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Abstract--4'-(9-Acridinylamino) methanesulfon-m-anisidide AMSA ) is a new anti- 
tumor drug effective in the treatment of acute leukemia and some solid tumors. Phase I 
and H studies showed myelosuppression to be its major toxicity. Preliminary phar- 
macological studies with AMSA revealed prolongation of half-life and delayed 
clearance in patients with compromised liver function. In this study, we have correlated 
pretreatment liver function abnormalities with myelosuppressive toxicity of AMSA in 
patients with leukemia and a variety of solid tumors. In patients with solid tumors and 
elevated serum bilirubin levels, the degree of myelosuppression was unpredictable. Since 
some patients experienced excessive toxicity it is advisable to begin therapy with a 
25-30% reduction in the starting dose of AMSA for patients with elevated bilirubin 
values. In leukemia patients with a serum bilirubin level up to 3 mg/dl dose reduction is 
not indicated, but longer duration of hypoplasia may occur. It may, however, be 
advisable to start at a 25% lower dose, especially q the bilirubin level is greater than 
3 mg/dl. Additional pharmucokinetic studies are necessary to clarify the relationship 
between liver dysfunction, plasma clearance of AMSA and the degree of myelosup- 
pression. 

INTRODUCTION 
THE ACRIDINE derivative AMSA, a new antitu- 
mor drug, has been shown to be effective 
against acute leukemia, lymphoreticular neo- 
plasms and some solid tumors [1--4]. The max- 
imum tolerated dose of AMSA for patients 
with solid tumors is 40 mg/m2/day for 3 days or 
120mg/m 2 as a single dose repeated every 21 
days. Dose-limiting toxicity is myelosuppres- 
sion, which is usually brief, reversible and 
noncumulative. At the recommended dose 
level of AMSA, the degree of myelosup- 
pression in a recently reported phase II study 
was modest with a median WBC count of 
2500/tzl and a median granulocyte count of 
1400/~l [5]. One third of the patients had in- 
adequate myelosuppression with AMSA dose 
of 40mg/m2/day for 3 days and accordingly 
tolerated AMSA dose level of 50-75 mg/m2/day 
for 3 days. Other less common side effects of 
AMSA include nausea, vomiting, stomatitis, 
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dizziness and possible neurologic and cardiac 
rhythm abnormalities [6]. 

For patients with acute leukemia, the opti- 
mum dose schedule of AMSA is 75-90mg/m 2 
daily for 7 days. The median duration of mye- 
losuppression with this dose level is ap- 
proximately 4 weeks [4]. 

We observed that with the usual dose of 
AMSA, myelosuppression was more 
pronounced in some patients with abnormal 
liver function. This retrospective review was 
undertaken to evaluate the relationship of 
AMSA dose to myelosuppression in patients 
with abnormal liver function and to derive 
guidelines for dose adjustment. 

PATIENTS AND METHODS 
Twenty-one patients with abnormal liver 

function treated with AMSA were evaluated. 
Fifteen patients had solid tumors and six had 
acute leukemia. 

Patients with solid tumors 
Primary tumors included colon and rectal 

adenocarcinoma, 7; melanoma, 4; breast 
adenocarcinoma, 1; teratocarcinoma, 1; and 
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adenocarcinoma--unknown primary, 2. All 
patients had significant abnormalities of liver 
function with elevated serum bilirubin or 
transaminase concentrations or both, prior to 
treatment with AMSA. All patients had hepa- 
tomegaly with liver scan evidence of liver 
metastases. Renal function was normal, except 
in one patient who had mild impairment. 
Patient characteristics, including prior treat- 
ment and the degree of myelosuppression, are 
outlined in Table 1. 

AMSA was given intravenously at a dose of 
20-50 mg/m2/day for 3 days dissolved in 250 ml 
of 5% dextrose in water. Courses were 
repeated every 21 days, provided myelosup- 
pression had resolved. Complete blood counts, 
including a platelet count, were obtained prior 
to treatment and usually once weekly thereaf- 
ter. Blood chemistries, including bilirubin and 
serum glutamic oxaloacetic transaminase 
(SGOT), were obtained prior to each course 
and as often as clinically indicated. Seventeen 
courses of AMSA were evaluated. Myelosup- 
pression was graded as follows: mild, lowest 
WBC count greater than 2500//~1, lowest 
granulocyte count greater than 1000/#1 or 
lowest platelet count greater than 1000,000//~1; 
moderate, lowest WBC count 1500-2500//zl, 
lowest granulocyte count 500-1000//zl or lowest 
platelet count 50,000-100,000/#1; and severe, 
lowest WBC count less than 1000/#1, lowest 
granulocyte count less than 500//~1 or lowest 
platelet count less than 50,000//~1. 

