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Summary. A total of 25 evaluable adult patients with acute
lymphoblastic leukaemia (ALL) were treated with an
intensive chemotherapy regime modified from the
L17/L17M protocol of the Sloan-Kettering Hospital.
There were 18 men and 7 women; their median age was 36
years (range, 13-78). Seven cases had L1 morphology and
18, L2. The immunophenotype was common-ALL in 10,
null-ALL in 9, T-ALL in 4 and B-ALL in 1. Of the 25 pa-
tients, 14 (56%) achieved a complete remission (CR). The
causes of induction failure were partial remission (PR)
only in 7 (28%) and hypoplastic death in 4 (16%). Of the
14 CR patients, 11 (78.6%) relapsed. Five patients devel-
oped CNS disease. The median disease-free survival and
overall survival were only 9 and 13 months, respectively.
As the follow-up periods of the surviving patients were
short, late relapses may still occur and the overall treat-
ment result is likely to be worse on longer follow-up. The
possible causes of this disappointing result are discussed.

Introduction

Acute lymphoblastic leukaemia (ALL) accounts for almost
90% of acute leukaemias in young children. With effective
treatment regimens, over 90% of these children achieve
complete remissions, (CRs) and half of them are cured [13,
19]. ALL is less common in adults and comprises only 20%
of the acute leukaemia in patients above the zge of 15 [8,
10, 13]. Treatment results in adult ALL have thus far been
disappointing, but in recent years improved results have
been achieved in adult ALL treated with intensive chemo-
therapy protocols [1, 4, 5, 7, 11, 14, 15]. The L10/L10M
and L17/L17M protocols in the experienced hands of the
Sloan-Kettering group have achieved remarkable treat-
ment results [4]. We present the results of a regime, modi-
fied from the L17/L17M protocol, in our previously un-
treated adult patients with ALL.

Patients and methods

Patients aged >12 years with previously untreated ALL
who were seen in the Department of Medicine, University
of Hong Kong, Queen Mary Hospital entered this study
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between October 1984 and December 1987. Pretreatment
assessments included: history and physical examination,
blood biochemistry, peripheral blood and bone-marrow
smear examination, coagulation tests (prothrombin time,
activated partial thromboplastin time and fibrinogen lev-
el), antibody to HTLV-I virus and chest radiograph.

Cases were classified morphologically according to the
FAB system [3]. Cytochemical stainings for Sudan black,
PAS, chloroacetate esterase, non-specific esterase and acid
phosphatase were carried out. Myeloperoxidase staining
was used when the result of Sudan black staining was
equivocal. The immunophenotype was determined by the
immunoperoxidase technique, using a panel of commer-
cially available monoclonal antibodies [9]. Chromosomal
analysis was done only when chronic myeloid leukaemia
was suspected due to massive splenomegaly, the presence
of immature white cells of intermediate forms in the pe-
ripheral blood, a normal platelet count or the anomalous
expression of myeloid markers [2, 18].

Patients were diagnosed as having ALL if they showed
compatible morphology, negative staining for Sudan black
B or myeloperoxidase, and compatible immunopheno-
types. CNS disease was diagnosed by the detection of lym-
phoblasts in CSF. Patients were excluded due to prior
therapy or the presence of the Philadelphia chromosome.

Patients were hydrated and put on 300 mg allopurinol
daily before the start of chemotherapy. Induction chemo-
therapy was begun according to a protocol that was modi-
fied from the L17/L17M protocols of the Sloan-Kettering
group (Table 1). Patients with bulky enlargement of the
lymph nodes, liver or spleen were given an additional dose
of cyclophosphamide on day 0. Repeated marrow aspirate
examinations were carried out on days 14, 21 and 28 to
assess response. Standard criteria of responses and failures
were used [20]. Patients not achieving CR after day 28 were
given a second-line induction regime consisting of metho-
trexate, vincristine, L-asparaginase and dexamethasone
[6]. Those achieving CR went on to the consolidation and
maintenance therapy (Table 1). Prophylactic cranial irra-
diation was given immediately following consolidation
therapy.

