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Background: Long-term functional outcomes are poorly characterized for salvage laryngectomy. We identified predictors
of esophageal stricture and swallowing function after salvage laryngectomy in a large cohort.

Methods: A retrospective study of 233 patients who underwent salvage total laryngectomy for recurrent/persistent
squamous cell carcinoma of the larynx or hypopharynx after radiation (XRT) or chemoradiation (CRT) was performed. Primary
outcomes were esophageal dilation within 1 year, time to dilation, and gastrostomy tube dependence. Multivariate logistic and
Cox regressions were used for statistical analysis.

Results: Dilation was performed in 29.9% of patients. Dilation was twice as likely in patients with post-operative fistula com-
pared to those without (Hazard Ratio (HR) 2.10, 95% Confidence Interval (CI) 1.06-4.13, P = .03). Every year between XRT/CRT
and salvage was associated with 10% increase in dilation (HR 1.09, 95% CI 1.03-1.17, P = .01). No factors were associated with
dilation by 1 year. About 10% of patients were at least partially gastrostomy tube-dependent 1 year post-operatively. At last
follow-up (median 29 months), this rate was 13%. Patients with supraglottic recurrence had an increased risk of gastrostomy tube
dependence at 1 year compared to glottic (OR 16.7, 95% CI 1.73-160, P = .02). For every 10 pack years pre-salvage, the OR of

Level of Evidence: Level 4

requiring tube feeds at last follow-up was 1.24 (95% CI 1.04-1.48, P =.02).

Conclusions: Fistula and pre-salvage smoking were associated with stricture post-salvage laryngectomy. No factors were
associated with dilation by 1 year. Supraglottic recurrence and smoking were associated with gastrostomy tube dependence.
These findings are important for pre-operative counseling prior to salvage laryngectomy.
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INTRODUCTION

Since the VA Larynx and Intergroup Radiation Oncol-
ogy Group trials, laryngeal cancer has been treated with
either radiation (XRT), radiation with chemotherapy
(CRT), or surgical treatment, often with a goal of larynx
preservation for early stage and other amenable tumors.™
3 However, many patients develop recurrent disease,
requiring salvage total laryngectomy. This salvage surgery
is associated with significant complications in up to two
thirds of patients, including pharyngocutaneous fistula,
stricture, and difficulty with swallowing.*

Across all cases of total laryngectomy, stricture and
difficulty swallowing are known complications,®® but this
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rate is even higher in patients undergoing salvage total lar-
yngectomy, as these patient have an increased rate of
gastrostomy tube dependency related to swallowing
difficulty—between 20% and 40% in various studies.’°
Swallowing difficulty is also among the most significant fac-
tors to patients when rating their own quality of life.'%!2
Further, gastrostomy tube dependency has been shown to
be associated with longer length of stay, increased compli-
cations, higher readmission rates, and poorer quality of life
across all types of head and neck cancer.!3!* Studies
examining predictors of these complications in salvage lar-
yngectomy have been limited to small cohorts. Given the
lack of powered studies of salvage patients, the long-term
functional outcomes of salvage laryngectomy are not well
understood. The goal of this study, therefore, was to deter-
mine the predictors for stricture and swallowing dysfunc-
tion in patients undergoing salvage total laryngectomy.

MATETRIALS AND METHODS

Patient Population

This study was approved by the University of Michi-
gan Internal Review Board and conducted in accordance
with the Helsinki Declaration. We performed a retrospec-
tive cohort study of patients who underwent salvage laryn-
gectomy with concurrent neck dissection between 1997
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and 2016 for recurrent or persistent laryngeal squamous
cell carcinoma after radiation therapy or chemoradiation
therapy at the University of Michigan.!>!® Patients were

TABLE 1.

Demographic, Oncologic, and Treatment Factors across Population.
Variable N %
Gender

Male 185 79.4
Female 48 20.6
Chemotherapy with initial RT
XRT 131 56.2
CRT 102 43.8
Time to recurrence
<2yr 166 71.2
>2 yr 66 28.4
Missing 1 0.4
Initial site
Glottis 120 51.5
Supraglottis 100 42.9
Subglottis 0 0.0
Hypopharynx 2 0.9
Unknown 11 4.7
Initial stage
Stage | 57 24.5
Stage Il 54 23.2
Stage Ill 51 21.9
Stage IV 45 19.3
Missing 26 11.2
Site of recurrence
Glottis 120 51.5
Supraglottis 110 47.2
Subglottis 3 1.3
Clinical stage at recurrence
Stage | 12 5.2
Stage Il 76 32.6
Stage Il 63 27.0
Stage IV 80 34.3
Missing 2 0.9
Pre-salvage pack years
0-25 31 13.3
25-50 82 35.2
50-100 80 34.3
100+ 18 7.7
Missing 22 9.4
Flap at Salvage
No flap 108 46.4
Regional flap 20 8.6
Free Flap 105 451
Post-operative fistula
None 160 68.7
Present 73 31.3

Staging is per American Joint Committee on Cancer 7th Edition
criteria.
CRT = chemotherapy + RT; XRT = radiation therapy.
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excluded from the study if they died within 90 days of sal-
vage surgery, developed an inability to eat related to a
medical problem unrelated to laryngectomy, or if they had
a history of glossectomy due to the expected effects on
swallow function.

