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ORIGINAL ARTICLE

Prognostic Impact of Circulating Tumor Cells in Patients
with Small Cell Lung Cancer

Tateaki Naito, MD, PhD,* Fumihiro Tanaka, MD, PhD,j Akira Ono, MD,* Kazue Yoneda, BS,}
Toshiaki Takahashi, MD, PhD,* Haruyasu Murakami, MD, PhD,* Yukiko Nakamura, MD,*
Asuka Tsuya, MD, PhD,* Hirotsugu Kenmotsu, MD,* Takehito Shukuya, MD,*

Kyoichi Kaira, MD, PhD,§ Yasuhiro Koh, MD,|| Masahiro Endo, MD, PhD, ¥
Seiki Hasegawa, MD, PhD,} and Nobuyuki Yamamoto, MD, PhD*

Background: Enumeration of circulating tumor cells (CTCs) may be
valuable for prognostic assessment in lung cancer patients. In this study,
we report the clinical significance of CTCs in small cell lung cancer
(SCLC).

Methods: In total, 51 consecutive patients newly diagnosed as
having SCLC and starting chemotherapy or chemoradiotherapy
were prospectively enrolled. Blood samples were drawn at the
baseline, after chemotherapy, and at relapse. CTCs were isolated
using the CellSearch System (Veridex LLC). Thresholds of 1 to 100
cells at the baseline were systematically correlated with the overall
survival. The optimal cutoff was determined by comparing the Cox
proportional hazard ratios (HRs).

Results: Two or more CTCs were detected at baseline in 35 patients
(68.6%; 95% confidence interval, 55.0-79.7). The HR signifying
the difference between the unfavorable (more than or equal to
threshold) and favorable (less than threshold) groups was maximal
at the threshold of 8 CTCs (HR, 3.50; 95% confidence interval,
1.45-8.60). Patients with =8 CTCs had worse survival than those with
<8 CTCs at baseline (p = 0.0014). Patients with =8 CTCs posttreat-
ment or at relapse also showed worse survival than those with <8 CTCs
(p = 0.0096 and <0.0001). Patients whose baseline and posttreatment
CTC levels remained <8 tended to show better survival than those
whose CTC level converted from =8 to <8 cells (p = 0.0288) or
whose posttreatment CTC level was =8 cells (p = 0.0047).
Conclusions: CTCs were highly detectable in SCLC, and higher CTC
levels were strongly associated with worse survival. Consistently fa-
vorable CTC levels were associated with favorable outcomes.
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mall cell lung cancer (SCLC) accounts for 15% of all lung

cancer diagnoses and is characterized by aggressive tumor
growth, often presenting with metastases in the regional
lymph nodes and distant organs. Because SCLC is highly
sensitive to chemotherapy and radiotherapy, early diagnosis
followed by appropriate treatment can be expected to yield
favorable outcomes.!? Circulating tumor cells (CTCs) are
known to circulate in the peripheral blood in patients with
several types of malignancies,>¢ while rarely being detected
(0.3-1.0%) in healthy control subjects or patients with non-
malignant diseases.>78 The CellSearch system (Veridex
LLC, Raritan, NJ) is a well-validated system for quantitative
evaluation of CTCs, in which CTCs are immunomagnetically
captured using an antibody against epithelial cell adhesion
molecules (EpCAMs).%19 A growing body of evidence sug-
gests the existence of a correlation between CTC level as
measured by the CellSearch system and the progression-free
survival (PFS) and overall survival (OS) in patients with
metastatic breast, colorectal, castration-resistant prostate, and
non-small cell lung cancers (NSCLC).711-15 In SCLC, the
detection rate of CTCs by the Cell Search system has been
reported to be relatively high, with 67 to 86% of the patients
being reported to have =2 CTCs per 7.5 ml of blood.®16.17
However, the prognostic impact of CTCs and their relation-
ship to the presence of metastases in patients with SCLC
remain unknown. We conducted this study to evaluate the
relationship of CTC levels to the disease extent and prognosis
and to determine the optimal CTC level cutoff for predicting
the outcomes in SCLC patients.

METHODS

Study Design

This prospective study was conducted at two institu-
tions (Shizuoka Cancer Center and Hyogo College of Medi-
cine) to evaluate the usefulness of measurement of the CTC
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levels for predicting the OS. Patients with chemotherapy-
naive, pathologically confirmed SCLC scheduled to com-
mence first-line standard chemotherapy with or without tho-
racic radiotherapy were eligible. All patients were enrolled at
the Shizuoka Cancer Center and had an Eastern Cooperative
Oncology Group performance status (ECOG-PS) of 0 to 2. The
institutional review boards at each center approved the study
protocol, and all patients provided written informed consent.
Before the start of the new treatment, the patients underwent
an evaluation of metastatic sites by means of standard imag-
ing studies, including contrast-enhanced computed tomogra-
phy of the chest to lower abdomen, contrast-enhanced mag-
netic resonance imaging of the brain, and bone scan or
positron emission tomography, along with the collection of
blood sampled for counting of the baseline CTCs. The post-
treatment blood samples were collected 3 weeks after com-
pletion of the last chemotherapy cycle or completion of
sequential thoracic radiotherapy. The samples were collected
2 weeks after relapse had been diagnosed by imaging and
before administration of the second-line chemotherapy. The
sampling date could be adjusted depending on the type of
treatment and the visit schedule, with allowance for *2
weeks. Reevaluations of the disease status were conducted
using the same techniques as those applied at the baseline,
every 8 to 12 weeks, depending on the type of treatment the
patient had received and the treatment schedule. Disease
status was assessed according to the RECIST!® by examiners
with no knowledge of the CTC levels. Serum lactate dehy-
drogenese (LDH) levels and the levels of other biomarkers,
including neuron-specific enolase (NSE) and progastrin-releas-
ing peptide (ProGRP), were measured at the same time point as
the baseline CTC measurement. The blood samples for the
serum biomarker measurements were obtained by venous punc-
ture, and the sera were stored at —40°C until use. The ProGRP
concentration was measured using an ELISA kit (FUJIREBIO
Inc., Tokyo, Japan), and the NSE concentration was measured
using the radioimmunoassay solid-phase method (SRL Inc.,
Tokyo, Japan).

