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Background: As cliinical trials for limited-disease small-cell lung cancer often exclude elderly
patients due to comorbidities and a decline in organ function, the most suitable treatment for
limited-disease small-cell lung cancer patients aged 75 years or older still remains unclear.
Methods: From July 2002 to June 2011, 20 consecutive patients aged 75 years or older,
with Stage Il to IIB limited-disease small-cell lung cancer, were scheduled to be treated with
concurrent or sequential chemoradiotherapy at the Shizuoka Cancer Center. We reviewed
the medical charts of the patients and evaluated their characteristics, treatment compliance,
toxicity and antitumor efficacy.

Resulis: Five patients were treated with concurrent chemoradiotherapy and the other 15
patients were scheduled to be treated with sequential chemoradiotherapy. Of these 15
patients, 12 were treated with four cycles of etoposide (80 mg/m?, days 1-3, g3—4w) plus
carboplatin (area under the curve 5, day 1, g3—4w), followed by thoracic radiotherapy. Of the
five patients treated with concurrent chemoradiotherapy, discontinuation of chemotherapy/
thoracic radiotherapy occurred in two patients due to toxicity and they suffered a prolonged
decrease in performance status. Of the 12 patients treated with etoposide plus carboplatin
followed by sequential thoracic radiotherapy, the response rate, median progression-free
survival and median overall survival time were 91%, 244 and 601 days.

Conclusions: These results suggest that concurrent chemoradiotherapy is not feasible for all
limited-disease small-cell lung cancer patients aged 75 years or older. The alternative of four
cycles of etoposide plus carboplatin followed by thoracic radiotherapy is a candidate for the
standard treatment of limited-disease small-cell lung cancer patients in this age group.
A further trial is warranted to develop and evaluate the optimal treatment for elderly patients
with limited-disease small-cell lung cancer.

Key words: small-cell lung cancer — limited-disease small-cell lung cancer — elderly —
chemoradiotherapy — chemotherapy — radiotherapy — feasibility — efficacy

INTRODUCTION constituting 25-40% of SCLC patients (1,2). Limited-
Small-cell lung cancer (SCLC) accounts for 10—15% of all disease SCLC (LD-SCLC) is confined to one hemithorax
lung cancer cases, with individuals aged 70 years or older = and its regional lymph nodes, and can be treated using a
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single radiation therapy port. Approximately 30—40% of all
SCLC patients present with LD-SCLC (1,2). The proportion
of elderly SCLC patients continues to increase with the
growing geriatric population (1,3).

The combination of chemotherapy and radiotherapy,
particularly etoposide plus cisplatin with early concurrent
twice-daily thoracic radiotherapy (TRT), is regarded as the
standard treatment for LD-SCLC, provided the patients are in
a good general condition (4—6). However, many clinical trials
for LD-SCLC have excluded elderly patients for reasons, such
as comorbidities or a decline in organ function (7,8). Takada
et al. (6) reported that etoposide plus cisplatin and concurrent
TRT are more effective for the treatment of LD-SCLC than
are etoposide plus cisplatin and sequential TRT, but patients
aged 75 years or older were excluded from this trial.

Retrospective subset analyses of patients with LD-SCLC
treated with etoposide plus cisplatin and concurrent early
chemoradiotherapy (CRT) in Phase III trials have shown that
severe hematological toxicity, pneumonitis of Grade 4 or
more and treatment-related death occurred much more often
among patients aged 70 years or older than among younger
patients (9,10). Although the response rate and 5-year event-
free survival rate did not significantly differ between these
two subgroups, there was a trend for them to be worse in
older patients, and significant difference in the 5-year overall
survival rate favored patients younger than 70 years in one
trial (9,10). These results suggest that this regimen is too
toxic for elderly LD-SCLC patients and the most suitable
method of treatment remains unclear.

The objective of our retrospective analysis was to discover
the optimal treatment method for elderly patients with
LD-SCLC aged 75 years or older. We compared the patient
characteristics, treatment compliance, toxicity and antitumor
efficacy between those undergoing concurrent and sequential
CRT. Then, we focused on etoposide plus carboplatin and
sequential TRT, as this is the most common method for
treating elderly LD-SCLC patients in our institute, and eval-
uated their characteristics, treatment compliance, toxicity and
antitumor efficacy of this regimen.

