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Development of Cushing’s Syndrome During Effective
Chemotherapy for Small Cell Lung Cancer
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Abstract

Paraneoplastic Cushing’s syndrome caused by ectopic adrenocorticotropin (ACTH) production has been re-
ported. However, most cases of this syndrome are diagnosed before first-line chemotherapy or at the time of
disease recurrence. Here, we present a 53-year-old man who gradually developed the symptoms of Cushing’s
syndrome during effective chemotherapy for small cell lung cancer. His symptoms were controlled using mi-
totane, but his primary cancer progressed and he died 5 months after the start of chemotherapy. This very
rare case of Cushing’s syndrome associated with small cell lung cancer during effective chemotherapy is pre-

sented here.
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Introduction

Paraneoplastic Cushing’s syndrome caused by ectopic
adrenocorticotropin (ACTH) production has been reported.
However, most cases of this syndrome are diagnosed before
first-line chemotherapy or at the time of disease recurrence.
A few reports have described the gradual emergence of the
symptoms of Cushing’s syndrome during effective treatment
for lung cancer. Identifying the symptoms of Cushing’s syn-
drome at an early stage is important from the perspective of
early diagnosis. Here, we present a case of paraneoplastic
Cushing’s syndrome that emerged gradually during effective
chemotherapy for small cell lung cancer.

Case Report

A 53-year-old man presented with a cough, sputum, and
dyspnea lasting for about two months. A plain chest radio-
graph at another hospital showed an abnormal shadow in a
hilum of the left lung. A bronchoscopy revealed a small cell
lung cancer (SCLC). He was referred to our hospital for
treatment.

The patient had smoked 30 cigarettes a day for 32 years.

Computed tomography (CT) of the chest revealed a mass in
the left hilum of the lung and mediastinal lymph node swel-
ling (Fig. 1A). No tumors other than those in the left thorax
and no enlarged lymph nodes except those were found. His
laboratory findings, including the serum potassium level,
were almost normal. Regarding serum tumor markers,
squamous cell carcinoma-related antigen and carcinoma-
related antigen were not detected, but the serum neuron-
specific enolase (NSE) level was 32.1 ng/mL (normal, <16.3
ng/mL) and the serum Pro-GRP level was 473 pg/mL (nor-
mal, <46 pg/mL). The clinical stage was T2N3MO, indicat-
ing limited SCLC.

At the time of hospitalization, the physical findings were
not characteristic of a Cushingoid appearance. Because of
the large radiation field, chemotherapy using cisplatin and
etoposide was first performed (Fig. 2). After two cycles of
chemotherapy, a tumor reduction was confirmed using CT
(Fig. 1B). Thereafter, the patient began to complain of chest
pain. We consulted a cardiologist, and three stenosed lesions
were discovered in his coronary arteries. Percutaneus trans-
luminal coronary angioplasty was performed for one lesion.
Thereafter, we reinitiated chemotherapy after changing cis-
platin to carboplatin to reduce the cardiac burden. Prior to
the fourth round of chemotherapy, he developed hypoka-
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A: Before therapy
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B: After 2 cycles chemotherapy

Figure 1. A: Computed tomography (CT) image obtained before chemotherapy. A chest CT re-
vealed a mass in the left hilam of the lung (arrowhead) and mediastinal lymph node swelling (ar-
row). B: CT image obtained after 2 cycles of chemotherapy. The main tumor and swollen lymph

node show signs of reduction.
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Figure 2. Clinical course.

lemia. His blood glucose level also gradually began to in-
crease. Because these symptoms were not severe, we contin-
ved the chemotherapy. The serum tumor marker kept de-
creasing (NSE: max 50.3 ng/mL—21.5 ng/mL, Pro-GRP:
max 1172 pg/mL—695 pg/mL) during the chemotherapy
period. After completing 4 cycles of chemotherapy, he had
developed severe hypokalemia, diabetes, hypertension and a
depressive state (Fig. 2). He also exhibited centripetal obe-
sity and a buffalo hump. We started the administration of
potassium and insulin. However, no response to treatment
was observed. The NSE and pro-GRP levels, which had
been declining, began to rise. We speculated that these find-
ings were consistent with Cushing’s syndrome. The plasma
ACTH concentration was 481.0 pg/mL (normal range, 7.2-
63.3 pg/mL) and the plasma cortisol concentration was

144.0 pg/dL (normal range, 4.0-18.3 pg/dL). The serum
ACTH concentration failed to be suppressed after treatment
with 1 mg of dexamethasone overnight. It also was not sup-
pressed after metyrapone loading. Magnetic resonance imag-
ing (MRI) did not reveal a pituitary mass. These results sug-
gested that the patient’s Cushing’s syndrome was caused by
ectopic ACTH production associated with the SCLC.

The patient was treated with mitotane (500 mg/day). We
gradually increased the amount of mitotane, reaching a final
dosage of 2500 mg/day. After the start of mitotane treat-
ment, his hypokalemia and hyperglycemia gradually im-
proved. The amount of required potassium and insulin also
decreased (Fig. 2). The plasma ACTH and cortisol concen-
tration also decreased (ACTH: 481 pg/mL—329.0 pg/mL,
cortisol: 144.0 pg/dL—>89.0 pg/dL). However, his primary
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lung cancer was progressing. Second-line chemotherapy
could not be started because of the patient’s uncontrollable
symptoms, poor performance status, and the refusal of the
patient to undergo chemotherapy. He died 5 months after the
start of the initial chemotherapy.

Discussion

A previous retrospective study demonstrated that the inci-
dence of paraneoplastic Cushing’s syndrome is 5% or less
among all SCLC patients (1). In the recent literature, the in-
cidence of SCLC associated with paraneoplastic syndrome
has seemed to decrease (2). A possible explanation for this
trend might be the recent improvements in diagnosis, che-
motherapy, and radiotherapy. However, SCLC patients who
develop paraneoplastic syndrome still have a poor prognosis
because of various complications. Reportedly, 43% of SCLC
patients with ectopic ACTH production experienced severe
infections that contributed significantly to their eventual
deaths (1). Another study reported a high rate of fatal infec-
tions (about 28%) and nonfatal infections in Cushing’s syn-
drome (3). The cause of such infections might be hypercor-
tisolism. The early diagnosis of Cushing’s syndrome is very
important for improving patient survival.

As shown in the case presentation, the chemotherapy was
considered to have been effective. However, the patient
gradually developed the symptoms of Cushing’s syndrome.
Most cases of Cushing’s syndrome reportedly develop at the
time of the initial presentation or the relapse of SCLC (1).
Patients who develop Cushing’s syndrome often have a poor
outcome because of chemoresistance. The worsening of
Cushing’s syndrome during effective chemotherapy is
thought to be very rare. One possible reason for the poor
outcome in the present case is that chemoresistant cell
clones might have produced the ACTH. In other words, cell
clones that survived the chemotherapy might have begun to
proliferate rapidly after chemotherapy. Thus, “the chemore-
sistant cancer cell clones that produced ACTH” might have
contributed to the poor outcome of the present patient with
SCLC who developed ectopic ACTH syndrome. Vanhees et
al reported a case of syndrome of inappropriate antidiuretic
hormone (SIADH) associated with effective chemotherapy
in SCLC (4). They hypothesized that the release of ADH
from the malignant cells during the early tumor breakdown
from chemotherapy resulted in SIADH. As well as this hy-
pothesis, the present case might have had the possibility of
developing Cushing’s syndrome from the release of ACTH
from malignant cells in the period of rapid cell necrosis due
to effective chemotherapy.