Counting of CTCs

Blood samples were drawn into 10-ml vacuum tubes
(CellSave, Immunicon, Huntingdon Valley, PA). Samples
were maintained at room temperature, mailed overnight, and
processed within 96 hours of collection. The results were
reported quantitatively as the number of CTCs per 7.5 ml of
blood. All CTC evaluations were performed without knowl-
edge of the patient clinical status in one of two laboratories
(Hyogo College of Medicine, Japan, or the laboratory of SRL
Inc.). The CellSearch system was used for the CTC counting,
the technical details of which, including accuracy, precision,
linearity, and reproducibility, have been previously de-
scribed.> CTCs were defined as EpCAM-isolated intact cells
showing positive staining for cytokeratin and negative stain-
ing for CD45. At each time point, the favorable and unfavor-
able groups were defined as those with CTC levels less than
or more than or equal to the selected threshold, respectively.

Copyright © 2012 by the International Association for the Study of Lung Cancer

Statistical Analysis

The primary analysis was a comparison of the OS
between the unfavorable and favorable groups stratified ac-
cording to the selected threshold of CTC level. The study was
designed to enroll 50 patients for a statistical power of 80%
with a two-sided log-rank test at a level of 0.05 to detect an
absolute difference of 40% points between the two groups in
the 1-year estimates of OS (20% in the unfavorable group
versus 60% in the favorable group). To select the threshold
CTC level that most clearly distinguished patients with an
unfavorable prognosis from those with a favorable prognosis,
thresholds of 1 to 100 cells at baseline were systematically
correlated with the OS. The Cox proportional hazard ratio
(HR), goodness-of-fit, and discriminatory power of each
threshold were compared. The Bonferroni correction was
applied for multiple testing for 14 thresholds, and a p value of
<<0.0036 was set to obtain a statistical significance of p <
0.05. The goodness-of-fit of the model was assessed by the
coefficient of determination (R?) defined as 1 — {(log likeli-
hood of the estimated model)/(log likelihood of the model
with only the intercept)}. The discriminatory power was
assessed by the accuracy rate ([AR] defined as the rate of
correct diagnosis among all predictions of 1-year survivors)
and the area under the receiver operator characteristics curve
(AURQC). The treatment-free interval (TFI) was defined as
the time between the completion of first-line chemotherapy
and the diagnosis of relapse. Patients with a TFI of 90 days or
more were considered to have treatment-sensitive disease,
and those with a TF1 of less than 90 days were considered to
have treatment-refractory disease. For all survival analyses,
the time to death was defined as the time between the date
when the blood sample was obtained and the date of death or
date of the last follow-up visit. Separate Kaplan-Meier sur-
vival plots were generated based on the CTC levels at
baseline and the results in the follow-up blood collections.
Survival curves were compared using the log-rank test. Cox
proportional hazards regression was used to determine the
HRs for the OS adjusted for age, gender, pretreatment stage
(extensive disease [ED] versus limited disease [LD]), and
ECOG-PS at the time of blood collection. The discriminatory
power of the baseline CTC, LDH, NSE, and ProGRP for
predicting 1-year survivors was compared by AUROC. The
X* test or Fisher exact test was used to compare categorical
variables. For comparison of the means, the nonparametric
Wilcoxon’s test or analysis of variance was used. We tested
the correlations between variables by calculating the Spear-
man’s rank correlation coefficients. Calculations were carried
out using the statistical program, JMP version 9.0 for Win-
dows (SAS Institute Inc., Cary, NC).

RESULTS

Patient Characteristics

In total, 51 consecutive patients met the inclusion
criteria and were prospectively enrolled between July 2009
and September 2010. The cutoff date for analysis was August
31,2011. The median age of the patients was 67 years, and 44
of the patients (86.3%) were men (Table 1). Nineteen of the
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TABLE 1. Baseline Characteristics
Extensive Limited
All Disease Disease
Characteristics (n = 51) (n = 24) (n = 27)
Age, median (range) 67 (34-92) 66.5 (57-80) 68 (34-92)
Gender (female:male) 7:44 3:21 4:23
ECOG-PS, n (%)
0 21(41.2) 6(25.0) 15 (55.6)
1 21 (41.2) 10 (41.7) 11 (40.7)
2 9(17.6) 8 (33.3) 1(3.7)
No. of organs with 0.5 (0-3) 1 (0-2) None
metastasis,
median (range)
Brain metastasis, 7(13.7) 7(29.2) None
(%)
Liver metastasis 8 (15.7) 8(33.3) None
Bone metastasis 3(5.9) 3 (12.5) None
Malignant effusion 12 (23.5) 11(45.8) 1(3.7)
Serum biomarkers
(mean * SE)
NSE (ng/ml) 757 =243 131.2 + 495 264+ 55
ProGRP (pg/ml) 657.2 = 205.7 10713 £419.1  289.0 % 66.7
LDH (IU/L) 360.5 = 79.9 529.7 = 164.4 210.]1 = 8.8
Treatments, # (%)
Chemotherapy alone 32 (62.7) 24 (100.0) 8 (29.6)
Chemoradiotherapy 19 (37.3) None 19 (70.4)
Regimens, median 4 (1-6) 4 (1-6) 4 (1-5)
cycle (range)
Cisplatin + 23 (45.1) 16 (66.7) 7(25.9)
etoposide, n (%)
Carboplatin + 2] (41.2) 2(8.3) 19 (76.4)
etoposide
Cisplatin + 7(13.7) 6 (25.0) 1(3.7)
rmotecan

ECOG-PS, Eastern Cooperative Oncology Group performance status; SE, standard
error; NSE, neuron-specific enolase; ProGRP, progastrin-releasing peptide; LDH, lac-
tate dehydrogenese.

