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Risk factors for squamous cell carcinomas (SCCs) of the head and neck (HN) and 
esophagus are similar. As such, synchronous primary tumors in these areas are not 
entirely uncommon. Definitive chemoradiation (CRT) is standard care for locally advanced 
HNSCC and is a preferred option for inoperable esophageal SCC. Simultaneous 
treatment of both primaries with CRT can present technical challenges. We report a 
case of synchronous supraglottic and esophageal SCC primary tumors, highlighting 
treatment with a monoisocentric hybrid radiation technique and normal tissue toxicity 
considerations.

Keywords: head and neck cancer, esophageal cancer, squamous cell carcinoma, supraglottic cancer, intensity-
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INtRoDUCtIoN

Despite the continued decline in incidence of esophageal squamous cell carcinoma (ESCC) in the 
United States, the rate of synchronous primary head and neck squamous cell carcinoma (HNSCC) 
and ESCC remains relatively unchanged over the past two decades (1, 2). The presence of a second 
primary malignancy can bring with it unique therapeutic challenges and has been associated with 
inferior clinical outcomes (3, 4). Curative chemoradiation (CRT) is an effective treatment for iso-
lated locally advanced HNSCC and is a next-best alternative therapy in non-operable ESCC (5, 6). 
Unfortunately, simultaneous CRT treatment of these tumors necessitates the delivery of high-dose 
radiation to expansive clinical target volumes (CTVs), causing concern for high rates of normal 
tissue toxicity. In such cases, an eloquent, unified radiotherapy (RT) plan with a single isocenter can 
help to optimize dose distributions. This report highlights a unique case of synchronous supraglot-
tic and ESCCs treated simultaneously with CRT using a monoisocentric hybrid 3D-conformal/
intensity-modulated radiation (IMRT) technique.

BaCKGRoUND

A 76-year-old female presented with persistent throat pain and mild dysphagia. A midline lesion of 
the laryngeal epiglottis with vallecular extension was noted on laryngoscopy exam, the bilateral true 
vocal cords were normal in appearance and mobility. Biopsy of the mass showed HPV-negative squa-
mous cell carcinoma (SCC). Subsequent computerized tomography neck and chest showed bilateral 
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FIGURe 1 | Midline sagittal and axial views on positron emission tomography-computerized tomography. There are foci of hyperavidity in the supraglottic larynx, 
level II cervical lymph nodes, and the upper thoracic esophagus.
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level II cervical lymphadenopathy. Staging positron emission 
tomography scan demonstrated activity in the supraglottic mass, 
bilateral level II cervical lymph nodes (LNs), and unexpectedly 
within the upper esophagus (Figure 1). Endoscopy with ultra-
sound noted a mucosa-confined esophageal mass, extending 
from 20 to 22 cm from the incisors. A pathologically enlarged 
level 2L LN was also noted, but was not amenable to sampling. 
Biopsy of the esophageal mass showed invasive SCC and the 
patient was ultimately diagnosed with cT3N2cM0 (stage IVA) 
and uT1bN1M0 (stage IIB) supraglottic and esophageal cancers, 
respectively. Interdisciplinary tumor board recommendation was 
to proceed with definitive CRT for both malignancies given the 
patient’s age and medical comorbidities.

Rt planning and Chemotherapy
Radiotherapy treatment planning goals were achieved for 
target and normal tissue structures (Figure  2; Table  1) using 
a monoisocentric, hybrid 3D-conformal/IMRT technique 
(Figure 3), including nine static IMRT beams and opposed low 
3D-conformal AP/PA beams. The AP/PA beams were used as a 
base plan, allowing those beams to be fully taken into account 
by the optimizer during subsequent IMRT beam planning to 
avoid field junction heterogeneity. Doses were prescribed to 
the following planning target volumes: elective esophageal LNs 
(52.5 Gy), low-risk elective neck (54.0 Gy), esophageal primary 
and intermediate-risk elective neck (59.5 Gy), and supraglottic 
primary/high-risk gross nodal disease (70  Gy) (Figure  3). RT 
was delivered over 7  weeks in five identical daily fractions per 

week using a simultaneous integrated boost with weekly concur-
rent carboplatin (AUC = 2) and paclitaxel (50 mg/m2). Isodose 
distributions are shown in Figure 4.

