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Abstract

Purpose: To assess the safety and usefulness of neutron brachytherapy (NBT) as an adjuvant in the treatment of
patients with gastroesophageal junction adenocarcinoma (GEJAC) with external beam radiation (EBRT), with or
without chemotherapy.

Methods and Materials: In total, 197 patients with localized, advanced GEJAC received EBRT and NBT with or
without chemotherapy. Radiotherapy consisted of external irradiation to a total dose of 40–54 Gy (median 50 Gy) and
brachytherapy to 8–25 Gy (median 20 Gy) in two to five fractions. In total, 88 patients received chemotherapy that
consisted of two cycles of a regimen with CDDP and 5FU from days l-4. The cycles were administered on days 1 and
29. MMC was given alone in bolus injection on day 1 each week. The cycles were administered on days 1, 8, 15 and 22.

Results: The duration of follow-up ranged from six to 106 months (median 30.4 months). The median survival
time for the 197 patients was 13.3 months, and the one, two, three- and five-year rates for overall survival were
57.1%, 35.1%, 23.0% and 9.2%, respectively. For acute toxicity, no incidences of fistula and massive bleeding were
observed during this treatment period. In total, 159 (80.7%) patients developed Grade 2 hematologic toxicity and
146 (74.1%) patients developed Grade ≥ 2 esophagitis. The median times of incidence of fistula and bleeding
were 9.5 (3–27.3) months and 12.7 (5–43.4) months, respectively. The incidence of severe, late complications was
related to higher NBT dose/f (20–25 Gy/5 F) and higher total dose(≥70 Gy). In total, 75.2% of the patients resumed
normal swallowing and 2.0% had some residual dysphagia (non-malignant) requiring intermittent dilatation.

Conclusion: A combination of EBRT and NBT with the balloon type applicator was feasible and well tolerated. Better
local-regional control and overall survival cannot achieved by a higher dose, and in contrast, a higher dose caused
more severe esophageal injury.
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Table 1 Patient/tumor characteristics

Characteristics Total (%) CRT (%) RT (%) p Value

Sex 0.008

Male 153 (77.7) 76 (86.4) 77 (70.6)

Female 44 (22.3) 12 (13.6) 32 (29.4)

Age (years) 0.028

≤65 73 (37.3) 40 (45.5) 33 (30.3)

>65 124 (62.7) 48 (54.5) 76 (69.7)

KPS 0.141

≥80 114 (57.9) 56 (63.6) 58 (53.2)

70 83 (42.1) 32 (36.4) 51 (46.8)

The length 0.358

≤5 cm 182 (92.4) 83 (94.3) 99 (90.8)

>5 cm 15 (7.6) 5 (5.7) 10 (9.2)

Tumor location 0.092

Type I 9 (4.6) 4 (4.5) 5 (4.6)

Type II 95 (48.2) 35 (36.8) 60 (55.0)

Type III 93 (47.2) 49 (55.7) 44 (40.4)

T stage 0.002

T2 36 (18.3) 8 (9.1) 28 (25.7)

T3 68 (34.5) 31 (35.2) 37 (33.9)

T4 93 (47.2) 49 (55.7) 44 (40.4)

N stage <0.0001

N0 49 (24.9) 9 (10.2) 40 (36.7)

N1 148 (75.1) 79 (89.8) 69 (63.3)

6th AJCC stage <0.0001

II 46 (23.4) 9 (10.2) 37 (33.9)

III 151 (76.6) 79 (89.8) 72 (66.1)

Total dose 0.235

≤70 67 (34.0) 26 (29.5) 41 (37.6%)

>70 130 (66.0) 62 (70.5) 68 (62.4)