27 patients with LD had received chemoradiotherapy, while
the remaining 8 patients could not receive radiotherapy for
the following reasons and were treated by chemotherapy
alone. The first patient was a 73-year-old man with a treat-
ment history of thoracic chemoradiotherapy for esophageal
cancer 6 years before the current treatment. Reirradiation was
avoided because of the potential late adverse effects of
radiotherapy. The second patient was a 79-year-old man with
poor pulmonary functions who was scheduled for sequential
radiotherapy after chemotherapy. However, his tumor pro-
gressed, with the development of contralateral pulmonary
metastases after the first course of chemotherapy, and radio-
therapy could not be administered. The remaining six patients
had interstitial lung disease before the start of the treatment.
Thoracic radiotherapy was withheld because of the potential
risk of severe radiation pneumonitis. Twenty-four patients
(47.1%) were still alive at the time of analysis. The median
follow-up period for determining the survival was 13.0
months after the baseline blood sample collection. All 51
patients were evaluable for the baseline CTC level. Blood
samples were not obtained during follow-up from two pa-
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tients who died of interstitial lung disease and cancer pro-
gression. The remaining 49 patients were evaluable for the
posttreatment CTC levels. The median time between the
baseline and posttreatment blood collections was 3.4 months.
Thirty-eight patients (74.5%) exhibited tumor progression; 37
were evaluable for the CTC level at the time of relapse, and
1 woman refused to provide blood samples.

Circulating Tumor Cells

Two or more CTCs were detected in 68.6% of the
patients (95% confidence interval [CI], 55.0-79.7) at base-
line, in 26.5% of the patients (95% CI, 16.2—40.3) posttreat-
ment, and in 67.6% of the patients (95% CI, 51.5-80.4) at the
time of relapse (Table 2). The CTC counts at baseline were
higher in patients with ED, who showed a median of 9.5 cells
(range, 0-5648), than in those with LD, who showed a
median of 1 cell (range, 0-58; p = 0.0001, Figure 14).
Fourteen of the 16 patients (87.5%) who had a baseline CTC
level of =1 had LD. The median CTC levels at baseline in
patients with 0, 1, and =2 organs showing metastases were
2.0 (range, 0-58), 7.5 (1-799), and 21.0 (0-5648), respec-
tively, showing a statistically significant correlation of the
CTC count with the number of organs showing metastases
(Spearman’s tho, 0.72, p < 0.0001, Figure 1B). Patients with
liver metastasis had higher CTC levels than those without
liver metastasis (64 [range, 5-5648] versus 3 [range, 0-799];
p = 0.0007). There was no association between brain or bone
metastasis and the CTC levels (data not shown).

Stratification According to Levels of
Circulating Tumor Cells

The baseline CTC level was predictive of the OS when
it was stratified by the threshold of 8 cells (p = 0.0029; Table
3). The Cox proportional HR signifying the difference be-
tween the unfavorable (more than or equal to threshold) and
favorable (less than threshold) groups showed a waxing and
waning pattern with the peak at the level of 8 CTCs. The HR
associated with a CTC level of 8 cells was 3.50 (95% CI,
1.45-8.60) after adjustment for stage (ED or LD), age,
gender, and ECOG-PS at the baseline. The Cox proportional
hazard model at this level also showed a favorable goodness-
of-fit and discriminatory power with the highest R*, AR, and
AUROC among all the thresholds examined. Thus, a cutoff
level of 8 CTCs was chosen for the subsequent analyses.
Analyses based on the stage (ED or LD) and therapy type

TABLE 2. CTC Levels at the Baseline, Posttreatment, and at
the Time of Relapse

Baseline Posttreatment At Relapse
Total” 51 49 38
Evaluable” 51 49 37
CTC, median (range) 4 (0-5648) 0 (0-253) 1 (0-510)
CTC, mean * SE 203.2 £ 1185 102 £59 44.6 = 16.8

CTC = 2, % (95% CI) 68.6 (55.0-79.7) 26.5 (16.2-40.3) 67.6 (51.5-80.4)

“ Number of patients alive and evaluable.
® Number of patients with nonmissing data for CTCs at the time-point indicated.
CTC, circulating tumor cell; SE, standard error; Cl, confidence interval.
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FIGURE 1. Box plots were drawn using the minimum and
maximum values and the 25th, 50th, and 75th percentiles.
A, Circulating tumor cell (CTC) levels at the baseline and the
disease stage. ED, extensive disease; LD, limited disease. B,
CTC levels at the baseline and number of metastatic organs.
C, CTC levels at the baseline and the timing of blood sam-
pling. p values calculated by Wilcoxon'’s test and analysis of
variance (ANOVA) are presented.

TABLE 3. Baseline CTC and Prognosis
CTC Adjusted HR AUROC
Level” (95% CI)? o R* AR (95% CI)

1 074 (0.26-240)  0.0604 0.06 049  0.55 (0.43-0.65)

0.67 (0.25-1.87)
0.76 (0.27-2.11)
0.85 (0.25-2.79)

2 0.0532  0.06 0.51
3

4

5 1.59 (0.61-4.29)

6

7

8

0.0606 0.06 0.55
0.0656  0.05 0.61
0.0481 0.06 0.67
0.0063 0.08 0.73
0.0063 0.08 0.73
0.0029 0.09 0.76

0.55 (0.42-0.67)
0.58 (0.45-0.71)
0.63 (0.48-0.75)
0.68 (0.53-0.80)
0.73 (0.58-0.84)
0.73 (0.58-0.84)
0.74 (0.59-0.85)

297 (1.24-7.31)
297 (1.24-7.31)
3.50 (1.45-8.60)

9 290 (1.20-7.04)  0.0072 0.8 0.73  0.71 (0.57-0.83)
10 241(0.99-581)  0.0151 0.07 071  0.69 (0.54-0.80)
15 3.00 (1.19-7.40)  0.0079 008 0.71  0.68 (0.54-0.79)
25 2.02 (0.74-5.04)  0.0318 006 0.67  0.62 (0.50-0.73)
50 3.49(1.23-9.79)  0.0107 008 0.67  0.62 (0.50~0.72)

100 397 (0.90-15.59)  0.0181 0.07 0.65 0.58 (0.48-0.67)

“ CTC levels are expressed as the number of cells per 7.5 ml of blood.

