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Abstract

Background: There has been an increasing focus on late functional effects of head and neck
cancer (HNC) treatment. This study was undertaken to evaluate the incidence of late proximal
esophageal stricture in patients undergoing total laryngectomy (TL) and radiation therapy (RT).

Material and Methods: An institutional retrospective review of HNC patients treated between
1995 and 2003 with TL and RT was undertaken. Thirty-three patients with stage 11-1V disease
were included; 25 patients had TL and postoperative RT (group 1), while 8 patients had definitive
RT with salvage laryngectomy (group 2).

Results: The median follow-up was 28 months. At the last follow-up, 25 patients (76%) were
alive and disease free. Four had died and 3 developed distant metastasis. Dysphagia or stenosis
developed in 40% in group 1 and 75% in group 2 patients. The median time to dysphagia was 5.5
months for all patients.

Conclusions: The incidence of esophageal stenosis was 33% for all patients. Contributing
factors for esophageal stenosis after TL and RT include continued alcohol and tobacco use, the
dose-volume relationship of the RT and normal tissue damage from the tumor and the treatment.
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Introduction

In the past, surgery has been the mainstay of head and neck cancer (HNC) treatment with
postoperative radiation therapy (PORT) for high-risk patients. Many recently published
studies support organ preservation in locally advanced HNC patients with radiotherapy (RT)
and chemotherapy [1-5]. With the increased interest in organ preservation [6], the issue of
functional preservation has become more relevant and important. The major focus of
treatment in the past was survival and local control. However, there has been a growing
interest in the quality of life for those patients who tolerate the treatment and survive the
cancer.

In HNC, one of the main issues after treatment is the patient’s ability to swallow.
Swallowing is a complex process that requires the coordination of multiple muscles and
nerves. Radiation and surgery may affect one or more steps in swallowing. A swallowing
disorder is defined as any disruption in bolus passage from the oral cavity to the stomach.
Dysphagia typically refers to a patient’s complaint or symptom of an underlying swallowing
disorder. The nature and severity of the swallowing disorder and patient complaint may be
related to surgical ablation of structures known to be critical for safe and efficient bolus
passage and/or to stenosis or stricture related to RT [7-9].

Further, some patients may have a preexisting swallowing difficulty related to the tumor
prior to the initiation of any treatment. There is a need to thoroughly assess swallowing
function at various intervals during cancer treatment because the onset and chronicity of
swallowing problems greatly impact the patient’s quality of life [10].

There are retrospective reports in the literature discussing the swallowing toxicity and rate of
esophageal stenosis or strictures among patients who have been treated with both RT and
total laryngectomy (TL) [11-16]. However, there is no clear consensus as to the true
incidence of swallowing problems in these patients. This retrospective study was undertaken
to determine the incidence of dysphagia and particularly esophageal strictures for patients
treated with both a TL and RT at the Medical University of South Carolina.

Patients and Materials

Patients

Treatment

Between 1995 and 2003, 33 consecutive patients with nonmetastatic HNC treated with RT
and TL at the Medical University of South Carolina were identified. Institution review board
approval was obtained prior to the start of this project. The characteristics of the 33
evaluable patients are presented in table 1. The 28 men and 5 women in our analysis had a
median age of 59 years (range 45-75). Twenty-seven patients (82%) presented with
laryngeal cancer, while the remainder had primaries located in the hypopharynx (n = 6). The
population included stage Il (n = 2), 1l (n =11) and IV (n = 20) cancers.

Chemotherapy was administered in 3 patients concurrent with RT for definitive treatment.
No chemotherapy was given to patients who received PORT after a TL. The majority of the
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patients had PORT after a TL (n = 25), while the remaining patients had a salvage
laryngectomy (SL) after RT either for laryngeal dysfunction (n = 1), new cancer primary (n
= 3) or salvage of persistent disease (n = 4).

All patients were treated in the supine position with the aid of immobilization devices. All
patients’ treatments prior to 2001 were planned two-dimensionally with plain films obtained
under fluoroscopy. Patients were treated with a three-field standard head and neck setup. The
opposed lateral radiation fields were half-beam blocked inferiorly to match with a superiorly
half-beam blocked anterior supraclavicular radiation field in order to avoid overlapping of
the fields. Custom-made Cerrobend blocks were used to keep normal structures from being
treated to reduce acute and late toxicities. However, most patients’ treatments from 2001 to
2003 were planned three-dimensionally from contiguous computed tomography slices. No
tissue inhomogeneity correction was attempted in the planning process. All patients in this
analysis were treated on a 6-megavoltage linear accelerator. Treatments were given on a
daily basis for 5 days a week. The mean dose in the group treated with definitive RT was 68
Gy (range 66—70). In the postoperative setting, the mean RT dose was 63 Gy (range 54-66).

