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Mitoxantrone (M) is a synthetic aminoanthraquinone with anti-leukemic activity in pa-
tients with daunorubicin (D) resistant acute leukemia. The Cancer and Leukemia Group B
(CALGB) has undertaken a limited access pilot study in which M, 12 mg/m 2, over 30 min,
daily for 3 days, and cytosine arabinoside (Ara-C), 100 mg/m  2/day by constant infusion for
7 days were used for the induction of newly diagnosed patients with AML. Responding
patients were consolidated with daunorubicin, 45 mg/m 2/day for 3 days, and 7 days of
Ara-C. After a second consolidation identical to induction, no further therapy was given.
Twenty-nine patients with a median age of 50 years (range 18-72) were entered in the
study; 18 were males and 11 females. Twenty-four (83%) patients achieved CR, 1 patient
achieved a PR, and 4 died in induction from leukemia-related causes. Two patients died

in CR from consolidation-related neutropenic sepsis and two additional patients died in

CR. Of 24 patients, 7 remain disease-free at a median follow-up interval of 8 years. The
regimen is active and well tolerated. The duration of disease-free survival in responding
patients is consistent with that seen in similar regimens using intensification chemo-
therapy without prolonged maintenance. Am. J. Hematol. 56:214-218, 1997.
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INTRODUCTION on our experience of clinical lack of cross-resistance be-
tween mitoxantrone and daunorubicin [8,9]. Mitoxan-

Despite the high initial complete remission rategone was chosen for the initial induction chemotherapy

achieved by induction chemotherapy for acute myel@ecause of the lower toxicity profile we had seen in the

cytic leukemia (AML), the long-term disease-free suttreatment of patients older than 60 and in those previ-

vival of responding patients has not been substantially;sly exposed to anthracycline regimens who were pri-

improved over the past 20 years, despite different regharily refractory to daunorubicin-containing regimens

mens of prolonged maintenance chemotherapy [1,2]. The].

value of long-term maintenance chemotherapy in im- A total of 29 patients with newly diagnosed acute my-

proving the prolongation of disease-free survival [3-5],

had been challenged by two provocative studies [6,7],

which led_ us to ask the qu_estlon Whethe_r 'Png?r re,lap%dntract grant sponsor: National Cancer Institute; Contract grant spon-

free survival could be achieved by administering inteRor: National Institute of Health; Contract grant sponsor: Department

sive post-remission consolidation chemotherapy. In ordgrHealth and Human Services; Contract grant sponsor: T.J. Martell

to avert the insurgence of drug-resistance and to makpundation.

mIZQ cytotoxic drug effects on IeUkemIC. cells after Ir.];Correspondence to: P.A. Paciucci, Box 1129, Mount Sinai Medical

duction chemotherapy, we chose a regimen employu@:gmer’ New York, NY, 10029.

mitoxantrone plus cytarabine for the induction and dau-

norubicin plus cytarabine for first consolidation, baseReceived for publication; 12 February 1997; Accepted 11 June 1997
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elocytic leukemia were studied. After induction, patientBABLE |. Patient Characteristics

were consolidated with a “seven and three” regimen of N

daunorubicin and cytarabine, which was followed by a

second consolidation with mitoxantrone and cytarabing‘?"eS 18
. . - emales 11

Responding patients were followed for survival and WE e

herein report the toxicity of the regimen and its effects onrange) 18-71 years
long-term disease-free survival. Of the twenty-nine pa-(median) 50
tients entered, 23 achieved complete remission (83%ge > 60 6
and, of these, 7 (33%) remain disease-free with a median CALGEB performance status

follow-up of 8 years. 0 14

1 11
2 2
3 2
PATIENTS AND METHODS Peripheral blood
Patients with cytochemically and histologically docu- Hea‘eod%:;’nb'” (g/dl) o
mentedl, previously untreated acute myelocytic leukemia Range 35-16.4
were eligible for the study. Patients had to be older thanpjateletssl
15 years and could not have a previous or concomitant Median 60,000
malignancy other than curatively treated in situ cervical Range 10,000-592,000

carcinoma or basal cell carcinoma of the skin. Patienté"’f\‘/li’(;’i;n 11,000
could n.ot haye oth.er serious medmal |IInesses,'and if Range 700--178,000
presenting with active bacterial, viral, or fungal infec- Extramedullary involvement
tions, treatment could not be started until until these werecNs

corrected. Required initial laboratory data included BUN Liver

and bilirubin less than 1.5 times normal values and serunyP!een

creatinine less than 1.8 mg/dl. Patients were informed o )L"r;pﬂyr;oedrﬁzphy

the investigational nature of the treatment and an in-other (ENT)

formed consent was signed in accordance with institu-
tional and federal guidelines. ] ] ]

Data quality was ensured by careful reviews of all dafaatlents w_ho f§lI|ed to achieve M1 marrow s'gatus follow-
forms and flow sheets by the CALGB database manadBf consolidation no. 1 therapy were considered treat-
responsible for this study and by the study chairmaf€nt failures and were withdrawn from study.