® The Cox proportional hazard ratios were adjusted for stage, age, gender, and
ECOG-PS at the baseline.

© The level of significance calculated by the Bonferroni method was p < 0.0036.

HR, hazard ratio; CTC, circulating tumor cell; CI, confidence interval; AR,
accuracy rate for predicting 1-year survivors; AUROC, area under the receiver operator
characteristics curve for predicting 1-year survivors.

(chemotherapy alone or chemoradiotherapy) showed that the
prognostic significance of the CTC level was significant only
in the ED subset and in the patients treated by chemotherapy
alone (Supplemental Table 1, Supplemental Digital Content
1, http://links.lww.com/JTO/A204).

Baseline CTC and Prognosis

Figure 24 shows the Kaplan-Meier curves for the OS
according to the baseline CTC levels. Patients in the unfa-
vorable group had significantly shorter survival than those in

the favorable group (p = 0.0014). The 1-year survival rates
and the median OS in the unfavorable and favorable groups
were 31.6% versus 78.0% and 8.5 versus 17.2 months,
respectively. The sensitivity, specificity, AR, and AUROC
for predicting 1-year survivors using the cutoff level of 8
CTCs were 0.81, 0.65, 0.75, and 0.73 (95% CI, 0.58-0.84),
respectively. The 1-year survival rates in the unfavorable and
favorable groups were 21.4 and 70.0% (p = 0.0282), respec-
tively, in the ED subset, and 60.0 and 81.6% (p = 0.4387),
respectively, in the LD subset (Figures 28, C).

Posttreatment CTC and Prognosis

During the posttreatment period, the CTC levels were
measured in the 49 patients who were available for the
evaluation. Of these 49 patients, 7 (14.3%) with =8 CTCs
had a significantly shorter posttreatment survival than the
remaining 42 (85.7%) with <8 CTCs (p = 0.0096, Figure
2D). The HR of the threshold CTC count adjusted for stage,
age, and posttreatment PS was 2.76 (95% CI, 0.97-6.92, p =
0.0562). The median posttreatment survivals in the unfavor-
able and favorable groups were 4.1 and 13.9 months, respec-
tively. At the time of relapse, CTC levels were measured in
37 patients. Of these 37 patients, the 13 (35.1%) with =8
CTCs had a significantly shorter postrelapse survival than the
remaining 24 (64.9%) with <8 CTCs (p < 0.0001, Figure
2E). The HR of the threshold CTC adjusted for stage, age,
TFI (<90 versus =90 days), and PS at the time of relapse was
6.20 (95% (I, 2.39-17.52, p = 0.0002). The median postre-
lapse survivals in the unfavorable and favorable groups were
4.0 and 11.8 months, respectively.

Posttreatment CTC Status and Prognosis

Among the 42 patients with posttreatment CTC levels
of <8, 29 had a baseline CTC level also of <8 (group A), and
in the remaining 13, the baseline CTC level was =8 (group
B). Among the seven patients with posttreatment CTC levels
of =8 (group C), four had a baseline CTC level also of =8,
and the remaining three had a baseline CTC level of <8. As
shown in Figure 3, the survival impact of conversion from an
unfavorable to favorable CTC level was assessed by using the
Kaplan-Meier curve for posttreatment survival according to
the posttreatment CTC status. The median posttreatment
survival was >18.8 months in group A, 7.2 months in group
B, and 4.1 months in group C (p = 0.0066). The difference
in the survival between group A and group C was significant
(p = 0.0047 by log-rank test; level of significance calculated
by the Bonferroni method, p = 0.0166). Conversely, there
was no significant difference between group A and group B
(p = 0.0288), or group B and group C (p = 0.2489). The HR
adjusted for the pretreatment stage, posttreatment ECOG-PS,
and TFI was 3.08 (95% ClI, 1.03-8.90; p = 0.0450) in group
B and 3.29 (95% CI, 1.01-10.07; p = 0.0479) in group C,
both calculated using group A as the reference (Table 4).

Discriminatory Power of CTCs and Serum
Biomarkers for Predicting the Prognosis

Figure 4 shows the receiver operator characteristics
curves for CTCs, and the serum levels of LDH, NSE, and
ProGRP measured at the baseline. Data on survival at 1 year
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FIGURE 3. Kaplan-Meijer curves for posttreatment survival
in three groups, including patients in whom the baseline
and posttreatment circulating tumor cell (CTC) levels re-

mained at <8 (group A), patients in whom the CTC level were available for all 51 patients. The baseline CTC level
converted from =8 to <8 cells (group B), and patients in showed a favorable discriminatory profile, showipg an AUROC of
whom the posttreatment CTC level was =8 cells (group C). 0.70 (95% CI, 0.52-0.83), as compared with that of 0.67
p values calculated by the log-rank test are presented. (0.49-0.82) for LDH, 0.68 (0.52-0.82) for NSE, and 0.46
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(0.29-0.64) for ProGRP. The differences in the AUROC
among the parameters were not significant (p = 0.1044).

Radiologic Response and Changes in the
CTC Levels

Assessment of the best radiologic response to the first-
line treatment was performed using the RECIST criteria in 50
patients. One man died of interstitial lung disease before the
follow-up imaging study. Figure 5 shows the baseline and
posttreatment CTC levels in patients showing complete re-
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FIGURE 4. Receiver operator characteristics curve analysis
for predicting 1-year survivors. The area under the curve is
0.70 (95% confidence interval [Cl], 0.52-0.83) for the circu-
lating tumor cell (CTC) level at baseline, 0.67 (95% Cl 0.49-
0.82) for serum lactate dehydrogenese (LDH) at baseline,
0.68 (95% Cl 0.52-0.82) for serum neuron-specific enolase
(NSE) at baseline, and 0.46 (95% Cl 0.29-0.64) for serum
progastrin-releasing peptide (ProGRP) at baseline.

sponse (CR, n = 6), partial response (PR, n = 27), stable
disease (SD, n = 5), and progressive disease (PD, n = 12).
There was no significant difference between the CR/PR
subsets and SD/PD subsets in the baseline CTC (median, 4
[range, 0—1683] versus 4 [range, 0-5648]; p = 0.7337 by the
Wilcoxon’s test) or posttreatment CTC (0 [0—44] versus 0.5
[0-253]; p = 0.3370) level. The numbers of patients with
undetectable posttreatment CTCs or patients with lower post-
treatment CTC levels than the baseline CTC levels were 4
(66.7%) in the CR group, 24 (88.9%) in the PR group, 4
(80.0%) in the SD group, and 7 (58.3%) in the PD group, with
no significant differences among the groups showing the
various treatment responses (p = 0.2878 by the x* test).

