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Summary:

Over a 9-year period 37 consecutive adults with pri-
mary refractory ( n = 13) or first relapse of ALL (n =
24) received an intensive salvage chemotherapy regimen
with the final intention of undergoing stem cell trans-
plantation (SCT). Twenty-nine patients who achieved
complete remission (CR) were assigned to receive auto-
logous SCT (autoSCT) or allogeneic SCT (alloSCT)
based on age and availability of a histocompatible sib-
ling. Of the 19 patients assigned to autoSCT, 10 did not
reach the transplant due to early relapse (n = 9) or fun-
gal infection (n = 1), and nine were transplanted a
median of 2.5 months (1–8) from CR, eight with an
immunologically purged graft. One patient died early
from ARDS and eight relapsed 2–30 months post-SCT.
Three of the 10 patients assigned to alloSCT relapsed
early, but all 10 received the assigned transplant a
median of 2.5 months (1–7) from CR. Four died from
transplant-related complications 0.7–12 months post-
SCT, and six are alive and disease-free 9.7–92.6 months
after the procedure. In an intention-to-treat analysis,
the mean overall survival from CR for those assigned
to autoSCT and alloSCT are 11.3 months (0.5–34.3) and
60.1 (2.3–98.3), respectively (log-rank,P , 0.01). Only
65% of patients who reached CR and 51% of the initial
37 cases underwent the intended SCT. We conclude that
few adults with refractory or relapsed ALL actually
reach SCT in CR even when the protocol used is
designed for this purpose. AutoSCT appears to offer
little benefit in this setting, and an alloSCT from a
related or unrelated donor should be rapidly pursued
after achieving CR.
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Adult patients with ALL refractory to primary induction
chemotherapy (CT) or who relapse following a first
remission have a very poor short-term prognosis.1 Although
remissions can be obtained in 40–70% of cases with sal-
vage CT, these usually last less than 5 months, regardless
of the post-remission therapy used, and with CT alone less
than 5% are alive 2 years from the start of salvage CT.1,2

Both autologous and allogeneic stem cell transplantation
(SCT, either bone marrow transplantation (BMT) or periph-
eral blood stem cell transplantation (PBSCT)) have been
used in such patients as post-remission therapy in an effort
to improve the disease-free survival.3–6 However, reports
from transplant centers or registries usually include hetero-
geneous patients highly selected either by the transplant
center(s), referral for BMT of only ‘good-risk’ responding
cases or exclusion of those cases debilitated by the salvage
CT. It is thus difficult to establish the actual role played by
SCT in the overall therapeutic strategy of adults with pri-
mary resistant or relapsed ALL from most reports. In this
report, we describe the results of 37 consecutive adult
patients treated with uniform salvage induction consoli-
dation CT, who were then to receive an autologous or allo-
geneic SCT within 3 months following CR, according to
age and the availability of an HLA-compatible sibling
donor. The aims of the study were to evaluate the efficacy
of an intense salvage CT regimen in effecting CR, and the
role of an immediate autologous or allogeneic SCT in
effecting prolonged remissions.

Patients and methods

Eligibility criteria

From January 1988 to December 1996, 37 consecutive
adults (age.15 years) with ALL refractory to conventional
first-line remission induction CT (n = 13) or in first relapse
following a previous CR (n = 24) were included in this
protocol. Other eligibility criteria were: (1) age.16 years
<65 years; (2) normal renal, hepatic, cardiac and pulmon-
ary function; and (3) oral informed consent.

CT salvage regimen

The intensive CT induction protocol has been previously
reported.7,8 It consists of: vindesine, 2 mg/m2 intravenously
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(i.v.), on day 1; mitoxantrone, 12 mg/m2 i.v., on days 1, 2
and 3; cyclophosphamide, 1.5 g/m2 i.v., on day 1; inter-
mediate-dose Ara-C, 1.2 g/m2 as a 2-h i.v. infusion every
12 h, on days 1, 2, 3 and 4; prednisolone, 80 mg/m2 i.v.
on days 1, 2, 3 and 4; and methotrexate, 500 mg/m2 i.v.
(1/3 of dose as i.v. push, 2/3 as a 4-h infusion), on day
5. Patients achieving CR were to proceed to allogeneic or
autologous SCT within 3 months, and if this could not be
done due to logistic problems, either a second course of
the same CT was given as consolidation (n = 5) or one
cycle of ifosfamide, intermediate-dose Ara-C, etoposide
and methylprednisolone (n = 2) was administered prior to
SCT.

