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Summary Amrubicin is a totally synthetic anthracycline
anticancer drug and a potent topoisomerase 1 inhibitor.
Recently, amrubicin was approved in Japan for the treatment
of small- and non-small-cell lung cancers (SCLC and
NSCLC). Here, we review the efficacy and toxicities of
amrubicin monotherapy and amrubicin in combination with
cisplatin for extensive-disease SCLC (ED-SCLC), and of
amiubicin monotherapy for advanced NSCLC, as observed in
the clinical trials. Recommended dosage for previously
unireated advanced NCSLC was 45 mg/m*/day by intrave-
nous administration for 3 days. Dose-limiting toxicities were
leucopenia, thrombocytopenia, and gastrointestinal distur-
bance. Response rate was 27.9% for advanced NSCLC, and
75.8% for ED-SCLC with a median survival time (MST) of
11.7 wonths. Recommended dosage of amrubicin was
40 mg/m?/day in combination with cisplatin at 60 mg/m*/
day, with MST of 13.6 months and |-year survival rate of
56.1%. In sensitive or refractory relapsed SCLC, response
rate was 52 and 50%, progression-free survival was 4.2 and
2.6 months, overall survival was 1.6 and 10.3 months, and
I-year survival ratc was 46 and 40%, respectively. These
results are promising for the treatment of both NSCLC and
SCLC. Further clinical trials will clarify the status of
amrubicin in the treatment of lung cancer.
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Introduction

Amrubicin is a totally synthetic anthracycline anticancer
drug based on doxorubicin, of which the hydroxyl group at
position 9 has been replaced by an amino group in
amrubicin to enhance the efficacy. This new derivative is
believed to exhibit its antitumor effect through metabolic
reduction in tumor cells and conversion to the active
metabolite amrubicinol, which inhibits cell growth about
200 times as potently as the parent compound (Fig. 1),(1, 2]
unlike other anthracycline anticancer drugs, such as
doxorubicin, in which the metabolites are considered to
have a weaker antitumor effect than the parent compound.
In comparison with doxorubicin in vivo, amrubicin was
shown to have a more potent antitumor cffect and lower
toxic effects on the heart, a site of delayed toxicity with
doxorubicin, and on the liver and kidneys [3, 4]. In vivo
comparison between single dose and repeated doses of
amrubicin over five consecutive days in antitumor effects
on severai cell lines revealed superior antitumor effect for
5-day administration, demonstrating schedule dependence
(Table 1) [5]. With respect to the mechanism of action,
amrubicin seems to act on topoisomerase 1, stabilizing a
cleavable complex {6]. As for clinical trials, a single-dose
phase | study was first performed in patients with various
types of previously freated malignant tumors. Adverse
events that were defined as dose-limiting Loxicities (DLTs)
were hematologic, including leukopenia, thrombocytopenia,
and anemia; the maximum tolerated dose (MTD) was
130 mg/m’. and the recommended dose for phase II clinical
studies was set at 100 mg/m? [7]. Next, a phase [ clinical
study using five-consecutive-day administration was per-
formed in paticnts with various types of previously treated
malignant tumors. As expected, the DLT was myelosup-
pression, while the MTD was 25 mg/m? with a total dose of
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Fig. 1 Chemical structures of

ammbicin hydrochloride (Jeff) O OH
and amrubicinol (right)
N
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125 mg/m®. However, because a clear tumor shrinking
cffect was not seen in any subject in this study,[8]
subsequent repeated 5-day administration studies were not
carried out. On the other hand, Feld et al. performed a
clinical study of another anthracycline antitumor drug,
epirubicin, for the treatment of non-small-cell fung cancer
(NSCLQ), and reported higher response rate in three-
consccutive-day administration than in single-dose admin-
istration {9]. Based on these findings and in consideration
of convenience in practical therapy, a regimen of repeated
doses for three consecutive days came to be recommended
for amrubicin as well. This article reviews the clinical
studies of amrubicin for the treatment of NSCLC and small-
cell lung cancer (SCLC) that have already been completed
and suggests a course for investigations in the future.

