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PHASE I STUDY OF CONCURRENT HIGH-DOSE THREE-DIMENSIONAL
CONFORMAL RADIOTHERAPY WITH CHEMOTHERAPY USING
CISPLATIN AND VINORELBINE FOR UNRESECTABLE STAGE III

NON-SMALL-CELL LUNG CANCER

Ikuo SEKINE, M.D., Pu.D.,* MmNako Sumr, M.D.,Pu.D.,! Yosumori Ito, M.D.,'
Hmenrro HorivoucHr, M.D.,* Hirosur Nokmara, M.D., Pu.D.,* Nosoru YamMamoro, M.D., Pu.D., *
Hipeo Kunrron, M.D., Pu.D.,* Yuicharo Ong, M.D., Pu.D.,* Kaoru Kusota, M.D., Pu.D.,*
AND TomonmbE TaMURA, M.D.*

*Division of Internal Medicine and Thoracic Oncology, National Cancer Center Hospital, Tokyo, Japan; and 'Division of Radiation
Oncology, National Cancer Center Hospital, Tokyo, Japan

Purpose: To determine the maximum tolerated dose in concurrent three-dimensional conformal radiotherapy (3D-
CRT) with chemotherapy for unresectable Stage IIl non-small-cell lung cancer (NSCLC).

Patients and Methods: Eligible patients with unresectable Stage IIT NSCLC, age =20 years, performance status
0-1, percent of volume of normal lung receiving 20 GY or more (V) =30% received three to four cycles of cis-
platin (80 mg/m* Day 1) and vinorelbine (20 mg/m® Days 1 and 8) repeated every 4 weeks. The doses of
3D-CRT were 66 Gy, 72 Gy, and 78 Gy at dose levels 1 to 3, respectively.

Results: Of the 17, 16, and 24 patients assessed for eligibility, 13 (76 %), 12 (75 %), and 6 (25%) were enrolled at dose
Ievels 1 to 3, respectively. The main reasons for exclusion were V,, >30% (n = 10) and overdose to the esophagus
(n = 8) and brachial plexus (n = 2). There were 26 men and 5 women, with a median age of 60 years (range, 41-75).
The full planned dose of radiotherapy could be administered to all the patients. Grade 3-4 neutropenia and febrile
neutropenia were noted in 24 (77%) and 5 (16 %) of the 31 patients, respectively. Grade 4 infection, Grade 3 esoph-
agitis, and Grade 3 pulmonary toxicity were noted in 1 patient, 2 patients, and 1 patient, respectively. The dose-
limiting toxicity was noted in 17% of the patients at each dose level. The median survival and 3-year and
4-year survival rates were 41.9 months, 72.3%, and 49.2%, respectively.

Conclusions: 72 Gy was the maximum dose that could be achieved in most patients, given the predetermined nor-
mal tissue constraints. © 2012 Elsevier Inc.

Lung cancer, Chemotherapy, Radiotherapy, High dose, Conformal.

INTRODUCTION for these patients with unresectable disease (2, 3). A
platinum doublet with a third-generation anticancer agent
combined with thoracic radiotherapy was reported to yield
a median overall survival time (OS) of more than 2 years
and long-term survivors (4—6), but the effect of platinum-
based chemotherapy has reached a plateau.

The failure pattern in patients with Stage Il NSCLC treated
by concurrent chemoradiotherapy was roughly local recur-
rence alone in one third of the patients, both local and distant
recurrence in another third of patients, and distant metastasis
without local failure in the remaining third of patients (2, 5).

Approximately one third of patients with non—small-cell
lung cancer (NSCLC) present with locally advanced Stage
11 disease at the initial diagnosis (1). Of this category, Stage
IIIA disease with bulky N2 and Stage I1IB disease without
pleural effusion are characterized by a large primary lesion
and/or involvement of the mediastinal or supraclavicular
Iymph nodes. In addition, the majority of these patients
have occult systemic micrometastases. Concurrent thoracic
radiotherapy and chemotherapy has been the standard care
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Thus, improvement of local control and suppression of distant
metastasis are essential for prolongation of patient survival.

The conventional total dose of thoracic radiotherapy in
patients with inoperable NSCLC has been 60 Gy adminis-
tered in 30 fractions. This dose was established in 1987 by
randomized Radiation Therapy Oncology Group trials that
demonstrated better 3-year survival with a radiation dose
of 60 Gy than with lower doses (7). In these trials, two-
“dimensional treatment planning was used, wherein the tu-
mor volume was defined on kilovoltage radiographs (7).
Thereafter, the standard initial target volume included the
primary tumor, metastatic lymph nodes, and adjacent unin-
volved ipsilateral hilar and mediastinal regions (elective
nodal irradiation: ENI). Except for selected patients, exces-
sive toxicity hampered an increase of the total dose to over
60 Gy in patients with locally advanced NSCLC.

It is, however, time now to reconsider the optimal dose
of thoracic radiotherapy using new techniques in patients
with locally advanced NSCLC, for the following reasons.
First, positron emission tomography (PET) provides more
accurate diagnosis of mediastinal lymph node metastases
(8) and more accurate quantification of the tumor volumes,
especially when atelectasis is present (9). Second, three-
dimensional conformal radiation therapy (3D-CRT) en-
ables radiation oncologists to delineate the tumor and
adjacent normal tissue more sharply and to choose beam
angles to maximize tumor coverage with minimum irradi-
ation of normal tissues (10). Third, omission of the ENI re-
sulted in improvement of radiation-associated toxicity
without worsening the local control rate of the tumor
(11, 12). Thus, by use of these new techniques, the
optimal dose of thoracic radiation could exceed the
conventional 60 Gy.

Two dose escalation studies in patients with locally ad-
vanced NSCLC showed that the total dose of thoracic radio-
therapy could be increased up to 90 Gy in concurrent
chemoradiotherapy using the 3D-CRT technique combined
with weekly carboplatin and paclitaxel chemotherapy (13,
14). In these trials, chemoradiotherapy was administered
after induction chemotherapy. However, it remained
unclear whether these doses could be delivered safely to
the majority of patients with locally advanced NSCLC,
because it is not known how many patients were screened
for the trials and how many of them were actually
registered, and because some of the registered patients
were excluded from the chemoradiotherapy phase after
induction chemotherapy. The total number of patients
evaluated in the two trials was also limited. Furthermore,
chemotherapy other than weekly carboplatin and paclitaxel
has not been evaluated in the setting of combined
chemotherapy with high-dose thoracic radiotherapy, to our
knowledge. The objectives of the current study were (1) to
evaluate the toxicity of concurrent high-dose 3D-CRT with-
out ENI with cisplatin and vinorelbine for unresectable
Stage III NSCLC, (2) to determine the maximum tolerated
dose (MTD) of thoracic radiotherapy, and (3) to observe
the antitumor effects of this regimen.
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PATIENTS AND METHODS

Study design

This study was designed as a Phase I study at the National Cancer
Center Hospital. The protocol and consent form were approved by
the Institutional Review Board of the National Cancer Center on
July 28, 2005. We planned to treat 12 patients at a dose level and
follow them up at least 6 months, and then escalate to the next level
if 67% of the patients did not experience dose-limiting toxicity
(DLT). We followed widely accepted normal tissue dose con-
straints. Patients with percent volume of the normal lung receiving
20 Gy or more (V) of greater than 30% were excluded and treated
outside the study. Other dosimetric constraints were applied at the
discretion of the treating radiation oncologist. Maximum doses ex-
ceeding 50 Gy to the spinal cord, 66 Gy to the esophagus, or 66 Gy
to the brachial plexus were generally excluded.

Patient selection

Previously untreated patients with locally advanced NSCLC
without effusion were screened for entry into this study. The eligi-
bility criteria were (1) histologically or cytologically proven
NSCLC, (2) unresectable Stage IIIA or IIIB disease confirmed by
both computed tomography (CT) and PET, (3) no previous treat-
ment, (4) measurable disease, (5) Vaq =30%, (6) age =20 years,
(7) Eastern Cooperative Oncology Group performance status (PS)
of 0 or 1, and (8) adequate bone marrow function (white blood
cell [WBC] count =4.0 x 10°/L, hemoglobin =9.5 g/dL, and plate-
let count =100 x 10°/L), liver function (total bilirubin <1.5 mg/dL
and transaminase =80 IU/L), renal function (serum creatinine
=1.5 mg/dL), and pulmonary function (PaO, =70 Torr under
room air). Patients were excluded if (1) they had malignant pleural
or pericardial effusion or (2) they had a concomitant serious illness
such as uncontrolled angina pectoris, myocardial infarction in the
previous 3 months, heart failure, uncontrolled diabetes mellitus, un-
controlled hypertension, interstitial pneumonitis or lung fibrosis
identified by a chest x-ray, infection, or other diseases contraindi-
cating chemotherapy or radiotherapy, or (3) they were pregnant
or breast feeding. All patients gave their written informed consent.

Pretreatment evaluation

The pretreatment assessment included a complete blood cell
count and differential count, routine chemistry determinations, cre-
atinine clearance, blood gas analysis, electrocardiogram, lung func-
tion testing, chest x-rays, chest CT scan, brain CT scan or magnetic
resonance imaging, abdominal CT, and PET.

