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Case Summary 
A 62-year-old woman was referred 

to our center for a moderately differ-
entiated fungating esophageal ade-
nocarcinoma at 25 cm from the inci-
sors. A computed tomography (CT) 
scan (Figure 1) showed a mid to low-
er esophageal tumor with radial ex-
tension into to the pericardium and 
distally into the cardioesophageal 
junction (COJ) but no regional nodes 
or distant metastasis (TNM7 cT4 N0 
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M0). The patient was assessed by an 
upper gastrointestinal surgeon, who 
deemed the disease was inoperable. 
Treatment options were discussed, 
including upfront high-dose-rate 
brachytherapy (HDRBT) followed by 
definitive radiation therapy (dRT) 
or concurrent chemoradiotherapy 
(CRT). The patient understood and 
consented to the proposed treatment 
regimen consisting of 3 fractions of 
HDRBT followed by CRT to a dose of 
50.4 Gy in 28 fractions.

HDRBT Procedure 

Brachytherapy Applicator Insertion

The insertion was completed un-
der sedation in the operation theater 
with endoscopic and fluoroscopic 
guidance. During the first insertion, 
there was a circumferential tumor 
at 24 cm from the incisor with near 
complete obstruction of the lumen, 
needing balloon dilatation (Figure 
2). Using endoscopy with fluoro-
scopic guidance, a radio-opaque 
marker was placed on the chest wall 
corresponding to the superior and 
inferior extension of the tumor. Fol-
lowing marker placement, a 6-mm 
diameter Nucletron intraluminal 
brachytherapy applicator was insert-
ed with the distal part into stomach, 
also under fluoroscopic guidance. 
The brachytherapy applicator was 
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anchored at the mouth with a bite 
block. For the second and third 
sessions, no balloon dilatation was 
needed due to good tumor response. 

Treatment Planning

In the 2-mm-slice CT-simulation 
images, the contrast-enhancing tu-
mor was marked as the gross tumor 
volume (GTV) with the superior and 
inferior extension corresponding to 
the ball bearing that was placed on 

the chest wall. A dose of 7 Gy was 
prescribed to cover the GTV plus a 
1-cm safety margin superiorly and 
inferiorly using the Oncentra Master-
plan V5.0 brachytherapy treatment 
planning system. Thereafter, the iso-
doses were normalized and adjusted 
graphically to have the 7 Gy isodose 
line covering the GTV, and heart 
dose constrained to the 6 Gy isodose 
line. The radial distance of the 7 Gy 
isodose is limited to 7 mm from the 

center of the applicator at the safety 
margin region superiorly and inferi-
orly, while allowing a more generous 
coverage at thicker tumor depth (Fig-
ures 3A-C). Maximum esophageal 
surface dose is 25 Gy to 52.88 Gy. 

Treatment

The patient was treated with the 
Nucletron HDRBT afterloader system 
using an iridium-192 brachytherapy 
source with an initial source strength 

Figure 1. Coronal and axial computed tomography showed circumferential thickening of the esophageal wall extending into the stomach.

Figure 2. Esophagogastroduodenoscopy before brachytherapy 
showed a bleeding fungating tumor affecting full 
circumference of the esophageal wall. 
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of 10 mCi. She was treated with 3 
fractions of weekly 7 Gy HDRBT us-
ing the same plan. The intraluminal 
applicator was removed immediately 
after each session.

Following the second fraction 
of HDRBT, the patient had marked 
improvement in the dysphagia score. 
She was tolerating a semisolid diet 
and her weight was progressively 

increasing. During the third HDRBT 
applicator insertion, esophagogastro-
duodenoscopy showed gross resolu-
tion of the intraluminal esophageal 
tumor (Figure 4).

