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ABSTRACT

A combination of mitoxantrone, vincristine, and prednisone was used
to treat 19 patients with acute lymphocytic leukemia. Of these, 12 were
patients with acute lymphoblastic leukemia (ALL) (9 in first relapse and
5 primarily refractory to standard induction therapy with daunorubicin,
vincristine, and prednisone), 2 had a phenotypic ALL relapse after an
initial diagnosis of acute myelocytic leukemia and 5 had terminal deox-

ynucleotidyl transferase positive blastic phase chronic myelogenous leu
kemia (BCML). Eight patients with ALL (and of these, four with
primarily anthracycline resistant disease), and two with BCML achieved
complete remission. Five patients died in induction (three ALL from
sepsis and two BCML from bleeding), and five had progressive disease.
Median duration of response was 5 months, with two primarily refractory
ALL patients remaining in continuing complete remission at 28 and 31
months. Treatment was well tolerated, with minimal nausea and vomiting,
and oral mucositis. Posttreatment transient hepatic dysfunction was seen
in 80% of patients. Mitoxantrone, vincristine, and prednisone are an
active combination for the treatment of relapsed or refractory ALL and
of terminal deoxynucleotidyl transferase positive BCML. The finding
that four of five primarily refractory ALL patients were induced in
complete remission supports the contention that mitoxantrone and an-
thracyclines are not cross-resistant.

INTRODUCTION

A significant increase in the survival of patients with ALL3

over the past 10 years has been more the consequence of a
better understanding of the biology of the disease itself, such as
the importance of central nervous system prophylaxis, of the
identification of high-risk presentation, and use of more effec
tive chemotherapy combinations, rather than of the introduc
tion of active new chemotherapeutic agents. The treatment of
both adult and childhood ALL with high-risk presentations,
however, continues to be a therapeutic challenge. Although a
large number of adult and high-risk pediatrie patients are
expected to enter remission following standard induction che
motherapy, about one-third of children to two-thirds of adults
will relapse and become resistant to further curative attempts.
Treatment failure is consequent to drug refractoriness; this
provides momentum to the continuing search for more active
and more specific chemotherapeutic agents. Mitoxantrone, 1,4-
dihydroxy-5,8-bis-i [(2-hydroxyethyl)amino]ethylamino ) 9,10-
anthracenedione dihydrochloride, CL 232,215 (NSC 301739)
is a synthetic DNA intercalator (1, 2), designed to reduce the
cardiotoxicity seen with the structurally related anthracyclines
(3). In a Phase I-II study in patients with relapsed or refractory
acute leukemia we found mitoxantrone to be an active remission
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inducing agent (4). Of twelve patients with ALL who had been
previously treated with (and failed) anthracycline containing
regimens, 5 achieved a complete remission, (and of these, 2
achieved 2 consecutive remissions) with mitoxantrone as a
single agent at dosages between 8 and 14 mg/m2 daily x 5.

Duration of response unmaintained was 3 to 30 weeks. Mitox
antrone was well tolerated, with minimal nausea and vomiting
and with extra hematological toxicities comparable to those of
other currently used drugs or regimens. This study suggested
that there was no absolute cross-resistance between mitoxan
trone and anthracycline antibiotics.

We now report our experience of mitoxantrone in combina
tion with vincristine and prednisone in patients with relapsed
or primarily refractory ALL.

PATIENTS AND METHODS

Mitoxantrone (Novantrone; Lederle Laboratories) is supplied as a
30-mg solution in a 15-ml ampul. The drug was diluted in 50 ml of 5%
dextrose in water and administered in an i.v. infusion over 30 min at
the dose of 10mg/m2 on days 1, 2, and 3 of treatment. The dose of

mitoxantrone was reduced by 25% for patients with mild hepatic
dysfunction. Vincristine (Oncovin; Eli Lilly Co.) was administered at
1.4 mg/m2 (but not exceeding a total dose of 2 mg), on days 1, 8, and
15 of treatment. Prednisone, 40 mg/m2 was given daily for 21 days and

then tapered over 5 days.
Tables 1 and 2 summarize patient characteristics; 12 male and 7

