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Introduction Traditionally, larger lesions of laryngeal verrucous carcinoma are
treated with surgical excision, with definitive radiotherapy generally reserved for
smaller lesions. However, data utilizing modern databases is limited.

Objective The authors sought to assess, utilizing the National Cancer Database,
whether overall survival for patients with laryngeal verrucous carcinoma was equiva-
lent when treated with definitive radiotherapy versus definitive surgery.

Methods A retrospective cohort study was conducted utilizing the National Cancer
Database. All cases of laryngeal verrucous carcinoma within the National Cancer
Database between 2006 and 2014 were reviewed. Patients with T1-T3 (American
Joint Commission on Cancer 7th Edition) laryngeal verrucous carcinoma were included
and stratified by treatment modality. Demographics, treatment, and survival data were
analyzed.

Results A total of 392 patients were included. Two hundred and fifty patients
underwent surgery and 142 received radiotherapy. The two groups differed in age,
transition of care, clinical T stage, and clinical stages. There was no significant
difference in survival between T1-T3 lesions treated with surgery or radiotherapy
(p=0.32). Age, comorbidities, insurance status, and clinical T stage impacted overall
hazard on multivariate analysis (p < 0.01). For patients treated with radiotherapy, age,
insurance status, and clinical T stage were predictive of increased hazard.
Conclusion Overall survival is equivalent for patients with clinical T1 and clinical T2
laryngeal verrucous carcinoma treated with primary radiotherapy versus primary
surgery. Thus, radiotherapy should be considered as a non-inferior treatment modality
for certain patients with laryngeal verrucous carcinoma.
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Definitive Radiotherapy versus Surgery for the Treatment of Verrucous Carcinoma

Introduction

Verrucous carcinoma (VC) of the head and neck is a relatively
uncommon head and neck pathology that most commonly
arises within the oral cavity. Laryngeal verrucous carcinoma
(LVC) accounts for approximately one third (35%) of all VCs and
represents only ~ 1 to 4% of all laryngeal cancers.' This
relatively low incidence makes it difficult to study disease
recurrence and survival outcomes through single institutional
studies and highlights the importance of analyzing disease
characteristics using national cancer registries. Traditionally,
most cases of LVC are surgically treated, as early studies have
implied that LVC is less sensitive to conventional radiotherapy
(RT).* Furthermore, these tumors are well differentiated and,
as such, hypothesized to be less radiosensitive.” Additionally,
previous works have raised concerns that LVC may undergo
anaplastic transformation when exposed to radiation, with
rates reported as high as 6.7%.° However, recent evidence has
demonstrated that this may not be the case.®® Furthermore,
radiotherapy may be beneficial in a subset of patients.?-°

Since the publication of randomized trial the Radiation
Therapy Oncology Group (RTOG) 91-11, there is now significant
emphasis on laryngeal-preserving therapies, with the imple-
mentations of definitive RT for early stage disease (T1 and T2) or
combined chemoradiotherapy (CRT) for more advanced T3
disease.'®2 For early stage glottic cancer, minimally invasive
surgical techniques, including transoral laser microsurgery
(TLM), are currently being utililzed.">'* However, surgically-
based organ-preserving therapy remains relatively limited, due
in large part to the high rates of disease-specific survival
observed with RT along with improved voice outcomes.'>~"”

Current evidence implies that verrucous histology alters
the management of early-stage laryngeal cancers from pri-
mary RT to surgery.“18 However, patients with LVC who are
poor operative candidates or whose anatomy precludes
minimally invasive surgery are left with few evidence-based
treatment options for organ preservation. We hypothesized
that with a large national database and modern radiation
techniques, overall survival, when treated with RT, is equiv-
alent to surgery for certain patients with LVC.

Methods

Data Source

The National Cancer Database (NCDB) is a hospital-based
national cancer registry thatis ajoint program of the American
College of Surgeons Commission on Cancer (CoC) and the
American Cancer Society. The NCDB annually collects high-
quality and internally appraised cancer data from more than
1,500 CoC-accredited hospitals in the United States. It captures
~ 70% of cancer diagnoses annually in the United States, and
this makes it the world’s largest clinical cancer registry.'®

Study Cohort

Our institutional review board (IRB) policies were followed
to obtain the data from the NCDB. Consent and authorization
from the NCDB were obtained after an application was
submitted through the NCDB Participant User File (PUF)
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Application Manager. After review of the application, we
were approved and granted access to de-identified data as
a PUF. Furthermore, our institution does not require addi-
tional IRB approval in advance of using the PUF, given the
previously established relationship with the NCDB as a CoC-
accredited hospital which provides data.

