as a result of
increasingly effective prophylactic measures
and an overall intensification of treatments.
Henceforth, we will refer only to bone marrow
recurrence of adult ALL.

Risk factors

Many reasons for relapse have been identified.
Higher recurrence rates have been variously
associated with hyperleukocytosis >30-50
x10°/L, advancing age, chromosomal aberra-
tions [in particular t(9;22); t(4;11); t(8;14)], late
achievement of CR, T-cell/pro-T-cell (CD7", E-
rosette-negative) and pro-B-cell (null) immu-
nophenotype, co-expression of myeloid anti-
gens and the stem-cell CD34 antigen, FAB L2
and L3 morphology, and bulky or extra-
medullary disease."*"* Recent experience howev-
er suggests that previous high-risk situations
may benefit from treatment intensification or
drug tailoring, as in the case of T-ALL receiving
early therapy with cyclophosphamide, cytara-
bine and podophyllotoxins.'

The first adverse prognostic factors (APF) to
be recognized were almost exclusively clinical,
and links with the intrinsic nature of the disease
were ignored for a long while. A step forward
came from the joint analysis of ALL cell immu-

nophenotype, karyotype and gene rearrange-
ment studies. By combining morphology,
immunology and cytogenetic study results
(MIC), discrete ALL entities having different
clinical and prognostic behavior can now be
identified.” The number and complexity of
known APF make it very difficult to ascertain
which of them is ultimately responsible for
treatment failure in individual patients, but
exceptions occur as with t(9;22)-positive ALL,
which is invariably associated with ALL re-
growth and chemotherapy failure.

Lately, interest in prognostic factors and
recurrence-related problems has been revived
by new insights. For the sake of clarity and
brevity, we will refer solely to those conceptual
and research developments for which clinical
application is foreseeable within a reasonable
lapse of time in a sufficiently large patient pop-
ulation.

First, ALL diagnostic features, namely the
immunophenotype and cytogenetic profile,
have been documented to change from presen-
tation to relapse in some cases,'" in line with
the hypothesis of clonal evolution towards a
more aggressive disease. This issue is still much
less understood in adult ALL than in the child-
hood disease.'*"” Sometime the phenotypic shift
involves a totally different, drug-related sec-
ondary leukemia rather than a clonal evolution
at relapse.” It is unknown whether indications
for and response to retreatment may differ
from the others in ALL cases undergoing a phe-
notypic shift at relapse. Exact identification of
the leukemic clone at relapse is clinically rele-
vant in order to select the most appropriate sal-
vage treatment and to obtain useful information
for subsequent monitoring of the disease.
Methodologic options for detecting and moni-
toring minimal residual disease (MRD) include
conventional cytogenetic techniques, fluores-
cence in situ hybridization (FISH), flow cytome-
try, polymerase chain reaction (PCR) on genetic
abnormalities or gene rearrangements, and
colony assays."” Although the practical value of
these techniques is presently undetermined and
limitations exist regarding methodologic aspects
and sensitivity levels, MRD research is expected
to help unravel the biology of persistent disease,
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the mechanisms and timing of recurrence, and
eventually to have a positive impact on thera-
peutic choices. A novel and potentially very use-
ful tool for predicting early relapse was recently
described."” Mice with severe combined immuno-
deficiency (SCID) were inoculated with
leukemic cells from high-risk B-lineage ALL
patients. Spontaneous ALL growth in SCID
mice was significantly associated with a high
risk of relapse (64%) and low 5-year event-free
survival (29%) in the patients, whereas recur-
rence was noted in only one out of 19 patients
(5%) whose ALL cells did not cause histopatho-
logically detectable leukemia in SCID mice.

Second, besides traditional host- and disease-
related APF, reduced application of chemother-
apy programs and undue reductions of stated
dose intensities for some drugs were shown to
facilitate recurrence.”** Despite the fact that
this risk has been underscored by undisputed
authorities in the past,” it has all too often been
ignored due to a lack of self-criticism.

Third, the interactions between minimal
residual disease and host immunocompetent
cells, namely spontaneously non-HLA-restricted
cytotoxic cells, are now better understood.
These cytotoxic cells can be activated and
expanded in vitro as well as in vivo, principally
by interleukin-2 (IL-2).** Pathogenetic links
have been postulated between recurrence (pro-
gression) and inadequate cytotoxic response in
the host. It is still not known whether artificially
enhanced lymphokine-activated-killer cell
(LAK) activity could be a valid adjunct to classi-
cal chemotherapy in adult ALL.”