Treatment schedule

Chemotherapy consisted of cisplatin 80 mg/m? on Day 1 and vi-
norelbine 20 mg/m? on Days 1 and 8, repeated every 4 weeks for
three to four cycles. Cisplatin was administered by intravenous in-
fusion for 60 minutes with 2,500 to 3,000 mL of intravenous fluid
for hydration and prophylactic antiemetic therapy consisting of
a 5-hydroxytriptamine-3 antagonist on Day 1 and a corticosteroid
on Days 1 to 5. Vinorelbine, diluted in 50 mL of normal saline,
was administered intravenously.

Radiation therapy started on Day 1 of the first cycle of chemo-
therapy and was delivered with megavoltage equipment (6-10
MYV) once daily for 5 days a week. The total dose was 66 Gy in
33 fractions at level 1, 72 Gy in 36 fractions at level 2, and 78
Gy in 39 fractions at level 3. All patients underwent a 3D treatment
planning CT 3 to 7 days before the start of the treatment, and the
eligibility was finally confirmed based on evaluation using the
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dose—volume histogram (DVH). The gross tumor volume (GTV)
was defined as the primary tumor delineated on pulmonary win-
dows of the chest CT or on the diagnostic PET scans. Atelectasis
or secondary changes in the peripheral lung region of the primary
tumor were not included. Metastatic lymph nodes defined as nodes
of 1 cm or larger visualized on mediastinal windows of the CT im-
ages or PET-positive lymph nodes were also included in the GTV.
The clinical target volume (CTV) was equivalent to the GTV. Un-
involved mediastinum or supraclavicular fossae were not included
in the CTV. The planning target volume (PTV) was determined as
the CTV plus 1.0 cm for the anterior, posterior, medial, and lateral
margins and a 1.0 to 2.0 cm for the superior and inferior margins,
taking account of setup variations and internal organ motion. The
spinal cord dose was typically limited to 44 Gy, but a maximum of
50 Gy was allowed. The lung Vo was limited to 30% in all pa-
tients. The maximum dose to the brachial plexus and esophagus
did not exceed 66 Gy. The 100% dose was prescribed to the refer-
ence point located in the central part of the PTV, and the entire
PTV was covered with 95-107% of the prescribed dose princi-
pally, but variation of £10% was allowed. Lung heterogeneity cor-
rections using the equivalent path length algorithm were applied in
all patients.

Toxicity assessment and treatment modification

Complete blood cell counts and differential counts, routine
chemistry determinations, and a chest x-ray were performed once
a week during the course of treatment. Toxicity was graded accord-
ing to the Common Terminology Criteria for Adverse Events
(CTCAE v3.0). The lung toxicity grade was defined as the highest
grade among cough, dyspnea, obstruction/stenosis of airways,
pneumonitis/pulmonary infiltrates, and pulmonary fibrosis in the
pulmonary/upper respiratory section (15).

Vinorelbine administration on Day 8 was omitted if any of the
following were noted: WBC count <3.0 x 10%/L, neutrophil count
<1.5 x 10°/L, platelet count <100 x 10°/L, Grade 2-3 elevation of
the serum hepatic transaminase level or total serum bilirubin
levels, Grade 2-3 infection, Grade 2-3 pneumonitis, other =Grade
3 nonhematologic toxicity, body temperature =38°C, or PS of
2-3. Subsequent cycles of cisplatin and vinorelbine chemotherapy
were delayed if any of the following toxicities were noted on Day
1: WBC count <3.0 x 10°/L, neutrophil count <1.5 x 10°/L, plate-
let count <100 x 10°/L., serum creatinine level =1.6 mg/dL., Grade
2--3 elevation of the serum hepatic transaminase level or total se-
rum bilirubin levels, Grade 2-3 infection, Grade 2—3 pneumonitis,
other =Grade 3 nonhematologic toxicity, body temperature
=38°C, or PS of 2-3. If these toxicities did not recover within
6 weeks from Day 1 of the previous cycle of chemotherapy, sub-
sequent cycles of chemotherapy were stopped. The dose of cis-
platin was reduced by 25% in all subsequent cycles if the serum
creatinine level rose to 2.0 mg/dL or higher. The dose of vinorel-
bine was reduced by 25% in all subsequent cycles if any of the fol-
lowing toxicities were noted: WBC count <1.0 x 10°/L, platelet
count <25 x 10°/L, or Grade 3 infection or liver dysfunction. Tho-
racic radiotherapy was suspended if any of the following were
noted: body temperature =38°C, Grade 3 esophagitis, PS of 3,
or suspected radiation pneumonitis. Thoracic radiotherapy was ter-
minated if any of the following were noted: Grade 4 esophagitis,
Grade 3 or 4 pneumonitis, PS of 4, or duration of radiotherapy
of over 62 days (level 1), 67 days (level 2), or 70 days (level 3).
Any protocol-defined treatments were terminated if Grade 4 non-
hematologic toxicities other than transient electrolyte disturbances
or a PS of 4 was noted.

Dose-limiting toxicity and maximum tolerated dose

The DLT was defined as the following toxicities observed during
a 6-month period from the start of treatment: (1) Grade 3 esophagi-
tis, lung toxicity, myelitis, dermatitis associated with radiation, and
cardiac toxicity associated with radiation, (2) Grade 4 nonhemato-
logic toxicity, or (3) treatment termination due to prolonged toxic-
ity. Twelve patients were enrolled at each dose level. All patients
were followed up for at least 6 months to evaluate DLT. During
the period, if none to 4 of the 12 patients experienced DLT, the
next cohort of patients was treated at the next higher dose level.
If 5 or more of the 12 patients experienced DLT, that level was con-
sidered to be the MTD. The recommended dose for Phase II trials
was defined as the dose preceding the MTD.

Response evaluation
Objective tumor response was evaluated according to the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) ver. 1.0 (16).

Follow-up

Patients who completed the protocol therapy were followed up to
monitor toxicity, response, and recurrence. CT of the chest was per-
formed every 2 to 4 months for 1 year, every 6 months for 2 years,
and then yearly for 2 years. The relapse pattern was categorized into
(1) local alone, including relapse from the primary site or the hilar,
mediastinal, or supraclavicular lymph nodes, (2) distant metastasis
alone, including pleural dissemination, pleural and pericardial effu-
sions, and distant metastases, and (3) local and distant.

Statistical analyses

Progression-free survival time (PFS) and OS were estimated by
the Kaplan-Meier method. The PFS was measured from the date of
registration to the date of disease progression or death resulting
from any cause or date of last follow-up. The OS was measured
from the date of registration to the date of death resulting from
any cause or date of last follow-up. Patients who were lost to
follow-up without events were censored at the date of their last
known follow-up. A confidence interval (CI) for the response rate
was calculated by the method used for exact binomial Cls. The
Dr. SPSS II 11.0 software package for Windows (SPSS Japan
Inc., Tokyo, Japan) was used for the statistical analyses.

RESULTS

Registration and characteristics of the patients

From August 2005 to September 2008, 57 patients were
deemed to initially be eligible. Of these, 3 patients were ex-
cluded because idiopathic interstitial pneumonitis (n = 1)
and anemia (n = 2) developed. Explanation of the study us-
ing the consent form was given to 54 patients, and informed
consent was obtained in 51 patients. The 51 patients under-
went 3D treatment planning, and eligibility was finally con-
firmed in 31 patients. Those 31 were enrolled into this study.
A total of 20 patients were excluded as a result of the DVH
evaluation: because of V,, higher than 30% in 10 patients,
overdose to the esophagus in 8 patients, and overdose to
the brachial plexus in 2 patients. Eventually, of 17 patients
assessed as to their eligibility for dose level 1, 16 patients
for dose level 2, and 24 patients to dose level 3, 13 (76%),
12 (75%), and 6 (25%) patients were actually enrolled into
levels 1 to 3, respectively (Fig. 1).
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Level 1 (66Gy)

Level 2 (72Gy)
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Level 3 (78Gy)

Patients assessed
(N=17)

——s Excluded (n=4)
V20 > 30% (n=2)

Patients assessed
(N=16)

Patients assessed
(N=24)

L— Excluded (n=4)
V20 > 30% (n=1)

—— Excluded (n=18)

V20 > 30% (n=7)

Interstitial pneumonitis (n=1)
Patient refusal (n=1)

Hb < 9.5g/dl (n=2)
Patient refusal (n=1)

Over dose to the
esophagus (n=8)
brachial plexus (n=2)

Patient refusal (n=1)

Registered
(N=13, 76%)

Registered
(N=12, 75%)

Registered
(N=6, 25%)

—— DLT not evaluable

(n=1)

Fully evaluable
(N=12)

Fully evaluable
(N=12)

Fully evaluable
(N=6)

Fig. 1. Algorithm illustrating the flow of the patients. Of the 17, 16, and 24 patients assessed for eligibility, 13 (76%), 12
(75%), and 6 (25%) were actually enrolled at dose levels 1, 2, and 3, respectively.

The pretreatment characteristics of the patients enrolled in
this trial are shown in Table 1. The majority of the patients
were in good general condition, with a PS of 0 in 25
(81%) and no weight loss in 26 (84%) patients. Adenocarci-
noma was the predominantly encountered histological char-
acteristic, seen in 23 (74%) patients.

Treatment delivery

The treatment delivery to the patients was fairly good
(Table 2). The planned dose of radiotherapy was adminis-
tered to all patients of all the three dose levels. More than
80% of the patients received three to four cycles of chemo-

Table 1. Patient characteristics

Characteristic n (%)

Sex

M 26 (84)

F 5 (16)
Age (y)

Median (range) 60 41-75)
Performance status

0 25 81)

1 6 (19)
Body weight loss (%)

0 26 (84)

0.1-5.0 2 6)

=5.0 3 10)
Histology

Adenocarcinoma 23 (74)

Squamous cell carcinoma 4 (13)

NSCLC, not otherwise specified 4 (13)
Stage

1A 20 (65)

1B 11 (35)

therapy without or with only one omission of vinorelbine on
Day 8§, regardless of the dose levels.

