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Background: Verrucous carcinoma of the larynx (VCL) is a rare form of laryngeal
squamous cell carcinoma. We analyzed the National Cancer Database (NCDB) to
examine national treatment pattern, identify factors associated with primary radiation
therapy (RT), and compare outcomes in patients with Tis-T2 NO VCL treated primary
surgery and primary RT.

Methods: We accessed the NCDB from 2004 to 2015 for patients with Tis-T2 NO VCL
and recorded the treatment modality employed. Multivariable logistic regression was
used to identify predictors for radiation therapy. Cox regression was used to calculate
hazard ratios for survival. A propensity score matched Kaplan—Meier analysis compared
primary surgical treatment to definitive radiation.

Results: We identified 732 patients with laryngeal verrucous carcinoma from the NCDB.
The majority were cTis-T2 (87%) NO (96%). We identified 286 vs. 110 Tis-T2NO patients
treated primary surgery and with definitive radiation, respectively, for the purpose of this
study. Predictors of radiation were treatment at a community center, no insurance, and
higher T stage. Cox regression identified increased age, higher comorbidity score, and
government insurance as predictive of worse survival. Propensity matching revealed a
trend toward worse survival with definitive radiation, with a median survival of 98 months
compared to 143 months (p = 0.02). When including only T1-2 lesions, that is, invasive
disease, the trend toward increased survival with surgery [98 months vs. 135 months
(o = 0.08)] persisted.

Conclusion: The results of the present study support the use of surgery in the
management of Tis-T2 NO VCL when organ preservation is possible.
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INTRODUCTION

Verrucous carcinoma of larynx (VCL) is a rare type of squamous
cell carcinoma that comprises 1-4% of all primary laryngeal
squamous cell cancers (1, 2). It is often seen in older adults, and
despite the characteristic papillomatous appearance, association
with human papillomavirus is not well-established (2). The
management of early-stage laryngeal cancer ranges from surgery
alone, radiation therapy alone, or some combination thereof. In
contrast, for patients with VCL, the traditional recommendation
has been to avoid radiotherapy—primarily due to concern for
anaplastic transformation (3, 4). More recently, studies have
called into question the concept of radiation-induced anaplastic
transformation; nevertheless, radiation therapy continues to be
a less preferred treatment approach in management of VCL
as contemporary studies continue to demonstrate superior
outcomes with surgery (3, 5, 6).

Unfortunately, high powered studies and/or randomized
clinical trials on VCL are lacking due to the rarity of this disease
entity. As such, guidelines and recommendations regarding
the optimal treatment approach are also limited. Given the
rarity of VCL and the lack of evidence-based recommendations
regarding management, we analyzed the National Cancer
Database (NCDB) to examine national treatment patterns,

identify factors associated with primary radiation therapy (RT),
and compare outcomes in patients with Tis-T2 NO VCL treated
primary surgery and primary RT.

METHODS

Jointly maintained by the American Cancer Society and the
American College of Surgeons, the NCDB encompasses ~70% of
newly diagnosed malignancies each year across the United States.
The methods for performing an analysis of the NCDB have
been described previously (7, 8). Since the NCDB contains de-
identified patient data, this retrospective hospital-based analysis
was exempt from Institutional Review Board oversight and
ethics approval. We accessed the NCDB for patients diagnosed
between 2004 and 2015 with verrucous carcinoma of the
larynx (ICD-0-3 code C32, Histology code 8051/3). In the
NCDB, databased cases are coded using the American Joint
Commission on Cancer (AJCC) cancer staging manual edition
in use during the year in which the case was diagnosed.
There is no standard mechanism to recode AJCC stage across
different editions. We excluded patients with TNM stages other
than Tis-T2NOMO, those who were not treated with surgery
(ablation/stripping/partial or total laryngectomy) or definitive

(n=732)

Cases of Verrucous Carcinoma I

Excluded (n=115)

Patients with Tis-T2 NO type cancer
(n=617)

T3-T4 disease
N1 or N2 disease
M1 disease

Excluded (n=45)

No Follow-up
Follow-up<1 month

Adequate follow up
(n=572)
Excluded (n=176)
Treatment modalities included either No surgery or radiation
surgery (laser ablation, partial or total Receipt of systemic therapy
laryngectomy) or radiation therapy
(n=396)
Arm1 Arm 2
Surgery - Ablation/Laryngectomy Definitive Radiation Therapy (n= 110)
(n=286)

FIGURE 1 | CONSORT diagram outlining the selection criteria for study eligibility.
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TABLE 1 | Clinicopathologic and treatment characteristics of patients included in
the analysis (n = 396).