Once Cushing’s syndrome is suspected, a differential di-
agnosis must be made by performing an ovemnight dex-
amethasone test and metyrapone test. If no ectopic ACTH
production is present, the serum ACTH level should be
greatly suppressed after the administration of 1 mg dex-
amethasone and should increase after the administration of
metyrapone. If pituitary Cushing’s disease is present, the se-

rum ACTH level should also increase after the administra-
tion of metyrapone. The ACTH level in the present patient
did not respond to the administration of dexamethasone and
metyrapone. These results indicated that the patient had ec-
topic ACTH production; in this manner, a final diagnosis of
Cushing’s syndrome as a result of SCLC was confirmed. He
was treated with mitotane to counteract the ectopic ACTH
production. Mitotane, or 0,p’DDD, can block the adrenocor-
tical steroid synthesis by inhibition of cholesterol side-chain
cleavage and 11B-hydroxylase. This inhibition affects extra-
adrenal cortisol disposition by inducing its hepatic clearance,
reducing hormone production, and ameliorating the symp-
toms of hormone excess (5). A recent study from a single
center showed the ideal therapeutic control of the ectopic
ACTH secretion syndrome by using mitotane (6). In that
study, 20 of the 23 patients showed clinical improvement of
Cushing’s syndrome manifestations. The present patient’s
symptoms arising from Cushing’s syndrome began to im-
prove by using mitotane, but his SCLC also began to pro-
gress and could not be stopped, mainly because treatment of
the cancer itself could not be resumed. _

We could not perform an immunohistochemical study for
ACTH using primary or metastatic tumor specimens for the
diagnosis of ectopic ACTH secretion. ACTH produced from
neoplasms is said to have a different structure than that of
wild-type ACTH, and conventional immunohistochemical
staining using a polyclonal anti-ACTH antibody may not be
useful in tumor cells (7). The predominant form of ACTH in
tumor extracts is reportedly a large ACTH molecule that
cannot be detected using the usual immunohistochemical
staining (8).

In summary, we have described a rare case of Cushing’s
syndrome that progressed even during effective chemother-
apy for SCLC. The clinical symptoms of Cushing’s syn-
drome must be kept in mind when treating patients with
lung cancer, since early detection and appropriate treatment
can overcome the otherwise poor prognosis.
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Clinical Outcome of Small Cell Lung Cancer with
Pericardial Effusion but without Distant Metastasis
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Hironobu Ohmatsu, MD,* Keiji Nihei, MD,} Yuichiro Ohe, MD,* and Yutaka Nishiwaki, MD*

Background: Pericardial effusion is defined as M1a in the Union
Internationale Contre le Cancer seventh tumor, node, metastasis
edition for lung cancer. The clinical course of small cell lung cancer
(SCLC) with pericardial effusion but without distant metastasis
(M1a) has not been adequately investigated.

Methods: The medical records of patients with SCLC treated at the
National Cancer Center Hospital East between July 1992 and De-
cember 2007 were reviewed. During this period, 766 patients were
newly diagnosed as having SCLC. Thirty-three of the 416 patients
with limited disease (LD) SCLC (8%) had pericardial effusion.
Seventy-nine patients with LD-SCLC (19%) had ipsilateral pleural
effusion or dissemination. Of these, 16 patients had both pericardial
and ipsilateral pleural effusion. We divided the 96 M1a patients into
two subgroups: group A (n = 33) included patients with pericardial
effusion, and group B (n = 63) included patients with ipsilateral
pleural effusion or disseminated pleural nodules but without peri-
cardial effusion.

Results: The median survival time among the patients with LD-M1a
was 13.4 months (95% confidence interval: 10.7-16.6 months), and
the 1-, 2-, 3-, and 5-year survival rates were 56%, 18%, 9%, and 8%,
respectively. The survival of the patients with LD-Mla was inter-
mediate between those of the patients with LD-M0 and patients with
extensive disease M1b (p < 0.0001). The overall survival period
was not statistically different between groups A and B (p = 0.5182).
Nineteen patients in group A received chemoradiotherapy, but only
two patients survived for more than 2 years (2- and 5-year survival
rate: 11% both). Twenty-six patients in group B received chemora-
diotherapy, and four patients survived for more than 5 years (5-year
survival rate: 18%).

Conclusions: Long-term survival was achieved among patients with
SCLC with pericardial effusion but without distant metastasis who
successfully underwent chemoradiotherapy, although 5-year sur-
vival rate in these patients was relatively lower than in patients with
SCLC with ipsilateral pleural effusion but without pericardial effu-
sion or distant metastasis.
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ung cancer is the leading cause of cancer-related deaths

worldwide. Small cell lung cancer (SCLC) accounts for
approximately 15% of all forms of lung cancer. Compared
with non-SCLC, SCLC grows rapidly, quickly disseminates
to the regional lymph nodes and distant sites, and is sensitive
to chemotherapy with a response rate of 70 to 80%. The
Veterans Administration Lung Study Group proposed a clin-
ical two-stage system for SCLC that distinguishes limited
disease (LD) and extensive disease (ED). LD is defined as
being limited to one hemithorax, including mediastinal, con-
tralateral hilar, and ipsilateral supraclavicular lymph nodes,
whereas ED represents tumor spread beyond these regions.!
The current standard care for LD-SCLC is a combination of
chemotherapy and thoracic radiotherapy (TRT). Conversely,
ED-SCLC is treated with chemotherapy alone. The original
definition of LD was a tumor volume that could be encom-
passed by a reasonable radiotherapy plan. According to the
International Association for the Study of Lung Cancer
(IASLC)’s consensus report, however, the classification of
LD-SCLC includes bilateral hilar or supraclavicular nodal
involvement and ipsilateral pleural effusion, regardless of
whether the cytological findings are positive or negative.?
Pericardial effusion has not been defined precisely.

In 2007, the IASLC proposed a new tumor, node,
metastasis (TNM) classification for lung cancer,>¢ and the
Union Internationale Contre le Cancer (UICC) seventh TNM
edition has been available since 2009. According to the UICC
seventh TNM edition, malignant pleural or pericardial effu-
sion and tumor with pleural nodules are defined as Mla,
leading to stage IV. An analysis of 12,620 patients with
SCLC in the IASLC database demonstrated that patients who
have ipsilateral pleural effusion without extrathoracic metas-
tases (Mla) have a survival that is intermediate between
stages I and III without effusion and stage I'V. Nevertheless,
no information regarding the presence of pericardial effusion
is available in the IASLC database.”

Our previous retrospective analysis also demonstrated
that the survival of patients with LD-SCLC with ipsilateral
pleural effusion was intermediate between those of patients
with LD without ipsilateral pleural effusion and patients with
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Copyright © 2011 by the International Association for the Study of Lung Cancer.



Journal of Thoracic Oncology ¢ Volume 6, Number 4, April 2011

Clinical Outcome of SCLC with Pericardial Effusion

ED, and long-term survival was achieved by patients with
LD-SCLC who successfully underwent definitive TRT after
their ipsilateral pleural effusion had disappeared after induc-
tion chemotherapy.*® In this retrospective study, we investi-
gated the clinical course and overall survival among patients
with LD-SCLC with pericardial effusion, compared with
those among patients with ED-SCLC or LD-SCLC with or
without ipsilateral pleural effusion.

PATIENTS AND METHODS

In this study, LD-SCLC was defined as disease limited
to one hemithorax, including mediastinal, contralateral hilar,
and supraclavicular lymph nodes, ipsilateral pleural effusion,
and pericardial effusion; ED-SCLC was defined as tumor
spread beyond these manifestations.

We retrospectively reviewed the medical records of
patients with lung cancer treated at the National Cancer
Center Hospital East between July 1992 and December 2007.

Ipsilateral pleﬁral efﬁnsion
and/or i
disseminatgd pleural nodules

FIGURE 1. Patients with small cell lung cancer with M1a.
Group A included patients with pericardial effusion, and group
B included patients with ipsilateral pleural effusion or dissemi-
nated pleural nodules, but without pericardial effusion.

