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Abstract
Purpose: The aim of this study is to compare efficacy and toxicity between concurrent chemoradiotherapy (CCRT) 

followed by high-dose-rate intraluminal brachytherapy (ILBT) and CCRT in inoperable, locally advanced esophageal 
carcinoma. 

Material and methods: Thirty-four patients with inoperable, locally advanced esophageal carcinoma were ran-
domized into two arms. In the CCRT + ILBT arm (arm A), eighteen patients received 50.4 Gy at 1.8 Gy per fraction over 
5.6 weeks, along with concurrent cisplatin (75 mg/m2) intravenously on day 1, and 5-fluorouracil (1000 mg/m2) con-
tinuous intravenous infusion on days 1-5, starting on the first day of irradiation and repeated after 28 days. This was 
followed by ILBT boost with a dose of 10 Gy in 2 fractions, one week apart. In the CCRT arm (arm B), sixteen patients 
received two cycles of chemotherapy, using the same schedule, along with external beam radiotherapy fractionated in 
a similar manner without brachytherapy boost. The endpoints were tumor response, acute and late toxicities, disease 
and progression-free survival. 

Results: With a median follow-up of 13 months, the complete response rate was 88.89% in arm A and 87.50% in  
arm B (p = 0.71). Acute esophageal toxicity was higher in CCRT followed by ILBT arm (p = 0.60). There was no sig-
nificant difference between the Kaplan Meier survival plots of disease-free survival (p = 0.68) and progression-free 
survival (p = 0.55). 

Conclusions: In our study, addition of brachytherapy as a boost following concurrent chemoradiation failed to 
improve treatment outcomes without additional toxicity in locally advanced esophageal cancer. 
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Purpose 
Esophageal carcinoma is the sixth leading cause of 

cancer-related mortality and the eighth most common 
cancer worldwide [1]. Poor outcomes in patients are re-
lated to diagnosis at advanced and metastatic stages, and 
the propensity to metastasize, even in small tumors [2]. 
Multimodal therapy is now a well-established strategy 
for treatment of esophageal carcinoma. A Radiation Ther-
apy Oncology Group study (RTOG 8501) demonstrated 
a survival benefit with the addition of platinum-based 
chemotherapy to radiation compared with radiation 
alone for patients with locally advanced esophageal can-
cer [3]. The management of locally advanced esophageal 

or gastroesophageal junction cancer has shifted from sur-
gery or radiation as a single modality approaches to bi- or 
trimodality therapy, with the addition of chemotherapy. 
Definitive chemoradiotherapy treatment is usually re-
served for patients with extensive locoregional esopha-
geal carcinoma that is not resectable, or for patients who 
are not suitable candidates for surgery because of medi-
cal risk [4]. Brachytherapy, as compared to external beam 
radiation therapy (EBRT), offers rapid tumor reduction 
of intraluminal portion of the tumor, thus rapidly re-
storing the swallowing function and at the same time, 
delivers relatively low-dose to the surrounding normal 
tissues particularly lung, spinal cord, and adjacent nor-
mal esophageal mucosa [5]. 
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The aim of this study is to compare the response 
pattern, survival, and toxicity in non-metastatic local-
ly advanced esophageal cancer treated by concurrent 
chemoradiotherapy (CCRT) with or without intraluminal 
brachytherapy. 

Material and methods
Previously untreated patients with histologically 

confirmed primary squamous cell carcinoma/adeno-
carcinoma of esophagus were recruited from an oncol-
ogy outpatient department of a tertiary care hospital.  
The study protocol was approved by the Institutional 
Ethics Committee and written informed consent was ob-
tained from all study participants. The eligibility criteria 
included age 18-70 years, Eastern Cooperative Oncology 
Group (ECOG) status ≤ 2, histologically proven squa-
mous/adenocarcinoma of esophagus, locally advanced 
stage (clinically defined as a T3N0 or T3N1 tumor, and 
stage T2N0 or T2N1 inoperable due to age or medical 
contraindications), hematological and biochemical pa-
rameters suitable for radiotherapy or chemotherapy, no 
tracheo-esophageal fistula, no prior chest radiotherapy 
or chemotherapy or definitive surgery, no other prima-
ry cancer, and any severe co-morbid disease. Presence of 
distant metastasis and carcinomas of cervical esophagus 
were excluded from the study. 