PATIENTS AND METHODS
PATIENT SELECTION

We reviewed 20 consecutive patients with Stage II-IIIB
LD-SCLC, aged 75 years or older, whose treatment plan
involved concurrent or sequential CRT at the Shizuoka
Cancer Center between July 2002 and June 2011. The TNM
stage was classified using TNM stage version 6 (11). Chest
CT, abdominal CT, bone scintigram or FDG-PET, and brain
magnetic resonance imaging (MRI)/CT were performed
before treatment in all patients.

The inclusion criteria for concurrent or sequential CRT in
our institution are generally as follows: a performance status
(PS) of 0—2; white blood cell count, >3.0 x 10*/mm?;
neutrophil count, >1.5 x 10°/mm?®; platelet count,
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>1.0 x 10°/mm’; serum creatinine, <1.5 mg/dl; total biliru-
bin, <1.5 mg/dl and a transaminase level less than twice the
upper limit of the normal value. The exclusion criteria were
interstitial lung disease identified by a chest radiograph;
the presence of malignant pleural or pericardial effusion
prior to radiotherapy and serious complications, such as
severe respiratory failure, active infectious diseases, serious
heart diseases and poorly controlled hypertension/diabetes
mellitus. The study protocol was approved by the institution-
al review board of Shizuoka Cancer Center.

CHEMOTHERAPY

The combination of etoposide (80 or 100 mg/m?) on
days 1—3 plus cisplatin (80 mg/m?®) on day 1, cisplatin
(25 mg/m?) on days 1-3, or carboplatin [area under the
curve (AUC) 5] on day 1 were administered intravenously to
elderly LD-SCLC patients every 3—4 weeks. The adminis-
tered drug and its dose were determined by the physician in
charge. The treatment cycles were repeated every 3—4 weeks
for four cycles. The criteria for starting subsequent cycles of
treatment in our institution are generally the same as the in-
clusion criteria for concurrent or sequential CRT mentioned
in the ‘Patient selection’ section. If these criteria were
not met, subsequent cycles were withheld until the noted
abnormality had resolved. If there was no resolution of the
abnormality after 7 weeks from the first day of the cycle,
chemotherapy was stopped. Generally, the doses of etoposide
and cisplatin or carboplatin were reduced or chemotherapeu-
tic regimens were changed in the event of Grade 4 anemia,
Grade 4 thrombocytopenia, prolonged Grade 4 leukopenia/
neutropenia or Grade 3 or more severe non-hematological
toxicity during the previous treatment cycle.

RADIOTHERAPY

Generally, TRT was started concurrently in the first cycle of
chemotherapy or sequentially after four cycles of chemother-
apy in the elderly LD-SCLC patients. The timing and pre-
scribed dose of TRT was determined by the physician in
charge. All patients were required to undergo a chest CT to
facilitate treatment planning. The primary tumor (gross tumor
volume; GTV primary) was delineated in the pulmonary
windows, and the nodal involvement (GTV node) was deli-
neated in the mediastinal windows. The clinical target volume
(CTV) included the GTV primary; GTV node; ipsilateral
hilum and the elective mediastinum, for which the lower
border was 3.0 cm below the carina up to 40 Gy in a once-
daily fraction of 2 Gy per fraction or 30 Gy in twice-daily
fractions of 1.5 Gy per fraction. Thereafter, CTV included the
GTV primary and GTV node. The planning target volume
was the CTV plus a margin to ensure that the planned dose
was actually delivered to the CTV. The total planned dose
was usually 50 Gy in a once-daily fraction or 45 Gy in twice-
daily fractions. The initial field in the sequential arm was also
based on the pretreatment tumor volume.
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TRT was suspended if a patient experienced Grade 4
thrombocytopenia, radiation pneumonitis, fever caused by in-
fection, a decrease in arterial oxygen pressure exceeding
10 mmHg or if a patient had difficulty swallowing a liquid
diet. It was ensured that the normal lung volume receiving
more than 20 Gy (V20) was <35% of the total lung volume.
The maximum spinal cord dose was limited to 45 Gy in a
once-daily fraction or 36 Gy in twice-daily fractions at any
level.