During this period, 766 patients were newly diagnosed as
having SCLC. Four hundred sixteen patients were diagnosed
as having LD-SCLC and 350 were diagnosed as having
ED-SCLC using conventional staging procedures, including a
medical history and physical examination, chest radiography,
computed tomography (CT) scan of the chest, CT scan or
ultrasound of the abdomen, bone scan, and CT scan or
magnetic resonance imaging of the brain. Thirty-three of the
416 patients with LD-SCLC (8%, 95% confidence interval
[CI]: 6-11%) had pericardial effusion and were included in
this study. Seventy-nine of the 416 patients with LD-SCLC
(19%, 95% CI: 15-23%) had ipsilateral pleural effusion or
dissemination. Four patients had a disseminated mass without
pleural effusion detected using CT scan. Sixteen patients with
LD-SCLC had both pericardial and ipsilateral pleural effu-
sion. Therefore, 63 patients with LD-SCLC had ipsilateral
pleural effusion or dissemination without pericardial effu-
sion. We divided the 96 M1a patients into two subgroups:
group A included patients with pericardial effusion, and
group B included patients without pericardial effusion. Group
B patients had ipsilateral pleural effusion or disseminated
pleural nodules (Figure 1).

The overall survival time was defined as the interval
between the start of treatment and death or the final follow-up
visit. The median overall survival time was estimated using
the Kaplan-Meier analysis method.® Survival data were com-
pared among the groups using a log-rank test. This study was
approved by an institutional review board.

RESULTS
The patient characteristics are listed in Table 1. Eighty-
three percent of the patients were male, and 81% had a
performance status of 0 or 1. Fifty-four percent of the patients

TABLE 1. Patient Characteristics
LD-SCLC with LD-SCLC with Ipsilateral
ED-SCLC Pericardial Effusion Pleural Effusion but without LD-SCLC
(M1b) (M1a) (Group A) Pericardial Effusion (M1a) (Group B) (MO0)

No. of patients 350 33 63 320
Sex

Male 291 29 50 262

Female 59 4 13 58
Age (yr)

Median 66 67 68 66

Range 28-85 37-82 46-83 22-87
Performance status

0 22 0 4 108

1 224 25 47 190

2 63 6 9 15

34 41 2 3 7
Treatment delivered

Chemotherapy 316 14 36 50

Chemoradiotherapy 25 19 26 224

Surgery + chemotherapy 0 0 0 33

Surgery alone 0 0 0 10

Best supportive care 9 0 1 3

LD, limited disease; SCLC, small cell lung cancer; ED, extensive disease.
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TABLE 2. Timing of Thoracic Radiotherapy in Patients with
M1a Small Cell Lung Cancer

LD-SCLC with LD-SCLC with Ipsilateral
Pericardial Pleural Effusion but
Effusion (M1a) without Pericardial
Timing of Thoracic (Group A, Effusion (M1a) (Group B,
Radiotherapy n=19) n = 26)
Concurrently with the 0 3
first course of
chemotherapy
Concurrently with the 0 4
second course of
chemotherapy
Concurrently with the 8 5
third course of
chemotherapy
Concurrently with the 4 0
fourth course of
chemotherapy
Sequentially after 7 14
chemotherapy

LD, limited disease; SCLC, small cell lung cancer.

received chemotherapy, and 38% received chemoradiother-
apy. Six percent of the patients underwent surgical resection
with or without adjuvant chemotherapy. Among the 96 pa-
tients with LD-M1a, all but one patient received chemother-
apy (n = 50) or chemoradiotherapy (n = 45). Three patients
underwent TRT (twice daily, 45 Gy in total) concurrently
with the first course of chemotherapy. Four, 13, and four
patients underwent TRT (once daily, 50 Gy in total) concur-
rently with the second, third, and fourth courses of chemo-
therapy, respectively. Twenty-one patients underwent TRT
(once daily, 50 Gy in total) sequentially after chemotherapy.
Among the group A patients, 12 patients underwent TRT
concurrently with the third or fourth course of chemotherapy,
and seven patients underwent TRT sequentially after chemo-
therapy. TRT was conducted if the pericardial effusion dis-
appeared after induction chemotherapy. Among the group B
patients, 12 patients underwent TRT concurrently with che-
motherapy, and 14 patients underwent TRT sequentially
(Table 2). Thirteen patients received prophylactic cranial
irradiation of 25 Gy (seven patients in group A and six
patients in group B).

Figure 2 shows the survival of all 766 patients with
SCLC belonging to category M. The survival of patients
with LD-M1a was intermediate between those of patients
with LD-M0O and ED-M1b (p < 0.0001). Six hundred
eighty-two patients have died. The median follow-up time
was 65.8 months, ranging from 3.2 to 160.1 months. The
median survival time among the patients with LD-Mla
was 13.4 months (95% CI: 10.7-16.6 months), and the 1-,
2-, 3-, and 5-year survival rates were 56%, 18%, 9%, and
8%, respectively.

Survival analyses for the subgroup of patients with
LD-Mla (n = 96) are shown in Figures 3, 4 and Table 3.
Overall survival was not statistically different between
groups A and B (p = 0.5182). All 14 patients who received
chemotherapy in group A died within 3 years. One patient in
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FIGURE 2. Overall survival among all 766 patients with M-
category small cell lung cancer. LD, limited disease; ED, ex-
tensive disease.
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FIGURE 3. Overall survival among patients with M-cate-
gory small cell lung cancer, subgroups A and B. LD, limited
disease; ED, extensive disease.
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FIGURE 4. Overall survival among M1a patients with small
cell lung cancer according to subgroups A, B, and initial
treatment delivered. CRT, chemoradiotherapy; CH, chemo-
therapy.

group B who received chemotherapy as an initial treatment
survived for more than 5 years, but this patient received
chemoradiotherapy as a second-line treatment after a local
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TABLE 3. Survival Data
No. of Median Survival  1-yr Survival 2-yr Survival 3-yr Survival 5-yr Survival
Subgroup Patients Time (mo) (95% CI)  Rate (%) Rate (%) Rate (%) Rate (%)
ED (Ml1b) 350 9.2 (8.5-10.0) 34 7 3 2
LD (M0) 320 22.0 (20.0-23.5) 74 43 33 22
LD with pericardial effusion 33 14.2 (9.1-17.5) 61 12 6 6
(group A)
Receiving CRT 19 17.0 (13.6-21.0) 89 11 11 11
Receiving Chemotherapy 14 8.8 (4.7-11.1) 21 14 0 0
LD with ipsilateral pleural effusion 63 12.7 (10.2-16.7) 54 21 11 9
but without pericardial
effusion (group B)
Receiving CRT 26 21.4 (16.7-28.2) 85 42 22 18
Receiving chemotherapy 36 9.3 (6.3-11.8) 33 6 3 3

CI, confidence interval; ED, extensive disease; LD, limited di

; CRT, ch dioth

apy.

TABLE 4. Six Patients with M1a Small Cell Lung Cancer
who Survived for More Than 5 yr

Age Survival

yr) Sex Group Initial Treatment Time (mo) State
64 M A Chemoradiotherapy 72.6 Dead
70 F B Chemoradiotherapy 146.5 Alive
53 M B Chemotherapy” 140.4 Alive
73 F B Chemoradiotherapy 138.0 Alive
72 M B Chemoradiotherapy 117.0 Alive
68 M B Chemoradiotherapy 65.5 Alive

“ This patient received chemoradiotherapy as a second-line treatment after a local
recurrence. Therefore, all six patients received chemoradiotherapy and achieved long-
term survival for more than 5 yr.

