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Abstract

A retrospective, longitudinal study of 1,616 patients with primary laryngeal squamous cell car-
cinoma (LSCC) at a single center in Norway during 1983—-2010 was undertaken to investigate
overall survival, disease specific survival, disease-free survival, prognostic factors for overall
survival, and impact of recurrence among all-stage laryngeal cancer patients over 15 years’
follow-up. The prognostic impact of gender, age, smoking/alcohol, subsite, tumour, node and
metastasis staging, period and modality of treatment were evaluated using Kaplan-Meier and
Cox proportional hazard analyses. The importance of recurrence on survival was assessed
based on case fatality rates. Five-year overall survival was 56.8%, 64.0% and 38.8%, and dis-
ease-specific survival was 80.2%, 87% and 61.6%, respectively, for the entire cohort and for
glottic and supraglottic LSCC. Old age, advanced-stage LSCC and supraglottic cancer were
associated with lower overall survival. The risk of disease-specific death plateaued after five
years and varied significantly by subsite. Multivariate analysis of glottic LSCC revealed that
surgical treatment improved overall survival, whereas old age, alcohol, T3-T4 status, positive
N-status and no treatment were associated with worse survival. In supraglottic LSCC, age,
alcohol, and positive N-status had a significant impact on overall survival by multivariate analy-
sis. Five-year overall survival and disease-specific survival among patients with recurrent dis-
ease were 34% and 52%, respectively. In conclusion, marked difference in overall survival
between glottic and supraglottic LSCC underline the importance of subsite-specific survival
analysis. T-status and primary surgical management is essential only for glottic LSCC, empha-
sizing the importance of correct disease classification. Inferior outcomes in supraglottic LSCC
are associated with old age, positive N-status, and improved follow-up routines are necessary.
Primary tumor control is essential since recurrence impairs survival considerably in all sub-
sites. The potential benefit of a primary surgical approach towards T3 LSCC awaits further
investigation.
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Introduction

Despite progress in the management of laryngeal squamous cell carcinoma (LSCC) over the
last three decades, recent studies show conflicting results regarding survival. Based on a review
of the American National Cancer Data Base (NCDB), survival rates following diagnosis of
LSCC in the United States seem to have decreased [1] but remain stable in other countries [2].
LSCC mortality varies widely between different European countries, with most Scandinavian
countries having low rates [3,4]. In Norway, the estimated age-standardized mortality rate
across patients of all ages and both sexes in 2012 was 0.4 per 100,000 for laryngeal cancer com-
pared to 0.7 per 100,000 in the United States [5].

It is essential to consider the highly heterogeneous nature of laryngeal cancer when per-
forming a survival analysis of LSCC. The fact that glottic tumors are diagnosed at an earlier
stage compared to supraglottic tumors affects treatment opportunities and prognosis, and
argues for survival analysis to be performed according to tumor stage and subsite [6-8]. In
Norway, women constitute an increasing proportion of LSCC cases, but LSCC still has the
highest male:female ratio of any head or neck neoplasm [9,10]. Previous studies, including
analyses in Norway, have found females to be more prone to supraglottic cancer [9,11]. Ina
recent publication, young age, intermediate T-status and supraglottic cancer were found to be
negatively associated with the risk of recurrence, which is expected to ultimately affect out-
come [12].

The aim of this study was to analyze the subsite-specific overall survival (OS) among all-
stage LSCC patients and to identify prognostic factors for OS. The study also aimed to explore
disease-specific survival (DSS) and disease-free survival (DFS) in this cohort, and to examine
OS and DSS in patients with recurrent LSCC.

Materials and methods

All patients treated for LSCC at the Department of Otorhinolaryngology Head and Neck Sur-
gery, Rikshospitalet from 1983 to 2010 were analyzed retrospectively. Patients who had been
cured of previous non-laryngeal head and neck cancer, those with concomitant non-laryngeal
cancers at the time of LSCC diagnosis were included; patients with previous laryngeal cancer
were excluded. Inclusion and exclusion criteria have been described in detail elsewhere [9,12].

Oslo University Hospital, Rikshospitalet and The Norwegian Radium Hospital, are two ter-
tiary academic referral centers which together treat approximately 60% of all patients with
laryngeal cancer in Norway. All patients are evaluated by a multidisciplinary team of maxillofa-
cial and head and neck surgeons, radiologists, pathologists and oncologists. Throughout the
study period all patients received a uniform and standardized clinical investigation, TNM clas-
sification, treatment and follow-up. In the current analysis, follow-up started at the end of
treatment and all patients had their first clinical and radiological evaluation 4-6 weeks after
the primary treatment. During the first year of follow-up, patients were seen every 8—12 weeks,
then 2-3 times during the second and third years. Clinical and histological verification of per-
sistent LSCC within three months of primary therapy was defined as residual tumor, whereas
LSCC identified later than three months after the initial treatment in complete responders was
denoted as recurrent disease. In cases of residual tumor or recurrence, the date of histological
verification was registered and the patient was re-assessed by the multidisciplinary tumor
board to decide the appropriate salvage treatment.

Information on follow-up and vital status was obtained through review of medical records
and reports from referring institutions. Using a unique personal identification number
assigned to the residents of Norway, all individuals diagnosed with cancer are registered in the
Cancer Registry of Norway, from which information on national cancer statistics is available
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[10]. Information regarding the date of death was mainly acquired from a hospital register,
which is linked to the National Registry of Death. To obtain an accurate cause of death, the
death certificate or autopsy findings were collected. Death was considered to be related to
LSCC cancer when laryngeal cancer was documented as the underlying cause of death.
Patients who died during treatment, or within three weeks after completion of treatment, were
also considered to have died from LSCC, regardless of the actual cause.

The Privacy and Data Protection Office of the CEO Executive Staff at Oslo University Hos-
pital approved the study. Data collection was authorized by the Norwegian Data Protection
Authority. Written consent was collected at diagnosis and no patients were lost to follow-up.