During the induction therapy, patients received pro-
phylactic cotrimoxazole or ofloxacin. Episodes of fever
and neutropaenia were treated with i.v. broad-spectrum
antibiotics. Platelet transfusions were given prophylacti-
cally to maintain the platelet count at >10x 10°/1, and
red cell transfusions were given according to standard



transfusion practice. Leucocyte transfusions were not rou-
tinely used.

The CR and relapse rates were expressed with a confi-
dence interval (CI) [17]. The Kaplan-Meier product-limit
method was used to generate disease-free survival (DFS)

Table 1. The protocol for treatment of ALL

() Induction

Vincristine 1.4 mg/m?2 (maximum, 2 mg) i.v.,
days 0,7, 14, 21, 28
Cyclophosphamide 600 mg/m?i.v., day 0

(patient with bulky disease)

20 mg/m?1i.v., days 16,17, 18

60 mg/m? p.o. daily, days 0-28,
then tapering over 7 days

Doxorubicin

Prednisone

Cyclophosphamide 600 mg/m?i.v., day 34

Doxorubicin 30 mg/m?i.v., day 34

6 mg/m? (maximum, 10 mg) intrathe-
cally, days 13, 15, 31, 33 (if platelet
count is > 50 x 109/1 and no blasts are
observed in peripheral blood)

Methotrexate

(II) Consolidation

(A) Daunorubicin 60 mg/m?i.v., days 1 and 2

Ara C 100 mg/m?2, 18-h i.v. infusion daily,
days 1-5
Methotrexate 6 mg/m? (maximum, 10 mg)

intrathecally, days 1 and 3
Rest 21 -28 days

(B) AraC 100 mg/m?2, 18-h i.v. infusion
daily, days 1 -4
Methotrexate 15mg/m?iv., days 1-4
Methotrexate 6 mg/m? (maximum, 10 mg)

intrathecally, day 1

20,000 TU/m?21i.v., 3 times
per week for 6 doses

(C) L-asparaginase

(D) Cyclophosphamide 1200 mg/m?i.v., 1 dose

(I1I) Cranial irradiation: 2,000 ¢Gy in 10 fractions
Local radiotherapy for bulky disease (optional)

(IV) Maintenance
(A) Sequence I:

Vincristine 1.4 mg/m? (maximum, 2 mg) i.v.,
days 0 and 7

Prednisone 60 mg/m? p.o. daily, days [ -7

Doxorubicin 20 mg/m?i.v., days 14-16

Rest 2 weeks

6-mercaptopurine 90 mg/m? p.o. daily, days 128

Methotrexate 20 mg/m? p.o. weekly, days 7, 14, 21, 28

Methotrexate 6 mg/m? (maximum, 10 mg)
intrathecally, days 1 and 3

Rest 1 week

Dactinomycin 1 mgiv., 1 dose

(B) Sequence II:

Same as sequence I, except instead of doxorubicin on
days 14— 16:

CCNU 40 mg p.o., 1 dose, day 14
Cyclophosphamide 800 mg/m?i.v., 1 dose, day 14

Sequences I and II were given successively for 3 years

Intrathecal methotrexate was omitted after 2 years
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and overall survival curves [12]. DFS time was measured
from the date of first remission to the date of first relapse,
and the overall survival time was measured from the date
of first diagnosis to the date of death or last follow-up. The
log-rank procedure was used to compare survival curves,
and the chi-square test with Yates® correction was used to
compare CR and relapse rates.

Results

A total of 30 consecutive patients entered the study; the
clinical characteristics of the 25 evaluable patients are
shown in Table 2. The other five patients were excluded
due to prior chemotherapy in two, presence of the Phila-
delphia chromosome in two and violation of protocol in
one. None of the patients were excluded because of their
clinical condition.

