
0277-5379 85$3.00+0.00 
0 1985 Prrgdman Prrsa Lrd 

Perspectiues and Commentaries 

m-AMSA: a Review of Clinical Data 
ROBERT ZITTOUN 

Serziice d’Hematologie, Hotel-Dieu 75181 Paris Cedex 04, France 

THE PAPER of Miller and Bleumink relates to 
toxicity on immune system of m-AMSA and 
possible immunomodulation induced by this 
agent [l]. 

Amsacrine (AMSA, 4’-(9-acridinylamino) 
methanesulfon-m-AMSA/anisidide) is an acridine 
derivative which was recently shown to be of 
interest in the treatment of acute leukemia and 
malignant lymphomas. This drug was selected 
for clinical trial from a large number of related 
compounds because of its activity in preclinical 
cultures and animal tumor systems, including 
1~1210 leukemia, B 16 melanoma and P 388 
leukemia. This paper will focus on the results of 
most clinical trials published on m-AMSA, since 
its biological properties, mechanism of action 
and pharmacology are considered separately. 

For clinical use, the drug isprovidedasa 75-mg 
solution in 1.5 ml of N,N-dimethylacetamide 
(DMA). This solution is then diluted in 0.0353 M 
r.-lactic acid to a total of 15 ml, yielding a 
concentration of 5 mg,/ ml. The appropriate dose 
is further diluted in 5% dextrose in water to a 
v~olurne of 250-500 ml and infused over 1 hr 
through a running peripheral or central i.v. line. 
Contact M.ith chloride solutions must be avoided. 
‘1 gluconate lormulation without DMA has been 
also utilized. 

PHASE I STUDIES, AND PHASE II TRIALS IN 
SOLID TUMORS 

Phase I studies have shown that, when 
administered at a dose of 90-120 mg/m* in l- or3- 
day courses every 21-28 days, m-AMSA produces 
consistent but acceptable myelosuppression, with 
mild non-hernatologic, especially gastrointestinal, 
toxicity [2, 31. Xntitumor activity has been noted 
rn acute leukemia [4], melanoma [4], Hodgkin’s 

disease [5], chronic lymphocytic leukemia [5], and 
carcinomas of ovary [2], breast, lung [4], 
esophagus [5] and unknown origin [2]. 

Several phase II studies have been performed in 
solid tumors, in untreated as well as heavily 
pretreated or relapsed patients, with disappoint- 
ing results, with an overall response rate lower 
than 10% [3]. No antitumor responses occurred in 
22 evaluable patients with non-small cell lung 
cancer [7], 15 small cell carcinomas of the lung 
and 16 renal cell carcinomas [8], and only one 
partial response among 23 advanced large bowel 
carcinomas [9]. Moderate antitumor activity was 
also observed in metastatic breast cancer [lo] and 
melanoma [ 111. 

The poor activity in human solid tumors was 
confirmed by studies on the xenograft system in 
nude mice [12]. Some reasons for these poor 
results have been advanced on the basis of the 
effects of environmental variables on experimental 
cell kill [13]. Besides drug transport limitation, 
the acid environment could limit the activity of 
the agent, as well as the non-cycling or slowly 
cycling character of the majority of cells; on the 
other hand, hypoxemia per se is unlikely to 
influence sensitivity of cells in solid tumors [ 131. 
New analogs of AMSA could hopefully overcome 
these obstacles. 

m-AMSA IN ACUTE LEUKEMIA 

Contrary to its small effect in solid tumors, m- 
AMSA appears at the present timeasa major drug 
for the treatment of acute leukemia. The results of 
various monochemotherapies and drug combina- 
tions including m-AMSA in acute leukemia have 
recently been reviewed [14]. 

The phase I-II studies in acute leukemia have 
utilized dose-schedules quite different from those 
defined for solid tumors: the drug was ad- 
ministered daily during 3- to 7-day courses, at 
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escalating doses from 50 to 200 mg/m2 q d and 
from 200 to 1000 mg/mz total per course [15, 161. 
Myelosuppression is not the major limiting factor 
in acute leukemia, but extrahematologic toxicity, 
especially at the oral and gastrointestinal levels 
(uide infra). The best therapeutic regimen was 
defined by Legha et al. in 37 patients receiving a 
total dose of 450 mg/m2 or higher during 5-7 
days, with 27 (30%) achieving a complete 
remission (CR) and three (8%) a partial remission 
(PR) [16]. Longer courses resulted in undue 
hematological toxicity. 

Further studies have confirmed the value of m- 
AMSA in the treatment of acute leukemia, and 
attempted to define the response rate in patients 
refractory to previous therapies, as well as in 
various cytological types of acute leukemia [15, 
17-231. The results are shown in Table 1. The 
response rate was 27%, not significantly different 
between AML and ALL. It was apparently lower 
in blast crisisof chronic myelocytic leukemia (BC- 
CML), but the number of such patients was 
relatively low [17, 19, 231. Analysis of the results 
has shown that the expected CR rate isaround 23% 
in patients receiving a sufficient total dose 
(X50 mg/m*) of the drug. The duration of 

Table 1. 