Two subsets of patients were created for subsequent
analysis. For dilation and swallowing outcomes at the
1-year time point, patients were included as long as recur-
rence occurred after 1year. For the second analysis,
looking at outcomes at the last follow-up, patients who had
any recurrence were excluded, as were those who had com-
plications not directly associated with salvage surgery.
Data collected from the electronic medical record included
demographic data, data associated with the initial, and
recurrent tumors (e.g. site and stage, in accordance with
7th edition American Joint Committee on Cancer staging
system), primary and salvage treatment information, num-
ber and timing of dilations, oral intake, and post-operative
complications (e.g. pharyngocutaneous fistula).

Dilation was defined as any attempted esophageal
dilation in the office or operating room. Each instance of
dilation was recorded. For oral intake, patients were classi-
fied as having no intake per mouth (complete gastrostomy
tube dependence), a combination of tube feeds and oral
intake, and oral intake alone.

Statistical Analysis

Recurrent stage and site were combined into binary
variables for analysis, with patients with Stage I and II
disease combined and compared to Stages III and IV. For
subsite, subglottic and glottic disease were considered
together and compared to supraglottic disease. Univariate
and bivariate statistics were performed using nonparamet-
ric tests (e.g. Wilcoxon rank-sum test and Fisher’s exact
test). Variables that had a P-value less than .1 and those
variables felt clinically to be strong predictors of the out-
comes of interest were included in the subsequent multi-
variable models. Dilation at 1 year, dilation by the end of

TABLE 2.
G-tube and Dilation Requirements.

Variable N %

G-tube dependence at 1 yr

Dependent 11 4.7%

No dependence 175 75.1%

Missing 47 20.2%
G-tube dependence at last follow-up

Dependent $24 10.3%

No dependence 204 87.6%

Missing 5 21%
Dilated within first year

No 187 80.3%

Yes 46 19.7%
Esophageal dilation by last follow-up

None 165 70.8%

One or more times 68 29.2%
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follow-up, oral intake at 1 year, and oral intake at the end
of follow-up were assessed using logistic regression. Overall

TABLE 3.

Cox Proportional Hazards Model for Dilation Requirement and
Logistic Regression Model for Dilation Requirement at 1 Year.

hazard of dilation was assessed using a Cox proportional
hazards model. Data analysis was performed in Stata

Variable HR (95% ClI) P OR (95% ClI) P
15 (StataCorp, College Station, TX) and SPSS Statistical
Gender Software version 25 (IBM SPSS Inc., Armonk, NY).
Male - -
Female 1.39 (0.67,2.90) .38  2.10(0.82,5.39) .12
Time to 1.09 (1.08, 1.17) .01 1.03(0.92, 1.15) .61 RESULTS
recurrence, yr
Pre-operative 119 (1.10,130) <001 1.09(0.95 1.26) .22 Demographics and Exposures
pack yr' In total, 233 patients were included in this study,
XRT vs. CRT 48 of whom (20.6%) were female. The mean age of
XRT - — patients at their initial tumor was 59.8 (standard devia-
CRT 064(032,128) 21  086(0.34,217) .75 tion (SD) 10.4), with a mean age of recurrence of 63.0
Recurrence Site (SD 10.0). The characteristics of the original tumor prior
Glottic or _ _ to XRT/CRT are shown in Table 1. All patients received
subglottic radiation, and 43.8% (n = 102) received concurrent che-
recurrence motherapy. At the time of recurrence, 51.5% (n = 120) of
Supraglottic 1.38 (0.67,2.84) .38  1.82(0.70,4.66) .22 tumors involved the glottis, 47.2% (n = 110) arose from
recurrence the supraglottis, and 1.3% (n = 3) were centered in the
Stage at Recurrence subglottis. Initial and recurrent stages were similar.
Stage and Il - - There were 136 former smokers (61.3%) and 89 current
Stage Il and IV 1.31(0.67,2.56) .43 2.07(0.80,5.4) .13 smokers (38.7%) at the time of salvage surgery, with five
Reconstruction never smokers (2.2%). Further data on patient character-
at salvage istics, such as alcohol use, can be found in Table 1.
No flap - - Patients received a regional or free flap in 125 of sal-
Flap 1.28 (0.66,2.48) .46  1.34(0.55,3.24) .52 vage cases (53.7%), with the rest closed primarily. Among
Post-operative flaps, 20 were regional and 105 were free. Post-operative
fistula pharyngocutaneous fistula occurred in 73 (31.3%) patients.
No - - At 1 year after surgery, 186 (79.3%) of patients had
Yes 2.10 (1.06, 4.13) .03 1.71(0.70, 4.17) 24 follow-up data and had not died or developed recurrence.