After completing HDRBT treat-
ment, the patient was subjected to 
external-beam radiation therapy 
(EBRT) using IMRT to a total dose of 
50.4 Gy in 28 fractions over 5 weeks 

with concurrent oral capecitabine 
1g twice a day on radiation therapy 
days only. The treatment volume 
encompassed a 4-cm superior and 
4-cm inferior margin, which extend 
into the fundus of the stomach; a 
1-cm radial margin around the GTV 
to generate the clinical target volume 
(CTV); and a 1-cm margin was added 
for the planning target volume (PTV) 

Figure 3. High-dose-rate brachytherapy dose distribution in axial (A), 
coronal (B) and sagittal (C) computed tomography slices.
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(Figure 5) as per standard contouring 
guidelines. No elective nodes were 
included. All organs at risk such as 
bilateral lung, heart, spinal cord, 
bilateral kidney, and liver were defined 
in each CT slice and met the normal 
tolerance as per QUANTEC. Daily 
electronic portal imaging and weekly 
cone-beam CT were used for treatment 
verification. Oral capecitabine was 
used as the patient refused intrave-
nous chemotherapy. On completion of 

CRT, the patient had grade 1 esopha-
gitis but was still tolerating well orally. 
She was prescribed a proton pump 
inhibitor for 6 months.

Follow-up 

Endoscopic examination after 3 
months showed complete clinical 
response with fibrosis and mild stric-
ture at the gastroesophageal junc-
tion, which was easily dilated with a 
balloon (Figure 6A). CT-TAP (CT of 

the thorax, abdomen and pelvis) at  
3 (Figures 6A-B) and 18 months (Fig-
ure 7) showed focal wall thickening 
along the irradiated esophagus with 
no evidence of recurrence. 

The patient’s  last physical fol-
low-up with us was 12 months after 
completing treatment, at which time 
she refused endoscopy or imaging 
investigations. She was tolerating an 
oral diet with mild grade 1 dysphagia 
and had gained weight. Thereafter, we 

Figure 4. Esophagogastroduodenoscopy on third 
brachytherapy showed disappearance of esophageal tumors.

Figure 5. External-beam radiation therapy plan.
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followed up with her via 2 monthly 
phone calls as she declined any as-
sessment and reported a good quality 
of life. During phone assessments at 
29, 34 and 40 months, she reported 
grade 1 dysphagia and was otherwise 
well. Unfortunately, at 48 months 
following treatment, we were in-
formed by a family member that the 
patient had died 1 week earlier, with 
a likely diagnosis of a cerebrovas-
cular accident. 

Discussion
Based on the RTOG 85-01 inter-

group trial and RTOG 94-05, radia-
tion dose to 50 Gy with concurrent 
chemotherapy is the preferred 
treatment for patients with unre-
sectable esophageal cancer.1,2 While 
CRT improves locoregional control, 
locoregional recurrence (LRR) still 
affects about 50% of patients, half of 
whom have an isolated recurrence 

without distant metastases.3 Further-
more, the majority of LRRs occur at 
the primary site vs being nodal, sug-
gesting a benefit from dose escala-
tion to the primary tumor.3 Radiation 
therapy dose escalation has been 
reported to improve the outcomes in 
a few studies involving unresectable 
esophageal cancer patients.2,4 The 
ARTDECO dose escalation trial in 
esophageal cancer patients showed 
a numerically superior 3-year, local 

Figure 7. Axial computed tomography scan 18 months after 
treatment showed no evidence of residual disease.

Figure 6. Clinical (A) and radiological information (B) showed good response with no evidence of disease after 3/12 of treatment.
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progression-free survival (LPFS) in 
the dose-escalated (61.6 Gy) arm at 
73% vs 70% in the standard (50.4 Gy) 
arm, although it did not reach statis-
tical significance. This study, which 
used advanced radiation therapy 
techniques, had better pretreatment 
staging investigations and a different 
choice of concurrent chemotherapy 
regimen compared with earlier stud-
ies that showed increased acute and 
late toxicity with dose escalation.5 

