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Summary. A total of 65 patients under the age of 55 with
acute leukaemia received high-dose cytosine arabinoside
(Ara-C) in combination with high-dose etoposide without
an anthracycline. Complete remission rates for patients
with relapsed or refractory acute myelogenous leukaemia
(AML) were 15/25 (60%) and 11/16 (69%), respectively.
The complete remission rate for patients with refractory or
relapsed acute lymphoblastic leukaemia (ALL) was 10/18
(56%). The treatment-related mortality was 17%. Nine pa-
tients whose leukaemia relapsed after matched alloge-
neic, sibling bone-marrow transplantation (BMT) were al-
so treated in this way; the treatment-related mortality in
this group was high (7/9) and the duration of remission in
the two patients who responded, too short to justify this in-
tensive treatment in such patients. Similarly, patients who
underwent BMT after achieving a complete remission with
high-dose Ara-C and etoposide did very poorly, only one
patient surviving well and disease-free at 8 months. The
important finding in this study was the high complete re-
mission rate rapidly obtained in patients with relapsed or
refractory AML without using an anthracycline.

Introduction

Cytosine arabinoside (Ara-C) given in conventional doses
to previously untreated patients with acute myelogenous
leukaemia (AML) results in a 25% complete remission rate
when given as a single agent over 5-7 days [3, 6, 10, 12,
29, 30]. Tumour cells may become resistant to low concen-
trations of Ara-C, but in vitro studies suggest that some of
the proposed mechanisms of resistance can be overcome
by exposing the cells to higher concentrations of drug [28];
the dose of Ara-C may need to be 10-100 times greater
than that which is effective against Ara-C-sensitive cell
lines [8, 9, 20, 21]. In vivo studies of Ara-C toxicity in man
have shown that it is possible to obtain these high concen-
trations safely by the administration of equivalently large
doses [11, 27], and such treatment has been shown to be ef-
fective against acute leukaemia that is resistant to conven-
tional doses of Ara-C [27].

In the last 5 years a number of groups have used high
doses of Ara-C alone and in combination with other drugs
to treat relapsed leukaemia or leukaemia that is refractory
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to conventional therapy [1, 4, 5, 13-15, 19, 23, 26, 31]. The
complete remission rates in these studies vary widely and
for patients with AML, rates of 25%—70% are reported
[15, 23]. In these studies several drugs have been used in
combination with high-dose Ara-C: doxorubicin [13],
daunorubicin [31], asparaginase [1, 5] mAMSA [15, 16] and
mitoxantrone [19]. However, no randomised trials have
been done to compare single-agent Ara-C with any of
these combinations and no one particular combination
appears to be superior.

Etoposide has activity against acute leukaemia when
given as a single agent [7], and pre-clinical studies have
shown that there is synergism between Ara-C and etopo-
side [25]. There have been no reports of any large series of
patients treated with a combination of etoposide and high-
dose Ara-C for AML, although a report has been publish-
ed in which this combination was used in a small group of
15 patients with acute lymphoblastic leukaemia (ALL) [22].
We present our experience of treating AML and ALL
at relapse and when refractory to conventional therapy
with high doses of Ara-C in combination with high-dose
etoposide.

Materials and methods

Between January 1984 and June 1986, 65 patients at the
Royal Marsden Hospital, Sutton, Surrey, received high-
dose Ara-C with etoposide for 68 episodes of acute leu-
kaemia (AML or ALL). In all, 38 patients (19 men and
19 women aged 1-47; median age, 29) were treated for
41 episodes of AML, 18 (11 men and 7 women aged 3-52;
median age, 24) were treated for ALL, and 9 (6 men and
3 women aged 10-48; median age, 27) were treated
for relapsed leukaemia following bone marrow transplan-
tation (BMT).

Patients were entered into the study oaly if they had ei-
ther failed conventional leukaemia induction therapy (ini-
tial failures) or were in first or subsequent relapse (re-
lapsed patients). All individuals had previously received
anthracycline-containing combination chemotherapy. Pa-
tients gave fully informed consent as laid down by the Eth-
ics Committee of the Royal Marsden Hospital.