Apoptosis and drug resistance

Other new lines of research involve apoptosis
and drug resistance studies. Apoptosis, or pro-
grammed cell death,” is altered in many human
neoplasms, including leukemias, in relation to
dysregulated expression of one or more of the
cellular genes involved. Reduced apoptosis con-
fers a survival advantage on the neoplastic cell
population. As specifically regards ALL, an
apoptotic-like mechanism was suggested to
facilitate the clearing of residual ALL cells in
patients receiving continuous low-dose stan-
dard maintenance.””* Recently, mutations in

the apoptosis-related p53 gene have frequently
been detected in Burkitt-type ALL at presenta-
tion” and in relapsing T-ALL refractory to sal-
vage chemotherapy,” whereas overexpression of
the bcl-2 gene has been found to be associated
with glucocorticoid-dependent apoptosis resis-
tance in lymphoid cell lines.”

Attempts at restoring altered apoptosis were
initiated with antisense BCR-ABL oligonu-
cleotides in a Philadelphia chromosome-posi-
tive lymphoid cell line,” and with interleukin-4
(IL-4) in high-risk ALL cells cultured in vitro.”
The preliminary experimental and clinical
background certainly warrants further study in
recurrent disease.

The observation that most chemotherapeutic
agents may work through induction of apopto-
sis raises the strictly related problem of drug
resistance. Several types of drug resistance to
current anti-ALL drugs have been described,
which were sometimes found to prevail at or to
predict relapse. The most studied mechanism
of P-glycoprotein (Pgp)-mediated multi-drug
resistance (MDR) (mdr-1 phenotype)>™?* is
under re-assessment because of the serious
technical pitfalls concerning its histochemical
demonstration and also because other impor-
tant mechanisms are being elucidated: MDR-
associated protein (MRP), LRP, topoisomerase
II/1, glutathione S-transferase.”®*’ It has been
suggested that p53 gene mutations and over-
expression of the bcl-2 gene could eventually
account for true MDR in human tumors,
including leukemias.”* For practical purposes,
in vitro documentation of drug-resistance
should rely on a functional laboratory test that
encompasses all the existing pathogenetic pos-
sibilities and possibly reflects or predicts the
clinical behavior of the disease. Both MTT and
DiSC are short-term functional assays able to
quantify the degree of cell growth inhibition
inducible by drugs, regardless of the underlying
drug-resistance mechanism, and have been test-
ed with some success in childhood ALL.** The
major obstacle with these assays is represented
by the difficulty in maintaining ALL cells in a
proliferative state in vitro. There is virtually no
information concerning MTT/DiSC predictive
power in adult ALL clinical studies. Direct
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assessment of the subcellular distribution and
DNA incorporation of drugs could be another
complementary way for the pretreatment iden-
tification of drug resistance. This possibility has
already been exploited with anthracyclines and
Ara-C in acute myeloid leukemia (AML).*"*

Overcoming drug-resistance is under active
scrutiny at many Institutions. Although this
strategy is still in its infancy and evaluation of
clinical toxicity is in an early phase, encouraging
results have been reported, almost exclusively in
poor-risk AML, using inhibitors of Pgp-mediat-
ed anticancer drug transport and metabolic sig-
nal transducers, such as verapamil, cyclosporin-
A, cremophor EL and staurosporine,”* or with
drugs affecting topoisomerase II, topoisomerase
I, and other non-Pgp-mediated MDR mecha-
nisms.* Interestingly, in one study cyclosporin
A enhanced the effects of an anti-CD5 ricin A-
chain immunotoxin against a T-lymphoblastic
cell line.”' The problem of drug resistance and its
reversal by modulators needs to be worked out
entirely in recurrent ALL.

A literature overview

Aims and methods

Obtaining detailed knowledge from past expe-
rience is a necessary step towards the identifica-
tion of the best retreatment strategy. Although
recurrence may eventually concern about 60%
of all patients obtaining a CR, retreatment of
adult ALL has not attracted great interest in the
recent medical literature, probably because of
the shortage of active anti-ALL drugs and the
uniform paucity of results. The most recent
review article, reporting on 41 trials published
up to 1992, focused mainly on the second
remission induction phase.” Here we consider
58 total reports in the form of full papers or suf-
ficiently detailed abstracts that consider remis-
sion reinduction and consolidative treatment
phases separately.”""” This is not a meta-analysis
because of the heterogeneous criteria adopted in
these reports with regard to patient selection,
demographic features, disease stage, study defi-
nitions and data presentation. Only adults aged
15 years and older who initially relapsed in the

bone marrow were considered. Primarily refrac-
tory patients, second or third recurrences, chil-
dren, extramedullary relapses, and AML cases
from studies on both AML and ALL were
excluded whenever possible. The percentage of
pediatric cases present in some key references
was reported. To highlight response-oriented
treatment principles, data analysis and statistical
comparisons were made between groups rather
than single studies. The guidelines used for
selecting retreatment groups included drug
number (one, two, three or more drugs, exclud-
ing corticosteroids, that were adopted by almost
all programs), type (anthracyclines, mitox-
antrone, acridinyl anisidide or AMSA, alkylating
agents, anti-metabolites, plant alkaloids, other
agents) and dosage (conventional or high).
Results of postremissional therapy were ana-
lyzed with reference to the following choices:
none or not specified, conventional prolonged
low-dose maintenance, reinduction or consoli-
dation courses, any combination thereof, and
allogeneic or autologous bone marrow/blood
stem cell transplant (BMT/BSC) procedures.
Response rates were compared using the chi-
squared test with Yate’s corrections.