M, male; F, female.

recurrence. Four of the 26 patients who received chemora-
diotherapy in group B survived for more than 5 years (Ta-
ble 4). Conversely, only 2 of the 19 patients who received
chemoradiotherapy in group A survived for more than 2
years. One patient developed a local recurrence at 4 years and
10 months after the initiation of first-line chemoradiotherapy
and died of lung cancer 14 months later. The remaining
patient also developed a local recurrence at 2 years and 9
months after the initiation of first-line chemoradiotherapy and
received second-line chemotherapy. This patient was still
alive at the time of the data cutoff.

DISCUSSION

This retrospective analysis demonstrated that the sur-
vival of patients with SCLC and ipsilateral pleural or peri-
cardial effusion (M1a) was intermediate between those of M0
and M1b patients. It is suitable that patients with ipsilateral
pleural effusion or pericardial effusion belong to M1la cate-
gory in the UICC seventh TNM edition. No statistically
significant difference in the overall survival between Mla
patients with pericardial effusion (group A) and those with
ipsilateral pleural effusion but without pericardial effusion
(group B) was observed. Among the patients who success-
fully underwent chemoradiotherapy, the patients in group B
had 2-, 3-, and 5-year survival rates of 42%, 22%, and 18%,
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respectively, whereas the patients in group A had a 2-year
survival rate of only 11%. Our previous retrospective analy-
ses demonstrated that the median survival time of patients
with cytologically positive and cytologically negative pleural
effusion were 9.3 and 12.7 months, respectively. Further-
more, all 11 patients with cytologically positive pleural effu-
sion died within 3 years.® Long-term survival for more than 5
years was achieved only by patients with cytologically neg-
ative pleural effusion. We speculate that an inflammatory
process, such as atelectasis, causes ipsilateral pleural effusion
in some patients. Conversely, most pericardial effusion is
believed to be malignant. Therefore, long-term survival was
seldom achieved by patients with pericardial effusion, even if
they received chemoradiotherapy.

Recently, the applicability of the UICC seventh TNM
edition for SCLC was investigated using the California Can-
cer Registry database. This database included 108 and 1518
MIa patients with pericardial effusion and pleural dissemi-
nation, respectively. No significant difference in overall sur-
vival was observed among patients with pleural or pericardial
effusion (median survival time: 7 versus 7 months, 2-year
survival rate: 16.7% versus 9.7%, respectively).!® These data
were comparable with our results. Nevertheless, no informa-
tion regarding the treatment performed for the M1a patients
was included in the previous article.

Our retrospective analysis has several limitations. First,
the number of Mla patients with pericardial effusion was
only 33, because only 8% of the patients with LD-SCLC
exhibited pericardial effusion. Second, we did not conduct a
cytological examination of the pericardial effusion. Pericar-
dial puncture or drainage is usually performed in patients
with cardiac tamponade. None of the patients in group A had
cardiac tamponade; therefore, a pericardial puncture was
technically difficult. Third, examination period was more
than 15 years, from 1992 to 2007. Irinotecan, active for
SCLC, has been commonly used from 2000 in Japan. Patients
in this study were treated with a potential range of different
chemotherapeutic agents during the period, which was not
controlled.

Only 2 of 19 patients (11%) who received chemoradio-
therapy in group A survived for more than 3 years. Con-
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versely, all 14 patients who did not receive chemoradiother-
apy in group A died within 3 years. TRT probably improves
local control and achieves long-term survival in some pa-
tients. Definitive TRT is recommended in M1a patients with
SCLC, if ipsilateral pleural or pericardial effusion has disap-
peared after induction chemotherapy.

In conclusion, the survival of patients with SCLC and
ipsilateral pleural or pericardial effusion (M1a) is intermedi-
ate between those of M0 and M1b patients. No statistically
significant difference in the overall survival of Mla patients
with pericardial effusion and those with ipsilateral pleural
effusion but without pericardial effusion was observed. Long-
term survival was achieved among Mla patients with peri-
cardial effusion who successfully underwent chemoradiother-
apy, although 5-year survival rate in these patients was
relatively lower than in M1a patients with ipsilateral pleural
effusion but without pericardial effusion.

ACKNOWLEDGMENTS
Supported, in part, by a grant from the Ministry of
Health, Labor, and Welfare for the third term Comprehensive
Strategy for Cancer Control and a Grant-in-Aid for Cancer
Research from the Ministry of Health, Labor, and Welfare,
Japan.

REFERENCES
1. Zelen M. Keynote address on biostatistics and data retrieval. Cancer
Chemother Rep 3 1973;4:31-42.

800

10.

. Stahel RA, Ginsberg R, Havemann K, et al. Staging and prognostic

factors in small cell lung cancer: a consensus report. Lung Cancer
1989;5:119-126.

. Goldstraw P, Crowley J, Chansky K, et al. The IASLC Lung Cancer

Staging Project: proposals for the revision of the TNM stage groupings
in the forthcoming (seventh) edition of the TNM Classification of
malignant tumours. J Thorac Oncol 2007;2:706-714.

. Postmus PE, Brambilla E, Chansky K, et al. The IASLC Lung Cancer

Staging Project: proposals for revision of the M descriptors in the
forthcoming (seventh) edition of the TNM classification of lung cancer.
J Thorac Oncol 2007;2:686—693.

. Rami-Porta R, Ball D, Crowley J, et al. The IASLC Lung Cancer

Staging Project: proposals for the revision of the T descriptors in the
forthcoming (seventh) edition of the TNM classification for lung cancer.
J Thorac Oncol 2007;2:593-602.

. Rusch VW, Crowley J, Giroux DJ, et al. The IASLC Lung Cancer

Staging Project: proposals for the revision of the N descriptors in the
forthcoming seventh edition of the TNM classification for lung cancer.
J Thorac Oncol 2007,2:603—612.

. Shepherd FA, Crowley J, Van Houtte P, et al. The International Asso-

ciation for the Study of Lung Cancer lung cancer staging project:
proposals regarding the clinical staging of small cell lung cancer in the
forthcoming (seventh) edition of the tumor, node, metastasis classifica-
tion for lung cancer. J Thorac Oncol 2007;2:1067-1077.

. Niho S, Kubota K, Yoh K, et al. Clinical outcome of chemoradiation

therapy in patients with limited-disease small cell lung cancer with
ipsilateral pleural effusion. J Thorac Oncol 2008;3:723-727.

. Kaplan EL, Meier P. Nonparametric estimation from incomplete obser-

vations. J Am Stat Assoc 1958;53:457-481.

Ignatius Ou SH, Zell JA. The applicability of the proposed IASLC
staging revisions to small cell lung cancer (SCLC) with comparison to
the current UICC 6th TNM Edition. J Thorac Oncol 2009;4:300-310.

Copyright © 2011 by the International Association for the Study of Lung Cancer

Copyright © 2011 by the International Association for the Study of Lung Cancer.



, o Jpn J Clin Oncol 2011;41(1)148—152
oy _ doi:10.1093/jjco/hyq170
' Advance Access Publication |7 November 2010

Short Communication

Clinical Implication of the Antidiuretic Hormone (ADH) Receptor
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Ectopic antidiuretic hormone syndrome is a medical emergency characterized by dilutional
hyponatremia. Clinical effectiveness of the vasopressin V2 receptor antagonist mozavaptan
was evaluated in 16 patients. In short-term (7-day) treatment with the drug, serum sodium
concentration (mean + standard deviation) significantly (P = 0.002) increased from 122.8 +
6.7 to 133.3 + 8.3 mEg/l, and symptoms due to hyponatremia were improved. On the basis of
these results, mozavaptan (Physuline®) was approved as an orphan drug for the treatment of
the syndrome in 2006 in Japan. During the 43 months following its launch, 100 patients have
been treated with the drug; overall clinical effects of the drug were found similar to those of
this clinical trial. Clinically, mozavaptan may allow hyponatremic patients to be treated by
aggressive cancer chemotherapy with platinum-containing drugs. Moreover, the drug may
free patients from strict fluid-intake restrictions and thereby improve their quality of life.