Non-small-cell lung cancer

Two single-dose phase 11 clinical studies of amrubicin for
the treatment of NSCLC were conducted. First, an carly
phase 1l study targeted previously untreated NSCLC,
starting with a dose of 100 mg/m® every 3 weeks. Adverse
events in 16 subjects initially envolled were mild, and the
study was thercfore continued in additional 26 subjects at
an increased dose of 120 mg/m” Among 14 evaluable
subjects of the initial 16, 1 subject (7.1%) had a partial
response (PR), and among 20 evaluable subjects of the
additional 26 after dose increase, 5 subjects (25%) had PR.
Following these promising results, a late phase-IT study was
conducted for previously untreated NSCLC at a dose of

OH
i 0 OH |
C—CHs CH— CH3
"“INH2 HCL O‘ Ty NH:
0 OH 0
on OH

120 mg/m®. A total of 62 patients were enrolled, but
contrary to expectations only 6 subjects had PR, for an
overall response rate of 9.7% [fin: New Drug Approval
Package (in Japanese) http://www.info.pmda.go.jp/shinyaku/
020402/37009000_21400AMZ00465_x100_1.pdf, p501-
510, p517-523, p524-532].

Prior to these studies, no phase 1 studies involving the
recommended course of repeated administration over 3 days
had been performed. Therefore, a phase I/II study on
previousty untreated NSCLC was conducted [10]. A dosage
of 40 mg/m*/day (total dosc of 120 mg/m?) was established
for level |, and was increased to 45 and 50 mg/m*/day for
levels 2 and 3, respectively. Four patients each were
enrolled at dosage levels 1 and 2, and 5 patients at level 3
[10]. At level 3, grade 4 adverse events persisting 4 days or
fonger were leukopenia in two of five subjects and
neutropenia in five of five subjects. Adverse events higher
than grade 3 were thrombocytopenia in two of five subjects
and anemia in two of five subjects. Non-hematologic grade
3 adverse events scen in one subject cach were nausea/
vomiting and melena. Grade 4 hematemesis was also seen
in onc subject. The DLTs were leukopenia, neutropenia,
thrombocytopenia, and gastrointestinal disturbances, and so
50 mg/n® was considered o be the MTD [10]. The
recommended dosage for phase 1} studies was considered
to be 45 mg/m*/day. Additional 15 evaluable paticnts were
registered for the study at this dosage. and 7 of the total 28
subjects had PR, with an overall response rate of 25%.
These results of amrubicin monotherapy for NSCLC were
essentially as promising as the results for other novel

Table t Effects of multiple administrations of amrubicin on the growth of human twmor xenografls

Dose Schedule Minimum T/C (%)

Lung carcinoma Stomach carcinoma

LX-1 QG-56 SC-2 SC-7 SC-Y St-4 St-15 4-18T
25 mg/kg Once 43 44 46 59 59 29 3 11
7.5 mg/kg 5 qd 31 R 36 k¥ 37 29 24° 13

7.5 me/kg daily for 5 days shows significantly supcrior growth inhibition over single 25 mg/kg dosc (p<0.05)
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antitumor drugs, such as paclitaxel, launched in the 1990s
[10]. Additional phase 1T studies were conducted to further
ascertain efficacy and safety, at a dosage of 45 mg/m%/day
for three consecutive days every 3 weeks (Table 2) [{1]. A
total of 61 patients (45 males) were enrolled (median age,
65 years; range, 33 to 75 years), and the majority of
subjects had a performance status (PS) of 0 to 1. All
subjects were evaluable for both efficacy and safety. One
subject had a complete response (CR) and 16 subjects had
PR, with an overall response rate of 27.9%. Among
toxicities, hematologic toxicitics were observed frequently.
Higher than grade 3 leukopenia and thrombocytopenia were
seen in 52.5 and 14.8% of the subjects, respectively.
Neutropenia was seen in 72.1%, and anemia in 23.0%.
Non-hematologic adverse events were mild, including
higher than grade 3 nausea/vomiting in 4.9% and anorexia
it 4.9% (Table 3). In three subjects, interstitial pnewmonitis
that had developed before enrollment was exacerbated
during the study, and two of these subjects died. The
median survival time (MST) was 11.3 months and |-year
survival rate 47.7% (Table 4) [11]. These results of overall
responsc rates and survival are comparable to those
achieved with standard two-drug combination therapy
containing a platinum agent for advanced NSCLC. At
present, results of clinical trials of combination therapy
using amrubicin plus other drugs to evaluate effects on
NSCLC have not yet been reported. It is urgent that we
explore combination therapy using amrubicin with other
drugs that are known to be cffective in the trcatment of
NSCLC, but it is also important that we clarify the position
of amrubicin in the practical treatment of NSCL.C.

