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The phase I study consisted of escalating doses of
weekly administration of DOC combined with con-
tinuous 5-FU (250 mg/m%day) and radiotherapy
(2 Gy per fraction: total 60-66 Gy). Dose-limiting
toxicity (DLT) was noted at DOC 10 mg/m? (level 2)
with Grade 4 esophagitis, and the recommended dose
(RD) of DOC was decided to be 7.5 mg/m?."2

In this prospective phase II study, the primary end-
point was antitumor effect and the secondary end-
points were local control rate, time to progression,
survival, and safety for inoperable locoregionally
advanced esophageal cancer.

METHODS
Patient eligibility

Patients were regarded eligible according to the fol-
lowing criteria: a histologically proven malignant
neoplasm of the esophagus; prior chemotherapy
was permitted when it was completed more than 4
weeks earlier; no distant metastases except for
supraclavicular lymph node metastases; no prior
radiotherapy to the sites planned for irradiation in
the present study; evaluable or measurable disease;
18-75 years of age; a performance status of 0 or 1
based on the World Health Organization scale;
adequate bone marrow function (white blood cell
[WBC] count between 3000 and 12 000/mm?, neutro-
phil count > 2000/mm?, platelet count > 100 000/mm?,
hemoglobin > 9.5 g/dL); adequate renal function
(creatinine < 1.5 mg/dL); adequate liver function
(bilirubin < 1.5 mg/dL, aspartate transaminase [AST]
and alanine transaminase [ALT] within 1.5 times the
upper limit of normal for the institution, alkaline
phosphatase within 2.5 times the upper limit of
normal). Written informed consent was obtained
from all participants.

Patients were excluded if any of the following
exclusion criteria were fulfilled: symptomatic infec-
tious disease, pulmonary fibrosis, interstitial pneu-
monia, malignant hypertension, congestive heart
failure, severe coronary artery disease, severe liver
cirrhosis, uncontrolled diabetes mellitus, bleeding
tendency, preexisting symptomatic peripheral neu-
ropathy or edema of greater than grade 2 severity
according to the common toxicity criteria of the
National Cancer Institute (NCI-CTC) version 2.0,
active double cancer, pleural effusion or pericardial
effusion with symptom, history of allergic reaction to
polysorbate 80, pregnancy, or breast-feeding.

The Simon two-stage minimax design was applied
to determine sample size.'® It was calculated on the
basis of an expected response rate of 80% and a
threshold response rate of 60%, with alpha error of
0.05 and beta error of 0.20, and 33 eligible patients
were needed. Considering some deviant cases, the
planned accrual number was set to 35 patients.

Evaluation

Pretreatment examination included a complete blood
count, a biochemical screening profile, a urinalysis,
and an electrocardiogram. Radiological examination
included a chest radiography, barium esophago-
graphy, and computed tomography (CT) of the neck,
thorax, and abdomen. Patients underwent endoscopy
with biopsy of the primary tumor. Additional exami-
nations were performed if there was a clinical indica-
tion. The clinical tumor staging was defined according
to the 7th TNM classification of the International
Union Against Cancer (UICC).!

All patients were examined weekly for symptoms
and performance status, as well as a weekly blood test
during the study period. At the end of CRT and 4
weeks after completion of CRT, upper endoscopy,
barium esophagography, and CT were performed to
assess the response. Toxicity was graded according to
NCI-CTC version 2.0. An adverse event at more than
90 days after the beginning of CRT was defined as
late toxicity.

Treatment plan

The treatment schedule is outlined in Figure 1. All
treatments were performed in the inpatient setting.
DOC 7.5 mg/m?* was diluted in 100 mL of physiologi-
cal saline and infused over 1 hour on days 1, 8, 22,
and 29. DOC was also administrated on day 43 if
possible. Premedication with dexamethasone (8 mg
intravenously) was administered 30 minutes prior to
infusion of DOC. 5-FU 250 mg/m*day was continu-
ously infused for 24 hours on days 1-5, 8-12, 15-19,
22-26, 29-33, 36-40, and 43-45 as shown in Figure 1.
Treatment schedule of radiotherapy was also
shown in Figure 1 with a total dose of 66 Gy deliv-
ered in 2 Gy per fraction. Radiotherapy was per-
formed using 18-MV X-rays. For treatment planning,
a three-dimensional CT simulator was employed. The
target volume (TV) of radiotherapy was determined
according to the distribution of lymph node metasta-
sis due to tumor location.!” TV for cervical and upper
thoracic cancers included the supraclavicular, cervi-
cal, and upper mediastinal lymph nodes. TV for
middle thoracic or lower thoracic cancers included
the cervical, mediastinal, and upper perigastric lymph
nodes. If the cervical nodes were positive by radio-
logical imaging, the supraclavicular lymph nodes
were also included. The primary tumor was included
with a craniocaudal margin of 2-3 cm. After 40 Gy of
irradiation, TV was shrunk to encircle the primary
tumor with a margin of 2-3 cm and swollen nodes
with a surrounding 0.5-1 cm margin.
Administration of DOC was suspended for 7 days
when the white blood cell count decreased to <2000/
mm®, the neutrophil count decreased to <1000/mm?,
or the platelet count decreased to <100 000/mm’.

© 2015 International Society for Diseases of the Esophagus



international Sogiety for
sases of the Esophagus

Definitive CRT using docetaxel and 5-FU 3

Docetaxel Docetaxel
5-FU c.iv. 5-FU c.iv. 5-FU c.i.v.
Day 1 5
Docetaxel Docetaxel (Docetaxel)
8
5-FUc.iv. 5-FU c.i.v. 5-FU c.iv. 5-FU c.i.v.

29

26

Day 22

ER]

36 40 43 45

Fig. 1 Treatment schedule of docetaxel (DOC) and 5-fluorouracil (5-FU) with concurrent radiotherapy. DOC 7.5 mg/m? was
administered on days 1, 8, 22, 29, and 43. DOC was also administrated on day 43 if possible. 5-FU 250 mg/m*day was administered by
continuous infusion for 24 hours. Fractionated radiotherapy was performed with a total dose of 66 Gy delivered in 2 Gy per fraction.

5-FU, 5-fluorouracil; c.i.v., continuous intravenous infusion.

Administration of DOC and 5-FU was suspended for
7 days when serum bilirubin levels were >1.7 mg/dL,
AST and ALT were >1.7 times the upper limit of
normal, alkaline phosphatase was within 2.8 times
the upper limit of normal, or creatinine was >1.7 mg/
dL. CRT was suspended until the resolution of tox-
icity to Grade 1 or less except for esophagitis. CRT
was cancelled when the therapy was delayed more
than 2 weeks.

The study protocol was approved by the Institu-
tional Review Board of Hiroshima University Hospi-
tal. The protocol was discontinued at any time the
patient expressed the desire to discontinue it.

Assessment of response

The responses to CRT of the primary tumor and
metastatic lymph nodes were assessed independently.
Complete response (CR) was defined as the abolition
of all signs of cancer. Partial response (PR) was
defined as over 50% reduction in the sum of the prod-
ucts of the orthogonal diameters of target lesions.
Progressive disease (PD) was defined as >25%
increase in the sum of the products of the orthogonal
diameters of target lesions or the occurrence of novel
lesions. Stable disease (SD) was defined when CR,
PR, or PD was not applicable. The evaluation of CR,
PR, and SD was confirmed when the effect was main-
tained for at least 4 weeks. Treatment effect of the
primary tumor was assessed by modified criteria of
the Japanese Society for Esophageal Diseases.'®
Primary tumors were deemed CR when all visible
tumors, including ulcerations, disappeared for a
minimum of 4 weeks, and there was histologically
cancer-negative status in the biopsy specimens. PR
was defined as reduction in area of the primary tumor
by at least 50% on esophagography. PD was defined
as >25% increase in the tumor area.

Statistics

OS was calculated from the starting date of the CRT
to the date of death or the last follow up. OS was
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calculated according to the Kaplan—-Meier method
and compared using the log-rank test. A P value <
0.05 was considered significant. Data analysis was
performed using SPSS software (version 20.0).