The pretreatment assessment included clinical histo-
ry in detail (including grading of dysphagia), thorough 
clinical examination, symptom assessment, nutritional 
assessment, and psychosocial assessment. Acceptable 
baseline hematological and biochemical parameters 
included hemoglobin level > 10 g/dl, leukocyte count  
> 4.0 x 109/ml, platelet count > 150 x 109/ml, urea  
< 40 mg/dl, creatinine < 1.5 mg/dl, total bilirubin  
< 1 mg/dl, and alanine aminotransferase and aspartate 
aminotransferase levels < 40 IU/ml. Upper gastrointes-
tinal (GI) endoscopy, chest X-ray, barium swallow, and 
contrast enhanced computerized tomography (CECT) 
scans of thorax and abdomen were done in all patients 
before the treatment. 

Subjects fulfilling the above criteria were random-
ly assigned into two arms. One arm (arm A) was giv-
en concomitant CCRT consisting of concomitant EBRT  
(50.4 Gy in 28 fractions over 5.6 weeks, given five frac-
tions per week) and two five-day cycles of chemotherapy 
with cisplatin (CDDP) (75 mg/m2) intravenously on day 1 
and 5-fluorouracil (5-FU) (1000 mg/m2) intravenously on 
day 1-5 day at the first and fifth weeks. This was followed 
by a boost of intraluminal high-dose-rate brachytherapy 
(ILBT), with a dose of 10 Gy in 2 fractions one week apart, 
starting two weeks after completion of EBRT. 

The other arm (arm B) received concomitant chemo-
radiotherapy consisting of concomitant EBRT (50.4 Gy 
in 28 fractions over 5.6 weeks, given five fractions per 
week) and two 5-day cycles of chemotherapy with CDDP 
(75 mg/m2) and 5-FU (1000 mg/m2) at the first and fifth 
weeks, in a similar manner as in arm A. 

Radiotherapy was administered as EBRT by a mega-
voltage beam utilizing cobalt-60 tele-therapy machine. 
Conventional fractionated radiotherapy was performed 

throughout the entire treatment process in both arms, 
and a total dose of 50.4 Gy was delivered in twenty-eight 
fractions at the rate of 1.8 Gy per fraction (single fraction 
per day and five fractions per week). Immobilization 
was done by thermoplastic mold. CT scan was taken in 
the treatment position with arms placed overhead with 
3 mm thick slices from the level of cricoid cartilage to 
upper abdomen. Oral and intravenous contrasts were 
administered to better define the esophagus and the tu-
mor. The two-dimensional conventional radiation tech-
nique was used, and radiotherapy was consisted of ini-
tial anterior and posterior opposed fields at 1.8 Gy per 
day to a total dose of 39.6 Gy. This was then followed 
by a three-field technique using two posterior oblique 
fields (‘off-cord’) and an anterior field at 1.8 Gy per day 
to a total dose of 50.4 Gy. The initial fields encompassed 
the gross disease (as seen in the CT and barium swal-
low examination), at a minimal proximal and distal 5 cm 
margins, and radial margin of 1 cm. The treatment field 
was reduced to include the tumor plus a 2 cm margin at 
39.6 Gy. The dose delivered to the spinal cord was kept 
below 46 Gy. 