DISCUSSION

This study is the first prospective evaluation of the
optimal CTC cutoff to predict the OS in patients with che-
motherapy-naive SCLC. First, we showed that the CTC level
was strongly predictive of the OS, especially in the ED
subset. Then, an optimal cutoff level, CTC count of =8 cells
per 7.5 ml of blood was identified by comparing the Cox
proportional HRs of various CTC levels for the OS. This
cutoff level was also found to be valid for predicting the
posttreatment survival and postrelapse survival in the same
cohort. We also showed that the baseline CTC level had a
high discriminatory power, similar to the serum NSE
and LDH.

Circulating SCLC cells have been reported to show
high expression levels of EpCAM,'® which has been used as
a key marker to isolate CTCs using the CellSearch system.
The appropriateness of using the CellSearch system for de-
tecting circulating SCLC cells was previously assessed by
Hou et al.'¢ They showed that 15 CTC samples obtained from
patients with SCLC by the CellSearch system were neuroen-
docrine in nature (CD56 positive) and confirmed their neo-
plastic origin by immunohistochemical comparison of these
cells with the cells obtained from matched tumor biopsy
specimens. The detection rate (=2 CTCs per 7.5 ml blood) of
circulating SCLC cells by the CellSearch system in cases of
SCLC is reportedly quite high, being 67 to 86%,%16 as
compared with that in cases with other tumors with metasta-

B
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g
25 100 4 100 -
§§ FIGURE 5. Relationship between radiologic re-
o 10 - sponse and the changes in the circulating tumor
oo cell (CTC) level. A, Baseline and posttreatment
) CTC levels in patients showing PD (solid line) and
- SD (dotted line). B, Baseline and posttreatment
CTC levels in patients showing PR (solid line) and
. CR (dotted line). PD, progressive disease; SD, sta-
0 ble disease; PR, partial response; CR, complete
Baseline Post-treatment Baseline Post-treatment response.
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ses.37-11.15 Consistent with these reports, the detection rate in
the SCLC patients in our study was 68.6%. Given that
approximately half of our patients had nonmetastatic disease,
we consider that CTCs are detected in a high percentage of
cases of SCLC. Higher CTC counts have been reported as an
indicator of the presence of distant metastases, such as bone
metastasis in prostate cancer?? and liver metastasis in colo-
rectal cancer.!' In patients with NSCLC, the CTC levels
reportedly correlated with the number of organs showing
metastatic involvement, and higher CTC levels are predictive
of liver and bone metastasis.!> Our results also showed an
association between the CTC levels and the presence of
metastasis, especially to the liver.

The CTC cutoff level (8 CTCs per 7.5 ml of blood) in
our study to discriminate between groups with a favorable
and unfavorable prognosis was higher than that reported for
other tumors. In metastatic breast cancer, the cutoff level of 5
was chosen by comparing the median PFS and the Cox
proportional HR for each threshold from 1 to 10,000 CTCs.
The same cutoff was also shown to be correlated with the
0S.7 The cutoff of five cells was then applied to metastatic
castration-resistant prostate cancer and was well validated to
be predictive of the OS.!* In metastatic colorectal cancer, the
cutoff level of three cells was chosen by correlating the
baseline CTC level with the response at the first follow-up
imaging study. The cutoff level was well validated to be
predictive of both the OS and PFS in a subsequent validation
cohort.!* Our cutoff level was based on a comparison of the
Cox proportional HR for OS. The differences in the cutoff
levels may be attributable to the statistical method used for
choosing the optimal cutoff level or might reflect the highly
metastatic potential of SCLC itself. In addition, we observed
the prognostic significance of the baseline CTC only in the
ED subset or patients treated by only chemotherapy in the
subset analyses. As the previous studies in other malignancies
have been conducted only in patients with metastatic disease,
another study for ED-SCLC will be required to validate our
results.

Conversion from an unfavorable baseline CTC level to
a favorable follow-up CTC level reportedly has a strong
impact on the survival. Patients with such conversion showed
a favorable OS, statistically similar to that in patients with a
persistent favorable CTC level in breast, prostate, and colo-
rectal cancers.”-! .14 In contrast, our study showed a relatively
small impact of such conversion on the survival in SCLC
patients. This difference might reflect the nature of SCLC
itself, known to be aggressive and to rarely be in a dormant
state.23 A lower CTC level might be an appropriate treatment
goal if minimal residual cancer cells after treatment had a
larger impact on the survival in SCLC patients. Chemother-
apeutic agents active against SCLC are as yet limited, and the
classic platinum doublet with etoposide or irinotecan remains
the standard first-line treatment regimen. Treatment options
for relapsed SCLC are further limited to several cytotoxic
agents,?-?2 and no molecular-targeted agents have yet been
approved.?> These limitations in treatment modalities might
be related to the small impact of conversion after first-line
treatment. NSE and ProGRP are commercially available
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serum biomarkers and are used as markers for monitoring of
SCLC patients. They have been reported to be highly sensi-
tive and specific for the diagnosis of SCLC, and elevated
levels of these markers at baseline have been shown to be
associated with poor prognosis.?*-2¢ LDH has also been
reported to have prognostic significance in patients of
SCLC.?7 We showed that the baseline CTC level showed a
good discriminatory power for predicting the prognosis in
SCLC patients, similar to serum NSE and LDH, and further-
more, that the baseline CTC level was probably a better
predictor of survival than the serum ProGRP, by receiver
operator characteristics curve analysis.