Prognostic factors

Gender, age (<59, 60-69 and >70 years) and information on smoking and alcohol (never,
ever or unknown) were documented for each patient at diagnosis. Tumor location was sepa-
rated into one of three subsites (glottic, supraglottic and subglottic) and the status of tumor,
nodal and distant metastasis were classified in accordance with the Union for International
Cancer Control TNM classification system (3" to 6 edition) and the American Joint Com-
mittee on Cancer TNM staging (2" to 7™ edition). Early-stage LSCC (Stage I+11) was defined
as T1-T2NOMO, and advanced-stage LSCC (Stage III+IV) as T3-T4a/b and any TN+, M+.
Moreover, to elaborate on T1a glottic LSCC and the possible impact of treatment, we divided
early stage glottic LSCC into T1aNO and T1b-T2N0. The type of primary treatment for each
patient was determined by a collaborative tumor board of head and neck surgeons and oncolo-
gists. Accordingly, the primary treatment modalities were categorized as radiotherapy, trans-
oral lasermicrosurgery (TLM), total laryngectomy (TLAR), chemoradiotherapy and palliation/
no treatment. The date of treatment and the length of follow-up was categorized as one of four
seven-year periods (1983-1989, 1990-1996, 1997-2003 and 2004-2010) and five time intervals
(<1 year, >1 to <3 years, >3 to <6 years, >6 to <10 years, and 10-15 years). The manage-
ment of early and advanced LSCC was divided into non-surgical (radiotherapy, chemora-
diotherapy) and surgical (TLM, TLAR) therapy, and OS was compared by treatment for each
subsite. Recurrences were categorized as local, regional/loco-regional or distant.

Statistics

Descriptive statistics were calculated for patient and tumor characteristics and are presented as
frequencies and proportions. The three outcomes of interest were all-cause death (OS), dis-
ease-specific survival (DSS) and disease-free survival (DFS i.e. no recurrence or death) among
LSCC patients.

For OS, DSS and DFS the patients were followed longitudinally from the date of primary
treatment to the date of all-cause death, the date of disease-specific death or the date of recur-
rence, respectively. Follow-up was completed on 30 September 2011 and patients were cen-
sored accordingly. Survival rates are presented as Kaplan-Meier plots and five-year observed
survival rates. Subsite-specific survival curves for early and advanced-stage LSCC managed by
non-surgical and surgical treatment are presented.

Cox regression models were used to evaluate the impact of prognostic factors on OS. Both
univariate and multivariate analyses were performed separately for each of the three subsites.
Only glottic and supraglottic cancer met the criteria for analysis, in terms of number of
patients, and results are presented for these subsites. Risk estimates are presented as hazard
ratios (HR) with 95% confidence intervals (CI).

Stacked cumulative incidence curves are presented to illustrate the difference in laryngeal
cancer deaths and death from other causes according to subsite over 15 years of follow-up.
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Areas between the curves are attributed to the probability of disease-specific deaths, deaths
from other causes and event-free survival after primary treatment of LSCC.

To estimate case fatality, patients with recurrent LSCC were followed from the date of
recurrence to the date of death or end of follow-up on 30 September 2011. Both five-year all-
cause death (OS) and DSS among patients with recurrent disease are presented by subsite.

P-values <0.05 were regarded as significant. Data analysis was performed using Stata [13]
and SPSS [14].

Results

A total of 1,616 patients were treated for primary LSCC during 1983-2010. A description of
the trends in incidence, and risk factors for recurrent LSCC, in the study population has been
published previously [9,12].

Of 1,616 patients, 1,126 died (mean age 67.6, range 14-93 years) and 490 were still living
(mean age 61.5, range 27-88 years) at the end of follow-up. Primary surgical treatment was
administered in 34.5% of early-stage LSCC cases and 27.2% of advanced-stage LSCC cases,
respectively. Table 1 summarizes patient and disease characteristics of the study cohort accord-
ing to survival at the end of 15 years’ follow-up.

Five-year OS for the whole cohort was 56.8%, ranging from 38.8% to 64.0% depending on
subsite and from 37.4% to 71.0% depending on T-status (Table 2). The median OS was 7.9, 5.1
and 3.0 years for glottic, subglottic and supraglottic LSCC, respectively (Fig 1). Five-year DSS
ranged from 61.6% to 87.0%, and five-year DFS from 32.0% to 54.5%, respectively, depending
on subsite (Table 2). When analyzed according to T-status, DSS ranged from 47.6% (T4 supra-
glottic LSCC) to 98.1% (T'1a glottic LSCC), and DFS ranged from 23.0% (T3 glottic LSCC) to
69.1% (T1a glottic LSCC), respectively.

Fig 2 presents stack cumulative incidence plots for death due to LSCC or due to other
causes according to subsite over 15 years’ follow-up. The occurrence of disease-specific death
plateaus at approximately five years, with death from supraglottic, subglottic and glottic LSCC
in 38%, 20% and 17% of patients, respectively.

Fig 3 illustrates the difference in five-year OS according to stage and treatment modality in
glottic LSCC. Survival was significantly higher in patients treated surgically versus non-surgi-
cally in early-stage LSCC (T1a) (log-rank, p = 0.009) and advanced-stage LSCC (log-rank,

p = 0.004). However, survival rates among supraglottic LSCC patients showed no significant
difference by treatment modality for either early or advanced-stage disease (Fig 4).

Multivariate analysis revealed that age >60 years, use of alcohol, T3-T4 tumors and
>N2-status were prognostic factors for OS among glottic LSCC patients (Table 3). Of 1,127
patients with glottic cancer, those treated surgically with TLM (HR 0.69, p = 0.04) or TLAR
(HR 0.62, p = 0.02) experienced significantly better OS than those treated with radiotherapy or
chemoradiotherapy. OS was significantly better for women compared to men with glottic
LSCC, but only by univariate analysis (p = 0.046).