After TRT, prophylactic cranial irradiation (PCI) was
administered to patients with a complete or near-complete
response represented by a scar-like shadow on a chest CT if
the physician in charge judged the patient would benefit
from PCI. The PCI consisted of 25 Gy/10 fr.

EvaLuaTion oF Erricacy anp Toxicity

All the patients were evaluated for lesions approximately
every 2 months by CT, MRI, bone scintigraphy or PET
during the treatment period and every 3—6 months after
treatment. The tumor response was evaluated in accordance
with the response evaluation criteria in solid tumors
(RECIST; version 1.0) (12). Adverse events were evaluated
in accordance with the common terminology criteria for
adverse events (CTCAE; version 3.0) (13).

STATISTICAL ANALYSES

To evaluate the difference between concurrent CRT and se-
quential CRT, in relation to the patients’ characteristics, the
x* test, Fisher’s exact test and the Mann—Whitney U-test
were performed. To analyze the PFS and OS, survival curves
were drawn using the Kaplan—Meier method. The PFS was
calculated from the date of initiation of the treatment to the
date of detection of disease progression or the date of death
from any cause. The PFS was censored at the date of the last
visit for those patients who were still alive without any docu-
mented disease progression. PFS were compared between
concurrent CRT and sequential CRT using the log-rank test.
The OS was calculated from the date of initiation of the
treatment to the date of death. The OS was censored at the
date of the last visit for those patients whose deaths could
not be confirmed. P values of <0.05 were considered to be
statistically significant. All statistical analyses were per-
formed by the application of IMP version 8.0 for Windows
(SAS Institute Inc., Cary, NC, USA).

RESULTS

CHARACTERISTICS AND TREATMENT METHODS OF THE
20 PATIENTS TREATED WITH CHEMORADIOTHERAPY

Twenty patients 75 years of age or older and with Stage
II-MIIB LD-SCLC were scheduled to be treated with con-
current or sequential CRT at the Shizuoka Cancer Center.
During the same period, seven patients 75 years of age

or older and with Stage II-IIIB LD-SCLC were excluded
by the inclusion/exclusion criteria of CRT. The reasons
for exclusion were interstitial lung disease in six patients
and renal failure in one patient. Tables 1 and 2 show the
individual patients’ characteristics, treatment methods and
outcome of the patients treated with concurrent and se-
quential CRT. Of these patients, 80% were men and their
median age was 77 years. Forty percent of the patients
had a PS of 0 and the remaining a PS of 1. The majority
of the patients were smokers and 80% were Stage IIIA
or IIIB.

Five patients were treated with concurrent CRT and 15
were scheduled to be treated with sequential CRT. Of the
five treated with concurrent CRT, two received TRT from
the first cycle of chemotherapy and three received TRT from
the second cycle of chemotherapy. From the beginning, two
were scheduled to receive TRT from the second cycle after
the confirmation of toxicity in the first cycle. The other
patient was also scheduled to receive TRT from the second
cycle if the symptom due to tumor compression had not
recovered by chemotherapy only. Two patients received eto-
poside (80 mg/m?, days 1—3) plus carboplatin (AUC 5, day
1), two were administered etoposide (100 mg/m?, days 1—3)
plus cisplatin (80 mg/m?, day 1) and one received etoposide
(80 mg/m?, days 1—3) plus cisplatin (25 mg/m?, days 1—3)
as their chemotherapy regimen. Of these patients, one patient
switched from etoposide (80 mg/m?, days 1—3) plus cisplatin
(25 mg/m?, days 1-3) to etoposide (80 mg/m?, days 1—3)
plus carboplatin (AUC 5, day 1) from cycle 2 due to Grade
4 hyponatremia and Grade 3 anorexia.