TPer 10 pre-operative pack years.
— = reference; CRT = radiotherapy with chemotherapy; XRT = radio-

therapy alone.

Dilation-Free Survival
0.50 0.75 1.00
1 1 1

0.25
1

193 patients (83.5%) patients were recurrence free in the
study period. Median follow-up time was 29 months
(interquartile range 14-60).

Kaplan-Meier Estimate of Dilation

0.00
1

—

T T T

0 20 40 60
Follow Up Time, Months

No post-operative fistula Post-operative fistula w

Fig. 1. Dilation over time by fistula. Kaplan—-Meier estimate of dilation-free survival stratified by presence of post-operative fistula. [Color figure
can be viewed in the online issue, which is available at www.laryngoscope.com.]
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Fig. 2. Forest plot of Cox proportional hazards model for dilation. *Odds ratio is per 10 pack years. Reference groups are: male vs. female,
XRT alone vs. CRT, glottic or subglottic recurrence vs. supraglottic, Stage | and Il vs. lll and IV, no flap vs. flap at salvage, and no fistula
vs. post-operative fistula. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]

Dilation pack years, chemotherapy status, recurrence site, stage at
Over the entire study period, 68 patients required recurrence, and type of reconstruction, patients who devel-
esophageal dilation (39.2%, Table 2). Among those dilated, oped a post-operative pharyngocutaneous fistula had a rate
217 (39.7%) required only one dilation. On multivariable anal- of dilation twice that of those without fistula during the
ysis adjusting for gender, time to recurrence, pre-operative follow-up period (Hazard Ratio (HR) 2.10, 95% Confidence
TABLE 4.
Logistic Regression Models for G-tube Requirement.
G-tube requirement at 1 yr G-tube requirement at end of follow-up
OR (95% ClI) P OR (95% CI) P
Gender
Male - -
Female 0.24 (0.02, 2.26) 21 0.85 (0.16, 4.54) 85
Time to recurrence, yr 1.07 (0.90, 1.28) .45 1.02 (0.90, 1.16) .73
Pre-operative pack years’ 0.92 (0.68, 1.26) .61 1.24 (1.04, 1.48) .02
XRT vs. CRT
XRT - -
CRT 0.36 (0.07, 1.77) 21 0.57 (0.14, 2.31) 43

Recurrence site
Glottic or subglottic recurrence - -
Supraglottic recurrence 16.61 (1.73, 160.23) .02 1.08 (0.26, 4.48) 91

Stage at recurrence

Stage | and Il — _

Stage lll and IV 0.54 (0.11, 2.71) 46 1.44 (0.38, 5.47) .59
Reconstruction at salvage

No flap - -

Flap 3.10 (0.51, 18.89) 22 2.01 (0.50, 8.04) .32
Post-operative fistula

No - -

Yes 1.61 (0.37, 7.08) .53 2.03 (0.53, 7.74) .30

TPer 10 pre-operative pack years. XRT = radiotherapy alone, CRT = radiotherapy with chemotherapy, — = reference.
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Fig. 3. Forest plot of logistic regression models for tube feeds and dilation. “Odds ratio is per 10 pack years. Model is additionally adjusted for
gender, XRT vs. CRT, recurrent subsite, recurrent stage, flap utilization, and post-operative fistula. [Color figure can be viewed in the online

issue, which is available at www.laryngoscope.com.]

Interval (CI) 1.06—4.13, P = .04, Table 3, Figs. 1 and 2). For
every 10 pack years before salvage surgery, the relative risk
of requiring dilation increased by 19% (HR 1.19, 95% CI
1.10-1.30, P < .0001). Every year between completion of ini-
tial radiation or chemoradiation and salvage was associated
with a 9% relative increase in the risk of dilation (HR 1.09,
95% CI 1.03-1.17, P = .01).