Key words: SIADH — ectopic ADH syndrome — small cell lung carcinoma - hyponatremia
antagonist

INTRODUCTION

In the present study, clinical effectiveness of a newly

The syndrome of inappropriate secretion of antidiuretic
hormone (SIADH) is divided into two categories; one is the
ectopic ADH syndrome induced by abnormally secreted
ADH (arginine vasopressin) from cancer cells, and another
is the morbidity caused by inappropriately secreted ADH
from the pituitary gland in various benign diseases. In both
situations of SIADH, ADH binds to vasopressin V2 receptors
(V2Rs) in renal tubules and thereby increasing water reab-
sorption. Clinically, SIADH is characterized by elevated
fluid retention in the body, resulting in dilutional hyponatre-
mia and subsequent manifestations of various central
nervous system (CNS) symptoms.

developed vasopressin V2R antagonist was evaluated in
patients with ectopic ADH syndrome. This morbidity is fre-
quently observed in patients with small cell lung carcinoma
(SCLC) and makes it to be difficult to aggressive cancer che-
motherapy with platinum-containing drugs. Patients with
SIADH often require severe water restriction, worsening
their quality of life.

Mozavaptan, the world’s first non-peptide V2R antagonist
with aquaretic action, was developed by Otsuka
Pharmaceutical, Japan, in 1989 (1). Its potent effect was first
demonstrated by clinical pharmacological trials involving
healthy adult male subjects in 1992 (2). To understand

¢ The Author (2010). Published by Oxford University Press. All rights reserved.
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whether mozavaptan might play an important role in the
treatment of ectopic ADH syndrome, the Ectopic ADH
Syndrome Therapeutic Research Group conducted an open-
label multicenter clinical trial at Japanese hospitals from
December 1994 to December 1997. This paper describes the
study results and their implication for mozavaptan’s potential
usefulness in the treatment of cancer-related ectopic ADH
syndrome.

PATIENTS AND METHODS

This open-label, multicenter study protocol was approved by
the Institutional Review Board of each participating medical
institution prior to its inception; written informed consent
was obtained from all patients. )

Recruited were inpatients aged 20 to <75 years who had
malignant tumors that might cause ectopic ADH syndrome
as well as the diagnostic criteria of ectopic ADH syndrome
as defined by Bartter and Schwartz (3) such as serum
sodium concentration <124 mEq/l, persistent urinary sodium
excretion, normal renal, adrenal, and thyroid function, and
no evidence of edema or dehydration.

Following a <2-day placebo administration period during
which baseline data were collected, patients were given
orally mozavaptan (single 30 mg tablet) once daily for 7
days, or where this was difficult, 3 days was allowed. Fluid
restriction was used throughout the study period only for
patients in whom it had already begun. Treatment of hypona-
tremia with demeclocycline, lithium chloride, or urea was
not permitted.

The primary endpoint was serum sodium concentration.
Blood samples were collected immediately before dosing on
each test day. Clinical symptoms associated with hyponatre-
mia such as anorexia, nausea/vomiting, headache, and CNS
symptoms were recorded. Urine volume, urinary osmolality,
urinary electrolyte (sodium, potassium, chloride) excretion,
serum electrolyte ( potassium, chloride) concentration, serum
osmolality, and plasma ADH concentration were measured.
New medical problems or exacerbations of those already
existing were reported as adverse events.

In each case, the serum sodium level after the final admin-
istration of the study drug was compared with baseline
value. The patients are divided into three groups: (i) the
serum sodium level is improved to normal range; (ii) the
level is still low, but increase is >6 mEq/l and (iii) the level
is still low, and increase is <6 mEq/l. And mean sodium
concentration after the final administration of the study drug
was compared with that of baseline value by paired r-test.

RESULTS

Sixteen patients [M/F: 10/6; mean age: 63.9 (range: 48-78)
years] who received at least one dose of the study drug were
included in the efficacy and safety evaluation. All patients
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received mozavaptan 30 mg once daily for 7 days, except
two individuals who received treatment for 3 days.
Underlying diseases were SCLC (n = 14), thymic small
cell carcinoma (n = 1) and cervical cancer (n = 1). Fluid
intake was restricted in 5 of the 16 patients (Table 1).
Serum sodium concentration (mean + SD) at the time of
diagnosis of the ectopic ADH syndrome was 117.3 + 4.3

4.9 + 5.8 (median: 2.3; range: 0.4—18.9) pg/ml immediately
before treatment.

At baseline and at the end of study, mean serum sodium
concentration was 122.8 + 6.7 and 133.3 + 8.3 mEq/l,
respectively, a statistically significant difference (£ = 0.002;
Fig. 1). Serum sodium concentration increased at 24 h after
the first administration of mozavaptan and remained elevated
<24 h after administration for 7 days. Serum osmolality
gradually increased starting from 24 h after first adminis-
tration till the study end. Cumulative urine volume over 24 h
increased on the first treatment day, whereas urine osmolality
decreased in the first two treatment days.

A total of 16 patients were evaluated for the serum
sodium level. The serum sodium level was improved to
normal range in eight patients, still below normal range but
increased by at least 6 mEq/] in four patients and increased
by <6 mEq/1 in four patients (Table 1).

Symptoms associated with ectopic ADH syndrome such
as anorexia, nausea/vomiting, headache and CNS symptoms
improved or disappeared in seven of eight patients who had
at least one of these symptoms at baseline. By symptom,
anorexia disappeared in three and improved in two among
eight patients who had the symptom at baseline, whereas
nausea/vomiting, headache and CNS symptoms disappeared
by the completion of treatment in all patients who had at
least one of the symptoms at baseline. On the other hand,
however, new anorexia and headache developed in one
patient each.

Although some patients showed slight .increases or
decreases of plasma ADH concentration after receiving
mozavaptan, overall there were no obvious changes.

There were 35 adverse events in 11 of the 16 patients;
none was serious. The most common adverse event was dry
mouth developing in five patients. Fifteen adverse drug reac-
tions occurred in six patients (dry mouth, 7 = 5; increased
blood potassium, n = 2; malaise, increased AST, increased
ALT, decreased blood calcium, increased blood lactate dehy-
drogenase, increased blood urea, decreased appetite and noc-
turia, n = | each).

One patient was withdrawn after administration of the
study drug for 3 days because of anorexia. After completion
of administration of mozavaptan, one cancer-related death
occurred 30 days post-treatment (ID 1 in Table 1); the patient
had small cell lung cancer, and had myasthenia gravis, dia-
betes, pneumonia and hypertension. Chemotherapy (carbopla-
tin and etoposide) was given from 146 to 144 days before
treatment with mozavaptan, which reduced the tumor size and
improved SIADH. However, the chemotherapy was
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Figure L. Time-course of serum sodium concentration (mean + SD) in 16
cancer patients with ectopic ADH syndrome. Baseline serum sodium con-
centration was 122.8 + 6.7 mEq/l. At 24 h after the first dose, serum sodium
increased to 129.1 + 5.7mEq/l; at 24 h after completion of treatment, the
value was 133.3 + 8.3 mEg/l.

terminated due to marked myelosuppression, and then this led
to marked tumor growth. The serum sodium concentration
was 132 mEq/1 29 days before the mozavaptan treatment, but
gradually decreased to 119 mEq/1 14 days before treatment.
At that time, the patient’s condition did not permit che-
motherapy, and mozavaptan therapy was performed.
Although mozavaptan was effective, the condition became
worse due to rapid tumor progression. The patient died 30
days after completion of the mozavaptan therapy, and the
autopsy demonstrated direct invasion to heart and thoracic
vertebra, indicating that the patient had died of cancer. No
other serious adverse events were reported.