Toxicity and DLTs

The hematologic toxicity was comparable to that of other
concurrent chemoradiotherapy (Table 3). Grade 4 septic
shock was encountered during the fourth cycle of chemother-
apy in 1 patient enrolled at dose level 1, but it was manage-
able by standard care with antibiotics. Other nonhematologic
toxicities were mild and acceptable.

Table 2. Treatment delivery

Level 1 Level 2 Level 3
(n=13) (n=12) (n="6)
Radiotherapy
Total dose (Gy)
66 13 (100) - -
72 ~ 12 (100) -
78 -~ - 6 (100)
Delay (days)
=5 11 (85) 5(42) 5(83)
6-10 2 (15) 6 (50) 0
11-15 0 1(8) 1(17)
Chemotherapy
No. of cycles
4 6 (46) 6 (50) 4 (67)
3 6 (46) 4 (33) 2 (33)
2 0 1(8) 0
1 1(8) 1(8) 0
No. of VNR omissions
0 10 (77 7 (58) 2(33)
1 C2(15) 4(33) 3 (50)
2 0 0 1(17)
3 1(8) 1(8) 0

Abbreviation: NSCLC = non-small-cell lung cancer.

Abbreviation: VNR = vinorelbine administered on Day 8.
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Table 3. Toxicity

Grade
Level 1 (n=13) Level 2 (n=12) Level 3 (n=16)
Toxicity 2 3 4 (3+4 %) 2 3 4 (3+4 %) 2 3 4 (3+4 %)
Leukopenia 4 6 2 62) 1 3 8 92) 1 3 2 83)
Neutropenia 4 4 4 62) 0 1 10 92) 1 3 2 (83)
Anemia 8 2 2 [€2)) 7 3 1 33) 2 2 0 (50)
Thrombocytopenia 0 0 0 ©) 1 1 0 ®) 0 0 0 )
Febrile neutropenia - 1 0 8) - 3 0 (25) - 1 0 (17)
Infection 0 0 1 ®) 0 1 0 (¢ 2 0 0 0)
Esophagitis 1 1 0 ®) 2 1 0 ®) 0 0 0 (©)
Lung toxicity 2 0 0 (©) 0 0 0 ) 0 1 0 (%))
Anorexia 3 0 0 () 2 2 0 7 0 0 0 ©)
Nausea 3 0 0 ©) 3 0 0 ) 0 0 0 ©0)
ALT elevation 1 1 0 (€3] 0 0 0 ) 1 0 0 ©0)
CRN elevation 7 0 0 ) 4 0 0 ) 0 0 0 )

Abbreviations: ALT = alanine aminotransferase; CRN = creatinine.

Of the 13 patients at dose level 1, one was excluded from
the analysis of the DLT because he received only one cycle
of chemotherapy as a result of the development of cisplatin-
induced renal toxicity. Two (17%) of the remaining 12 pa-
* tients at this dose level developed DLT: Grade 3 esophagitis
in 1 patient and Grade 4 septic shock in the other. At dose
level 2, two (17%) DLTs were noted: Grade 3 esophagitis
in 1 patient and treatment delay by more than 15 days in
the other. One (17%) of the 6 patients at dose level 3 devel-
oped Grade 3 bronchial stenosis without local recurrence of
the disease. This was considered to be a Grade 3 lung toxic-
ity and was counted as DLT. No other DLTs were noted.
Thus, inasmuch as the incidence of DLT was below 33%
at all dose levels, MTD was not reached.

Preliminary efficacy results

Objective responses and survival were evaluated in the 31
patients. Two patients showed complete responses and 27
showed partial responses, which represented a response

-
o
i

e
©
h

e
)
:

(=4
ES
L

Proportion progression-free
e
()
1

0 T T T T 1
0 12 24 36 48 60

Time in months

Fig. 2. Progression-free survival (n = 31). The median progression-
free survival was 11.6 months, with a median duration of follow-up
of 30.5 months (range, 9.0-49.5 months).

rate (95% CI) of 94% (79-99). Disease progression was
noted in 23 patients, and the median PFS was 11.6 months
with a median duration of follow-up of 30.5 (range, 9.0-
49.5) (Fig. 2). The first relapse sites aresummarized in
Table 4. Brain metastasis alone as the first relapse site was
noted in 7 (23%) patients. The median OS was 41.9 months,
and the 2-, 3-, and 4-year survival rates (95% CI) were 83.6%
(65.0-92.8), 72.3% (51.9-85.2), and 49.2% (26.2-68.7), re-
spectively (Fig. 3).

DISCUSSION

This study showed that concurrent 3D-CRT to the thorax
with cisplatin plus vinorelbine chemotherapy was safe
even up to 78 Gy in patients with unresectable Stage III
NSCLC. This does not mean, however, that doses as high
as 78 Gy can be given to all patients with this disease,
because the safety in this study was shown only in highly
selected patients by a PET/CT and DVH evaluation and by
the standard staging procedure. Twenty-five of the 33
patients met the eligibility criteria for enrollment at dose
levels 1 and 2, whereas only 6 of the 24 patients could
be enrolled at dose level 3 in this study—that is, only
one fourth of the patients could be treated with 78 Gy.
Thus, this study showed that 72 Gy was the maximum
dose that could be achieved in most patients given the pre-
determined normal tissue constraints, which forced three
quarters of the enrolled patients at the 78-Gy level to not

Table 4. First relapse sites (n = 31)

Sites n (%)

Local recurrence alone 6 (19)
Local and distant metastasis 6 19)
Distant metastasis alone 11 35)
Brain alone 7 23)
No relapse 8 (26)
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Fig. 3. The median overall survival was 41.9 months, and the 2-, 3-,
and 4-year survival rates (95% CI) were 83.6% (65.0-92.8), 72.3%
(51.9-85.2), and 49.2% (26.2-68.7), respectively.

be eligible on the basis of those normal tissue constraints,
and that the maximum tolerated dose was not determined
because of this issue.

One obstacle to enrolling patients at dose level 3 was that
the lung Vy often exceeded 30% when the total dose was in-
creased to 78 Gy. This lung V5, dose constraint might have
been too strict. According to a recent review, it is prudent to
limit V,q to =30-35% with conventional fractionation, but
there is no sharp dose threshold below which there is no
risk for severe radiation pneumonitis (17). This is partly be-
cause DVH-based parameters will change at specific phases
of the respiratory cycle when CT images for DVH evaluation
have been obtained, there is uncertainty regarding how much
of the bronchus should be defined as lung, and the lung edges
may vary with the CT window level setting. In addition,
patient-associated factors such as age, smoking status,
lung function, and preexisting lung damage may influence
the incidence and severity of radiation pneumonitis (18). If
the threshold of V9 were set at higher than 30% (e.g.,
35%), then more patients would meet the eligibility criteria,
but safety might not be guaranteed. Given that the definite
threshold cannot be determined, a strict constraint should
be introduced. This study showed that the lung toxicity
was acceptable when the V,o was kept within 30%; there-
fore, we decided to use this eligibility criterion for concur-
rent chemotherapy and high-dose radiotherapy for
a subsequent Phase II study.

Another obstacle was overdose to the esophagus and bra-
chial plexus, which were close to the subcarinal (No. 7) and

Volume 82, Number 2, 2012

supraclavicular lymph nodes, respectively, that were fre-
quently involved in patients with advanced NSCLC; there-
fore, the volume of these serial organs were included, in
part, in the PTV in many patients with Stage III disease.
The radiation tolerance doses of these organs have been de-
fined as no higher than 72 Gy when one third of the organs
are included in the irradiation volume (19). However, few
data are available on the radiation tolerance doses of normal
organs in humans; therefore, whether or not radiation doses
above 72 Gy may be tolerated is unknown, especially when
only small percentages of the organs are actually included in
the irradiation volume. Notwithstanding, we do not agree
that the radiation dose can be increased close to the intoler-
able level, because serious radiation toxicity to these serial
organs could be irreversible, frequently leaves severe se-
quelae, and is fatal in some cases.

The toxicity observed in this trial was comparable to that
in our previous study of concurrent chemoradiotherapy with
vinorelbine and cisplatin chemotherapy plus thoracic radia-
tion at a total dose of 60 Gy administered in 30 fractions:
Grade 3-4 neutropenia in 77% and 67% of patients, Grade
3—4 esophagitis in 6% and 12% of patients, and Grade 3-5
lung toxicity in 3% and 7% in the current and previous stud-
ies, respectively (5). This suggests that patient selection us-
ing PET/CT and DVH evaluation may be useful to keep the
toxicity associated with high-dose thoracic radiation within
the range of toxicity induced by conventional-dose thoracic
radiation.

In this study, a remarkably high proportion (74%) of sub-
jects had adenocarcinoma, which may provide an explana-
tion for the high rate of subsequent brain metastases.
Patient selection also affects the treatment efficacy consider-
ably; therefore, it is difficult to compare it between the cur-
rent and previous studies. However, the median PFS of
11.6 months and median OS of 41.9 months sound promis-
ing. We are conducting a Phase II study of concurrent
3D-CRT at a total dose of 72 Gy and chemotherapy with cis-
platin and vinorelbine.