Abbreviations: CRT chemotherapy plus radiotherapy, Total dose EBRT + NBT
dose, OS Overall survival rate, LRC Local-regional control.
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Introduction
Tumors of the lower esophagus and the proximal stomach
are usually classified as gastroesophageal junction adeno-
carcinomas (GEJAC). These carcinomas are the most rap-
idly increasing type of tumor in many Western countries,
and they represent an aggressive disease with poor progno-
sis [1,2]. With the present state of knowledge, some pa-
tients with localized GEJ cancers are treated with surgery
alone; others with chemotherapy pre- and postoperatively;
and some with trimodality therapy, either preoperatively or
postoperatively. The choice of treatment mostly depends
on the preferences of the treating team of physicians.
The nonsurgical management of patients with GEJAC,

including the use of laser coagulation or self-expanding
metallic stents with radiation, has been considered for
decades to only be a palliative modality. However, for pa-
tients with inoperable GEJAC or those who have rejected
an operation, there has yet to be any studies on the
safety and usefulness of neutron brachytherapy (NBT)
in their treatment.
Californium-252 (252Cf) is a neutron-emitting radio-

nuclide, and 252Cf-based NBT has only been implemented
in China very recently [3]. NBT is a form of high linear en-
ergy transfer (LET) radiotherapy, which has been proven to
be effective for treating intracavitary cancers of the cervix
when used in combination with external beam radiotherapy
(EBRT) [4,5]. However, no studies regarding the treatment
of GEJAC by EBRT combined with NBT have been re-
ported. NBT is thought to be a viable option for treating
GEJAC for at least three reasons. First, GEJAC is resistant
to the conventional, low-LET X-ray or gamma-ray radio-
therapy [6]. NBT is a form of high-LET radiotherapy,
which has been shown to be effective in killing radio-
resistant cancer cells [5,7]. Second, the location of
GEJAC makes it easily accessible to the 252Cf neutron
source via the use of an applicator/catheter. Third, water
is an effective neutron shield, and it can be injected into
the source applicator during treatment to reduce the
neutron dose to the normal tissue near the tumor.
The aim of the present study was to observe and

analyze the long-term curative effects and complications
of NBT as an adjuvant in the treatment of patients with
GEJAC with EBRT with or without chemotherapy.

Materials and methods
Patients
From Jan 2001 until November 2012, a total of 197 con-
secutive patients with localized, advanced gastroesophageal
cancer were referred to our department at the Changzhi
Cancer Hospital for radiotherapy and 252Cf NBT. The
reasons were as follows: 10 patients were medically in-
operable; 40 rejected surgery; 83 were too old (71 years
or older, 34 of 83 had T4 lesion); 93 had unresectable
lesions and one had other malignancy. Of these 197
patients, 88 were treated with chemoradiotherapy com-
bined with brachytherapy (the CRT group). Patients with
good performance status (at least able to care for himself
or herself ) and adequate hepatic, renal, and hematologic
functions were selected for curative treatment. All of the
patients had adenocarcinoma. The patients’ 6th AJCC
stages were diagnosed to be Stage II to III by barium
examination, endoscopy, endoscopic ultrasonography or
tumor histology. The classification of GEJAC was divided
into Type I to Type III [8]. All of the patients gave their
informed consent before treatment, which was in accord-
ance with the Declaration of Helsinki and also approved
by the Ethics Committee of Changzhi Cancer Hospital.
The demographic data and tumor characteristics of each
group are given in Table 1.
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Radiotherapy
Megavoltage radiation therapy units were used with a
minimum source-to-axis distance of 100 cm. The radi-
ation field extended at least 3 cm superior and inferior
to the tumor, with a lateral margin of at least 2 cm. The
field included the lesser curvature and bottom of stom-
ach if the tumor was type III. The boost radiation field
was the same length. Multi-field techniques were used
to limit the maximum dose to the spinal cord to ≤45 Gy.
The radiation treatments were delivered five days/week
and at 2 Gy/fraction. The initial anterior-posterior parallel-
opposed fields received 30 Gy and the off-cord fields re-
ceived 20–30 Gy, for a total dose of 40–54 Gy in 20–27
fractions in 4–5.5 weeks.
NBT with a one-balloon applicator (Figure 1) was used

in conjunction with the 252Cf LZH-1000 remote after-
loading system (Linden Science and Technology Co,
Shenzhen, China). The physical characteristics of 252Cf
Neutron, the characteristics of the applicator and the
process of NBT were described in detail by Liu H [9].
The dose was prescribed to the reference point, which
was located at 10 mm from the center point of the
source capsule in the transverse direction. Figure 1 is an
X-ray image taken while the applicator and the source
were both inserted into the esophagus of a patient. In
Figure 1, the water balloon can clearly be seen as it is
filled with an X-ray contrast agent. The dose was pre-
scribed to the reference point, which located 10 mm from
the center point of the source capsule in the transverse
direction. The total radiation dose (to the reference point)
given to each patient varied between 8–25 Gy-eq in two
to five fractions, with 4–5 Gy-eq per fraction per week.

