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Results
Patient characteristics

The median patient age was 59 years (range 35-85 years).
There were 40 men and 4 women. More than 50% of
patients had advanced-stage disease (stage III or IV). The
disease stage (I-IV), histological diagnosis (epithelioid,
biphasic, or sarcomatoid), and treatment (surgery, chemo-
therapy, or supportive care) are listed in Table 1.

HLA class I expression in MPMs

Representative images of immunohistochemical staining of
HLA class I are shown in Fig. 1a, b. In addition, histogram
of percentage of HLA class I expression is illustrated in
Fig. 2. All patients had high expression of HLA class I in
tumor cells; HLA class I expression was 100% in 33
patients (75%), and the lowest percentage of HLA class I
expression was 70%.

Intratumoral lymphocytes in MPMs

Representative images of immunohistochemical staining of
TILs are shown in Fig. 1c-e. The TIL counts are shown in
Table 2. The densities of CD4™ and CD8% TILs were
strongly correlated (R = 0.74, and p < 0.001; data not
shown). There was no correlation between the presence of
intratumoral lymphocytes and major clinical features (data
not shown).

Table 1 Patient characteristics (n = 44)

Characteristics
Median age (range) 59 (35-85)
Men 40 (90.9%)
‘Women 4 (9.1%)
IMIG stage
1 3 (6.8%)
)i 17 (38.6%)
it} 21 (47.7%)
v 3 (6.8%)
Histology
Epithelioid 26 (59.1%)
Biphasic 14 (31.8%)
Sarcomatoid 4(9.1%)
Treatment
Surgery 28 (63.6%)
Chemotherapy 9 (20.5%)
Best supportive care 7 (15.9%)

Association of lymphocyte infiltrates
with clinical outcome

We analyzed the survival of 35 patients who underwent
either surgical resection or chemotherapy. One patient who
underwent surgical resection was excluded from the anal-
ysis because immunohistochemical staining of lympho-
cytes was not evaluable. Among the patients who received
surgical resection or chemotherapy, 21 patients had epi-
thelioid type, 10 patients had biphasic type, and 4 patients
had sarcomatoid type, while disease stage was stage I'in 1
patient, stage II in 12 patients, stage III in 20 patients, and
stage IV in 2 patients. We found no significant differences
in survival according to the density of CD8% cells
(Fig. 3a). Next, we analyzed the survival of only the
patients who underwent surgical resection. Among 27
patients who received surgical resection, 16 patients had
epithelioid type, 7 patients had biphasic type, and 4 patients
had sarcomatoid type; disease stage was stage II in 10
patients and stage IIT in 17 patients. Patients with a high
density of CD8" cells (13 patients) had a significantly
longer overall survival than those with a low density of
CD8™" cells (14 patients) (p < 0.05) (Fig. 3b). The prog-
nosis of surgically treated patients with a high density of
CD4™ cells tended to be better than that of patients with a
low density of CD4™ cells (p = 0.104), although this ten-
dency was not statistically significant (data not shown).
There were no significant differences in survival according
to the density of CD56" NK cells (data not shown).

In the univariate analysis for the patients who underwent
extrapleural pneumonectomy, histology (i.e., epithelioid)
and CD8* TILs (i.e., high density) were identified as sig-
nificant prognostic factors. Furthermore, multivariate
analysis revealed that a high density of CD8" TILs was an
independent prognostic factor in the population (hazard
ratio 0.27, 95% CI 0.09-0.83; Table 3).

Discussion

This study assessed both the HLA class I expression and
intratumoral T lymphocytes in MPM. We found that the
expression of HLA class I antigen was maintained in all of
the examined MPMs. Notably, the presence of CD8"
tumor-infiltrating lymphocytes was correlated with the
survival of patients who underwent extrapleural pneumo-
nectomy. Taken together, these results demonstrate that
CD8™ T cells may adequately recognize the tumor-specific
antigens presented by HLA class I antigens in MPM and
effectively kill early-stage mesothelioma cells.
Tumor-infiltrating lymphocytes (TILs) are found in
cancer tissues. The abundance of tumor-infiltrating CD8*
cells correlates with a good prognosis in colon cancer [8],
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Fig. 1 Representative images
of immunohistochemical
staining of a 100% positive
expression of HLA class I, cell
membranes of tumor cells are
completely stained; b 70%
positive expression of HLA
class I; ¢ anti-CD4 antibody;
d anti-CD8 antibody; and

e anti-CD56 antibody (scale
bar 50 pm)

esophageal cancer [15, 16], ovarian cancer [17], and
hepatocellular carcinoma [18]. In renal cell carcinoma [19]
and lung cancer [13, 20], however, tumor-infiltrating CDg*
cells were not associated with prognosis. Harlin et al. [21]
have recently reported that high expression of CXCR3 and
CCR5 ligand chemokines generated from tumor are
important to promote migration of CD8" effector cells.
Differential expression of these chemokines could lead to
differential frequency of lymphocytes infiltrate, which
might affect prognosis of the patients. In addition, the
origin and stage (early or advanced) of the tumor or
subsequent therapy against the disease might account for
the discrepancy of prognosis.

Therefore, we analyzed survival in a homogenous pop-
ulation of patients who had resectable MPMs and under-
went extrapleural pneumonectomy. Gao et al. [18] reported
that the intratumoral balance of regulatory and cytotoxic T
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cells is an independent predictor of recurrence and survival
after resection of hepatocellular carcinoma. The immune
defense elucidated by cytotoxic T cells might be more
effective in the operable tumors which correspond to the
earlier stages of the disease. Cytotoxic T cells (or reacti-
vated T cells from memory phase) are expected to suppress
the initial recurrence or metastasis after surgical treatment.

Some studies have assessed TILs in MPM [22-24].
Leigh et al. [22] reported that the presence of significant
lymphoid infiltration indicates a better prognosis for longer
survival. However, the TILs and their subsets were ana-
lyzed by using hematoxylin-eosin staining, but not by
i ical staining. Mudhar et al. [23] ana-
lyzed the TILs in MPM by immunohistochemical staining
and reported no association between survival and the
prominence of the infiltrate of pan leukocytes, T cells, or
NK cells in 15 MPM cases. Recently, Anraku et al. [24]
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reported that the presence of high levels of CD8" tumor-
infiltrating lymphocytes was associated with a better
prognosis in patients undergoing extrapleural pneumonec-
tomy. Although the results from these previous reports
vary, they have shed light on the importance of T lym-
phocytes for antitumor immunity in MPM, which is con-
sistent with our results.

