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Table 2. Individual patients’ characteristics, treatment methods and outcome of the patients treated with sequential CRT

CRT for LD-SCLC in patients aged 75 years or older

No. Age Gender PS Stage CTx Response RTx CTx compliance ~ RTx compliance Failure site PFS os
(years) (dose/Fr)

S-1 75 M 0 ITIA CB(5)+ETP(80)4c PR 45/30 Completed Completed PF 2754+ 2754+
S2 75 M 0 IIIA CD@25x3+ETP(80)4c SD 45/30 Completed Completed Brain 137 578
S3 75 M 0 TIIA CD(@25)x3+ETP(100)4c PD 50/25 Dose Reduction + Completed WT 143 769
S-4 76 M 1 [IB CB(5)+ETP(80)4c PR 45/30 Dose Reduction + Completed WT and liver 414 652
S5 76 M 1 1A CB(5)+ETP(80)4c CR 45/30 Completed Completed Brain 137 257
S-6 77 M 1 TA  CB(5)+ETP(80)4c PR 45/30 Completed Completed PF 4424 442+
S-7 77 M 0 1B CD(25x3+ETP(80)3c PR NA Discontinuation + NA WT 243 454
S-8 78 M 1 HIA CB(5)+ETP(80)4c PR 59/32 Completed Completed Brain 181+ 181+
S-9 78 M 0 IIIA CB(5)+ETP(80)4c PR 45/30 Completed Completed Brain 181 550+
S-10 80 F 1 1A CB(5)+ETP(80)lc NE NA Discontinuation + NA WT 70 316+
S-11 80 M 0 1B CB(S)+ETP(80)4c CR 45/30 Completed Completed Brain 152 258
S-12 81 F 1 1B CB(5)+ETP(80)4c PR 50/25 Completed Completed PF 18924 1892+
S-13 83 M 1 1B CB(5)+ETP(80)4c CR 45/30 Completed Completed Brain 269 327
S-14 83 F 1 IIA CB(5)+ETP(80)4c Near CR  50/25 Completed Completed Liver and lung 408 415+
S-15 92 M 0 IJA CB(5)+ETP(80)c PR 45/30 Completed Completed WT 218 383

The dose of carboplatin was indicated by area under the curve in parentheses.
The doses of etoposide and cisplatin were indicated by per body surface area in parentheses.

Table 3. Individual patients’ characteristics, past history and complications of the patients treated with concurrent CRT and sequential CRT

No Age (years) Gender PS Stage Past history Complications

C-1 75 F 1 1A - Osteoarthritis

C-2 75 M 0 1IA - Anal stenosis

C-3 75 M { 1B Gastric ulcer COPD, prostatic hypertrophy

C-4 76 M 1 1B Gastric ulcer -

C-5 77 F 1 1B - Hypertension, hyperlipidemia, osteoporosis
S-1 75 M 0 A - Arrhythmia, prostate cancer

S-2 75 M 0 1A - Gastric ulcer, hypertension

S-3 75 M 0 A - Prostatic hypertrophy, abdominal aortic aneurism
S-4 76 M 1 1B Abdominal aortic aneurism IHD, DM, hypertension

S-5 76 M 1 A Abdominal aortic aneurism Aortic dissection

S-6 77 M 1 A Laryngeal cancer, brain hemorrhage Hypertension

S-7 77 M 0 [1IB Gout, gastritis Hypertension, prostatic hypertrophy
S-8 78 M 1 HIA Bladder cancer, brain hemorrhage Hypertension

S-9 78 M 0 IIIA ASO, IHD, gastric ulcer -

S-10 80 F 1 1A [HD, pneumothorax, gout, renal failure COPD

S-11 80 M 0 1B Rectal cancer -

S-12 81 F 1 1B - [HD

S-13 83 M 1 HIB Asthma, gastric ulcer, colon cancer Hypertension

S-14 83 F 1 A Uterine cancer Hypertension

S-15 92 M 0 A - Reflux esophagitis, hypertension

COPD, chronic obstructive pulmonary disease; IHD, ischemic heart disease; DM, diabetes mellitus; ASO, arteriosclerosis obliterans.
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experienced disease relapse outside the thorax and within the
thorax, respectively. Two patients experienced disease
relapse both within and outside the thorax. The most
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Figure 1. Kaplan—Meier curves for the progression-free survival (PFS) of
patients aged 75 years or older treated with concurrent chemoradiotherapy
(CRT) and sequential CRT are shown (concurrent CRT, red dashed line; se-
quential CRT, blue continuous line). The median PFS was 208 days in con-
current CRT and 216 days in sequential CRT. There was no statistically
significant difference between the two groups (log-rank P = 0.9715).
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common first failure organ was the brain (five

patients, 42%).

Table 5 shows the adverse events in these 12 patients.
Although there were moderate levels of hematological toxici-
ties, gastrointestinal toxicities tended to be mild. It is note-
worthy that Grade 3 or more severe pneumonitis occurred in
four patients (33%).

DISCUSSION

Our investigation is important as it includes a considerable
number of LD-SCLC patients aged 75 years or older who
have been treated with CRT. Moreover, as this study docu-
ments a precise clinical course (i.e. treatment response, PFS,
0OS, treatment compliance and adverse events), it will enable
physicians to determine the optimal treatment strategy for
this category of patients.