Chemotherapy
Chemotherapy consisted of three cycles of a regimen
with CDDP (20 mg/m2/d in 2 h infusion) and 5FU
(500 mg/m2/d in continuous infusion) from days l-4.
Figure 1 An X-ray image was taken while the applicator and the sour
balloon can clearly be seen as it is filled with an X-ray contrast agent. The
from the center point of the source capsule in the transverse direction. From
The cycles were administered on days 1 and 29. MMC
was given alone in a bolus injection on day 1 per week
at 4 mg/m2. The cycles were administered on days 1,
8,15 and 22.
Toxicity assessment and follow-up
The patients were examined weekly during the course
of external beam radiation. Weekly blood tests were
obtained, and any admission for treatment-related
complications was recorded. All adverse events were
graded according to the National Cancer Institutes
Common Terminology Criteria for Adverse Events,
version 3.0 [10].
The patients usually underwent follow-up examinations

every 3–4 months after the completion of treatment.
Tumor response and nodal disease were evaluated with re-
peated CT scans, barium swallow studies and endoscopy.
Statistical analysis
The objectives of the study were to evaluate overall
acute toxicity and local-regional control rates. Death
from esophageal cancer was considered as treatment
failure in the survival analysis. Survival was calculated
from the date of consultation until death or last follow-
up evaluation. The pattern of failure (local and/or re-
gional vs. distant) was defined as the first site of failure.
The time to first failure, time to any local failure and
time to any distant metastases were calculated from the
date of consultation. Local and regional recurrence in-
cluded the primary tumor and regional lymph nodes.
Overall survival and local-regional control were esti-
mated using the Kaplan–Meier method. Pearson’s chi-
square test was used to assess measures of association in
the frequency data. A value of p<0.05 was considered
statistically significant.
ce were both inserted into the esophagus of a patient. The water
dose was prescribed to the reference point, which was located 10 mm
the first to fourth NBT, the shape of the tumor can be clearly identified.
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Results
Patients’ characteristics and treatments
The ages of the esophageal cancer patients who were
treated with radiation therapy (NBT and EBRT) ranged
from 44 to 84 years (median, 69 years). The tumor stage
was distributed as follows for the 197 patients: II (n = 46)
and III (n =151) by 6th AJCC tumor stage. All patients
completed the planned EBRT +NBT treatment. Among
these patients, 88 patient received CRT, of which 25 and
63 patients received the PF and MMC alone regimens,
respectively. The patients’ characteristics and treatments
are summarized in Table 1.

Prognostic factors for overall survival and local-regional
control
The duration of follow-up ranged from six to 106 months
(median 30.4 months). The median survival time for the
197 patients was 13.3 months, and the one-, two-, three-
and five-year rates for OS were 57.1%, 35.1%, 23.0% and
9.2%, respectively. The one-, two-, three- and five-year
rates for LRC were 76.6%, 61.5%, 50.1% and 35.9%,
respectively.
We used the nine following factors for the univariate

analysis of survival rates and local control rate: sex, age,
tumor location, tumor length, tumor T stage, nodal stage,
clinical stage, concurrent chemotherapy, and radiation
dose. We found that clinical stage was the only factor
that was significantly related to OS and LRC (Figure 2,
p = 0.017 and p = 0.019, respectively). In the univariate
analysis, the five-year OS (LRC) was 15.3% (50.1%) and
7.0% (30.2%) for stage II and III group patients, respect-
ively (p = 0.017, p = 0.019). We did not observe that
the CRT regimen and increasing the total dose was able
to significantly increase the OS and LRC of patients.