Cases of verrucous carcinoma (VC) in the NCDB between
2006 and 2014 were identified using the International Classi-
fication of Disease for Oncology (3rd edition) histology code
8051. A total of 105,593 patients with head and neck cancer
were available to be analyzed. Patients with laryngeal VC
treated with either definitive surgery alone or definitive RT
alone were included in this study. Patients treated with
palliative intent, missing survival data, T4 disease, and cases
of non-laryngeal VC were excluded. Cases of T4 were excluded
as it is well established that primary RT is not effective for T4
verrucous laryngeal cancers. After excluding these patients, a
total of 392 patients were included in the analysis (~Fig. 1).

Clinical Variables

The patient variables included age, sex, race, ethnicity,
education, median household income, insurance status,
and Charlson-Deyo comorbidity index (CDCI), to the extent
made available by the NCDB. Disease covariates included
AJCC clinical and pathologic stage as well as anatomic loca-
tion within the larynx. The treatment characteristics
assessed included treatment modality, facility type, and
transition of care. Transition of care was defined as receiving
diagnosis or treatment at more than one institution. Overall
survival was the primary outcome, which was calculated as
time from date of diagnosis to death or last date of follow-up.

Statistical Methodology

Descriptive statistics were used to summarize the variables.
Discrete variables were summarized by the total number of
patients in each category and its corresponding percentage.
The chi-squared test and t-test were used to compare group
differences. The Kaplan-Meier method was used to describe
overall survival (0S). To assess the effect of covariates on the
hazard of death, a univariate and multivariate Cox regression
analysis was performed. First, we fit a univariate Cox regres-
sion model using the variables listed in Clinical Variables to
determine whether any variables impacted overall survival.
We assessed each variable one at a time. A p-value < 0.2 was
used as the initial variable selection criteria, a standard p-value
for univariate analysis. Then, a multivariate Cox regression
model with forward variable selection and a p-value < 0.05
was used to identify the final covariates that, independently,
had a significant impact on the overall hazard of death. The
statistical analysis was performed in the SAS version 9.4 (SAS
Inc., Cary, NC, USA) and the SPSS Statistics for Windows,
Version 24.0 (IBM Corp., Armonk, NY, USA).

Results

Patient Population
A total of 392 patients were identified and included in the
present study. A summary of the patient demographics is
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HNSCC all sites and all histologies
(n=362643)

Verrucous Carcinoma only
(n=2736)

No treatment for palliative intent and
survival time defined

(n=2663)
Oral Cavity Other
(n=1874) Larynx (n=181)
(n=608)

Treated with primary surgery
or radiotherapy (n= 392)

Fig. 1 Patient Selection. Illustration of how patients were selected for data analysis.

listed below (=Table 1). In this study, 250 (63.8%) patients
underwent surgery and 142 (36.2%) underwent RT. Of note,
there was a significant difference in age, transition of care,
clinical T stage, and overall AJCC clinical stage in our cohort
(=Table 1). Patients >60 years old were more likely to
receive definitive RT when compared with their younger
counterparts. A significantly higher number of T2 patients
received RT.

Impact of Primary Radiation versus Primary Surgery
on Survival

Utilizing the Kaplan-Meier method, survival for patients with
clinical T1 toT3 LVC was similar, regardless of treatment modality
(=Fig. 2). The median survival for patients with T1 to T3 LVC was
100 months (95%Cl: 93-108 months) for surgical patients and
84 months (95%Cl: 73-95months) for patients treated with RT. At
the end of the study period, 73% of patients who underwent
surgery and 61% of patients who received RT were alive. There
was no significant difference in overall survival between surgery
and RT (=Fig. 2A; p = 0.32). The 10-year overall survival for those
who were treated surgically was 50.0% (95% Cl: 40.4-57.3%),
compared with 44.7%(95% Cl: 30.6-55.6%) for those who received
primary RT (p=0.762). Furthermore, RT was equivalent to
surgery for T1 (~Fig. 2B; p=0.89) and T2 lesions (~Fig. 2C;
p=0.15). However, this finding did not hold for T3 lesions, as
survival was significantly lower in these lesions treated with
primary RT (~Fig. 2D; p=0.02).