Reference Type Patients (n) CR (W) PR (W) 

1251 

~271 

P31 

P91 

[301 

[311 

[321 
[331 

Total 

AML 
ALL 

AML 
ALL 
BC-CML 
AML 
ALL 

AML 
ALL 
BC-CML 

AML 
ALL 

AML 
ALL 
BC-CML 
ALL 

AML 
ALL 
BC-CML 

AML 
ALL 
BC-CML 
all types 

17 3 (17) 
11 3 (27) 

23 2 (9) 
8 2 (25) 
9 2 (22) 

82 23 (28) 

17 1 (6) 

27 3 (11) 
11 2 (18) 
6 0 (0) 

8 0 (0) 
18 3 (16) 

17 4 (24) 
5 0 (0) 
5 0 (0) 

12 5 (41) 

41 8 (20) 
12 3 (25) 
6 0 (0) 

215 43 (20) 
94 19 (20) 

26 2 (8) 
335 64 (19) 

0 (0) 
0 (0) 
5 (22) 
1 (12) 
0 (0) 

1 (1) 
0 (0) 

6 (22) 
4 (36) 
2 (33) 

0 (0) 
1 (5) 
0 (0) 
1 (20) 
0 (0) 

6 (10) 

n (8) 

remission was relatively short, illustrated in the 
most important series by a median duration of 12 
weeks, with a range of 3-59 weeks [18]. It must be 
emphasized that all these patients were heavily 
pretreated, generally with anthracyclines, and 

that most of them were refractory to these 
treatments. 

In further studies m-AMSA has been associated 
with other antileukemic drugs in various 
combination chemotherapy programs [14]. The 
drug was frequently associated with cytosine 
arabinoside, either alone or in complex combina- 
tions. Arline et al. have replaced the daunorubicin 
by m-AMSA in their DAT protocol (L14) for AML, 
the drug being administered at the daily dose of 
225 mg/m* during the first 3 days of a 5-day 
course, along with cytosine arabinoside (ara-C) 
and 6-thioguanine [24]. The result of this AAT 
protocol was eight (32%) CR and three PR in 
25 AML patients treated during their first relapse. 
The results of the AAT protocol were then 
compared to DAT by randomization in 72 
untreated patients, yielding comparable results 
(48% vs 44% CR of apparently the same duration 
during the early follow up) [25]. They therefore 
advocated the replacement of anthracychnes by 
m-AMSA in the induction treatments of AML, to 
avoid excessive cardiac toxicity. Of interest is the 
fact that, among the patients entered in the trial, 
16 patients had acute promyelocytic leukemia: 
seven were treated by AAT and all achieved a CR 
after one [6] or two [3] courses, whereas nine 
received a DAT protocol with only three CR; 
moreover, two patients with persisting leukemia 
after one course of DAT achieved CR after one 
course of AAT [26]. 

Weil et al. treated 49 patients, mainly children, 
with m-AMSA -I- ara-C, 200 mg/m* of each q d for 
5 days [22]. They observed 17 CR (45%) out of 37 
ALL treated, and three (25%) out of 12 AML, most 
of them heavily pretreated. McCredie et al. also 
replaced daunorubicin by m-AMSA in their 
induction regimen for both AML and ALL, m- 
AMSA being administered at low doses 
(30 mg/mz/day) for 7 days along with ara-C, 
prednisone and one injection of vincristine. The 
result of this AMSA-OAP treatment is three CR 
and three PR in 27 previously treated patients, 
and five CR (45%) in 11 untreated patients with 
poor-risk AML [27]. 

Other associations have been tested in pre- 
viously treated and refractory AML. Interesting 
results have been reported when m-AMSA was 
associated with VP16 [28], 5-azacytidine [29] and 
cyclocytidine [30], and VP16, am-C and 
thioguanine [31]. The most impressive ones were 
observed with m-AMSA and high-dose ara-C 
(3 g/m* q 12 hr): Hines et al. treating 40 relapsed 
or refractory AML with high-dose am-C for 6 
days, followed by 3 days of m-AMSA 75- 
100 mg/m2 q d, obtained 28 CR (70%) [32]. With 
different dose schedules, 90-120 mg/m* m-AMSA 
for 5 days with four injections of high-dose ara-C 
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during the first 2 days, we observed 12 CR (46%) in 
26 relapsed or refractory AML, with a high rate 
(44%) of CR in refractory leukemias. 