Liver function abnormalities were graded as 
follows: mild, elevated SGOT* level (one to 
three times normal) but a normal serum bil- 
irubin level (0.1-1 mg/dl); moderate, elevated 
SGOT level (more than four times normal) or 
serum bilirubin level 1-3 mg/dl or both; severe, 
bilirubin level greater than 3 mg/dl. 

Leukemia patients 
Six patients with acute leukemia had elevated 

serum bilirubin levels and were treated with 
AMSA. The dose of AMSA varied among 
different patients partly because of the design 
of the study and partly because the dose was 
reduced due to elevated bilirubin levels in some 
patients. All patients had received prior che- 
motherapy with multiple agents but were in 
relapse at the time of AMSA treatment. AMSA 
dose per course, liver functions and AMSA 
toxicity are detailed in Table 2. All patients 
were treated as in-patients and were monitored 
with frequent bone marrow examinations, daily 

fNormat range for SGOT: 10-50 mU/ml. 

blood counts and repeated blood chemistry 
determinations, as indicated. 

RESULTS 
Patients with solid tumors 

The relationship of myelosuppression to the 
degree of liver function abnormality is sum- 
marized in Table 3. Since the dose of AMSA 
received by individual patients was variable, it 
is difficult to be certain about an absolute rela- 
tionship between the degree of liver dys- 
function and the severity of myelosupression. 
Nevertheless, there is a strong suggestion that 
patients with abnormal liver function were at 
higher risk of severe myelosuppression when 
given full dose of AMSA. Among patients with 
elevated SGOT levels but normal serum bil- 
irubin levels, the degree of myelosuppression 
with AMSA was similar to that expected with 
the usual dose of AMSA. Among the patients 
with moderate liver function abnormalities, 6 
of 12 developed severe myelosupression, and 
this was fatal in 2 patients. Four patients had 
modest myelosuppression, but 2 had received 
25--50% reduction in AMSA dose because of 
elevated bilirubin levels. Two patients were 
able to tolerate full doses of AMSA in spite of 
elevated bilirubin levels, indicating that the 
correlation between hyperbilirubinemia and 
myelosuppression was not strong. Of the 6 
patients who had a 25-30% reduction in AMSA 
dose because of elevated bilirubin level, only 
one had severe myelosuppression. Other 
parameters of liver disease, such as the level of 
serum alkaline phosphatase or the extent of 
hepatomegaly, did not provide any additional 
guidelines in making a prediction for the 
severity of myelosuppression. 

Leukemia patients 
Table 2 details the toxicity of AMSA related 

to the degree of serum bilirubin elevation. A 
total of 10 courses of AMSA were given to six 
patients who had elevated bilirubin secondary 
to their illness or related complications. Three 
patients died from systemic infections during 
the period of myelosuppression following 
AMSA therapy, two of them in the 2 weeks 
after treatment. The third patient died of 
prolonged hypoplasis (41 days) and had no 
evidence of residual leukemia at autopsy. She 
had obstructive jaundice from gallbladder cal- 
culi. Among the remaining patients, five of six 
AMSA courses were given in the presence of 
elevated bilirubin levels. In spite of full doses 
of AMSA the mean time to recovery from 
myelosuppression was five weeks (range 3-7 
weeks), which was approximately one week 
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Table 3. Hematologic toxicity by AMSA dose and liver function: patients with 
solid tumors 

Liver function No. of Myelosuppression 
abnormality courses Mild Moderate Severe 

Mild 5 3(30, 40, 50)* 1(40) 1(30) 
Moderate 7 1(25) 2(30, 40) 4(20, 40, 40, 40) 
Severe 5 3(~0, 30, 40) -- 2(30, 40) 

*(dose in mg/mt/day x 3 days). 

longer than that expected for patients with 
normal bilirubin levels. 

All ten courses of AMSA were accompanied 
by rises in serum bilirubin levels following the 
treatment. In seven patients in whom rever- 
sibility could be evaluated, bilirubin level fell 
significantly, usually to near pretreatment 
levels. The serum transaminase levels were 
normal in seven courses and remained un- 
changed during treatment despite significant 
rises in serum bilirubin levels. 