Prognostic Factors of Overall Hazard in Laryngeal
Verrucous Carcinoma

On univariate analysis, age, CDCI, insurance status, treatment
modality, clinical T stage, clinical N stage, and clinical stage

contributed to overall survival. However, after the multivar-
iate Cox regression model, only age, CDCI, insurance status,
and clinical T stage significantly contributed to overall haz-
ard. Of note, while RT significantly increased hazard by 63%
(p=0.02) on univariate analysis, this was no longer the case
in the multivariate model (~Table 2). Patients between the
ages of 60 and 70 had a 3.19-fold increase in hazard, and each
decade increase was associated with nearly double the
hazard (=Table 2). Having a comorbidity index > 2 was
associated with a 59% increase in overall hazard. Patients
with clinical T3 stage disease had a 2.15-fold increase in
overall hazard (~Table 2).

Factors that Impact Overall Hazard for Patients with
LVC treated with Radiotherapy

In an attempt to identify factors associated with increased
hazard in patients treated with definitive radiotherapy, a
univariate and multivariate Cox proportional hazard ratio on
patients with clinically T1, T2, or T3 disease was performed.
Age, insurance status, race, education status, clinical T stage,
clinical N stage, and clinical stage were all associated with
increased hazard on a univariate analysis (=~Table 3). How-
ever, on multivariate analysis, age, insurance status, and
clinical T stage were the only covariates associated with
increased hazard (=Table 3). Compared with patients youn-
ger than 50, there was no significant difference for patients
between 50 and 60 years of age. However, patients older than
70 had a 7.6-fold increase in overall hazard and patients
older than 80 had 13.9-fold increase in overall hazard
(=Table 3). Medicaid patients had an 8.1-fold increase in
overall hazard compared with Medicare. Increasing clinical T
stage was associated with the largest contribution to overall
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Table 1 Demographics of patients treated with definitive

surgery versus radiotherapy for patients with laryngeal

verrucous carcinoma
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Table 1 (Continued)

Primary Primary RT P-value
surgery 142 (36.2%)
250 (63.8%)
N1 <10 (1.6%) <10 (1.7%)
N2 0 (0.0%) <10 (1.7%)
Clinical stage <0.01

[ 122 (69.3%) | 67 (56.3%)

[ 28 (15.9%) 42 (35.3%)

I 20 (11.4%) 8 (6.7%)

\Y% 6 (3.4%) 2 (1.7%)

Primary Primary RT P-value
surgery 142 (36.2%)
250 (63.8%)
Age 0.05
<50 64 (25.6%) 21 (14.8%)
50-60 62 (24.8%) 36 (25.4%)
60-70 66 (26.4%) 42 (29.6%)
70-80 39 (15.6%) 37 (26.1%)
> 80 19 (7.6%) <10 (4.1%)
Race 0.27
White 230 (93.9%) 129 (92.1%)
Black 14 (5.7%) <10 (5.7%)
Other <10 (0.6%) <10 (2.1%)
Ethnicity 0.10
Hispanic/Latino <10 (2.6%) <10 (6.0%)
Not Hispanic/ 228 (97.4%) 126 (94.0%)
Latino
Charlson-Deyo 0.74
comorbidity index”
0 121 (69.0%) | 89 (69.7%)
1 39 (22.5%) 25 (20.5%)
>2 13 (7.5%) 12 (9.8%)
Insurance” 0.10
Medicare 108 (43.2%) 47 (33.1%)
Medicaid 22 (8.8%) 14 (9.9%)
Private/Other 120 (48%) 81 (57.0%)
Transition of care 40 (16.4%) 40 (28.1%) 0.01
Education status 0.69
>21.0% or more 55 (22.2%) 30 (21.6%)
13.0-20.9% 75 (29.8%) 43 (30.9%)
7.0-12.9% 79 (31.9%) 38 (27.3%)
< 7.0% 40 (16.2%) 28 (20.1%)
Median household 0.31
income
< $38,000 48 (19.4%) 31 (22.3%)
$38,000-$47,999 75 (30.4%) 39 (28.1%)
$48,000-$62,999 72 (29.2%) 31 (22.3%)
$63,000 52 (57.8%) 38 (42.2%)
Clinical T stage <0.01
T 122 (69.3%) 67 (55.8%)
T2 28 (15.9%) 42 (35.0%)
T3 20 (11.4%) <10 (6.7%)
Clinical N stage 0.20
NO 189 (98.4%) 117 (96.6%)
(Continued)