Stem cell transplantation

Patients without a suitable donor and those above 50 years
of age and who achieved CR were scheduled for a BM
harvest within 2 months. The BM was cryopreserved after
ex vivotreatment in all but one case. Purging was done with
a panel of monoclonal antibodies and complement lysis or
with antibody-coated immunobeads, as previously
described in detail.9,10 One patient had immunologically
purged PBSC which were harvested following induction
CT. Patients with a suitable donor and<50 years of age
received unmanipulated BM (n = 7) or G-CSF-mobilized
PBSC (n = 3). The conditioning regimen consisted of CTX
(120 mg/kg) plus TBI (hyperfractionated over 3 days, two
doses per day, total dose of 1200 or 1350 cGy) except for
one patient who received BU/CY. Two ABMT recipients
with Ph+ ALL received VP-16 (30 mg/kg)+ CTX/TBI. To
prevent GVHD all allograft recipients received CYA plus
a short course of MTX. All patients received intrathecal
MTX (12 mg per dose) on days27 and23 and every 2
weeks following hematologic recovery to 10 doses when
possible. GM-CSF was given post-transplant to eight
ABMT recipients, while none of the allograft recipients
received any growth factor.

Statistical methods

The closing date for analysis was 1 October 1997. Thex2

test was used to establish differences in the distribution of
qualitative variables and the Student’st-test to compare the
means for continuous variables. Disease-free survival
(DFS) and overall-survival (OS) post-transplant were calcu-
lated from the date of receiving the stem cell graft until
relapse (DFS) or death (OS), while OS following CR was
calculated from the date of CR until death from any cause.
Kaplan–Meier product-limit estimates were used to prepare
curves of DFS and OS, and differences between curves
were calculated using the log-rank test. Tests of signifi-
cance were two-sided, with a significance level ofP <
0.05.

Results

Table 1 shows the overall patient characteristics and the
outcome of induction and consolidation salvage CT.
Twenty-nine of the 37 initial patients achieved CR, while

Table 1 Patient characteristics and results of salvage chemotherapy

Total number 37
Sex (M/F) 24/13
Age (year)

Median (range) 31 (16–62)
<50 32
51–65a 5

Primary refractory 13
First relapse 24

Early relapseb 12
Late relapsec 12

Induction deaths 2
Resistant disease 6
Complete remission 29

Primary refractory 11 (84%)
Early relapse 9 (75%)
Late relapse 9 (75%)

aThese patients were not considered eligible for an allogeneic transplant
and thus did not undergo HLA family typing.
bLess than 12 months from first CR.
cMore than 12 months from first CR.

the rest were either resistant to salvage CT (n = 6) or died
during therapy (n = 2). Thus, 78% (95% CI 62–90%) achi-
eved CR. Ten cases were assigned to receive an allograft
(age<50 years, suitable HLA-identical donor), while the
rest (n = 19) were assigned to receive an autograft (five
due to age.50 years and 14 due to lack of a donor).

All 10 patients in the allograft group proceeded to
alloSCT in a median of 2.5 months (range 1–7) from CR.
Seven received an alloBMT and three an unmanipulated
alloPBSCT following conditioning with CTX/TBI in all but
one case, who received BU/CY. Nine patients engrafted
with median recovery times for neutrophils (.0.5× 109/l)
and platelets (.20 × 109/l) of 20 (12–25) and 21 (12–33)
days, respectively, while one died from ARDS on day+22
without engraftment. Three other patients have died from
grade IV acute GVHD with CMV pneumonia (day+47),
hepatitis B virus cirrhosis (day+76) and chronic extensive
GVHD (day +360). Six are alive and disease-free at a
median of 56.1 months (range 9.7–92.6) with no evidence
of GVHD and excellent performance status.

Of the 19 patients initially assigned to receive an auto-
graft, 10 did not undergo SCT due to progressive mucormy-
osis (n = 1) or early relapse (n = 9) at a median of 2.5
months (range 1.5–3.5) from CR. Thus, only 9/19 (47%)
actually received the intended autoSCT. These patients pro-
ceeded to transplant a median of 2.5 months (1–8) after
achieving CR. The conditioning regimen consisted of
CTX/TBI in all, with the addition of VP-16 in two Ph-
positive cases. Neutrophil and platelet recovery times
occurred at a median of 22 (12–41) and 39 (12–50) days
in nine and seven cases, respectively, while two patients did
not recover platelets before relapse or death. Eight patients
relapsed at a median of 10.1 months (range 2–30.2) after
transplant. One patient died from ARDS on day+38, seven
died from relapse and one is alive after relapse; this latter
case showed an isolated cutaneous relapse 3 months from
ABMT but is alive and disease free at+27.5 months after
local radiotherapy. Table 2 shows the characteristics of the
patients allocated to autologous and allogeneic transplant
following CR. The only difference between both groups is
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Table 2 Outcome of patients in complete remission assigned to autologous and allogeneic transplant