Remission reinduction

Response to reinduction programs varied
widely. Overall, the principle was established
that more was better, and that some drugs or
drug combinations were superior to others
(Table 1). Conventional-dose single-agent
treatments, essentially with anthracycline-like
drugs, resulted in a rather low probability of
success, which improved considerably (up to
50% overall) when other agents were added. In
this context the activities of idarubicin, mito-
xantrone and AMSA were roughly superimpos-
able. A carboplatin-etoposide combination was
ineffective in a small patient group.” Results
with high-dose therapy using alkylating agents
were similar to conventional-dose therapy,
whatever the drug combination. Because high-
dose regimens were mainly based on high-dose
Ara-C, the role of this drug was examined in
detail. With single-agent high-dose Ara-C,
response was only 28% and was not increased
by the addition of L-asparaginase; however, all
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Retreatment drugs™* #of studies  CR#(%)  p-value® References
(total # of pts)
Conventional dose, by drug type and number
ANT monotherapy 7(81) 20 (25) — 53-59
ANT in association 10 (183) 87 (47) 0.0001 54,60-68 Table 1. Reinduction results by drug type
Association without ANT 6 (110) 47 (43) 0.007 (NS) 69-74 dosage, and number. '
Any two drugs 9(119) 47 (39) 0.02 (NS) 54,60,62, 67-69,71, '
12,74 Legend.

Three or more drugs 7(174) 87 (50) 0.0000 (0.002) 61,63-66,70,73 *ANT. anthracyclines (including AMSA and

. mitoxantrone if not otherwise specified); Ara-
Higi h-d_use, by drug type and number C, cytosine arabinoside; ASP, L-asparaginase;
Alkylating agents (+ other) 4 (54) 25 (46) ND 69,75-77 VCR, vincristine: POD, podophyliotoxins
AraAgl:Dmonothera Py ;0(2((1]?6) 20(3%?) E ;g'gg (etoposide and teniposide); AMSA, acridinyl

+VCR POD 3(32) 16 (50) 002 87'90 91 anisidide; MTN, mitoxantrone. Predniso-

: ANT 3(81) 40 (49) 0' 009 92' 9 4' lone/prednisone were omitted because includ-

’ g ed in all studies at variable dosages.

T o) smEm 0o 103106 rferene grop s mared  igues i

“+two or more drugs A7) 7706 0.0000 107-110 paronthisR e {0 corparison WD iie-
Any one drug 11(109) 32029  — 73,75-84 igrely ”’.;‘;’."e ’t”g 5”7””' » 0% aome; 15,
Any two drugs 22(364)  177(48)  0.0001 72,74,84-103 REgsEhieant p vaie.
Three or more drugs 5(128) 83 (65) 0.0000 (0.002) 66,104-107
High-dose Ara-C+
any one drug 20 (324) 160 (49) 0.0002 84-103
any two or more drugs 4(117) 77 (66) 0.0000 (0.003) 104-110

other drugs added to high-dose Ara-C
appeared to act synergically, improving this fig-
ure significantly. The best results, almost with-
out exception, were obtained when two or three
agents were added to intermediate/high-dose
Ara-C. Additional drugs used were anthracy-
clines, mitoxantrone, AMSA, spindle venoms,
and podophyllotoxins. Nonresponders died of
either refractory ALL or pancytopenic compli-
cations. The incidence of treatment-related
deaths correlated directly with retreatment
intensity, and inversely with the antileukemic
effectiveness of study combinations.

Table 2. Postremission chematherapy results.

Postremission chemotherapy

Patients entering second or late CR were given
a variety of postremission regimens and, when-
ever possible, were chosen for allogeneic BMT.
Four postremission chemotherapy groups were
identified: none or not reported; conventional
maintenance using methotrexate and thio-
purines or other unspecified drugs; short-term
reinduction courses with induction-like
drugs/regimens; variously intensive multi-drug
consolidations with or without reinduction and
maintenance pulses (Table 2). Apparently, CR
durability was not significantly affected by type