“Discrepancies in demographics are due to missing data within the
NCDB.

hazard. Increasing from a T1 to a T2 stage lesion was
associated with a 59.9-fold increase in overall hazard. Com-
pared with T1 lesions, T3 lesions were associated with a
122.1-fold increase in overall hazard for patients treated
with definitive RT (~Table 3).

Discussion

Currently, evidence for nonsurgical management of LVC is
sparse and controversial.>®#2% In a systematic review of LVC,
Ferlito et al. found that anaplastic transformation rate was as
high as 6.7% with radiotherapy.6 However, since its publica-
tionin 1998, there has been limited evidence validating these
findings."'® In the current study, we provide evidence
demonstrating that patients with T1 or T2 lesions have an
equivalent survival regardless of receiving surgery or RT.
When considering the entire cohort, hazard was influenced
by age, comorbidity index, insurance, and clinical T stage, but
notably was not impacted by treatment modality. Further-
more, hazard for patients who receive RT was dictated by age,
insurance, and clinical stage.

There is conflicting evidence regarding the risk of ana-
plastic transformation in patients with LVC treated with
primary RT, with one study reporting anaplastic transfor-
mation in a small percentage of patients, while another
reported no transformation.>’ Despite this concern, 36.2%
of patients in our cohort were treated with definitive RT,
suggesting that clinicians are weighing the theoretical risk of
anaplastic transformation among other factors when decid-
ing on treatment modality. The comfort of using RT in LVC
may be due in part to the advances in radiotherapy that have
developed over the last few decades, specifically the intro-
duction of intensity-modulated radiation therapy (IMRT).

Organ-preserving surgery for patients with LVC can be a
viable option; however, anatomic restrictions, functional
impact of voice and swallowing, and perioperative risk
factors highlight the need for increased investigation into
the potential role for RT. To date, there are limited studies
assessing the efficacy of definitive RT for patients with LVC."-8
This is in contrast with conventional laryngeal squamous cell
carcinoma (LSCC), in which organ preservation with RT for T1
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Fig. 2 (A) Overall Survival in All Patients treated with Definitive Radiotherapy versus Surgery. (B) Overall Survival in Clinical T1 Patients treated
with Definitive Radiotherapy versus Surgery. (C) Overall Survival in Clinical T2 Patients treated with Definitive Radiotherapy versus Surgery. (D)
Overall Survival in Clinical T3 Patients treated with Definitive Radiotherapy versus Surgery.

toT3 disease is well-established.'®2"-?? The uncertainty of RT
for LVC is due in part to Dubal et al., who demonstrated a
worse 5-year survival in patients with LVC treated with
primary RT compared with surgery with or without RT
(90.2% vs 80.6% p =0.02), which contradicts the findings of
our study.' However, the authors did not stratify patients by
T stage, which could potentially impact the authors’ con-
clusions, particularly given that we observed differences in
survival only in clinical T3 tumors. Based on current evi-
dence, early LSCC treated with surgery or RT results in similar
survival outcomes, but, for LVC, previous data suggest sur-
gery may be a better treatment option. However, in the
current study, we found patients with LVC who received
definitive RT based on the NCCN guidelines for LSCC (i.e., T1-
T2) had similar survival outcomes to those of patients who
underwent surgery. Our findings highlight organ preserva-
tion with RT appears to be an appropriate treatment option
for patients with LVC.