The expression of HLA class I antigen is totally lost or
downregulated in many types of tumors. Marincola et al.
[25] reported that the frequency of the total loss or
downregulation of HLA class I ranged from 31 to 70%
among various types of tumors. In lung cancer, the fre-
quency of total loss ranged from 27 to 80.5%, and the
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Fig. 2 Histogram of percentage of HLA class 1 expression; 100% of
HLA class I expre'ssion in 33 patients (75%), 95% in 6 patients (14%),
90% in 2 patients (4%), 80% in 1 patient (2%), and 70% in 2 patients
(4%)

Table 2 The numbers of TILs per slide

frequency of the downregulation of HLA class I ranged
from 13.2 to 35.4% [13, 26-28]. In the present study, the
expression of HLA class I was positive in all MPM
patients, whereas there was no case that completely lacked
HLA class I expression. This finding indicates that MPM
might be a type of tumor in which HLA class I expression
is relatively maintained. The high HLA class I expression
in the present study may be attributed to the novel antibody
EMRS-5, which can react with the heavy chains of all
alleles of HLA-A, B and C in formalin-fixed, paraffin-
embedded tissue sections [29]. Another antibody, HC10,
has been used in many previous studies; this antibody
preferentially reacts with HLA-B and C but weakly reacts
with HLA-A.

Past studies assessed Ki-67 [20] and granzyme B [30];
activation markers of CD8"* TILs and reported the asso-
ciation between these activation markers and prognosis.
Helper CD4™ cells play a pivotal role in the activation and
expansion of CD8" T cells [31]. In contrast, regulatory T
cells which express the CD4", CD25" and Foxp3 pheno-
type are found in the tumor microenvironment and are
thought to dampen T cell immunity [32]. The activation
markers of CD8" T cells and phenotype of CD4" T cells
were not evaluated in the present study. However, infil-
tration of CD8* T cells predicted favorable prognosis and
there was the strong correlation between frequency of
CD8" and CD4™ T cells, suggesting that both type of cells
would interact each other and subsequently orchestrate
antitumor immune response.

In conclusion, we found that all of the MPM patients in
our study were positive for the expression of HLA class I
antigen and that a high density of CD8" TILs was a sig-
nificant prognostic factor for longer survival in surgically
resected MPMs. These results suggest that CD8™ TILs
have an important role in antitumor immunity of patients

Mean + SD Range Median with MPM and that the stimulation of CD8" lymphocytes
e susas oater s e WP, s
L1
CD8* TILs 1033 + 106.9 8.8-547.5 64.5 i e y
+ granulocyte-macrophage colony-stimulating factor infu-
CD56" TILs 54+83 0.0-41.8 1.8 . . - N .
sion [33], intrapleural interleukin-2 [34], interferon alpha
Fig. 3 Kaplan-Meier curves CDS8+TILs CD8+TILs
show overall survival after
treatment (extrapleural @) 10 (b) 10
Log-rank test Log-rank test
pneumonectomy or — p=0.10 — p<0.05
chemotherapy) according to the B 08 sos ’
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Table 3 Univariate and

o s Variable Univariate Multivariate
multivariate analysis with the
Cox proportional hazards model HR (95% CI) p value HR (95% CI) p value
for patients who underwent
extrapleural pneumonectomy Histology
Epithelioid versus pithelioid 0.24 (0.08-0.7) <0.01 0.19 (0.06-0.6) <0.01
Age (years)
>65 versus <65 1.18 (0.4-3.49) 0.76
Sex
‘Women versus men 1.23 (0.27-5.58) 0.79
Stage
I + VI versus 1 + 1T 148 (0.524.2) 047
CD4™ TILs
High versus low 0.42 (0.14-1.24) 0.12
CD8* TILs
High versus low 0.34 (0.12-0.99) <0.05 0.27 (0.09-0.83) <0.05
CD56* TILs
HR hazards ratio, CI confidence 0k versus low 0.66 (0.25-1.78) 041
interval
[35], and recombinant anti-mesothelin immunotoxin SS1P pleural helioma foll intensity modu-

[36, 37] have been tested, none of them are available for
clinical practice. Further investigations on immunological
function or specific antigens are warranted to develop
robust immunotherapies against MPM.
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Phase Il Study of Sequential Triplet Chemotherapy,
Irinotecan and Cisplatin Followed by Amrubicin, in Patients
with Extensive-Stage Small Cell Lung Cancer: West Japan
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Introduction: Combination chemotherapy of irinotecan, a topo-
isomerase I inhibitor, and cisplatin is a standard tr in patients
with extensive-stage small cell lung cancer (SCLC). Amrubicin, a
novel 9-aminoanthracycline, inhibits topoisomerase II. We investi-
gated a sequential triplet ch herapy isting of iri and
cisplatin followed by amrubicin in patients with extensive-stage
SCLC.

Methods: Eligible patients were aged 20 to 70 years and had
Eastern Cooperative Oncology Group performance status of 0 or 1,
measurable lesions, and adequate organ functions. Chemotherapy
consisted of irinotecan 60 mg/m? on days 1 and 8 plus cisplatin 60
mg/m? on day 1 every 3 weeks for three cycles and then amrubicin
40 mg/m? alone on days 1 to 3 every 3 weeks for three cycles.
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Resnl

From September 2004 to Sep 2006, 45 patients were
enrolled, 43 were evaluable for response and survival, and 44 were
evaluable for toxicity. Twenty-eight patients (64%) completed the
full planned chemotherapy. One patient achieved complete response
and 33 had partial response for an overall response rate of 79%.
Median progression-free survival was 6.5 months. Median overall
survival was 15.4 months. Major toxicity was myelosuppression.
Grade 3 or 4 neutropenia, anemia, thrombocytopenia, and febrile
neutropenia occurred in 57%, 7%, 0%, and 7% of patients during
irinotecan/cisplatin cycles and in 91%, 27%, 9%, and 15% of
patients during amrubicin cycles, respectively.

Conclusions: The sequential triplet chemotherapy, irinotecan and
cisplatin followed by amrubicin, is an effective and well-tolerated
treatment in patients with extensive-stage SCLC. Further investiga-
tion of this treatment is warranted.