female adults were entered in this study. Their median age was 35 years
(range, 15 to 79), with a median performance status of 2 (moderate
impairment). AH patients had been previously treated with a median of
2 regimens (range, 1 to 4). Basic requirements for patient eligibility in
the study were evidence of bone marrow recurrence or of persistent
leukemia following standard induction chemotherapy, normal renal
and hepatic function (with serum creatinine, bilirubin, and transami-
nases not exceeding 1.5 times the upper normal limits), normal cardiac
function with no prior history of congestive heart failure or of myocar-
dial infarction in the previous 6 months, a normal left ventricular
ejection fraction at rest as assessed by a gated pool blood scan, and no
prior treatment with mitoxantrone. Previously untreated patients were
excluded from the study. Informed consent was obtained from patients
or their legal guardians, and the study was conducted in accord with
institutional and federal guidelines. Therapeutic and toxic side effects
were evaluated and classified according to Cancer and Leukemia Group
B criteria; briefly, complete remission was defined as a bone marrow
rating of MO or Ml in the setting of a hemogram rating of HO or HI
achieved in the absence of transfusion or platelet support and disap
pearance of evidence of leukemia. Patients received a second course of
MVP if the bone marrow aspirate on day 18 showed >5% residual
leukemic cells. All patients received allopurinol and vigorous hydration
and alkalinization before and during administration of MVP and were
monitored to avert the development of a tumor lysis syndrome.

Of the 19 patients entered, 14 had ALL, and of these, 9 had relapsed
following an initial response (7 were in their tirsi relapse and 2 in their
second). Two patients had had a diagnosis of AML at presentation, but
their leukemic cells had a predominant lymphocytic phenotype upon
relapse. Five patients were primarily refractory to standard induction
chemotherapy with daunorubicin, vincristine, and prednisone. The
remaining 5 patients had terminal deoxynucleotidyl transferase positive
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Table 1 Characteristics of patients with ALL

Patient123456e78910e11121314SexFMFMMFFMMMFFMFAge(yr)3245352354414121352724795615PerformanceTdTÂ° J5status+

-2+
-0+
-2+
+0+
+0+
+4NT

NT4+
+1-

3+
+3+
-0+
+2NT
+0-
+ 0Prior

CR00000Prior
CR du- Prior Prior dauno-

ration (mo) regimens rubicin(mg/m2)00!*

90*
1350

2*1350*
1350

3*4050
2"1350
3'1352203153039"

4151351353601353

363052
0MVPcourse11221211112112ResponseCRCRPD,

PDPR,
CRCRPR,

CRIDPDCRCRPR,

IDPDIDCR,

CR
" lili, terminal deoxynucleotidyl transferase; .15. antibody to common ALL antigen; PR, partial remission; PD, progressive disease; ID, induction death; NT, not

tested.
b Primarily refractory to induction with daunorubicin, vincristine. and prednisone.
' Patients with an initial diagnosis of AML and with a phenotypic ALL relapse.
J Refractory and in relapse.
' Patient with T-cell ALL.

Table 2 Characteristics and response to MVP of patients with blastic phase chronic myelogenous leukemia

Patient15

1617

18
19SexM

M
M
MMAge

(yr) TdTJ528

+ +
25 + +
69 + +
66 + +
27 not tested +Performance

status1

24

1
3Courses

of MVP2

2
1
1
1DHAD

(mg/m2/
days x3)107.5

10
7.57.5Time

to
Response response(days)CR,

CR
CR, CR
ID
ID
PD32

19Response

duration(mo)7(2)*

3(5)*

"TdT, terminal deoxynucleotidyl transferase; DHAD, l,4-dihydroxy-5,8-bis|{(2-hydroxyethyl)amino|ethylamino| 9,10-anthracenedione dihydrochloride; ID, in

duction death; PD, progressive disease; J5, antibody to common ALL antigen.
* Numbers in parentheses, duration of a second CR after a second course of MVP.

or common ALL antigen positive BCML. All patients with ALL except
one had been previously treated with anthracyclines (median prior
daunorubicin was 135 mg/m2). Fifteen patients received one induction

course and 4 patients received two.