Characteristics No. (%) or Median

(Interquartile Range IQR)

Sex

Male 354 (89)

Female 42 (11)
Race

White 363 (91)

African American 23 (6)

Other 103
Age

<60 188 (47)

>60 208 (54)
Comorbidity score

0 278 (70)

1 74 (19)

>2 44 (11)
Insurance

Not insured 12(3)

Private payer 165 (41)

Government 204 (52)

Unrecorded 15 (4)
Education%

>29 98 (25)

20-28.9 117 (30)

14-19.9 107 (27)

<14 71(18)
Treatment facility type

Community cancer program 40 (10)

Comprehensive community 137 (35)

cancer program

Academic/research program 212 (54)

Unrecorded
Treatment facility location

Metro 292 (74)

Urban 87 (22)

Rural 8(2)

Unrecorded 9(2
Income, US dollars

<30,000 92 (23)

30,000-35,000 98 (25)

35,000-45,999 83 (21)

>46,000 119 (31)
Distance to treatment facility, miles

<13 miles 194 (49)

>13 miles 201 (51)
Year of diagnosis

2004-2006 126 (32)

2007-2009 105 (27)

2010-2012 90 (23)

2013-2016 75 (19)
AJCC stage

TisNOMO 93 (23)

(Continued)

TABLE 1 | Continued

Characteristics No. (%) or Median

(Interquartile Range IQR)

T1NOMO 217 (55)
T2NOMO 86 (22)
Grade
Well-differentiated 158 (39)
Moderately differentiated 16 (4)
Poorly differentiated 1(0.9)
Not recorded 226 (57)
Treatment characteristics
Surgery type 286
Stripping or ablation 216 (76)
Partial or total laryngectomy 70 (24)
Type of radiation therapy 110
3D therapy 96 (87%)
Intensity modulated radiation 14 (13%)
therapy (IMRT)
Total doses of radiation therapy 66 (63-70) Gy
(median, IQR) 33 (23-35)Fractions
Fractionation of radiation therapy
(median, IQR)

Follow-up overall 60 (27-93) months
62 (27-94) months

55 (21-89) months

Follow-up for surgery group
Follow-up for radiation therapy
group

radiation therapy. According to the NCDB site-specific surgical
codes, these include partial excision of the primary site and
subtotal/partial laryngectomy or hemilaryngectomy, and include
vertical laryngectomy, anterior commissure laryngectomy, and
supraglottic laryngectomy. Patients with <I-month follow-up
were excluded to account for immortal time bias that is excluding
the time period when the outcome could not have occurred
and the subject could not have experienced the exposure.
Figure 1 outlines the patient selection process. The resultant
patient group was split based on treatment modality employed
(primary surgery vs. primary radiation therapy) and compared
in the analysis.

Race was divided into three broad categories including
Caucasian, African-American, or other. Comorbidity was
quantified using the widely accepted and verified Charlson/Deyo
comorbidity index (9). Socioeconomic data in the patients’
residence census tract were provided as quartiles of the
percentage of persons with less than a high school education
and median household income. The facility type was assigned
according to the Commission on Cancer accreditation category.
Locations were assigned based on data provided by the
US Department of Agriculture Economic Research Service.
Insurance status is documented in the NCDB as it appears on
the admission page. The American College of Surgeons and the
Commission on Cancer have not verified and are not responsible
for the analytic or statistical methodology employed or the
conclusions drawn from these data by the investigator.

Data were analyzed using Medcalc Version 18 (Ostend,
Belgium). Summary statistics are presented for discrete variables.
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TABLE 2 | Multivariate logistic regression for likelihood of receiving definitive

radiation therapy for Tis-T2 NO.

TABLE 3 | Propensity matched multivariate Cox regression analysis for overall
survival (n = 105 matched pairs).