Given that this patient population is of advanced age and
subsequently at risk for increased co-morbidity, there was a
risk that these factors could affect those selected to undergo
RT by their treating physician. While age was associated with

an increased likelihood of being selected for RT, there was no
difference in the Charlson-Deyo morbidity index scores. Our
analysis implicates that age, insurance status, and clinical
stage significantly impact the survival outcomes of patients
who receive RT. When considering a treatment modality for
LVC, careful understanding of risk factors could help identify
patients that could be treated with RT without a reduction in
survival. Namely, patients younger than 80 years old who do
not have locally advanced disease have a lower hazard
associated with receiving RT. However, it is difficult to assess
if patients over the age of 80 have increased hazard due to the
disease or due to other confounding comorbidities. When
weighing comorbidities and the risks associated with sur-
gery, clinicians may consider RT for select patients who are
poor operative candidates without sacrificing oncologic
outcomes.

These findings are important, novel, and contradict sev-
eral previously published works."> Notwithstanding, there
are limitations to the current study. As this is an NCDB study,
we must acknowledge the limitations of utilizing this data-
base. The NCDB allows investigators to study a large cohort of
patients treated at CoC facilities, but key comorbidities, like
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Table 2 Univariate and multivariate Cox proportional hazard model to assess overall hazard for all patients with laryngeal

verrucous carcinoma

Univariate regression P-value Multivariate regression P-value
HR (95% Cl) HR (95% Cl)
Age
<50 1 (ref) 1 (ref)
50-60 2.36 (0.75-7.40) 0.08 2.36 (0.74-7.53) 0.15
60-70 5.63 (1.98-16.07) < 0.01 3.19 (1.06-9.55) 0.04
70-80 9.23 (3.26-26.11) < 0.01 6.15(2.01-18.83) < 0.01
> 80 20.30 (6.70-61.52) < 0.01 13.38 (3.96-45.25) < 0.01
Race
White 1 (Ref)
Black 20.01 (0.82-4.37) 0.08
Other 1.29 (0.17-9.30) 0.80
Ethnicity
Not Hispanic/Latino 1 (ref)
Hispanic/Latino 2.04 (0.82-5.08) 0.12
Charlson-Deyo comorbidity index
0 1 (ref)
1 1.43 (0.89-2.31) 0.14 1 (ref)
> 2 2.94 (1.49-5.83) < 0.01 1.59 (1.11-2.27) 0.01
Insurance
Medicare 1 (ref) 1 (ref)
Medicaid 2.56 (0.97-6.73) 0.06 2.33 (0.81-6.66) 0.11
Private/Other 4.95 (1.86-10.50) < 0.01 2.33(1.17-4.64) 0.02
Transition of care 0.83 (0.50-1.37) 0.46
Education status
>21.0% or more 1 (ref)
13.0-20.9% 1.60 (0.82-3.12) 0.17
7.0-12.9% 1.43 (0.73-2.83) 0.29
<7.0% 1.37 (0.67-2.83) 0.38
Median household income
< $38,000 1 (ref)
$38,000-$47,999 1.70 (0.91-3.19) 0.07
$48,000-$62,999 0.92 (0.60-1.82) 0.80
$63,000 1.09 (0.56-2.13) 0.80
Treatment
Surgery 1 (ref)
Radiotherapy 1.63 (1.08-2.48) 0.02
Clinical T stage
T1 1 (ref) 1 (ref)
T2 1.64 (1.03-2.59) 0.04 1.45 (0.90-2.34) 0.12
T3 1.89 (0.98-3.60) 0.06 2.15 (1.05-4.46) 0.04
Clinical N stage
NO 1 (ref)
N1 5.10 (1.22-21.26) 0.03
(Continued)
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Univariate regression P-value Multivariate regression P-value
HR (95% Cl) HR (95% Cl)

N2 1.63 (0.23-11.75) 0.63

Clinical stage

I 1 (ref)

[ 1.53 (0.95-2.46) 0.06

i 1.90 (1.01-3.57) 0.05

v 9.85 (1.33-72.89) 0.03

*HR, hazard ratio

Table 3 Univariate and multivariate Cox proportional hazard model to assess risk for patients treated with definitive radiotherapy