Key Words: Amrubicin, Small cell lung cancer, Sequential chemo-
therapy, Triplet chemotherapy.

(J Thorac Oncol. 2010;5: 1075-1080)

mall cell lung cancer (SCLC) accounts for approximately

15% of all lung cancers. Disease extension of SCLC is
classified as limited stage or extensive stage. Limited-stage
SCLC is defined as tumor confined to the hemithorax of
origin, the mediastinum, and the supraclavicular lymph
nodes, whereas extensive-stage SCLC as tumor spread out-
side these limits. For extensive-stage SCLC, chemotherapy is
the mainstay of treatment. SCLC is highly sensitive to che-
motherapy, with a response rate of 70% to 90% in first-line
treatment. However, for most patients with extensive-stage
SCLC, the disease recurs within several months, and the
5-year survival rate is less than 1%.! It is necessary to
develop a new treatment for this serious disease.

Irinotecan, a derivative of camptothecin, inhibits topo-
isomerase I and shows strong antitumor effect for SCLC. The
Japan Clinical Oncology Group conducted a randomized
phase III trial (JCOG 9511) comparing irinotecan plus cis-
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platin with etoposide plus cisplatin in patients with extensive-
stage SCLC.2 This trial was terminated early, because of a
highly statistically significant difference in survival between
the two arms. The median overall survival was 12.8 months
in the irinotecan/cisplatin arm and 9.4 months in the etopo-
side/cisplatin arm (p = 0.002). In Japan, the combination of
irinotecan and cisplatin is recognized as a standard treatment
for extensive-stage SCLC.

Amrubicin, a novel 9-aminoanthracycline, inhibits to-
poisomerase II> and also shows strong antitumor effect for
SCLC. The West Japan Oncology Group, formerly named the
West Japan Thoracic Oncology Group (WJTOG), conducted
a phase II study of amrubicin in previously untreated patients
with extensive-stage SCLC.* In 35 patients treated, a re-
sponse rate of 76% and a median overall survival of 11.7
months were shown. These figures compare favorably with
standard doublet chemotherapy.

Some preclinical studies reported that a combination of
topoisomerase I and II inhibitors shows a synergistic cytotoxic-
ity.> For SCLC, a combination of this type, irinotecan and
etoposide (a topoisomerase II inhibitor), was investigated clini-
cally and showed promising results.>” The similar combination
of irinotecan and amrubicin is worthwhile to investigate.

Concurrent administration of a triplet combination re-
quires dose reduction of each drug because of toxicities,
especially myelosuppression. A sequential chemotherapy,
i.e., a doublet followed by the other drug, can be used to
avoid the need for dose reduction. In addition, Norton and
Simon?® presented a theoretical model describing the possi-
bility of a sequential chemotherapy.

Therefore, we investigated a sequential triplet chemo-
therapy consisting of irinotecan and cisplatin followed by
amrubicin in patients with extensive-stage SCLC (WJTOG
0301). The purpose of this study was to evaluate the efficacy
and safety of this treatment.

PATIENTS AND METHODS

Patient Selection

Eligible patients were aged 20 to 70 years, had histo-
logically or cytologically proven SCLC, extensive-stage dis-
ease, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS) of 0 or 1, no prior chemotherapy, neither
palliative radiation nor surgery of 14 days, measurable le-
sions, life expectancy of at least 2 months, and adequate
organ functions (white blood cell [WBC] =4000/uL, neutro-
phil =2000/uL, platelet =100,000/uL, hemoglobin =10
g/dL, aspartate aminotransferase [AST] and alanine amino-
transferase [ALT] =2 X upper limit of normal [ULN], total
bilirubin =1.5 X ULN, creatinine <ULN, arterial partial
pressure of oxygen =60 mm Hg, no abnormality requiring
treatment on electrocardiogram, and left ventricular ejection
fraction on echocardiogram =60%). Patients with any of the
following conditions were excluded: symptomatic brain me-
tastases, pleural or pericardial effusion requiring drainage,
interstitial pneumonitis, active infection, watery diarrhea or
ileus, active gastroduodenal ulcer, continuous administration
of steroid or nonsteroidal anti-inflammatory drug, uncon-
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trolled diabetes mellitus or angina pectoris, other active
malignancy, and pregnancy or lactation.

All patients gave written informed consent. This study
was approved by the institutional review boards at each
participating institution.

Treatment Schedule

Chemotherapy consisted of irinotecan 60 mg/m’ on
days 1 and 8 plus cisplatin 60 mg/m? on day 1 every 3 weeks
for 3 cycles and then amrubicin 40 mg/m? alone on days 1 to
3 every 3 weeks for three cycles. Irinotecan was administered
as a 90-minute intravenous infusion, cisplatin as a 90-minute
intravenous infusion with adequate hydration, and amrubicin
as a 5-minute intravenous injection. Prophylactic administra-
tion of granulocyte colony-stimulating factor (G-CSF) was
allowed at the discretion of the treating physician.

The minimum requirements for the administration of
irinotecan and cisplatin were as follows: WBC =3000/uL,
neutrophil =1500/pL, platelet =100,000/uL, AST and ALT
=2.5 X ULN, total bilirubin =1.5 X ULN, creatinine
<ULN, PS of 0 to 2, body temperature =<37.5°C, no diarrhea,
no interstitial pneumonitis, and other nonhematological tox-
icity =grade 2. The minimum requirements for administra-
tion of day-8 irinotecan were as follows: WBC =3000/uL,
platelet =100,000/pL, body temperature =37.5°C, no diar-
rhea, no interstitial pneumonitis, and other nonhematological
toxicity =<grade 2. The minimum requirements for adminis-
tration of amrubicin were as follows: WBC =3000/uL,
neutrophil =1500/pL, platelet =100,000/uL, AST and ALT
=2.5 X ULN, total bilirubin =1.5 X ULN, creatinine
=1.5 X ULN, PS of 0 to 2, body temperature =37.5°C, no
interstitial pneumonitis, and other nonhematological toxicity
=grade 2.