Patterns of failure
At the time of the analysis, 28 patients were alive and
free of disease and five patients were alive with disease
evolution. Distant metastases occurred in 40 patients
Figure 2 Comparison of overall survival (OS, A) and local-regional
Statistically significant differences were found in LRC and OS, which fav
(20.3%). The median time to developing distant metasta-
ses was 13.3 months. The main sites of distant metasta-
ses were the lung (n = 13), liver (n = 5), brain (n = 4) and
bone(n = 4). In 14 patients, metastases developed in
more than one organ. Two patients developed second
primary tumors. Additionally, 37 patients died of mixed
reasons, including pneumonia, cerebral hemorrhage,
heart infarction and a car accident. Local-regional recur-
rence occurred in 76 (76/197,38.6%) patients, with 44/76
(57.9%) occurrences outside the radiation fields and 58/76
(76.3%) occurrences inside the radiation fields. Additionally,
26/76 (34.2%) had both inside and outside filed recurrences.
None of those patients underwent salvage surgery.

Treatment toxicity
All 197 patients completed the planned NBT and EBRT
treatment. In terms of acute toxicity, no perforations
were observed during this treatment period. In total, 159
(80.7%) patients developed a Grade 2 hematologic tox-
icity. Dysphagia was relieved after the second or third
NBT treatment in 95% of the patients, and a temporary
feeding tube was not required in most of the patients.
Grade ≥ 2 esophagitis, expressed by clinical odynophagia,
was observed in 146 cases (74.1%) and was managed
with the early introduction of H2 blockers and surface
anesthesia at the initiation of the NBT. In total, 12 pa-
tients had Grade ≥ 2 irradiation dermatitis. From the
time of treatment completion to the development of
local-regional recurrence or death at the follow time, 8
(4.1%) and 13 (6.6%) patients experienced fistula and
massive bleeding, respectively. The median time of inci-
dence of fistula and bleeding was 9.5(3–27.3) months
and 12.7(5–43.4) months, respectively. As shown in Table 2,
the incidence of severe, late complications was related to
higher NBT dose/f (20–25 Gy/5 F) and higher total dose
(≥70 Gy). In total, 75.2% of the patients resumed normal
swallowing, while 2.0% had some residual dysphagia
(non-malignant) requiring intermittent dilatation. For
acute toxicity, CRT increased the incidence of Grade ≥ 2
control (LRC, B) between patients with different clinical stages.
ored stage II patients.



Table 2 shows the relationship between NBT and EBRT
dose factor and severe complications

Factors Fistula Bleeding

CRT Yes 4 4

No 4 9

NBT dose/F 12 Gy/3 F 2 1

16 Gy/4 F 1 2

20 Gy/5 F 4 7

25 Gy/5 F 1 3

EBRT 40 Gy 2 2

50 Gy 6 9

52 Gy 1

60 Gy 1

Total dose 52-56 Gy 2 1

60-66 Gy 1 2

70-75 Gy 5 10

Note: CRT = chemotherapy plus radiotherapy, Total dose = EBRT + NBT dose.
F = fraction, NBT = neutron brachytherapy, EBRT = external beam radiotherapy.
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pneumonia more than RT (11.0% vs. 2.3%, p = 0.018).
Other acute toxicities and late complications did not
have any significant relationship to higher total dose
and receiving the CRT regimen.