In conclusion, concurrent 3D-CRT with cisplatin and
vinorelbine chemotherapy was feasible up to 72 Gy, in pa-
tients with unresectable Stage Il NSCLC. At the level of
78 Gy, however, only 25% of the patients assessed for eligi-
bility were found to be actually eligible. Thus, 72 Gy in
36 fractions was the maximum dose that could be achieved
in most patients given the predetermined normal tissue con-
straints when administered concurrently with cisplatin and
vinorelbine.
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Risk Factors for Treatment-Related Death Associated with
Chemotherapy and Thoracic Radiotherapy for Lung Cancer
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Introduction: The aim of the study is to evaluate the current status
of treatment-related death (TRD) in lung cancer patients.
Methods: We retrospectively analyzed the incidence and risk fac-
tors of TRD in lung cancer patients who received chemotherapy
and/or thoracic radiotherapy using logistic regression analyses.
Results: Between January 2001 and December 2005, 1225 (222
small cell and 1003 non-small cell lung cancers) patients received
chemotherapy and/or thoracic radiotherapy as the initial treatment.
Of these, 43 patients receiving chemotherapy followed by thoracic
radiotherapy were included into both the chemotherapy-alone and
radiotherapy-alone groups. There were a total of 23 (1.9%) TRDs.
Chemotherapy-related deaths occurred in 7 of 927 (0.8%) patients,
including 4 from drug-induced lung injury, 2 from pneumonia, and
1 from unknown cause. Concurrent chemoradiotherapy-related deaths
occurred in 12 of 245 (4.9%) patients, including 11 from radiation
pneumonitis and 1 from pneumonia. Thoracic radiotherapy-related
deaths occurred in 4 of 96 (4.2%) patients. The incidence of chemo-
therapy-related death was correlated with poor performance status
(odds ratio [OR]: 11.4, 95% confidence interval [CI]: 3.53-37.1), the
presence of hypoxia (OR: 19.3, Cl: 6.06—61.7), hyponatremia (OR:
455, CI: 13.4-154), and treatment with epidermal growth factor
receptor-tyrosine kinase inhibitors (OR: 8.56, CI: 2.48-29.5), whereas
the incidence of concurrent chemoradiotherapy-related death was cor-
related with pulmonary fibrosis (OR: 22.2, CI: 5.61-87.8). Radiother-
apy results were not analyzed because there were too few patients.
Conclusions: TRD occurred in 1.9% of the patients as a result of
treatment-related lung injury in the majority of the cases.

Key Words: Lung cancer, Treatment-related death, Risk factor,
Chemotherapy, Thoracic radiotherapy.
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efore any medical interventions are undertaken in patients

with lung cancer, they must be clearly informed about the
risks and benefits of the intervention(s) and about alternative
treatment options. Careful delivery of this is particularly impor-
tant if the planned treatment may not only result in cure but may
also be harmful. Provision of accurate information to help
patients make the most appropriate decision is therefore crucial.
However, the risks of death from drug toxicity and the inci-
dences of such events tend to be uncertain!~# and also constantly
change with the wide use of newer agents, such as third-
generation chemotherapy agents, and molecular-targeted agents.
In addition, the incidence of treatment-related deaths (TRDs) has
not been thoroughly examined in clinical settings outside of
clinical trials. Prospective clinical trials for poor-risk patients are
often difficult to perform because of poor accrual, reflecting the
reluctance of physicians to subject patients with underlying comor-
bid illness to the toxic effects of chemotherapy and radiation.

Our ultimate goal is to prospectively identify individ-
uals who are at a high risk of TRD so as to provide the most
precise estimation of the possible risks to each patient. In this
study, we retrospectively examined the data of patients with
locally advanced or metastatic lung cancer who were treated
at the National Cancer Center Hospital, Tokyo, Japan, focus-
ing on the risks and incidences of TRD associated with
chemotherapy and radiotherapy.

PATIENTS AND METHODS

Patients

Between January 2001 and December 2005, a total of
1623 lung cancer patients were admitted to the thoracic
oncology ward at the National Cancer Center Hospital. All
patients were admitted in this period to be treated as part of
standard practice in Japan. Patients who received chemother-
apy alone usually stayed in the hospital for 7 to 10 days for
one cycle of chemotherapy, and those who received concur-
rent chemoradiotherapy stayed for 6 weeks. Among these, a
total of 1225 patients who had received first-line chemother-
apy and/or radiotherapy on an inpatient basis were extracted
from the institutional database. Additional details about the
patients, including the diagnostic imaging findings, were then
reviewed from the patients’ medical records. The data of
patients receiving chemotherapy and/or thoracic radiotherapy
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as the initial treatment were evaluated. They included patients
with stage III to IV disease and postoperative recurrent
disease who received chemotherapy; those with stage III
disease who received chemoradiotherapy or radiotherapy
alone; and those with stage III disease who received preop-
erative induction therapy or postoperative adjuvant therapy.
All the patients had been followed for at least 4 weeks after
the completion of treatment.

Treatment Selection

After a thorough evaluation of the operability and/or
curability, the eligibility of each patient for enrollment in an
open clinical trial was determined. Although patient recruit-
ment for protocol treatments is a priority of ours, patients
were free to refuse treatment. If no appropriate clinical trials
were scheduled or under way, the known best standard
treatments were administered.

Best Standard Treatments

For first-line treatment, patients with non-small cell
lung cancer (NSCLC) who were deemed inoperable but
curable with good local control with chemoradiotherapy re-
ceived three to four cycles of cisplatin (CDDP) 80 mg/m? on
day 1 + vinorelbine (VNR) 20 mg/m” on days 1 and 8, every
4 weeks, along with early concurrent thoracic radiotherapy,
usually at a total dose of 60 Gy/30 fractions.5 Sequential
chemoradiotherapy, rather than concurrent chemoradiother-
apy, was offered if the calculated percentage of the total lung
volume receiving radiation in excess of 20 Gy (V,,) was
more than 40%.5 Thoracic radiotherapy alone was selected if
chemotherapy could not be given due to comorbidity. If the
radiation field involved the contralateral hilum or if the
patients had malignant effusion and/or distant metastasis,
platinum doublet therapy was administered; the most com-
mon combination was four cycles of carboplatin (CBDCA)
area under the curve = 6 on day 1 + paclitaxel (PTX) 200
mg/m® on day 1, every 3 weeks.? For limited-disease SCLC,
four cycles of a combination of CDDP 80 mg/m” on day 1 +
etoposide 100 mg/m? on days 1 to 3, every 4 weeks, were
administered concurrently with hyperfractionated thoracic
radiotherapy at a total radiation dose of 45 Gy in fractional

doses of 1.5 Gy, administered twice a day.? In patients with .

extensive-disease SCLC, four cycles of a combination of
CDDP 60 mg/m? on day 1 and irinotecan (CPT) 60 mg/m? on
days 1, 8, and 15, every 4 weeks, were usually administered.’
Radiotherapy was given using megavoltage photons (6—15
MV). The routine radiation schedule without chemotherapy
for locally advanced NSCLC was a total radiation dose of 60
to 66 Gy, or as high as 70 Gy, administered in fractional
doses of 2.0 Gy once a day.

Definition of TRD

Chemotherapy-related death was defined as death oc-
curring within 4 weeks of the completion of treatment,
without clear evidence of any other cause of death, or death
obviously caused by treatment toxicity. Radiotherapy-related
death was defined as death secondary to hypoxia or to
complications of corticosteroid administration after the diag-
nosis of radiation pneumonitis. Steroid therapy was adminis-
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tered based on the attending physician’s discretion, without a
standardized treatment dose or duration, for the management
of radiation-induced lung injury.!°

Definition of Treatment-Induced Lung Injury

The criteria of drug-induced lung injury in this study
were as follows: (1) appearance of new symptoms and radio-
logical abnormalities in the course of chemotherapy with the
onset within a few months of the start of the therapy; (2)
diffuse or multifocal ground-glass opacities and intralobular
interstitial thickening without segmental distribution in com-
puted tomography (CT) scans of the chest; and (3) no evi-
dence of underlying heart disease, infection, or lymphangitic
carcinomatosis. Lung biopsy was not routinely performed in
our hospital because patients were frequently too frail to
undergo biopsy. The criteria of radiation-induced lung injury
were (1) appearance of new symptoms and radiological
abnormalities with the onset within 6 months of the end of
thoracic radiotherapy; (2) opacification, diffuse haziness, in-
filtrates, or consolidation conforming to the outline of the
sharply demarcated irradiated area in CT scans; and (3) a
reduction in lung volume within the irradiated area and linear,
ground-glass opacities or reticular shadows beyond the irra-
diated area developing during clinical course. In contrast, the
criteria of bacterial pneumonia were (1) clinical suspicion of
pneumonia including rapidly developing fever and/or produc-
tive cough; and (2) consolidation spreading through anatom-
ical structure of the lung in CT scans.