Of the 15 patients scheduled to be treated with sequential
CRT, 12 received etoposide (80 mg/m?, days 1—3) plus car-
boplatin (AUC 5, day 1), two received etoposide (80 mg/m?,
days 1—-3) plus cisplatin (25 mg/m?, days 1—3) and one was
administered etoposide (100 mg/m?, days 1—3) plus cisplatin
(25 mg/m?, days 1—3) as chemotherapy. Two patients could
not receive TRT due to discontinuation of treatment during
the chemotherapy period.

The planned TRT doses were 45 Gy in twice-daily frac-
tions and 1.5 Gy per fraction in 12 patients, 50 Gy in a once-
daily fraction and 2 Gy per fraction in three patients, and the
other radiation doses in three patients. PCI was performed in
Patient #C-5 and #S-13.

Table 3 shows the individual patients’ characteristics, past
history and complications of the patients treated with concur-
rent and sequential CRT. Generally, past history and compli-
cations were fewer and less severe in concurrent CRT,
especially in terms of cardiopulmonary diseases.

COMPARISON OF PATIENT CHARACTERISTICS, RESPONSE, PFS,
COMPLIANCE AND ADVERSE EVENTS BETWEEN CONCURRENT
CRT anp SeQuENTIAL CRT

In terms of patient characteristics, (gender, age, PS, stage),
the difference in age between concurrent CRT and sequential
CRT is significant (Mann—Whitney U-test P = 0.041).

$10Z ‘17 ABIA U0 AUSIOATU() [BIPIIA BureAes[ep Je /SJosfeainolpioyxo-oolly/ diy wox papeojumoq



oS
971
1114
2393+
2485
359

PFS
165
547
1790
214
201

Eailme
site
wT
Brain
Brain
Brain
Liver

compliance
Discontinuation +
4 days omission

7 days omission

2 days omission
Completed

RTx

Discontinuation +
Discontinuation +
Dose reduction +
Changed CTx regimen
and dose reduction

compliance
Completed

CTx

RTx
(Dose/Fr)
39.6/22
44/22
45/30
45/30
45/30

(timing)
From c2
From c2
From cl
From ¢l
From c2

RTx

Response
PR
PR
PR
PR
Near CR

CB(5)+ETP(80)2¢
CB(5)+ETP(80)3¢
CD(80)+ETP(100)4c
CD(80)-+ETP(100)4c
CD(25)x3+ETP(80)lc—
CB(5)+ETP(80)3¢

CTx

Stage
A
A
B
1B

1B

PS
1
1

Gender

Age
(years)
75

75

75

76

77

¢, cycle; CD, cisplatin; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluable; NA, not available; WT, within the thorax; PF, progression-free.

No., number; PS, performance status; CTx, chemotherapy; RTx, radiotherapy; Fr, fraction; PFS, progression-free survival; OS, overall survival; F, female; M, male; CB, carboplatin; ETP, etoposide;
The dose of carboplatin was indicated by area under the curve in parentheses.

Table 1. Individual patients’ characteristics, treatment methods and outcome of the patients treated with concurrent chemoradiotherapy (CRT)

The doses of etoposide and cisplatin were indicated by per body surface area in parentheses.

No.
C-1
C-2
C-3
C-4
C-5
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Patients tended to be female, have lower stage and have a
poorer PS in concurrent CRT, although there is no significant
difference.

All five patients treated with concurrent CRT exhibited a
partial response (PR) and the response rate was 100%. Of
the 15 patients treated with sequential CRT, 3 had a com-
plete response (CR), 9 exhibited PR, 1 showed stable disease
(SD), 1 developed progressive disease (PD) and 1 was not
evaluable (NE). The response rate was 80%. The median
PFS of concurrent and sequential CRT were 208 and 216
days, respectively (Fig. 1). There was no statistically signifi-
cant difference between the PFS of the two treatment
methods (log-rank P = 0.9715) and the two PFS curves
almost overlapped each other.