Discussion
Preoperative chemotherapy and preoperative chemora-
diotherapy followed by surgery are well established in
the curative treatment of patients with localized GEJAC
[11,12]. However, for patients with locally advanced,
non-resectable and inoperable GEJAC, palliative therapy,
including the use of intraluminal stents, photodynamic
therapy, brachytherapy and argon plasma coagulation
[13], is the main choice. The use of stents has changed
clinical practice in patients with critical dysphagia [14],
and a recent trial supports the continued use of palliative
radiotherapy, as it confers benefits on patient survival and
quality of life. There is randomized trial evidence that
single dose, intraluminal brachytherapy provides better
long-term relief of dysphagia with improved quality of
life than stents but requires a longer time to symptom-
atic relief [15]. However, a few studies have reported
the safety and inefficacy of external radiotherapy and
brachytherapy as a curative treatment for GEJAC. We
retrospectively analyzed our database and found that
first, using NBT as an adjuvant in the treatment of pa-
tients with GEJAC with EBRT with or without chemo-
therapy is well tolerated and useful. Second, improving
the total dose and combining it with chemotherapy
does not result in better OS and LRC and also causes a
higher incidence of late, severe complications. Third,
for patients with stage II, this treatment can result in
improved OS.
Prior to this report, the number of studies using EBRT
and BT to boost concurrent chemotherapy in a mean-
ingful number of patients have been limited [16]. Table 3
summarizes these experiences, as well as our own. The
present study shows survival benefits for addition of NBT
to EBRT for treating locally advanced disease, resulting
in a median overall survival time of 13.3 months, as
Hishikawa et al. [17] and Hareyama et al. [18] have pre-
viously reported.
The optimal dose for using BT as an adjuvant is un-

known, but the incidence of late complications has been
related to the dose to the mucosa [19], dose per fraction
[20,21], dose rate [22] and chemotherapy [23]. Sur et al.
[24] observed a difference in the local control that
depended on whether the boost was delivered with
20 Gy or 12 Gy HDRBT after an initial 35 Gy EBRT. At
one year, the local control was, 25% and 70.6%, respect-
ively. In the present study, the boost dose in patients
varied from 20 Gy to 25 Gy, with the total dose being
less than 70 Gy. These doses did not significantly pro-
long the patients’ OS or improve their LRC. Addition-
ally, for GEJAC, blindly increasing the RT dose did not
increase the OS and LRC, and further research should
include studies on the reasonable dosage scope or the
combination with other treatments, such as chemother-
apy or targeted therapy, to improve curative effect.
The risk of late complications seems to be strongly af-

fected by a higher dose and a large fraction size of HDR
BT [16,25]. Sharma compared the treatment-related
complications in groups 1 (20 Gy BT boost) and 2 (15 Gy
BT boost) and reported strictures in 24% vs. 8% (p = 0.029),
respectively, ulceration in 30% vs. 28% (p = 0.8), respect-
ively, and tracheoesophageal fistulae in 12% of patients in
both groups [25]. A high incidence of esophageal fistulas
(8%) was reported in the RTOG 9207 study [16]. In this
study, a dose of 8–25 Gy in 2–5 fractions via HDR NBT
was delivered. Our study also demonstrated that 21 pa-
tients treated with EBRT and NBT developed severe, late
toxicity. The incidence of late, severe complications was
significantly related to higher total dose and NBT dose fac-
tors. In addition to dose factors, the combined treatment
with chemotherapy also significantly increased the inci-
dence of relevant, late complications. Atsunori Yorozu re-
ported that treatment-related esophageal ulceration or
strictures occurred in 18 patients (34%) in the CRT group,
compared with 12% in the RT group (p = 0.013) [26].
RTOG 9207 [16] documented treatment-related esopha-
geal fistulas in 12% of the patients. In comparison, none
were reported in several other BT and EBRT without CT
series [17,18,23,27]. The present study has documented no
acute fistulas of the patients, compared to the reports by
Hishikawa et al. [17] or Gava et al. [27]. However, the direct
comparison of these clinical series is hampered by the dif-
ferences in staging, classification, response end points and



Table 3 Clinical results of external beam radiation, brachytherapy boost, with or without chemotherapy

Authors (Ref.) Hishikawa et al. [17] Flores et al. [23] Hareyama et al. [18] Sharma et al. [25] RTOG9207 [16] Present study*

No. of pts. 148 171 161 100 50 197

BT Gy/fraction 12/1 15/1 15-20/NS 15-20/1 15/3 12-25/2-6

EBRTGy/fraction 60/30 40/15 47-70/25-35 50/28 50 30-60

CT (pts) No No No Yes Yes 88/197

Fistula (%) 5.3 5 1.2 12 12 8 (4.1%)

Bleeding (%) 0% 11 0 4 NS 13 (6.6%)

Ulcer (%) NS NS 3 29 NS NS

Stricture (%) 10 35 3 16 4 4 (2%)