Response to treatment and toxicity
Acute and late toxicities were assessed using radiation therapy 
oncology group (RTOG) toxicity criteria. The patient developed 
acute grade 3 dermatitis, mucositis, and dysphagia [percutaneous 
endoscopic gastrostomy (PEG) tube placed in week 3 of CRT]; 
however, no RT breaks were required. At a follow-up time of 
34 months, the patient is without clinical, endoscopic, or radio-
graphic evidence of malignancy. She has developed several long-
term treatment-related toxicities including grade 2 xerostomia 
and neck soft tissue fibrosis in addition to grade 3 esophageal 
stricturing with near complete stenosis. She has undergone five 
esophageal dilations since treatment conclusion—initially requir-
ing retrograde and anterograde dilation from her PEG and mouth 
sites, respectively. She is limited to oral soft foods and infrequently 
supplements her nutrition via PEG tube when needed.

DIsCUssIoN

There are various treatment strategies in patients with synchro-
nous ESCC and HNSCC, including different combinations of 
surgery, chemotherapy, and radiation. A recent retrospective 
study of 91 patients treated for synchronous head and neck (HN) 
and esophageal SCC showed that both upfront simultaneous 

http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive


FIGURe 2 | Planning target volumes and respective dose–volume histogram. Coronal and sagittal 3D volume renderings (top) by color: orange = esophageal 
primary, green = elective esophageal lymph nodes (LNs), yellow = bilateral low-risk elective cervical LNs, cyan = bilateral intermediate-risk elective cervical LNs, and 
red = supraglottic primary and gross nodal disease. Solid blue = esophagus contour. Each color is represented as a structure on the dose–volume histogram 
(bottom).

taBle 1 | Normal structure dosimetry.

structure Mean (Gy) Max (Gy) other

Esophagus 36.3 66.6
Lung 15.9 63.6 V5 = 67.9%

V20 = 28.8%
Brachial plexus 56.4 69.6
Constrictors 65.1 78.0
Parotids

Left 20.8
Right 19.9
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resection or definitive CRT are reasonable treatment options, 
with 3-year survival rates of 67 vs 49%, respectively. However, 
definitive CRT was associated with a higher rate of grade 3–5 
adverse events and 47% required salvage surgery for residual or 
recurrent HN disease (7). In non-surgical candidates, definitive 
CRT has proven to be a viable treatment option for isolated ESCC, 
with 2-year local control (LC) rates of 41–57% (5, 8). It is also an 
effective organ preservation therapy in isolated locally advanced 
laryngeal SCC (6). However, long-term toxicity rates remain high 
for CRT in both of these primary sites. For example, long-term 

http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive


4

Barney et al. Synchronous H&N and Esophagus IMRT 

Frontiers in Oncology | www.frontiersin.org January 2018 | Volume 7 | Article 307

FIGURe 3 | Radiation treatment plan. (a) Axial view of all 11 fields with the 3D-conformal AP/PA fields highlighted in cyan. (B) Sagittal views of the nine intensity-
modulated radiation (IMRT) fields—five coplanar beams and four additional non-coplanar beams which have been angled to reduce entrance and exit dose in 
normal tissue. (C) AP view showing the AP 3D-conformal (cyan) and IMRT (yellow) fields and their body surface projections. The 3D-conformal field is contained 
within the AP IMRT field’s fluence and is specifically targeting the esophageal primary (red contour) and elective esophageal nodes (green contour). Solid 
blue = esophagus contour.

results of the RTOG 91-11 trial showed grade ≥3 late esophageal 
and laryngeal toxicity rates of 17 and 15%, respectively, in patients 
treated with CRT for locally advanced laryngeal SCC. In esopha-
geal CRT, Cooper et al. reported grade ≥3 late toxicity rates of 
29%, most of which (22%) directly involved the esophagus (5). 
Unfortunately, these toxicities can significantly affect quality of 
life as illustrated by this case report. A theoretic increase in these 
toxicities should be expected when treating synchronous tumors 
given the larger radiation fields required to adequately cover both 
sites; as such, avenues to maximize the therapeutic ratio should be 
considered in such cases.

The extent of high-dose RT fields should be of primary consid-
eration. Because of the rich lymphatic network of the esophagus, 
a large longitudinal field expansion around the esophageal pri-
mary is required (3–5 cm superiorly and inferiorly) to encompass 
microscopic disease (9), as such most CRT protocols are now 
favoring an involved nodal approach in an effort to reduce field 
size elsewhere. In our patient, we were more aggressive with 
elective nodal volumes, treating not only level 2L (the area of 
clinical involvement) but also thoracic levels 2–8 (level 8 to 5 cm 
beyond the inferior extent of the primary CTV); the bilateral 
supraclavicular regions were covered in the HN nodal CTVs. In 
retrospect, an involved nodal approach for the esophagus may 
have reduced toxicity, although we cannot predict how this would 
have impacted locoregional control.