Two previous research papers have detailed clinical
course data in studies similar to ours. In one study, seven
LD-SCLC patients aged 75 years or older were treated with
etoposide plus cisplatin or carboplatin and with concurrent
TRT (14). TRT treatment was delayed for more than 7 days
in three of the seven patients. Three experienced Grade 3 or
more severe febrile neutropenia, and three experienced

Table 4. Adverse events in patients treated with concurrent CRT and sequential CRT

Concurrent chemoradiotherapy (n = 5)

Sequential chemoradiotherapy (n = 15)

Grl Gr2 Gr3 Gr4 >Gr 3 (%) All (%) Grl Gr2 Gr3 Gr 4 >Gr 3 (%) All (%)
Leukopenia 0 0 3 2 100 100 1 6 8 0 53 . 100
Neutropenia 0 0 0 5 100 100 1 0 3 11 93 100
Anemia 0 4 1 0 20 100 3 7 2 0 13 80
Thrombocytopenia 2 2 1 0 20 100 6 3 3 1 27 87
Fatigue 1 1 1 0 20 60 7 2 0 0 0 60
Anorexia 2 1 I 0 20 80 6 5 0 0 0 73
Constipation 2 2 0 0 0 80 12 1 0 0 0 87
Nausea 2 2 0 0 80 6 1 0 0 0 47
Infection 0 2 0 0 0 40 1 1 1 0 7 20
Febrile neutropenia 0 0 3 0 60 60 0 0 2 0 13 13
Bilirubin 1 0 0 0 20 2 1 0 0 0 20
AST 0 0 0 0 0 2 0 0 0 0 13
ALT 1 0 0 0 20 3 0 0 0 0 20
Hyponatremia 2 0 0 1 20 60 4 0 1 1 13 40
Creatinine elevation 1 0 0 0 0 20 3 2 0 0 0 33
Pneumonitis 4 0 0 0 0 80 7 0 3 1 27 73
Esophagitis 1 3 1 0 20 100 5 4 0 0 0 60
Dermatitis 4 0 0 0 80 9 0 0 0 0 60
Eruption 0 0 0 40 1 1 0 0 0 13

Gr, grade; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Figure 2. The Kaplan—Meier curve for the PFS (A) and overall survival (OS) (B) of 12 patients aged 75 years or older, treated with etoposide plus carbopla-
tin followed by sequential thoracic radiotherapy is shown. The median PFS and OS were 244 and 601 days, respectively.

Table 5. Adverse events in patients treated by etoposide plus carboplatin
and sequential radiotherapy, n = 12

Grl Gr2 Gr3 Gr4 >Gr3 (%) All(%)
Leukopenia 0 6 6 0 50 100
Neutropenia 0 0 3 9 100 100
Anemia 2 5 2 0 17 75
Thrombocytopenia 4 3 2 1 25 33
Fatigue 5 2 0 0 0 58
Anorexia 5 4 0 0 0 75
Constipation 9 1 0 0 0 83
Nausea 5 0 0 0 0 42
Infection 1 1 1 0 8 25
Febrile neutropenia 0 0 2 0 17 17
Bilirubin 1 1 0 0 0 17
AST 1 0 0 0 0 8
ALT 3 0 0 0 0 25
Hyponatremia 3 0 0 0 0 25
Creatinine elevation 2 2 0 0 0 33
Prieumonitis 5 0 3 1 33 75
Esophagitis 5 3 0 0 0 67

Grade 4 thrombocytopenia. One patient died due to radiation
pneumonitis and this was judged as treatment-related death.
In the second study, the outcome of elderly patients aged 70
years or older, five of whom were 75 years or older, who
received early concurrent CRT with four cycles of etoposide
plus cisplatin, was reported (15). Of the 12 patients in this
report, 8 (67%) experienced Grade 3 or more severe febrile
neutropenia. Of the five patients aged 75 years or older,
three could not complete the four cycles of chemotherapy
and all five experienced delayed TRT for more than 7 days.

In our study, five patients received concurrent CRT and two
could not complete the chemotherapy course due to toxici-
ties. TRT was discontinued in one patient and another
experienced delayed TRT for more than 7 days due to toxici-
ties. These patients suffered from prolonged toxicities and
their quality of life decreased for a long time. Moreover, it is
speculated that fitter patients were treated by concurrent
CRT and more fragile patients were treated by sequential
CRT. Therefore, it is suggested that concurrent CRT is not
feasible for all LD-SCLC patients aged 75 years or older.
Moreover, a high frequency of discontinuation, dose reduc-
tion and omission of chemotherapy/TRT in concurrent CRT
may lead to a similar PFS as that achieved with sequential
CRT.