Treatment program™ # of studies CR range (mos.) Survival References
(total # of patients) range (mos.)
None/not specified 12 (176) 2-10 2-14 43,56, 62,63,68,76,77,83,
90,95,96,106
Maintenance 6 (90) 3-8 3-9 54,60,61,75,89, 94
Reinduction 5(76) 2-4.5 - 57,69,71,72,86
Consolidation = reinduction + 12 (277) 3-8 5-11 64,65,70,87,96,97,101,102,

maintenance

104, 107,109,110

*In order of increasing intensity.
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or duration of postremission chemotherapy, so
that longer disease-free intervals could not be
clearly attributed to the most intensive or pro-
longed of the programs examined. However, it
has to be emphasized that more aggressive
retreatment regimes were generally reserved for
patients failing recent, very intensive front-line
programs, which presumably reflects a higher
incidence of drug-resistant phenotypes and
other APFE. Long-term (two years and over)
response rates with chemotherapy only were
hardly above 10%, with a subsequent relapse
occurring in the majority of patients after 3-6
months. The early finding that outcome was
better when the prior remission lasted 18
months or longer was confirmed in some but
not all studies, and might still represent a useful
prognostic indicator. Remission inversion
occurred when a remission longer than the pre-
vious one was achieved. The clinical meaning of
inversion is potentially relevant but remains
undetermined because of the lack of long-term
updates in most of the studies.

Allogeneic bone marrow transplantation
Allogeneic BMT can induce durable remis-
sions in relapsed adult ALL (Table 3). At pre-
sent, this seems to be the only way a cure can be
achieved in some patients. With allogeneic
BMT, effective salvage was obtained in 10-45%

Table 3. Allogeneic BMT results (minimum 20 patients).

of cases, the average current figure being 25-
45% as recently reviewed."”"* In many of these
reports the results obtained in children were
not clearly separated from those of the adults.
Results were generally better in second CR
patients than in those with refractory disease or
in late CR, confirming the importance of an
adequate reduction of the leukemic burden
before transplant. Partially matched related
donor and matched unrelated donor (MUD)
allogeneic BMT were also shown to offer sur-
vival possibilities,'”"** though the success rate
remains lower than with matched siblings.
Patients relapsing after BMT can still undergo a
second transplant, but again the probability of
survival is reduced.” The crucial points about
allogeneic BMT are that many patients do not
have a suitable related marrow donor, that
MUD are very infrequent, and that prompt
patient referral to transplant centers may be
delayed for a variety of reasons, e.g. unresolved
infections, other medical contraindications,
logistical problems. The risk of further recur-
rence increases greatly if BMT is performed
beyond three months from achievement of
remission.

Autologous bone marrow transplantation
To obviate in part the shortcomings relative to
allogeneic BMT, an autologous source of hema-

Author, year (ref.) #of pts % DFS Notes
at 3-5 years
Dinsmore, '83 (111) 28 65 Percent children not reported
Blume, '85 (112) 30 46 Percent children not reported
Van Lint, '86 (113) 25 32 Including children
Herzig, '87 (114) 208 22 Age range 1-47 years (median 19)
Kersey, '87,'92 (115,116) 88 33 12% in 1 CR at high-risk, age 4-48 years (median 15)
Gratwhol, 88 (117) 442 34 Including BMT in 3"/4" CR, age range 1-47 years (mean 18)
Barrett, '89 (118) 391 26 Age range 1-49 years (median 15)
Wingard "90 (119) 36 43 Including children
Doney, 91 (120) 43 10 Age range 18-50 years
Buckner, '92, (121) 192 12/15 Relapse/second or later CR, median age 23 years
Bortin, '92 (122) 420/921 23/38 At relapse/second or later CR
Copelan, '92 (123) 30 42-13 By risk group, age range 15-42 years (median 23)
Weyman, '93 (124) 63 42 12% in 1 CR, 70% <16 years

CR: complete remission; DFS: disease-free survival.
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topoietic stem cells was considered as an alter-
native means of supporting supra-lethal chemo-
radiotherapy. In most of these studies, the autol-
ogous marrow harvest underwent ex vivo
immunological or pharmacological manipula-
tions in order to eliminate residual clonogenic
ALL cells prior to in vivo reinfusion. These
manipulations are technically cuambersome and
lack standardization; moreover, there is no defi-
nite proof that they render the autologous graft
leukemia-free. A good correlation between the
pretrasplantation leukemic burden in the remis-
sion patient’s bone marrow and clinical out-
come was reported,” underscoring the need for
effective consolidation treatment equivalent to
in vivo purging before marrow collection.
Results with purged autologous ABMT were
intermediate between chemotherapy and allo-
geneic BMT studies (Table 4). In a recent and
relatively large GIMEMA/AIEORP trial directly
comparing chemotherapy and allogeneic or
unpurged autologous BMT in a rather young
patient population (median age 14 years), over-
all results were unsatisfactory regardless of the
treatment arm and, specifically, there was no
difference between chemotherapy and autolo-
gous BMT.”