Characteristic (n = 110) Odds ratio (95% Cl) P Characteristic HR (95% CI) p
Age Age
<60 Reference <60 Reference
>60 1.85 (0.95-3.59) 0.0703 >60 1.75 (1.09-2.83) 0.0214
Comorbidity score Comorbidity score
0 Reference 0 Reference
1 1.16 (0.59-2.26) 0.6634 1 1.15 (0.74-1.76) 0.5371
>2 0.81(0.33-1.96) 0.6390 >2 2.04 (1.26-3.31) 0.0038
Distance Insurance
<13 miles Reference None Reference
>13 miles 0.26(0.14-0.50)  <0.0001  pryate
Facility type Governmental 3.93 (2.37-6.55) <0.0001
Community cancer center Reference
Comprehensive community cancer center 0.65 (0.27-1.57) 0.3406
Academic/research program 0.32 (0.13-0.77) 0.0106
Grade Chi-squared testing compared patient, treatment, and disease-
Well-differentiated Reference related characteristics between the two treatment groups. Overall
Moderately differentiated 0.53(0.15-1.90) 08285 gyryival was calculated in months from time of diagnosis to date
Poorly differentiated 6.93(028-17.34) 02883 ,f]ast contact or death as is standard within the NCDB. Kaplan-
Education, % without high school diploma Meier curves were used to calculate cumulative probability of
229 Reference survival. Log-rank statistics were used to test for significant
20-28.9 0.67 (0.31-1.46) 0.3176 differences in the cumulative proportions across groups. A Cox
14-19.9 0.66 (0.27-1.60) 0.3568 proportional hazards model was used for multivariable survival
<14 1.25 (0.46-3.40) 0.6564 . .. . . .
analysis. Factors significant on univariable Cox regression were
Income, USD entered using a stepwise elimination process. Adjusted hazard
<30,000 Reference ratios (HRs) and 95% confidence intervals (95% Cls) are reported
80,000-64,999 093(0.40-2.14) 08616 using an alpha level of 0.05 to indicate statistical significance.
iig%%—oéla%g 8:21 2822:;?1&63; 8:22:? Propensity‘ scpreiadjust.ed survival analysis was used to
- account for indication bias due to lack of randomization
Insurance between patients receiving and not receiving radiotherapy
Nc.>ne Reference (10). Multivariable logistic regression was used to calculate
Private 0.25 (0.06-0.99) 0.0477 . .. . .. ..
Government 0.38 (0.08-1.54 01755 & propensity score 1nd1cz.1tlve of the con(.hnonal prf)bablhty
Location of radiation th.erapy rece1Pt. The .propensny model 1r.1c1uded
Metropoltan Reforence observable variables associated with treatment selection op
multivariable logistic regression. A Kaplan-Meier analysis
Urban 1.23 (0.58-2.62) 0.5926 .
Rural 301 (0.58-26.37) 01611 was the.n conducted after matching cases based on the
Race propensity score.
Caucasian Reference
African American 0.75(0.25-2.22) 0.5999 RESU LTS
Other 0.55 (0.09-3.45) 0.5200
Gender The dataset included 124,566 patients with cancer of the
Mele Reference larynx, of which 732 cases of laryngeal verrucous carcinoma
Female 0.79 (0.33-1.86) 0.5845 were identified after exclusion of patients with non-verrucous
Stage histology. The majority were early stage [i.e., cTis-T2 (87%) NO
Tis Reference (96%)]. Figure 1 outlines the selection process for the cohorts
m 5.98 (2.40-14.94) 0.0001 eligible for analyses. Among patients with Tis-T2 NO MO cancer
T2 15.82(6.70-43.93)  <0.0001 (o were eligible for analysis, we identified 286 patients (47%)
Year who were treated surgically (ablation/stripping/laryngectomy)
2004-2006 Reference vs. 110 (17%) patients who received definitive radiotherapy.
2007-2009 0.74 (0.36-1.49) 0.3943 Of those undergoing surgery, only 13 (3%) underwent
2010-2012 0.72 (0.35-1.49) 0.3718 total laryngectomy.
2012-2015 0.56 (0.25-1.23) 0.1498

Propensity score calculated with distance, facility, T stage, and insurance.

Table 1 displays patient characteristics associated with the
cohort eligible for analysis (Tis-T2 NO MO or early-stage
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FIGURE 2 | Propensity matched survival analysis of radiation therapy vs. surgery in Tis-T2 NO verrucous carcinoma of the larynx.
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FIGURE 3 | Survival analysis of radiation therapy vs. surgery in Tis-T2 NO verrucous carcinoma of the larynx prior to propensity matching.

cancer). This included 93 (23%) AJCC Stage TisNOMO patients,
217 (55%) TINOMO, and 86 (22%) T2NOMO. Of the 286
patients who underwent surgery, 76% underwent stripping or
ablation while the rest underwent partial or total laryngectomy.
Among patients treated with radiation therapy, 87% received
3D therapy and the rest received intensity modulated radiation
therapy (IMRT). Median total dose was 66 Gy with conventional
fractionation. Median follow-up for the entire cohort was 60

(IQR 27-93) months. It was 62 (IQR 27-94) months for
the surgery group vs. 55 (21-89) months for the radiation
therapy group.