Among supraglottic LSCC, age >60 years, use of alcohol, >N2-status and treatment by che-
moradiotherapy were significant prognostic factors for OS (Table 4). Smoking data were inad-
equate and were therefore not included in the multivariate analysis.

Recurrence occurred in 369 patients by the end of follow-up. The case fatality rates by sub-
site are presented in Table 5. Five-year OS and DSS was 34.0% and 52.2%, respectively. Differ-
ences in survival was seen according to subsite type of recurrence. Five-year case fatality rates
were lower for patients with regional recurrence compared to patients with local recurrence,
while patients with distant recurrence did not survive long enough to permit calculation of
five-year survival estimates.
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Table 1. Patient and disease characteristics according to survival at the end of 15 years’ follow-up in patients with laryngeal squamous cell

carcinoma.
Death Total
(n=1,043 [64.5%]) (n =573 [35.5%]) (n=1616)
n % n % n %
Gender
Male 917 87.9 487 85.0 1404 86.9
Female 126 12.1 86 15.0 212 13.1
Age (years)
0-59 202 19.4 256 45.7 458 28.3
60-69 350 33.5 192 33.5 542 33.6
70+ 491 471 125 21.8 616 38.1
Smoking history
Never 55 5.3 42 7.3 97 6.0
Ever 924 88.6 511 89.2 1435 88.8
Unknown 64 6.1 20 3.5 84 5.2
Alcohol
Never 597 57.2 332 57.9 929 57.5
Ever 171 16.4 52 9.1 223 13.8
Unknown 275 26.4 189 33.0 464 28.7
Subsite
Glottic 678 65.0 449 78.4 1127 69.7
Supraglottic 332 31.8 106 18.5 438 27.1
Subglottic 33 3.2 18 3.1 51 3.2
T-status
T 348 33.4 319 55.7 667 41.3
T2 252 241 135 23.5 387 23.9
T3 172 16.5 59 10.3 231 14.3
T4 271 26.0 60 10.5 331 20.5
N-status
NO 814 78.0 530 92.5 1344 83.2
N1 80 7.7 19 3.3 99 6.1
>N2 149 14.3 24 4.2 173 10.7
M-status
Mo 1,032 99.0 573 100 1602 99.0
M1 11 1.0 0 0 14 1.0
Stage -V
| 335 32.1 316 55.2 651 40.3
Il 211 20.2 121 21.1 332 20.5
1] 161 15.5 61 10.6 222 13.7
I\ 336 32.2 75 13.1 411 25.5
Treatment modality
Radiotherapy 714 68.5 294 51.3 1008 62.4
Transoral laser microsurgery 115 11.0 217 37.9 332 20.5
Total laryngectomy 135 13.0 44 7.7 179 11.1
Chemoradiotherapy 37 3.5 18 3.1 55 3.4
Palliation/no treatment 42 4.0 0 0 42 2.6
Period of treatment
1983-1989 318 30.5 85 14.8 403 24.9
(Continued)
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Table 1. (Continued)

Death Alive Total

(n=1,043 [64.5%]) (n =573 [35.5%]) (n=1616)

n % n % n %
1990-1996 279 26.7 98 171 377 23.3
1997-2003 272 26.1 130 22.7 402 24.9
2004-2010 174 16.7 260 454 434 26.9
Length of follow-up
<1 year 248 23.8 9 1.6 257 16.0
>1to <3years 274 26.3 92 16.0 366 22.6
>3 to <6 years 218 20.9 106 18.5 324 20.0
>6to <10 years 185 17.7 114 19.9 299 18.5
10-15 years 118 11.3 252 44.0 370 22.9
https://doi.org/10.1371/journal.pone.0179371.t001

Discussion

In this unselected cohort of 1,616 LSCC patients, OS at five years was 56.8%. Age, subsite, T-
status, N-status, modality of treatment and recurrent disease all exerted a marked impact on
OS survival. DSS and DFS were 80.2% and 48.1%, respectively.

Not surprisingly, older age impaired the outcome independent of subsite or treatment.
Since the population is aging in most European countries and in North America, this subgroup
will likely challenge current treatment guidelines in the future.

Table 2. Five-year overall survival (OS), disease specific survival (DSS) and disease-free survival (DFS) according to subsite and T-status among
1,616 patients with laryngeal squamous cell carcinoma.

Overall Glottic Supraglottic Subglottic
% 95% CI % 95% Cl % 95% CI % 95% CI
(O] 56.8 54.2 59.2 64.0 61.0 66.8 38.8 34.0 43.5 51.2 36.5 64.2
T 71.0 67.2 74.4 - - 40.0 27.7 52.0 - - -
T1a - - - 75.7 7.7 79.2 - - - - - -
T1b - - - 68.4 51.7 80.3 - - - - - -
T2 59.2 54.0 64.0 64.5 58.1 70.2 47.0 37.5 55.9 - - -
T3 39.2 32.6 45.8 36.7 28.3 45.1 42.9 31.8 53.5 - - -
T4 37.4 32.2 42.7 43.0 35.0 50.9 30.3 23.4 37.5 - - -
DSS 80.2 78.0 82.2 87.0 84.8 89.0 61.6 56.3 66.4 81.2 66.8 89.8
T1 94.9 92.7 96.4 - - - 69.5 54.0 80.7 - - -
T1a - - - 98.1 96.3 99.0 - - - - - -
T1b - - - 90.1 75.6 96.2 - - - - - -
T2 84.5 80.0 88.1 87.0 81.6 91.0 77.8 67.6 85.1 - - -
T3 65.5 58.1 71.9 67.9 58.1 75.8 60.5 47.7 71.0 - - -
T4 54.3 48.5 59.8 59.9 51.0 67.8 47.6 39.3 55.4 - - -
DFS 48.1 45.5 50.5 54.5 51.4 57.4 32.0 27.6 36.6 43.9 29.9 57.0
T 64.3 60.3 67.9 - - - 37.3 25.3 49.3 - - -
T1a - - - 69.1 64.9 72.9 - - - - - -
T1b - - - 52.5 36.4 66.3 - - - - - -
T2 44.6 39.4 49.6 47.2 40.8 55.3 38.4 29.3 47.4 - - -
T3 24.3 18.7 30.3 23.0 15.9 30.8 25.4 16.4 35.3 - - -
T4 35.7 31.0 41.0 41.1 33.0 49.0 28.6 21.8 35.7 - - -

https://doi.org/10.1371/journal.pone.0179371.t1002
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Fig 1. Overall survival of 1,616 LSCC patients according to subsite during 15 years’ follow-up.
https://doi.org/10.1371/journal.pone.0179371.9001