Based on the previous Phase III study which investigated
chemotherapeutic regimen for elderly or poor-risk patients
with ED (extensive disease)-SCLC (16) and the convenient
administration schedule of carboplatin, etoposide (80 mg/m?)
on days 1-3 plus carboplatin (AUC 5) on day 1 followed by
sequential TRT 45Gy in twice-daily fractions or 50 Gy in a
once-daily fraction was the most frequently used treatment
method for LD-SCLC patients aged 75 years or older in our
institute. In our study, the major adverse events of etoposide
plus carboplatin followed by sequential TRT were hemato-
logical toxicities, including neutropenia and thrombocyto-
penia. Gastrointestinal toxicities such as anorexia, nausea,
vomiting and constipation were very mild. All of the toxici-
ties were manageable and no treatment-related death oc-
curred. The response rate, OS and PFS were satisfactory,
when taking the patients’ characteristics in our study and the
results of the previous Phase II studies that evaluated CRT
for LD-SCLC patients aged 70 years or older, into account
(17, 18). However, as Grade 3 or more severe pneumonitis
occurred in 4 of 12 patients (33%) similar to a retrospective
subset analysis of LD-SCLC patients treated with etoposide
plus cisplatin and concurrent early CRT in a Phase III trial
(10), attention should be paid to the occurrence of radiation
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pneumonitis. It may be appropriate to set the radiation
field based on the tumor volume after induction chemo-
therapy to reduce the frequency and severity of radiation
pneumonitis (19). On the other hand, the previous Phase
III study have also shown etoposide plus split doses of cis-
platin seems to be another standard chemotherapeutic
regimen for elderly or poor-risk patients with ED-SCLC
(16). Etoposide plus split doses of cisplatin on days 1—3
followed by sequential TRT could be a candidate for the
standard treatment of LD-SCLC patients aged 75 years or
older. However, because only three patients were treated
by etoposide plus split doses of cisplatin on days 1—3 fol-
lowed by sequential TRT, it is hard to lead a definitive
conclusion in this study.

Our study has a few limitations. The intervals between
evaluations for lesions in this study were not as accurate
as those in a prospective study. The severity of non-
hematological toxicities, in particular, may have been
underestimated in the present study due to its retrospective
nature. Patients were treated as inpatients during most of
the treatment period, and the toxicity data were recorded
in detail in the patients’ medical records. The sample size
in this study is not very large; therefore, it is difficult to
reach a definitive conclusion. However, as it is not easy to
collect data on a large number of LD-SCLC patients
aged 75 years or older who have received CRT, this study
may be useful for physicians trying to determine the
optimal treatment strategy for LD-SCLC patients aged
75 years or older.

In conclusion, it is suggested that concurrent CRT is not
feasible for all LD-SCLC patients aged 75 years or older.
Etoposide (80 mg/m?) on days 1-3 plus carboplatin
(AUC 5) on day 1 followed by sequential TRT is one of the
candidates for the standard treatment of these elderly
LD-SCLC patients. A further prospective clinical trial is
warranted to develop and evaluate the optimal treatment
method for LD-SCLC patients aged 75 years or older.
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the EML4-ALK fusion gene

Gouji Toyokawa?, Mitsuhiro Takenoyama?®*, Kenichi Taguchi®, Ryo Toyozawa?,
Eiko Inamasu?, Miyako Kojo?, Yoshimasa Shiraishi?®, Yosuke Morodomi?,
Tomoyoshi Takenaka?, Fumihiko Hirai?, Masafumi Yamaguchi?, Takashi Seto?,
Mototsugu Shimokawa*, Yukito Ichinose*

2 Department of Thoracic Oncology, National Kyushu Cancer Center, 3-1-1 Notamne, Minami-ku, Fukuoka 811-1395, japan
b Cancer Pathology Laboratory, Institute for Clinical Research, National Kyushu Cancer Center, Fukuoka, Japan
¢ Institute for Clinical Research, National Kyushu Cancer Center, Fukuoka, japan

ARTICLE INFO ABSTRACT

Article history: Anaplastic lymphoma kinase (ALK) fuses echinoderm microtubule-associated protein-like 4 (EML4) to acquire
Received 8 March 2013 a transforming activity in lung adenocarcinomas. However, the presence of an EML4-ALK fusion gene in
Received in revised form 21 May 2013 other lung cancer histologies is an extremely rare phenomenon. A 43-year-old female was referred to
Accepted 29 May 2013 our department due to dyspnea on effort and left back pain. Computed tomography (CT) showed a large
Koywords: mass in the upper lobe of the left lung and a massive left pleural effusion, while a CT-guided needle

biopsy confirmed a diagnosis of small-cell lung cancer (SCLC). Surprisingly, the tumor was genetically
considered to harbor the EML4-ALK fusion gene (variant 2). Although the patient underwent tworegimens
of cytotoxic chemotherapy for SCLC, she died approximately seven months after the administration of
first-line chemotherapy. Our analysis of 30 consecutive patients with SCLC for EML4-ALK revealed that
two patients, including the current patient and a patient we previously reported, harbored the EMIL4-ALK

Small-cell lung cancer
Oncogenic driver mutation
EML4-ALK

fusion gene.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Oncogenic driver mutations, such as epidermal growth factor
receptor (EGFR), anaplastic lymphoma kinase (ALK) and so on, have
been shown to play essential roles in tumorigenesis, survival
and proliferation in lung cancer, especially adenocarcinoma {1,2].
Driver mutations have attracted attention as potential targets of
kinase inhibitors {2,3]. In addition to the molecular pathogenesis
of lung adenocarcinomas, genetic insights into the pathogenesis of
squamous cell carcinoma and small-cell lung cancer (SCLC) have
recently been reported [4,5]. However, to the best of our knowl-
edge, there is only one case of echinoderm microtubule-associated
protein-like 4 (EML4)-ALK-positive SCLC combined with adenocar-
cinoma, which we previously reported {6]. We herein report a
genetically rare case of SCLC harboring an EML4-ALK fusion gene
and describe the patient’s clinical course.