Statistical Analysis

We investigated the associations between chemotherapy-
related or concurrent chemoradiotherapy-related death and the
potential risk factors at the time of diagnosis. The following
potential risk factors were investigated: sex, age (=70 years
versus <70 years), performance status (Eastern Cooperative
Oncology Group criteria; 2—4 versus 0—1), smoking history
(presence versus absence), partial pressure of oxygen (70
mmHg = PO, versus >70 mmHg), hemoglobin (Hgb < 13.7
g/dl versus = 13.7 g/dl), platelet (Pt > 367 X 10°/L versus
=367 X 10°/L), albumin (Alb < 3.7 g/dl versus =3.7 g/dl),
sodium (Na < 138 mEq/L versus =138 mEq/L), clinical trial (in
versus out), and chemotherapy regimen (The cutoff values of
hemoglobin, platelet, albumin, and sodium are the institutional
normal limits [above or below]). For concurrent chemoradio-
therapy-related factors, the presence of coincidental diseases
such as emphysema (with versus without) or pulmonary fibrosis
(with versus without) and the location of the primary tumor
(lower lobe versus other lobes) were also included in the anal-
yses. The diagnostic criteria of pulmonary fibrosis were a linear,
ground-glass attenuation or reticular shadows on chest radio-
graphs and CT scans before treatment that were predominant in
the lower zone of the lung. Also, the influence of the chemo-
therapy regimens was evaluated.

In the univariate preliminary analysis, the relation be-
tween previously defined variables at the time of presentation
and the occurrence of the outcome variable (toxic death) was
assessed using the x* test. To adjust for each factor, multi-
variate logistic regression analyses were planned. When the
number of observed events was less than 10, multivariate

Copyright © 2011 by the International Association for the Study of Lung Cancer
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analysis was not performed. When the number of patients for
each factor was small, the factor was excluded from the
model, even when it appeared to be statistically significant.
All the analyses were performed using the STATISTICA 4.1J
program (StatSoft, Inc., Tulsa, OK).

RESULTS

Patient Characteristics

The patient characteristics before treatment are listed in
Table 1. Of the 1225 patients (SCLC: 222; adenocarcinoma:
652; squamous cell carcinoma: 194; NSCLC not otherwise
specified: 111; large cell carcinoma: 7; others: 39), chemo-
therapy alone was administered in 884 patients, concurrent
chemoradiotherapy in 245, sequential chemoradiotherapy in
43, and thoracic radiotherapy alone in 53 patients. To eval-
uate the incidence of TRD among the patients who received
chemotherapy, radiotherapy, or a combination of these mo-
dalities, we included the 43 patients who received sequential
chemoradiotherapy into both the chemotherapy-alone group
and the thoracic radiotherapy-alone group. Therefore, the
patients who received sequential chemoradiotherapy were
regarded as having been exposed to the risks of treatment

twice. The groups were therefore analyzed as chemotherapy
alone in 927 patients, concurrent chemotherapy in 245 pa-
tients, and thoracic radiotherapy alone in 96 patients. In these
groupings, the percentages of patients enrolled in clinical
trials were 62, 53, and 23%, respectively.

Cumulative Incidence and Causes of TRD

The cumulative incidence and causes of TRD are listed
in Table 2. Of the 1225 patients, a total of 23 (1.9%) TRDs
occurred. Chemotherapy-related deaths occurred in 7 of 927
(0.8%) patients, including 4 (0.4%) from drug-induced lung
injury (gefitinib, n = 3 and CBDCA + gemcitabine, n = 1),
2 (0.2%) from pneumonia (CBDCA + PTX, n = 2), and 1
(0.1%) from unknown cause. The patient who died of un-
known cause experienced hemodynamic instability (shock) of
unknown etiology within 24 hours of ingestion of the first
dose of gefitinib (250 mg). No TRDs from sepsis occurred in
this series.

Concurrent chemoradiotherapy-related deaths occurred
in 12 of 245 (4.9%) patients, including 11 (4.5%) from
radiation pneumonitis and 1 (0.4%) from pneumonia during
the last planned cycle of CDDP + VNR. Radiotherapy-

TABLE 1.- Patient Characteristics

Chemotherapy Alone”

Concurrent Chemoradiotherapy  Radiotherapy Alone”

Characteristics (n =927) (n = 245) (n = 96)
Sex

Male 639 201 43

Female 288 44 53
Age

Median (range) 64 (27-86) 59 (18-77) 67 (35-81)
Performance status

0-1 871 245 88

2 140 0 8

34 16 0 0
Stage

i 297 235 71

v 454 2 17

Postoperative recurrence 176 8 8
Histology

Non-small cell carcinoma 760 191 88

Small cell carcinoma 167 54 8
Coincidental lung disease

Pulmonary fibrosis 34 1 4

Pulmonary emphysema 69 30 1
Chemotherapy regimen

Platinum + taxane 368 21 —

Platinum + irinotecan 133 1 —

EGFR-TKI 125 0 —

Platinum -+ etoposide 95 54 —

Platinum + antimetabolite 85 0 _

Platinum + vinca alkaloid 37 168 —

Others 84 1 —_—

“ Forty-thrce patients who received sequential chemotherapy followed by radiotherapy are included in the analysis of both the
chemotherapy-alone group and radiotherapy-alone group, as described in the text.
EGFR-TKI, cpidermal growth factor receptor-tyrosine kinase inhibitor.
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TABLE 2. Treatment-Related Death and Its Cumulative Incidence

Chemotherapy Alone” Concurrent Chemoradiotherapy Radiotherapy Alone®

Characteristics (n =927) (n = 245) (n = 96)
No. of treatment-related deaths 7 12 B 4
Cumulative incidence (%) 0.8 49 4.2
Sex

Male 5 11 . 4

Female 1 0
Age of patients who died of treatment (yr)

Median (range) 69 (46-77) 68 (50-77) 75 (65-77)
Causes

Treatment-induced lung injury 4 11 4

Infectious pneumonia 2 1 0

Unknown 1 0 0
Chemotherapy regimen

Platinum + taxane 2 2 —

EGFR-TKI 4 — —

Platinum -+ antimetabolite 1 — —_

Platinum + etoposide 0 1 —

Platinum + vinca alkaloid 0 8 —

Others 0 1 —

“ Forty-three patients who received sequential chemotherapy followed by radiotherapy are included in the analysis of both the chemotherapy-alone group and radiotherapy-alone

group, as described in the text.
EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor.

related deaths occurred in 4 of 96 (4.2%) patients: all 4
(4.2%) patients died of radiation pneumonitis.

Risk Factors for TRD from Chemotherapy

Statistically significant factors identified by the univar-
iate analysis were a performance status of 2 to 4, hypoxia,
hypoalbuminemia, hyponatremia, out of clinical trials, and
treatment with epidermal growth factor receptor-tyrosine ki-
nase inhibitors (EGFR-TKIs) (Table 3). Although statistically
significant, the degrees of hyponatremia in the events were
neither clinically significant nor symptomatic for the range of
133 to 137 mEg/L. Pulmonary fibrosis and emphysema were
noted in 34 and 69 patients, respectively, among the 927
patients. None of these patients with lung disease died of
treatment in this study. Multivariate analysis was not per-
formed because the number of observed events was too small
n="7.

Risk Factors for TRD from Concurrent
Chemoradiotherapy

None of the factors, except for pulmonary fibrosis, were
found to be statistically significant in the univariate analysis,
although a trend toward increase in the risk of TRD was
observed in patients of advanced age (>70 years) and with
lower lobe as the primary tumor site (Table 4). Pulmonary
fibrosis appeared to be a statistically significant risk factor for
TRD; however, it was excluded from the multivariate anal-
ysis because of its limited incidence. Thus, we did not
perform multivariate analysis for chemoradiotherapy group,
and an analysis of the risk of TRD associated with thoracic
radiotherapy alone was not conducted because of the limited
number of cases.

180

DISCUSSION

We identified a total of 23 TRDs out of the 1225
patients (1.9%) enrolled in this study, which is lower than the
rate (2.7%) indicated in a previous report, particularly in
relation to the number of TRDs from infections, including
pneumonia and sepsis.! The reason for the decrease in the
incidence of infection-related deaths is likely explained by
the infrequent use of triplet regimens when compared with
previous studies. Especially, mitomycin-C-containing regi-
mens are regarded as effective regimens in the treatment of
lung cancer; however, prolonged neutropenia has been ob-
served with these regimens. Ohe et al.! reported that com-
bined mitomycin-C + vindesine + CDDP (MVP regimen)
therapy is a risk factor for chemotherapy-related TRD (toxic
deaths occurred in 9 of 301 patients; odds ratio [OR] = 9.36,
95% confidence interval [CI] = 1.29-68.0, p = 0.027). In
this study, only 35 patients, the majority (89%) of whom were
enrolled in a clinical trial, received the MVP regimen. In the
past, however, the MVP regimen was widely used as part of
practice-based regimens (only 28% recorded under clinical
trials). In most cases, patients who were not eligible for
clinical trials ended up receiving the MVP regimen. Another
reason is the relatively frequent use of EGFR-TKI (in 13.5%
of the patients in this study) at present, which does not induce
myelosuppression. The reduction in the frequency of TRD
might also be explained by a progress in supportive care in
the treatments given for cancer treatment toxicities.