Among all patients dilated, 46 (67.6%) were dilated for
the first time within a year of their salvage surgery; how-
ever, no factors emerged in our multivariable model, shown
in Table 3, as significant predictors. The same covariates
were included in the multivariable model as the logistic
regression for dilation at any time. Female sex was associ-
ated with an odds ratio of 2.10, but it was not statistically
significant (95% CI 0.82-5.39, P = .12, Table 3).

Oral Intake

At 1year of follow-up, 9 (4.9%) patients were
completely gastrostomy tube dependent, 7 (3.8%) were
using a combination of tube feeds and food by mouth, and
169 (91.4%) had a diet of oral intake alone. Supraglottic
recurrence was associated with an increased risk of
gastrostomy tube dependency at 1 year (OR 16.6, 95% CI
1.7-160, P = .02, Table 4).

Among patients with no recurrence after salvage,
183 patients had data for oral intake at their last follow-up.
Among these, 12 (6.6%) of patients were taking no food by
mouth, 13 (7.1%) had a diet of both tube feeds and food by
mouth, and 158 (86.4%) were able to meet their full needs
by oral intake alone. On our multivariable logistic regres-
sion, adjusting for the same clinical characteristics as previ-
ous models, there was an odds ratio of 1.24 for gastrostomy

Laryngoscope 131: June 2021

tube dependence for every 10 pack years pre-salvage sur-
gery (95% CI 1.04-1.48, P = .02, Table 4, Fig. 3).

DISCUSSION

In our study, we found that the factors most closely
associated with the need for dilation over the course of
follow-up were presence of a post-operative fistula, pre-
operative pack years, and time from the completion of the
initial course of radiation to salvage. However, none of
our predictors in the multivariable model were associated
with dilation within 1 year. Supraglottic recurrence was
associated with gastrostomy tube requirement at 1 year.
Similar to dilation, the pre-operative pack years were the
primary factor associated with the requirement for a
gastrostomy tube at the end of follow-up.

Overall, our study described similar rates of dilation
and fistula to previously published literature on salvage
laryngectomy.* #1217 Our rates of gastrostomy tube depen-
dency were on the lower end of the literature, with a rate of
13.7% for any gastrostomy tube dependency at the end of
follow-up, with only 6.6% taking no food by mouth.551018
It is possible that a relatively high percentage of recon-
struction with flaps in our cohort might contribute to a
lower rate of gastrostomy tube dependence based on previ-
ous studies.'®

Our study—the largest institutional salvage laryngec-
tomy database in a recent review—is the first to find that
pre-operative pack years are a significant factor associated
with both gastrostomy tube and dilation requirement over
the full length of follow-up. Additionally, we are the first to
find an association between post-operative pharyngocuta-
neous fistula formation and the need for dilation.?® Similarly
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to other studies, CRT did not emerge as a significant factor
compared to XRT during initial treatment in the need for
gastrostomy tube or dilations.>1® Sweeny et al. did find a
specific association between the type of flap used for recon-
struction and the need for dilation; we did not find this when
looking grossly at the utilization of flap compared to no flap
at all. However, we did not have the specific information on
type of flap used in the Sweeny study. Other specific data
were also lacking for many patients—the type of radiation
and the presence of induction chemotherapy. However, since
many patients received their initial treatment at outside of
the study institution, the sub-population with that informa-
tion available would likely be significantly different from our
overall study group.

Another possible limitation of our statistical analysis
is the utilization of Cox proportional hazards modelling to
model the hazard of dilation at any point during follow-up.
This model was chosen to take advantage of the presence of
person-time data. However, more recently, epidemiologists
have become concerned that Cox models present a form of
selection bias.?! For sensitivity analysis, we performed
logistic regression modelling the need for dilation at any
point during follow-up and found similar results to the Cox
model. Another limitation to our study is we do not have a
granular patient-reported assessment of swallowing that
other studies have used, such as the M.D. Anderson Dys-
phagia Inventory (MDADI), as this was not routinely used
at our institution over the study period.'®>?2 This limits our
ability to make specific conclusions about details of patient
experience that are otherwise included in the MDADI.

Our data still show important factors associated with
long-term functional outcomes for patients undergoing sal-
vage laryngectomy—vital for pre-operative discussions
with these patients. Recent research has shown that there
is wide variation in how patients are counseled about post-
operative complications before their salvage laryngec-
tomy.23 Our study highlights the particular importance of
pre-salvage risk factors for dysphagia: pack years, site of
recurrence, and time to recurrence. Unfortunately, these
are not factors that can be changed by patient or provider
at the time of salvage; however, in understanding these
associations, we can better counsel patients undergoing sal-
vage laryngectomy on their relative risk of requiring dila-
tion or a gastrostomy tube during their follow-up.
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