RESULTS
Patients’ characteristics

Patients were recruited from July 1, 2005 to February
29, 2008. It was planned to recruit 35 patients for this
trial, but the trial was closed due to difficulties in
patient recruitment. Eleven thoracic esophageal
cancer patients and five cervical esophageal cancer
patients were enrolled in this study. The patients’
characteristics are shown in Table 1. There were 12
men and 4 women and the median age was 64 years.
Patients’ performance status was evaluated as 0 in 14

Table 1 Patients’ background characteristics

N (%)

Gender

Male 12 (75)

Female 4(25)
Age (range [median}) 44-74 [64]
Performance status

0 14 (87)

1 2(13)
Location of primary tumor

Cervical S(@3D

Upper thoracic 6 (38)

Middle thoracic 5@31)

Lower thoracic 0(0)
Histology

Squamous cell carcinoma 16 (100)

Others 0(0)
UICC clinical TNM stage

T3NIMO cStage IITA 2(13)

T4bNOMO cStage IIIC 2(13)

T4bN1MO cStage 11IC 7 (43)

T3NOMI cStage IV 1 (6)

T4bN1MI cStage IV 4 (25)
Target lesion

Primary tumor 16 (100)

Lymph node 14 (88)




4 Diseases of the Esophagus

The International Socisty for
Disnases of the Esophagus

Table2 Summary of adverse effects

Table 3 Summary of antitumor effects

Grade Primary lesion Metastatic LNs Total
Item 1 2 3 4 CR 7 (44%) CR 5 (36%) CR 5(31%)
PR 8 (50%) PR 8 (57%) PR 10 (63%)
Hematologic toxicities SD 1 (6%) SD 1 (7%) SD 0 (0%)
Leukopenia 1 0 0 0 PD 0 (0%) PD 0 (0%) PD 1 (6%)
Anemia 0 0 0 0 RR 94% RR 93% RR 94%
Thrombocytopenia 0 0 0 0
Nonhematologic toxicities CR, complete response; LN, lymph node; PD, progressive disease;
Esophagitis 7 2 3 2 PR, partial response; RR, response rate; SD, stable disease.
Fever 3 2 0 0
Anorexia 0 0 1 0
Eﬁgﬁgtms % (1) (1) 8 All patients complet;d the prescribed dose of
Liver dysfunction 0 0 0 0 radiotherapy. Twelve patients (75.0%) completed the
Nausea 0 0 0 0  planned cycles of DOC (more than 4) and 5-FU
Pneumonitis 0 1 0 0 P :
Mucositis 0 0 0 0 (more than 6 weeks), while one or two cycles of che-
Pain 0 1 0 o  motherapy had to be reduced in the others mostly by
Fatigue 1 0 0 0 esophagitis. Chemotherapy dose reduction was not

patients and 1 in 2 patients. All patients had
squamous cell carcinoma on pathological examina-
tion. Two patients had clinical stage (cStage) IIIA, 9
cStage IIIC, and 5 cStage IV esophageal cancers.
Target lesions were primary tumors in all patients
and metastatic lymph nodes in 14 patients. Clinical
decisions for CRT were made due to unresectable
adjacent structure invasion (cT4b) in nine patients
(56.3%) and refusal of surgery in seven (43.8%)
including five patients with cervical esophageal
cancer. There was no patient who received prior che-
motherapy and/or radiotherapy, while two patients
with airway invasion were performed prophylactic
esophageal bypass surgery before CRT without resec-
tion of primary or metastatic lesions to minimize a
symptom when an esophago-airway fistula was com-
plicated during or after CRT."

Toxicity and treatment compliance

The adverse events are summarized in Table 2.
Hematologic toxicity was mild; only one patient had
Grade 1 leukopenia. As for nonhematologic adverse
effects, five patients (31%) had Grade 3 or 4
esophagitis. They all needed to be managed by total
parenteral nutrition, and symptoms of esophagitis
resolved in all patients after completion of CRT.
Other nonhematologic Grade 3 or higher adverse
effects were anorexia in one patient (6%) and
esophago-bronchial fistula in one patient (6%). For
the esophago-bronchial fistula, both esophageal and
bronchial stents were inserted 3 weeks after comple-
tion of CRT. Although one patient (6%) developed
Grade 2 pneumonitis at the end of CRT, it was cured
by stopping chemotherapy and steroid administra-
tion. Grade 2 or less fever elevation was observed in
five patients (31%). No treatment-related deaths
occurred.

performed.

Treatment response

The response status by CRT is summarized in
Table 3. The evaluable lesions were 16 primary
lesions and 14 metastatic lymph nodes. For the
primary lesions, seven patients (44%) had a CR, eight
(50%) had a PR, and one had SD (6%). For the
metastatic lymph nodes, five (36%) had a CR, eight
(57%) had a PR, and one had SD (7%). The response
rate in total was 94%, with five CR (31%) and 10 PR
(639%). PD was observed in only one patient with
enlargement of lymph nodes (new lesions) within the
TV of radiotherapy. Accordingly, the local control
rate was 94%.

Survival

The median follow-up period was 71 months. Cur-
rently, four patients are alive without relapse, and
eight patients have died of disease. The patterns of
failure in the eight patients were as follows: four had
lymph node recurrence; two had a relapse of primary
tumor; one had multiple organ metastases; and one
had recurrent disease affecting lymph nodes and
lungs. No patient underwent salvage surgery for
residual or recurrent disease. Two patients died of
metachronous cancer at 46 and 64 months, and two
patients died of intercurrent illnesses without evi-
dence of relapse at 29 and 41 months. The median
time to progression was 20 months. The 3-year and
S-year OS were 44% and 31%, respectively (Fig. 2).
According to the main location of the tumor, no
significant difference was seen in OS between cervical
and thoracic esophageal cancers (P = 0.927).

Late toxicity

During follow up, one patient had Grade 2 radiation-
induced pneumonitis 2 months after completion of
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Fig.2 Overall survival of all patients. The overall 3-year and 5-year survival rates are 43% and 31%, respectively.

CRT, which was cured by steroid therapy. No late
toxicity-related deaths occurred.

DISCUSSION

For esophageal cancer, some CRT regimens includ-
ing DOC have been reported, but a combination of
DOC and 5-FU with radiation is rare, and only a few
neoadjuvant studies have been reported.’*!* Our pre-
vious phase I study was the first report of definitive
CRT using the doublet of DOC and 5-FU." The
combination of DOC and 5-FU was based on the
synergistic effect between them, which was explained
by biochemical modulation,” and high antitumor
activity was shown in a phase I/I1 study for advanced
gastric cancer.'*"

CDDP and 5-FU have been the standard chemo-
therapeutic agents in combination with radiotherapy
for unresectable locally advanced thoracic esopha-
geal cancer. With two to four cycles of CDDP/5-FU
and 45-60 Gy of radiation, a response rate (CR+PR)
of 78-87% and 5-year survival of 7-26% have been
reported in unresectable thoracic esophageal cancer
patients with mainly T4 disease.?"** Major toxicities
were leukopenia, anemia, thrombocytopenia,
esophagitis, and fistula formation. On the other
hand, the reports of definitive CRT for locally
advanced cervical esophageal cancer are limited.
Median survival time (MST) of 16-18 months and
3-year survival of 29-32% have been reported for
CRT using CDDP and 5-FU.»%

As for CRT regimens containing DOC, Font ef al.
reported weekly DOC in combination with 66 Gy of
radiation for unresectable thoracic esophageal
cancer, and MST, 1-year OS, and 3-year OS were 5
months, 22%, and 0%, respectively. Grade 3 or
higher major adverse effects were esophagitis,
© 2015 International Society for Diseases of the Esophagus

leukocytopenia, and anemia.”” Shim et al. used
weekly DOC and CDDP with 54 Gy of radiation for
unresectable esophageal cancer. Median time to pro-
gression and MST were 13.5 and 26.9 months, respec-
tively, and 3-year survival was 27.8%. Grade 3 or
higher major adverse effects were esophagitis,
leukocytopenia, febrile neutropenia, and esophago-
tracheal fistula.?® In addition, Higuchi et al. used
DOC, CDDP, and 5-FU with 50.4-66 Gy of irradia-
tion for unresectable thoracic esophageal cancer.”*
In their latest report, MST was 23 months, and Grade
3 or higher major toxicities comprised leukopenia
(71%), neutropenia (57%), anemia (17%), febrile
neutropenia (38%), anorexia (31%), and esophagitis
(29%).%°

Although the differences in study populations such
as clinical stage or histology make it difficult to
compare previous results with those of the current
study, the present result with 3-year survival of 43.8%
in unresectable advanced cancer of the cervical and
thoracic esophagus compares favorably with previ-
ous studies. Hematologic toxicity was very mild, but
esophagitis (Grade 3 or higher) occurred in 31.3% of
cases. In addition to DOC, incorporation of 5-FU,
which is also associated with mucosal damage, might
be responsible for the high frequency of esophagitis.