DISCUSSION

Since the ectopic ADH syndrome is the morbidity induced
by inappropriately secreted ADH from cancer cells, V2R
antagonist rationally might be expected to exert pharmaco-
logical effects in the syndrome. During Phase 1 pharmaco-
logical evaluation, mozavaptan 30 mg/day exerted potent
V2R antagonistic activity. Therefore, we plan to evaluate the
clinical efficacy and safety of this agent at a dose of 30 mg/
day in cancer patients with ectopic ADH syndrome defined
by Bartter and Schwartz (3). |

We found that the drug increased the mean serum sodium
level; 10 patients at 24 h after the first dose and 12 patients
at 24 h after the last dose showed a >6 mEgq/l increase in
serum sodium concentration from baseline.

Of 12 patients who showed an increase in serum sodium
concentratien of >6 mEq/l from-baseline at 24 h after the
last dose, 7 had anorexia, nausea/vomiting, headache and/or
CNS symptoms before treatment. Anorexia (n = 7) disap-
peared in three, was alleviated in two and remained
unchanged in two patients; all other symptoms (nausea/
vomiting in five, headache in five and CNS symptoms in
four patients) disappeared following therapy. However, new
anorexia and headache developed in one patient each. Of the
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remaining four subjects who showed an increase in serum
sodium concentration of <6 mEq/l, three had no symptoms
and one complained of anorexia that remained unchanged
24 h after the last dose.

Since SCLC is the chemo-sensitive tumor and SIADH is
the condition of oncologic emergency, urgent treatment is
always required. However, in the cases of SIADH, hypona-
tremia makes it difficult to perform chemotherapy; hydration
is necessary for the therapy with cisplatin-based chemother-
apy. Mozavaptan improved compliance to chemotherapy in
patients with ectopic ADH syndrome.

The present study did not plan to give chemotherapy
during the study period. Thus, information on chemotherapy
was not designed to be collected from patients. However, we
evaluated present cases whether they received chemotherapy
after the mozavaptan treatment. Information was obtained
from 14 patients of the 16 subjects, 9 were administered
mozavaptan prior to scheduled chemotherapy, and 8 of
these underwent chemotherapy with the regimen including
cisplatin or carboplatin after successful correction of
hyponatremia.

With regard to safety, the treatment was discontinued in
one patient due to adverse drug reaction, and two patients
required treatment for adverse effects but recovered after
appropriate treatment. There was no excessively rapid
increase in serum sodium concentration or central pontine
myelinolysis, suggesting that mozavaptan can be safely used
in the target patient population.

On the basis of these results, mozavaptan (Physuline®)
was approved in Japan as an orphan drug for the treatment
of ectopic ADH syndrome, in 2006. It is worth noting that
until now demeclocycline, lithium chloride or urea was
reported effective for the ectopic ADH syndrome, although
clinical experiences revealed that the effects of these drugs
are limited (4). )

In the USA and EU, there are two V2R antagonists avail-
able on the market—conivaptan (injection formulation) (5)
and tolvaptan (oral tablet) (6). Conivaptan, a dual Vla recep-
tor and V2R antagonist, is marketed in the USA with the
indication of ‘treatment of euvolemic and hypervolemic
hyponatremia in hospitalized patients’. Tolvaptan, which by
structural modification has a higher affinity for the V2R than
does its parent drug, mozavaptan, is marketed in the USA
with the indication of ‘treatment of clinically significant
hypervolemic and euvolemic hyponatremia, including
patients with heart failure, cirrhosis and SIADH’ and in the
EU with the indication of ‘treatment of adult patients with
hyponatremia secondary to syndrome of inappropriate anti-
diuretic hormone secretion (SIADH)’. Mozavaptan is cur-
rently the only approved drug available for treatment of
patients with ectopic ADH syndrome (7) in Japan but is
neither approved nor under development outside Japan.

During the 43 months following its launch, 100 patients
have been treated with the drug. On the basis of the
post-marketing drug use results survey, overall clinical
effects of the drug have been found similar to those of the
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clinical trial. Mozavaptan provides two important contri-
butions for the treatment of ectopic ADH syndrome. First,
short-term treatment with mozavaptan may allow hyponatre-
mic patients who might otherwise be contraindicated to
receive aggressive cancer chemotherapy with platinum-
containing drugs. Second, mozavaptan may free patients
from strict fluid-intake restrictions and thereby improve their
quality of life. Thus, mozavaptan provides new treatment
options for aggressive chemotherapy as well as for palliative
care in patients with ectopic ADH syndrome.
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Background: Standard second-line chemotherapies for non-small
cell lung cancer (NSCLC) have been established but have limited
clinical relevance. S-1 is a recently developed agent with potential
activity against NSCLC.

Methods: Patients with confirmed NSCLC recurrence after previous
single- or two-regimen chemotherapy with platinum, performance
status of 0 to 1, adequate organ functions, and measurable lesions
were treated with S-1 (60 mg/m®/d, twice a day) on days 1 to 14 and
gemcitabine (1000 mg/m?) on days 8 and 15, which were repeated
every 3 weeks until tumor progression.

Results: Treatment was administered for a median of 4 courses
(range, 1-13) over a median of 125-day period in 34 patients. The
overall response rate was 23.5% (no complete response and eight
partial response; 95% confidence interval: 9.1-38.0%). The median
progression-free and overall survival times were 6.6 and 19.9
months, respectively. The 1- and 2-year survival rates were 58.8 and
30.9%, respectively. Toxicity was mild during the entire treatment
period, except for three grade 3 interstitial pneumonia.
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Conclusion: The primary end point was met with the relatively high
overall response rate. Randomized phase III studies for elucidating
survival outcome of the regimen are warranted.

Key Words: Gemcitabine, Maintenance, Non-small cell lung can-
cer, S-1, Second-line therapy.

(J Thorac Oncol. 2011;6: 156-160)

he standard first-line chemotherapies for advanced non-

small cell lung cancer (NSCLC) are four to six courses of
platinum-based combination chemotherapy with or without be-
vacizumab.! Despite the relevance of first-line chemotherapy,
tumors in due time will recur in the most cases. On the other
hand, second-line chemotherapy has been proven to prolong the
survival time of patients who had progressive disease (PD) after
first-line chemotherapy. The current standard second-line che-
motherapy includes monotherapy with docetaxel,> pemetrexed,?
erlotinib,* or gefitinib.5> Of these agents, erlotinib and gefitinib
are specifically effective for patients with tumors harboring
some specific types of mutation in the epidermal growth factor
receptor (EGFR).® Subset analysis has suggested that pem-
etrexed is active for prolonging survival time only in patients
with nonsquamous NSCLC.” In addition, the use of docetaxel
and pemetrexed in second-line chemotherapy is not effica-
cious in patients who had already been treated with those
agents in the first-line chemotherapy. Therefore, more options
for second-line chemotherapy are required, and more effec-
tive regimens are sought.