RESULTS

All patients are Ã©valuablefor response and toxicity. Mitox-
antrone was delivered in a daily x 5 schedule in patient 8 and
in a daily x 4 schedule in the first course of patient 6 (the first
and second entrants, respectively, to the study). All subsequent
courses were delivered using mitoxantrone in a daily X 3
schedule; 3 patients with pretreatment hepatic dysfunction re
ceived a 25% dose decrease (Table 2). All patients had antileu
kemic effects, with development of pancytopenia and decrease
or disappearance of leukemic cells from peripheral blood and/
or bone marrow. Characteristics of the responding ALL pa
tients are shown in Table 3: following a first course of induction

Table 3 Characteristics of ALL patients responding to MVP

Prior Dauno- Time to Response
Pa- Prior regi- rubicin MVP Re- response duration

tient CR mens (mg/m2) courses sponse (days) (mo)

12456'9Vf1400001112yiÂ°i*3Â«Tf11290135135405135135135011212112CRCRPR,CRPR,CRCRCR*CRCRCR45261925722032243531+28+32106(3)'

" Patients primarily refractory to tirsi induction.
* PR, partial remission.
c Patients with AML at presentation and predominant ALL phenotype at

relapse.
Patient in relapse and refractory to reinduction.

' Number in parentheses, duration of a second CR after a second course of

MVP.

chemotherapy, 6 patients achieved CR and 3 entered partial
remission; 2 of these patients achieved CR following a second
course of MVP. Of the 8 ALL patients achieving CR, 4 had
been refractory to a first induction attempt with daunorubicin
in combination with vincristine and steroids. Patients 6 and 10
(Table 1), who had a phenotypic ALL relapse after an initial
diagnosis of AML, both responded to MVP. Three patients
with ALL had progressive disease. Two of 5 patients with
BCML reached CR; one patient with BCML could not receive
a second course of MVP because of worsening hepatic dysfunc
tion despite a major initial clinical response. Five patients
suffered early deaths from sepsis (3 ALL) and bleeding (2
BCML) during marrow aplasia (Table 1).

Of the 10 responding patients, 8 relapsed, unmaintained, 2
to 10 months following achievement of remission. Of these, 4
were treated again with MVP, and 3 achieved a second CR
(lasting 2 to 5 months), while one died with progressive central
nervous system disease. Two patients died in relapse in other
institutions. One (patient 2) died elsewhere from graft-vmÂ«i-
host disease following allogeneic bone marrow transplantation
from a histocompatible sibling in the fifth month of CR. Two
patients, (4 and 5) (Table 3), both with disease primarily refrac
tory to daunorubicin are currently alive and in continuing
remission 31 and 28 months following chemotherapy. Patient
4 had failed to achieve a response with daunorubicin (45 mg/
m2 daily for 3 days), vincristine (2 mg on days 1, 8, and 15),
prednisone (40 mg/m2 daily for 21 days), and L-asparaginase

(500 units/kg i.v. for 10 consecutive days); patient 5 had failed
3 prior induction attempts (vincristine, daunorubicin, and pred
nisone, followed by 2 consecutive courses of daunorubicin, 45
mg/m2 daily for 3 days and 1-0-D-arabinofuranosylcytosine,
100 mg/m2 in continuous i.v. infusion for 7 days) with a total
prior dose of daunorubicin of 405 mg/m2. Both patients re
ceived maintenance chemotherapy with vincristine and predni-
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sone alternating with 6-mercaptopurine plus p.o. methotrexate
every 4 to 6 weeks for 1 and 2 years, respectively.

Hematological Toxicity. All patients experienced marrow hy-
poplasia. The leukocyte nadir was observed at a median of 13
days (range, 4 to 27 days), and the platelet nadir at a median
of 11 days (range, 5 to 23 days). Before MVP, patients had a
median WBC of 8800/mm3); the median nadir WBC was 300/
mm3 (range, 100 to 2000/mm3). Recovery of neutrophils to
500/mm' or more occurred in a median of 25 days (range, 16

to 43 days). In the responding patients, marrow Ml status was
also achieved in a median time of 25 days.