* Corresponding author. Tel.: +81 92 541 3231, fax: +81 92 551 4585.
E-mail address: takenoyama.m@nk-cc.go.ip (M. Takenoyama).

0169-5002/$ ~ see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
hetp:/fdx.dolorg/10.1016/j.ungcan.2013.05.022

2. Case report

A 43-year-old female ex-smoker of five pack-years was referred
to our hospital due to dyspnea on effort and left back pain. A
chest X-ray showed a large mass shadow in the left upper lung
field and decreased transparency in the left lower lung field. Com-
puted tomography (CT) revealed a large, irregular mass with a
maximum diameter of 10cm in the left upper lobe invading the
4th rib (Fig. 1A) and a massive left pleural effusion. Laboratory
examinations revealed elevations in the levels of neuron specific
enolase (NSE; 37.7 ngfml) and pro-gastrin-releasing peptide (Pro-
GRP; 1740ng/ml), whereas no abnormalities were observed in
other tumor markers. A CT-guided tumor biopsy was then per-
formed, and the tumor was pathologically diagnosed as small-cell
lung cancer (SCLC) with immunoreactivity to synaptophysin and
CD56 (Fig. 2A and B), while no immunoreactivity against thyroid
transcription factor-1 (TTF-1) was observed (Fig. 2C). The clinical
stage was ultimately determined to be IV (cT3NOM1a: extensive
disease). Multiplex reverse transcription-polymerase chain reac-
tion (RT-PCR) and direct sequencing methods revealed the tumor
to harbor variant 2 of the EML4ALK fusion gene (Fig. 2D), whereas no
mutations of epidermal growth factor receptor (EGFR) or TP53 were
observed (data not shown). As the performance status of the patient
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Fig. 1. Computed tomography showed a large mass invading the left 4th rib. (A) CT showed the mass approximately 2.5 (B) and four months (C) after the administration of

first-line chemotherapy.

was 3, carboplatin (CBDCA) in combination with etoposide (VP-16)
was administered as a first-line regimen with daily thoracocentesis
of the pleural effusion. Since the PS improved from 3 to 0 follow-
ing the administration of one cycle of CBDCA +VP-16, the patient

A B

underwent three cycles of cisplatin (CDDP) + VP-16. Although a par-
tial response (PR) was achieved (Fig. 1B) and the levels of NSE and
ProGRP decreased (9.9 and 409 ng/ml, respectively) after four cycles
of chemotherapy, progressive disease was observed 1.5 months

EML4, exon1-20 | ALK, exon20-29
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Fig. 2. (A) Microscopic findings of the tumor indicated small, round cells with abundant chromatin. (B) Immunohistochemistry using a specific antibody against synapto-
physin (27G12, Novocastra) showed the tumor to be positively stained. (C) Immunohistochemistry using an antibody with specificity for thyroid transcription factor-1
(TTF-1; 8G7G3/1, Dako) showed that the tumor did not have immunoreactivity for TTF-1. (D) The direct sequencing method identified variant 2 of the echinoderm
microtubule-associated protein-like 4-anaplastic lymphoma kinase (ALK) fusion gene. (E) Immunostaining using an antibody that specifically detects ALK (5A4, Nichirei)

revealed immunopositivity of the tumor for ALK. Scale bar (A~C, E): 50 jnm.
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after the confirmation of a PR (Fig. 1C). Thereafter, a CT-guided
biopsy was performed again, and the SCLC histology was recon-
firmed. Furthermore, the presence of the EML4-ALK fusion gene
was confirmed on immunohistochemistry (IHC) using an antibody
that specifically detects ALK (Fig. 2E). Although amrubicin was then
administered, the disease continued to progress. Approximately six
months after the administration of the first-line chemotherapy, the
patient was transferred to another hospital for hospice care and
died 18 days after the transfer. Based on her clinical course, the
progression-free survival (PFS) and overall survival (OS) from the
administration of the first-line therapy were approximately four
and seven months, respectively.