The present study is limited by the number of
patients included due to difficulties in patient recruit-
ment. A large-scale study would be needed to
truly evaluate the clinical outcome of this novel
CRT regimen, but the number of patients with
unresectable esophageal cancer receiving definitive
CRT is limited, and a large trial is not expected.
Another issue complicating comparisons of outcomes
with other studies is the mixed population with cer-
vical and thoracic esophageal cancers. However,
there was no difference in survival between cervical
and thoracic esophageal cancer patients in this study.
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In addition, we had performed prophylactic esopha-
geal bypass surgery in two patients with airway inva-
sion before definitive CRT to minimize an adverse
effect when an esophago-airway fistula was compli-
cated. This strategy is unique and might affect the
clinical results of CRT. As primary tumor and meta-
static lesions were not resected in esophageal bypass
surgery, an effect on clinical outcome of following
CRT was considered to be minimal."”

In our phase I study, DLT was Grade 4 esophagitis
and RD of DOC was determined to be 7.5 mg/m?."
This dose is considerably lower than in other trials
using DOC as part of CRT. We consider that DOC
acts as a radiosensitizer and biochemical modulator
of 5-FU, rather than as an anticancer agent in our
regimen. A modest dose of DOC would preserve
bone marrow function, and it resulted in a very low
rate of hematologic toxicities. In addition, esopha-
geal cancer patients sometimes have decreases in
renal function, and CDDP is not applicable for them.
This CRT protocol might be considered as an alter-
native to CDDP and 5-FU in patients with inad-
equate bone marrow or renal dysfunction.

In conclusion, a novel CRT using DOC and 5-FU
with concurrent radiotherapy could be performed
safely, and it appears to have a favorable antitumor
effect for locally advanced ESCC.
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Abstract

Background The long-term outcomes of definitive con-
current chemoradiotherapy for patients with esophageal
submucosal cancer without regional and distant metastasis
were retrospectively analyzed.

Methods Patients with histologically confirmed esopha-
geal submucosal cancers without regional and distant
metastasis who received definitive concurrent chemo-
radiotherapy from 2001 to 2011 were included. Radia-
tion therapy of a median total dose of 60 Gy/30 fractions
(range, 54-66 Gy) with elective nodal irradiation of 40 Gy
was combined concurrently with 5-furuorouracil-based
chemotherapy.

Results Thirty-six patients (33 men and 3 women) aged
from 45 to 80 years (median, 67 years) were assessed.
All patients had squamous cell carcinoma. With a median
follow-up time of 61 months, the 5-year overall survival,
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disease-free survival, and locoregional failure-free survival
rates were 86 % [95 % confidence interval (CI), 74-99 %],
59 % (95 % CI, 42-77 %), and 90 % (95 % CI, 79-100 %),
respectively. Late toxicities of grade 3 pleural effusion in
2 patients, grade 4 pericardial effusion in 1 patient, and
grade 5 pneumonitis in 1 patient were observed. Metachro-
nous esophageal cancer was observed in 8 patients (22 %).
Among them, 6 patients with mucosal legions were sal-
vaged by endoscopic resection.

Conclusion Our long-term results of concurrent chemo-
radiotherapy (CCRT) for patients with esophageal submu-
cosal cancer showed acceptable toxicities and favorable
locoregional control and survivals while maintaining organ
preservation.
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Introduction

Mucosal and submucosal cancers constitute two forms of
superficial esophageal cancer. Most mucosal cancers are
potentially curable by endoscopic resection alone. How-
ever, submucosal cancers have a high risk of lymph node
(LN) metastasis, so treatments for primary tumors and
occult regional LN metastasis, such as surgery or definitive
radiotherapy, are needed.

Intraluminal brachytherapy (IBT) combined with exter-
nal-beam radiotherapy (EBRT) was used as the radiothera-
peutic method of choice for superficial esophageal cancer
in Japan in the 1990s. The efficacy of this radiotherapeutic
method has been reported by several authors [1-5], but its
superiority to EBRT alone is controversial. On the other
hand, recently, the effectiveness of concurrent chemora-
diotherapy (CCRT) for early-stage esophageal cancer has
been studied, and promising results have been reported [6,
7]. The survival rates from these studies were equivalent to
those of surgery.

At our institution, IBT combined with EBRT was com-
monly used for treating superficial esophageal cancer in the
1990s. We previously reported long-term treatment results
in patients with superficial esophageal cancer who received
IBT combined with EBRT [8]. Those results showed a
clear difference in clinical outcomes between mucosal and
submucosal cancers, and we concluded that more intensive
treatment should be considered for submucosal cancers.
Thus, since 2001, we have performed CCRT to improve
treatment results for patients with submucosal cancer. In
the present study, we retrospectively analyzed the long-
term treatment outcomes after a median follow-up period
of more than 60 months in patients who received definitive
CCRT for esophageal submucosal cancer.

Materials and methods
Eligibility criteria

In total, 36 patients were included in this study. Patients
were considered eligible for this retrospective analysis on
the basis of the following criteria: histologically confirmed
esophageal cancer; submucosal cancer diagnosed by endo-
scopic ultrasonography; no regional or distant metastasis
diagnosed by cervical, thoracic, and abdominal computed
tomography (CT) scan; age <80 years; World Health
Organization scale performance status of 0-2; radiother-
apy with a dose >50 Gy performed with radical intent;
administration of concurrent chemotherapy; and treatment
performed from 2001 to 2011. A threshold of 5-mm short-
axis diameter was used for determination of positive LN
metastasis. Patients who had undergone previous treatment
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for malignancies in the past were included, excluding those
who had undergone thoracic radiotherapy. Written and
informed consent for CCRT was obtained from each patient
before treatment. This retrospective analysis was approved
by the institutional review board.

Treatment

Radiotherapy was performed by using a megavoltage pho-
ton beam (6-18 MV). The gross tumor volume (GTV) was
defined as the total volume of the primary tumor. Before
performing a planning CT, metallic clips were placed endo-
scopically to indicate the craniocaudal extent of the lesion.
The clinical target volume for the primary lesion (CTV-p)
was defined as a GTV with a 1.5- to 2-cm margin in the
longitudinal direction. The clinical target volumes for sub-
clinical regional LNs (CTV-s) according to primary tumor
sites were cervical, supraclavicular, and upper mediastinal
LNs for cervical tumors; supraclavicular, upper mediasti-
nal, and middle mediastinal LNs for upper thoracic tumors;
and upper to lower mediastinal and perigastric LNs for
middle thoracic or lower thoracic tumors. The planning tar-
get volumes for primary tumor (PTV-p) and for subclini-
cal regional LN area (PTV-s) were defined as clinical target
volumes with a 0.8- to 1.5-cm margin. Three-dimensional
radiotherapy treatment planning was performed for all
patients. Multi-portal beams were used for reducing the
dose to the heart, if possible. The planned dose prescription
of EBRT was 60-66 Gy at 2.0 Gy per fraction for PTV-p
and 40 Gy for PTV-s. The spinal cord never received
>40 Gy in either plan.

Administration of chemotherapy was performed after
pretreatment evaluation of blood cell count, liver function,
renal function, and cardiac function. Selection of chemo-
therapeutic regimens and dosages was determined accord-
ing to the protocol at that time, the patients’ renal function,
cardiac function, age, and general condition.

Analysis

Treatment response was evaluated at 10-260 days (median,
42 days) after completion of CCRT. Complete response
(CR) was defined as the disappearance of malignant cells
in the primary site on endoscopic biopsy. Follow-up exami-
nations were performed at 4-month intervals for the first
year typically and at 6-month intervals thereafter. Follow-
up examinations included physical examinations; complete
blood cell count; blood chemistry profiles; endoscopy; and
CT of the neck, chest, and abdomen. Overall survival (OS)
was defined as the time period from initiation of CCRT
to death from any cause. Disease-free survival (DFS) was
defined as the time from initiation of CCRT to progression
of disease, death for any reason, diagnosis of new double
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cancer, progression of known double cancer, or diagnosis
of esophageal metachronous cancer. Locoregional failure-
free survival (LFS) was defined as the time period from
initiation of CCRT to locoregional failure of esophageal
cancer. Esophageal metachronous cancer was defined as
the secondary cancer detected in different site from the
primary lesion after CCRT by endoscopy and was not
included in local failure in this analysis. The Kaplan—-Meier
method was used to calculate survival rates. The log-rank
test was used to compare survival curves in univariate anal-
ysis. Multivariate analysis was performed using Cox’s pro-
portional hazards model. A p value <0.05 was considered
to indicate statistical significance. The Common Terminol-
ogy Criteria for Adverse Events (version 3.0) were used to
assess toxicities. Acute toxicity was defined as the events
that occurred within 3 months from initiation of CCRT and
late toxicity as the events that occurred after 3 month from
initiation of CCRT.