Central histologic review of pre-treatment bone marrow Patients who achieved CR after 1 or 2 courses of
and blood smears was required for each patient. Trefterapy received one last consolidation as soon as mar-
ment toxicity and therapeutic effects were evaluated af@}V Cellularity was at least 2 and WBC were greater than
classified according to CALGB criteria [11]. 1,50041_LI ar_1d platele_ts greater th_an lO0,0ﬁ)_D/The last _
Mitoxantrone was obtained from the National Canc&onsolidation contained cytarabine plus mitoxantrone, if

Institute in 15-ml ampules containing 30 mg of the drud)_atients had achieved CR after initial induction, or dau-
The dose of the drug was diluted in 50-100 ml of 50}30rubicin if the response was obtained after consolida-

dextrose in water or normal saline. Cytarabine and daliRn-
norubicin were commercially available. Induction was
tlhze sa/mrr; O}‘or all gatienltsthand (}‘:1ogsbisted3 cc))f mitpranftrorp&SULTS
mg ay on days roug y a 30-min infusion_ . -
Cytarabine was administered in a 7-day continuous infﬁ—atlent Characteristics
sion at 100 mg/rper day. If the marrow showed >5% Twenty-nine patients were entered on study, and their
leukemic cells on day 18, patients were treated with Ginical characteristics at presentation are shown in Table
second course consisting of 2 days of mitoxantrone ahdThere were 18 males and 11 females, aged 18 to 72
5 days of Ara-C at the same doses. (median age 50). Nine patients were younger than 40
Patients who did not achieve complete remission (CR$ars of age, seven were older than 60.
were given consolidation no. 1 therapy when their bone
marrow biopsy showed a cellularity of at least 2, neutr&¥eSPONse
phils were greater than 1,500/ and platelets were Table Il shows the induction results by age and FAB
greater than 100,000F. This consisted of daunorubicin, classification. Median time to CR was 35 days (range
45 mg/n¥/day (30 mg/m for patients over 60 years old) 18-58). Twenty-four (83%) of the twenty-nine patients
by intravenous push for 3 consecutive days and an ideachieved a complete remission after the first induction
tical course of cytarabine at 100 mgitaay for 7 days. course. Induction rates by age were 89% for patients
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TABLE Il. Therapeutic Response and Survival TABLE Ill. Treatment-Related Toxicities (Per Patient)
Complete No Induction  Long-term Grade (CALGB criteria)
N  remission response death survivors 4
FAB subtype 0 1 2 3 Life- 5
M1 4 3 1 None Mild Moderate Severe threatening Lethal
M2 ’ 6 L ! Mucositis 13 2 5 7 0 0
M3 5 4 1 8 Nausea/vomiting 9 5 9 4 0 0
M4 ! S 1 Diarrhea 6 4 13 4 0 0
M5 8 2 1 1 Infection 2 1 4 13 4 3
Me 2 2 2 Hepatic 0 5 4 8 0 0
Unclassified 1 1 Renal 20 4 3 0 0 0
Age <40 40-60 >6— Total Pulmonary 24 1 1 0 1 0
Complete 8 (89%) 11 (85%) 5 (71%) 24 (83%) Cardiac 26 0 0 1 0 0
remission

ﬁ&ltileukemic activity alone [8] or in combination with
tarabine [9,12—15] or etoposide [16,17] in both newly
lagnosed and previously treated patients with acute my-

younger than 40, 85% for patients aged 40 to 60, a
71% for patients older than 60 years. Of the remaining
patients, 1 failed to achieve M1 marrow and 4 died i : ' . . S
induction. Two patients died from central nervous systeferPCytIC leukemia. The _d'rug IS W?" tolergted, with mini-
bleeding on day 3 and 4; one patient died from rupture Hfal hausea and vomiting. As in previous studies, it

a hepatic chloroma after the first day of chemotherap}ggused transient hepatic dysfunction approximately 2

and one from candida sepsis during marrow hypoplas (_eeks after ad_ministration. . , .
P 9 ypop Because of its excellent toxicity profile, mitoxantrone