Autologous blood stem cell transplant

Experience with autologous blood stem cells
(BSC) in relapsed ALL patients is still anecdo-
tal.”® Early results were in the autologous BMT
range, at least suggesting further exploitation of

Table 4. Autologous BMT results (minimum 20 patients).

this strategy. The indications, principles and
limits of BSC autotransplants in leukemia
patients were recently reviewed."” The thera-
peutic value of this rapidly expanding tech-
nique as compared to that of autologous BMT
is unknown, as is the very important issue of
residual disease contamination of ABSC.
Contrary to early thoughts, 1-2x10°/kg CD34"
BSC, or even less, may be enough to sustain an
adequate hematological recovery in lymphoid
malignancies,”* perhaps reducing the risk of
contamination. Exceptions to this may occur
with heavily pretreated subjects.”” In addition,
ways of selecting definitely nonleukemic CD34*
stem cells may soon be at hand for both mar-
row and BSC."*

Preliminary evidence from pilot studies in
Philadelphia-positive ALL indicated that both
bone marrow immunomagnetic purging and
BSC collection may sometimes result in a
decreased BCR-ABL rearrangement signal, as
detected by the sensitive polymerase chain reac-
tion, with respect to baseline and bone mar-
row."""** A recent small trial confirmed the fea-
sibility of this approach in this ALL subtype at
recurrence, with one disease-free survivor at 18
months from among five initial responders.'
Similar conclusions were drawn in childhood
ALL when sensitive, prospective monitoring of
gene rearrangements in peripheral blood leuko-
cytes was employed.'* Results in unselected
adult patient series are awaited with interest for
comparison with autologous BMT.

Author, year (ref) # of pts % DFS In vitro purging* Notes

at 3-5 years
Kersey, ‘87,92 (115,116) 153 21 MoAb+4HC 12% in 1 CR at high-risk; age range 2-42 years (median 9)
Kantarjian, 89 (63) 64 8 - % CR at 2 years
Rizzoli, '89 (131) 46 27 4HC 30% <15 years
Simonsson, '89 (132) 32 31 MoAb % CR at 18 months, age range 3-25 years (median 9)
Soiffer, '93 (133) 21 20 MoAb Only B-lineage ALL, age range 18-54 years (median 28)
Doney, '93 (134) 52 21 MoAb At 2 years, age range 2-46 (median 15)
Sierra, '93 (135) 1477 34/0 MoAb (75%) 2" CR/beyond 2™ CR, including children
EBMTG, '94 (136) 471 31/37 MoAb+4HC (60%) Standard/high risk, median age 30 years

CR: complete remission; DFS: disease-free survival; *MoAb: monoclonal antibodies; 4HC,

4-hydroperoxycyclophosphamide
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Retreatment strategies

The case for a change

It is evident that reliance on traditional
retreatment programs is an insufficient strategy
for adults with recurrent ALL. We must be fully
conscious that recent clinical and laboratory
research is now allowing us to explore highly
innovative approaches, and the current challenge
is to improve patient outcome by merging part
of the old with the new. Having reviewed all
available therapeutic techniques, we now wish to
translate this knowledge into a series of propos-
als for future studies. Although this is a personal
view, we urge moving from long-held positions
to a more critical use of traditional therapeutic
tools and their close integration with advances
resulting from biological research. We also
believe that significant progress can only follow
refinements and improvements in all retreat-
ment components, none excluded. This target is
illustrated below in the context of patient possi-
bilities and needs.

General outlines

Recurrent ALL is a clinical emergency for the
following reasons: high cumulative incidence of
APF, prior intensive treatment and related toxi-
city, high prevalence of drug resistance patterns,
and lack of truly effective remission consolida-

tion treatments. Although the second remission
rate may still be high, response is invariably
short-lived, and long-term salvage is thus far
achievable only with an allogeneic BMT. Since
many patients lack a BM family donor, or are at
great risk of further recurrence before BMT is
carried out, or cannot undergo BMT because
they are too ill, the positive impact of the pro-
cedure on the whole population at risk is at best
limited."”

As a matter of fact, retreating ALL with cura-
tive intent is not always worthwhile; different
situations probably deserve different approach-
es. A general overview of the problem is pre-
sented in Figure 2. In older patients (>50 years)
the risk of pancytopenic death during aggres-
sive retreatment can be extremely high, and the
overall prognosis remains very poor if there is
no family donor for allogeneic BMT or, more
commonly, if BMT is not even considered due
to the patient’s age. For some of these cases,
palliative ambulatory care with steroids, trans-
fusions and vincristine injections or oral mer-
captopurine, as clinically indicated, may at pre-
sent be a sensible choice for prolonging survival
and preserving an acceptable quality of life.
These patients are also candidates for noncon-
ventional therapeutic trials at qualified centers.
This requires careful explanation to the patient
and the patient’s relatives, informed signed

EVALUATION AT TIME OF BONE MARROW RECURRENCE

DISEASE + PATIENT + TREATMENT
-Unchanged -Age -Clinical drug resistance
-Phenotypic shift -Performance -Prior CR length

-Secondary leukemia

-HLA-matched donor

-Complications

y

/ TREATMENT DECISION \

PALLIATION ONLY

or

EXPERIMENTAL TRIAL

‘CURATIVE INTENT' PROGRAM

-Age >50-60 years

-CR <12-18 mos.