Two weeks after completion of EBRT, patients in 
arm A were planned for two settings of high-dose-rate 
(HDR) ILBT, delivered 1 week apart. Barium swallow 
was done 2 days prior to initiation of ILBT for treatment 
planning. The location of the tumor was identified using 
the initial endoscopic and computed tomography (CT) 
findings. Superior and inferior borders of the length to 
be treated by ILBT were marked on the patient’s chest 
with metal clips to facilitate the ILBT planning. After 
local analgesia with lidocaine spray and sedation using 
midazolam, a flexible guide wire was introduced into 
the esophagus. The applicator (Mallinckrodt Medical, 
Petten, The Netherlands) with a 1 cm external diameter 
applicator was then inserted into the esophageal lumen 
over the guide wire and fixed using a mouth-guard or 
tape. Applicator positioning was controlled by orthog-
onal chest X-rays after insertion of radiopaque dummy 
source into the applicator. The treatment was delivered 
on a MicroSelectron HDR remote after-loading device 
(Nucletron, an Elekta company, Elekta AB, Stockholm, 
Sweden). GTV borders for brachytherapy were defined 
by endoscopic measure of the distance from teeth to the 
beginning and end of the tumor at diagnosis. A 2 cm cra-
nial and caudal margin was added to the superior and 
inferior borders of the gross tumor volume (GTV), pro-
viding that total treated length not to exceed 10 cm, as 
per American Brachytherapy Society guideline. The total 
prescribed dose was 10 Gy in 2 fractions one week apart. 
The reference point for dose prescription was 1 cm away 
from the central axis. Once the planning process had been 
completed, the patient was transferred to the treatment 
room. Finally, the afterloading machine was connected by 
means of transfer tubes and the bra chy therapy treatment 
was performed. 

The primary end-points were to assess the treatment 
response using RECIST (Response Evaluation Criteria in 
Solid Tumor) criteria after six weeks of completion of treat-
ment in both arms as well as assess one-year disease-free 
survival (for complete responders) and one-year progres-
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sion-free survival (for partial responders and stable dis-
ease) in both arms. During radiotherapy, weekly toxicity 
assessment was done using Radiation Therapy Oncology 
Group (RTOG) radiation morbidity scheme. Acute toxic-
ity assessment continued for an additional eight weeks 
from the last date of radiation. During follow-up period, 
patients were assessed for the appearance of any late 
toxicity. Common toxicities were assessed based on the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events version 4 (CTCAE 4.0). Patients were 
assessed at six weeks after completion of treatment by 
clinical, hematological, and biochemical tests, endoscop-
ic examination and CECT scan of thorax and abdomen. 
Follow-up was continued thereafter till the end of study, 
with clinical, hematological, and biochemical tests, endo-
scopic examination at three monthly interval, and CECT 
scan of thorax and abdomen were done every six months. 
Recurrence was proven by biopsy. The median follow-up 
period of the study was 13 months. 

Statistical analysis was done using SPSS version 16. 
The t-test/c2/Fisher-exact test was used for comparing 
baseline profiles, the response rates, and toxicities among 
patients of two treatment arms, with p value < 0.05 as sig-
nificant. Disease-free survival (DFS) was measured from 
the date of declaration of complete response to the date of 
first relapse (locoregional or distant metastasis) or death. 
Progression-free survival (PFS) was measured from date 
of declaration of partial response or stable disease to date 
of first progression. The disease-free survival and pro-
gression-free survival were determined using the Kaplan 
Meier survival analysis with log-rank test for comparing 
the DFS and PFS. 

Results 
Thirty-seven treatment naive locally advanced esoph-

ageal cancer patients were assessed for eligibility for in-
clusion in the study. Three patients were ineligible for 
study after failing to meet the eligibility criteria (n = 2) or 
declined to participate (n = 1). The remaining thirty-four 
patients were randomly assigned into two arms: arm A  
and arm B by using block randomization technique.  
Seven patients were lost to follow-up due to socioeco-
nomic conditions (n = 6) or died within the study period 
due to non-oncological causes (n = 1). At the end of study, 
thirty-four patients were analyzed as per intention to 
treat protocol (ITT) (18 patients in arm A and 16 patients 
in arm B). Figure 1 depicts the flow of patients in the two 
study arms. Table 1 presents the baseline demographic 
and clinical features of patients. All baseline parameters 
were comparable between the two study groups. 

Overall response rate (CR + PR) was 88.89% in arm 
A and 87.50% in arm B (p = 0.71). As seen from Table 2, the 
complete response rate was 55.56% in the arm A and 56.25% 
in the arm B; partial response was achieved in 33.33% and 
31.25%, respectively in the two arms. One patient in arm B 
had stable disease. Two patients in arm A and one patient 
in arm B were found to have progressive disease. 