If any of the following toxicities was observed, the
doses of irinotecan, cisplatin, and amrubicin were reduced to
50, 50, and 35 mg/m?, respectively: WBC <1000/uL, febrile
neutropenia (neutrophil <1000 /uL), platelet <25,000 /uL,
or grade 3 nonhematologic toxicity. If creatinine >ULN, the
dose of cisplatin was reduced to 50 mg/m?. If creatinine >2.0
mg/dL, the administration of cisplatin was discontinued. If
grade 4 nonhematological toxicity or pneumonitis =grade 2
was observed, the study treatment was stopped.

Response and Toxicity Evaluation

Before treatment, a complete medical history was ob-
tained, and physical examination was performed. The follow-
ing examinations were carried out: complete blood count
(CBC) with differential WBC count, blood chemistry, arterial
blood gas analysis, urinalysis, electrocardiography, and echo-
cardiography. Staging procedures consisted of chest radio-
graph, computed tomography (CT) of chest and upper abdo-
men, magnetic resonance imaging (MRI) or CT of brain,
bone scintigraphy, and bone marrow aspiration. During treat-
ment, CBC with differential WBC count, blood chemistry,
and chest radiograph were examined at least once a week, and
electrocardiography and CT and/or MRI for response evalu-
ation were examined once a month. After treatment, chest
radiograph was performed once a month, and CT and/or MRI
were performed every 3 months.

Copyright © 2010 by the International Association for the Study of Lung Cancer
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Response was evaluated according to the Response
Evaluation Criteria in Solid Tumors.® Extramural review of
eligibility and response of all patients were performed. Tox-
icity was evaluated in accordance with the Common Termi-
nology Criteria for Adverse Events, Version 3.0.1°

Statistical Analysis

The primary end point of this study was response rate.
Secondary end points were progression-free survival (PFS),
overall survival, and toxicity. Survival curves were drawn
using the Kaplan-Meier method.!!

Assuming that a response rate of 90% would indicate
potential usefulness, whereas a rate of 75% would be the
lower limit of interest, with @ = 0.05 (one side) and B =
0.20, 38 patients were required. Allowing for a 15% loss to
follow-up, enrollment of a total of 45 patients was planned.

RESULTS

Patient Characteristics

From September 2004 to September 2006, 45 patients
were enrolled in this study. Two patients had limited-stage
disease. One patient, who was able to receive thoracic radi-
ation, was excluded from all analyses. The other patient, who
was not able to receive thoracic radiation due to pleural
dissemination, was included in analysis of toxicity and ex-
cluded from analysis of response and survival. Therefore, 43
patients were evaluable for response and survival, and 44
were evaluable for toxicity.

Patient characteristics are shown in Table 1. The me-
dian age was 63 years, 37 patients (84%) were men, and 31

TABLE 1. Patient Characteristics (n = 44)
Characteristic n (%)
Sex
Male 37 (84)
Female 7(16)
Age (yr)
Median (range) 63 (47-70)
ECOG performance status
0 13 (30)
1 31 (70)
Distant metastases
Present 39 (89)
Absent 5(11)
Sites of distant metastasis
Brain 10 (23)
Liver 10 (23)
Bone 10 (23)
Adrenal gland 10 (23)
Lymph node 7 (16)
Lung 6 (14)
Bone marrow 3(7)
Other 3N
Prior therapy
None 44 (100)

ECOG, Eastern Cooperative Oncology Group.
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TABLE 2. Treatment Delivery (n = 44)

Treatment Cycle n (%)
Irinotecan/cisplatin
Cycle 1 44 (100)
Cycle 2 40 (91)
Cycle 3 37 (84)
Amrubicin
Cycle 1 33 (75)
Cycle 2 30 (68)
Cycle 3 28 (64)

TABLE 3. Tumor Response (n = 43)

n (%)
Complete response 1(2)
Partial response 33 (77)
Stable disease 1(2)
Progressive disease 3(7)
Not evaluable 5(12)

Overall response 34 (79) (95% CI, 64-90)

CI, confidence interval

patients (70%) had PS of 1. Thirty-nine patients (89%) had
distant metastases. Frequent sites of distant metastases were
brain, liver, bone, and adrenal gland. Of five patients without
distant metastases, four had contralateral hilar lymph node
involvement and one had pleural dissemination. No patient
received prior treatment, including surgery and radiation.

Treatment Delivery

Of 44 patients, 37 patients (84%) received three cycles
irinotecan/cisplatin and 28 patients (64%) completed the full
planned chemotherapy, i.e., three cycles irinotecan/cisplatin
followed by three cycles amrubicin (Table 2). Dose reduction
of irinotecan/cisplatin and amrubicin was necessary in six and
seven patients, respectively.

Response and Survival

Of 43 patients, 1 achieved complete response and 33
had partial response, for an overall response rate of 79%
(95% confidence interval, 64-90%) (Table 3). Of the 33
partial responders, tumor shrinkage met partial response cri-
teria during an irinotecan/cisplatin cycle in 30 patients and
during an amrubicin cycle in 3. In the complete responder,
tumor disappearance was achieved during an irinotecan/cis-
platin cycle.

The survival curves are shown in Figure 1. The median
PFS was 6.5 months (95% confidence interval, 4.9-7.4
months), with a 1-year survival rate of 8%. The median
overall survival was 15.4 months (95% confidence interval,
11.7-18.0 months), with a 1-year survival rate of 61%.

Chemotherapy After Progression
(Second-Line Treatment)

Thirty-five patients received chemotherapy after pro-
gression as follows: etoposide plus carboplatin in 10 patients;
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FIGURE 1. Survival curves (n = 43). A, Progression-free sur-

vival, median 6.5 months (95% confidence interval, 4.9-7.4
months), with a 1-year survival rate of 8%. B, Overall sur-
vival, median 15.4 months (95% confidence interval, 11.7—
18.0 months), with a 1-year survival rate of 61%.

irinotecan plus cisplatin in 6; amrubicin in 5; topotecan plus
carboplatin in 4; irinotecan plus amrubicin in 2; irinotecan in
2; and irinotecan plus etoposide, irinotecan plus carboplatin,
etoposide plus cisplatin, etoposide, topotecan, and cyclophos-
phamide plus doxorubicin plus vincristine in 1 patient each.