3. Discussion

Gene mutations in tyrosine kinases play essential roles in the
pathogenesis of lung adenocarcinoma and have attracted much
attention as potential therapeutic targets in the treatment of ade-
nocarcinoma. The ALK gene has been shown to fuse the EML4 gene,
and as a consequence, to possess a transforming activity | 1}. Impor-
tantly, tumors with the EMIL4-ALK fusion gene, the second most
well-known tyrosine kinase in lung adenocarcinoma, can be suc-
cessfully treated with ALK inhibitors {7]. Mutations of the EGFR
gene in SCLC have already been identified (5/122: 4%) [}, and
integrative genomic analyses have revealed mutations of tumor
suppressor genes (TP53 and RB1), histone modifiers (MLL1) and
so on in SCLC. However, to the best of our knowledge, there has
been only one case of an SCLC patient harboring the EML4-ALK
fusion gene [&]. In our previous case, fusion of the ALK gene to the
EML4 gene was intriguingly detected only in the SCLC component of
the resected combined adenocarcinoma with SCLC. Although this
previous patient harbored variant 1 of the EML4-ALK fusion gene,
variant 2 of the fusion gene was identified in the current case. Based
on these findings, there are considered to be multiple EML4-ALK
variants in SCLC patients as well as adenocarcinoma patients. We
analyzed 30 consecutive SCLC patients whose RNAs were available
for RT-PCR and direct sequencing methods between April 2010 and
March2012. Two of the patients, the present patient and the patient
we previously reported [&], were found to harbor the fusion gene.
Although a positive reaction of THC for the ALK protein expres-
sion without ALK fusion was reported to be found in a patient with
SCLC {9}, this does not apply to the current case because the fusion
was detected using RT-PCR and direct sequencing methods. Fur-
thermore, the possibility of the transformation of adenocarcinoma
into SCLC, which is associated with the acquisition of resistance to
EGFR-tyrosine kinase inhibitors (TKIs), should be taken into con-
sideration [ 10]. However, this mechanism does not apply to the
present patient, since no EGFR-TKIs were administered because of
the absence of the EGFR mutations.

One of the limitations of the current case report is that the
tumor was diagnosed to be SCLC by a biopsy sample. Although
biopsy samples do not always reflect the exact histology of the
whole tumor, and the absence of lymphadenopathy and p53 muta-
tions, which occur in more than 90% of all SCLCs [11], is relatively
rare, the SCLC histology was confirmed by several findings in the
present case. First, a CT-guided biopsy before and after the first-
line chemotherapy diagnosed the tumor to be morphologically
SCLC. Second, immunoreactivity of the tumor for synaptophysin
and CD56 was observed. Third, the levels of tumor markers asso-
ciated with SCLC, i.e., NSE and ProGRP, were elevated, while no
elevation was observed in the levels of carcinoembryonic antigen
and cytokeratin 19 fragment. Finally, combination chemotherapy
with platinum plus VP-16, one of the standard regimens for patients
with SCLC, led to a partial response. With regard to TTF-1 expres-
sion, TTF-1 was reported to be expressed in all adenocarcinomas

harboring the ALK rearrangement {12}, and TTF-1 expression was
also observed in about 80% of SCLCs [13]; however, the current
patient showed no expression of TTF-1, as shown in Fig. 2C, which
was different from the results we previously reported in Ref. {5},
and no definite correlation between TTF-1 expression and the
EML4-ALK rearrangement in SCLC has been demonstrated so far.
Although these findings show an apparently rare presentation of
SCLC in the current patient, future studies would help to elucidate
the characteristics of patients with SCLC harboring the EML4-ALK
rearrangement.

Although SCLC manifests with aggressive features, such as rapid
progression, these tumors are generally sensitive to chemother-
apy. For first-line therapy, the response rate, median PFS and OS
range from 67.5 to 84.4%, 4.7-6.9 months and 9.4-12.8 months,
respectively {14,15]. Although the current patient achieved a PR
after undergoing four cycles of platinum-based chemotherapy, the
PFS and OS were much worse than those of historical controls. As
a reason for the poor clinical course of the present patient, there is
a possibility that the fusion gene affects sensitivity to chemother-
apy. There have been two reports on chemosensitivity in patients
with the EML4-ALK fusion gene [16,17]. Lee et al. reported that
ALK-positive non-SCLC patients would benefit significantly from
pemetrexed chemotherapy, whereas Takeda et al. demonstrated
that the efficacy of first-line platinum-based chemotherapy does
not depend on the presence or absence of the EML4-ALK fusion
gene. Therefore, although the significance of ALK-positivity for
chemosensitivity has yet to be clarified, EML4-ALK fusion may be
involved in the sensitivity of platinum-based chemotherapy.

4. Conclusion

We herein reported a very rare case of SCLC in which the patient
harbored variant 2 of the EML4-ALK fusion gene. Although the fre-
quency and significance of the fusion gene in SCLC patients has not
been determined, this phenomenon suggests that SCLC patients
harboring the EMIL4-ALK fusion gene can be successfully treated
with ALK inhibitors.
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Safety and Efficacy of Platinum Agents plus
Etoposide for Patients with Small Cell
Lung Cancer with Interstitial Lung Disease
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SHIGEKI UMEMURA, HIRONOBU OHMATSU and YUICHIRO OHE

Division of Thoracic Oncology, National Cancer Center Hospital East, Kashiwa, Japan

Abstract. Background: The safety and efficacy of
combination of platinum agents plus etoposide for patients
with small cell lung cancer (SCLC) with pre-existing
interstitial lung disease (ILD) is uncertain. Patients and
Methods: Fifty-two patients received platinum agents plus
etoposide as first-line chemotherapy for SCLC with pre-
existing ILD. The clinical characteristics, treatment outcome
and survival of these patients were retrospectively reviewed.
Results: During first-line chemotherapy, only one (2%) out
of the 52 patients developed an acute exacerbation of ILD.
The median number of treatment cycles was four. The
overall response rate was 69%. The median progression-free
survival period was 4.5 months. The median survival time
was 9.4 months. Thirty-three patients (63%) received at
least one subsequent chemotherapy regimen, and five of
these patients developed acute exacerbation of ILD.
Conclusion: The combination of platinum agents plus
etoposide is feasible and effective in SCLC patients with
pre-existing ILD, compared with regimens after second-line
chemotherapy.