Table 1 Patient and tumor characteristics

Characteristics
Gender
Male 33 (92 %)
Female 3 (8 %)
Age (years)
Range 45-80
Median 67
Performance status
0-1 32 (89 %)
2 4(11 %)
Operability
Inoperable 17 (43 %)
Operable 19 (57 %)
CVD history
Yes 4 (11 %)
No 32 (89 %)
Double cancer history
Yes 18 (50 %)
No 18 (50 %)
Histology
Squamous cell 36 (100 %)
Tumor location
Cervical 5(14 %)
Upper thoracic 308 %)
Middle thoracic 20 (56 %)
Lower thoracic 8 (22 %)
Tumor length (cm)
Range 1-8
Median 4

CVD cardiovascular disease

Results
Patient and tumor characteristics

The patient and tumor characteristics are summarized in
Table 1. Seventeen patients were judged medically inoper-
able, and 19 operative patients declined surgery. Previous
double cancers were observed in 18 patients with 21 malig-
nancies. These malignancies were distributed as follows: gas-
tric cancer in 6 patients, head and neck cancer in 5 patients,
colorectal cancer in 4 patients, hepatocellular carcinoma in 3
patients, esophageal metachronous cancer in 2 patients, and
renal cell carcinoma in 1 patient. All previous double cancers
were treated before CCRT, and there was no active lesion at
the beginning of CCRT. Patients were judged medically inop-
erable according to the following factors: main factors were
concurrent illnesses including heart disease in 3, pulmonary
disease in 2, and liver disease in 1, advanced age of 76 years
or older in 7, and history of surgery for double cancer, hepa-
tocellular carcinoma in 2 and gastric cancer in 2.

Treatment

The median total dose of irradiation was 60 Gy in 30 frac-
tions (range, 54-66 Gy). Elective nodal irradiation was
performed in 30 patients, and another 6 patients received
irradiation only for PTV-p in consideration of their general
condition, past history, and other factors. Two patients who
needed reduction of chemotherapeutic intensity because of
toxicity received a late-course accelerated hyper-fractionated
schedule, 40 Gy at 2.0 Gy per fraction for PTV-s followed by
21-24 Gy at 1.5 Gy/fraction (twice a day) for PTV-p.
Selection of chemotherapeutic regimens was determined
according to the protocol at that time including fluorouracil
(5-FU)/nedaplatin (n = 16), 5-FU/docetaxel (n = 3), and
5-FU/cisplatin (n = 15). For the combination of 5-FU and
cisplatin/nedaplatin, 700 mg/m%day of 5-FU on days 1-4
and days 29-32 and 70 mg/m*day of cisplatin/nedaplatin
on days 1 and 29 were administered. For the combination
of 5-FU and docetaxel, 250 mg/mzlday of 5-FU on the first
5 days of 4 consecutive weeks and 7.5 mg/m?/day of doc-
etaxel on days 1, 8, and 22 were administered. Dosages of
chemotherapeutic agents were reduced by 30-50 % accord-
ing to the patients’ renal function, cardiac function, age,
and general condition, when necessary. Two patients who
were judged unsuitable for use of protocol regimens were
administered 5FU/carboplatin (in 1) and oral TS1 (in 1).

Survival and failure pattern
The clinical data were updated in March 2014. The median

follow-up times were 61 months (range, 5127 months) for all
patients and 67 months (range, 18-127 months) for survivors.
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Fig. 1 The 5-year OS, DFS,

and LFS rates were 86 % (95 % 1.00 =

ClI, 74-99 %), 59 % (95 % CI,
42-77 %), and 90 % (95 % CI,
79-100 %), respectively. OS 0.80
overall survival, DFS disease-
free survival, LFS locoregional
recurrence-free survival for all
patients

0.40 -

Survival rates

0.20 -

0.00

- DFS
- LFS

0

Number at risk

0s 36
DFS 36
LFS 36
Table 2 Prognostic factors
Factors 5-year OS (%) p value
UVA MVA
Age (years)
<67 92 0.20 0.52
>67 81
Performance status
0-1 89 0.46 -
2 67
Gender
Male 85 0.37 -
Female 100
Operability
Yes 95 0.13 0.12
No 87
Double cancer history
Yes 86 0.56 -
No 87
Tumor location
Ce-Ut 100 0.09 0.09
Mt-Lt 81
Tumor length
<4 cm 84 0.53 -
>4 cm 89

OS overall survival, Ce cervical esophagus, Ut upper thoracic esopha-
gus, Mt middle thoracic esophagus, Lt lower thoracic esophagus,
UVA univariate analysis, MVA multivariate analysis

The 5-year OS, DFS, and LFS rates were 86 % (95 % CI,
74-99 %), 59 % (95 % CI, 42-77 %), and 90 % (95 % CI,
79-100 %), respectively (Fig. 1). The prognostic factors are
summarized in Table 2. The univariate and multivariate analy-
ses did not show any significant factor associated with OS.

@ Springer

12 24 36 48 60 72 84 9% 108 120
Time from treatment (months)

35 33 27 22 19 14 8 4 1 1
32 27 22 15 13 8 4 2 1 1
34 32 26 21 18 14 8 4 1 1

Of the 36 patients, 35 (97 %) achieved CR. Failures were
observed in 3 patients (8 %): local failure in 1 (3 %), dis-
tant failure in 1 (3 %), and regional and distant failure in 1
(3 %). In the patient with local failure, a mucosal lesion was
detected at the primary site 8 months after CCRT and was
salvaged by endoscopic resection. The patient who suffered
concurrent distant LN metastases in the supraclavicular fossa
and abdominal paraaortic region (both sites were outside
the RT field) at 45 months after CCRT also underwent sal-
vage surgery and postoperative CCRT. The patient who suf-
fered regional and distant metastasis 63 months after CCRT
received best supportive care and was alive with disease at
the last follow-up of 67 months after the initial treatment.

Metachronous esophageal cancer

Metachronous esophageal cancer was observed in eight
patients (22 %). The median duration from the end of
treatment to diagnosis of the metachronous tumor was
52.5 months (3-97 months). The tumor depth level was
mucosal in six patients, submucosal in one patient, and
muscularis propria in one patient. All six patients with
mucosal lesions were salvaged by endoscopic resection.
The patient who had a submucosal lesion concurrently
suffered leukemia and received the best supportive care
because of low performance status and older age. The
patient who had a muscularis propria lesion in the cervical
esophagus outside the irradiated field was salvaged by per-
forming definitive CCRT.