The five-year OS and DSS rates for glottic LSCC parallels the findings from a four-decade
national population-based study from Denmark, in which 5,132 patients with stage I-IV glot-
tic LSCC were evaluated [15]. Our study shows that older age and advanced T- and N+ status
are negatively associated with survival. In the Danish cohort, 96% were treated by primary
radiotherapy, and 2% of all tumors were T4. In our unselected group, almost one-third of
patients received surgery as primary treatment and 20% of tumors were T4. Thus, the survival
rates in the two studies, were based on crucial differences in cohort characteristics and primary
therapy. Moreover, although our patients were not randomly assigned to different primary
treatments, we found primary surgical intervention to be a positive prognostic factor of OS in
both early (TLM) and advanced (TLAR) glottic LSCC. This corresponds with the results of a
meta-analysis by Higgins et al comparing TLM versus radiotherapy for the treatment of early-
stage glottic cancer [16]. The meta-analysis showed no significant difference between TLM
and radiotherapy for local control, but for OS the analysis favored TLM. In studies from the
American NCDB by Chen et al, TLAR was also associated with improved survival compared
to non-surgical management of advanced-stage LSCC [17,18]. Prior to the studies based on
NCDB, results from the Surveillance, Epidemiology, and End Results (SEER) Program in the
United States showed evidence of a decrease in DSS between mid-1980 and 1990 [19], which
was subsequently elaborated in a large (158,426 patients) retrospective study by Hoffman and
colleagues 1985-2001 [1]. The decrease in survival reported by Hoffman coincided with
extended use of non-surgical therapy, whereas the relative survival of T3ANOMO tumors (all
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https://doi.org/10.1371/journal.pone.0179371.9002

sites) seemed to improve when treated with primary surgery or surgery plus radiotherapy
compared to radiotherapy or chemoradiotherapy.

Historically, survival of T3 laryngeal cancer has been better than T4 laryngeal cancer
[20,21]. However, in the current study, there was no difference in OS among T3 and T4 LSCC
overall, or specifically in glottic LSCC. Since most T3 LSCC in our cohort was treated non-sur-
gically by radiotherapy or chemoradiotherapy, and the majority of T4a surgically by TLAR
and postoperative radiotherapy (50 Gy), these findings merit attention. Our results are consis-
tent with a study from the Netherlands concerning 10-year outcomes following organ-sparing
versus organ-sacrificing management of T3-T4 laryngeal cancer [22]. Timmermans and co-
workers found no significant difference in five-year OS between T3 LSCC (primarily treated
by radiotherapy or chemoradiotherapy) and T4 LSCC (primarily treated by TLAR). In a subse-
quent study, Timmermans showed similar survival rates for T3 LSCC, regardless of the modal-
ity of primary treatment (TLAR, radiotherapy or chemoradiotherapy) [23]. Dziegielewski et al
suggested a reassessment of current treatment guidelines based on data from The Alberta Can-
cer Registry showing superior survival in patients treated surgically for T3 and T4a LSCC com-
pared to those treated non-surgically (radiotherapy and chemoradiotherapy) [24]. Similarly, in
a recent publication from the SEER database, Megwalu found a 30% higher risk of mortality in
patients treated non-surgically versus surgically for stage IIT and IV LSCC [25].
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Fig 3. Overall survival of early-stage and advanced-stage glottic LSCC according to non-surgical and surgical treatment.

https://doi.org/10.1371/journal.pone.0179371.g003

The direct effect of treatment in observational studies must be interpreted with caution due
to the possibility of treatment selection bias. We found no significant difference in five-year
OS survival between the four study intervals. Possible explanations could be, that there is no
difference, alternatively that the subgroups within the different treatment modalities are too
small or that the specific treatment have not been adopted long enough to affect results
markedly. However, we found significant effects of treatment over time. The prognostic rele-
vance of non-surgical (organ-preserving) versus surgical management of advanced-stage
LSCC has been discussed extensively since the Veterans Affairs Laryngeal Cancer Study [26].
There is a high level of consensus on the use of TLAR in T4a LSCC, but the clinical diversity
and heterogeneity of T3 laryngeal cancers represent a major challenge to established guidelines
[17,27]. Based on the idea of organ preservation, TLM and open/endoscopic partial laryngec-
tomies have been proposed as therapeutic alternatives to radiotherapy or chemoradiotherapy
in several publications [28,29]. Canis et al and Peretti and colleagues have reported five-year
OS of 64.4% and 63.3% in two studies where TLM was used as the primary approach to T3
glottic and supraglottic LSCC, respectively [30,31]. Both authors highlighted the favorable
functional outcome but stressed the importance of careful patient selection. During the last
decade, we have applied TLM to selected cases of T2 glottic and supraglottic LSCC but TLM is
not yet considered standard procedure, in the case for T3 LSCC at our institution.

PLOS ONE | https://doi.org/10.1371/journal.pone.0179371 July 14,2017 9/16


https://doi.org/10.1371/journal.pone.0179371.g003
https://doi.org/10.1371/journal.pone.0179371

..@.' PLOS | ONE Survival rates in laryngeal cancer

Supraglottic
1.00

Log-rank test (surgical vs non-surgical):
3.5 Early stage p=0.41
: Advanced stage p=0.16

075_ .E. ........ .