In this cohort of 34 patients for whom long-term follow-up is available, we found that
surgical therapy typically consisted of TL with primary closure of the resultant
pharyngotomy. A vertical pharyngeal closure was used in the majority of cases, with 5 T-
type closures and 3 pectoralis major myocutaneous flaps in the remainder. No free flap
reconstructions were used in this cohort. One postoperative pharyngocutaneous fistula was
identified, in a patient who had received RT prior to surgery. A T-type closure was used in
this patient. Another patient developed a wound breakdown, without a fistula identified. This
was managed conservatively, with resolution. Interestingly, a T-type closure was utilized in
this patient as well, but there was no prior history of RT.

Swallowing Assessment

Swallowing function was mainly obtained by physician assessment of the patient at follow-
up appointments. If the patient complained of dysphagia, either modified barium swallowing
examination or an esophagogram was obtained. Regular radiographic assessment of
swallowing was not obtained when the patient was asymptomatic. Stenosis was
operationally defined as a narrowing in the region of the cervical esophagus or neopharynx
resulting in partial obstruction of bolus flow. Stricture was defined as lack of tissue
separation in the region of the cervical esophagus or neopharynx with complete obstruction
to bolus flow. If a stenosis or stricture was noted on the esophagogram, the patient was then
brought to the operating room and dilated with a Mallory dilator either by the
gastroenterologist or the otolaryngologist. Some patients underwent dilatation by the treating
otolaryngologist without a previous esophagogram if clinical suspicion was strong enough.
Whenever a modified barium swallowing or an esophagogram was available to document the
stenosis, we attempted to define the particular region involved in order to correlate it with
the anterior and lateral radiation fields’ match point.

ORL J Otorhinolaryngol Relat Spec. Author manuscript; available in PMC 2020 November 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vu et al.

Follow-Up

Page 4

Time to follow-up was calculated from the completion of both RT and TL (in any order)
until the last assessment by a physician in the radiation, otolaryngology or medical oncology
department. Most patients were followed more regularly by the head and neck surgeons than
by the other two departments.

Statistical Analysis

Results

Patients were divided into two groups for statistical analysis: those treated with TL followed
by PORT (n = 25; group 1) and those treated initially with RT followed by SL (n = 8; group
2). First, Kaplan-Meier survival curves for two groups were generated to make an initial
exploratory comparison of time to dysphagia between patients receiving RT first and
patients receiving TL first. Then, log-rank and Wilcoxon tests were used to determine
whether there was a statistically significant evidence of difference in dysphagia-free survival
rate between the two groups.

At a median follow-up of 28 months (range 1-105), 25 patients (76%) were alive with no
evidence of disease at the last follow-up (table 1). Five patients were eventually lost to
follow-up. Four patients have died and 3 other patients have developed lung and bone
metastases. Three patients had either a second or third primary in the head and neck region.
All of these patients had surgery that included a TL to remove the new cancer. Two other
patients developed another non-HNC (chronic myelogenous leukemia, melanoma and
prostate cancer). A total of 8 patients (24%) required an SL for laryngeal dysfunction (n =
1), new primaries (n = 3) or for salvage of persistent (residual or recurrent) disease (n = 4).

The patients with abnormal swallowing function after both radiation and total laryngectomy
are listed in table 2. A total of 16 patients (48%) had complaints or observations of
mechanical swallowing problems, i.e. dysphagia, or had confirmed stenosis in the
radiographic examination. Eleven patients (33%) had stenosis and all required esophageal
dilatations for relief of symptoms. Three out of 5 patients with dysphagia did not require
intervention because no abnormalities were detected on barium esophagograms. Ten (40%)
of the 25 patients in group 1 developed dysphagia of whom 7 (28%) developed stenosis.
These patients had an average of 1.6 dilatations (range 1-3) with improved swallowing after
the procedure. The median time to the development of dysphagia was 8.5 months (range
1.5-84). Six of the 8 patients (75%) in group 2 developed dysphagia of which 4 (50%)
developed stenosis. These patients had an average of 1.5 (range 1-2) dilatations with
improvement of function. The median time to the development of dysphagia in this group
was 5 months (range 0-9).