Of the five patients treated with concurrent CRT, discon-
tinuation of chemotherapy occurred in two (40%) and dose
reductions were needed in two due to adverse events (40%).
Moreover, discontinuation of radiotherapy occurred in one
patient (20%) and omissions were needed in three (60%).
Among the 15 patients treated with sequential CRT, 11 com-
pleted the whole treatment method without discontinuation,
dose reduction and omission of chemotherapy/TRT. Dose
reductions of chemotherapy were needed in two patients
(13%), and one of the two patients was treated with etopo-
side (100 mg/m?, days 1—3) plus cisplatin (25 mg/m?, days
1-3). Discontinuation of chemotherapy occurred in two
patients (13%) due to toxicities. Radiotherapy was com-
pleted without omission in all 11 patients who received se-
quential radiotherapy.

Table 4 shows the adverse events in patients treated
with concurrent CRT and sequential CRT. Hematological
toxicities, febrile neutropenia, fatigue and anorexia tended
to be more frequent and severe in concurrent CRT than in
sequential CRT. However, Grade 3 or more severe pneu-
monitis tended to be frequent in sequential CRT (four
patients, 27%).

PaTiENTS” CHARACTERISTICS, TUuMOR RESPoNsE, PFS, OS anD
Toxicity IN PaTiENTS TREATED WiTH ETOPOSIDE PLUS
CARBOPLATIN FOLLOWED BY SEQUENTIAL TRT

Twelve patients were treated with etoposide plus carboplatin
followed by sequential TRT. The number of male patients,
10 (83%), was larger than that of the female patients, and
the median age of the patients was 79 years. Eight patients
(67%) had a PS of 0 and the remaining a PS of 1. All were
smokers, and 10 patients (83%) were Stage IIIA or IIIB and
the remaining Stage IIA or IIB.

With regard to the tumor response, CR was achieved by
three patients, PR by eight and one patient was NE. The re-
sponse rate was 91%.

The median PFS and OS were 244 and 601 days, respect-
ively (Fig. 2). The median follow-up duration was 496 days.
In terms of the first failure site during and after CRT, nine
patients (75%) had experienced disease relapse at the time of
data analyses. Five (42%) and two (17%) patients
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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 IDA CB(5+ETP(80)4c PR 45/30 Completed Completed PF 2754+ 2754+
S22 75 M 0 TIHA CD@5)x3+ETP(80)4c SD 45/30 Completed Completed Brain 137 578
S-3 75 M 0 IIA CD@5)x3+ETP(100)4c PD 50/25 Dose Reduction + Completed WwT 143 769
S-4 76 M 1 B CB(S)+ETP(80)4c PR 45/30 Dose Reduction + Completed WT and liver 414 652
S-5 76 M 1 ITA 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 B CD@5x3+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 IIDA CB(5+ETP(80)4c PR 45/30 Completed Completed Brain 181 550+
S-16 80 F 1 WA CB(S)+ETP(80)lc NE NA Discontinuation + NA WT 70 316+
S-11 80 M 0 IIB CB(5)+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 1892+ 1892+
S-13 83 M 1 HB CB(5)+ETP(80)4c CR 45/30 Completed Completed Brain 269 327
S-14 83 F 1 A CB(5)+ETP(80)4c Near CR  50/25 Completed Completed Liver and lung 408 415+
S-15 92 M 0 A CB(5)+ETP(80)4c PR 45/30 Completed Completed WwT 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 A - Osteoarthritis

C-2 75 M 0 A - Anal stenosis

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

C-4 76 M 1 1IB Gastric ulcer —

C-5 71 F 1 1I1B — Hypertension, hyperlipidemia, osteoporosis
S-1 75 M 0 A - Arrhythmia, prostate cancer

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

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

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

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

S-7 77 M 0 B Gout, gastritis Hypertension, prostatic hypertrophy
S-8 78 M 1 1A Bladder cancer, brain hemorrhage Hypertension

S-9 78 M 0 A ASO, IHD, gastric ulcer —

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

S-11 80 M 0 1B Rectal cancer -

S-12 81 F 1 1B - IHD

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

S-14 83 F 1 A Uterine cancer Hypertension

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

COPD, chronic obstructive pulmonary disease; THD, ischemic heart disease; DM, diabetes mellitus; ASO, arteriosclerosis obliterans.
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