The treatment response was reported to be associated
with the CTC level at the time of imaging in breast cancer.?8
In colorectal cancer, the CTC level measured 3 to 5 weeks
after the initiation of therapy had a relatively low sensitivity
(27%) for predicting PD.'! In our study, we found no corre-
lation between the results of the response assessment using
the RECIST criteria and the baseline CTC level, posttreat-
ment CTC level, or change in the CTC level associated with
treatment. The changes in the tumor size might not always be
related to the changes in the outflow of tumor cells from the
tumors.

The major limitation of this study was that the study
population was small. The threshold value was derived from
a cohort at a single institution and not validated in an
independent validation cohort. In addition, our study included
not only patients receiving chemotherapy alone but also
patients treated by chemoradiotherapy. Because the treatment
goals are different for chemotherapy and chemoradiotherapy,
that is, palliation versus cure, separate derivation studies will
be required to choose the optimal CTC cutoff level.

There has been an increasing interest in several aspects
of CTCs. First, measurement of the CTC levels has been
expected to guide decision making, such as determining the
timing of changing, continuing, or discontinuing the current
treatment, or identifying appropriate candidates for adjuvant
chemotherapy.?®-3! Second, CTC analysis is anticipated to
provide samples for biomarker analysis. Monitoring of hu-
man EGFR-related 2-positive CTCs in breast cancer patients
during human EGFR-related 2-targeted therapy32-34 and anal-
ysis of androgen receptor gene alterations in the CTCs of
prostate cancer patients3>3¢ have been reported. In addition,
the newly developed CTC analyzer shows a high detection
power for CTCs and was used for the analysis of EGFR-gene
alterations in the CTCs from patients with NSCLC.37:38 These
studies have established a new role for CTC analysis as a
noninvasive method of tumor profiling or target monitoring
during treatment with molecular-targeted agents. Although
few molecular-targeted agents currently available are active
against SCLC, the high detection rate of CTCs in cases of
SCLC might provide an opportunity for the screening of
active drugs and accelerate the development of new thera-
peutic strategies.

In conclusion, this study showed that CTCs are readily
detectable by the CellSearch system in patients with SCLC
and that the CTC levels before and after treatment had strong
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prognostic significance. A large prospective multiinstitutional
validation study is required to confirm our results.
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CASE REPORT

First Case of Combined Small-Cell Lung Cancer with
Adenocarcinoma Harboring EML4-ALK Fusion and an Exon
19 EGFR Mutation in Each Histological Component

Gouji Toyokawa, MD, PhD,* Kenichi Taguchi, MD, PhD,1 Taro Ohba, MD, PhD,*
Yosuke Morodomi, MD, PhD,* Tomoyoshi Takenaka, MD, PhD,* Fumihiko Hirai, MD, PhD,*
Masafumi Yamaguchi, MD, PhD,* Takashi Seto, MD, PhD,* Mitsuhiro Takenoyama, MD, PhD,*
Kenji Sugio, MD, PhD, FACS,* and Yukito Ichinose, MD, PhD*

72-year-old male exsmoker of 60-pack-years had under-

gone a high anterior resection, followed by chemotherapy
(Leucovorin+5-Fluorouracil, S-1, FOLFOX-4+Bevacizumab,
FOLFIRI+Bevacizumab) for rectal cancer with liver and
sacral bone metastases 6 years ago. Because a nodal shadow
had appeared in the right lower lobe of the lung, despite the
disappearance of the liver and sacral metastases, he was
referred to our department for a treatment of the pulmonary
nodule.

Computed tomography showed an irregular nodule in
the right lower lobe, which was confirmed as active by posi-
tron emission tomography, although there were no active
lesions on the liver or sacral bone (Fig. 14). The pulmonary
lesion was assumed to be primary lung cancer, and right
lower lobectomy with lymphadenectomy was performed.
The cut sections revealed a whitish solid nodule encircled
by a gray-whitish component with a maximum diameter
of 4.5cm (Fig. 1B). The central component was pathologi-
cally diagnosed as small-cell lung cancer (SCLC), which
was 30% of the entire tumor, and the surrounding area was
adenocarcinoma (70%) with papillary, acinar and lepidic
components (formerly nonmucinous bronchioloalveolar
carcinoma, 10%; Fig. 2 4— C). Both the components showed
immunoreactivity to thyroid transcriptional factor 1, whereas
synaptophysin and CD56 were detected only in the SCLC
component. The pathological stage was finally determined to
be IB. Each of the components was separately examined for
mutations of epidermal growth factor receptor (EGFR) and
anaplastic lymphoma kinase (4LK) by the direct sequencing
method. A deletion in exon 19 of EGFR was detected only in
the lepidic component, whereas only the SCLC component
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harbored variant 1 of echinoderm microtubule-associated
protein-like 4 (EML4)-ALK fusion (Fig, 34, B) and those
were confirmed by immunohistochemistry (Fig. 3C, D).
Figure. 3E shows gene mapping of the mutations in each
component.

DISCUSSION
Gene mutations in tyrosine kinases play crucial roles
in the pathogenesis of adenocarcinoma. Tumors with the
EGFR gene, the most well-known tyrosine kinase which

Scale bar: 1 aem'

FIGURE 1. A, Computed tomography showing an irregular
nodule in the right lower lobe of lung. B, Cut sections of the
tumor are seen by the encircled part.
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FIGURE 2. Microscopic findings. A,
Microscopic findings of the tumor
consisting of SCLC (arrow) sur-
rounded by adenocarcinoma with
papillary, acinar and lepidic compo-
nents (asterisk). Highly magnified
images of (B) the SCLC (asterisk), the
adenocarcinoma (arrow), and (C) the
lepidic components. SCLC, small-cell
lung cancer.