On multivariable logistic regression, predictors of radiation
therapy receipt among early-stage patients (Tis-T2 NO MO)
included treatment at a community center, no insurance,
and higher T stage (Table2). Negative prognostic covariates
identified on multivariate Cox regression included increased
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age, higher comorbidity score, and government insurance
(Table 3). Propensity matching resulted in 105 matched pairs,
and propensity-matched Kaplan-Meier analysis revealed worse
survival with definitive radiation (Figure 2). The median overall
survival was 143 (95% CI 121-159) months vs. 98 (95% CI 70-
139) months, with p = 0.0216 for surgery compared to radiation
therapy (Figure 2). For reference, the survival curves prior to
propensity matching are shown in Figure 3. In cases of invasive
disease (i.e., T1-T2), this survival trend persisted (135 months
vs. 98 months, p = 0.0805) in favor of surgery, although not
statistically significant. The 5-year overall survival for the groups
was 79% for surgery vs. 67% radiation therapy—HR 1.54 (95%
CI 1.07-2.2, p = 0.021). Disease-specific survival could not be
calculated as data regarding disease recurrence are not available
through the NCDB.

DISCUSSION

Although some early studies recommended close monitoring and
non-aggressive management of VCL, definitive treatment is now
always recommended either by definitive surgery or definitive
radiation therapy or a combination thereof with chemotherapy
reserved for more advanced stages (1, 11). In the current
study looking at the Tis-T2 NO M0 VCL, we identified several
predictors of radiotherapy including treatment at a community
center, no insurance, and T1-T2 tumor compared to Tis cancer.
In this first propensity matched analysis of the two modalities
of treatment of Tis-T2 NO M0 VCL, we demonstrated superior
survival outcomes for patients undergoing surgery with advanced
age, presence of comorbidities, and lack of private insurance as
predictors for poor outcome.

The identified differences in management may reflect
differences in practice patterns such as radiation therapy being
administered more commonly in community practice (12). The
increased usage of radiation therapy, a strategy that is historically
not recommended in this condition among patients with no
insurance and therefore a vulnerable group, is concerning. The
relationships between type of treatment and sociodemographic
factors have been demonstrated previously, but it is difficult to
ascertain the mechanisms based on the data available from the
NCDB (12). It is also important to consider that insurance history
is not a static factor, and therefore, further determination of this
association would need prospective studies (13).

Historically, surgery has been the favored approach due
to reports of anaplastic transformation and secondary
metastasis associated with radiotherapy (4). While the
improved outcomes with definitive surgery (5-year overall
survival 87%) have been reported previously, we also noticed
poorer outcomes in those treated with a combination of
surgery and radiation (I, 3, 11). This is in contrast to
other variants of laryngeal cancers, and the current study
is limited in identifying the underlying mechanisms (14).
Earlier studies have attributed this to anaplastic transformation
of the cancer (rates as high as 11%) resulting in adverse
outcomes (4). While subsequent studies failed to reproduce
comparable results, they did demonstrate favorable surgical

outcomes compared to patients treated with radiotherapy
(3, 5, 6, 14-16).

The above studies suffer from obvious limitations including
selection bias and low statistical power considering their
retrospective nature and small patient volume (i.e., small
retrospective series or case reports). In addition, these studies
were predominantly published before 2000. There have been
significant advancements in radiation therapy since the
publication of these studies, and while conservative surgery is
possible in most cases, 20% or more patients may not be eligible
for larynx preservation surgery (17). Even in earlier studies, it has
been demonstrated that local control with radiation therapy for
VCL (5-year rate of local control—59%), while inferior to other
types of laryngeal cancer, offers similar overall survival following
salvage surgical resection (18). As such, less invasive treatment
strategies such as radiotherapy have been suggested as potential
alternatives to surgical resection (3, 15). This recommendation
cannot be made based on the findings from the present study.