R . T

=

e

3 -------------------

2 050

©

o T e B e

Q '

@

0.25 — O . —
Non-surgical Surgical ST com S
— Ear'y ......... Ear'y
Advanced Advanced

0.00 —

| | | | | |
0 3 6 9 12 15

Time since start of treatment (years)
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In line with previous reports, supraglottic cancer (any T) was associated with distinctly infe-
rior OS and DFS compared to glottic cancer. The exception was for patients presenting with a
T3 glottic LSCC, in whom five-year OS was comparable to supraglottic LSCC. However, in our
cohort, disease-specific death was twice as frequent among patients with supraglottic LSCC as in
patients with glottic LSCC. Several authors have questioned the non-surgical approach towards
supraglottic LSCC, which is currently practiced almost worldwide. In our cohort, the glottic:
supraglottic ratio in early-stage LSCC was 6.5:1, whereas the ratio was 1:1 in advanced-stage
LSCC. Multivariate analysis in supraglottic LSCC revealed that older age (>60 years), N2+ status
and chemoradiotherapy were significant negative prognostic factors for OS, whereas T-status
had no significant impact on outcomes. The negative impact of age and N+ status is consistent
with the findings from Ganly et al [32], who investigated 182 cases of advanced-stage supraglottic
LSCC treated at the Memorial Sloane-Kettering Cancer center. Contrary to the findings of
Ganly et al, chemoradiotherapy showed a borderline negative associaton with OS in our cohort,
whereas the remaining treatment modalities had no significant impact on the outcome. Since
chemoradiotherapy has been applied only since 2000 at our institution, the findings must be
interpreted with caution. In a retrospective study of 653 supraglottic LSCC patients by Sessions
et al, the survival rates of nine different treatment modalities (mainly surgical) were compared
[33]. Results showed that older age (>65 years), N+-status, advanced (T3-T4) disease, non-free
resection margins and recurrence were key predictors of DSS. The authors highlighted subtotal
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Table 3. Five-year observed overall survival (OS) and results from Cox regression analysis in patients with glottic LSCC during 15-years’ follow-
up.

No. atrisk | No. of failures during 15-years Five-year Univariate Multivariate
observed OS
% 95% CI HR 95%Cl |Pvalue HR | 95%Cl | Pvalue
Gender
Male 1,022 362 62.959.8 (659 | 1 1
Female 105 25 75.3|65.782.7|0.75/0.56 | 0.99| 0.05 | 0.84|/0.60| 120 0.34
Age (years)
0-59 313 63 78.8|73.8(83.1| 1 1
60-69 383 122 66.6 | 61.5|71.2|2.06 1.64 |2.58| <0.001 | 2.22 | 1.72 | 2.86 | <0.001
70+ 431 202 50.8 | 45.8 | 55.7 | 3.82 | 3.08 | 4.75 | <0.001 | 4.36 | 3.38 | 5.62 | <0.001
Smoking history
Never 74 24 65.5|52.9|755| 1 1
Ever 995 340 64.2 611672120 0.86|1.66| 0.28 |1.38|0.85 225 0.19
Unknown 58 23 58.5|44.3|70.2
Alcohol
Never 635 205 66.162.169.7| 1 1
Ever 126 67 46.0  37.0 | 545|159 |1.27 | 1.99 | <0.001 | 1.65|1.29 | 2.10 | <0.001
Unknown 366 115 66.7 | 61.5|71.5
T-status
T1a 551 124 757|717 |79.2| 1 1
T1b 44 13 68.451.7/80.3|1.15/0.77 |1.72| 049 092|055 153 0.75
T2 248 86 64.5|58.170.2|1.44 119 |1.75| <0.001 | 1.10 | 0.83|1.45 0.50
T3 138 82 36.7 | 28.3|45.1|2.72 | 2.17 | 3.41| 0.001 |2.08 |1.51 | 2.86 | <0.001
T4 146 82 42.9 | 34.7 | 50.9 | 2.54 | 2.03 | 3.16 | <0.001 | 2.23 | 1.48 | 3.38 | <0.001
N-status
NO 1,050 331 66.8 | 63.869.6| 1 1
N1 33 23 30.3|15.9 |46.1 |2.28 | 1.55 | 3.35| <0.001 | 1.38 | 0.87 | 2.21 | 0.17
N2+ 44 33 23.6|12.1|37.2|4.09  2.95|5.68 | <0.001 ' 1.66|1.10|2.51 | 0.01
Stage I-IV
| 593 136 753714787 | 1
Il 239 79 66.159.6 | 71.8|1.39 | 1.14 | 1.68 | <0.01
1] 133 78 37.5/28.9|46.1 | 257 | 2.05 | 3.23 | <0.001
I\ 162 94 40.9 | 33.1 | 48.5|2.66 | 2.16 | 3.28 | <0.001
Treatment
Radiotherapy 675 257 612|574 648| 1 1
Transoral laser microsurgery 318 60 78.1 | 72.6 | 82.6|0.55|0.45|0.69 | <0.001 | 0.69 | 0.48 0.99| 0.04
Total laryngectomy 102 47 53.1/42.9 /624|129 1.01|1.64| 0.04 | 0.62|0.42 093 0.02
Chemo- radiotherapy 16 7 441|154 /69.8|1.39|/0.66|294| 0.39 |1.15|0.51 2.61| 0.74
Palliation/ 16 16 - - - 130.7|/18.0|52.2 | <0.001 | 31.5|14.2 | 69.8 | <0.001
no treatment
Period of treatment
1983-1989 293 107 63.5|57.7 |68.7| 1 1
1990-1996 249 83 66.7 | 60.4 |72.1|0.84 069 |1.02| 0.09 | 095|0.74|1.21 0.68
1997-2003 287 109 62.0 | 56.1 |67.4|0.99 081|120 091 |1.16(/0.88|1.53 0.28
2004-2010 298 88 63.8|57.0/69.8|/097 076 |1.24| 082 126|091 |1.75 0.16

https://doi.org/10.1371/journal.pone.0179371.t003

supraglottic laryngectomy because of the high laryngeal preservation rate and focused on the
importance of follow-up for at least eight years. The idea of primary surgical intervention in
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Table 4. Five-year observed overall survival (OS) and results from Cox regression analysis of patients with supraglottic LSCC during 15-years’ fol-
low-up.