The Kaplan-Meier estimates (Kaplan-Meier curves) of the dysphagia-free survival rates
were compared between both groups in figure 1. In the plot, the difference between the two
groups in terms of dysphagia-free survival rates at any time point is very evident, and the
difference in survival rates seems to be widening over time. Very strong statistical evidence
of a better dysphagia-free survival rate for patients treated initially with TL followed by
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PORT (compared to the dysphagia-free survival rate of the other group) was found by both
log-rank and Wilcoxon tests (p < 0.001 for both tests). Though numbers are small, it is
important to note that the ratio of risk of dysphagia development between the two groups
does not seem to decrease over time. This suggests that the risk of developing dysphagia for
patients who received RT first followed by SL is higher at any time point comparison than
for patients who received TL first followed by PORT. Using the Lifetest procedure of the
statistical package SAS and under the assumption of Cox’s proportional hazards model, we
found the estimated hazard ratio of dysphagia between two groups to be 0.183. This implies
that the risk of dysphagia at any time point for a patient receiving TL followed by PORT is
estimated to be 18.3% of the corresponding risk of a patient receiving RT followed by SL
(under the assumption that the ratio of risks between two groups remains constant over
time).

Discussion

Swallowing dysfunction may result from several factors in HNC patients treated with
surgery and RT. The cancer itself may have caused irreparable damage to the muscles and
nerves involved in swallowing. Radiation can alter the ability to swallow by causing
xerostomia, fibrosis, cranial nerve damage and restriction of laryngeal elevation [17].
Having a TL will prevent aspiration of food, but will lead to lack of coordination between
the pharyngeal constrictors and upper esophageal sphincter [18, 19]. Although
chemotherapy was only given to 3 patients in this study in the postoperative setting, it can
potentiate the radiation and thus increase the toxicity of RT.

Weber et al. [2] reported on the outcome of salvage TL following organ preservation in the
Radiation Therapy Oncology Group trial 91-11 and showed an increased incidence of
pharyngocutaneous fistula among patients receiving chemotherapy along with radiation as
organ preservation therapy.

Our retrospective study showed that 48% of the patients who had both a TL and RT had
either subjective or objective dysphagia with 33% of the entire study population showing
evidence of an esophageal stenosis on the barium esophagogram or modified barium
swallowing. The relatively high rate of stenosis may be due to the inclusion of SL patients
who had previously received full-dose RT. There are many published articles that address
patients who require TL and RT for the treatment of HNC, but the main focus is usually on
local control and survival. Few studies have discussed late esophageal toxicities from these
treatments. These studies have quoted esophageal stricture rates between 1 and 13% [12-
15]. It is hard to know if esophageal stenosis is included as a category of stricture since the
terms have often been interchangeable. These reports of late toxicities do not specify how
these patients were evaluated for their swallowing problems. Our esophageal stenosis rate is
higher than that of any other reported study, and perhaps this late toxicity is underreported in
the literature. There has been a greater focus on organ preservation in laryngeal and
hypopharyngeal cancers with the success of several randomized studies showing that a
nonsurgical approach can lead to comparable survival rates to surgery [3-5]. The emergence
of organ preservation will most likely lead to increased interest in functional preservation
and a greater number of publications on long-term swallowing ability after cancer treatment.
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This retrospective review included a small number of patients, and this may have contributed
to the higher rate of stenosis reported, although other retrospective studies have included 30
patients or less in their analysis [12-15]. We would like to collaborate and pool our data
with other institutions in the future in order to better assess the true rate of late esophageal
strictures and stenosis.

The median time to the development of dysphagia after radiation has been reported to be 6—
8 months [13, 20, 21]. Our study confirms this and found that the median time to the
development of esophageal stenosis or dysphagia was 6—8.5 months after the completion of
either radiation or TL (whichever one was later). Dysphagia-free survival was significantly
better for patients treated with TL and PORT compared to patients treated with primary RT
and SL. We do not provide data for patients treated with RT alone.

There are several possible reasons why these HNC patients develop late esophageal stenosis.
Many of these patients have a history of heavy alcohol and tobacco use and often will
continue these habits throughout and after the completion of treatment. These toxins can
increase the risk of damage to already compromised tissue.

Acute esophagitis was once postulated to be a contributing factor in the development of late
esophageal toxicities, but many authors have argued against this connection. Acute
esophagitis is secondary to pseudomembranous inflammation and is not a contributing factor
in the development of long-term esophagitis or fibrosis [22, 23]. Esophageal stricture is due
to submucosal fibrosis and chronic arteriolitis [23].