Toxicity
The toxicities are summarized in Table 3. Grade 3 acute

toxicities of esophagitis, leucopenia, and thrombocyto-
penia occurred in 5 (14 %) patients, 11 (31 %) patients,
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Table 3 Toxicities

No. of patients (%)

Grade 2 Grade 3 Grade 4 Grade 5

Acute

Esophagitis 15 (42) 5(14) 0(0) 0(0)

Leucopenia 14 (39) 11 (3D 0(0) 0

Thrombocytopenia 3(8) 13 0(0) 0(0)

Renal function 3(8) 0(0) 0 () 0(0)

Liver function 1(3) 0 0 0(0)
Late

Esophageal stenosis 4(11) 0 00 00

Pleural effusion 3(8) 2 (6) 0(0) 0 (0)

Pericardial effusion 0(0) 0(0) 13 0 (0)

Pneumonitis 0(0) 00 0(0) 1(3)

and 1 (3 %) patient, respectively. Grade 4 or higher  Discussion

acute toxicities were not observed. Grade 3 or higher
late toxicities of pleural effusion, pericardial effusion,
and radiation pneumonitis were observed in 2 (6 %)
patients, 1 (3 %) patient, and 1 (3 %) patient, respec-
tively. Among them, pericardial effusion was grade 4,
and pneumonitis was grade 5. One patient with grade
3 pleural effusion had a history of myocardial infarc-
tion before receiving CCRT and did not select surgery
because of older age and cardiac dysfunction. In this
patient, a local remnant tumor was detected by endo-
scopic biopsy at 3 months after CCRT, and he received
salvage surgery on request. However, no cancer was
detected in the surgical specimen. After surgery, this
patient suffered symptomatic pleural effusion. The other
patient with grade 3 pleural effusion received CCRT
for cervical esophageal cancer and suffered from pleu-
ral effusion resulting from hypothyroidism; he received
thyroid hormone and pleurodesis therapy at 37 months
after CCRT and was still alive at 87 months. The
patient with grade 4 pericardial effusion was inoperable
because of low pulmonary function caused by severe
emphysema at the diagnosis of esophageal cancer; he
received pericardial fenestration to treat the pericardial
effusion at 31 months after CCRT and was still alive
at 68 months. Although the patient who suffered pneu-
monitis at 3 months after CCRT received steroid pulse
therapy, he died of pneumonitis (grade 5).

There was one patient who possibly developed a treat-
ment-related second malignancy. As already mentioned,
the patient who had a metachronous submucosal lesion
concurrently suffered leukemia at 67 months from CCRT
and received the best supportive care because of low per-
formance status and older age. There was no other second
malignancy in the irradiated volume.

In this study, we retrospectively analyzed the long-term
treatment outcomes in patients who received definitive
CCRT for esophageal submucosal cancer without regional
and distant metastasis. With a median follow-up of more
than 60 months, the 5-year OS and LFS rates were 86 %
(95 % CI, 74-99 %) and 90 % (95 % CI, 79-100 %),
respectively. We suggest that CCRT for esophageal submu-
cosal cancer can achieve a high rate of locoregional control
and provide favorable OS while preserving organs.

With advances in endoscopic techniques, there has been
an increase in the number of early-stage esophageal can-
cers being treated. According to a report by the Registry of
Esophageal Carcinomas in Japan, stage I cancers accounted
for 27 % of all esophageal cancers in 2004 [9]. Stage I
cancers are divided into mucosal and submucosal cancers,
and pathological analyses have shown significant differ-
ences in the rates of LN metastasis between them (0-6 %
vs. 38-53 %, respectively) [10-15]. Endoscopic resection
is now widely used as the standard treatment for mucosal
cancer. Recently, endoscopic submucosal dissection (ESD)
has been developed and increasingly performed as an
alternative technique to conventional endoscopic mucosal
resection (EMR). ESD achieved a higher rate of complete
en bloc resection and lower recurrence rates than those of
EMR, irrespective of tumor size or shape [16]. Thus, most
mucosal cancers are potentially curable by endoscopic
resection alone, and no additional treatment is needed. On
the other hand, for submucosal cancer with a greater risk
of LN metastasis, treatments for local esophageal tumors
and occult regional LN metastasis are needed. Moreo-
ver, once LN metastasis is developed macroscopically,
the treatment results become remarkably worse [9]. The
standard treatment for patients with submucosal disease is
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esophagectomy with extended lymphadenectomy. Several
reports have shown that the 5-year OS rates of esophagec-
tomy were approximately 64-74 % with acceptable mor-
bidity [12, 16, 17]. However, organ and functional impair-
ments of varying severity are inevitable for patients who
undergo esophagectomy. Therefore, patients with concur-
rent illness or of older age often receive radical RT.

IBT combined with EBRT is an optional RT method
for treatment of esophageal submucosal cancer in Japan.
Although its efficacy has been reported by several authors
[1-5], the study group of the Japanese Society of Thera-
peutic Radiology and Oncology (JASTRO) reported no
advantage when a combination of IBT and EBRT was com-
pared with EBRT alone [19]. Moreover, according to the
Japanese Patterns of Care Study of RT for esophageal can-
cer, the performance rate of IBT in the treatment of esopha-
geal cancer has decreased [20]. In our previous report of
long-term results of this RT method [8], the 5-year locore-
gional control and OS rates for mucosal cancer were 75 %
and 84 %, respectively, and those for submucosal cancer
were 49 % and 31 %, respectively. We concluded that more
intensive treatment should be considered for submucosal
cancer.

CCRT has become the standard nonsurgical treatment
for locally advanced esophageal cancer because rand-
omized controlled trials have demonstrated the efficacy of
CCRT [21-23]. Recently, the efficacy of CCRT for treating
early-stage esophageal cancer has been studied. Yamada
et al. [6] reported that the 5-year OS rate of CCRT for stage
I esophageal cancer was 66.4 %. Kato et al. [7] reported the
outcome of a phase II trial of CCRT in patients with stage
I esophageal cancer that was conducted by the Japan Clini-
cal Oncology Group (JCOG9708). In their study, the 4-year
OS rate was reported to be 80.5 %. In our present study, the
5-year OS was 86 % (95 % CI, 74-99 %), and the LFS was
90 % (95 % CI, 79-100 %). These results were much better
than our previous results for IBT combined with EBRT in
patients with submucosal cancer (5-year OS, 31 %; 5-year
locoregional control rate, 49 %) [8]. We believe that CCRT
is able to achieve a high locoregional control rate and pro-
vide favorable OS for patients with submucosal cancer.
Moreover, the survival rates in this study were comparable
to those of surgery while preserving organs. For the com-
bination of CCRT and IBT boost, the Radiation Therapy
Oncology Group Study (RTOG 9207) has reported its
association with a high incidence of esophageal fistula and
absence of clear benefits of IBT boost in terms of tumor
response, local control, or patient survival rates [24]. The
standard chemotherapeutic regimen in CCRT is a combina-
tion of 5-FU and cisplatin. However, patients who receive
CCRT are sometimes judged unsuitable for this regimen
for reasons of comorbidities, poor organ function, older
age, and so on. We mainly used 5-FU/cisplatin and 5-FU/
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nedaplatin per protocol during the period of this study, but
we did not compare between these protocols because of the
small number of patients.

Metachronous esophageal cancer is an important issue in
patients who have received organ preservation treatment for
esophageal cancer. The occurrence rates of metachronous
cancer after endoscopic resection have been reported to be
13-14.6 % [25, 26]. In the present study, the metachronous
esophageal cancer rate was 22 %, and six of these cancers
were detected as mucosal lesions and successfully salvaged
by endoscopic resection. We consider that detection of
metachronous cancers as superficial lesions by using close
endoscopic observation is very important.

RT induces effects on various portions of the heart,
such as the pericardium, myocardinm, and coronary
artery [27]. Serious cardiopulmonary toxicities have been
reported when using CCRT to treat esophageal cancer
[28]. In our study, grade 3 pleural effusion was observed
in two patients (5 %), and grade 4 pericardial effusion was
observed in one patient (3 %). Two of these three patients
had a history of cardiopulmonary disease at the beginning
of CCRT and were, therefore, inoperable. We think that
the occurrence rate of cardiopulmonary toxicities in this
study was acceptable; however, it is important to decrease
the irradiation dose to the heart as much as possible. When
using three-dimensional conformal RT, plans using multi-
portal beams should be followed to try and lower the irra-
diation dose to the heart to a safe level. Regarding modern
RT techniques, image-guided radiation therapy (IGRT),
breath-control techniques such as breath-hold or respir-
atory-gated RT, and intensity-modulated radiotherapy
(IMRT) can potentially reduce cardiopulmonary toxicities.
Lin et al. [29] reported the efficacy of IMRT for esopha-
geal cancer patients. They observed a significantly greater
cumulative incidence of cardiac-related deaths in the
3D-CRT group than in the IMRT group. Currently, we are
investigating the efficacy of IMRT with IGRT and breath-
control techniques for thoracic esophageal cancer. Moreo-
ver, in recent years, the number of proton therapy centers
has been increasing worldwide. Proton beams can local-
ize the radiation dose more precisely than X-ray beams. In
the treatment of esophageal cancer, proton therapy should
have a significant role in achieving high locoregional con-
trol and reducing RT-induced toxicity. Further investiga-
tions to establish the efficacies of these new high-precision
RTs are needed.