Ara-C was infused i.v. at a dose of 2 g/m? over 3 h
twice daily for 5 consecutive days, and 100 mg/m? etopo-
side was given i.v. over 1 h either once (etoposide o0.d.) or
twice (etoposide b.i.d.) daily for 5 days. Patients received
one cycle of this treatment. Table 1 shows the treatment



374

Table 1. Distribution of diagnoses and treatments for episodes of
leukaemia treated by high-dose Ara-C + etoposide

Ara-C Ara-C Total
+etoposide 0.d.  +etoposide b.i.d.
AML 35 6 41
ALL 17 1 18
Post-BMT 8 1 9
Total 60 8 68

Table 2. FAB group and disease status of patients with AML

M2 9 Initial failure 16
M3 6 Ist relapse 18
M4 13 2nd relapse 6
M5 7 3rd relapse 1
M6 3

Table 3. Complete remission rate in AML patients treated with
high-dose Ara-C + etoposide, once (0.d.) or twice (b.i.d.) daily

Initial Relapsed Total
failures (%) patients (%) %)
Ara-C 67 (10/15)2 65 (13/20)= 66 (23/35)2
+ etoposide o.d.
Ara-C - /D 40 (2/5) 50 (3/6)
+ etoposide b.i.d.
Total 69 (11/16) 60 (15/25) 63 (26/41)

2 Numbers in parentheses represent the number of remissions
/total number of episodes of AML treated

patients received according to diagnosis. The FAB group
for patients with AML and their disease status at the time
of treatment are shown in Table 2.

All patients received prednisolone eye drops every 2h
for at least 1 week starting on the st day of treatment to
reduce the incidence of keratitis [24]. In all, 68% of the pa-
tients also received systemic steroids to alleviate side ef-
fects such as vomiting and vasculitis; they were given
16 mg dexamethasone/day or 20-40 mg prednisolone/
day, and treatment usually lasted 1-2 weeks. Prophylactic
antiemetics and antidiarrhoeals were also given, including
benzodiazepines, phenothiazines, metoclopramide and co-
deine phosphate.

Results
AML

Table 3 shows the results of high-dose Ara-C with etopo-
side for the treatment of patients with relapsed (relapsed
patients) or refractory AML (initial failures). The complete
remission rate in patients who had failed conventional
remission induction chemotherapy was 69% (11/16; medi-
an acturial duration of remission, 238 days) and 60%
(15/25; median actuarial duration of remission, 135 days) in
those treated for on episode of relapse.

Deaths other than those due to leukaemia that oc-
curred within 6 weeks of the end of treatment were consid-

ered to be treatment-related: there were seven in all; three
were initial failure patients and four had relapsed disease.
The complete response and treatment-related mortality
rates were analysed according to age, sex, FAB classifica-
tion, disease status, concomitant use of steroids and
whether the etoposide was given once or twice a day. None
of these parameters affected the complete response rate in
particular: it was unaffected by the use of steroids. Simi-
larly, treatment-related mortality was remarkably constant
in all groups, 14%-26% (19% overall), except that all of the
patients who died were female; however, this was not sta-
tistically significant.

ALL

A total of 18 patients were treated with high-dose Ara-C
and etoposide for ALL after having either relapsed or
failed initial, conventional remission induction chemo-
therapy. The complete remission rate was 56% (10/18; me-
dian actuarial duration, 106 days) with treatment-related
mortality of 17% (3/18). There was no difference in the
complete remission rate or treatment-related mortality
when these were analysed by age, sex, disease status and
sub-type. Table 4 shows the distribution of ALL sub-type
and the disease status of patients treated with high-dose
Ara-C and etoposide.

BMT

Nine patients (seven with AML and two with ALL) who
had relapsed following BMT were treated with high-dose
Ara-C and etoposide. The results were extremely poor,
with seven treatment-related deaths. Two patients
achieved complete remissions, but these were only of short
duration (3 and 12 months).

Results were also poor for ten patients with AML
(six initial failures and four relapsed patients) who
achieved complete remissions with high-dose Ara-C and
etoposide and then went on to BMT. The median time be-
tween the chemotherapy and the transplant was 113 days
(range, 42-301 days). Six patients died of transplant-relat-
ed complications within 6 months of the graft, three re-
lapsed and died within the same period and one is alive
and disease-free at 8 months.

Toxicity

Table 5 shows the toxicity of high-dose Ara-C and etopo-
side given with or without steroids. The nine post-BMT
patients do not form part of this analysis. The commonest
toxicity was diarrhoea, which occurred in 51% of patients
overall; its incidence was greatest in those patients receiv-
ing etoposide twice daily (P <0.01). Similarly, intestinal
obstruction tended to occur more commonly in this group
of patients. The overall incidence of vomiting (WHO
grade 3-4) was 19%, but 40% of the patients who did not

