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The role of anthracyclines in small cell lung cancer
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Abstract: Small cell lung cancer (SCLC) represents the 15% of the totally of lung cancer. The percentage

of cases in women is arising due to the differences in smoking patterns; it occurs almost exclusively in

smokers and appears to be most common in heavy smokers. The stage of disease at presentation is the most

important prognostic factor in patients with SCLC; for patients with extended stage disease, the median

survival is around 10 months, and the five-year survival rate is 1 to 2 percent. The standard regimen for

patients with extensive disease is cisplatin based chemotherapy. Second line chemotherapy is generally less

effective than the initial treatment but it can provide significant palliation for many patients. We make a

review here of the different options of second line chemotherapy and the role of anthracyclines in it.
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Introduction

Prognosis at relapse is poor and response to second-line
chemotherapy is correlated with response to first-line
therapy and the interval between first-line chemotherapy
and disease progression (1). Patients who relapse less than
three months after fist-line therapy are commonly called
“refractory” and have response rates than are lower than
those of patients who relapse more than three months after
therapy, who are usually called “sensitive” (2). There is no
standard second-line therapy for SCLC.

In 2009, a meta-analysis about chemotherapy versus best
supportive care (BSC) for extensive small cell lung cancer
was published by the Cochrane Lung Cancer Group (3).
The review included phase III randomised trials both first
and second line. Two studies in first line and two studies
in second line were analyzed. In the first line (4,5), both
studies compared ifosfamide +/- CCNU vs. BSC, showing
a benefit in overall survival between chemotherapy vs. BSC
(P=0.01) with no differences adding CCNU. In the second
line, chemotherapy also show benefit in overall survival
[methotrexate-doxorubicin vs. BSC P<0.001 (6); topotecan
vs. BSC P=0.01 (7)].
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Doxorubicin-based chemotherapy as second line
therapy for SCLC

Doxorubicin-based chemotherapy was widely used in
Europe as a reference regimen for first line therapy in
SCLC (8), and so for the European Organisation for
Research and Treatment of Cancer (EORTC) Lung Group.
Median survival of 9 to 11 months with 1 year survival
of 30-40% were reported in patients with good PS (9).
However, cisplatin and etoposide were widely used in North
America, with similar survival rates to those reported for
doxorubicin-based chemotherapy (10).

The first trial comparing cisplatin-based chemotherapy
and doxorubicin-based chemotherapy was published in
2002 by Sundstrom et a/. (11). A total of 436 patients were
randomized to chemotherapy with cisplatin-etoposide (EP)
or ciclophosphamide, epirubicin and vincristine (CEV).
Patients were stratified according to limited disease or
extensive disease. The two and five year survival rates in the
EP arm were significantly higher compared with those in
the CEV arm (14% and 5% vs. 6% and 2%, P=0.0004).

A few years later, Baka er 4/. published a phase III trial
comparing six cycles of doxorubicin, cyclophosphamide
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and etoposide (ACE) vs. six cycles of EP (12). A total of
280 patients were included, 60% limited stage and 40%
extensive disease. No differences were observed between the
two groups in one year survival rates (34% vs. 38%, P=0.51)
and in two year survival (12% vs. 12%). However, the ACE
group was associated with a higher risk of neutropenic
sepsis (90% vs. 57%, P<0.005).

There is also a meta-analysis of the randomized trials of
a cisplatin-containing regimen versus a regimen without
platinum (13). Ten trials randomized patients to receive a
cisplatin-etoposide regimen versus a regimen without any of
these two drugs. Patients treated with a cisplatin-containing
regimen benefited from a significant reduction of risk of death
at 6 months (OR 0.87, P=0.03) and 1 year (OR 0.80, P=0.002).

After that, cisplatin-based chemotherapy was stablished
as the standard of first line therapy, both limited stage and
in extensive stage, and so, doxorubicin-based chemotherapy
took a second place in the treatment of SCLC.

In 2007, a systematic review was published about
chemotherapy for relapsed SCLC; it was developed by
Cancer Care Ontario’s Program in Evidence-base Care (14).
Six randomized trials were included for review. The first
phase III trial compared oral topotecan vs. best supportive
care and it demonstrated a significant survival benefit
(HR 0.64; P=0.01) (15). It was the first trial to demonstrate
a significant improvement in overall and median survival
and quality of life in patients with relapsed SCLC, favoring
treatment with topotecan vs. BSC. Three randomized
trials have compared different chemotherapy regimens
with no differences in median survival between them
(cisplatin-etoposide vs. carboplatin-cisplatin-etoposide;
cyclophosphamide-doxorubicin-vincristine vs. topotecan;
cisplatin-etoposide vs. nitrosourea-thiotepa-vincristine-
cyclophosphamide) (16-18). One phase II and one phase
IIT trial compared the oral and intravenous administration
of topotecan, reporting similar response and median
survival rates; nevertheless, neutropenia was higher in the
intravenous arm.