The optimal RT field in CCRT for submucosal cancer is
controversial. Because submucosal cancer has a high risk
of LN metastasis, we have adopted prophylactic nodal irra-
diation. LN recurrence in the RT field was observed in only
one patient (3 %) in this study. We think that the use of pro-
phylactic nodal irradiation contributed to this high regional
control rate. However, a large irradiation field can possibly
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lead to severe cardiopulmonary toxicities. Further investi-
gation for the optimal RT field for treatment of esophageal
submucosal cancer is needed.

Our study was limited by its retrospective nature, the
small numbers of patients, and the variety of chemothera-
peutic regimens. However, as there are few reports on long-
term results of CCRT for esophageal submucosal cancer
patients at a single institution, we think that the results of
this study are of great significance. Our results suggest
that CCRT for submucosal cancer can contribute to favora-
ble local control and long-term survival while preserving
organs.

Conclusion

We reported the outcomes of CCRT for patients with
esophageal submucosal cancer without metastasis at a sin-
gle institution. Our long-term results showed acceptable
toxicities, favorable locoregional control, and survival rates
associated with CCRT while preserving organs.
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ABSTRACT

This multicenter prospective study (Japanese Radiation Oncology Study Group: JROSG 05-5) aimed to evaluate the
effectiveness of postoperative radiotherapy (PORT) in patients with ductal carcinoma in situ (DCIS) with an involved
surgical margin or close margin widths of <1 mm or less. PORT consisted of whole-breast irradiation (S0 Gy in 25
fractions) followed by boost irradiation (10 Gy in S fractions). Eligibility criteria were as follows: (i) DCIS without an
invasive carcinoma component, (ii) age between 20 and 80 years old, (jii) involved margin or close margin widths of
<1 mm, (iv) refusal of re-resection, (v) performance status of 0-2, and (vi) written informed consent. The primary
endpoint was ipsilateral breast tumor recurrence (IBTR), and secondary endpoints were overall survival (OS),
relapse-free survival (RES), recurrence patterns, and adverse events. A total of 37 patients from 12 institutions were
enrolled from January 2007 to May 2009. The median follow-up time was 62 months (range, 28-85 months). The
median pathological tumor size was 2.5 cm (range, 0.3-8.5 cm). Of the 37 patients, 21 had involved margins, and 16
had close margins. The S-year IBTR, OS and RFS rates were 6% (95% confidence interval [CI]: 2-21), 97% (95%
CI: 83-99) and 91% (95% CI: 77-97), respectively. Two patients developed local recurrence at the original site after
39 and 58 months. No severe adverse events were found. Our study suggests that this PORT regimen could be a treat-
ment option for patients with DCIS with involved margin or close margin who don’t desire re-resection.

KEYWORDS: ductal carcinoma in situ, breast cancer, margin width, radiotherapy, breast conservation
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INTRODUCTION

Ductal carcinoma in situ (DCIS) arising from the breast represents an
intraductal epithelial proliferation of malignant cells and is considered
to be a non-obligate precursor of invasive cancer {1, 2] Mammog-
raphy screening programs and high-resolution magnetic resonance
imaging have changed the clinical presentation of DCIS [3, 4].
Approximately one-fifth of all screen-detected breast cancers are now
DCIS [4, 5]. Several randomized clinical trials have demonstrated
that postoperative radiotherapy (PORT) after partial resection
decreases the risk of ipsilateral breast tumor recurrence (IBTR) [6-
9]. Breast-conserving therapy, including partial resection followed by
PORT, has been one of the current standards of care for DCIS [2, 10,
11]. However, these randomized trials have mainly included low-risk
patients who underwent partial resection and achieved negative surgi-
cal margins. There has been little evidence supporting the use of
breast-conserving therapy for patients with high-risk DCIS such as
those with a positive surgical margin or a narrow distance between
surgical margins and tumor cells.

An involved surgical margin has been thought as one of the
adverse prognostic factors for IBTR after breast-conserving therapy
[12, 13]. It was reported that patients with surgical margin widths of
<1 mm could benefit from PORT; however, an 8-year IBTR rate after
partial resection followed by PORT was ~30% [14]. The previous
retrospective studies included various PORT regimens such as whole-
breast irradiation alone and in combination with boost irradiation.
Few prospective studies have evaluated the effectiveness of PORT
exclusively for the patients with DCIS with an involved surgical
margin or close margin, and a standard PORT regimen hasn’t been
established yet. This multicenter prospective study (Japanese Radiation
Oncology Study Group: JROSG 05-5) aimed to evaluate the effective-
ness of PORT in patients with DCIS with an involved surgical margin
or close margin widths of <1 mm.

MATERIALS AND METHODS

This multicenter prospective study was conducted to evaluate the
effectiveness of PORT consisting of tangential whole-breast irradi-
ation (50 Gy in 25 fractions) using photon beams followed by boost
irradiation (10 Gy in S fractions) of the tumor bed using electron
beams for patients with DCIS with an involved surgical margin or
close margin widths of <1 mm. Patients were eligible for inclusion in
the study if they: (i) had DCIS without an invasive carcinoma compo-
nent, (ii) were between 20 and 80 years of age, (iii) were diagnosed
as having an involved margin or close margin widths of <1 mm after
pathological evaluation using S-mm thick specimens, (iv) refused
re-resection, (v) had a performance status of 0~2, and (vi) provided
written informed consent. Exclusion criteria were: (i) bilateral breast
cancers, (i) diffuse calcification on the pre-treatment images, (iii)
multiple tumors, (iv) macroscopic residual tumor, (v) axillary lymph
node metastases, (vi) past history of chest irradiation, (vii) collagen
vascular disease, (viii) pregnancy, (ix) active double cancer, (x) mental
disorders, (xi) uncontrolled diabetes, (xii) uncontrolled hypertension,
and (xiii) cardiovascular disease.

Surgical resection and pathological evaluation
All patients were treated with breast-conserving surgery. The partial
breast resection was performed with the appropriate surgical margin
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of 1 or 2 cm from the macroscopic tumor extension. Thirty-two
patients received the axillary sentinel lymph node biopsy, and five
patients did not receive axillary dissention and/or biopsy. The patho-
logical evaluation of resection samples was conducted using S-mm
thick slices. A specimen mammogram was not performed; nor was a
central pathological review. An involved surgical margin was defined
as tumor cells on the surgical edge, and a close surgical margin was
defined as the distance between the tumor cells and surgical edge
being <1 mm. A number of surgical clips, which were useful guides
for the boost irradiation, were located at each edge of the resection
cavity. The routine application of surgical clips was not used in all
cases.

Radiotherapy

All patients underwent computed tomography (CT) for data acquisi-
tion for the radiation treatment planning. CT scanning was per-
formed in the supine position, and no respiratory control was used.
Three-dimensional conformal radiotherapy (3D-CRT) treatment-
planning software was used for all patients. Whole-breast irradiation
was conducted using the tangential field technique with 4- or 6-MV
photon beams. Simulation planning was performed to minimize radi-
ation doses to the organs at risk, and to modify homogeneous dose
distribution to fit target volumes using a wedge filter. Beam weights,
beam angles, and wedge angles were manually optimized. A total
dose of 50 Gy in 25 fractions for whole-breast irradiation was defined
at the reference point. The reference point was placed in the center of
the radiation field or vicinity. The electron beam field size for boost
irradiation of the tumor bed was determined according to surgical
clips, the surgical cavity, pathological findings and/or the surgical
scar, The boost irradiation was mainly planned using the radiation
treatment-planning system, and appropriate electron beam energy
was selected according to the depth of the tumor bed. The boost
irradiation field was decided according to the pre-surgical images, sur-
gical findings, final pathological reports, and/or surgical clips.

Statistical analysis

The primary endpoint was the IBTR, and secondary endpoints were
overall survival (OS), relapse-free survival (RFS), recurrence patterns,
and adverse events. IBTR was defined as any recurrence including
invasive carcinoma type and DCIS type in the ipsilateral irradiated
breast. OS time was defined as the time from registration to death
due to any causes. RES time was defined as the time from registration
to treatment failure (such as recurrence in the ipsilateral breast, axil-
lary node, or at a distant site) or death due to any causes. Toxicities
were evaluated according to the Common Terminology Criteria for
Adverse Events (CTC-AE) version 3.0. The S-year estimated IBTR
rate was projected as 20%, and the lower threshold of the S-year
IBTR rate was set at 45%. It was estimated that a sample of 36
patients was required, with a one-sided alpha of 0.05 and a statistical
power of 90%. Kaplan-Meier methods were used to estimate IBTR,
OS and RFS. All enrolled patients were included in the primary end-
point assessment. The last follow-up date was 27 October 2014.
Patients were followed up every 6 months for 5 years, then once
per year by clinical examination with or without annually mammog-
raphy. Statistical analyses were performed with JMP software version
10 (SAS Institute, Cary, NC).