Death rate (%) 3 0.6 0 4 8 0

OS (%) 37 (2 y) LD 33 (1 y) 43.3/Stage I, 8 (20 Gy) 49 (1 y) 57.1 (1 y)

8 (2 y) ED 26 (2 y) 21.1/Stage II, 23 (15 Gy) 35.1 (2 y)

19 (3 y) (5 y) (5 y) 9.2 (5 y)

LRC (%) 64 (2 y) LD NS 31.7%(5 y) NS 35.9 (5 y)

Abbreviations: CT Chemotherapy, HDR high dose rate, NS not stated, LD limited disease, ED extensive disease, y year.

Wang et al. Radiation Oncology 2014, 9:99 Page 6 of 7
http://www.ro-journal.com/content/9/1/99
duration of follow-up. Table 3 shows that NBT + EBRT
with or without CT resulted in treatment complication
similar to that which has been reported [17,18,23,25,27].
Because 252Cf NBT is a form of high-LET radiotherapy, we
believe that it is superior to conventional X-ray radiother-
apy in treating radio-resistant esophageal cancers. An add-
itional advantage of NBT over X-ray radiotherapy is the
fact that water can be injected into the source applicator
during treatment to reduce the neutron dose to nearby
normal tissue. RTOG 9207 [16] reported that increased
courses of chemotherapy and chemotherapy concurrent
with brachytherapy may significantly improve the incidence
of late, severe complications. In the present study, the inci-
dence of severe, late complications in the CRT group was
similar to that in the RTalone group. This can be explained
by several main reasons. Firstly, the chemotherapy regi-
mens were multifarious, with most of the patients receiving
the MMC alone regimen. Secondly, the concurrent
chemotherapy doses were lower than those used in nor-
mal chemotherapy alone regimens and may have resulted
in radiotherapy sensitization. Thirdly, neutron irradiation
overcomes the radiation resistance of the tumor, thus
reducing the chemotherapy sensitization effect.

Conclusion
In summary, NBT + EBRT is a highly effective and well-
tolerated therapeutic modality, which can be used not
only as a palliative therapy but also as a radical treat-
ment for patients with inoperable GEJAC. Statistically
significant better LRC and OS were observed in patients
with stage II disease. Increasing the total dose and com-
bining it with chemotherapy did not improve OS and
LRC and resulted in a higher incidence of late, severe
complications. However, the accuracy of the data on
toxicity was limited by the retrospective nature of this
study. Methods to reduce treatment toxicity and increase
the tumor response to radiotherapy, thereby increasing
the therapeutic ratio, are needed. Our data indicate a need
for additional studies on the optimal EBRT and NBT dose
in a prospective randomized trial. In particular, the studies
should place emphasis on decreasing the treatment-
related toxicity of concurrent chemoradiotherapy, as it
is the only treatment modality available for patients
with locally advanced GEJAC.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
QW and HL carried out data acquisition, performed the statistical analysis,
drafted the manuscript and participated in the sequence alignment. JL and
TL conceived of the study, participated in the design of the study. XJ, XW
and BL participated in the sequence alignment. QW, HL and TL participated
in its design and coordination and helped to draft the manuscript. All
authors read and approved the final manuscript.

Acknowledgements
The authors gratefully thank Professor C.-K. Chris Wang for excellent assistance.

Author details
1Department of Radiation Oncology, Sichuan Cancer Hospital, Chengdu
610041, People’s Republic of China. 2Department of Radiation Oncology,
Changzhi Cancer Hospital, Changzhi 046000, People’s Republic of China.
3Department of Radiation Oncology, Fouth Hospital of Hebei Medical
University, Shijiazhuan 050011, People’s Republic of China.

Received: 29 August 2013 Accepted: 21 April 2014
Published: 29 April 2014

References
1. Siegel R, Ahmedin Jemal D: Cancer Facts & Figures. Atlanta: American Cancer

Society, Inc.; 2013.
2. Kamangar F, Dores GM, Anderson WF: Patterns of cancer incidence,

mortality, and prevalence across five continents: defining priorities to
reduce cancer disparities in different geographic regions of the world.
J Clin Oncol 2006, 24(14):2137–2150.