Patients were evaluated for dysphagia before the 
treatment was started, during the treatment period, and 
in subsequent follow-up. Any lower grade following 
treatment was considered as the improvement of dys-
phagia over the pretreatment grade. In our study, 88.89% 
patients in the CCRT + ILBT arm and 87.5% patients in 
the CCRT arm had improvement in dysphagia. 

Fig. 1. Consort diagram depicting flow of patients in the study
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The acute toxicity profile is presented in Table 3.  
The acute grade 1 and grade 2 skin toxicity assessed by 
RTOG Acute Morbidity Scoring were comparable in 
both arms (p = 0.48). Combined grade 1 and grade 2 pha-
ryngeal mucositis were 88.89% and 87.5% in arm A and  
arm B, respectively (p = 0.86). RTOG acute esophageal 
toxicity grade 2 and grade 3 (77.78% in arm A and 68.75% 
in arm B) were higher in arm A than arm B (p = 0.60). Other 
acute toxicities were comparable between the two arms. 

Late esophageal toxicity was comparable in both 
arm A and arm B (p = 0.83) (Table 4). Only one patient 
in arm A had severe fibrosis requiring esophageal dila-
tion. With a median follow-up of 13 months, recurrence 
occurred in four out of ten patients who achieved com-
plete response in the CCRT + ILBT arm, and three out of 
nine who achieved complete response in the CCRT arm  
(p = 1.000). The disease-free survival (p = 0.678) (Figure 2) 
and progression-free survival (p = 0.548) (Figure 3) were 
comparable in both arms. 

Discussion 
Esophageal carcinoma accounts for approximately 

6% of all gastrointestinal malignancies with a male: fe-
male ratio of 3.7 : 1 [6]. Most cases occur in elderly males, 
and those below 55 years are rarely affected. Dysphagia 
is the most common presenting symptom, occurring in 
more than 90% of patients [6]. These features were also 
encountered in our study population. During the past two 
decades, a number of studies investigating concurrent 
radiotherapy and chemotherapy to treat esophageal can-
cer have been reported. In a Canadian practice guideline, 
Wong et al. [7] stated that chemoradiation is superior to 
radiotherapy alone when a nonsurgical approach is select-
ed. It should be noted that most patients enrolled in these 
phases II or III trials had early clinical stage disease [8]. 
Despite this fact, local control was poor, with 44% patients 
relapsing within irradiated fields [9]. A meta-analysis on 
the pathological complete response (pCR) rates following 
definitive chemoradiotherapy suggested higher rates of 
pCR with higher doses of radiotherapy. However, only 
three of the twenty-six studies in this ‘published data’ 
meta-analysis used doses higher than 50 Gy [10]. Zhang 
et al. reported that patients who received a dose of 54 Gy 
or higher with concurrent chemotherapy had a signifi-
cantly better locoregional control, disease-free survival, 

Table 1. Comparison of baseline demographic 
and clinical characteristics of the study arms 

Baseline 
characteristic 

CCRT + ILBT  
(arm A)*
(n = 18)

CCRT  
(arm B)† 
(n = 16)

p value

Age (years)

Range 31-68 40-68 0.74

Median 58 58.5

Sex

Male 16 (88.88%) 14 (87.5%) 0.65

Female 2 (11.12%) 2 (12.5%)

Performance status

ECOG I 3 (16.66%) 2 (12.5%) 0.55

ECOG II 15 (83.34%) 14 (87.5%)

Site of primary

Middle 11 (61.11%) 11 (68.75%) 0.5

Lower 7 (38.89%) 5 (31.25%)

Stage

I 3 (16.66%) 3 (18.75%) 0.42

II 5 (27.78%) 5 (31.25%)

III# 10 (55.56%) 8 (50.0%)

Duration of dysphagia (months)

Range 0.5-6.0 0.5-6.0 0.999

Median 4 4

Severity of dysphagia

Grade I 3 (16.66%) 3 (18.75%) 0.18

Grade II 6 (33.33%) 5 (31.25%)

Grade III 8 (44.44%) 7 (43.75%)

Grade IV 1 (5.55%)$ 1 (6.25%)

Hemoglobin (g/dl)

Range 9.3-12.9 9.6-13.4 0.39§

Mean ± SD 10.2 ± 0.4 10.38 ± 0.42

Creatinine clearance (ml/min)