832 « N. Shikama et al.

RESULTS

The protocol concept was accepted in October 2005, and the full
protocol was accepted in August 2006 by the Japanese Radiation
Oncology Study Group (JROSG) Executive Committee (Institu-
tional Review Board of Saitama Medical University: No. 06-077-1). A
total of 37 patients from 12 institutions were enrolled from January
2007 to May 2009. Two patients were enrolled simultaneously at the
end of the enrollment, and total of 37 patients were enrolled in this
study. The median follow-up time was 62 months (range, 28-85
months). The median age was 52 years (range, 33-78 years), and the
median pathological tumor size was 2.5 cm (range, 0.3-8.5 cm).
Patient characteristics are shown in Table 1. Sixteen patients had
close margins, and 21 had involved margins. All patients received
PORT per-protocol, and no patient interrupted PORT. Fourteen
(38%) patients received adjuvant hormonal therapy.

The S-year IBTR, OS and RFS rates were 6% (95% confidence
interval [CI]: 2-21), 97% (95% CIL: 83-99) and 91% (95% CIL:
77-97), respectively (Figs 1, 2). Two patients developed IBTR after
PORT. One patient with an involved margin, who was S5 years old,
developed IBTR at the original site after 39 months. The maximum
diameter of the pathological tumor extension at the initial treatment
was 8 cm. That patient underwent a salvage mastectomy, and the
pathological diagnosis of IBTR was DCIS without an invasive carcin-
oma component. The other patient with IBTR was 45 years old, and
she had a margin width <1 mm. She developed IBTR at the original
site after 58 months. The maximum diameter of the pathological
tumor extension at the initial treatment was 2.1 cm. She received
salvage partial resection and axillary resection, and the pathological
diagnosis of IBTR was DCIS. Although these two patients with IBTR
had a positive estrogen receptor status, they didn’t receive adjuvant
hormonal therapy. They live without evidence of any more recurrence
as at the time of the last follow-up. One patient died of colon cancer
28 months after registration, without experiencing breast cancer
recurrence. No recurrence events were identified in regional lymph
nodes or distant sites, and no severe adverse events (Grade 3 or 4)
were reported as at the last follow-up.

DISCUSSION
The current standard of care for patients with DCIS has consisted of
mastectomy and breast-conserving therapy [1, 10]. A randomized
controlled trial comparing mastectomy with breast-conserving
therapy has not been performed, but current data demonstrate similar
long-term survival times with either approach. Mastectomy has been
mainly applied for patients with diffuse infiltrative disease, large
tumors, or involved surgical margins after repeated resection [4].
Breast-conserving surgery followed by PORT is an acceptable treat-
ment for a small and unifocal area of DCIS, and there is not enough
evidence to omit PORT routinely. Several randomized control trials
indicated that the administration of PORT after breast-conserving
surgery reduced the IBTR rate by ~60% [11, 15, 16]. The main goals
of DCIS management are to reduce the risk of progression to invasive
carcinoma, optimize breast cosmesis and prevent local recurrence
[2, 17]. DCIS has a variable biological behavior, and there remains
room for discussion regarding whether all patients with DCIS should
be treated intensively. The impact of higher doses of radiotherapy in
DCIS has been less clear, and Rakouitch et al. analyzed the data for

Table 1. Patient characteristics

n (%)
Age (years) Median 52 (33-78)
30-39 3(8)
40-49 11 (30)
50-59 14 (38)
60~70 6 (16)
>70 3(8)
Pathological diameter (cm) Median 2.5 (0.3-8.5)
<19 15 (41)
2-3.9 6 (16)
4-5.9 7(19)
>6 9 (24)
Estrogen receptor
Positive 26 (70)
Negative 7 (19)
Unknown 4(11)
Progesterone receptor
Positive 22 (59)
Negative 11 (30)
Unknown 4 (11)
Margin status
Close margin 16 (43)
Involved margin 21(57)
Axillary surgery
Sentinel biopsy 32 (86)
None 5(14)

1895 patients from the population-based Ontario Cancer Registry
and reported that the administration of boost irradiation after whole-
breast irradiation was not associated with a lower IBTR [17]. On the
other hand, the Rare Cancer Network conducted a multicenter retro-
spective study to evaluate the role of the administration of boost
irradiation in patients 45 years or younger, and reported that com-
pared with whole-breast irradiation alone, the administration of boost
irradiation had a significant advantage (hazard ratio 0.45) [18]. There
hasn’t been enough evidence to confirm the role of administration of
boost irradiation after whole-breast irradiation for DCIS, and the
BONBIS trial in France has been now in ongoing.

Silverstein et al. developed a prognosis predictive model that
included tumor size, margin width, and pathological classification
(the Van Nuys Prognostic Index; VNPI) [12]. The patients with high
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VNPI scores showed high rates of IBTR after breast-conserving
surgery followed by PORT. Investigators in the Memorial Sloan-
Kettering Cancer Center developed a nomogram for predicting IBTR
after breast-conserving surgery for DCIS using the data for 1868 con-
secutive patients [19]. Predictive factors consist of age, margin status,
adjuvant endocrine therapy, PORT, and treatment period. The
margin status was categorized as involved/close margin (<2 mm), or
negative margin. Dunne et al. conducted a systematic review and
reported that a margin threshold of 2 mm seemed to be as good as a
larger margin when breast-conserving surgery for DCIS was com-
bined with PORT [20]. Wang et al. conducted a meta-analysis of the
margin threshold for 7564 patients with DCIS [21]. This study
demonstrated that the 10-mm threshold had the lowest odds ratio
[OR] (patients with positive margins being the reference group) of
IBTR (OR=0.17) compared with the OR of IBTR for a 2-mm
threshold (OR = 0.38), and that for a 5-mm threshold (OR =0.55).
On the other hand, Sahoo et al. analyzed the 103 consecutive patients
with DCIS, and reported that involved margin status had a strong
association with IBTR compared with close or negative margin status
[22]. They reported that the S-year IBTR was 7% in patients with a
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negative or close surgical margin as compared with 31% in patients
with an involved margin.

Silverstein et al. reported that patients with tumor margin widths
<1 mm could benefit from PORT, and an 8-year IBTR probability
after breast-conserving surgery combined with PORT was 30% in
comparison with 58% after breast-conserving surgery alone [14].
Approximately 80% of recurrence after breast-conserving surgery fol-
lowed by PORT occurred within the first three years. Cutuli et al
conducted the multicenter retrospective analyses using 705 patients
with DCIS treated between 1985 and 1995 in nine French regional
cancer centers [23]. They reported that patients with negative,
involved or uncertain margins had a 7-year crude IBTR rate of 9.7%,
25.2% and 12.2%, respectively. IBTR occurred within S years in
63.6% and 81.3% of patients receiving breast-conserving therapy
combined with PORT versus breast-conserving surgery alone. They
emphasized that the IBTR risk was higher in patients <40 years of
age among those with incomplete excision. These retrospective
studies included various radiotherapy regimens consisting of whole-
breast irradiation (40-50 Gy) combined with/without boost irradi-
ation (10-20 Gy) to the tumor bed via brachytherapy or electron
beam therapy. We conducted the prospective study for high-risk
DCIS using whole-breast irradiation (50 Gy in 25 fractions) followed
by boost irradiation (10 Gy in § fractions) via electron beam therapy,
and decided that the primary endpoint was the S-year IBTR rate. Our
prospective study showed that the S-year IBTR rate was only 6% after
PORT, and it was indicated that this PORT regimen was a promising
schedule for patients with a single DCIS lesion with an involved sur-
gical margin or close margin widths of <1 mm.