Other Toxicities. Nausea and vomiting were minimal. Oral
toxicity was mild in 3 instances, moderate in 6, and severe in
one patient in whom it was associated with reactivation of an
oral herpetic infection. Oral mucositis resolved in all patients
in approximately 1 week. It was treated with local irrigants
containing viscous lidocaine as well as nystatin suspensions in
order to avoid superimposition of Candida infection. In 12
patients that were Ã©valuablefor it, alopecia was observed in 9
instances.

Table 4 shows the incidence of hepatic dysfunction prior to
MVP; this dysfunction consisted in the elevation of one or more
of the following 3 parameters: bilirubin (in 7 patients), aspartic
and alanine aminotransferases (in 15 patients), and alkaline
phosphatase (in 16 patients). Following chemotherapy, biliru
bin returned to normal levels in 5 patients in a median of 2
days (range, 1 to 3 days); transaminases became normal in 9
patients in a median of 7 days (range, 3 to 11 days) and alkaline
phosphatase in 11 of 16 patients in a median of 9 days (range,
3 to 14 days).

Hepatic dysfunction, measured by elevation of one or more
of the above parameters, appeared in the posttreatment period
in 20 of 25 Ã©valuablecourses. Elevation of bilirubin appeared
after a median of 11 days, of transaminases after a median of 8
days, and of alkaline phosphatase after a median of 6 days.
Hepatic dysfunction was present at the time of death in all 5
patients who suffered death in induction. In 3 patients with
ALL, this was attributable to sepsis (2 patients had normal
hepatic function prior to treatment), while the other 2 patients,
with BCML, both had grades 2 and 3 overall hepatic dysfunc
tion before receiving MVP. In the remaining 14 courses in
which hepatic dysfunction occurred, the duration of the bio
chemical abnormalities lasted a median of 4, 7, and 4 days,
respectively, for bilirubin, transaminases, and alkaline phospha-
tases.

Transient elevation of serum creatinine levels occurred in 6
patients; in no instance was renal dysfunction thought to be
related to the use of mitoxantrone. In 5 patients transient and
asymptomatic rise of phosphorus, with concomitant decrease
of serum calcium levels was observed in the immediate post-
treatment period concomitant with massive tumor cell lysis.

A total of 19 episodes of possible infectious episodes was
observed in 25 courses of treatment; fever higher than 38Â°C,in

the absence of evident sources of infection was recorded follow-

Table 4 HepatictoxicityGradeNormal

<1.S X ULN"
1.5-2XULN
>2 x ULN-Bilirubin

Transaminases12

93
(6)* 4 (6)

6(1) 9(6)
4 3(3)Alanine

phosphatase12

7(7)
5(8)
KD

' ULN, upper limits of normal.
" Numbers in parentheses, number of patients with elevated parameters before

treatment.

ing 11 courses of treatment. In 4 patients there was sepsis (in
3 instances due to gram-negative organisms and 1 to Candida),
fatal to 3. Candida mucositis was observed in 5 courses, reac
tivation of perioral or genital herpetic infection in 3, and
granulomatous hepatitis and nonspecific pneumonitis in one
patient each.

Finally, although the possibility of mitoxantrone related car-
diotoxicity has been suggested, none of our patients developed
cardiac toxicity. Following recovery from chemotherapy, radio-
nuclide scans showed a normal left ventricular ejection fraction
in all patients.

DISCUSSION

Mitoxantrone is a new drug we have already reported to be
an effective remission inducing agent in our earlier Phase I-II
study in patients with relapsed or refractory acute leukemia (4,
5).

The present study was undertaken to evaluate whether the
combination of mitoxantrone with other drugs that are classi
cally effective in the treatment of ALL could augment the
remission rate or permit reduction of mitoxantrone dose in
order to minimize extrahematological toxicity without decrease
of antileukemic activity. Apart from the first 2 patients in the
study to whom mitoxantrone was given at a dose of 10 mg/m2

for 5 and 4 days, respectively, in all subsequent patients mitox
antrone was administered in a daily x 3 schedule. Compared
to our previous study, attenuation for oral toxicity was not
accompanied by decrease of antileukemic activity when mitox
antrone was given at 50% of the total recommended dose (4).