No. atrisk | No. of failures during 15-years Five-year Univariate Multivariate
observed OS
% 95% CI HR 95%Cl |Pvalue HR | 95%Cl | Pvalue
Gender
Male 341 205 38.5/33.3/43.8| 1 1
Female 97 53 38.6/28.0/49.1|/098 /075|127 086 |094|0.70|1.27 0.68
Age (years)
0-59 129 59 52.9 437|612 1 1
60-69 142 87 36.428.3 /446|158 1.18|2.11| <0.01 |1.95|1.40 2.72 | <0.001
70+ 167 112 29.822.8|37.1|2.02 1.53|2.69| <0.001 | 2.69 | 1.95 | 3.71 | <0.001
Smoking history
Never 22 15 29.2/12.0(489| 1
Ever 394 224 40.7 | 35.6 | 45.7 | 1.20 | 0.86 | 1.66 | 0.28
Unknown 22 19 13.6 | 34.1 | 30.9
Alcohol
Never 272 147 441 /38.0 | 50.0| 1 1
Ever 87 51 25.7/16.5/36.0|1.59|1.27|1.99 | <0.001 |1.50|1.10  2.05| 0.01
Unknown 79 50 33.9|23.4 447
T-status
T1 65 37 40.0 | 27.7 |52.0| 1 1
T2 123 61 47.0|37.5/559/0.83|056|1.18| 0.30 |0.87|0.57 1.34| 0.53
T3 84 46 42.9/31.8 /535|094 /064|137 074 083|052 1.31| 0.42
T4 166 114 30.3/23.4|37.5|1.35/0.98|1.87| 0.007 ' 1.14|0.75|1.75 0.53
N-status
NO 249 119 50.3|43.8|56.5| 1 1
N1 64 40 359/24.0|47.8|1.45/1.06|1.98| 0.02 129|090 1.86 0.17
>N2 125 99 16.1| 9.8 | 23.7 | 2.69|2.10 | 3.46 | <0.001 |2.32|1.70 | 3.18 | <0.001
Stage -V
| 51 26 459|314 /59.3| 1
1] 77 29 60.248.0|70.5/0.70 | 0.45/1.08| 0.11
1] 81 40 48.5|36.959.2|0.89|059|1.36 0.61
I\ 229 163 26.3/20.6 |32.3|1.66 1.17 |2.36 | <0.01
Treatment
Radiotherapy 301 164 43.5|37.649.2| 1 1
Transoral laser microsurgery 13 7 41.0/13.8/66.9|1.22 0.63/2.69| 055 |1.97|0.83|4.66 0.12
Total laryngectomy 61 36 39.9/279|/519|1.04/0.78 | 1.42| 0.79 0.88|/0.60|1.28  0.51
Chemo-radiotherapy 39 27 20.3| 8.0 | 36.6|1.55|1.06 227 0.03 | 156 1.00|2.43| 0.05
Palliation/no treatment 24 24 - - - 19.64|6.12|14.9 | <0.001 | 6.44 | 3.70  11.3 | <0.001
Period of treatment
1983-1989 100 59 41.031.3|/504 | 1 1
1990-1996 119 74 37.8/29.2|46.4|1.05/0.79|1.41| 072 [1.03|/0.73|1.46  0.85
1997-2003 104 64 38.5/29.2|47.7/1.03/0.76 | 1.40| 082 |1.20|/0.84|1.73| 0.31
2004-2010 115 41 38.9/285(/49.1|1.06 0.75/1.48| 0.75 |0.96|0.64 145 0.85

https://doi.org/10.1371/journal.pone.0179371.t1004

supraglottic LSCC is supported by a study of Harris et al in 6797 patients from the SEER data-
base, where 928 patients with supraglottic LSCC underwent primary surgery (mostly laryngec-
tomy) [34] and in which a significant OS and DSS benefit was found. Our management of
supraglottic LSCC was in accordance with the Danish Head and Neck Cancer Study guidelines
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Table 5. Five-year case fatality rates by subsite among 369 patients with recurrent LSCC.

No. at risk No. of deaths Overall Glottic Supraglottic Subglottic
% 95% CI % 95% ClI % 95% CI % 95% CI

(o]
Total 369 284 34.0 29.0 38.9 39.5 33.2 45.8 21.3 14.1 29.6 41.7 15.3 66.5
Local 275 200 42.2 36.2 48.1 45.2 38.0 52.1 31.3 20.3 42.8 62.5 22.9 86.1
Regional 63 54 14.0 6.6 24.2 19.5 7.6 35.5 10.0 2.6 23.6 - - -
Distant 31 30 - - - - - - - - - - - -
DSS
Total 369 161 52.2 46.5 57.5 60.4 53.4 66.7 34.7 25.3 442 55.6 23.1 79.0
Local 275 94 62.2 56.0 68.0 67.5 60.0 74.0 46.4 33.2 58.6 72.9 27.6 92.5
Regional 63 44 25.7 14.0 38.0 32.2 15.0 51.0 22.2 9.2 38.7 - - -
Distant 31 23 - - - - - - - - - - - -

https://doi.org/10.1371/journal.pone.0179371.t1005

[35]. More than 80% of early-stage supraglottic LSCC were managed by radiotherapy, while 75%
of advanced-stage tumors were treated by radiotherapy or chemoradiotherapy, with or without
complementary neck dissection. Among patients with advanced supraglottic LSCC managed
surgically at our institution, TLAR with or without neck dissection was the typical approach.
Although we cannot present the survival benefit according to surgical treatment modalities of
supraglottic carcinomas in our cohort, we agree that this issue warrants attention [36]. Further
studies are required to substantiate the possible advantages in OS and DSS of primary surgery,
not only in advanced supraglottic LSCC but also in advanced (non-T4a) glottic LSCC.