The 25 evaluable patients presented with bleeding
(56%), anaemia (32%), fever (28%), cough (24%), weight
loss (12%), dyspnoea (12%), oral ulcers (4%), bone pain (4%)
and abdominal pain (4%). Of these patients, 14 (56%; 95%
CI, 37.1%-73.3%) achieved CRs. The causes of the 11 in-
duction failures were partial remissions (PRs) only in
7 (28%) and hypoplastic deaths in 4 (16%). Of the 14 CR
patients, 11 relapsed (78.6%; 95% CI, 52.5%-92.4%); only
3 remained in CR 8+, 26+ and 32+ months. Of the
11 relapses, 6 occurred at the time of consolidation ther-
apy and the remaining 5, at maintenance. The disease-free
survival of CR patients and the overall survival of all pa-
tients are shown in Figs. 1 and 2, respectively.

Table 2. Patient characteristics

Number of patients (%)

Total number of patients 25 (100%)

Sex: male 18 (72%)
female 7 (28%)
Age (years): median 36
range 13-78
Morphology: L1 7 (28%)
L2 18 (72%)
L3 0 (0%)
Immunophenotype:
common ALL® 10 (40%)
null-ALL? 9 (36%)
T-ALL® 4 (16%)
B-ALL 1 (4%)
unknown 1 (4%)
Organomegaly: 14 (56%)
lymph nodes 7 (28%)
liver 12 (48%)
spleen 12 (48%)
White cell count (x 10%/1):
mean 110
median 19
range 1.2-567
Platelet count ( x 109/1):
mean 59
median 38
range 3-257
HTLV-I Ab 0

2 My 7 was positive in 1 patient
b Became null-ALL at relapse in 1 patient
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Fig. 1. The discase-free survival of 14 CR patients with ALL

Four of the seven PR patients (57.1%) achieved CR
(lasting for 1+, 7, 18+ and 36 months) following second-
line induction chemotherapy using methotrexate, vincris-
tine, L-asparaginase and dexamethasone. The patient
whose CR lasted for 18+ months had an allogeneic bone
marrow transplantation. However, the same second-line
regime failed to induce remission when it was used in nine
CR patients at their first relapse.

Five patients, including two men and three women, de-
veloped CNS disease; their ages were 13, 14, 26, 36 and
57 years. Four of them had L2 disease and the remaining

Table 3. Effect of prognostic variables on results of therapy
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Fig. 2. The overall survival of all 25 patients with ALL

one, L1;twohad common-ALLand threenull-ALL. Organo-
megaly occurred in two patients. The white cell counts
of these five patients at the time of initial diagnosis were
4.8, 33, 263, 358 and 567 x 10°/1. Four of these patients had
achieved CRs lasting 3, 5, 13 and 15 months prior to the
development of CNS disease, which occurred at the time
of consolidation therapy in three patients and mainte-
nance therapy in two. The intervals between the initial di-
agnosis and CNS disease were 4, 5, 9, 10 and 12 months.
All five patients had prophylactic intrathecal methotrexate
therapy, but only two had received prophylactic cranial ir-