It can be concluded from these studies that m- 
AMSA is a potent antileukemic intercalating 
agent, and a candidate for the treatment of this 
disease either as a replacement of anthracyclines- 
especially in cases of prior cardiac history-or for 
introduction as an alternate treatment during 
consolidation. The present AML6 protocol of the 
EORTC randomizes, in patients achieving a CR 
after daunorubicin plus ant-C, between con- 
tinuous treatment, or an alternate regimen with 
m-AMSA, high-dose ara-C and 5-azacytidine. 
Patients refractory to induction treatment with 
anthracyclines should also be treated with m- 
AMSA, in view of the apparent lack of cross- 
resistance in the clinic, contrary to the experi- 
mental observations in P388 leukemia [33]. 

m-AMSA IN MALIGNANT LYMPHOMAS 
Several studies are currently ongoing to assess 

the activity of m-AMSA in advanced malignant 
lymphomas. Few results have been reported [20, 
341. Cabanillas et al. treated patients refractory to 
previous treatments, including adriamycin, with 
m-AMSA 40 mg/m* daily X 3 every 21 days 
(30 mg/m2 in the case of compromised marrow 
reserve). They observed ten objective responses in 
30 such patients, with three CR and three PR in 21 
high-grade malignant lymphomas [34]. 

Further studies should define the value of m- 
AMSA in combination treatments in various 
histological types of malignant lymphomas. 

TOXICITY IN CLINICAL STUDIES 
The toxicity of m-AMSA has been precisely 

defined in a number of studies. The main 
toxicities are hematological and digestive. 

In phase I trials with l- to S-day courses every 
21-28 days [3,4], leukopenia was the major dose- 
related toxic effect, with 120 mg/m2 as the 
recommended total dose. Mild thrombocytopenia 
was also observed, without evidence of cumulative 
myelosuppression. The time to recover more than 
1 X log/l polymorphonuclears and 100 X log/1 
platelets was best defined in remitter patients and 
was generally between 3 and5 weeks. Legha et al. 
observed a duration of hypoplasia of 3-4 weeks 
after total dosesof 450-630 mg/m*, and frequently 
longer than 6 weeks afterdoses> mg/m*, with 
increased mortality [18]. Deathsafter treatmentby 
m-AMSA are generally related to severe and 
prolonged myelosuppression and infectious 
complications. 

Immunosuppression also occurs to some extent 
in most patients. The immunosuppressive 

activity has been assessed mainly in experimental 
models [1, 351. Cell-mediated capacity, i.e. T 
lymphocyte mitogenic responsiveness, delayed- 
type hypersensitivity reaction and host vs graft 
reaction, is depressed during the leucopenic 
phase, as are the inflammatory responses, but 
restoration parallels the recovery of leucocytes, 
and thymus-dependent antibody response 
appeared unexpectedly increased [ 11. 

Severe stomatitis is also frequent after total 
doses >600 mg/m2 [17, 181 and is universal at 
doses of 1000 mg/m2, leading to severe dysphagia 
and malnutrition. Nausea and vomiting are 
common, depending on the dose schedule, but 
they are less severe with intermittent treatments. 
Diarrhea has been reported after combination 
treatments [27] and necrotizing colitis after 
association with am-C [28]. Increased bilirubin- 
predominantly conjugated-and alkaline phos- 
phatase are frequently observed after treatment of 
acute leukemia, but liver enzymes are generally 
normal or slightly elevated [18, 20, 231, except 
when other toxic or infectious factors are 
associated. 

When evaluable, alopecia is universal [ 15, 231. 
Cutaneous toxicity is unfrequent, or related to 
associated drugs such as high-dose ara-C [29]. 
Local pain during infusion and phlebitis is 
sometimes observed [8, 17, 18, 211, but may be 
avoided by careful dilution of the drug, especially 
when infused in a peripheral vein [17]. Mild 
hearing loss is infrequently noted [ 171. 

A few patients developed grand ma1 seizures, 
probably related to associated metabolic disorders 
[36]. 

One of the major problems raised by the clinical 
trials of m-AMSA is its potential cardiac toxicity, 
since this drug is advocated to replace the 
anthracyclines in patients with acute leukemia, 
especially in cases of past history of cardiac disease 
or large cumulative doses of anthracyclines 
already administered. In animal studies the 
cardiotoxic effects of lethal doses m-AMSA were 
less severe than with adriamycin. In a review of 
the clinical literature involving more than 3000 
patients there was a l-9% incidence of arrythmia 
and 0.4% of cardiomyopathy [37]. Fatalities 
occurred in 12% of the arrythmic episodes (0.2% of 
the total population). Virtually all of these 
patients had been heavily pretreated with 
anthracyclines, and many were hypokalemic at 
that time. Careful monitoring and correction of 
electrolyte abnormalities is therefore essential 
during m-AMSA treatment [ 18, 371. The possible 
role of DMA has been also advanced, but three 
cases of cardiomyopathy have been observed after 
treatment by DMA-free m-AMSA gluconate in 
patients heavily pretreated with anthracyclines. 
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