Small cell lung cancer (SCLC) accounts for 15% to 20% of
all lung cancer cases (1). SCLC is characterized by rapid
growth and widespread metastatic disease, and most patients
have extensive disease at the time of diagnosis. SCLC is
significantly sensitive to chemotherapy or radiation therapy,
and therefore systemic chemotherapy is recognized as a
standard treatment (2). The standard chemotherapy regimen
for SCLC patients is the combination of platinum agents plus

Correspondence to: T. Yoshida, Division of Thoracic Oncology,
National Cancer Center Hospital East, 6-5-1 Kashiwanoha.
Kashiwa, Chiba 277-8577, Japan. Tel: +81 471331111, Fax: +81
471314724, e-mail: tatyoshi@east.ncc.go.jp

Key Words: Interstitial lung disease. small cell lung cancer,
chemotherapy, cisplatin, carboplatin, etoposide, acute exacerbation.

0250-7005/2013 $2.00+.40

etoposide or platinum agents plus irinotecan, which is the
most frequently used combination and yields a median
survival period of approximately 9-12 months in clinical
trials (3, 4).

Pre-existing interstitial lung disease (ILD) is one of the
most common complications in patients with lung cancer.
1D, also known as diffuse parenchymal lung disease, is a
diverse group of pulmonary disorders classified together
because of similar clinical, radiographical, physiological, and
pathological features (5). In patients with cancer, pre-existing
ILD is considered to be a risk factor for acute exacerbation,
which is a fatal complication of treatments such as
chemotherapy, surgery, and radiation therapy (6, 7). The
incidence of lung cancer in patients with ILD is reported to
be 20-30% and is higher than that in the general population
(8). Kudoh et al. reported recently that pre-existing ILD was
confirmed to be an important determinant of the development
of the acute exacerbation of ILD after chemotherapy for
patients with advanced non-small cell lung cancer (NSCLC)
(6). However, few reports exist on the association between
pre-existing ILD and the safety and efficacy of chemotherapy
in patients with SCLC. Whether chemotherapy for patients
with SCLC with pre-existing ILD is feasible remains unclear
because patients with severe complications, such as pre-
existing ILD, have been excluded from most prospective
clinical trials.

In this retrospective study, we investigated the safety and
efficacy of the combination of platinum agents plus
etoposide as a first-line chemotherapy for patients with
SCLC with preexisting ILD.

Patients and Methods

Between January 2001 and December 2009, a total of 557
consecutive patients were diagnosed as having SCLC at the National
Cancer Center Hospital East. Overall, 52 (11%) of these patients
had pre-existing ILD and received first-line chemotherapy. The
clinical characteristics, treatment outcome, and survival of these
patients were retrospectively reviewed using data obtained from
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Table 1. Patients’ characteristics.

Characteristic N %
Number of patients 52
Age (years)
Median (range) 71 (50-85)
Gender
Male 50 96
Female 2 4
Performance status
0/1 9/37 88
2/3 ) 5/1 12
Smoking status
Never smoker 0 0
Current/former 25/27 100

Brinkman index median (range) 1050 (315-2940)
Clinical stage
Limited disease 29 56

Extensive disease 23 44

their medical records. The patients were staged according to the
staging system of the Veterans Administration Lung Cancer Study
Group as limited disease (LD) or extensive disease (ED) (9). In this
study, two independent pulmonologists (T.Y. and K.Y.) who had no
knowledge of the patients’ outcome diagnosed pre-existing lung
conditions based on pre-treatment chest computed tomography (CT)
findings obtained before first-line chemotherapy. Pre-treatment
conventional CT or high-resolution CT (HRCT) films of the chest
were used in our analysis. Pre-existing ILD was diagnosed when
diffuse ground-glass opacity, peripheral reticular opacity, and
consolidation without segmental distribution and a honeycomb
pattern were detected in bilateral lung fields on the chest X-ray and
CT findings. The acute exacerbation of ILD was diagnosed based
on the chest X-ray and/or CT findings, which showed newly-
developed diffuse pulmonary opacities, physical findings, and serum
levels of markers of damaged pneumocytes [i.e. lactate
dehydrogenase (LDH), C-reactive protein (CRP), Krebs von den
Lungen-6 (KL-6)] and the lack of a response to antibiotics. Patients
with pulmonary infection, pneumothorax, pulmonary embolism. or
heart failure were excluded.