Range 52-78 50-77 0.79§

Mean ± SD 65.22 ± 1.66 65.43 ± 1.76

*Concurrent chemoradiotherapy and intraluminal brachytherapy
†Concurrent chemoradiotherapy
#T3N1 stage (AJCC 7th edition) only
$requiring percutaneous gastrostomy placement
§P value from Student’s independent samples t test for numerical variables and 
Fisher’s exact probability test
c2 test or c2 test for trend (as applicable) for categorical variables 

Table 2. Tumor response evaluation by Response 
Evaluation Criteria in Solid Tumors (RECIST) 

Response Arm p value

A (n = 18) B (n = 16)

CR 10 (55.56%) 9 (56.25%) 0.71

PR 6 (33.33%) 5 (31.25%)

SD 0 (0.00%) 1 (6.25%)

PD 2 (11.11%) 1 (6.25%)

CR – complete response, PR – partial response, SD – stable disease, PD – pro-
gressive disease 

https://www.ncbi.nlm.nih.gov/pubmed/20610543
https://www.ncbi.nlm.nih.gov/pubmed/20610543
https://www.ncbi.nlm.nih.gov/pubmed/12605971?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/9788404
https://www.ncbi.nlm.nih.gov/pubmed/11172946?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/16545878


Journal of Contemporary Brachytherapy (2018/volume 10/number 3)

Concomitant chemoradiation versus concomitant chemoradiation followed by intraluminal brachytherapy 229

and overall survival [11]. Similarly, Suh et al. [12] showed 
in a retrospective study that high-dose radiotherapy of  
60 Gy or higher with concurrent chemotherapy improved 
locoregional control and progression-free survival with-
out a significant increase of treatment related toxicity in 
patients with stages II-III esophageal cancer. 

The necessity to improve local control is clear, espe-
cially in patients with locally advanced disease. Addition 
of brachytherapy boost and, when feasible, surgery could 
improve local control and perhaps survival. There were 
only a few published results of external beam radiation, 
brachytherapy boost, and concurrent chemotherapy for 
meaningful numbers of patients [13,14,15]. 

This study is an attempt to report our experience with 
ILBT boost following concurrent chemoradiotherapy in 
esophageal cancers. There are several trials that have re-
ported on the use of ILBT following concurrent chemora-
diotherapy. RTOG 92-07 report was designed to study if 
there was an additional benefit of adding brachytherapy 
to the concurrent chemoradiotherapy regimen. After the 
initial dose of 15 Gy in three fractions of HDR brachyther-
apy led to significant increase in the incidence of fistula, 
the protocol was modified to deliver a dose of 10 Gy in 
two settings. Persistence of disease was observed in 19% 
of the patients. However, the 1-year survival rate was re-
ported as 49%. The incidence of fistula post-treatment con-
tinued to be high at 12%, and the authors urged caution 
in the use of brachytherapy boost to concurrent chemo-
radiotherapy [15]. The investigators concluded that sur-
vival was no different with the addition of brachytherapy 
and should be cautioned given their fistula rate. Similar 
results were found in our study, where statistically no 
significant difference was found in two arms regarding 
DFS (log-rank test p value 0.678) and PFS (log-rank test 
p value 0.548). However, there were no cases of fistula 
in brachytherapy arm. The difference of this observation 
from RTOG 92-07 was due to high brachytherapy dose 
that was delivered during chemotherapy. 

Since the RTOG 92-07 study, there have been several 
reports on improved outcomes with concurrent chemo-
radiotherapy followed by ILBT in esophageal carcinoma 
[16,17,18]. Calais et al. [18] reported a local control rate of 
74% at one-year and a three-year survival rate of 27%, fol-
lowing treatment with concurrent chemoradiotherapy fol-
lowed by brachytherapy, with a good retained swallow-
ing score for 75% of patients. Khurana et al. [17] reported 
in their study that patients receiving chemoradiotherapy 
followed by ILBT had the highest median survival of 14.5 
months, compared to EBRT alone (9 months), EBRT with 