There is limited evidence for determining which patients
are the best to benefit form second-line chemotherapy.
In general, a poor PS (>2) and relapse within six weeks of
completing first-line chemotherapy are recognized as poor
prognostic factors, and they are related to lower response
rates and shorter survival in SCLC (9).

Doxorubicin combinations vs. topotecan

Topotecan as a single agent has been studied in several
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phase II trials as second-line therapy for SCLC, reporting
a median survival around 25 weeks (19-21). Also a meta-
analysis of these phase II trials was made, showing a 18%
response rate and median survival of 30 weeks (22). Based
on these results, a phase III randomized trial was performed
with cyclophosphamide, doxorubicin and vincristine in the
control arm (23).

211 patients were treated in the study, all of them had
relapsed at least 60 days after completion of first-line
therapy. No difference were found in response rate (24% vs.
18%, P=0.28), median times to progression (13 vs. 12 weeks,
P=0.05) and median survival (25 vs. 24 weeks, P=0.79).
Talking about toxicity, grade 4 neutropenia was higher
in the CAV group (37% vs. 51%, P<0.001), but grade
4 thrombocytopenia and grade 4 anemia was higher in
the topotecan group (9.8% and 17% vs. 1.4% and 7.2%,
P=0.001). Non-hematologic toxicities were similar for both
regimens. It was the only study to report improvement,
(but not statistically significant) in symptom management
with topotecan compared with CAV. However, the scoring
system for this measure was not validated.

Amrubicin: next-generation anthracycline for the
management of SCLC

Mechanism of action and preclinical studies

Amrubicin is a totally synthetic anthracycline. It is
converted to amrubicinol through the reduction of its C-13
ketone group to a hydroxyl group, which is up to 200 times
more potent. Its mode of action is different from that of
doxorubicin. It is an inhibitor of DNA topoisomerase
II, exerting their cytotoxic effects by stabilizing a
topoisomerase II-mediated cleavable complex.

In vitro experiments, amrubicin and its metabolite
amrubicinol have been found to be active against a broad
spectrum of human cell lines established from cancers of
the lung, prostate, urinary bladder, colon, kidney, pancreas,
and uterus (24).

Amrubicin has been shown to be more effective against
5 human xenografts, including lung cancer, compared with
doxorubicin (25).

Noguchi er al. showed in 1998 that amrubicinol has
more potent antitumor activity than amrubicin, in mice
experiments (26). And the most interesting finding, the
levels of amrubicinol in the tumors of these mice were
higher than doxorubicin levels in doxorubicin-treated mice.
However, in several non-tumor tissues, including the heart,
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Table 1 Comparation between doxorubicin, epirubicin and amrubicin (28-30)
Doxorubicin Epirubicin Amrubicin

Mechanism of action It intercalates the cell nucleotide
base and binds the cell membrane
lipid. Intercalation blocks
replication of nucleotide and action
of DNA and RNA polymerases. It
also interacts with topo-Il to form
DNA-cleavable complexes

Pharmacokinetics

Distribution Vd: 809 to 1,214 L/m?, Protein
binding 75%

Metabolism Hepatic

Excretion Biliary 40%; renal 10%

Elimination half life 20 to 48 hrs
Dose-limiting toxicity =~ Cardiotoxicity
Risk for heart failure >400 mg/m?

It intercalates between nucleotide base It is an inhibitor of
pairs with inhibition of nucleic acid and DNA topoisomerase |l,
protein synthesis, thus triggers DNA exerting their cytotoxic
cleavage. It also prevents DNA helicase  effects by stabilizing
activity by inhibiting enzymatic separation a topoisomerase II-

of double-stranded DNA and interfering  mediated cleavable
with the replication and transcription complex

Vd: 21 to 27 L/kg, Protein binding 77% Vd: 71 L

Hepatic Hepatic

Fecal 34%; renal 27%

30to 35 hrs

Myelosuppression Myelosuppression
>900 mg/m?

the levels of amrubicin and amrubicinol were lower than
those of doxorubicin. Also, a good correlation was found
between the lever of amrubicinol in the tumor and the
efficacy of amrubicin in vive.