S-1 is a recently developed orally administered agent
consisting of 5-chloro-2,4-dihydoroxypyrimidine, potassium
oxonate, and tegafur, a prodrug of S-fluorouracil (5-FU).8
Tegafur is converted to 5-FU by hepatic microsomal P450
followed by phosphorylated activation in various tissues and
tumors.® Potassium oxonate inhibits this phosphorylation step
in the intestine to decrease intestinal toxicity,'® and 5-chloro-
2,4-dihydoroxypyrimidine inhibits 5-FU degradation to neu-
rotoxic F-B-Ale, reducing neurotoxicity.!! Thus, the combi-
nation of these three compounds renders intracapsular
biologic modulations to enhance cancer cell killing capability
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as well as minimize toxicity. Since S-1 was first approved for
NSCLC in July 2007 in Japan, a number of studies of S-1 for
NSCLC patients have recently been published. They include
studies of front-line chemotherapy combined with cispla-
tin,'213 carboplatin'4!* or nonplatinum agents'¢-'8; second-
line chemotherapy'9-22; chemoradiotherapy for locally ad-
vanced disease23-25; chemotherapy for elderly patients2¢; and
postoperative adjuvant setting.?” Although they were all
phase I/II or II studies, they reproducibly suggested a poten-
tial activity of S-1 in treating NSCLC patients in various
situations. Gemcitabine is one of the most powerful agents
against NSCLC,28 and its relevance in the second-line setting
is also suggested by phase II studies with overall response
rate (ORR) ranging from 6 to 20%.2°-3# In addition, combi-
nation of S-1 and gemcitabine is potentially synergistic. They
inhibit DNA synthesis via different pathways. 5-FU recruits
cell surface human equilibrative nucleoside transporter 1,35-36
and its increase potentially augment the effect of gemcitabine
that enters the cell via human equilibrative nucleoside trans-
porter 1.37 These preclinical data suggest that the combination
of the two agents potentially exert synergism. Based on the
rationale, we conducted a phase I/II study of combination
chemotherapy consisting of S-1 and gemcitabine for elderly
patients with chemotherapy-naive NSCLC. The study estab-
lished the recommended doses of combination chemotherapy,
with S-1 at 60 mg/m?/d (daily, in two fractions) on days 1 to
14 and gemcitabine at 1,000 mg/m? on days 8 and 15 repeated
every 3 weeks, and suggested mild toxicity and potential
efficacy, with the median progression-free survival (PFS) and
overall survival (OS) of 4.2 and 12.9 months, respectively.2¢

Based on these facts, a phase II study of S-1 and
gemcitabine as second-line chemotherapy for previously
treated NSCLC patients was conducted.

PATIENTS AND METHODS
Eligibility

Patients meeting all the following criteria were eligible:
proven NSCLC refractory or recurrent after previous single- or
two-regimen chemotherapy consisting of platinum in at least one
regimen, a performance status (PS, Eastern Cooperative Oncol-
ogy Group) of 0 or 1, adequate organ functions (neutrophils
=2000/mm?’, hemoglobin =9.0 g/dl, platelets =100,000/mm”,
total bilirubin =2.0 g/dl, aspartate transaminases (AST)/alanine
aminotransferase (ALT) <2.5 fold of the normal value, creati-
nine =<1.5 mg/dl, creatinine clearance =50 ml/min, and PaO,
=70 Torr), measurable lesions by Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.0, life expectancy exceed-
ing 3 months, and written informed consent. Patients with any of
the following conditions were ineligible: use of any pyrimidine
analog in the previous treatment; resected primary site; require-
ment of thoracic irradiation; interstitial lung disease; pleural,
pericardial effusion or ascites requiring treatment; symptomatic
brain metastasis; concomitant malignancy; or other inadequate
conditions.

Pretreatment Evaluation
The baseline evaluation included history with a com-
plete record regarding the front-line treatment and concomi-
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tant medical conditions, physical examinations, PS, complete
blood counts, serum chemistries and electrolytes, urinalysis,
chest radiogram, chest computed tomography (CT), abdom-
inal CT, brain magnetic resonance imaging with contrast
medium enhancement otherwise contraindicated, and bone
scintigram. These examinations were to be performed within
1 month before the enrollment.

Drug Administration

S-1 (60 mg/m%d; twice a day, PO, on days 1-14) and
gemcitabine (1000 mg/m?; on days 8 and 15) were adminis-
tered every 3 weeks for at least three courses and until disease
progression unless termination criteria defined below are
encountered. As S-1 is available in a capsule form containing
either 20 or 25 mg, the daily dosing according to body surface
area was approximated to be 60 to 130 mg/d by rounding off
to less than 10 mg. For example, when a daily dose of 110 mg
is required, 60 mg in three 20-mg capsules in the mornings
and 50 mg in two 25-mg capsules in the evenings were
administered. Post-treatment was withheld until evidence of
disease progression, followed by no restriction afterward.

Evaluation During Chemotherapy

Symptoms, physical examination, complete blood counts,
serum chemistries, and chest radiogram were checked every
week or every other week. Chest CT and other radiographic
modalities necessary for evaluating target lesions by RECIST
version 1.0 were repeated every month until disease progression.

Dose Modification, Postponement, Skipping,
and Termination Criteria of Chemotherapy

The dose of gemcitabine was reduced to 800 mg/m?* when
any of the following criteria were encountered: grade 4 neutro-
penia lasting for more than 7 days, grade 4 thrombocytopenia,
febrile neutropenia, and skipping of gemcitabine on day 15
according to the following postponement criteria. The dose of
S-1 was not reduced. Gemcitabine administration on days 8 and
15 was postponed until recovery when any of the following
criteria were encountered: fever (axillary) =grade 1, neutrope-
nia, thrombocytopenia and elevated total bilirubin =grade 2,
AST and ALT >2.5 fold of the normal value, and any other
nonhematological toxicity =grade 2. If gemcitabine on day 15
was not administered within a 7-day delay because of toxicities,
it was skipped. S-1 administration in a course was withheld until
improvement when skin rash =grade 2 or neutropenia =grade 3
was encountered. The next course was postponed until recovery
when any of the following criteria were encountered: PS =2,
neutropenia, thrombocytopenia and elevation of total bilirubin
=grade 2, serum creatinine >1.3 mg/dl, AST and ALT >2.5
fold of the normal value, and infection of any grade. If the next
course was not started because of toxicities within a 14-day
delay, then chemotherapy was terminated.

Response and Toxicity Criteria

Tumor response was evaluated according to RECIST
version 1.0 and was classified into five categories: complete
response (CR), partial response (PR), stable disease (SD),
PD, and not evaluable (NE). All target lesions were re-
evaluated with the same imaging studies as used in the
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pretreatment evaluation. A minimum of 6-week interval from
the start of therapy was required for establishing SD. All
evaluations were confirmed or corrected by external reviews.
Toxicity during the entire therapy course was evaluated, and
the worst event was scored according to the National Cancer
Institute Common Toxicity Criteria version 3.0.

Statistical Analysis and Ethical Considerations

The primary end point was to assess the ORR, and the
secondary endpoints were to evaluate toxicity and survival data
consisting of PFS and OS. The calculated minimum sample size
was 29 based on the Simon two-stage optimal design, with a
target and threshold response rate of 20 and 5% and « and 8
errors of 0.05 and 0.20, respectively. The final determined
sample size was 32. The first stage required at least one re-
sponder among the first 10 patients before proceeding to the
second stage. Survival time was measured from enrollment
into the study and was analyzed by Kaplan-Meier’s method.
The Institutional Review Board of each participating institute
approved the study. It was registered to the clinical trial
registration system of University Hospital Medical Informa-
tion Network-Clinical Trial Registry with the identification
number UMIN000000896 on November 15, 2007.

RESULTS

Treatment Delivery, Tumor Response, and
Toxicity

A total of 34 patients were enrolled from November
2007 to September 2008, and their characteristics are sum-
marized in Table 1. Twenty-three patients were pretreated
with a single regimen and 11 were treated with two regimens
including gefitinib in two patients, resulting in 13 PR, 16 SD,
and 5 PD in prior chemotherapy. All patients were eligible for
the evaluation of response rate, toxicity, and survival.