Selection of RT dose and fractionation schedule is also crucial 
in striking a balance between tumor control and toxicity. Delivery 
of 70 Gy to gross tumor over 7 weeks in 2-Gy daily fractions with 
cisplatin chemotherapy is a standard curative regimen in locally 
advanced HNSCCs. Given the larger field sizes, the use of altered 
fractionation should be approached with caution when treating 
synchronous tumors, especially if concurrent chemotherapy is 

given or if the patient is elderly (as in our case) or of poor per-
formance status (KPS < 80) (10, 11). In such cases, the increased 
acute toxicity rates experienced with altered fractionation may 
outweigh potential LC benefits.

For ESCC, the results of early trials led to the adoption of 
50.4 Gy in 28 fractions as the standard for definitive CRT (5, 12). 
Specifically, the INT 0123 trial was a CRT dose escalation study 
(64.8 vs 50.4 Gy) that showed no improvement in LC (50 vs 55%) 
and an increased treatment-related mortality (10 vs 2%, 11 vs 2 
patients) in the high-dose arm, although 7 of 11 events occurred 
before reaching doses of 50.4 Gy (12). Some investigators attrib-
ute these results to antiquated radiation techniques and the use 
of lower dose 5-FU in the 64.8 Gy arm (13). These uncertainties 
and continued poor LC rates have prompted further exploration 
of dose escalation. Our decision to dose escalate was driven by 
retrospective studies that suggest higher doses (51–65 Gy) likely 
improve LC and correlate positively with pathologic complete 
response (pCR) rates in ESCC (14–17); however, one study did 
report increased esophageal stricture rates with doses >50.4 Gy 
(32.1 vs 18.2%) (16). In our patient, we followed the chemother-
apy regimen used in the CROSS trial given the high ESCC pCR 
rates in that study (48%) and reports of carbo/paclitaxel being 
an effective alternative in HNSCC when patients are cisplatin 
ineligible (18–20).

The selection of RT technique can be just as important as that 
of dose/fractionation and chemotherapeutic regimen. Dose-
painting IMRT in HNSCC has proven to improve quality of life 
and reduce long-term toxicity rates (21). The benefits of IMRT 
in ESCC are less clear—comparisons to 3D-conformal plans 
show superior homogeneity and dose–volume parameters in 
the lungs and heart, although the clinical significance of these 
improvements is unknown (22). In planning our patient, IMRT 

http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive


5

Barney et al. Synchronous H&N and Esophagus IMRT 

Frontiers in Oncology | www.frontiersin.org January 2018 | Volume 7 | Article 307

FIGURe 4 | Radiation isodose distributions. (Top) Axial view at the level of the subglottic larynx. (Bottom left) Coronal view. (Bottom right) Midline sagittal view.

alone was optimal for target–dose conformity and homogeneity; 
however, the elevated low-dose bath to the lungs would have 
placed the patient at high risk for severe pneumonitis. In this 
scenario, the use of AP/PA conformal beams has been shown to 
reduce the low-dose lung bath by forcing dose centrally within 
the thorax, as was the case in our patient (23). We applied this 
technique in our patient and accordingly were able to reduce the 
lung dose to within acceptable constraints. The downsides of a 
hybrid technique, however, are competing cardiac toxicity and 
mildly increased dose heterogeneity. Dose heterogeneity can also 
be introduced at field junctions. A monoisocentric technique is 
thus desirable in an effort to improve dose distributions (24) and 
avoid junctional “hot” and “cold” spots, as was highlighted in this 
case report.

CoNClUDING ReMaRKs

This unique case highlights the utility of monoisocentric and 
hybrid IMRT techniques for treating synchronous supraglottic 
and esophageal SCCs. In this setting, field size and dose/frac-
tionation selections are integral in striking a balance between 
toxicity and tumor control. Despite these considerations, severe 
long-term treatment-related toxicities, including esophageal 
stricture, are not entirely unavoidable as illustrated in this report.

INFoRMeD CoNseNt

The patient included in this case report provided her verbal and 
written/signed consent to submit a report of her de-identified 
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