3. Wang CC: Progress in californium-252 neutron brachytherapy. In
Brachytherapy. Edited by Kishi K. Croatia: InTech; 2012:33–58.



Wang et al. Radiation Oncology 2014, 9:99 Page 7 of 7
http://www.ro-journal.com/content/9/1/99
4. Maruyama Y, van Nagell JR, Yoneda J, Donaldson ES, Gallion HH, Powell D,
Kryscio RJ: A review of californium-252 neutron brachytherapy for
cervical cancer. Cancer 1991, 68(6):1189–1197.

5. Lei X, Qian CY, Qing Y, Zhao KW, Yang ZZ, Dai N, Zhong ZY, Tang C, Li Z,
Gu XQ, Zhou Q, Feng Y, Xiong YL, Shan JL, Wang D: Californium-252
brachytherapy combined with external-beam radiotherapy for cervical
cancer: long-term treatment results. Int J Radiat Oncol Biol Phys 2011,
81(5):1264–1270.

6. Xie L, Song X, Yu J, Wei L, Song B, Wang X, Lv L: Fractionated irradiation
induced radio-resistant esophageal cancer EC109 cells seem to be more
sensitive to chemotherapeutic drugs. J Exp Clin Cancer Res 2009, 28:68.

7. Shimizu Y, Tukagoshi H, Fujita M, Hosokawa M, Kato M, Asaka M:
Endoscopic screening for early esophageal cancer by iodine staining in
patients with other current or prior primary cancers. Gastrointest Endosc
2001, 53(1):1–5.

8. Siewert JR, Stein HJ: Classification of adenocarcinoma of the
oesophagogastric junction. Br J Surg 1998, 85(11):1457–1459.

9. Liu H, Wang Q, Jia X, Liu B, Wang CK: Early-stage esophageal squamous
cell carcinoma treated with californium-252 neutron brachytherapy:
clinical report on 16 cases. Tumori 2013, 99(2):172–175.

10. Common Terminology Criteria for Adverse Events VA, 2006. 2009,
Available at: http://ctep.cancer.gov/protocolDevelopment/electronic_
applications/docs/ctcaev3.pdf.

11. Gebski V, Burmeister B, Smithers BM, Foo K, Zalcberg J, Simes J: Australasian
Gastro-Intestinal Trials G: Survival benefits from neoadjuvant
chemoradiotherapy or chemotherapy in oesophageal carcinoma: a
meta-analysis. Lancet Oncol 2007, 8(3):226–234.

12. Stahl M, Walz MK, Stuschke M, Lehmann N, Meyer HJ, Riera-Knorrenschild J,
Langer P, Engenhart-Cabillic R, Bitzer M, Konigsrainer A, Budach W, Wilke H:
Phase III comparison of preoperative chemotherapy compared with
chemoradiotherapy in patients with locally advanced adenocarcinoma
of the esophagogastric junction. J Clin Oncol 2009, 27(6):851–856.

13. Milind Javle M, Sikander Ailawadhi M, Gary Y, Yang M, Chukwumere E,
Nwogu M, Michael D, Schiff M, FACP, Hector R, Nava M: Palliation of
Malignant Dysphagia in Esophageal Cancer: A Literature-Based Review.
J Support Oncol 2006, 4(8):365–373.

14. Baron TH: Expandable metal stents for the treatment of cancerous
obstruction of the gastrointestinal tract. N Engl J Med 2001, 344(22):1681–1687.

15. Homs MY, Steyerberg EW, Eijkenboom WM, Tilanus HW, Stalpers LJ,
Bartelsman JF, van Lanschot JJ, Wijrdeman HK, Mulder CJ, Reinders JG, Boot
H, Aleman BM, Kuipers EJ, Siersema PD: Single-dose brachytherapy versus
metal stent placement for the palliation of dysphagia from oesophageal
cancer: multicentre randomised trial. Lancet 2004, 364(9444):1497–1504.