Tamoxifen may be considered as an adjuvant endocrine treatment
in patients with estrogen receptor—positive disease [1, 13]. Although
the relative benefit of tamoxifen is ~30-50%, the absolute reduction
is only ~2-4%, which may not justify the clinical benefits of endo-
crine treatment. There was no differential impact of Tamoxifen for
patients with or without adverse pathological characteristics. The role
of systemic treatments of DCIS needs further investigation [10, 13].
A number of ongoing studies are evaluating the effects of aromatase
inhibitor and human-epithelial receptor-2 antibody. Further research
focused on molecular and biological profiling is likely to enable perso-
nalized treatment strategies in order to minimize treatment harm
[1, 10]. We did not evaluate the role of hormonal therapy because of
the small sample size and unplanned subgroup analysis.

The limitations of this study are its small sample size and relatively
short follow-up time. Silverstein et al. reported that ~80% of recur-
rence after breast-conserving surgery followed by PORT occurred
within the first three years [14], and then we decided the primary
endpoint was the S-year IBTR rate. However, our experience demon-
strated that IBTR occurred after 3 years, and S-year or longer follow-
up duration is desirable. In addition, a central pathological review
wasn’t conducted. Although a central pathological review system was
not established at the start of this trial, we determined that the patho-
logical evaluation of resection samples would be conducted using
S-mm thick slices. We believed that this evaluation method provided
accurate pathological evaluation of the tumor extension and margin
width. Furthermore, symptomatic DCIS is associated with higher
rates of IBTR compared with screen-detected disease [4, 10]. We did
not collect the data concerning detection methods from the case
report forms. We did not decide the post-surgical images including
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magnetic resonance images and mammograms, and did not collect
the pathological data for focally surgical margin-positive versus
diffuse surgical margin-positive.

CONCLUSIONS
This prospective study suggests that this radiotherapy schedule
(whole-breast irradiation followed by boost irradiation) could be a
treatment option for patients with DCIS with an involved margin or a
close margin who don’t desire repeated surgery. A large-scale rando-
mized trial is required, however, to make any definitive conclusions.
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ABSTRACT

Stereotactic body radiotherapy (SBRT) is a relatively new treatment for liver tumor. Outcomes of SBRT for liver
tumors unsuitable for ablation or surgical resection were evaluated.

A total of 79 patients treated with SBRT for primary hepatocellular carcinoma (HCC) between 2004 and 2012
in six Japanese institutions were studied retrospectively. Patients treated with SBRT preceded by trans-arterial che-
moembolization were eligible. Their median age was 73 years, 76% were males, and their Child—Pugh scores were
Grades A (85%) and B (11%) before SBRT. The median biologically effective dose (ot/B = 10 Gy) was 96.3 Gy.

The median follow-up time was 21.0 months for surviving patients. The 2-year overall survival (OS), progres-
sion-free survival (PFS), and distant metastasis-free survival were 53%, 40% and 76%, respectively. Sex and serum
PIVKA-II values were significant predictive factors for OS. Hypovascular or hypervascular types of HCC, sex and
clinical stage were significant predictive factors for PFS. The 2-year PFS was 66% in Stage I vs 18% in Stages II-TIL
Multivariate analysis indicated that clinical stage was the only significant predictive factor for PFS. No Grade 3
laboratory toxicities in the acute, sub-acute, and chronic phases were observed.

PES after SBRT for liver tumor was satisfactory, especially for Stage I HCC, even though these patients were

unsuitable for resection and ablation. SBRT is safe and might be an alternative to resection and ablation.

KEYWORDS: hepatocellular carcinoma, stereotactic body radiotherapy, SBRT

INTRODUCTION
In Japan, the infection rate of hepatitis C is high, with many cases
of hepatocellular carcinoma (HCC) [1]. According to clinical prac-
tice guidelines from Japan, resection, radiofrequency ablation
(RFA), and liver transplantation are the curative options available
for HCC [2]. Recently, stereotactic body radiotherapy (SBRT) has
become a treatment option for patients with liver tumors who are
not eligible for surgery, RFA, or liver transplantation [3]. HCC has

good radiation sensitivity [4]. However, currently SBRT of the liver
is not frequently performed. This is because radiotherapy (RT) for
liver tumors has been limited due to the risk of radiation-induced
liver disease (RILD) [S]. However, technological advances have
made it possible for radiation to be delivered to small liver tumors,
while reducing the risk of RILD [6]. Resection, RFA, or trans-
catheter arterial chemoembolization (TACE) are often performed
for HCC in Japan. However, only 10-20% of HCC patients have

© The Author 2015. Published by Oxford University Press on behalf of The Japan Radiation Research Society and Japanese Society for Radiation Oncology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/ ),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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resectable disease [7]. A drawback for RFA is that the procedure is
difficult to perform in some anatomic areas [8]. Patients who are
introduced to SBRT consist only of those with a central lesion of
the liver, with direct invasion into the vessels, and/or with an insuf-
ficient outcome from TACE. In patients with centrally located
HCC with chronic hepatitis or cirrhosis, major resection is often
contraindicated due to insufficient residual liver volume [9]. RFA is
therefore often contraindicated for HCC in those areas that are
located in and near the hepatic portal vein or the central bile duct
[10] and abutting the diaphragm [8]. Additionally, the risk of
neoplastic seeding along the needle track after RFA has been
reported [11].

The purpose of this study was to retrospectively evaluate the out-
comes, mainly concerning survival, for patients treated at various
dose levels in several Japanese institutions, although the local control
rate has been reported elsewhere [12]. Because of the small number
of cases of liver SBRT performed in each institution, it was necessary
to gather results and data on side effects from many institutions in
order to obtain meaningful information.

MATERIALS AND METHODS
Patients
This retrospective study reviewed data extracted from the database of
the Japanese Radiological Society multi-institutional SBRT study
group (JRS-SBRTSG) for 79 patients with HCC treated at six institu-
tions (27, 19, 14, 9, 5 and 5 cases). The investigation period was from
May 2004 to November 2012.

The diagnosis of HCC depended primarily on imaging stu-
dies, because pathological confirmation was not feasible in the candi-
dates for SBRT. During follow-up of patients with liver disease,
nodules >1 cm were diagnosed as HCC based on the typical hall-
marks. These included being hypervascular in the arterial phase, with
washout in the portal, venous or delayed phases about hypervascular
HCC and, on the other hand, less-than-subtle density area in delayed
phases and showing enlargement, plethoric change, and/or MRI
signal change during long-time follow-up about hypovascular HCC
from imaging studies. The imaging techniques included a combin-
ation of contrast-enhanced ultrasonography, 4-phase multi-detector
computed tomography (CT), dynamic contrast-enhanced magnetic
resonance imaging (MRI), and CT during hepatic arteriography and
arterio-portography studies. The diagnosis was established according
to a review of the imaging studies [13] and clinical practice guidelines
[14-15]. The eligibility for SBRT for HCC was a single lesion. The
version of staging classification used in this paper was the UICC clas-
sification version 7.

Patient and tumor characteristics are shown in Table 1. With regard
to Child-Pugh scores before liver SBRT, 84.8% of patients had Grade
A, 11.4% had Grade B, and 1.3% had Grade C. Hypovascular HCC
was found in 16/79 cases (20%) and hypervascular HCC was found
in 55/79 cases (70%). The feature of vascularity for the remaining
eight patients was not evaluable in five patients, was unclear in one
patient, and was not detectable by CT in two patients. The median
alpha-fetoprotein (AFP) (ng/ml) and des-gamma carboxy prothrom-
bin (PIVKA-I) (AU/ml) values before liver SBRT for 73 evaluable
patients were 12.7 ng/ml (range, 0.8-8004) and 35 AU/ml (range,
3.1-16 900), respectively. The median indocyanine green retention
rate at 15 min (ICG1S) before liver SBRT for 25 evaluable patients

was 21.2% (range; 3.0-56.2%). Liver SBRT was the first treatment in
26/79 cases (33%) and was also the first treatment for ectopic recur-
rences of liver SBRT in an additional seven cases.

Table 1. Patient and tumor characteristics of SBRT

Factors n Rate
All patients 79 100%
Stage
I 29 37%
I 21 27%
I 7 9%
Recurrence 11 14%
NE 11 14%
Chilid—-Pugh before SBRT
A 67 85%
B 9 11%
C 1 1%
NE 2 3%
Sex
Female 19 24%
Male 60 76%
Tumor maximum diameter (mm)
Range 6-70
Median 27
Performance status (ECOG)
0 34 43%
1 39 49%
2 4 5%
3 1 1%
Age (years old)
Range 38-95
Median 73
SRT total dose (Gy)
Range 40-60
Median 48
BED-10 (Gy)
Range 75-106
Median 96.3