Toxicity

Toxicities during irinotecan/cisplatin cycles are listed
in Table 4. Of 44 patients, grade 3 or 4 leukopenia, neutro-
penia, anemia, thrombocytopenia, and febrile neutropenia
occurred in 6 (14%), 25 (57%), 3 (7%), 0 (0%), and 3 patients
(7%), respectively. G-CSF was administered in 12 patients
(27%). One patient received transfusion of red blood cell
concentrates. One patient (2%) developed grade 3 diarrhea.
Grade 3 anorexia was observed in seven patients (16%).

Toxicities during amrubicin cycles are listed in Table 5.
Of 33 patients, grade 3 or 4 leukopenia, neutropenia, anemia,
thrombocytopenia, and febrile neutropenia occurred in 15
(45%), 30 (91%), 9 (27%), 3 (9%), and 5 patients (15%),
respectively. G-CSF was administered in 20 patients (61%).
One patient received transfusion of red blood cell concen-
trates and platelet concentrates, and two other patients re-
ceived transfusion of red blood cell concentrates. Nonhema-
tological toxicity was not common. One patient (3%)
developed grade 3 pneumonitis. This patient was treated with
steroid pulse therapy and recovered soon thereafter. No
treatment-related death was observed.
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TABLE 4. Toxicities During the Irinotecan/Cisplatin Cycle
(n = 44)

Grade
0 1 2 3 4 =3
WBC 11 15 12 4 2 6 (14%)
Neutrophil 9 1 9 20 5 25 (57%)
Hemoglobin 3 23 15 3 0 3 (7%)
Platelet 24 19 1 0 0 0 (0%)
Febrile neutropenia 41 0 0 3 0 3 (7%)
AST/ALT 24 15 3 2 0 2 (5%)
Creatinine 35 7 2 0 0 0 (0%)
Nausea 14 14 12 4 0 4 (9%)
Vomiting 24 11 7 2 0 2 (5%)
Anorexia 11 19 7 7 0 7 (16%)
Fatigue 13 21 8 2 0 2 (5%)
Diarrhea 28 10 5 1 0 1 (2%)
Pneumonitis 44 0 0 0 0 0 (0%)
Infection 39 0 3 2 0 2 (5%)
Rash 37 6 0 1 0 1(2%)

WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine
aminotransferase.

TABLE 5. Toxicities During the Amrubicin Cycle (n = 33)

Grade
0 1 2 3 4 =3
WBC 0 3 15 12 3 15 (45%)
Neutrophil 1 0 2 18 12 30 (91%)
Hemoglobin 0 5 19 5 4 9 (27%)
Platelet 13 13 4 0 3 3 (9%)
Febrile neutropenia 28 0 0 5 0 5(15%)
AST/ALT 25 8 0 0 0 0(0%)
Creatinine 30 3 0 0 0 0 (0%)
Nausea 18 12 3 0 0 0 (0%)
Vomiting 31 2 0 0 0 0 (0%)
Anorexia 17 12 3 1 0 1(3%)
Fatigue 10 18 4 1 0 1(3%)
Diarrhea 31 1 1 0 0 0 (0%)
Pneumonitis 31 1 0 1 0 1(3%)
Infection 29 0 2 2 0 2 (6%)
Rash 30 2 1 0 0 0 (0%)

WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine
aminotransferase.

DISCUSSION

We performed a phase II study of sequential triplet che-
motherapy consisting of irinotecan and cisplatin followed by
amrubicin in patients with extensive-stage SCLC and demon-
strated a response rate, median PFS, and median overall survival
of 79%, 6.5 months, and 15.4 months, respectively. The primary
end point of this study was response rate, and the expected and
the threshold rates were set 90% and 75%, respectively. The
actual response rate in this study (79%) was lower than the
expected rate but higher than the threshold. JCOG 9511 reported
a response rate, median PFS, and median overall survival of

Copyright © 2010 by the International Association for the Study of Lung Cancer
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irinotecan/cisplatin arm of 84%, 6.9 months, and 12.8 months,
respectively.2 Comparing this study with JCOG 9511, the re-
sponse rate and PFS were similar, whereas overall survival was
longer in this study. Taking the longer overall survival into
consideration, the results of this study were regarded as prom-
ising. There is a possibility that the exclusion of PS 2 patients in
this study, which were included in JCOG 9511, could have
resulted in the longer overall survival. In addition, we could not
find any specific trend that would show prolonged overall
survival among second-line treatments.

Two randomized trials that compared irinotecan/cispla-
tin with etoposide/cisplatin were conducted mainly in North
America as confirmation studies of JCOG 9511. One was
reported by Hanna et al.'2 and the other was conducted by the
Southwest Oncology Group (S0124).'> Although JCOG 9511
showed survival advantage in the irinotecan/cisplatin arm
over the etoposide/cisplatin arm, these North American trials
did not show significant difference between the two arms.
Irinotecan/cisplatin is a standard chemotherapy for SCLC in
Japan, whereas etoposide/cisplatin remains standard in North
America. It was reported that the response rate, median PFS,
and median overall survival of irinotecan/cisplatin arm were
48%, 4.1 months, and 9.3 months in the trial by Hanna et al.
and 60%, 5.7 months, and 9.9 months in S0124, respectively.
This study showed better survival than the North American
trials. However, great caution is needed when comparing this
study with the North American trials. S0124 reported the
possibility that inherent genetic differences might exist be-
tween the study populations, resulting in divergent outcomes
with the same cytotoxic agents.!3 A similar suggestion was
made for non-small cell lung cancer.!* Population-related
pharmacogenomics is important because the varied results for
the same treatment could be attributed to ethnic differences.

Clinical studies of amrubicin for SCLC had been per-
formed, in both first-line and second-line treatment, entirely
in Japan.!s The WITOG study in first-line treatment reported
a response rate of 76% and median overall survival of 11.7
months.4 These figures compare favorably with standard
doublet chemotherapy. Onoda et al.'¢ conducted a phase II
study of amrubicin in second-line treatment. They treated 16
patients with refractory disease and 44 patients with sensitive
relapsed disease and demonstrated a response rate and me-
dian overall survival of 50% and 10.3 months in the refrac-
tory group and 52% and 11.6 months in the sensitive group,
respectively. Furthermore, the North Japan Lung Cancer
Study Group conducted a randomized phase II trial of amru-
bicin in comparison with topotecan in second-line treat-
ment.!” That trial showed a response rate and median PFS of
38% and 3.5 months for the amrubicin arm and 13% and 2.2
months for the topotecan arm, respectively. Multivariate
analysis revealed that amrubicin has more influence than
topotecan on overall survival. Amrubicin is one of the most
promising new drugs for the treatment of SCLC.