This study revealed that drug-induced lung injury was
the most frequent cause of TRD in the era of molecular-
targeted therapy. Three (75%) of four TRDs from drug-
induced lung injury were associated with gefitinib. The re-

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

-

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



Journal of Thoracic Oncology ® Volume 7, Number 1, January 2012

Treatment-Related Death in Lung Cancer Patients

TABLE 3. Risk Factors for Treatment-Related Death from
Chemotherapy

TABLE 4. Risk Factors for Treatment-Related Death from
Concurrent Chemoradiotherapy

Univariate Univariate
Analysis Analysis
No. of  Cumulative No. of Cumulative
Factors Patients Incidence (%) OR (95% CI) P Factors Patients Incidence (%) OR (95% CI) r
Sex Sex
Female 288 0.8 1 Female 44 2.3 1
Male 639 0.7 1.13 (0.22-5.76) 0.89 Male 201 52 2.41 (0.35-16.6) 037
Age Age (yr)
<70 689 0.6 1 <70 221 4.1 1
=70 238 1.3 2.17 (0.51-9.30) 0.30 =70 24 12.5 3.07 (0.92-10.3)  0.069
PS PS
0-1 870 0.5 1 0 114 53 1
2-4 57 52 11.4 (3.53-37.1) <0.001 1 131 4.6 0.87 (0.29-2.62) 0.81
Smoking history Smoking history
No 271 0.4 1 No 32 32 1
Yes 656 0.9 2.49 (0.30-20.8) 0.40 Yes 213 52 1.65 (0.23-11.9) 0.24
Pa0, (Torr) Fibrosis
=70 812 0.2 1 No 244 45 1
<70 105 4.8 19.3 (6.06-61.7) <0.001 Yes 1 100 22.2 (5.61-87.8) <0.001
Hemoglobin (g/dl) Emphysema
=13.7 371 0.5 1 No 215 4.7 1
<13.7 556 0.9 1.67 (0.33-8.39) 0.54 Yes 30 6.7 1.43 (0.33-6.25) 0.63
Albumin (g/dl) Location of the tumor
=3.7 663 03 1 Other lobes 189 3.7 1
<37 264 1.9 6.28 (1.51-26.1) 0.012 Lower lobe 56 8.9 241 (0.82-7.13) 0.11
AST (1U/L) Histology
=33 831 0.6 1 SCLC 54 1.9 1
>33 96 2.1 3.46 (0.75-16.0) 0.11 NSCLC 191 5.8 3.11 (0.47-20.6) 0.24
Na (mEqg/L) Hemoglobin (g/d1)
=138 819 0.1 1 =13.7 146 4.1 1
<138 108 5.6 455 (13.4-154)  <0.001 <137 99 6.1 1.48 (0.49-4.42) 0.48
Clinical trial Albumin (g/dl)
No 355 1.7 1 =3.7 198 45 1
Yes 572 0.2 0.10 (0.58-0.019)  0.001 <3.7 47 6.4 1.40 (0.40-4.99) 0.6
Platinum + taxane Na (mEq/L)
No 559 0.9 1 =138 219 5.0 1
Yes 368 0.5 0.61 (0.12-3.14) 0.55 <138 26 3.8 0.77 (0.11-5.60)  0.79
EGFR-TKIs Clinical trial
No 802 0.4 1 No 114 53 1
Yes 125 3.2 8.56 (2.48-29.5) 0.001 Yes 131 4.6 0.87 (0.29-2.62) 0.81
Platinum + Platinum + taxane
antimetabolite No 224 45 1
No 842 0.7 1 Yes 21 9.5 225 (0.46-11.0) 032
Yes 85 1.1 1.66 (0.20-13.9) 0.64 Platinum -+ vinca
Multivariate analysis was not performed because the number of observed events alkaloid
was too small (n = 7). No 77 52 1
OR, odds ratio; Cl, confidence interval; PS, performance status; AST, aspartate Yes 168 4.8 0.91(0.27-3.13)  0.88

transaminase; EGFR-TKIs, epidermal growth factor receptor-tyrosine kinase inhibitors.

ported risk factors for interstitial lung disease in NSCLC
patients treated with gefitinib are male sex, history of smok-
ing, and underlying interstitial pneumonitis.!! In this study,
however, none of these factors were associated with TRD
from chemotherapy. Another TRD from drug-induced lung
injury occurred in a patient who received gemcitabine, but

this patient was also free from underlying pulmonary disease.

Multivariate analysis was not performed because only fibrosis was significant in
univariate analysis.

OR, odds ratio; Cl, confidence interval; PS, performance status; NSCLC, non-small
cell lung cancer.

or concomitant use of taxanes, which are reported to be risk
factors for gemcitabine-associated interstitial lung disease.!2

For patients who receive concurrent chemoradiother-
apy, we would like to emphasize the previous finding that the
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presence of evidence of pulmonary fibrosis on a plain chest
x-ray is an extremely strong risk factor for TRD (OR = 166,
95% CI = 8.79-3122, p < 0.001).! In this study, only one
patient with pulmonary fibrosis was identified, and pulmo-
nary fibrosis was not included in the multivariate analysis
because of the small number of patients with this factor,
because we generally exclude patients with evidence of
pulmonary fibrosis on the chest x-ray from consideration of
concurrent chemoradiotherapy. This study also suggested that
advanced age may be a risk factor for TRD. This is consistent
with the results of previous studies.!-!3-15 The association
between advanced age and fatal radiation-induced lung injury
may be explained by the increased likelihood of these patients
developing comorbid lung disease, particularly among pa-
tients with a history of heavy tobacco exposure. A meta-
analysis of chemoradiotherapy using individual data from
1764 patients with locally advanced NSCLC showed that the
benefit of chemoradiotherapy was obtained in elderly patients
(=71 years) as well as in younger patients. However, it might
be assumed that patients who are included in such trials are fit
patients-with minimal comorbidities. In addition, despite the
increase in toxicity that accompanied chemoradiotherapy in
elderly patients, it seemed that they had disease control and
survival rates similar to those of younger patients.'6

In conclusion, TRD occurred in a total of 1.9% of
patients and was caused in the majority of the cases by
treatment-related lung injury. This finding is in clear contrast
with previous reports which suggested that the principal
cause of TRD in lung cancer patients was septic shock.

ACKNOWLEDGMENTS
The authors thank Ms. Mika Nagai for her assistance in
the preparation of this manuscript.

REFERENCES

1. Ohe Y, Yamamoto S, Suzuki K, et al. Risk factors of treatment-related
death in chemotherapy and thoracic radiotherapy for lung cancer. Eur J
Cancer 2001;37:54—63.

2. Morittu L, Earl HM, Souhami RL, et al. Patients at risk of chemother-
apy-associated toxicity in small cell lung cancer. Br J Cancer 1989;59:
801-804.

3. Radford JA, Ryder WD, Dodwell D, et al. Predicting septic complica-
tions of chemotherapy:an analysis of 382 patients treated for small cell

182

fwr

11.

12.

13.

14.

15.

v the international Assoc

ssociation for the Study of Lung Cancer.

lung cancer without dose reduction after major sepsis. Eur J Cancer
1992;29A:81-86.

. Stephens RJ, Girling DJ, Machin D. Treatment-related deaths in small

cell lung cancer trials: can patients at risk be identified? Medical
Research Council Lung Cancer Working Party. Lung Cancer 1994;11:
259-274.

. Sekine I, Noda K, Oshita F, et al. Phase I study of cisplatin, vinorelbine,

and concurrent thoracic radiotherapy for unresectable stage III non-small
cell lung cancer. Cancer Sci 2004;95:691-695.

. Graham MV, Purdy JA, Emami B, et al. Clinical dose-volume histogram

analysis for pneumonitis after 3D treatment for non-small cell lung
cancer. Int J Radiat Oncol Biol Phys 1999;45:323-329.

. Ohe Y, Ohashi Y, Kubota K, et al. Randomized phase III study of

cisplatin plus irinotecan versus carboplatin plus paclitaxel, cisplatin plus
gemcitabine, and cisplatin plus vinorelbine for advanced non-small-cell
lung cancer: Four-Arm Cooperative Study in Japan. Ann Oncol 2007;
18:317-323.

. Takada M, Fukuoka M, Kawahara M, et al. Phase III study of concurrent

versus sequential thoracic radiotherapy in combination with cisplatin
and etoposide for limited-stage small-cell lung cancer: results of the
Japan Clinical Oncology Group Study 9104. J Clin Oncol 2002;20:
3054-3060.

. Noda K, Nishiwaki Y, Kawahara M, et al; Japan Clinical Oncology

Group. Irinotecan plus cisplatin compared with etoposide plus cisplatin
for extensive small-cell lung cancer. N Engl J Med 2002;346:85-91.

. Sekine I, Sumi M, Ito Y, et al. Retrospective analysis of steroid therapy

for radiation-induced lung injury in lung cancer patients. Radiother
Oncol 2006;80:93-97.

Ando M, Okamoto I, Yamamoto N, et al. Predictive factors for inter-
stitial lung disease, antitumor response, and survival in non-small-cell
lung cancer patients treated with gefitinib. J Clin Oncol 2006;24:2549—
2556.

Barlési F, Villani P, Doddoli C, et al. Gemcitabine-induced severe
pulmonary toxicity. Fundam Clin Pharmacol 2004;18:85-91.

Yuen AR, Zou G, Turrisi AT, et al. Similar outcome of elderly patients
in intergroup trial 0096: cisplatin, etoposide, and thoracic radiotherapy
administered once or twice daily in limited stage small cell lung
carcinoma. Cancer 2000;89:1953-1960.

Schild SE, Stella PJ, Geyer SM, et al. North Central Cancer Treatment
Group. The outcome of combined-modality therapy for stage 111 non-
small-cell lung cancer in the elderly. J Clin Oncol 2003;21:3201-3206.
Schild SE, Stella PJ, Brooks BJ, et al. Results of combined-modality
therapy for limited-stage small cell lung carcinoma in the elderly.
Cancer 2005;103:2349-2354.

. Aupérin A, Le Péchoux C, Pignon JP, et al; Meta-Analysis of Cisplatin/

carboplatin based Concomitant Chemotherapy in non-small cell Lung
Cancer (MAC3-LC) Group. Concomitant radio-chemotherapy based on
platin compounds in patients with locally advanced non-small cell lung
cancer (NSCLC): a meta-analysis of individual data from 1764 patients.
Ann Oncol 2006;17:473-483.