Four patients had a liver examination at 
autopsy. Three showed intrahepatic cholestasis 
and fatty metamorphosis. The cholestasis was 
more severe in the central portions of the 
lobules than in the portal areas. Three patients 
showed severe hemosiderosis and had no evi- 
dence of liver cell necrosis or significant 
inflammatory infiltration. The fourth patient 
had no evidence of cholestasis but showed 
marked necrosis around the central veins, as 
well as evidence of moderate fatty metamor- 
phosis. The relationship of AMSA to the cen- 
tral hepatic necrosis in this patient is uncertain 
because she was also afflicted with respiratory 
failure and septicemia. 

Moderately severe stomatitis was seen in 3 of 
10 courses with AMSA dose levels that 
ordinarily would not cause stomatitis. It was 
more severe in patients whose pretreatment 
liver function status was worse than that of 
other patients. 

DISCUSSION 
The pharmacologic disposition of AMSA in 

rats and mice was studied by Cysyk et al. [7]. 
Using ['4C]-labeled AMSA they found that 
radioactivity was selectively localized in the 
liver, mainly as metabolites of AMSA. Greater 
than 50% of the administered dose was 
excreted in the bile in the first two hours. They 
also observed a bile-to-plasma AMSA concen- 
tration ratio of 400: 1, suggesting an active 
transport. Greater than 80% of the ad- 
ministered dose was excreted via the biliary 
route into the feces, with the remaining 

radioactivity being recovered in the urine. 
Pharmacokinetic studies of AMSA in humans 
have also shown that biliary excretion plays a 
significant role in the elimination of this agent 
[8], Severe hepatic dysfunction leads to a 
significant prolongation of plasma half-life of 
AMSA and a delay in the total body and 
plasma clearance [8, 9]. 

Because hepatic metabolism and biliary 
excretion are the major routes of excretion of 
AMSA, the accumulation of AMSA and its 
metabolites in patients with abnormal liver 
function may result in greater toxicity. 

Our data from solid tumor patients suggest 
that in patients with abnormal liver function 
the usual dose of AMSA can cause severe 
myelosuppression, and therefore a dose reduc- 
tion should be considered. We suggest a 25- 
30% reduction in the AMSA dose if the serum 
bilirubin level is elevated or if SGOT is greater 
than four times normal values. Adjustment of 
dose in subsequent courses should depend 
upon the degree of myelosuppression observed 
with the first course of therapy. It should, 
however, be pointed out that two of our 
patients with serum bilirubin values greater 
than 3 mg/dl tolerated full doses of AMSA with 
modest myelosuppression. This points out that 
the myelosuppressive toxicity of AMSA in 
patients with abnormal liver function is not 
always predictable, that the recommendations 
suggested above should be used only as guide- 
lines and that the decision regarding dose 
reduction should be based on the overall clini- 
cal condition of the patient. 

In leukemia patients with elevated serum 
bilirubin levels, AMSA therapy was associated 
with some increase in the duration of bone 
marrow hypoplasia. Our limited data suggest 
that no significant decrease in dose is needed 
with serum bilirubin below 3 mg/dl. However, 
bone marrow hypoplasia may be prolonged 
and aggressive hematologic support  is needed. 
If the general condition of the patient allows, a 
25% reduction in the starting AMSA dose may 
be desirable, especially if the serum bilirubin is 
greater than 3 mg/dl. 
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Among leukemia patients with elevated 
pretreatment bilirubin levels, we observed a 
further increase in the bilirubin levels following 
AMSA therapy. This was not surprising since 
hyperbilirubinemia has been observed in 
leukemia patients even when the pretreatment 
bilirubin was normal [4].  Although sepsis 
occurring during marrow hypoplasia may have 
been responsible for the rise in bilirubin, it is 
conceivable that AMSA or its metabolites may 
interfere with bilirubin metabolism or 
excretion or both. Based on the animal toxi- 
cology studies done at the National Cancer 
Institute, there is concern that the vehicle used 
to dissolve AMSA may be a contributory factor 
in the etiology of hyperbilirubinemia. The lack 
of concomitant increase in SGOT suggests lack 

of any direct hepatocellular toxicity. This is 
confirmed by the absence of any evidence of 
hepatitis or other drug-induced hepatocellular 
damage on autopsy examination of the liver in 
three of our patients. We therefore believe that 
AMSA has no direct hepatotoxicity and that 
the basis of hyperbilirubinemia during AMSA 
therapy is not entirely clear at the present time. 

In conclusion, AMSA toxicity in patients with 
compromised liver function is unpredictable 
and can be excessive. Certain guidelines have 
been suggested for the use of AMSA in this 
group of patients. Further studies of AMSA 
pharmacology will be of interest and may help 
establish proper guidelines for dose adjust- 
ment. 
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