Allocated to autologous Allocated to allogeneic P
SCT (n= 19)a SCT (n= 10)b

Median age (range) 33 (16–55) 27 (18–50) NS
Sex (M/F) 14/5 7/3 NS
Immunophenotype

Precursor B-ALL 14 6 NS
T-ALL 3 2 NS
My+ ALL 2 2 NS

Cytogenetics
NP/NM 7/1 4/1 NS
Abnormal 8 0 0.05
Normal 3 5 NS

ALL status at entry
Primary REF 7 5 NS
Early RELc 3 1 NS
Late RELd 9 4 NS

Relapse pre-SCT 9 3 NS
(median, range, from CR) (2.5, 1.5–3.5) (1.5, 1–3.5)
Death in CR 1 0 NS
Transplant procedure performed 9 10 —
(% patients initially assigned) (47%, 95%, CI 24–71%) (100%)

aIncludes all patients in CR.50 years and those<50 years without an HLA-compatible donor and thus assigned to receive an ABMT following CR.
bIncludes all patients in CR<50 years with an HLA-compatible donor available and thus assigned to receive an alloSCT following CR.
cRelapse less than 6 months from first CR.
dRelapse later than 6 months from first CR.
NP/NM = not performed/no mitoses obtained; SCT= stem cell transplantation; My+ ALL = prescursor B-ALL with one or two myeloid-linkeage antigens.

the larger number of cases with an abnormal karyotype in
the autologous group. Table 3 shows the characteristics and
outcome of the 19 patients who proceeded to SCT; at this
time-point the only relevant differences are the larger num-
ber of cases who were in relapse before transplant in the
alloSCT group (none autologousvs 3/10 allogeneic) and
the three cases of Ph-positive ALL in the autoSCT group.
The interval from CR to transplant did not differ between
groups.

The median DFS and OS post-transplant for the autolog-
ous recipients are 6.9 months (range 1.5–30.2) and 10.5
months (range 1.5- 32.2), respectively; allogeneic recipients
have the same median DFS and OS at 11.9 months (range
0.7–92.6); these differences are not statistically significant
(P = 0.08 for the DFS), probably due to the small number
of patients. In an intention-to-treat analysis, the mean OS
from achieving CR for the 19 patients initially assigned to
receive autologous SCT is 11.3 months (range 0.5–34.3,
95% CI 6.1–16.4) and 60.1 months (range 2.3–98.3, 95%
CI 31.3–90) for those assigned to allogeneic transplant. Fig-
ure 1 shows the Kaplan–Meier survival curves from achiev-
ing CR when analysed in an intention-to-treat basis; despite
the small sample sizes the differences in OS are statistically
significant (log-rank test,P , 0.01).

Discussion

Adults with primary refractory or relapsed ALL have a very
poor short-term prognosis, regardless of the type of salvage
strategy employed.1,2 Allogeneic BMT has been the only

curative option available to date, with most single-center
experiences reporting a 3-year DFS of about 20%, better
for patients transplanted in second or further CR (20–40%)
than in those transplanted in relapse (10%).3,5 ABMT has
been extensively investigated in the treatment of advanced
ALL in those lacking an HLA-compatible sibling or who
are too old to safely receive an allograft. The reported 3-
year DFS is also around 20%, with most patients failing
due to leukemic relapse.4 Purging of the marrow with
monoclonal antibodies or cytotoxic agents was initially
regarded as a promising approach to reduce the rate of
relapse,11 but the currently available uncontrolled data show
no apparent benefit.4 Unfortunately, there have been few
controlled studies comparing results of allogeneic and auto-
logous BMT in similar patients with advanced ALL, with
no significant differences in DFS.4,12 Regrettably, in none
of these studies are the data for adults and children reported
separately, and the latter undoubtedly have much better
short- and long-term outcomes.

However, a more important caveat in these transplant-
oriented reports is that they do not give a realistic idea of
the real impact of BMT in the overall therapeutic strategy
for refractory or relapsed adult ALL. This is an important
concept since these subjects must overcome many obstacles
before actually reaching BMT, but we have found only two
other studies addressing this issue.13,14 In our study, of the
initial 37 patients, only 29 achieved CR, and only 19 actu-
ally reached SCT (65% of those attaining CR and 51 % of
all initially treated). This loss of patients pretransplant was
mainly due to early relapse, since 9/19 autologous SCT
candidates relapsed before the transplant. However, 3/10
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Table 3 Characteristics of transplanted patients and outcome

Autologous Allogeneic P
(n = 9) (n = 10)