The ECOG reported a phase III trial of topotecan versus
observations after cisplatin and etoposide in extensive-stage
SCLC.® They showed that four cycles of cisplatin/etoposide
induction therapy followed by four cycles of topotecan im-
proved PFS but failed to improve overall survival or quality

Copyright © 2010 by the International Association for the Study of Lung Cancer

of life in extensive-stage SCLC. Results of the North Japan
Lung Cancer Study Group trial suggested that amrubicin is
more effective than topotecan for SCLC. The ECOG trial
failed to show survival benefit; however, it did show that
amrubicin, instead of topotecan, has potential to lead to better
survival in extensive-stage SCLC.

Bozcuk et al.!® reported a meta-analysis of mainte-
nance/consolidation chemotherapy in the management of
SCLC. They analyzed 14 randomized trials, encompassing
2550 patients, and concluded that maintenance/consolidation
chemotherapy improves survival in SCLC. Sequential amru-
bicin was stopped for three cycles in this study. If further
cycles of amrubicin as maintenance treatment are given, PFS
might be further prolonged.

The major toxicity of sequential amrubicin was myelo-
suppression, whereas nonhematological toxicity was not
common. In the above-mentioned WITOG study, amrubicin
was administered at 45 mg/m® on days 1 to 3 as mono-
therapy.* To avoid severe myelosuppression in this study,
amrubicin was decreased to 40 mg/m? on days 1 to 3 as
sequential chemotherapy. This study confirmed that this dose
of sequential amrubicin was feasible.

Kaneda et al.2° reported a phase I study of irinotecan
and amrubicin. They administered irinotecan on days 1 and 8
and amrubicin on days 1 to 3. They concluded that this
combination was not tolerated because of severe myelosup-
pression. Although concurrent combination of irinotecan and
amrubicin is not tolerable, this study showed that sequential
combination of these drugs is tolerable. Irinotecan and am-
rubicin were administered without G-CSF support in both this
study and the study by Kaneda et al.

In conclusion, the sequential triplet chemotherapy of
irinotecan and cisplatin followed by amrubicin is an effec-
tive and well-tolerated treatment in patients with exten-
sive-stage SCLC. Further investigation of this treatment is
warranted.
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WN2DDH/IICE > TRENTYY, EGFRELTER
EFurrFr—EEmiciBR/E L. &< icexon21MD5
72 BRAZER Lexon2]l DL858R HERERMK
90% % B (H2), TNHDERIF) VE{LA RS

E3  IPASSTOISERAFIAR ik 4 £Y51M)

A IPASSTOSRIEEAE77HARY

Probability 1.0
of PFS
0.8
0.6
P <0.0001
0.4
0.2-
salegnk
0.0 T T T T 1
Patients at risk : o 4 8 12 16 20 24 Months
Gefitinib 609 363 212 76 24 5 [}
c/p 608 412 118 22 3 1 1]
B EGFREEZFZEREEBIMELFHR
EGFRIBIZFERBKE EGFRIBIZFE RIS
] 1.0 g 107
5 3 P < 0.0001
g o8 P <0.0001 g aed .
i £
0.6 2 067 .
% Gefitinib ] BRELPRE
5 B
2 oad 2 041
s h)
g o mEEms Z o
8 £
g [
s, £ oo
o .0’ T ] o
0 s 8 12 16 20 2 0 a s 12 16 20 %
Patients at risk : Months Months
Gefitinb 132 108 71 31 11 3 o 91 21 a 2 1 0 0
c/p 129 103 37 7 2 1 0 85 58 14 1 0 0 0
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BIEMMZARTH D, ECFRTKICH T % B L 72
LTW%, 0%, ECFRE{ZFZEIEDNSCLCE 3
RELIET 74 FZTOHERRFRICH T 21 EH T
HRBASEBEBE N, T OREMFTOBRENRE S
iz (ICAMP)”, %A EHEBE FHI- TN 5D T
ISEGFRM = T2 RIGFHEHI T DENFIZT0~80%., ZH
BREBICIZ10% KRB TH oz, THIC, ATBDIPASSE
BT, RIXEHIEEE & L TiThbhie, EGFREETZ
BILEDNRA A=A — R OERAEIRE Nz,
EGFR# R PRGN T3 77 « F = T BEMUEHE(L 3
FELOHSNICENTED, BENETRT T 1+ F=
TT1%. {EHELERFEA3% TH o7 (3B, —A.
ECFRERFARBMEHI T3 L 2R THE
ICPESHSBAFTH B T L AVRENTZ,

EGFREGFEEBURICH T 4R 7 1+ FZTEE
IPASS TR & N I-EGFRI = T 2 RGBT DA ATt
3. HAETLHMITLE L TRINTZEDTH B, T
C T. EGFREEFERGUFITOY T 4+ F =7 OFIE
B L LT ORAEERETT 52D 0O/ & B AH
THEH S 7z (NEJO02, WITOG 3405 ), 2D D HIMAH
BRAB TR Y AT I F 4+ v & F ¥V (WJTOG
3405), AIWETS5F 2 +327 1) & F4)L(NEJOO2) %=
B ZREL LT, YT F T EHBE LTV S,
WIJTOG3405Tl&. PFSTDY 7 4 F =7 DEBIEN R
ENTT T FTE92 7y B, M EFRIER

P<0.001

mAPRE

Progression-Free-Survival(%)

0 100 200 300 400

Days after Randomization

Overall Survival

6.3 7 A. /N¥— F1£0.489, p<0.001)¥, NEJOO2Ti&
WEEEE LTODT T 4 F = 7T HPFS TEZHE LBk
W5 T L aREET B T-dIc 3206 0ER 2 HiEL LTH
ENTz, L L. 20000 TOHREENTIC B TPFSH
RIETH T 4 FZTHOBEL M EEMIREN T
&, BRI HPIE T NIz, #E230BIMERE N, PFS(P
RAE)D T T ¢ FZTEE108 7 A, KERUEE(L EE LR
5.4 7 F O\— RE0.3. p<0.001) T 57-"(% 4 A),
WMN—7TOLEFHBICEERZRZEL) > -H(X 4
B). 7+ F=TBE305 » . 1L 50ER236 &
AL BIfaEmICHh D, BEmEzERT 5 et Ly
PHTBOMERICH 1z, T 7+ FZTEHTIIHEY
R TORCHZIFIRD TV B, ThbORIEEHR
& D, MERIICBY B Y T 4 F =T DEENER
Nz,