There are 5 cranial nerves involved in swallowing and these may become damaged from
surgery, RT and tumor and may contribute to the patient’s inability to swallow correctly
[24].

These esophageal strictures and stenosis can be both due to a benign or malignant process.
The proximal esophagus is often an innocent bystander to the radiation in the treatment of
the head and neck area. Radiation exposure has been well proven to be a carcinogen [25-29]
and may rarely be a very late cause of esophageal strictures or stenosis in patients treated
with RT for HNC. In our study, we had only 1 patient who had cancer present at the
proximal esophagus, but this cancer was an extension of a large stomal recurrence and not
due to the development of a malignant proximal esophageal stenosis.

Approximately 80% of benign esophageal strictures may be due to gastroesophageal reflux
disease [30]. However, they are most commonly found in the distal esophagus because this
area is exposed to the largest amount of acid [30]. The esophageal stenoses that formed in
our patients were proximal. Also, we did not find a correlation between gastroesophageal
reflux disease and the development of dysphagia or stenosis.

One of the interesting observations in this study was the relatively small number of
dilatations (mean = 1.6) required to improve the stenosis. This may indicate that the stenosis
following TL and RT may differ from esophageal strictures or stenosis due to other causes
including those resulting from the radiation treatment of the esophagus and lung.
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A recent retrospective study by Laurell et al. [13] found a dose-volume relationship in the
development of proximal esophageal strictures for patients treated definitively with RT for
HNC. Patients with esophageal strictures all received at least 60 Gy in greater than 80% of
the first 2 cm of the proximal esophagus. There was no radiation injury noted in patients
receiving less than 60 Gy. We were not able to find a correlation between dose and
esophageal stenosis because the majority of our patients were treated with two-dimensional
planning. Only 6 patients had treatment planned with CT images, and numbers were too
small for meaningful analysis.

We attempted to correlate the region of stenosis to the area where the lateral and anterior
radiation ports were matched. Of the 16 patients who complained of dysphagia, we were
able to review the studies of only 3 patients who had a swallowing study done prior to any
dilatation. These 3 patients all had stenosis at the level of C3 to Cs, which was higher than
the radiation port matchline of the Cg /C7 interspace in most patients.

Our retrospective review showed a higher rate of stenosis in patients with definitive RT with
SL (group 2). It should be clarified that these two patient groups are not directly comparable.
Group 2 received a higher average RT dose (68 vs. 63 Gy). Also, chemotherapy was used as
a radiosensitizer in 3 of 8 patients with SL, thereby increasing the risk of fibrosis. The
possibly higher stenosis rate in group 2 patients should lead to a greater consideration of free
flaps instead of primary closure in patients whose native tissues seem compromised at the
time of resection. Soft-tissue complications including fibrosis are seen more commonly after
SL due to preexisting radiation-induced soft-tissue fibrosis in the neck.

In this study, flaps were considered in patients with significant loss of mucosa of the
hypopharynx that did not allow for an estimated esophageal lumen of at least 1 cm. Most
patients had primary closure by either linear (vertical) fashion or a T closure. The method or
closure was largely by surgeon preference and not due to patient or disease factors.

Although esophageal strictures have been found to be less than 15% in patients treated with
both RT and TL [12, 14, 15], it can lead to a very poor quality of life for the few patients
affected. Since dose was found to be correlated with the risk of developing esophageal
strictures in one study [13], we believe that carefully avoiding treating the structures
involved in the swallowing process with the use of intensity-modulated radiation therapy
may help decrease the morbidity of HNC treatments.
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Kaplan-Meier curves showed that dysphagia-free survival was significantly better for
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patients receiving TL first followed by RT (p < 0.001 by log-rank and Wilcoxon tests). SL =

Salvage laryngectomy.
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Table 2.

Patients with swallowing abnormality after TL and RT
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Patient  Swallowing dysfunction g;r;ﬁ;gtﬁ??grﬁs Esophageal dilatations  Gastroesophageal reflux disease S
1 stenosis 4 1 yes yes
2 dysphagia - 0 not known yes
3 stenosis 84 1 not known no

11  stenosis 0 1 no yes
12  stenosis 9 2 no yes
13 dysphagia 30 1 no no
16  stenosis 18 3 yes no
17  stenosis 6 2 no yes
18  stenosis 2 1 no no
19  dysphagia 5 0 yes no
20 stenosis 18 3 no no
21  dysphagia 6 0 yes yes
26  dysphagia 12 1 no no
28  stenosis 3 2 no no
29  stenosis 15 2 no no
31 stenosis 3 2 no no
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