Cardiotoxicity is one of the dose-limiting toxicities of
anthracyclines. Comparing with doxorubicin, amrubicin
showed lower cardiotoxicity at equivalent dosages
in rabbits (27). This seems to be due to the restricted
distribution of the active metabolite in non-tumor tissues.

In Table 1, the principal differences between amrubicin
and the more frequently anthracyclin used, are shown (31).

Amrubicin as a single agent

A phase I trial employed a single intermittent schedule
of doses escalating from 10 to 130 mg/m’ in six steps.
Leukopenia was the dose-limiting toxicity and the highest
dose was the maximum tolerated dose. Digestive adverse-
effects were milder than those induced by doxorubicin. The
recommended dose for phase II trials was determined to be
100 mg/m’ given every three weeks (32). Next, Okamoto
et al. (33) conducted a phase I study for refractory or relapsed
lung cancer INSCLC or SCLC) with fifteen patients, at doses
of 30, 35 or 40 mg/m’ on three consecutive days every three
weeks. The maximum tolerated dose and recommended
dose were determined as 40 and 35 mg/m’, respectively.
Grade 4 neutropenia was observed in 67%.

A phase II trial was conducted to look for the activity
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of amrubicin for the treatment of refractory or relapsed
SCLC (34). 60 patients were enrolled between June 2003
and December 2004. The median number of treatment
cycles was four. The overall response rates were 50% in
the refractory group, and 52% in the sensitive group. The
progression-free survival, overall survival and one year
survival in the refractory group and the sensitive group
were 2.6 and 4.2 months, 10.3 and 11.6 months, and 40%
and 46%, respectively. The most frequent toxicity was
myelosuppresion, which affected leukocytes primarily.

Two randomized phase II trials were performed in
order to compare amrubicin vs. topotecan as second line
treatment in patients with SCLC (35,36). The first of them
was published in 2008 with 60 patients enrolled. ORR was
38% for the amrubicin arm and 13% for the topotecan arm
in the sensitive relapse. Median PFS was 3.5 months for
patients in the amrubicin arm and 2.2 months for patients
in the topotecan arm. In the second one, 76 patients
participated in the trial; once again, amrubicin resulted in
a significantly higher ORR than topotecan (44% vs. 15%,
P=0.021) and tolerability was similar with both agents.
Neutropenia and thrombocytopenia grade 3 or worse was
more frequent in the topotecan group.

Amrubicin-based chemotherapy

As several studies have suggested the efficacy of
combination regimens for relapsed SCLC, and based in
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the results of the studies previously reported, a randomized
phase II trial exploring the combination of amrubicin and
topotecan (37).

59 patients participated in the study, 31 chemotherapy-
naive and 28 relapsed. Talking about second lines, in
the relapsed group the median progression-free survival
time and median survival time was 4.7 and 10.2 months,
with a 27% of ORR. The main toxicity found was
myelosuppresion with grades 3 or 4 neutropenia in 97% of
the patients.

To our knowledge, there are three phase III clinical
studies exploring amrubicin; one monotherapy trial with
SCLC patients after failure of first-line chemotherapy,
comparing amrubicin with topotecan; and two double
combination regimen trials: a randomized, multicenter
study comparing irinotecan with cisplatin versus amrubicin
with cisplatin in patients with extensive-disease SCLC, and
a study of amrubicin with cisplatin versus etoposide with
cisplatin in extensive disease SCLC patients.

Current situation of amrubicin

On April 2008, orphan designation was granted by the
European Medicines Agency for amrubicin (38). Previously
it was been accepted in Japan as an option for treatment
extensive disease SCLC. The orphan medicinal product
designation is based on the seriousness of the condition, the
existence of alternative methods of treatment and the rarity
of the condition (affecting not more than 5 in 10,000 people
in the EU; SCLC affects to less than 1.5 in 10,000 people in
the EU) or insufficient returns on investment.

"The orphan medicinal products are still under investigation,
and they are considered for an orphan designation due to the
potential activity; the orphan designation is not a marketing
authorisation, a demonstration of quality, safety and efficacy is
needed before.

Results from the phase III trials previously appointed are
being expected for a possible approval.

Conclusions

Anthracyclines are active in SCLC, both as a single agent
and also in combination. The combination CAV is as
effective as topotecan in the second line therapy with
different toxicity. The synthetic anthracyclin amrubicin
shows good results in phase II trials compared with
topotecan that should be confirmed in future phase III
trials, with less cardiotoxicity than doxorubicin.
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