A E£GFR B Ak, .
‘Codon 760-746 EML4, exon 1-13 | ALK, exon20-28
aé'%@éi&éafé?&?é%é‘%% : 5 g aik?*‘?gw“:?f& %‘i?%é&@@ﬁ.‘f&x %&f wE BN amvsq&«f&s,«vn*ﬁ»&}QQx s

Reverse seque
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Forward seqaem:iﬁg
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O 8CLC: ALK
O Adenocarcinoma: negative
) Lepidic component: EGFR

FIGURE 3. A direct sequence analysis revealing (A) a deletion in exon 19 of EGFR in the adenocarcinoma and (B) a variant
1 mutation of EML4-ALK in the SCLC. Immunoreactivity of the lepidic component to the deletion in exon 19 of EGFR

using an antibody that specifically detects deleted EGFR (E746-A750del) (6B6, Cell Signaling, Danvers, MA) (C) and of the
SCLC to ALK using primary antibody against ALK (5A4, Nichirei, Tokyo, Japan) (D). A polymer method was used for the
immunohistochemical analysis, specifically, an intercalating antibody-enhanced polymer method was used for the detection
of ALK. £, Gene mapping of the driver mutations in each component. EGFR, epidermal growth factor receptor; EML4-ALK,
echinoderm microtubule-associated protein-like 4; SCLC, small-cell lung cancer; ALK, anaplastic lymphoma kinase.
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Combined SCLC with Adenocarcinoma

harbors activating mutations in exon 19 and 21, can be suc-
cessfully treated by EGFR-tyrosine kinase inhibitors (TKIs)
in comparison to cytotoxic reagents.’ The EML4-ALK fusion
gene also possesses a transforming activity” and has attracted
much attention because it might be a potential therapeutic
target of ALK inhibitors in the treatment of adenocarci-
noma.? Although £FGFR mutations have already been identi-
fied in SCLCs (4%)," there are no reports on the EML4-ALK
translocation in SCLCs. Intriguingly, ALK translocation was
detected in the SCL.C component in the present case, whereas
the exon 19 EGFR mutation was shown only in the lepidic
component.

Adenocarcinoma with sensitive EGFR mutations can
transform into SCLC in the process of acquiring resistance
to EGFR-TKIs.* This mechanism does not apply to the cur-
rent case, because the patient had not received EGFR-TKIs.
Although the complexity of the combined histology and
driver mutations in the present case has not been elucidated,
this phenomenon suggests that ALK rearrangements could be

involved in the pathogenesis of SCLC, which could be suc-
cessfully treated with ALK inhibitors.
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Background: As clinical trials for limited-disease smali-cell lung cancer often exclude elderly
patients due to comorbidities and a decline in organ function, the most suitable treatment for
. limited-disease smali-cell lung cancer patients aged 75 years or older stili remains unclear.
Methods: From July 2002 to June 2011, 20 consecutive patients aged 75 years or older,
with Stage |l to IIIB 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.
Results: 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, q3—4w) plus
carboplatin (area under the curve 5, day 1, q3-4w), followed by thoracic radictherapy. Of the
five patients treated with concurrent chemoradictherapy, discontinuation of chemotherapy/
thoracic radiotherapy accurred 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.
Concluslons: These restlts 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-call 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 tymph 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 incrcase with thc
growing geriatric population (1,3).

The combination of - ‘chemothérapy. .and: radlothempy,: :
particularly etoposzdc plus cisplatin with ear[y concurrent

twice-daily thoracic radiotherapy (TRT), is regarded ‘as the
standard treatment for LD-SCLC, provided the patients are in

4 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
etal, © repoxted that etoposide plus cisplatin and concurrent

TRT are more cffcctwe for the treatment of LD-SCLC than

are etopomde pius cxsplatm 'md sequennai TRT, but pattents
aged 775 years or older were excluded- from this trial,
Retrospective subset analyses of patients with LD—SCLC

treated with etoposide plus cisplatin and concurrent carly.
chemoradiotherapy (CRT) in Phase T trials have shown that. -

severe hematological toxicity, pneumonitis of Grade 4 or
meore 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 S-yéar event-

free survival rate did not significantly differ between’ these

two subgroups, there was @ trend for them to be 'worse in -
older patients, and significant difference in the 5-yedr overall -
survival rate favored patients younger than 70 yems in oie -
trial (9,10). These results suggest that this regimen is too~
toxic for elderly LD-SCLC patients dnd the most suitable

method of treatment remains unclear,

The objective of our retrospective aralysis was to discovei-

the optimal treatment method for elderly patients with
LD-SCLC aged 735 years or ¢lder. We compared the patient

characteristics, treatment compliance, toxicity and -antitumor -

efficacy between those undergoing concu‘rrent' 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 comphancc, toxxclty and -

antitumor eﬁicacy of this regimen, =

PATIENTS AND METHODS -
PATIENT SELECTION ‘

We reviewed 20 consecutive patients with Stage II-I1IB

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 scmtlgram 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 mstxtutxon are genera!ly as follows‘ a penfoxmance Status
(PS) of 0-2; white blood cell count, >3.0 x. 103/mm 3
neutrophil count >1.5 x 103/mm?; phteiet

count,

Jpn J Clin Oncol 2013:43(2) 177

> 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- mahgnant plcural or perlcardlal -effusion
‘pnor to radiotherapy . and. serious complications, such as

severe respiratory fanlure, active infections diseases, serious
heart discases and poorly controlled hypertension/diabetes

““mellitus. The: qtudy protocol was approved by the mstltutxon-

a1 review board of Shizuoka:Cancer Center. :

CHKMOTHL:RAPY

,.The combmatlon of etopomde (80 or 100 mg/mz) on
days .13, plus cisplatin .(80. mglmz) on day 1, cxsplatm

@5 mg/m“) on days 1-3, or carboplatin {area under the
curve (AUC) 5] on day 1 were administered intravenously to
elderly. LD- SCLC patieuts every 3 4 weeks, ‘The‘ 'adminis-
charge, The’ treatmcnt cycies were 1epeated every 3—4 weeks
for four cycles. The criteria for starting subsequent cycles of
treatment in obr 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
" 1ot 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 previoiss treatment cycle.