As discussed previously, the existing literature on radiation
for VCL suffers from significant bias as they were essentially
all retrospective studies with heterogeneity in the groups used
for comparison (17). It is interesting that despite the propensity
matching technique in the current study, patients with VCL
achieved better survival with surgery compared to radiotherapy
as radiotherapy patients should have at least theoretically had
the potential for surgical salvage in the setting of local failure.
Patients who failed following surgery can receive radiation
therapy as salvage also. These effects could not be well-evaluated
as the NCDB lacks data on local failure. While the previous
population-based studies have found similar outcomes, selection
bias among high-stage lesions was suggested as a limitation
(6). We attempted to minimize this through propensity score
matching and excluding advanced stage presentations. But
it should be noted that patients not amenable to matching
are excluded during propensity matching with implications
on representativeness of the matched cohorts with regard to
the true population (19). Thus, it should be assumed that
unidentified biases still exist that could be uncovered only
through randomized controlled trials. It should also be noted
that although survival analysis favored surgery overall, it was
not statistically significant in the T1-T2 group and could be
because the study was not powered to detect the differences.
Certainly, surgery may be truly superior to radiation therapy
due to hitherto unknown biological factors related to this
rare cancer. As is typical with these types of analyses, this
study was limited by the data provided in the NCDB due to
its retrospective nature. Compounding this, the NCDB lacks
information on adverse events, local failure, and quality of
life, all of which play an important role in management and
ultimately outcome.

CONCLUSIONS

The results of the present study support the use of surgery in
the management of Tis-T2 NO VCL when organ preservation is
possible. Radiation therapy should be reserved for poor surgical
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candidates or in circumstances where acceptable functional
outcomes cannot be achieved with surgery.
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The datasets generated for this study are available on request to
the corresponding author.

REFERENCES

1. Maurizi M, Cadoni G, Ottaviani F Rabitti C, Almadori G.
Verrucous squamous cell carcinoma of the larynx: diagnostic
and  therapeutic  considerations. Eur Arch  Oto-Rhino.  (1996)

253:130-5. doi: 10.1007/BF00615109
2. Triaridis S, Christoforidou A, Zarampoukas T, Vital V. Verrucous carcinoma
of the larynx presenting as a hairy lesion. J Postgrad Med. (2014) 60:209-
10. doi: 10.4103/0022-3859.132356
3. Chang BA, Katz S, Kompelli AR, Nathan C-AO. Is primary radiotherapy
an acceptable treatment modality for verrucous carcinoma of the larynx?
Laryngoscope. (2019) 129:1964-5. doi: 10.1002/lary.27985
4. Hagen P, Lyons GD, Haindel C. Verrucous carcinoma of the larynx: role of
human papillomavirus, radiation, and surgery. Laryngoscope. (1993) 103:253-
7. doi: 10.1288/00005537-199303000-00003
5. Echanique KA, Desai SV, Marchiano E, Spinazzi EE Strojan P, Baredes
S, et al. Laryngeal verrucous carcinoma. Otolaryngol. (2017) 156:38-
45. doi: 10.1177/0194599816662631
6. Dubal PM, Svider PE, Kam D, Dutta R, Baredes S, Eloy JA. Laryngeal
verrucous carcinoma: a population-based analysis. Otolaryngol. (2015)
153:799-805. doi: 10.1177/0194599815591981
7. Hasan S, Renz P, Wegner RE, Finley G, Raj M, Monga D, et al. Microsatellite
Instability (MSI) as an independent predictor of pathologic complete response
(PCR) in locally advanced rectal cancer: a national cancer database (NCDB)
analysis. Ann Surg. (2018) 271:716-23. doi: 10.1200/JC0O.2019.37.4_suppl.616
8. Hasan S, Renz P, Turrisi A, Colonias A, Finley G, Wegner RE. Dose
escalation and associated predictors of survival with consolidative thoracic
radiotherapy in extensive stage small cell lung cancer (SCLC): A National
Cancer Database (NCDB) propensity-matched analysis. Lung Cancer Amst
Neth. (2018) 124:283-90. doi: 10.1016/j.lungcan.2018.08.016
9. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index
for use with ICD-9-CM administrative databases. ] Clin Epidemiol. (1992)
45:613-9. doi: 10.1016/0895-4356(92)90133-8
10. D’Agostino RB. Propensity score methods for bias
the comparison of a treatment to a
group. Stat  Med. (1998) 17:2265-81. doi:
0258(19981015)17:19<2265::AID-SIM918>3.0.CO;2-B
11. Glanz H, Kleinsasser O. Verrucous carcinoma of the larynx-a misnomer. Arch
Otorhinolaryngol. (1987) 244:108-11. doi: 10.1007/BF00458559

reduction in
non-randomized control
10.1002/(SICI)1097-

AUTHOR CONTRIBUTIONS

RW, TJ, and SA conceived the project and performed
the analysis. RW supervised the project. TJ, SA, EI,
AC, and RW contributed to the writing, editing, and
production of the final version of the manuscript. All
authors contributed to the article and approved the
submitted version.