Table 3. Frequency of acute treatment related 
toxicities in the two study arms

Toxicities CCRT + ILRT* (n = 18) CCRT† (n = 16) p value

Skin

G1 10 (55.56%) 9 (56.25%) 0.48

G2 8 (44.44%) 7 (43.75%)

Pharynx

G0 2 (11.11%) 2 (12.5%) 0.86

G1 10 (55.56%) 10 (62.5%)

G2 6 (33.33%) 4 (25.0%)

Esophagus

G1 4 (22.22%) 5 (31.25%) 0.60

G2 8 (44.45%) 8 (50.0%)

G3 6 (33.33%) 3 (18.75%)

Lungs

G0 3 (16.67%) 3 (18.75%) 0.96

G1 11 (61.11%) 10 (62.5%)

G2 4 (22.22%) 3 (18.75%)

Heart

G0 16 (88.89%) 13 (81.25%) 0.53.

G1 2 (11.11%) 3 (18.75%)

Hematological

G1 4 (22.22%) 3 (18.75%) 0.78

G2 8 (44.45%) 9 (56.25%)

G3 6 (33.33%) 4 (25.0%)

Upper G.I.

G1 6 (33.33%) 4 (25.0%) 0.86

G2 9 (50.0%) 9 (56.25%)

G3 3 (16.67%) 3 (18.75%)

Lower G.I.$

G0 7 (38.89%) 7 (43.75%) 0.95

G1 6 (33.33%) 5 (31.25%)

G2 5 (27.78%) 4 (25.0%)
$Toxicity grading using CTCAEv4; G – grade; All other toxicities were graded 
using RTOG Acute Radiation Morbidity Scoring Criteria 
*Concurrent chemoradiotherapy and intraluminal brachytherapy
†Concurrent chemoradiotherapy

Table 4. Frequency of late treatment related toxicities in the two study arms

Toxicity type Toxicity grade 2 and 3 Toxicity grade 0 and 1 p value

CCRT + ILRT* (n = 18) CCRT† (n = 16) CCRT + ILRT*(n = 18) CCRT† (n = 16)

RTOG late skin 
toxicity

5 (27.77%) 3 (18.75%) 12 (66.67%) 10 (62.5%) 0.90

RTOG late esopha-
geal toxicity

4 (22.22%) 3 (18.75%) 13 (72.22%) 10 (62.5%) 0.83

*Concurrent chemoradiotherapy and intraluminal brachytherapy
†Concurrent chemoradiotherapy 

ILBT (10 months), and concurrent chemoradiotherapy  
(11 months). The authors, however cautioned that the 
results could have been confounded by bias, as fitter pa-

https://www.ncbi.nlm.nih.gov/pubmed/15708243
https://academic.oup.com/jjco/article/44/6/534/javascript:;
https://www.ncbi.nlm.nih.gov/pubmed/?term=High-dose+Versus+Standard-dose+Radiotherapy+with+Concurrent+Chemotherapy+in+Stages+II%E2%80%93III+Esophageal+Cancer.+Jap+J+Clin+Oncol+2014%3B+44%3A+534-540
https://www.ncbi.nlm.nih.gov/pubmed/9112458
https://www.ncbi.nlm.nih.gov/pubmed/9112458
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+safety+and+usefulness+of+high-dose-rate+endoluminal+brachytherapy+as+a+boost+in+the+treatment+of+patients+with+esophageal+cancer+with+external+beam+radiation+with+or+without+chemotherapy.+Int+J+Radiat+Oncol+Biol+Phys+2005%3B+63%3A+758-764
https://www.ncbi.nlm.nih.gov/pubmed/?term=Factors+influencing+the+development+of+ulcers+and+strictures+in+carcinoma+of+the+esophagus+treated+with+radiotherapy+with+or+without+concurrent+chemotherapy.+J+Cancer+Res+Ther+2007%3B+3%3A+2-7
https://www.ncbi.nlm.nih.gov/pubmed/?term=Int+J+Radiat+Oncol+Biol+Phys+1997%3B+38%3A+769-775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Int+J+Radiat+Oncol+Biol+Phys+1997%3B+38%3A+769-775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Factors+influencing+the+development+of+ulcers+and+strictures+in+carcinoma+of+the+esophagus+treated+with+radiotherapy+with+or+without+concurrent+chemotherapy.+J+Cancer+Res+Ther+2007%3B+3%3A+2-7
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Fig. 2. Kaplan-Meier plot depicting disease-free survival 
in the two study groups
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Fig. 3. Kaplan-Meier plot depicting progression-free sur-
vival in the two study groups