Toxicities has been used at high dose (80 mf)/in combination

The maximum toxicity grades, per patient, during thwith cytarabine for the initial induction of AML patients
entire treatment are shown in Table Ill. Two patient!der than 60 [12]. The activity of mitoxantrone we de-

were not evaluable for toxicity because of early deatffcted in patients who were primarily refractory to an-
Overall, three patients died from candida sepsis. dfracyclines [8-10] suggested that the two drugs did not

these, two were recovering from consolidation with dadnave clinical cross-resistance, and that sequential expo-

norubicin and cytarabine after having achieved CR. Nouré of chemotherapy-naive leukemic populations to
lethal infectious episodes were oropharyngeal candidffth drugs in combination with cytarabine might de-
sis (5 patients), gram negative rods sepsis (3 patieff€2Se the rates of subsequ_ent rel_apse. One of t_he__alms of
each withEscherichia coland pseudomonas), dental anf€ Present study was to investigate the feasibility of
peri-rectal abscesses (2 patients each), gram-positf\‘fér“'n'Ster'ng |n|t|aI_ |nduct|on. with mitoxantrone and
cocci (two patients), aspergillus pneumonia and Candi@%@-C to patients with AML, since the CALGB had al-
tropicalis sepsis (1 patient each), non-A, non-B hepatifi§2dy shown that mitoxantrone was equally effective as
(1 patient), and reactivation of oral herpes (1 patiem).daunorublcm in _mducmg complete remission whe_n it
Two patients, aged 72 and 61, respectively, died W2S used as initial therapy for newly diagnosed patients

complete remission from myocardial infarction after Vith acute lymphocytic leukemia [18]. ,
and 15 months, respectively, following study entry. All Two small trials [6,7] had suggested that maintenance

other treatment-related toxicities were mild. Nausea affeerapy did not prolong survival after post-remission in-

vomiting after induction were mild and sporadic. Trant€nsification therapy, implying that implementation of

sient hepatic and renal dysfunction were often attribffi€asures aimed at prolongation of survival should be
able to multiple antibiotic regimens. carried out immediately after achievement of complete

remission. In order to determine the feasibility of admin-
Survival istering non-cross-resistant induction and intensification

The overall median survival was 75 weeks. The méberapy, we carried out a trial of mitoxantrone plus cy-
dian time to failure was 38 weeks. For patients achievirigrabine followed by daunorubicin plus cytarabine in 29
complete remission, the median disease-free survival waafients with newly diagnosed AML. _

38 weeks. Seven patients remain alive and in continuingRandomized trials of mitoxantrone plus cytarabine vs.

complete remission after 93—-110+ months. daunorubicin plus cytarabine for newly diagnosed pa-
tients with AML have shown equivalent results and with-

out a significant difference in the overall survival be-

DISCUSSION tween the two drugs [15].
Mitoxantrone is a synthetic aminoanthraquinone that The complete remission rate of 83% in our study, de-
has undergone extensive clinical testing and has higpite its small size, confirms the impressive activity of
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mitoxantrone as a remission-inducing agent for patients of intensified remission induction therapy for acute myeloid leukemia.
with newly diagnosed AML [15]. Leuk Res 6:827, 1982.

Of the 4 fatalities in complete remission, 2 Were5' Cgssﬂeth PA, Beg‘g CB, Bennet JM, szdech M, Kah‘n B.S’ Weiler C,

caused bv sepsis following intensification thera and Glick J: A randomized study of the efficacy of consolidation therapy
dy 72p d 61 f g dial inf . pyTh in adult acute non lymphocytic leukemia. Blood 63:843, 1984.

two,_age_ an , from myocardial infarction. . e6. Champlin RE, Gale RP: Acute myelogenous leukemia: Recent ad-

median time to relapse Was_37 We_ekg. Seven patients,ances in therapy. Blood 69:1551, 1987.