RADIOTHERAPY,

. Gén'e'laliy, TRT was started concurently in the first cyele of
*chemotherapy or sequentnaﬂy after four cycles of chemother-
- .apy in the elderly LD- -SCLC patients. The timing and pre-
“seribed dose of TRT ‘was determined by the physician in
~ charge. All patients wete 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 mediastihum, 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 fractlons. The mmal field in the sequential arm was also
based on the pretreatment tumor vo{ume
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TRT was suspended if a patient experienced Grade 4
thrombocytopenia, radiation pnenmonitis, 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 chaige judged the patient would benefit
from PCI. The PCI consisted of 25 Gy/10 fr.

EvarLuaTtion ofF Ersicacy 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
freatment, The tumsor 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 PES and OS, survival curves
were drawn using the Kaplan—Meier method. The PFS was
calculated from the date of initiation of the treatment fo 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 JMP version 8.0 for Windows
(SAS Institute Inc., Cary, NC, USA), -

RESULTS

CHARACTERISTICS AND TREATMENT METHODS OF THE
20 PA11eNTS TREATED WiTH CHEMORADIOTHERAPY

Twenty patients 75 years of age or older and with Stage
II-1IIB 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 P8 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 ctoposide
(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 schednled 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 #8-13.

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),
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Cempleted
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39.6/22
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45/30
45/30
45/30

From ¢2
From ¢2
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(timing)

RTx

Response
PR
PR
Near CR

PR
PR

CTxk

IHA CB(5)+ETP(80)2¢

mA CB(5)+ETP(80)3¢
CD{80)}-+ETP(100)4c
CD{80)+ETP(100)4c-

mB CD{25)%x3+ETP(80)ic—
CB(S)+ETP(80)3¢c

Stage
B

¢
1B

Gender PS

Age
(years)
75

75

75

76

77

¢, cyele; CD, cisplatin; CR, complete response; PR, partial response; 8D, stable disease; PD, progressive diseass; NE, not evaluable; NA, not available; WT, within the thorax; PF, progression-free.

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

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

The doses of etoposide and ciplatin were indicated by per body surfuce area in paiedtheses.

No.
C-1
C2
C-3
c-5

Jpn J Clin Oncol 2013;43(2) 179

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
PES 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 ovetlapped 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 oceurred 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 oceurred in two
patients (13%) due to toxicities, Radiotherapy was com-
pleted without omisston in all 11 patients who teceived se-
quential radiotherapy.

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

Patients’ CHarAcTERISTICS, TUMOR Responsg, PFS, OS anp
Toxiciry IN PaTienTs TrEATED WiTH ETOPOSIDE PLUS
CARBOPLATIN FoLLoweD BY SpqueNTIAL 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 IITA 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’ cheracteristics, 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 CTIx Response RTx CIx compliance  RTx compliance Failure site PFS OS
(years) {dose/Fr)
81 75 M 0 BlA CB@S)+ETP(80)c PR 45/30 Completed Completed PF 27544 2754+
82 75 M 0 IMA CD@25)x3+ETP(80)M¢ SD 451306 Completed Completed Brain 137 578
S$3 15 M 0 MA CD{25»3+BTP(100¥c PD 50/25 Dose Reduction + Completed WwT 143 769
sS4 16 M 1 B CB(5)-+ETP(80)c PR 45/30 Dose Reduction + Completed WT and liver 414 652
55 76 M 1 WA CB(5)+EW(80)46 CR 45130 Completed Completed Brain 137 257
s6 77 M 1 IA  CB(S)+ETP(B0)Mc PR 45/30  Completed Completed PF 4424 442+
s7 77 M 0 B CD{Z5)x3+ETP80)3c PR NA Discontinuation + NA wT 243 454
S8 78 M I A CB{S)+ETP(80Mc PR 59/32 Completed Completad Brain 1814+ 181+
$9 78 M 0 IIA CBG)+ETRE0Me PR 45730 Completed Completed Brain 18I 550+
S-10 80 F 1 MA CB(5)}+ETP(80)ic NE NA Discontinnation + NA WwT 70 316+
S-11 80 M 0 JIIB CB{S)}+ETP(80)}c CR 45/36 Completed Completed Brain 152 258
s-12 81 F 1 IIB  CB{5)+ETP(80)Mc PR 50/25 Completed Completed PF 18924 18924
S-13 83 M 1 B CB(S)+ETP(80)c CR 45130 Completed Completed Brain 269 327
S48 F 1 HIA CB(5)+ETP(80}c Near CR 50725  Completed Completed Liverand lung 408 415+
s-15 92 M 0 A CB{)+ETP(80)Me 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 5 F l HIA - Osteoarthritis

C2 75 M 0 HIA - Anal sterosis

C3 75 M 1 IiB Gastric ulcer COPD, prostatic hypertrophy

C4 76 M 1 B Gastric ulcer - '

C5 K F 1 1B - Hypertension, hyperlipldemia, osteoporosis
S-1 15 M 0 MA - Arrhythmia, prostate cancer

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

§-3 75 M 0 A - Prostatic hypertrophy, abdominat aortic ansurism
S4 76 M 1 B Abdominal aortic aneurism IHD, DM, hypertension

§-5 76 M 1 A Abdominal aortic apeurism Aortic disseetion

S-6 71 M 1 1A Laryngeal cancer, brain hemorrhage ' Hypertenston

S7 77 M L) B Gout, gastritis Hypertension, prostatic hypertrophy
58 78 M 1 ma Bladder cancer, brain hemorrhage Hypertension

89 7 M 0 A ASO, THD, gastric ulcer -

S-10 80 F 1 ma IHD, preumothorax, gout, renal failure corp

S-11 80 M 0 B Rectal cancer -

S-12 81 F 1 IiB - IHD

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

8-14 83 F 1 mA Uterine cancer Hypertension

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

COPD, chronic obstructive pu_lmonaxy disease; THD, ischemic heart disease; DM, diabetes mellitus; ASO, artetiosclerosis obliterans,
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