The objective tumor response was assessed according to the
Response Evaluation Criteria Solid Tumor (RECIST) (10). The
objective response rate (ORR) was calculated as the total percentage
of patients with a complete response (CR) or a partial response
(PR). Toxicity was graded using the Common Terminology Criteria
for Adverse Events (CTCAE). ver. 3.0 (11). A univariate analysis
was performed to identify risk factors for the acute exacerbation of
ILD in patients with SCLC with pre-existing ILD. All the variables
were analyzed using the Fisher’s exact test. Multivariate analyses
were performed using logistic regression. A clinical evaluation of
progression-free survival (PFS) was measured from the start of the
first-line chemotherapy to the identifiable time for progression. The
overall survival (OS) was measured as the period from the start of
first-line chemotherapy until death from all causes. The PFS and OS
were plotted using the Kaplan-Meier method. All the p-values were
two-sided, and a level of 5% was considered statistically significant,
unless otherwise specified.
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Table II. Treatment outcome of first-line chemotherapy in 52 patients
with small cell lung cancer with pre-existing Interstitial Lung Disease.

N %

Number of patients 52
First-line chemotherapy regimen

Carboplatin plus etoposide 22 .42

Cisplatin plus etoposide 30 58
Number of cycles (1/2/3/4) 8/6/6/32 15/12/12/61
Objective response

CR 1

PR 35

SD 9

PD 3

NE 4

Overall response rate (LD/ED) 72165

CR, Complete response; PR. partial response; SD, stable disease; PD,
progressive disease; NE, not evaluable; LD, limited disease; ED,
extensive disease.

Results

Patients’ characteristics. The pre-treatment characteristics of
the patients are shown in Table I. The median age at the time
of first-line chemotherapy for SCLC was 71 years
(range=50-85 years), 96% of them were men, and 88% had
an Eastern Cooperative Oncology Group performance status
(PS) of 0 or 1. All the patients were current or former
smokers. None of the patients had histologically-confirmed
interstitial pneumonia. Overall, 56% of the patients had LD
and 44% had ED. As the first-line chemotherapy, 22 (42%)
out of the 52 patients received carboplatin plus etoposide,
and 30 (58%) patients received cisplatin plus etoposide
(every 3 to 4 weeks). In the three cases, radiation therapy
was performed after four cycles of chemotherapy. After
progression, 33 patients received second-line chemotherapy.
Subsequent chemotherapy regimens were amrubicin in 17
patients, cisplatin plus irinotecan in nine, irinotecan in six,
carboplatin plus etoposide in five, topotecan in four, the
combination of irinotecan, cisplatin plus etoposide in two,
and carboplatin plus paclitaxel in one patient.

Treatment efficacy. Table II summarizes the treatment
outcome of first-line chemotherapy. Regarding treatment
delivery, the median number of administered cycles was four
(range=1-4). Overall, 32 (61%) of the patients completed all
four of the planned cycles. The treatment was discontinued
because of progressive disease (PD) in seven patients,
toxicity in nine, and other reasons in four patients. The ORR
was 69% (72% in LD and 65% in ED, respectively),
comprising of one CR and 35 PR. The response was not
evaluable in four patients because of death before the first
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Figure 1. Progression-free survival (PFS) (A) and overall survival (OS)
(B) of patients with SCLC with Interstitial Lung Disease who received
platinum agents plus etoposide as first-line chemotherapy. The vertical
bars indicate the censored cases at the cut-off date. The median PFS,
median OS, and 1-year survival times were 4.5 months [5.4 months,
limited disease (LD) stage; 3.7 months, extensive disease (ED) stage],
9.4 months (10.6 months, LD stage; 8.2 monrhs, ED stage), and 32%,
respectively.

tumor response evaluation. The median PFS after first-line
chemotherapy and the median OS were 4.5 months (5.4
months, LD stage; 3.7 months, ED stage) (Figure 1A) and
9.4 months (10.6 months, LD stage; 8.2 months, ED stage),
respectively (Figure 1B). Regarding the PFS and OS, the
differences between the LD and ED stages were not
statistically significant.

Incidence of acute exacerbation of ILD. Only one patient
(2%) developed an acute exacerbation of ILD during first-
line chemotherapy (carboplatin plus etoposide). During
second- or third-line chemotherapy, five patients developed
acute exacerbation of ILD. The regimens immediately before
the development of the acute exacerbation of ILD were
amrubicin in three patients, a combination of irinotecan,

cisplatin, plus etoposide in one, and topotecan in one patient.
The characteristics of all six patients with acute
exacerbations of ILD, are listed in Table 1II. All the patients
were smokers and men with a good PS before chemotherapy.
The median time from the last administration of
chemotherapy to the development of the acute exacerbation
of ILD was 37 days. Although all the patients with acute
exacerbation of ILD were treated using steroids, three out of
the six patients did not improve and died. The results of
univariate analyses of risk factors (age, sex, Brinkman index,
LDH levels, and PS) for the acute exacerbation of ILD are
listed in Table IV. No significant risk factors for acute
exacerbation of ILD were identified. The results of the
multivariate analysis for the acute exacerbation also showed
that none of the variables were significant.

Discussion

In our study, the results for the 52 patients with SCLC with
pre-existing ILD indicated that the combination of platinum
agents plus etoposide as first-line chemotherapy yielded an
ORR of 69%, a median PES of 4.5 months, and a median OS
of 9.4 months. Although directly comparable historical
control data were not available, the observed efficacy in our
study was the same as the results of two previous
randomized phase III trials with platinum agents plus
etoposide for ED stage patients with SCLC [Japan Clinical
Oncology Group (JCOG) 9511: ORR=67.5%; PFS=4.8
months; median OS=94 months; and JCOG 9702:
ORR=73%: PFS=5.2 months; median OS=10.6 months] (3,
4). Furthermore, the incidence of acute exacerbation of ILD
during first-line chemotherapy observed in our study, was
2% (1/52). The combination of platinum agents plus
etoposide seems to be effective and tolerable as a first-line
chemotherapy for patients with SCLC with preexisting ILD.