12. Chen AY, Fedewa S, Zhu J. Temporal trends in the treatment of
early- and advanced-stage laryngeal cancer in the United States,
1985-2007. Arch Otolaryngol Head Neck Surg. (2011) 137:1017-
24. doi: 10.1001/archoto.2011.171

13. Short PE Graefe DR. Battery-powered health insurance?
in coverage of the wuninsured. Health Aff Proj Hope.
22:244-55. doi: 10.1377/hlthaff.22.6.244

14. head-and-neck.pdf. Available from: https://www.nccn.org/professionals/
physician__gls/pdf/head-and- neck.pdf (accessed July 10, 2019).

15. Strojan P, Smid L, Cizmarevic B, Zagar T, Auersperg M. Verrucous
carcinoma of the larynx: determining the best treatment option. Eur J
Surg Oncol ] Eur Soc Surg Oncol Br Assoc Surg Oncol. (2006) 32:984-
8. doi: 10.1016/j.€js0.2006.03.025

16. McCaffrey TV, Witte M, Ferguson
of the larynx. Ann Otol Rhinol
5. doi: 10.1177/000348949810700505

17. Huang SH, Lockwood G, Irish J, Ringash ], Cummings B, Waldron ], et al.
Truths and myths about radiotherapy for verrucous carcinoma of larynx. Int J
Radiat Oncol Biol Phys. (2009) 73:1110-5. doi: 10.1016/j.ijrobp.2008.05.021

18. O’Sullivan B, Warde P, Keane T, Irish J, Cummings B, Payne D.
Outcome following radiotherapy in verrucous carcinoma of the larynx.
Int ] Radiat Oncol Biol Phys. (1995) 32:611-7. doi: 10.1016/0360-3016(95)
00021-P

19. Burden A, Roche N, Miglio C, Hillyer EV, Postma DS, Herings RM, et al.
An evaluation of exact matching and propensity score methods as applied
in a comparative effectiveness study of inhaled corticosteroids in asthma.
Pragmatic Obs Res. (2017) 8:15-30. doi: 10.2147/POR.S122563

Stability
(2003)

carcinoma
107:391-

MT. Verrucous
Laryngol.  (1998)

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Jayakrishnan, Abel, Interval, Colonias and Wegner. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Oncology | www.frontiersin.org

August 2020 | Volume 10 | Article 1241


https://doi.org/10.1007/BF00615109
https://doi.org/10.4103/0022-3859.132356
https://doi.org/10.1002/lary.27985
https://doi.org/10.1288/00005537-199303000-00003
https://doi.org/10.1177/0194599816662631
https://doi.org/10.1177/0194599815591981
https://doi.org/10.1200/JCO.2019.37.4_suppl.616
https://doi.org/10.1016/j.lungcan.2018.08.016
https://doi.org/10.1016/0895-4356(92)90133-8
https://doi.org/10.1002/(SICI)1097-0258(19981015)17:19<2265::AID-SIM918>3.0.CO;2-B
https://doi.org/10.1007/BF00458559
https://doi.org/10.1001/archoto.2011.171
https://doi.org/10.1377/hlthaff.22.6.244
https://www.nccn.org/professionals/physician__gls/pdf/head-and-neck.pdf
https://www.nccn.org/professionals/physician__gls/pdf/head-and-neck.pdf
https://doi.org/10.1016/j.ejso.2006.03.025
https://doi.org/10.1177/000348949810700505
https://doi.org/10.1016/j.ijrobp.2008.05.021
https://doi.org/10.1016/0360-3016(95)00021-P
https://doi.org/10.2147/POR.S122563
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Patterns of Care and Outcomes in Verrucous Carcinoma of the Larynx Treated in the Modern Era
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Data Availability Statement
	Author Contributions
	References