-No HLA-matched donor
-Other high-risk features

-Endpoints to include
quality of life
-Informed consent

-Ethical committee

-Favorable and unfavorable
groups
(see Figure 3)

Figure 2. Clinical guidelines for bone marrow relapse of adult ALL.
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consent, and protocol approval by an expert
ethical committee.

Obtaining a response

If a patient is 50 years or younger, has a
matched or partially mismatched family donor,
and suffers from a recurrence after a prior CR
that lasted longer than 12-18 months, reinduc-
tion must be attempted with a multi-drug regi-
men including intermediate/high-dose Ara-C (if
not previously used). Remission rates in excess
of 50% should be obtained. Great care must be
devoted to avoiding opportunistic infections,
especially invasive fungal infections, that might
hamper the subsequent consolidation and BMT
phases. The use of effective antibacterial and
antifungal prophylaxis and of myeloid cell
growth factors can lead to a decreased incidence
and severity of these complications and their
sequelae.'” Selected cases with all low-risk fea-
tures (age <30-35 years, low leukocyte count, no
adverse cytogenetics) relapsing after long remis-
sions (>18 months) may still have very good
chances of getting a second CR with low to
intermediate intensity regimens. These cases,
when a marrow donor is present, can be consid-
ered for standard intensity treatment or even be
retreated with the primary induction schedule
to avoid the toxic side effects of investigational
combinations.

The fact that in most instances alternative
drugs should be used at recurrence is obvious,
but there may be none if the front-line sched-
ule, as frequently occurs with last generation
programs, already included them all. Recently, a
high-dose methotrexate- and Ara-C-containing
drug combination followed by a short individu-
alized folinic acid course proved effective in
relapsed ALL of childhood."* Because of the
very high drug dosage and the substantial toxic-
ity reported in children, this program may not
be easily applicable to adults for whom
methotrexate is seldom prescribed at greater
than 1.5 g/m’ because of tolerability problems.
In addition, a recent study indicated that
methotrexate peak plasma levels and endocellu-
lar retention are lower in adults than in chil-
dren.’” Recent experimental evidence however
has shown that trimetrexate was succesful in

methotrexate-resistant leukemias,"** and that
topotecan, a new topoisomerase I inhibitor, was
highly effective in inducing apoptosis and cell
death in high-risk radiation-resistant B-lineage
ALL.' These experimental data certainly
require rapid translation into clinical practice.
At present, the lack of effective new drugs and
the toxicities of reportedly active regimens rep-
resent the most serious obstacles to improving
retreatment results.

Improved allogeneic and autologous bone marrow
transplantation procedures

Second or later CR patients with histocom-
patible siblings must undergo an early allogene-
ic BMT. If the patient enters a CR but has no
BM family donor, a MUD search is mandatory.
This procedure is applicable to younger patients
in second CR, without significant complica-
tions from prior chemotherapy and not previ-
ously (auto)transplanted. Moreover, the MUD
search takes time, the chances of finding a
donor are slim, and the risk of graft failure or
severe graft-versus-host-disease is still relatively
high. For these reasons retreatment should go
on relentlessly as if there were no MUD, includ-
ing a final ablative phase supported by autolo-
gous bone marrow or ABSC cell rescue.

Because there is some evidence in favor of it
and none against it, in vitro purging of the
autologous marrow graft should be considered.
The same issue is totally open as regards ABSC
transplantation. The strategy of obtaining high-
ly purified nonleukemic CD34" stem cells for
autotransplants, which has met with partial
success in lymphoma patients,” may be a valid
alternative to or even better than ALL cell-
directed purging. There is presently no consen-
sus on whether or how an allogeneic MUD
BMT should be carried out at a later stage in
autografted patients, but we feel it is highly
illogical to leave the certain for the uncertain
when time is running out and a further relapse
is impending.