Patients with recurrent disease had lower five-year OS (34.0%) than in the cohort as a
whole (56.8%). When comparing prognostic factors for OS in the current study with the risk
factors for recurrence in the same cohort published previously, old age was a positive factor
with regard to the risk of recurrence, and negatively affected OS [12]. T-status was a significant
prognostic factor for both OS (T3-T4) and the risk of recurrence (T1b-T4) in glottic LSCC,
but the primary treatment only had an impact for OS. Supraglottic LSCC per se was a negative
prognostic factor with regard to the risk of recurrence and for OS. In order to reduce the risk
of subsequent death, patients at risk of recurrence should be observed closely as recurrent
LSCC, and the localization of recurrent LSCC (local, regional, distant), has a significant impact
on results.

The strengths of this study included the size and unselected nature of the LSCC cohort. The
accuracy of data from the date of diagnosis until the last follow-up, censoring or death is
enhanced by its single-center nature. Potential shortcomings may be the retrospective nature
of the database, which makes it impossible to control all variables or to exclude biases and con-
founders. The short follow-up time of the patients who were enrolled most recently, and a gen-
eral risk of under-reporting of patients managed outside our institution during follow-up,
must also be considered. However, given the standardized clinical regimen practiced at our
center during diagnosis, treatment and follow-up, as well as the well-established cooperation
with the referring otorhinolaryngological departments, we have no indication of such biases.
The use of different treatments in early and advanced-stage LSCC provide possible therapeutic
confounders as well as treatment selection bias. Also, the concurrent development in diagnos-
tic and post-treatment imaging surveillance might have affected tumor classification and the
ability to define recurrent cases accordingly. However, in our effort to present the adjusted
hazard ratios of multiple risk factors as they were presented in everyday clinical practice, we
considered multivariate Cox regression the best possible method for analysis. Moreover, to
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illustrate the marked differences in outcome based on tumor localization, we presented a sub-
site-specific survival analysis.

Conclusions

This study emphasizes the importance of subsite-specific laryngeal cancer survival analysis
since both survival rates and the impact of prognostic factors vary by LSCC subsite. Early-
stage glottic LSCC has excellent survival rates. Old age, advanced-stage LSCC and supraglottic
carcinomas were associated with an unfavorable outcome. The unfavorable impact of supra-
glottic LSCC, regardless of initial T-status, calls for close follow-up. Recurrence reduces sur-
vival considerably in all subsites and highlights the need for primary tumor control. More
studies are required to evaluate the potential gains associated with primary surgical treatment
of advanced LSCC in general, and whether follow-up of supraglottic LSCC should be
intensified.

Acknowledgments
The authors would like to thank Michelle Belandres Barbero for her help in collecting the data.

Author Contributions
Conceptualization: JBB RSF MB KB.
Data curation: JBB RSF.

Formal analysis: JBB RSF.

Funding acquisition: JBB KB.
Investigation: JBB RSF MB KB.
Methodology: BB RSF MB KB.
Project administration: JBB RSF KB.
Resources: JBB RSF MB KB.
Software: JBB RSF.

Supervision: JBB RSF MB KB.
Validation: JBB RSF MB KB.
Visualization: JBB RSF MB KB.
Writing - original draft: JBB RSF.
Writing - review & editing: JBB RSF MB KB.

References

1. Hoffman HT, Porter K, Karnell LH, Cooper JS, Weber RS, Langer CJ, et al. Laryngeal cancer in the
United States: changes in demographics, patterns of care, and survival. Laryngoscope. 2006; 116:1—
13.

2. LeviF, Lucchini F, Negri E, Zatonski W, Boyle P, La VC. Trends in cancer mortality in the European
Union and accession countries, 1980-2000. Ann Oncol. 2004; 15:1425—-1431. https://doi.org/10.1093/
annonc/mdh346 PMID: 15319250

3. Bosetti C, Garavello W, Levi F, Lucchini F, Negri E, La VC. Trends in laryngeal cancer mortality in
Europe. Int J Cancer. 2006; 119:673-681. https://doi.org/10.1002/ijc.21855 PMID: 16496411

PLOS ONE | https://doi.org/10.1371/journal.pone.0179371 July 14,2017 14/16


https://doi.org/10.1093/annonc/mdh346
https://doi.org/10.1093/annonc/mdh346
http://www.ncbi.nlm.nih.gov/pubmed/15319250
https://doi.org/10.1002/ijc.21855
http://www.ncbi.nlm.nih.gov/pubmed/16496411
https://doi.org/10.1371/journal.pone.0179371

@° PLOS | ONE

Survival rates in laryngeal cancer

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Chatenoud L, Garavello W, Pagan E, Bertuccio P, Gallus S, La Vecchia C, et al. Laryngeal cancer mor-
tality trends in European countries. Int J Cancer 2016; 138:833—-842. https://doi.org/10.1002/ijc.29833
PMID: 26335030

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortal-
ity worldwide: Sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer. 2015; 136:
E359-E386. https://doi.org/10.1002/ijc.29210 PMID: 25220842

Silvestri F, Bussani R, Stanta G, Cosatti C, Ferlito A. Supraglottic versus glottic laryngeal cancer: epide-
miological and pathological aspects. ORL J Otorhinolaryngol Relat Spec. 1992; 54:43—48. PMID:
1584591

Raitiola H, Pukander J, Laippala P. Glottic and supraglottic laryngeal carcinoma: differences in epidemi-
ology, clinical characteristics and prognosis. Acta Otolaryngol. 1999; 119:847-851. PMID: 10687946

Haapaniemi A, Koivunen P, Saarilahti K, Kinnunen |, Laranne J, Aaltonen LM, et al. Laryngeal cancer in
Finland: A 5-year follow-up study of 366 patients. Head Neck. 2016; 38:36—43. https://doi.org/10.1002/
hed.23834 PMID: 24996171