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



The official journat of the Japanese Cancer Association

Brain metastases after definitive concurrent
chemoradiotherapy in patients with stage Il lung
adenocarcinoma: Carcinoembryonic antigen as a

potential predictive factor

Hidehito Horinouchi,'? lkuo Sekine,” Minako Sumi,? Yoshinori Ito,? Hiroshi Nokihara,' Noboru Yamamoto,‘

Yuichiro Ohe' and Tomohide Tamura'

Division of Internal Medicine and Thoracic Oncology, ?Division of Radiation Oncology, National Cancer Center Hospital, Chuo-ku, Tokyo, Japan

(Received September 5, 2011/Revised December 26, 2011/Accepted January 5, 2012/Accepted manuscript online February 9, 2012/Article first published online February 20, 2012)

The predictive factors for the development of brain metastases in
patients with stage lll non-small-cell lung cancer receiving concur-
rent chemoradiotherapy remain unclear. Several studies have
suggested adenocarcinoma as a predictive factor of brain
relapses. In the current analysis, we tried to identify the factors
associated with brain metastases in stage Ill lung adenocarci-
noma. The demographic and clinical characteristics, site and date
of recurrence, and date of death were reviewed in patients with
unresectable stage il lung adenocarcinoma who underwent con-
current platinum-based chemoradiotherapy. In total, 116 patients
were identified with a median (range) age of 57 (35-74) years. Of
these, 86 (74%) were men, all patients had platinum-based che-
motherapy, and 100 (86%) received a total dose of 60 Gy in 30
fractions as definitive thoracic radiotherapy. Of the 95 patients
with disease progression or recurrence, 19 (16%) developed brain
metastases as the sole site of initial recurrence. A total of 43
(37%) patients developed brain metastases at some time during
follow-up. Time to brain metastases was significantly associated
with the pretreatment carcinoembryonic antigen (CEA) value,
with a hazard ratio (95% confidence interval) of 2.64 (1.39-5.02,
P = 0.003). Patients who developed brain metastases as the first
recurrent site had marginally better survival (log-rank test,
P = 0.066) than those with metastases other than brain. In con-
clusion, stage Il lung adenocarcinoma patients with an elevated
CEA value before treatment had a higher risk of developing brain
metastases after chemoradiotherapy. Further effort is mandatory
to control brain metastases in this patient population by a thera-
peutic strategy based on the tumor histology and pretreatment
CEA value. (Cancer Sci 2012; 103: 756-759)

R ecent advances in chemotherapy added to radiotherapy
have dramatically improved the prognosis of patients with
inoperable stage III non-small-cell lung cancer (NSCLC). The
current standard treatment for these patients, concurrent tho-
racic radiotherapy and platinum-based chemotherapy, yields a
5-year survival rate of 16-23%, with acceptable acute and late
toxicity.(“ However, many patients still die of recurrent dis-
ease. Brain metastases, as well as loco-regional recurrences,
are the most frequent types of initial failure. Observational
studies in patients with stage III NSCLC who underwent che-
moradiotherapy with or without surgery showed that the first
recurrent site was the brain in only 8-35% of patients, and
brain and other sites in 4-10% of patients, resulting in brain
metastases  as the first recurrent site in 17-43% of
patients.">* Prophylactic cranial irradiation (PCI) has been
tried to eradicate undetectable micrometastases before they
become clinically apparent. Prospective randomized trials

Cancer Sci | April 2012 | vol. 103 | no.4 | 756-759

comparing PCI and observation in patients with locally
advanced NSCLC treated by thoracic radiotherapy with or
without chemotherapy showed a significant reduction in the
development of brain metastases, but no survival benefit in the
PCI arms.®™® Thus, PCI is not indicated for all patients with
stage III NSCLC treated with chemoradiotherapy, but it would
improve prognosis if used to treat selected patients who are
more likely to develop brain metastases. Several clinical
factors have been identified to predict brain metastases in
locally advanced NSCLC patients, but they are inconsistent
among studies.®'" Of these clinical factors, adenocarcinoma
histology was suggested to have a higher risk of brain
relapses.''® The objectives of this study were to identify
factors associated with development of brain metastases in
stage Il adenocarcinoma patients who received concurrent
chemoradiotherapy and to identify potential candidates for
intervention to reduce brain relapses.

Materials and Methods

Patient selection. Patients with unresectable stage III lung
adenocarcinoma who underwent concurrent platinum-based
chemotherapy and thoracic radiotherapy at the National Cancer
Center Hospital (Tokyo, Japan) between 1994 and 2005 were
eligible for this study. Patients treated with sequential chemo-
therapy and thoracic radiotherapy were excluded because we
have considered the standard care for the stage III NSCLC
patients to be concurrent chemoradiotherapy, and therefore, the
sequential treatment was given only to patients with poor gen-
eral condition or to patients who had a tumor too large for
radiotherapy initially but decreasing enough for radiotherapy
after chemotherapy. All patients underwent a systematic pre-
treatment evaluation and standardized staging procedures,
which included physical examination, chest X-rays, CT scans
of the chest and abdomen, a CT scan or MRI of the brain, a
bone scintigram, and blood examinations including tumor
markers.

Data collection and statistical analyses. Sex, age, performance
status, body weight loss, carcinoembryonic antigen (CEA),
clinical stage, nodal status, chemotherapy regimens, total dose
of radiotherapy, tumor responses to treatment, sites and date of
recurrence, and date of death were obtained from a retrospec-
tive medical chart review. As a routine clinical practice, tumor
markers including CEA were examined in every patient eligi-
ble for chemotherapy and chemoradiotherapy before, during,
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and just after the initiation of treatment. Receiver operator
characteristic (ROC) curves and the corresponding area under
the curve (AUC) were used to evaluate the cut points of CEA
values to predict brain metastasis as the sole, or one of the
first, relapse sites. Tumor histological classification was based
on the criteria of the World Health Organization.!” Patients
were staged using the 6th edition of Union for International
Cancer Control TNM classification for lung cancer.

Time to brain metastases was measured from the start of ini-
tial chemoradiotherapy to when the brain metastases were con-
firmed by a brain CT scan or MRI. Although we monitor brain
metastases regularly as a routine follow-up imaging study after
chemoradiotherapy, there might be diversity in the frequency
and methods of monitoring. Patients who did not develop brain
metastases at the last follow-up were censored at that time.
Time to brain metastases was evaluated using the Kaplan—
Meier method, the log-rank test, and Cox’s proportional
hazard model.

Sex, age, performance status, body weight loss, smoking sta-
tus, CEA value, stage, T-factor, and nodal status were included
as covariates in the multivariate analyses (Cox’s proportional
hazard model analyses). All of these analyses were carried out
using STATA 11.1 software for Windows (StataCorp, College
Station, TX, USA).

This study was approved by the president of the National
Cancer Center Hospital. The institutional review board and
ethics review committee decided to exempt this study from the
usual review process because of its retrospective nature.

Results

In total, 116 patients were identified. Females accounted for
26% of the study group. The median age was 57 years. Almost
all patients were in good general condition with a performance
status of 0-1. Of the 116 patients, 63% had tumor factor (T-
factor) 1-2 disease and 93% had nodal factor (N-factor) 2-3
disease. All patients received platinum-based chemotherapy,
and 86% received a total dose of 60 Gy in 30 fractions as
definitive thoracic radiotherapy (Table 1). The response rate
was 82%, median survival time was 24.5 months, and the 5-
year survival rate was 24% in this study group.

Disease progression or recurrence was noted in 95 (82%)
patients. Brain metastases as the sole site of initial recurrence
were noted in 19 (16%) patients, and both brain and other sites
were involved in 17 (15%) patients (Table 2). Of the 19
patients who had isolated brain failure, 10 developed recur-
rences subsequently at additional sites other than the brain,
three died of progressive brain metastases without progression
in other sites, and two developed meningitis carcinomatosa.
Another two patients also died, but the cause of death was not
identified because they were lost to follow-up. Brain metasta-
ses were controlled by radiotherapy in the other two patients.

A total of 43 patients (37%) developed brain metastases at
some time during the course of follow-up. We examined vari-
ous cut points of CEA value and found 20 ng/mL gave a rela-
tively better AUC (56.2%) by the ROC analysis. Time to brain
metastasis was significantly associated with pretreatment CEA
value. The responses of CEA during chemoradiotherapy and
the CEA level just after chemoradiotherapy did not have sig-
nificant correlation with brain relapses. The multivariate analy-
sis using Cox’s proportional hazard model showed that the
hazard ratio (95% confidence interval [CI], P-value) of a CEA
value >20 ng/mL was 2.64 (1.39-5.02, P = 0.003, Table 3)
compared to a CEA value of < 20 ng/mL. Sex, age, perfor-
mance status, body weight loss, smoking history, T-factor,
nodal status, and stage were not associated with the time to
brain metastasis (Table 3). Percentages of patients who devel-
oped brain metastases at 12 and 24 months were 37% and
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Table 1. Characteristics of patients with stage Ili lung adeno-
carcinoma who participated in this study (n = 116)

Characteristic n %
Sex

Female 30 26

Male 86 74
Age (years)

Median (range) 57 (35-74) NA
Performance status

0 36 31

1 79 68

2 . : 1 1
Body weight loss

<4.9% 95 82

>5.0% 21 18
Smoking (pack-years)

<10 29 25

>11 87 75
CEA (ng/mL)

<20 89 77

>20 27 23
Stage

HIA 57 49

1B 59 51
T-factor

1-2 73 63

34 43 37
N-factor

0-1 8 7

2-3 108 93
Chemotherapy type

Cisplatin + vinorelbine 75 65

Cisplatin + vindesine + mitomycin 26 22

Nedaplatin + paclitaxel 8 7

Other combinations 7 6
Total radiation dose (Gy)

60 100 86

<60 16 14

CEA, carcinoembryonic antigen; NA, not applicable; N-factor, nodal
factor; T-factor, tumor factor.