16. Gaspar LE, Qian C, Kocha WI, Coia LR, Herskovic A, Graham M: A phase I/II
study of external beam radiation,brachytherapy and concurrent
chenotherapy in localized cancer of the esophagus(RTOG 92–07):
preliminary toxicity report. Int J Radiation Oncology Biol Phys 1997,
37(3):593–599.

17. Hishikawa Y, Kurisu K, Taniguchi M, Kamikonya N, Miura T: High-dose-rate
intraluminal brachytherapy for esophageal cancer: 10 years experience
in Hyogo College of Medicine. Radiother Oncol 1991, 21(2):107–114.

18. Hareyama M, Nishio M, Kagami Y, Narimatsu N, Saito A, Sakurai T:
Intracavitary brachytherapy combined with external-beam irradiation for
squamous cell carcinoma of the thoracic esophagus. Int J Radiat Oncol
Biol Phys 1992, 24(2):235–240.

19. Herskovic A, Martz K, al-Sarraf M, Leichman L, Brindle J, Vaitkevicius V,
Cooper J, Byhardt R, Davis L, Emami B: Combined chemotherapy and
radiotherapy compared with radiotherapy alone in patients with cancer
of the esophagus. N Engl J Med 1992, 326(24):1593–1598.

20. Hishikawa Y, Kurisu K, Taniguchi M, Kamikonya N, Miura T: High-dose-rate
intraluminal brachytherapy (HDRIBT) for esophageal cancer. Int J Radiat
Oncol Biol Phys 1991, 21(5):1133–1135.

21. Hishikawa Y, Kamikonya N, Tanaka S, Miura T: Radiotherapy of esophageal
carcinoma: role of high-dose-rate intracavitary irradiation. Radiother Oncol
1987, 9(1):13–20.

22. Hyden EC, Langholz B, Tilden T, Lam K, Luxton G, Astrahan M, Jepson J,
Petrovich Z: External beam and intraluminal radiotherapy in the
treatment of carcinoma of the esophagus. J Thorac Cardiovasc Surg 1988,
96(2):237–241.
23. Flores AD, Nelems B, Evans K, Hay JH, Stoller J, Jackson SM: Impact of new
radiotherapy modalities on the surgical management of cancer of the
esophagus and cardia. Int J Radiat Oncol Biol Phys 1989, 17(5):937–944.

24. Sur RK, Kochhar R, Negi PS, Gupta BD: High dose rate intraluminal
brachytherapy in palliation of esophageal carcinoma. Endocuriether
Hyperthermia Oncol 1994, 10:25–29.

25. Sharma V, Agarwal J, Dinshaw K, Nehru RM, Mohandas M, Deshpande R,
Rayabhattnavar S: Late esophageal toxicity using a combination of
external beam radiation, intraluminal brachytherapy and 5-fluorouracil
infusion in carcinoma of the esophagus. Dis Esophagus 2000, 13(3):219–225.

26. Yorozu A, Dokiya T, Oki Y: High-dose-rate brachytherapy boost following
concurrent chemoradiotherapy for esophageal carcinoma. Int J Radiat
Oncol Biol Phys 1999, 45(2):271–275.

27. Gava A, Fontan L, Bolner A, Botturi M, Cafaro I, Di Marco A, Marazzato G,
Muto P, Orecchia R, Orsatti M, Parisi SS, Rigon A: High-dose-rate brachytherapy
in esophageal carcinoma: the Italian experience. La Radiologia medica 1996,
91(1–2):118–121.

doi:10.1186/1748-717X-9-99
Cite this article as: Wang et al.: The safety and usefulness of neutron
brachytherapy and external beam radiation in the treatment of patients
with gastroesophageal junction adenocarcinoma with or without
chemotherapy. Radiation Oncology 2014 9:99.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf

	Abstract
	Purpose
	Methods and Materials
	Results
	Conclusion

	Introduction
	Materials and methods
	Patients
	Radiotherapy
	Chemotherapy
	Toxicity assessment and follow-up
	Statistical analysis

	Results
	Patients’ characteristics and treatments
	Prognostic factors for overall survival and local-regional control
	Patterns of failure
	Treatment toxicity

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