Median age (range) 23 (19–53) 30 (18–50) NS
Sex (M/F) 7/2 7/3 NS
Time from CR to transplant (months, median and range) 2.5 (1–8) 2.5 (1–7) NS
Disease status at transplant

Remission 9 7 NS
Relapse 0 3

Immunophenotype
Precursor B-ALL 5 6 NS
T-ALL 2 2 NS
My+ ALL 2 2 NS

Cytogenetics
NP/NM 1/0 3/1 —
Abnormal 5a 0 0.05
Normal 3 6 —

Source of SCT —
BMT 8 7
PBSCT 1 3

aGVHD II–IV — 5/9 evaluable —
Chronic GVHD — 1/6 evaluable —
Early transplant-related death 1b 2c —
Death in CR 0 2d —
Relapses 8e —
Alive in CR 0 6 (median 56.1 months, range 9.7–92.6) —

NP/NM = not performed/no mitoses obtained; SCT= stem cell transplantation; My+ ALL = precursor B-ALL with one or two myeloid-lineage antigens.
aThree Ph chromosome-positive, one hypodiploid, one hyperdiploid.
bPneumonia progressing to ARDS (day+38).
cOne aGVHD grade IV+ CMV infection (day+47), one pneumonia during aplasia (day+22).
dOne chronic extensive GVHD (day+360), one hepatitis B virus cirrhosis (day+76).
eOne alive at+27.5 months following isolated cutaneous relapse (+3 months) treated with X-ray therapy.
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Figure 1 Overall survival following CR for patients assigned to allog-
eneic transplant (——) or autologous transplant (–––) (log rank test,P
, 0.01).

patients who relapsed before the assigned alloSCT
underwent the transplant since early relapse was not a
contraindication for the procedure.

Arceseet al13 reported the results of a GIMEMA multi-
center salvage protocol. One hundred and sixty-eight
patients (including 72 adults) were included, with a CR rate
of 64% (56% in adults and 70% in children). However,
53% of complete remitters did not reach BMT, and only
30% of all initially treated patients underwent BMT, with
a projected 3-year actuarial DFS of 52% for allogeneic
BMT and 29% for ABMT recipients. Recently, these Italian

investigators reported a follow-up study in adults only
which confirmed significantly worse results than for chil-
dren.15 Specifically, only 9/61 adults initially treated
reached BMT (26% of CR), five ABMT and four alloBMT.
Five relapsed a median of 4 months post BMT and four
were alive (1/5 ABMT and 3/4 alloBMT) with a median
follow-up of 43 months. Freundet al14 reported a German
multicenter salvage protocol which enrolled 66 adults with
refractory or relapsed ALL. The initial CR rate was 60%,
but again, only 22 patients reached BMT, representing 33%
of the initial 66 cases. Of the 13 who received an allogeneic
BMT, five were alive, but the follow-up was short (1–18
months, median 13). All nine ABMT recipients had
relapsed at a median of 4 months (range 1–12), as did all
non-transplanted patients (median DFS of 2.9 months).
These data suggest that at present an allogeneic transplant
appears to be the best treatment approach for adults with
relapsed or refractory ALL. Monoclonal-antibody purged
autologous SCT does not appear to be an effective treat-
ment for adult ALL in second CR or relapse. Even though
purging strategies have undoubtedly improved and will
improve further in the near future, they will probably not
lead to better results in this setting; a recent large IBMTR
study which includes children and adults has shown a
relapse risk of 50–70% at 2 years for ALL allografted in
second CR without GVHD and of 30% for those patients
who developed GVHD.16 Thus, a graft-versus-leukemia
effect appears to exist in ALL, making it unlikely that even
a highly purged stem cell autograft will significantly
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decrease the risk of relapse. On the other hand, matched
volunteer unrelated donor transplants are an attractive alter-
native for these patients,17–19 but only 10–50% will have
a suitable A,B,DR-matched donor, and availability of the
marrow usually requires 4–6 months from the start of the
search.19 Since second CRs usually last few months, most
patients with a donor will be in relapse with progressive
leukemia at BMT, which is associated with a poor out-
come.17,18 Other alternatives are cord blood transplants20

and, especially for adults, partially mismatched related
donor stem cell transplants.21 This latter approach has the
advantage of rapid access to large numbers of stem cells,
allowing for a transplant before disease progression.22

In summary, few adults with relapsed or refractory ALL
actually reach a stem cell transplant in CR. Autologous
SCT offers little, if any, potential for long-term survival in
these patients, and an allogeneic stem cell source should
be rapidly sought after CR has been achieved, including
experimental alternative donor transplant protocols in sub-
jects under the age of 55 without an HLA-identical sibling.
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