Hhhic

7T 4 F T KB IR I A EREE
IS DUV THES L7z, EGFR-TKI Ic 6%, EML4-ALK®D
R LALKFESROBFEORIC. RFRNAA~<—
A—DHEREN TV B 757 FRENRREOREN
HEBIhTVRT AL, BAKBRICBIZBETL
DA —H—AA Kb, MAHLIESHBESICHET L E X
5N3, —AT. ZHESFENBREOSHERIZ
BECLICTFHTANAAT—H—DERELSKDE
ELHRETHS,

9 4
8]
9 | Gefitinib
2 P=0307
g
’:g ] Etiac s 3
Y |
9]
7
0 0
0 20 490 60 80 100 120
[] 0 0 0 0 0
Days after Randomization
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HE AR

FECH L, Z<OMEDOBIEBBRIETPTHD, 2011 FICEMRSNDIHELFTRE
RTEBELTVELVD, RIEESRIETPTSE EHIBESNTLDDFROVEER
T3 ALK (anaplastic lymphoma kinase) FEEZR(CDWNTBNT 2.

! B+—7— F : Crizotinib, anaplastic lymphoma kinase (ALK), ALK FAEZ%E

fHueewic

LRRERFRZEGEFO ¥ S —CHEE
(EGFR-TKD otH L, Z0RFHURFCTHS
LERERTE%4 (EGFR) BETFEROKR
&, WS B 2 EAMLEREE AR (DT,
P, L 0o TFEINEREORMEIEDLIT
Z 355, BRCTEHAOTHEEIIRFS LT,
BEANRRAN T Z, T TR, BEMFERR
HHEFTHON FHIEHETH 5, ALK (anaplas-
tic lymphoma kinase) FAEHRIC DV T3,

2] EML4-ALK BEF & ALK FEEE

BIEEBEENLFE (CML) TRREEOKER
B, DFVEENRER = ALCEETHSC
L3, B LHMAR TS, CML TIREREIC
Lo TS hi: ABL ¥ —+¥ & BCROMAE
B, BoForrdF—CEEEEET B
o, BELMREEZFEL T2, ZOFaY
YEFF-LHEE (TK) ThdA43F=7d,
BCR-ABL R 1% CML (= 4 L T D T\ i 54D
Reqd. ARETE, J0L52REEEED?
FRALPHITEIEC R 55 2 L REDTHT
hrLENTEL, BIHEMAEOEH, HEH

X, B/NESEEHO—HETH S EML4 (echino-
derm microtuble-associated protein-like 4) &
ZEFRBFa FF—EALKZaA—-FT 5
EEBETF EML4-ALK B{ZF" 25, ALK flD
BOBEBRECEREL TRIBLICEDE I,

JE/NRBaEE (NSCLC) TORZ Y —=> T
6.7%HFABIEFHUETHE L EBE L. £
DEOB/ETH, COBEFEINSCLCO4~5%
KRHLIZ I EHHBIATLEY Y, BCR-
ABL B CML i3 L TA v F = 7 DSBS
RERY EEBRIC, ALK FHEHEH EML4-ALK i
EFBENSCLC LA THS Z LhlifFehs
ZEh b, BIERBOALKHAEEMSHIESI AT,
%, ZOHT, Crizotinib (PF-02341066) &7t
EMET Fuyr¥)F—YEERE LTHESh
T\ 723, F#kIC ALK B {5 % %D dual-in-
hibitor T#% % , Crizotinib (& Efi 538 FA =] 8 % FA &
T3 ALK, c-MET #9525, flioF > —E
AT A IHE A BV EIh TS, (B1).

[8l Crizotinib mEFFREAER

2010 EDKREMKIEH¥ST, £0 ALK HE
3 Td 5 Crizotinib (PF-02341066) DK%
DI E I iz, DR, 200 Stage

THAAFEEFREREEGHEERL X — - KRR (LLEDH - v308)
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Stage I icE§H S hi: 82 MOBEHR. FHFEM
51 %% (25~ 78 %) LBEOMBRE L VEVER
=% Y, Performance status 0/1 (24 i /44 fil, 29/
54%), JEBUEE (62 i, 76%), MfE (79 B, 96%)
MELEHEDTV B,

AW | FEFHH @E R 5125~ 78) |
Crizotinib (PF-02341066) | R Bt/ 'k 143/39 Ji
| Performance status: ' 0 24 (29) i
Kinase ICs: (NM) Selectivity | | “n (%) 1 44 (54 |
mean ratio { i 2 13 (16) i
c-MET 8 - L '3 1 (D !
| AK 20 2x | AFE 0 (%) aA 46 (56) 1'
298 34x i PUTA 29 (35)
RON : -
_— 189 ezx | B2 < n (%) W@ELL 62 (76)
A 224 8ax | B 19 (23)
322 arx | | BEE T
Tie-2 448 52x | [BRE 0 (%) B8 791098) |
TrkA 580 67x | RELEE T
TrkB 399 46% L Z0ft 2(2) J:
Abl 1,159 166 (EPABLUAVE: 0 5 (6) |
IRK 2,887 334x% 10 (%) 1 27 (33)
= | i2 15 (18)
Lck 2741 283% | 22 24 1aA)
Sky > 10,000 > 1.000% L mEnL T
VEGFR2 > 10,000 > 1,000% | .
| 1 * Performance status : Eastern Cooperative On-
PDGFRB > 10.000 > 1.000X |

(Pfizer Inc. Data on File £ 9)
Crizotinib (PF-02341066)

Crizotinib © &1 % F — ¥ 12 14§ 5 ¥ % ELISA
Capture Tl L7z, Crizotinib (3 BipkE AR AE A4
B|ICBVTIR ALK, c-MET 24019 5, fhoF>—+
ZxtT B HEN R,

ELISA : enzyme-linked immunosorbent assay,
Cs0:50% M3 &, ALK : anaplastic lymphoma kinase

(FEHIER)