for laryngeal verrucous carcinoma

Unadjusted hazard ratio (95% Cl) P-value Adjusted HR (95% Cl) P-value
Age
<50 1 (ref) 1 (ref)
50-60 0.93 (0.67-3.89) 0.92 1.01(0.15-6.66) 0.99
60-70 2.34(1.23-8.10) 0.18 4.51 (0.53-38.07) 0.17
70-80 4.20 (1.23-14.29) 0.02 7.61 (0.94-61.33) 0.06
> 80 10.31 (2.28-6.63) < 0.01 13.91 (1.34-144.56) 0.03
Race
White 1 (Ref)
Black 6.59 (2.27-19.01) < 0.01
Other 1.57 (0.21-11.52) 0.66
Ethnicity
Not Hispanic/Latino 1 (ref)
Hispanic/Latino 2.21 (0.77-6.31) 0.14
Charlson-Deyo comorbidity index
0 1 (ref)
1 1.43 (0.89-2.31) 0.14
2 2.94 (1.49-5.83) <0.01
Insurance
Medicare 1 (ref) 1 (ref)
Medicaid 3.75 (1.05-13.35) 0.04 8.14 (1.27-52.17) 0.03
Private/Other 4.41 (1.86-10.50) < 0.01 2.26 (0.75-6.84) 0.15
Transition of care 0.59 (0.29-1.15) 0.12
Education status
>21% or more 1 (ref)
13-20.9% 3.13 (1.04-9.44) 0.04
7-12.9% 2.68 (0.88-8.16) 0.08
<7% 2.51 (0.80-8.16) 0.11
Median household income
< $38,000 1 (ref)
$38,000-$47,999 2.79 (0.93-8.43) 0.07
$48,000-$62,999 1.88 (0.60-5.94) 0.28
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Unadjusted hazard ratio (95% Cl) P-value Adjusted HR (95% ClI) P-value
$63,000 2.01 (0.66-6.12) 0.21
Clinical T stage
T1 1 (ref) 1 (ref)
T2 2.07 (1.10-3.90) 0.02 59.94 (3.46-1036-95) 0.01
T3 14.0 (5.22-37.38) < 0.01 122.14 (1.69-8850.61) 0.03
Clinical N stage
NO 1 (ref)
N1 5.21 (1.21-22.27) 0.03
N2 1.22 (0.17-8.89) 0.85
Clinical stage
I 1 (ref)
Il 1.88 (0.98-3.62) 0.06
1 12.32 (4.82-31.48) < 0.01
IV 7.92 (1.02-61.46) 0.05

smoking status and ethanol use, are not recorded, which can
impact patient outcomes. Furthermore, key data points in
studying laryngeal cancer including time to laryngectomy,
locoregional control, voice quality following therapy, and,
perhaps most importantly, disease-specific survival, are not
recorded. As mortality from LVC is relatively lower compared
with other forms of laryngeal and head and neck cancers,
disease-specific survival is a relevant outcome.?> However,
due to the data made available through the NCDB, this
outcome cannot be evaluated from this sample. In an attempt
to account for locoregional control and avoid patients with
salvage laryngectomy, only patients who received a single
modality of therapy were included. Additionally, data collec-
tion within NCDB is incomplete, and, thus, staging and
survival for all patients was not able to be included. The
authors do not feel that these limitations take away from the
significance of our findings.

Our findings also shed light on topics for future research,
subgroup analysis of predictive variables and overall survival
for laryngeal subsite (supra-glottis, glottis, and sub-glottis)
and surgical modality (open resection versus endoscopic
laser versus cold steel surgery) should be considered. Sub-
site location of LSCC may respond better to different treat-
ment modalities (surgery versus RT) and also independently
impact on overall survival. While LVC is known to have a
predilection for the glottis, determining whether the differ-
ences found with regard to LSCC also exist with LVC is of
particular interest.”* Furthermore, as previously stated,
studies that can utilize data with disease-specific survival
would be of value.

Conclusion

Despite its limitations, the present study highlights an
important finding: survival is equivalent for patients with

International Archives of Otorhinolaryngology

clinical T1 and clinical T2 LVC treated when treated with
primary RT versus primary surgery. Thus, RT should be
increasingly considered as a valid, non-inferior treatment
modality for certain patients with LVC, particularly those
who are poor surgical candidates. Future prospective studies
evaluating survival outcomes based on laryngeal subsite,
different surgical techniques, as well as comparing RT to
other organ-preserving therapies, should be encouraged.
Studies are also needed to investigate disease-specific sur-
vival and the true rate of anaplastic transformation using
modern radiation techniques.
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