The incidence of lung cancer is reported to be higher in
patients with ILD than in patients without (8). In patients
with lung cancer, pre-existing ILD has been reported to be a
risk factor for the development of anticancer agent-associated
acute exacerbation of ILD, which is a fatal complication of
treatment. There are some reports regarding the safety and
efficacy of chemotherapy for advanced or recurrent NSCLC
with pre-existing ILD (6, 12, 13), and the incidence of acute
exacerbation of 1ILD in NSCLC is reported to range from
20% to 24% in Japan, although the chemotherapeutic
regimens that were administered were not the same (14, 15).
Minegishi er al. reported the results of feasibility study for
carboplatin plus etoposide in 17 SCLC patients with
idiopathic interstitial pneumonias (IIPs) (16). The results
indicated that the acute exacerbation of IIP occurred in one
(5.9%) out of the 17 patients, with a median PFS of 5.5
months and a median OS of 8.7 months. However, that study
was limited in that it included a small number of patients. It
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Table II1. Summary of date for six patients who developed acute exacerbation of Interstitial Lung Disease.

No. Age Gender PS Bl index Prior Time to AE Initial AE status Time to death
(years) chemotherapy after prior manifestations after last
chemotherapy chemotherapy (days)
1 71 Male 1 940 Carboplatin. Etoposide 5 Dyspnea Died 19
(1st line) (day 5 in cycle 1)
2 53 Male 2 1490 Amrubicin 17 Dyspnea, fever Died 30
(3rd line) (day 17 in cycle 1)
3 70 . Male 1 1150 Cisplatin, Etoposide. 140 Dyspnea Died 123
Irinotecan (2nd line) (day 93 in cycle 3)
4 50 Male 1 330 Topotecan 52 Dyspnea Improved -
(2nd line) (day 24 in cycle 2)
5 63 Male 1 960 Amrubicin 23 Dyspnea, fever ~ Improved -
(2nd line) (day 23 in cycle 1)
6 62 Male 1 620 Amrubicin 73 Dyspnea Improved -
(3rd line) (day 17 in cycle 3)
PS, Performance status; BI, Brinkman index; AE, acute exacerbation.
was also unclear whether chemotherapy regimens such as  Table IV. Relationship between clinical variables and acute

platinum agents plus etoposide, which is the most frequently
used regimen worldwide (4, 17), were feasible in patients
with SCLC, with pre-existing ILD at the time of the start of
our study.

In our study, acute exacerbation of ILD during second- or
third-line chemotherapy occurred in five (16%) out of the 33
patients who received subsequent chemotherapy, compared
with 2% (1/52) of the patients who received platinum agents
plus etoposide as first-line chemotherapy. Previous reports
have also shown that second-line chemotherapy has a high
frequency and risk of the acute exacerbation of ILD,
consistent with the results of the present study (15, 16). We
speculated that the difference in the incidence of acute
exacerbation of ILD between the first-line and subsequent
chemotherapy regimens can be accounted for by some of the
effective agents used for refractory SCLC, such as amrubicin
and irinotecan, which are reportedly associated with a high
incidence of acute exacerbation in patients with pre-existing
ILD (18, 19).

Our study has a major limitation in that the diagnosis of
acute exacerbation of ILD was not based on pathological
findings but only on results of chest CT findings and the
clinical course. We cannot completely exclude the possibility
that the patients had developed lymphangitic carcinomatosis
or some other disease, rather than acute exacerbation of ILD.
However, pathological findings for the diagnosis of acute
exacerbation of ILD are difficult to obtain. Therefore, we
diagnosed acute exacerbation of ILD based on clinical and
radiographic findings that were consistent with drug-induced
ILD. Moreover, the pathological diagnosis of ILD using an
open lung biopsy before treatment is extremely difficult and
impractical, since chemotherapy should be started as soon as
possible after the diagnosis of SCLC, which is characterized
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exacerbation of Interstitial Lung Disease.

No. of Incidence  p-Value
patients of AE (%)
Total 52 12
Age
<70 years 18 22 0.17
=70 years 34 6
Gender
Male .50 12 >0.99
Female 2 0
PS
0/1 46 0
2/3 6 13
Smoking index
<1000 21 14 0.68
=1000 31 10
LDH
Normal 30 7 0.38
High (more than upper
limit of normal) 22 18

PS, Performance status; LDH, lactate dehydrogenase.

by rapid growth and widespread metastatic disease. We
consider that the diagnosis of pre-existing ILD and the acute
exacerbation of ILD based on clinical and radiological
findings is appropriate in clinical practice.

Our findings indicated that the combination of platinum
agents plus etoposide is feasible and effective for the
treatment of patients with SCLC with pre-existing ILD. A
further large study is warranted to enable definitive
conclusions to be drawn.
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