tients were more likely to receive aggressive regimens. 
Similarly, in our study, overall median survival was thir-
teen months in chemoradiotherapy followed by ILBT 
arm. A few other reports suggest a benefit of incremental 
radiotherapy dose on outcomes [19,20,21,22]. Chauhan  
et al. [23] conducted a retrospective study on patients with 
carcinoma esophagus who were treated with external ra-
diation therapy followed by intraluminal brachytherapy. 
Twenty-one patients with unresectable carcinoma esoph-
agus without any history of previous anticancer treatment 
were given external radiotherapy, 40 Gy in 20 fractions 
over 4 weeks. After gap of two to three weeks, all patients 
were given intraluminal high-dose-rate brachytherapy  
(5 Gy/3 fraction/one week apart) who were enrolled in 
this retrospective study. After completion of treatment, 
complete response was noted in 19 (90.4%), and persistent 
disease was seen in 2 (9.52%) patients. 

In our study, CR was seen in 10/18 (55.56%) patients, 
PR in 6/18 (33.33%) patients, and persistent disease in 
2/18 (11.11%) cases in CTRT followed by ILBT arm. This 
difference in observation from Chauhan et al. study exist, 
possibly because of greater number of ILBT fractions ap-
plied, which resulted in better local control. Our results 
showed that the response rate of esophageal cancer pa-
tients to CCRT with ILBT boost was relatively high and 
reached 88.89%, indicating that can effectively kill tumor 
cells and rapidly reduce tumor size. This is consistent 
with clinical observation that CCRT with ILBT can re-
lieve dysphagia in these patients. The response profile 
was similar in both arms (p = 0.71). 

In our study, 4 out of 10 (40%) patients who achieved 
complete response recurred in the arm A, and 3 out of 
9 (33.33%) patients who achieved complete response re-
curred in the arm B. Although this difference was not 
statistically significant, in view of the small numbers, it 
would not be correct to draw any definite conclusions re-
garding local recurrence rate from the present study. 

The treatment was well tolerated. Complications fol-
lowing the use of ILBT with chemoradiotherapy have 
been variably reported by different investigators. While 
Montravadi et al. [14] reported no patient developing fis-
tula post-treatment, Sharma et al. [24] on the other hand 
reported a 12% incidence of fistula formation and 29% 
incidence of post-treatment esophageal ulcers. Notably, 
the patients in this study were administered chemother-
apy just prior to ILBT. Significantly fewer incidences of 
strictures was seen when ILBT dose was reduced from  
20 to 15 Gy (24% vs. 8%). As mentioned earlier, we did 
not find any fistula in our study; only one patient devel-
oped stricture requiring dilation. Other acute and late 
toxicities assessed by RTOG acute and late morbidity 
scoring criteria were found comparable in both arms and 
were statistically non-significant. 

This study has its limitations. Our sample size was 
small, so any statistical data have to be interpreted with 
caution. It was a single institutional study, and two-di-
mensional planning was used both for EBRT and ILBT; 
hence, the results derived cannot be extrapolated on en-
tire population. However, in developing countries like 
India where majority of centers are equipped with 60Co 
machines and uses two-dimensional planning, our pre-
sented data could be helpful. No patient underwent an 
endoscopic ultrasonography, so accurate T-staging was 
not possible in most patients. Usually these cancers re-
cur within twenty-four months, more so in first twelve 
months post-treatment. Entire study duration was almost 
1.5 years including patient accrual, intervention, and as-
sessment, so the toxicity profile or DFS/PFS may have 
been changed with longer follow-up. 

Conclusions
In our study, addition of brachytherapy as a boost 

following concurrent chemoradiation failed to improve 
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treatment outcomes without added toxicity in locally 
advanced esophageal cancer. Further studies with larg-
er sample size, more conformal radiotherapy technique, 
and longer follow-up period are required for establishing 
this observation. 
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