Table 2. Sites of first recurrence in patients with stage Hl lung

adenocarcinoma (n = 95)

Site of recurrence n %

Relapses including brain 36 38
Brain only 19 20
Brain and other sites 17 18

Sites other than brain 56 59

Unknown 3 3

67% in patients with elevated CEA value, and 21% and 32%
in the others (log—rank test, P = 0.01), respectively (Fig. 1).

Overall survival according to the first relapse site is shown
in Figure 2. Patients who developed brain metastases only as
the first recurrent site had marginally better survival (log-rank
test, P = 0.066) compared to those with metastases other than
brain.

Discussion

This study showed that CEA values before treatment were asso-
ciated with time to brain metastasis in patients with stage III

Cancer Sci | April 2012 | vol. 103 | no.4 | 757
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Table 3. Time to brain metastases according to clinical factors in
patients with stage Il adenocarcinoma: Cox proportional hazard
model analysis

Cox proportional hazard mode! (HR [95% CI])

Characteristic

Univariate P-value Multivariate P-value
Sex
Male 1 0.03 1 0.660
Female 2.00 (1.08-3.69) 1.24 (0.48-322)
Age (years)
<57 1 0.17 1 0.110
>58 0.65 (0.34-1.21) 0.58 (0.30-1.13)
Performance status
0 1 0.96 1 0.830
1-2 0.98 (0.53-1.83) 0.92 (0.44-1.92)
Body weight loss (%)
<4.9 1 0.91 1 0.630
>5.0 1.05 (0.47-2.36) 1.25 (0.51-3.05)
Smoking (pack-years)
<10 1 0.01 1 0.290
>11 0.43 (0.23-0.79) 0.58 (0.21-1.59)
CEA
<20 1 0.01 1 0.003
>20 2.17 (1.17-3.99) 2.64 (1.39-5.02)
T-factor
1-2 1 0.39 1 0.880
3-4 0.75 (0.39-1.44) 0.84 (0.37-1.90)
N-factor
0-1 1 0.33 1 0.520
2-3 2.02 (0.49-8.38) 1.40 (0.50-3.88)
Stage
A 1 0.93 1 0.770
B 1.03 (0.57-1.87) 0.85 (0.30-2.46)

CEA, carcinoembryonic antigen; Cl, confidence interval; HR, hazard
ratio; N-factor, nodal factor; T-factor, tumor factor.
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Fig. 1. Cumulative incidence of brain relapse in patients with stage

1it lung adenocarcinoma by carcinoembryonic antigen (CEA) value (ng/
ml). Percentages of patients who developed brain metastases at 12
and 24 months were 37% and 67% in patients with elevated CEA
value, and 21% and 32% in the others (log-rank test, P= 0.01),
respectively.

lung adenocarcinoma who received concurrent platinum-based
chemotherapy and thoracic radiotherapy. This is the first report
showing that the CEA value might be associated with a higher
risk of brain metastases in locally advanced lung adenocarci-
noma.
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Fig. 2. Overall survival in patients with stage lll lung adenocarci-
noma according to the first relapse site. Dashed line, patients who
developed extracranial recurrence with or without brain metastases;
thick line, patients who developed brain relapse only; dotted line,
patients who had no relapse. Patients who developed brain metasta-
ses as the first recurrent site had marginally better survival (log-rank
test, P = 0.066) compared to those with metastases other than brain.

The median survival time (24.5 months) in the present study
seemed better than the results observed in the study of Cox
et al. (median survival time, 12.2—18.9 months) that included
four clinical trials involving chemoradiotherapy. z The
proportion of the participants whose first recurrent sites
included brain metastases (38%, Table 2) in this study was sub-
stantially hiﬁhﬁr than the results observed in the analysis of
Cox et al.'? (16% with adenocarcinoma). Because the concur-
rent chemoradiotherapy with better survival failed to improve
the proportion of brain relapses, the importance of the preven-
tion of brain metastases has increased in this patient group. Fur-
thermore, overall survival in patients who developed brain
metastases as the sole site of the initial recurrence was margin-
ally better than in those with metastases to other sites (log—
rank, P = 0.066, Fig. 2) in our observation of patients with
locally advanced lung adenocarcinoma. In fact, some patients
with only brain relapses as the first recurrent site survived with-
out further metastases after local treatment for the brain lesions.

Prospective randomized trials evaluating the effect of PCI in
patients with locally advanced NSCLC after chemoradiothera-
py showed a significant reduction in the development of brain
metastases, but no survival benefit in the PCI arms.®™® Thus,
it is necessary to identify the clinical factors of patients who
are more likely to develop brain metastases and would be good
candidates for PCI. In retrospective analyses of patients with
locally advanced NSCLC, adenocarcinoma histology was sug-
gested to have a higher risk of brain relapses and be worthy of
more attention concerning brain metastases."'™'® Therefore,
locally advanced lung adenocarcinoma was specifically ana-
lyzed to identify clinical factors predicting brain metastases.

Among patients with disseminated adenocarcinoma without
indications for definitive thoracic radiotherapy, a high CEA
value (over 40 ng/mL) before treatment might be associated
with a higher risk of brain relapses.” The present study
involving patients with locally advanced lung adenocarcinoma
after chemoradiotherapy showed that the CEA value was sig-
nificantly associated with the time to brain metastasis on multi-
variate analysis (Table 3). This result suggested that patients
with stage III lung adenocarcinoma and elevated CEA values
might be good candidates for interventions to prevent brain
metastases.

This study had several limitations. First, the number of
patients included in the analysis was relatively small because
we selected patients with stage III lung adenocarcinoma who
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underwent concurrent chemoradiotherapy. Second, there might
be diversity in the frequency and methods of monitoring brain
metastases because of the retrospective nature of the analysis.
Third, we could not determine significant factors to predict sol-
itary brain relapses which might be cured by prophylactic
brain intervention, mainly because the number of patients with
solitary brain relapse was too small for efficient statistical
analysis.

In conclusion, the present analysis implies that patients with
elevated CEA values before treatment have a higher risk of
developing brain metastases after chemoradiotherapy for
locally advanced lung adenocarcinoma. Further effort is man-
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datory to evaluate the clinical relevance of CEA value to pre-
dict brain relapses and select candidates for prophylactic
interventions in future prospective trials.
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ABSTRACT

Background. Treatment strategy for adenocarcinoma of
the esophagogastric junction (AEG) remains controversial.
The aims of this study are to evaluate results of surgery for
AEG, to clarify clinicopathological differences according
to the Siewert classification, and to define prognostic
factors.

Methods. We retrospectively analyzed 179 consecutive
patients with Siewert type 1, II, and II AEG who under-
went corative (R0O) resection at the National Cancer Center
Hospital East between January 1993 and December 2008.
Results. Patients with AEG were divided according to
tamor: 10 type I (5.6%), 107 type 11 (59.8%), and 62 type 111
(34.6%). Larger, deeper tumors and nodal metastasis were
more common in type III than type Il tumors. No significant
differences were seen in 5-year survival rates among the
three types: type 1 (51.4%), type 11 (51.8%), and type Il
(62.6%). Multivariate analysis showed that depth of tumor
and mediastinal lymph node metastasis were independent
prognostic indicators. The recurrence rate for patients with
mediastinal lymph node metastasis was 87.5%. The risk
factors for mediastinal lymph node metastasis were length
of esophageal invasion and histopathological grade.
Conclusions. Mediastinal lymph node metastasis and
tumor depth were significant and independent factors for
poor prognosis after RO resection for AEG. Esophageal
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invasion and histopathological grade were significant and
independent factors for mediastinal lymph node metastasis.

In Western countries, incidence of adenocarcinoma of
the esophagogastric junction (AEG) is rapidly increasing.
This trend has not occurred in Eastern countries.'™ Siew-
ert’s classification into three types of tumors, proposed in
1996, defines AEG tumors according to the location of the
tumor center in relation to the anatomical esophagogastric
junction (EGJ) line. Characteristics differ for each type,
making the classification useful for determining optimal
treatment strategies.”

Surgical resection with lymphadenectomy is the mainstay
of treatment for AEG. Though AEG consists of tumor arising
from the proximal stomach and distal esophagus, there are
various surgical options. Factors that surgeons need to
consider are whether the esophagectomy should be subtotal
or distal and if it should be combined with total or proximal
gastrectomy via transhiatal or transthoracic approach. Cur-
rently, Siewert’s classification is used to determine treatment
strategy, but the approach is still controversial. An optimal
surgical strategy has yet to be established.

The distribution of the three types of AEG differs mark-
edly between Eastern and Western countries. In Eastern
countries, type Il and III cancers are more common than type
1. In Western countries, however, the distribution is nearly
equal between the three types of adenocarcinoma.™*’ Only a
few studies have addressed clinicopathological features of
AEG in Japan, and most involved only type II and ITI can-
cers.®” One reason for this might be that type I patients at
most Japanese institutions are likely to be treated by the