(3_0% of reSponderS_) remain in continuing complete re;. sayter ¢, Berchtold W, Fopp M, Gratwol A, Imbach P, Maurice P,

mission after a median follow-up greater than 8.5 years. Tschopp L, Von Fliedner V, Cavalli F: Acute myelogenous leukemia:

In relation to age, all survivors were younger than 60 Maintenance chemotherapy after early consolidation treatment does

i _ i _not prolong survival. Lancet 1:379, 1984.

years of age at presentation, and the long-term disease-"*" Prot ‘ _

free survival for this cohort is 37%, consistent with the8: F’aCIU.CCI PA, OhurTlna T, Cuttner ‘]f Sllver RT, Holland JH: Mitoxan-

50-month disease-free survival of 44% reported by the trone in patients with acute leukemia in relapse. Cancer Res 43:3919,
. . 1983.

CALGB in a Ia_lrger StUdy of AML pa’qents Y‘?“”ger tha_m 9. Paciucci PA, Dutcher J, Cuttner J, Wiernik P, Holland JF: Cytosine

6_0 who recewed_ post-remission intensification with  4rapinoside and mitoxantrone in previously treated patients with acute

high-dose cytarabine [19]. myelogenous leukemia. Leukemia 1:565, 1987.

In conclusion, the administration of sequential mitoxto. Paciucci PA, Holland JF, Cuttner J, Keaveney C: Mitoxantrone, vin-
antrone plus cytarabine, followed by daunorubicin plus cristine and predrjisonein patientswith reIap;ed or primarily .refractory
cytarabine is highly effective and well tolerated. It is acute lymphocytic leukemia and Tdt+ blastic phase chronic myelo-
conceivabl’e that the advances in supportive caré mage’Y!c lekema- Cancer Res 47:5234, 1987.

. . . . PP . . . Kung FH, Nyhan WL, Cuttner J, Falkson G, Landowsky P, Del Luca
since t.he inception of th|.s. stu.dy may lessen the mfchous V, Nawabi IV, Koch K, Pluess H, Freeman A, Burgert EO, Leone L,
complications of intensification chemotherapy in com- Ruymann F, Patterson RB, Degnau T, Hakami N, Pajak TF, Holland

plete remission and allow the achievement of higher cure JF: Vincristine, prednisone and l-asparaginase in the induction of re-
rates mission in children with acute lymphoblastic leukemia following re-

. . . lapse. Cancer (Phila.) 41:428, 1978.
Despite its small size, the long-term disease-free sur- . . .
vival compares favorably with that of larger trials Thelz' Feldman EJ, Alberts DS, Arlin ZA, Ahmed T, Mittelman A, Baskind
p y 9 ' P, Peng YM, Baier M, Plezia P: Phase-I clinical and pharmacokinetic

study also suggests that acceptable long-term disase-freyauation of high-dose mitoxantrone in combination with cytarabine
survivals may be achieved without maintenance chemo- in patients with acute leukemia. J Clin Oncol 11:2002, 1993.
therapy. The issue of post-remission consolidation amgl Hiddeman W, Kreutzmann H, Straif K, Ludwig W-D, Mertelsman R,
maintenance, however, is still not resolved since several Planker M, Donhuijsen-Ant R, Lengfelder E, Arlin Z, Buchner T:

. . . . High-dose cytosine arabinoside and mitoxantrone: A highly effective
Iarge trials have shown either margmal benefit [3’5’20] regimen in refractory acute myeloid leukemia. Blood 69:744, 1987.

orno be_neﬂt [21’22,] for Iong—term maintenance Chem(ﬂ. Brito-Babapulle F, Catovsky D, Newlnhad AC, Goldman JM, Galton

therapy in AML. _ThIS study was conducted by the Can_‘ DAG: Phase-ll study of mitoxantrone and cytarabine in acute myeloid
cer and Leukemia Group B and was supported by Public leukemia. Cancer Treat Rep 71:161, 1987.

Health Serive grants from the National Cancer Institutes. Arlin Z, Case DC, Moore J, Wiernik P, Feldma E, Saletan S, Desai P,
National Institute of Health, The Department of Health Sia L, Cartwright K: Randomized multicenter trial of cytosine arabi-

and Human Services, and by a grant from the T.J. Martell noside m' prewous_ly untreated adu_lt patients with acute non-
Foundation lymphocytic leukemia (ANLL). Leukemia 4:177, 1990.

16. Paciucci PA, Davis RB, Holland JF, Martelo O, Schiffer CA: Mitox-
antrone and constant infusion etoposide for relapsed and refractory
AML. Am J Clin Oncol 13:516, 1990.
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