Four of 5 patients with primarily refractory ALL who had
failed to achieve a response after a median of 2 prior induction
attempts, all containing anthracyclines plus vincristine and
prednisone, achieved complete remission following MVP. This
finding suggests that the activity of this regimen is related to
mitoxantrone and confirms our previously reported lack of
cross-resistance between mitoxantrone and daunorubicin in
ALL (4). The finding that 2 patients with biphenotypic leuke
mia achieved a complete remission on MVP suggests, further
more, that the regimen may be of value in the treatment of
patients with this high-risk presentation.

Despite the death of 5 patients in the posttreatment aplastic
phase, marrow recovery occurred in a median of 25 days after
treatment, suggesting that MVP is a regimen with acceptable
bone marrow toxicity.

Although 3 patients had a response lasting 3 months or less,
a not uncommon result in previously treated ALL patients, the
finding that 2 patients who were primarily refractory to dau
norubicin (patients 4 and 5; see Tables 1 and 3 for pretreatment
details) are in continuing complete remission at 28 and 31
months is of note given the extremely poor prognosis of adult
ALL patients who are refractory to induction treatment.

In our experience the combination of mitoxantrone with
vincristine and prednisone appeared to be more hepatotoxic
than either drug alone (4). Mitoxantrone is a drug with rapid
plasma clearance and tissue binding. The drug is metabolized
in the liver. We have reported one patient in whom we detected
25% of the total administered dose bound to tissues, and
predominantly to hepatic cells, as late as 11 days after treatment
(6). In a patient with tumor related hepatic dysfunction, mitox
antrone was recovered in the ascitic fluid in its active form up
to 72 h after a single i.v. injection (7). In the same study it was
found that patients with hepatic dysfunction excreted 12 to
13% of the total drug received through the urine, while less
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than 5% of the total drug dose is usually recovered in the urine
of patients with normal liver function. Although not conclusive,
these findings suggest that mitoxantrone metabolism may be
altered in patients with preexisting hepatic dysfunction. Pro
longed drug levels in tissues or body fluids in these patients
may be responsible for unusually prolonged immunosuppres-

sion.
This report of MVP extends our earlier report of activity of

mitoxantrone in patients with refractory or relapsed acute lym-

phoblastic leukemia (4, 8, 9). As a single agent, the reported
activity of mitoxantrone varies from 0 (10) to 28% (11-12) in

adult and to 33% in childhood ALL (13). In combination with
1-ÃŸ-D-arabinofuranosylcytosine it was found to be very active
in refractory ALL (14). These apparently contrasting data are
probably related to the small sample size of ALL patients in
the various reports, in contrast with the uniform response rate
that has been reported for relapsed AML using mitoxantrone
as a single agent (10, 12) or in combination with 1-0-D-arabi-
nofuranosylcytosine in various dose schedules (14-18). The

activity of mitoxantrone in anthracycline refractory AML has
also been noted (15-18), although at least in some reports,
concomitant treatment with high-dose l-/3-D-arabinofuranosyl-

cytosine does not allow one to define precisely whether mitox
antrone is clinically non-cross-resistant with anthracyclines
( 17-18). M VP is a well-tolerated regimen, with sporadic nausea
and vomiting, minimal mucosa! toxicity, and acceptable im-

munosuppression. It appears to be very promising for both
relapsed and primarily anthracycline resistant adult ALL. Ow
ing to the hepatic metabolism of mitoxantrone this regimen
should be cautiously used in patients with preexisting hepatic
dysfunction that is not related to parenchymal infiltration with
tumor cells.

Based on our findings of the activity of MVP in this cohort
of patients with ALL and of its non-cross-resistance with an

thracycline containing homologous regimens, we inaugurated a
study of MVP followed by consolidation with daunorubicin,
vincristine, and prednisone at the Cancer and Leukemia Group
B for relapsed or refractory adult ALL patients. Currently,
MVP is also being used for the induction of newly diagnosed
ALL patients in a randomized study against homologous re
peated inductions containing vincristine, prednisone, and dau
norubicin alone.
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