Small-cell lung cancer

A single-dose phase I study of amrubicin in patients with
SCLC, previously treated or untreated, was performed
similarly to the NSCLC studics. The dose was started at
100 mg/m? and increased to 120 mg/m® during the study.
Eleven patients were enrolled (7 at 100 mg/m?), of whom
ten had previously been treated. Two of the 6 evaluable

Table 2 Phase II studies of amrubicin in previously untreated
advanced NSCLC: patient characteristics

Characteristics Value

No. of cligible patients 61

Sex (male/female) 45/16
Age, median years (range) 65 (33-75)
Histology (adenocarcinoma/squamous/large celil) 3372672
Stage (HTA/TIBAV) 3/19/34
PS (0/1/2) 19/39/3
No. of institutions t6
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Table 3 Phase 1T studics of amrubicin in previously untreated
advanced NSCLC: Loxicilies

Toxicity No. of paticnts Frequency (%)

>Gr. | >Gr. 3
Auemia 61 78.7 23.0
Leukopenia 61 918 525
Neutoropenia 61 96.7 72.1
Thrombocyopenia 61 44.3 14.8
Anorexia 61 70.5 49
Nausea/vomiling 61 57.4 4.9
Diarrhea 61 9.8 0
Alopecia 60 7.7 1.7

subjeets treated with 100 mg/m® had PR, but no response
was seen in any of the 4 subjects treated with 120 mg/m?.
Overall, 2 of the ten subjects had PR, for a response rate of
20%. The main adverse event was myelotoxicity. Grade 4
thrombocytopenia was seen in 4 of the 11 subjects (3
treated with 100 mg/m?). In order to ascertain the ctficacy
of amrubicin in SCLC more accurately, a late phase 11 study
in previously untreated patients with advanced SCLC was
conducted at a dosage of 45 mg/m?*/day for three
consecutive days at 3-week intervals. From an ethical
standpoint, this study was designed such that if a tumor
shrinkage of 25% or more (measured bilaterally) after one
course, or 50% or more after two courses of ammubicin was
not obtained, the patient would immediately be switched to
the standard therapeutic mode of a combination of cisplatin
and ctoposide. A total of 35 patients were enrolled, and
among the 33 evaluable subjects 3 had CR and 22 had PR,
for an overall response rate of 75.8% (CR rate 9.1%). The
MST was 11.7 months, the |-year survival rate 48.5%, and
the 2-year survival rate 20.2% (Table 4) [12]. Because a
promising result of monotherapy had been obtained, a
phase I/If combination therapy clinical study for previously
untreated advanced SCLC was performed using cisplatin, a
drug that currently plays a central role in SCLC chemo-
therapy, and the results were reported by Ohe et al [{3]. n
level 1, the dosage of amrubicin was 40 mg/m*/day for
three consecutive days, and the dose of cisplatin was
60 mg/m? (day 1); in levels 2 and 3 the dosage of amrubicin
was 45 mg/m*/day and the doses of cisplatin were 60 mg/m?
and 80 mg/m?, respectively. The courses were administered
at 3-week intervals. DLTs, consisting of febrile neutropenia,
grade 4 neutropenia persisting 4 days or more, and
constipalion, were seen in all three subjects enrolled at
level 2. Therefore, the dosages at level 2 were considered
the MTD, and the recommended dosage for the phase Il
part of the study was determined to be 40 mg/m*/day for
amrubicin with 60 mg/m? cisplatin. Then the phase 1T study
was conducted in 4) subjects at that recommended dosage.
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