Better prophylaxis and treatment of infec-
tions, graft rejection and graft-versus-host dis-
ease are obviously expected to improve disease-
free survival after transplants. However, due to
the high risk of BMT failure by recurrence,
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efforts must be devoted to improving the con-
ditioning regimen as well. The exact role of
total body irradiation (TBI) is being clarified.
Both B- and T-lymphoid precursor cells are
extremely sensitive to low-dose irradiation,™"'
which, interestingly, could initiate the apoptosis
program'> or even circumvent pleiotropic drug
resistance by causing direct DNA strand breaks.
TBI is noncross-resistant with all drugs. For
these reasons TBI has long been a mainstay of
treatment, although controversy persists about
the best dosage and the best way to deliver it. In
one study on allogeneic BMT for ALL patients
in first CR, single-dose TBI was associated with
a lower relapse rate than fractionated irradia-
tion.”” The efficacy of hyperfractionation was,
on the contrary, documented in another study
on relapsed ALL of childhood.” An increased
TBI dosage from 12 to 15.75 Gy was associated
with a decreased relapse rate but also with
increased nonrelapse mortality in patients with
chronic myelogenous leukemia undergoing
allogeneic BMT in chronic phase.”® These
deaths were mainly due to interstitial pneu-
monitis. There is now sufficient experimental
evidence to confirm that lymphoid cell survival
is abrogated at the 15 Gy level, whereas hyper-
fractionation could limit pulmonary and gas-
trointestinal toxicity."

Observations that relapse can follow a 12-Gy
TBI dose in radiation resistant B and T-cell ALL
subsets are in general agreement with this find-
ing and point to the clinical use of higher TBI
dosages.””"* With this background, 15-Gy TBI
was administered in ten fractions over five days
in a pilot study conducted at Mount Sinai
Hospital (New York, USA) in a group of
leukemia patients, with no untoward acute
effects.””® Hyperfractionated 15-15.75-Gy TBI
must be considered in recurrent ALL, particu-
larly in the autologous bone marrow/ABSC set-
ting where the risk of interstitial pneumonitis is
lower than in allogeneic transplants, and espe-
cially in the presence of radiation-resistant T-
cell CD3* and B-cell CD24- ALL pheno-
types.”””"** Notably, the radiation dose to the
hematopoietic tissue could be increased even
further by adopting a combined technique of
external TBI plus intravenous "'I-labeled anti-

CD45 antibody.”

As regards TBI-associated drugs, high-dose
teniposide,'® etoposide' and Ara-C'* were all
found to be very effective substitutes for cyclo-
phosphamide. In this last study high-dose Ara-C
at 2-3 g/m’/dose was consistently associated with
lower relapse rates than cyclophosphamide, but
it was more toxic and caused more nonrelapse
deaths. Ara-C at 1-2 g/m’/dose should be pre-
ferred because it is less toxic in adults, though
not significantly different in terms of pharmaco-
kinetics and antileukemic power.'*>'®’
Furthermore, fewer toxicity problems are
expected with Ara-C/TBI combinations in auto-
logous transplants. Recently, radiation-free abla-
tive schedules with busulfan-cyclophos-
phamide' and busulfan-etoposide'* were devel-
oped (the latter has not yet been tested in recur-
rent ALL) and shown to be at least as effective as
TBI-containing regimens. These treatments
could be reserved for patients failing a prior
TBI-based transplant or who received high
cumulative radiation dosages to risk sites, but at
present it seems unlikely that busulfan could be
a worthy substitute for TBI. In a single random-
ized study conducted in acute leukemia patients,
concerning AML patients in first remission
undergoing allogeneic BMT, cyclophosphamide-
TBI was significantly better than busulfan-
cyclophosphamide in terms of leukemia-free
survival, survival, relapse rate, regimen-related
toxicity and transplant mortality.'"® Moreover, a
recent retrospective review of the complete
European experience confirmed that survival
and disease-free survival of advanced-stage ALL
patients undergoing allogeneic or autologous
BMT were significantly better with a TBI than
with a busulfan regimen.'*

New developments

Finally, newer research insights must find a
definite therapeutic place within the retreatment
strategy. Short-term in vitro chemosensitivity
studies could help select the most appropriate
retreatment drugs. Unfortunately, this highly
individualized retreatment approach failed in
recurrent ALL of children initially treated with
BFM protocols,'” but it has not yet been tested
in adults. The use of agents capable of restoring
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drug-sensitivity, mainly through induction of
apoptosis, should be explored. IL-4 is a strong
candidate for such a study in B-precursor ALL,”
but there may be others to use in diverse ALL
subsets.

The new cyclosporin D analogue SDZ PSC
833 was demonstrated to be particularly effec-
tive in reverting P-glycoprotein-mediated drug
resistance in human leukemic cells.'*®'®
Resistance to apoptosis in T-ALL can be circum-
vented as well;'” however, short-term and long-
term toxicities to both hematological and extra-
hematological tissues either induced or facilitat-
ed by these agents are virtually unknown in
humans, so that these studies will require care-
ful design and supervision. Similarly, the use of
IL-2, anti-sense oligonucleotides"”" and o-inter-
feron (in Philadelphia-positive ALL) must
undergo further clinical testing. Recently, IL-2
was used to generate killer cells in cultured bone
marrow for autologous transplantation.'”