CR rate Relapse DFS of CR patients Overall survival of all patients
rate
at 12 months median at | year at 2 years median
All patients 14725 (56%) 11/14 (78.6%) 33% 9 months 54% 17% 13 months
Sex: male 9/18 (50%) 8/9  (88.7%) 14% 9 months 46% 13% 10 months
female 5/7  (71.4%) 3/5  (60%) 60% 15 months 1% 27% 18 months
Age (vears): <40 10/15 (66.7%) 8710 (80%) 25% 7.5 months 63% 12% 14 months
> 40 4/10 (40%) 374 (75%) 50% 12.5 months 40% 20% 3 months
FAB: L1 3/7  (42.9%) 3/3 (100%) 0 5 months 52% not reached 13 months
L2 11/18 (61.1%) 8/11 (727%)  42% 10 months 55% 19% 13 months
Phenotype:
common-ALL? 6/10 (60%) 5/6  (83.3%) 44% 10 months 70% not reached 14 months
null-ALL> 5/9  (55.6%) 4/5  (80%) 20% 9 months 44% 22% 10 months
T-ALL® 2/4  (50%) 172 (50%) - - - - -
B-ALL 1/1 (100%) 1/1 (100%) - - - - -
unknown 0/1  (0) - - - - - -
Organomegaly:
Yes 9/14 (64.3%) 7/9  (77.8%) 27% 9 months 53% 17% 14 months
No 5/11 (45.5%) 4/5  (80%) 40% 9 months 55% 19% 13 months
Initial white cell count
(x10%/1): 4-50 9/14 (64.3%) 6/9  (66.7%) 40% 9 months 52% 35% 16 months
<4 /4 (25%) 1/1 (100%) 20% 3 months 46% 0 10 months
>50 4/7  (57%) 4/4 (100%)
Initial platelet count
(x10%/D): <50 9/15 (60%) 879  (89%) 23% 5 months 52% 15% 13 months
>50 5/10 (50%) 3/5  (60%) 54% 15 months 58% 23% 16 months
CNS disease (any time):
Yes 4/5  (80%) 4/4 (100%) 5% 7.5 months 60% 0 13 months
No 10/20 (50%) 7/10 (70%) 36% 9 months 53% 23% 13 months

2 Anomalous expression of My 7 in | patient
b Became null-ALL at relapse in 1 patient



radiation prior to the development of CNS disease. Two
patients had simultaneous systemic disease at the time of
CNS relapse. For the other three patients, systemic relapse
occurred at 1, 4 and 13 months following CNS relapse.
CNS disease was treated with intrathecal methotrexate
and/or ara C. Cranial irradiation was given if it had not
previously been received. Control of CNS disease was
achieved in all patients, but they all died of uncontrolled
systemic leukaemia.

Factors that might have influenced the treatment re-
sults were analysed and are summarised in Table 3. How-
ever, because of the small number of patients in the sub-
groups, none of the differences observed reached statisti-
cal significance. The two ALL patients with anomalous ex-
pression of myeloid markers did not achieve CR and had
short survivals of only ! and 3 months. The four patients
with T-ALL survived 4, 4+, 16 and 26+ months and the
one with B-ALL, only 3 months.

Myelosuppression was the major toxicity of the treat-
ment but was within the expected range. In all, 18 patients
(72%) had infections during the neutropaenic phase: (a)
unknown organism in 12 (48%); (b) pneumonia in 4 (16%);
(c) gram-negative septicaemia in 2 (8%); (d) tuberculosis in
2 (8%); (e) Pneumocystis carinii in 1 (4%); (f) disseminated
herpes zoster in 1 (4%); and (g) dental sepsis in 1 (4%).
There were no serious bleeding problems.

Non haematological toxicities were acceptable: all pa-
dents had reversible alopaecia, and nausea and vomiting
were usually controllable. Mucositis was common but
usually mild, except in one patient who had severe oral ul-
cerations following methotrexate. Peripheral neuropathy
was significant in a small proportion of patients. Signifi-
cant prolongation of prothrombin time occurred in two
patients following L-asparaginase. Hepatitis developed in
two patients and was related to 6-mercaptopurine and
L-asparaginase, respectively. No patient had significant
cardiotoxicity.

The deaths of 19 patients were related to uncontrolled
leukaemia: 16 of these patients had received re-induction
regimes. At the time of death, four patients had septicaem-
ia (21%); four pneumonia (21%); three, disseminated fun-
gal infection (16%); two tuberculosis (11%) and one, CNS
bleeding (5%).