Table 4. Distribution of sub-type and disease status in patients
with ALL

C-ALL 12 Initial failure 5
T-ALL 1 Ist relapse 6
B-ALL 1 2nd relapse 4
N-ALL 3 3rd relapse 2
Not known 1 5th relapse 1
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Table 5. Toxicity of high-dose Ara-C + etoposide. Only patients with WHO toxicity grades 3-4 were included in this analysis, except

those with a skin rash +, present; —, not present

Total + Steroids — Steroids Ara-C + Ara-C +

(%) (%) (%) etoposide o.d. (%) etoposide b.i.d. (%)
Diarrhoea 51 (30/59)= 46 (18/39) 60 (12/20) 44 (23/52)2b 100 (7/7)a>
Intestinal obstruction 14 (8/59) 18 (7/39) 5 (1/20) 11 (6/52) 29 (2/7)
Vomiting 19 (11/59) 8 (3/39)® 40 (8/20)b 21 (11/52) —
Skin rash 20 (12/59) 23 (9/39) 15 (3/20) 21 (11/52) 14 (1/7)
Pulmonary 7 (4/59) 8 (3739) 5 (1/20) 8 (4/52) -
Conjunctivitis 3 (2/59) 3 (1/39) 5 (1/20) 4 (2/52) -
Headache 3 (2/59) — 10 (2/20) 4 (2/52) —
Cerebellar syndrome 2 (1/59) 3 (1/39) - 2 (1/52) -
Fits/drowsiness 2 (1/59) — 5 (1/20) 2 (1/52) -
Treatment-related deaths 19 (11/59) 18 (7/39) 20 (4/20) 19 (10/52) 14(1/7)

2 Numbers in parentheses represent the number of treatments in which toxicity occurred/total number of treatments

b Difference statistically significant (see text)

receive steroids had vomiting compared with 8% of the
steroid-treated patients (P <0.01). The overall death rate
within 6 weeks of finishing chemotherapy was 19% and
was very similar for each group of patients. The addition
of steroids did not affect the complete remission rate or
overall treatment-related mortality.

The median duration of WHO grade 4 neutropenia
was 28 days (range, 17-67) for all patients with AML and
24 days (range, 16~33) for those with ALL. There were no
significant differences between any of the sub-groups of
patients.

Discussion

We showed a complete remission rate of 63% in patients
with relapsed or refractory AML treated with a combina-
tion of high-dose Ara-C and etoposide. Only two publish-
ed series show as good a complete remission rate in a simi-
lar group of patients [5, 15]. In the former report, Ara-C
was used at a dose of 3 g/m? every 12 h for 12 doses in
combination with mAMSA ; in the latter, 3 g/m? was given
every 12h for 4 doses together with asparaginase, this
combination being repeated after 1 week. Although the
remission rate was high in the former study, so was the in-
cidence of serious neurological side effects (cerebellar dys-
function occurred in 7/40 patients, somnolence in 6/40
and mild dysarthria in 8/40). Indeed, it has been shown
that the incidence of CNS toxicity rises as the total dose
exceeds 24 g/m? [17, 18], and it has been suggested that
giving 2 g/m> Ara-C for 6 days reduces the incidence of
CNS toxicity [2, 26]. Our data supports the view that a
slightly lower dose of Ara-C results in a low incidence
of CNS toxicity without altering the effectiveness of the
regimen.

Ara-C with etoposide is a useful treatment for refracto-
ry or relapsed acute leukaemia and we recommend its use
in these circumstances, as remission rates are high. Howev-
er, patients require intensive support and treatment-related
mortality is not insignificant. Patients who relapse after
BMT have high treatment-related mortality; there is a sim-
ilarly poor outcome for those who go on to BMT after re-
ceiving high-dose Ara-C and etoposide. These results
therefore call into question the advisability of patients’ re-
ceiving BMT either before or after treatment with this regi-
men. Two patients, one with prolymphocytic leukaemia

and one with T-cell ALL (data not shown) were treated
with high-dose Ara-C and etoposide having relapsed after
autologous BMT, and although they both failed to achieve
complete remission and eventually died, their deaths were
not treatment-related. Similarly, five patients underwent
treatment involving autologous BMT after high-dose
Ara-C and etoposide, and although all patients died
within 6 months of receiving their autograft, only two of
the deaths were treatment-related.

Our initial experience would therefore suggest that
programmes including autologous bone marrow grafting
may be suitable for patients who have previously under-
gone high-dose Ara-C and that patients who have relapsed
after such programmes may be suitable candidates for
high-dose Ara-C as salvage therapy. However, there is a
need for more data, particularly in view of current sched-
ules for the treatment of AML that include autologous
BMT. Higher doses of Ara-C than those in this study or a
greater number of courses would probably not increase the
complete remission rate but might increase the incidence
of side effects and are thus not justified.
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