In summary, evaluation of minimal residual
disease, hematopoietic stem cell purging, posi-
tive selection of nonleukemic CD34" cells,
reversal of drug resistance, and restoration of
altered apoptosis are the most exciting research
areas for the 1990s, and deserve to be included
in new retreatment protocols for recurrent
ALL.

Proposals and guidelines

The management of recurrent ALL in adults
remains an extremely difficult task. However,
some issues are now in better focus. First,
results are generally better with the most inten-
sive reinduction schedules and ablative consoli-
dation treatments, suggesting that more is
somehow better. Thus we must find out exactly
whether this is really so, or if it merely results in
increased toxicity. This applies especially to
ablative treatments for allogeneic/autologous
BMT/ABSC transplants, where augmented-
dose TBI, drugs alternative to cyclophos-
phamide, and in vitro stem-cell purging proce-
dures should be considered. Second, the mech-
anisms underlying treatment failure are being
elucidated, pushing strongly towards the con-
current exploitation of biologically-oriented
strategies. Third, the very short response
expected after current salvage therapies makes a
time-compressed retreatment plan mandatory;
this must be completed before overt progres-
sion occurs, i.e. within three months. Delay and
uncertainty appear to be highly detrimental
and, although many may be reluctant to con-
sider such a tiny space a true remission, we can-
not forget that these are the real terms of the
question, which go beyond personal opinion
and are solely in the interest of the patient.
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RETREATMENT PROGRAM
A | B | C
(induction) (consolidation + (myeloablative
ABSC collection) phase)
VCR+MP+MTN+MTX VCR-+MP-+MTN+MTX HD-ara-C
ITara-C ITara-C TBI
G-CSF G-CSF allogeneic/ABSC Tx
OUTCOME
Total patients 9
CRS 4 autologous (DFS 3+,
> 1tooearly > 54,10 n{gos_) ( *
PR1 » 1 allogeneic (DFS 10
NR 2/ED 1 mos, died of GVHD)

Figure 4. ABC retreatment program. Drugs: VCR, vincristine 2 mg days 1 and 8; MP, methylprednisolone 250 mg/d (course A) and 125 mg/d (course B) days 1-
5,8-12; MTN, mitoxantrone 12 mg/m?/d (course A) and 6 mg/m?/d (course B) days 1-3; MTX, methotrexate 1.5 g/m’ (course A) and 1 g/m? (course B) day 8
(folinic acid rescue starting 24 h from end of MTX infusion, 15 mg every 6 hours until MTX plasma level <0.5 wM/I); IT Ara-C, 75 mg intrathecally day 1; G-
CSF, granulocyte colony-stimulating factor 5 w.g/kg/d from day 10 to neutrophil recovery (course A) and BSC collection (course B); HD-Ara-C, 2 g/m? bd days
1-6; TBI, total body irradiation 2 Gy bd days 7-9; Tx, allogeneic/autologous BSC transplant. Definitions: CR, complete remission; PR, partial remission (marrow
blast cells reduced by at least 50%); NR, no response (less than PR); ED, early death; DFS, disease-free survival.

Retreatment study proposals emerging from the
present survey are summarized in Figure 3.
Some of the concepts discussed in this paper
served as a basis for developing the ABC retreat-
ment protocol currently being tested at Berga-
mo Hospital. The primary objective of this
ongoing study was to complete treatment within
three months, including a myeloablative phase
supported by either allogeneic or autologous
BSC graft. Eligible patients were refractory to or
relapsing after intensive multi-drug regimens
that included intermediate to high cumulative
dosages of anthracyclines, cytarabine, podo-
phyllotoxins, cyclophosphamide, and L-aspa-
raginase.” Mitoxantrone and high-dose metho-
trexate were added to vincristine-prednisone
because they were active drugs not previously
used, whereas the conditioning regimen consist-
ed of high-dose cytarabine at 2 g/m’/dose plus
fractionated 12-Gy TBI. Increasing the TBI dose
from 12 Gy to 15 Gy, assessment and reversal of
drug resistance, substitution of trimetrexate for
methotrexate, restoration of altered apoptosis,
and selective positive purging of nonleukemic
CD34* BSC for autologous transplant are all
possible improvements to consider as the study
progresses. Our very preliminary experience

(Figure 4) in nine high-risk patients (recurrence
= 7, refractory = 2; t(9;22)/BCR" = 2; T-ALL =
5; age >30 years = 4; prior CR <18 months = 4)
documented the feasibility of this approach and
warrants its continuation along the guidelines
suggested above. These are in no way meant to
represent the final answer to a continuing chal-
lenge, simply sufficiently clear objectives for
both patients and physicians.
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