THEShTEY, ARBREDDO Stage 112
FRAEED OBMIESEE 3T ANEREI L
720 Stage | TR AEBHBH MR T,

250mg 1 H 2 B # 5 5 O ¥ @i 535 53 K HE T

cology Group = & 258
' (k6 & Y —HHE)

»% 2 &, PK (pharmacokinetics) T 3ERRAE
PBHENL, BEOBEERIRVIL,

CYP (F h 71 P450) 3A4 % HEECHIHT
B ENHALNER . c-MET 2RH L
NSCLC HB# % RiIcHM M & HF3 5 Stage I
1213 82 Bl BEFEIh TV 5%, Stage TICEHS
- BEYSRTE, THEHS51 R (25~ 781K
LEBEOMBRE L VEVERICHT, 351
JEmLEE (62 I, 76%), HHE (79 fil, 96%) »*
ZL R EDTV B, (F1). EHMINRE
vx—R—7x—N7ay NTRZE, BEFA

EGFR-TKI : L ERERTFSEGF 0L > FF—CHER, EGFR: LEARETZER
ALK : anaplastic lymphoma kinase, CML : 1@ &8tk B 1, TKI: ForFF—LHEEE
EML4 : echinoderm microtuble-associated protein-like 4, NSCLC : JE/Nllf2 i
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HMERL 2011 BIP BRICHIIREDHEDUBTT (ZNR) ~HEOLE~
607 O #47(PD)
04 G R (SD)
O 2895 (PR)
g 20 4 T2EH(CR)
4
1 0
z
LT
z
£ -
%
Z e
—80 -
—100 -

VA—5—=TA—NT70Y FTRIWHHBENHR

IEBRENDRE T 4 —Z—7 2=V T 0y FTREE, WY 4 XRALELZREMICAE {H>TV3 S

LD,

*100%DEERDH/IBETR, FEMELEZELTOL

o ~
f=} o

(%) B RtHF e Y

[N)
o

(Pfizer Inc. Data on File & 9)

EE] mmmammme (PFS)

R AT O WA B RAEIE 5.7
AAT, BYHYPMIR 1~ 1528 Tho
Feo RN RILIES 6.4 5 H DR

0 25 50 75 100 125
EIBBAEGFLR(8)

ABAZACE MUK E L RoTVB I LD
HhB. (B2), EXEIS57% (95%EEX:
46 ~ 68%) TCR (GE2EMR) » 16, HKLa
bE—)VERE 87% (95% XM : 77 ~ 93%)
EROBEHE, mBaY bo—LRRI R,
% /- %88 Performance Status (PS) 2~3®
14 Blth 86l (57%) TEFHERDHLITE Y, PS
FEROUCBOTHECEBEYRITER TS,

T, 6 WADFH PFS Rk 72% (95%
fEEXM 61 ~83%) Tholko
(X6 & ) —HUZE)

150 175

HER S TOBRBIPM TR RER 5.7 BT, £%
M1~ AThol, HEBLEFHM
(PFS) DIBHF IR RIEN 6.4 ZHDEET, 6
AR DFH PFS i3 72% (95%EEXM:61 ~
83%) Th-ortz. (B3), HihHH: Crizotinib T
DEFEHRICGZ 2HERINEL, SUIAVY
LOEERBREANCE T HEYEIT56%
(19/34) Th ol (R2)", ThF T EML4-
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EARE

ALK B EHI T 1 EGFR-TKI O %R FREF T
»% EGFRBETFEE, KRAS B FEEMRED
bhisZ &, EGFR-TKI TOWRBR DT

BIEBORE
AiIIEH# D! Crizotinib TOWRBRIRIC
5R3BEHASL, 3UYAVME

OBERABHIC BT bBAHRIE BH, TITFFR—ADIEREICITAIVE
56% (19/34) Th ol 24 TERAFEDHRERTILHRINT S,
HABL DA U =E | (£3)%. HEHRTWE, WLE (Grade 1/2 0
| %ON | B 52% /1%, T 46% /1%), RERE
i 0 80 (4/5) (Grade 1 O / BEJEISDZEAL) HSET, ZOFEH]
| 1 52 (14/27) DBEUOBEMWREATV 3, (R4,
i 2 67 (10/15) Z OB T & Crizotinib 250mg 1 H 2 Bl &5
| LL 35 {10/ THIENTY 505, EBESHDS 5% 5 RE
"1HTTH ®, ALK BEREAOKIIEL LTRBEDORE
(X7 &9)

a3k PCR (polymerase chain reaction) 4%,

Genotype I & BABMR

EMLA4-ALK Bh4E I T 13 EGFR-TKI O R FMEFTh 2 ECFRBETFERIBO LAV LHRENT
V3, & 2T EGFR-TKI TOBRKMRBBDTEL . —F 7 F7FFR—ADEREICR VA VK XA TLRF
DER%ETT,
(FSFFR—=2ILEFE) (EGFR-TKI

3 ALK EGFR | WT/WT* | ALK EGFR WT/WT *
JAN=12) | (N=8) | (N=34) I (N=10) | (N=23) | (N=123)
]

25 50 35 BHE %) | 0 70 13

9 10 8 | muESm®) 5 16 6

ALK : anaplastic lymphoma kinase, EGFR : EERERTFZEME, WT : wild type
EML4 : echinoderm microtuble-associated protein-like 4, TKI : 1> > ¥ F—YIHEH
(X8 & Y)

BEER (10% EOFRIER)
HEBERTIRHIE (Grade 1/2 DIER 52%/1%, TH 46%/1%), BEEE
(Grade 1 O / BIEIEDOZEAL) BETH 5,

‘BE®% | Gadel | Grade2 | Grade3 | Graded4 | Total |
s n (%) n%) on% L n | )
S 43(52) 11 0 0 44 (54) |
@ 38 (46) 141 0 0 39 (48)
M&Ent 35 (43) 101 0 0 36 (44) l
REEE" 34 42) 0 0 0 34 (42) |
@b 18220 2 0 0 20 (24)
RIGTE 13 (16) 0 0 0 13 (16)
HEN 12 (18) 0 0 0 12(15) |
BRRIR 11013 0 (9] 0 11 (13) ‘
BRE 8 (10} 0 0 0 8(10) !

‘B B OEL REHAETERLL)
(CW6 & h —AE)
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