Intraluminal HDRBT of the esoph-
agus has the distinct advantage of 
delivering a high dose of radiation to 
the tumor while sparing the normal 
organs. However, use of HDRBT is 
riddled with significant toxicity, such 
as esophageal fistula and stricture.6-9 
American Brachytherapy Society 
recommendations for esophageal 
HDRBT include use of an external ap-
plicator whose diameter is 0.6 to 1.0 
cm, EBRT delivered before HDRBT, 
and maximum tumor length under 
10 cm.10 The initial rationale for the 
larger applicator size was to reduce 
the mucosal dose in relation to dose 
at the prescription point. However, 
this is an old guideline and has since 
been removed from the ABS website. 
Newer studies have included tumors 
larger than 10 cm in length, and 
some have delivered HDRBT before 
commencing EBRT.6,10 

We theorize that the addition 
of HDRBT to EBRT in esophageal 
cancer improves the local control 
rate and provides durable alleviation 
of dysphagia.11,12 One randomized 
controlled trial even showed the 
superiority of HDRBT over EBRT 
boost.13 In most literature, an HDRBT 
boost was added following EBRT, not 
prior to it. While an HDRBT boost 
is usually delivered after EBRT, in 
1 single-arm phase 2 study, HDRBT 
before EBRT is shown to be safe and 
effective in inducing rapid and du-
rable relief from dysphagia prior to 
commencing curative intent CRT.13-16 
Delivering HDRBT upfront also has 
the advantage of providing easy 
tumor identification and defining the 

target volumes as opposed to doing 
so after EBRT, which could signifi-
cantly shrink the esophageal tumor. 
In addition, by starting with HDRBT, 
we could better recognize the tumor 
location compared with post-EBRT 
when usually no tumor is visible. 
Additional advantages are that with 
rapid significant tumor shrinkage, 
patients tend to have immediate 
improvement in their dysphagia 
score and nutrition status, and tend 
to be more receptive to subsequent 
proposed treatment with CRT.16

One study reported that applica-
tor size may not correlate with the 
esophageal fistula rate.4 However, the 
dose per fraction of HDRBT showed 
a strong correlation with the fistula 
rates.17 In a study by Vuong et al, with 
the use of lower-dose fractionated 
HDRBT, there was only 1.2% fistula 
rates for all 70 patients. This study 
also shortened the overall treatment 
time by delivering HDRBT twice a 
week to a total dose of 20 Gy in 5 
fractions and commencing EBRT the 
week immediately following HDRBT 
completion.4 When overall treatment 
time is below 8 weeks, studies have 
shown fewer local recurrences.18

In this patient, HDRBT was deliv-
ered over 3 weekly fractions of 7 Gy 
each to a total dose of 21 Gy. This dose 
schedule was chosen as the patient 
refused a more fractionated schedule 
of 20 Gy in 5 fractions treating 2 frac-
tions a week due to logistical reasons. 
In the treatment planning process, we 
applied a 3D planning method with 
dose manipulation similar to dose 
painting in the IMRT. Rather than 
apply the dose prescription to a point 
at a radial distance from the center of 
the applicator, which produces a uni-
form cylindrical target, we ensured 
that 90% of the GTV received the pre-
scribed dose of 7 Gy. The 7 Gy isodose 
curve was manipulated in such a way 
that generous coverage was allowed 
to areas with thicker tumor depth, 
while the same isodose line was 
restricted at smaller tumor depth or 
the safety margin region. This method 

of dose painting was described by 
Lettmaier et al who suggested that 
the use of 3DCT-based treatment 
planning has the advantage of dose 
manipulation over an applicator-based 
approach, which ignores surrounding 
normal structures.19

Conclusion
Use of an upfront 3D HDRBT boost 

with dose manipulation followed by 
IMRT showed good tumor response 
and minimal toxicity in this patient. 
Upfront HDRBT has the advantage of 
rapid relieving dysphagia, mak-
ing the patient more receptive to 
subsequent treatment with concur-
rent CRT. Dose escalation with the 
aim to improve local control rate 
is feasible with HDRBT. Treatment 
for postradiation stricture, a known 
toxicity of radiation therapy/HDRBT, 
can be addressed by endoscopic 
balloon dilatation. 
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