Discussion

Remarkable treatment results have been achieved at Slo-
an-Kettering Memorial Hospital with the 12, L10/L10M
and L17/L17M protocols for adults with ALL [4]. These
protocols are characterised by the use of multiple, active
drugs that are used in various combinations, doses and
schedules during the induction, consolidation and mainte-
nance phases. The total duration of treatment is 2.5-3
years. The treatment protocols include intrathecal or intra-
ventricular methotrexate without cranial irradiation. The
overall CR rate is 83% and the median duration of remis-
sion and survival are 44 and 40 months, respectively. The
remission duration and survival curves reach plateaus at
45% and 39%, respectively, with no relapses occurring af-
ter 51 months [4].

We used the L17/L17M protocol, with minor modifi-
cations, to treat our adult ALL patients; the preliminary
results were disappointing. The overall response rate was
only 56%, and 78.6% of the CR patients relapsed. The me-
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dian disease-free survival and overall survival were only
9 and 13 months, respectively. As the follow-up periods of
our surviving patients were short, with a maximal follow-
up time of only 40 months, some late relapses may yet oc-
cur. The overall treatment result is expected to be worse on
longer follow-up.

The causes of induction failure in our patients were re-
viewed. A significant proportion of our patients (28%) had
PR only at the end of the course of induction chemothera-
py; however, 57.1% achieved CR following second-line in-
duction chemotherapy using moderate-dose methotrexate,
vincristine, L-asparaginase and dexamethasone [6]. The in-
clusion of these patients increased the overall CR rate to
18/25 (72%). Hypoplastic death accounted for the remain-
ing induction failures. A substantial proportion of the CR
patients relapsed and subsequently died of uncontrolled
leukaemia. Only a small minority (17%) of our patients
survived beyond 2 years.

The small number of patients in this study prevented
the proper determination of various prognostic factors.
However, to investigate as to whether the poor treatment
results observed in our patients were due to the inclusion
of poor-risk patients, various known standard prognostic
factors including sex, age, FAB morphology, immuno-
phenotyping, organomegaly, white cell counts, platelet
counts and CNS disease were analysed (Table 3). Al-
though none of the differences observed reached statistical
significance due to the small sample sizes, the male sex,
null-ALL immunophenotype and high initial white cell
counts appeared to be associated with a worse prognosis.
Compared with the other series in the literature, a higher
proportion of our patients belonged to the poor prognostic
groups of male sex, elderly age, null cell immunopheno-
type and high initial white cell count [4, 11, 14]. However,
this could not totally account for our poor treatment re-
sults, as our patients in the good-prognosis sub-groups ap-
parently did not do any better.

Another possible reason to account for our inferior re-
sults was a lack of strict adherence to the protocol. It is im-
portant to adhere as closely as possible to the prescribed
treatment schedule to minimize re-growth of the leukaemic
populations during treatment-free intervals [4]. Confirma-
tion requires a detailed comparison between studies of the
timing and doses of the treatment actually delivered (dose
intensity). However, judging from the frequencies of hypo-
plastic deaths and toxicities observed, our patients were
probably receiving the optimal doses of the drugs within
the protocol.

It is generally agreed that a high initial white cell count
and L3 morphology are associated with a high risk of de-
veloping CNS leukaemia [4]. Despite the use of CNS pro-
phylaxis, 5 of our 25 patients (20%) developed CNS leu-
kaemia. The relatively high incidence of CNS relapses
might be related to our high proportion of patients with
high initial white cell counts. Indeed, four of our five CNS
relapses had initial white cell counts above 30 x 10°/1, the
highest being 567 x 10°/1. Moreover, all five patients un-
derwent systemic leukaemia relapses either at the time of
CNS relapse or shortly afterward.

More effective treatment for adult ALL remains to be
explored. Clinical trials of intensive combination chemo-
therapy are continuing in the hope of increasing the cure
rate [10, 11, 14]. Autologous or allogeneic bone marrow
transplantation is still an experimental approach, but it
has produced encouraging results [16].
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