Chemotherapy was administered for a median of 4
courses (range, 1-13) or a median of 125 days (range, 4-360
days). Thus, six courses or more were administered in as many
as 41% patients. Among the total 171 courses administered,
skipping or dose reduction of gemcitabine was observed in five
courses. S-1 was administered for more than 90% of the sched-
uled dose in 166 courses. The ORR and disease control rate were
23.5% (8/34; 95% confidence interval [CI]: 9.1-38.0%) and
64.7% (22/34; 95% CI: 48.4—81.0%), respectively, with no CR,
8 PR, 14 SD, 9 PD, and 3 NE. The ORRs of patients who
responded (CR + PR) to the previous chemotherapy and those
who did not (SD + PD + NE) were 38.5% (5/13) and 14.3%
(3/21), respectively (p = 0.11, x* test).

Toxicities including grade 3 or 4 are listed in Table 2.
The most frequent grade 3 or 4 toxicities were neutropenia,
leukocytopenia, and anemia. No nausea/vomiting with grade
3 or 4 was observed. Grade 3 interstitial pneumonia was
observed in three patients. That is, it emerged at the end of the
first course for a 63-year-old ex-smoker man and required
treatment consisting of 1000 mg/d of methylprednisolone for
3 days followed by 40 mg/d of prednisolone, which was
tapered off in 2 months. It also emerged in the second course
for a 70-year-old ex-smoker man and required treatment
consisting of 500 mg/d of methylprednisolone for 3 days

TABLE 1. Patient Characteristics (n = 34)
Characteristic No. of Patients (%)
Sex

Male 22 (66)

Female 12 (35)
Age (yr)

Median 61.5

Range 30-84
PS

0 20 (59)

1 14 (41)
Histology

Adeno 29 (85)

Squamous 309

Large 13)

NSCLC, NOS 13
Smoking status L

Never smoker 12 (35)

Ex-smoker 11 (32)

Current smoker 11 (32)
Prior chemotherapy”

1 regimen 23 (68)

2 regimens 11 (32)

Cisplatin-containing 16 (47)

Carboplatin-containing 18 (53)

Nedaplatin-containing 1(3)
Tumor response to prior chemotherapy

CR 0(0)

PR 13 (38)

SD 16 (47)

PD 5(15)
Prior radiotherapy

Thoracic, curative intent 5(15)

Thoracic, palliative 309
Other than thoracic 4 (12)

“ One patient received both cisplatin- and carboplatin-containing regimens as prior
chemotherapy, resulting in 35 platinum regimens for the 34 patients.

NSCLC, non-small cell lung carcinoma; NOS, not otherwise specified; CR, com-
plete response; PR, partial resp SD, stable di PD, progressive disease.

followed by 50 mg/d prednisolone for 12 days. It developed
in the third course for a 73-year-old ex-smoker man and
required treatment consisting of 30 mg/d of prednisolone,
which was tapered off in 4 months. Although they were all
improved by the therapy stated above, two patients, except
for the last patient described above, required home oxygen
therapy. There was no treatment-related death.

Post-Treatment and Survival

Twenty-four patients of the 34 (70.6%) underwent
postchemotherapy, with a median regimen number of 1 (range,
0—4). The regimens included a platinum-containing regimen in
5 patients, EGFR-tyrosine kinase inhibitors in 13, taxanes in 10,
and pemetrexed in 7. Three patients were retreated with a
combination of S-1 and gemcitabine. Aside from chemotherapy,
palliative thoracic irradiation and irradiation of metastatic le-
sions were performed in 4 and 10 patients, respectively. At the
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TABLE 2. Toxicity Profile (n = 34)

Grade®
Toxicity 1 2 3 4 % (3 and 4)
Hematological
Leucocytopenia 5 14 7 0 21
Neutropenia 2 7 13 4 50
Neutropenic fever — — 1 0 3
Hypohemoglobinemia 9 11 5 1 18
Thrombocytopenia 6 6 2 2 12
Nonhematological”
ALP elevation 9 0 1 0 3
Appetite loss 12 5 1 0 3
Fatigue 10 4 1 0 3
Rash 6 2 2 0 6
Stomatitis 3 0 1 0 3
Interstitial pneumonia 0 1 3 0 9
Deep venous thrombosis 0 0 1 0 3

“The worst grade during the entire chemotherapeutic courses in each patient.
© Only nonhematological toxicities including grade 3 and/or 4 are listed.
ALP, alkaline phosphatase.

time of a median follow-up interval of 18 months, 12 patients
were still alive and censored; the median OS and PFS were 19.9
(95% CI: 9.3-22.2) and 6.6 (95% CI: 4.2-7.8) months, respec-
tively, and the 1- and 2-year survival rates were 58.8 and 30.9%,

respectively (Figure 1).

DISCUSSION

In this study, a combination chemotherapy of S-1 with
gemcitabine for second-line setting was evaluated for the first
time. The treatment schedule included S-1 on days 1 to 14
and gemcitabine on days 8 and 15, which was repeated every
3 weeks until disease progression. Satouchi et al. compared
two schedules: S-1 for 14 days combined with gemcitabine
either on days 1 and 8 or days 8 and 15, which were repeated
every 3 weeks for chemotherapy-naive NSCLC patients.
They selected the latter schedule because it showed a ten-
dency of better ORR, OS, and PFS than the former schedule
although not statistically significant.!8

The ORR of 23.5% and disease control rate of 64.7% in
this study seem excellent for second-line therapy for NSCLC.
The ORR exceeded the predefined target ORR of 20%, and
the lowest end of the 95% CI of 9.1% also exceeded the
predefined threshold ORR of 5%. Therefore, the primary end
point of the study was met. Toxicity was mild with neutro-
penia (=grade 3) as the most prevalent toxicity observed in
50% of the patients during the entire treatment course. No-
tably, gastrointestinal toxicities were very rare; appetite loss
and stomatitis (=grade 3) were observed in only one patient
each, and nausea/vomiting (=grade 3) was not observed.
Grade 2 and 3 interstitial pneumonia was observed in one and
three patients, respectively. Although improved in every case,
special attention should be paid to this adverse event with this
regimen. As the protocol required the treatment being re-
peated until disease progression, this mild toxicity profile at
large lead to prolonged treatment for a median of 4 courses
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FIGURE 1. Kaplan-Meier survival curves of the 34 patients
treated with second-line chemotherapy consisting of S-1 and
gemcitabine for overall survival (A) and progression-free sur-
vival (B) times starting from study enrollment. Vertical lines
indicate censored cases.

(range, 1-13 courses) or for a median of 125 days (range,
4-360 days). Although the current standard regimen for
recurrent NSCLC is monotherapy, this combination chemo-
therapy with potential synergism was easily repeated for a
prolonged period, presumably as long as or longer than the
current standard monotherapy, because of its mild toxicity.
Resulting survival data were also excellent with median OS
and PFS of 19.9 (95% CI: 9.3-22.2) and 6.6 (95% CI:
4.2-7.8) months, respectively, and 1- and 2-year survival
rates of 58.8 and 30.9%, respectively. In this research, exten-
sive poststudy chemotherapy that included platinum, EGFR-
tyrosine kinase inhibitors, taxans, and pemetrexed possibly
resulted in good OS; however, the excellent PFS might be
attributed to the combination chemotherapy of S-1 and gem-
citabine. Recent studies addressed the clinical relevance of
maintenance chemotherapy for NSCLC and suggested its
potential benefits.?3-3° Although they were for the front-line
chemotherapy, the excellent PFS in this second-line study is
possibly affected by the prolonged administration of chemo-
therapy with relatively mild toxicity.
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In conclusion, this phase II trial with S-1 and gemcitabine as

a second-line chemotherapy for NSCLC patients previously treated
with a platinum-containing regimen provided an encouraging re-
sponse rate, survival data, and mild safety profile. Long-term che-
motherapy as a consequence of the mild toxicity possibly contrib-
uted to the excellent PFS and OS. Randomized studies further
elucidating this regimen in the second-line setting are warranted.
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