Brandstorp-Boesen J, Falk RS, Boysen M, Brondbo K. Long-term trends in gender, T-stage, subsite
and treatment for laryngeal cancer at a single center. Eur Arch Otorhinolaryngol. 2014; 271:3233-3239.
https://doi.org/10.1007/s00405-014-3100-9 PMID: 24871863

Cancer Registry of Norway. Cancer in Norway 2014—Cancer incidence, mortality, survival and preva-
lence in Norway. Oslo: Cancer Registry of Norway, 2015. 2014. Available from: https://www.
kreftregisteret.no/globalassets/cancer-in-norway/2014/cin_2014.pdf

Stephenson WT, Barnes DE, Holmes FF, Norris CW. Gender influences subsite of origin of laryngeal
carcinoma. Arch Otolaryngol Head Neck Surg. 1991; 117:774-778. PMID: 1863444

Brandstorp-Boesen J, Sorum FR, Folkvard EJ, Boysen M, Brondbo K. Risk of recurrence in laryngeal
cancer. PLoS One 2016; 11:e0164068. https://doi.org/10.1371/journal.pone.0164068 PMID: 27716797

StatCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorpLP. 2016.

IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0 Armonk, NY: IBM
Corp. 2016.

Lyhne NM, Johansen J, Kristensen CA, Andersen E, Primdahl H, Andersen LJ, et al. Incidence of and
survival after glottic squamous cell carcinoma in Denmark from 1971 to 2011-A report from the Danish
Head and Neck Cancer Group. Eur J Cancer. 2016; 59:46-56. https://doi.org/10.1016/j.ejca.2016.01.
020 PMID: 27014799

Higgins KM, Shah MD, Ogaick MJ, Enepekides D. Treatment of early-stage glottic cancer: meta-analy-
sis comparison of laser excision versus radiotherapy. J Otolaryngol Head Neck Surg. 2009; 38:603—
612. PMID: 19958721

Chen AY, Halpern M. Factors predictive of survival in advanced laryngeal cancer. Arch Otolaryngol
Head Neck Surg. 2007; 133:1270-1276. https://doi.org/10.1001/archotol.133.12.1270 PMID:
18086971

Chen AY, Fedewa S, Pavluck A, Ward EM. Improved survival is associated with treatment at high-vol-
ume teaching facilities for patients with advanced stage laryngeal cancer. Cancer. 2010; 116:4744—
4752. https://doi.org/10.1002/cncr.25364 PMID: 20589761

Jemal A, Tiwari RC, Murray T, Ghafoor A, Samuels A, Ward E, et al. Cancer statistics, 2004. CA Cancer
J Clin. 2004; 54:8-29. PMID: 14974761

Robin PE, Rockley T, Powell DJ, Reid A. Survival of cancer of the larynx related to treatment. Clin Oto-
laryngol Allied Sci. 1991; 16:193-197. PMID: 2070538

Groome PA, Schulze K, Boysen M, Hall SF, Mackillop WJ, O’Sullivan B, et al. A comparison of pub-
lished head and neck stage groupings in laryngeal cancer using data from two countries. J Clin Epide-
miol. 2002; 55:533-544. PMID: 12063095

Timmermans AJ, de Gooijer CJ, Hamming-Vrieze O, Hilgers FJ, van den Brekel MW. T3-T4 laryngeal
cancer in The Netherlands Cancer Institute; 10-year results of the consistent application of an organ-
preserving/-sacrificing protocol. Head Neck 2015; 37:1495—-1503. https://doi.org/10.1002/hed.23789
PMID: 24891221

Timmermans AJ, Lange CA, de Bois JA, van Werkhoven E, Hamming-Vrieze O, Hilgers FJ, et al.
Tumor volume as a prognostic factor for local control and overall survival in advanced larynx cancer.
Laryngoscope. 2016; 126:E60—E67. https://doi.org/10.1002/lary.25567 PMID: 26333005

Dziegielewski PT, O’Connell DA, Klein M, Fung C, Singh P, Alex Mlynarek M, et al. Primary total laryn-
gectomy versus organ preservation for T3/T4a laryngeal cancer: a population-based analysis of sur-
vival. J Otolaryngol Head Neck Surg. 2012; 41(Suppl 1):S56-S64.

Megwalu UC, Sikora AG. Survival outcomes in advanced laryngeal cancer. JAMA Otolaryngol Head
Neck Surg. 2014; 140:855-860. https://doi.org/10.1001/jamaoto.2014.1671 PMID: 25144163

PLOS ONE | https://doi.org/10.1371/journal.pone.0179371 July 14,2017 15/16


https://doi.org/10.1002/ijc.29833
http://www.ncbi.nlm.nih.gov/pubmed/26335030
https://doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
http://www.ncbi.nlm.nih.gov/pubmed/1584591
http://www.ncbi.nlm.nih.gov/pubmed/10687946
https://doi.org/10.1002/hed.23834
https://doi.org/10.1002/hed.23834
http://www.ncbi.nlm.nih.gov/pubmed/24996171
https://doi.org/10.1007/s00405-014-3100-9
http://www.ncbi.nlm.nih.gov/pubmed/24871863
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2014/cin_2014.pdf
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2014/cin_2014.pdf
http://www.ncbi.nlm.nih.gov/pubmed/1863444
https://doi.org/10.1371/journal.pone.0164068
http://www.ncbi.nlm.nih.gov/pubmed/27716797
https://doi.org/10.1016/j.ejca.2016.01.020
https://doi.org/10.1016/j.ejca.2016.01.020
http://www.ncbi.nlm.nih.gov/pubmed/27014799
http://www.ncbi.nlm.nih.gov/pubmed/19958721
https://doi.org/10.1001/archotol.133.12.1270
http://www.ncbi.nlm.nih.gov/pubmed/18086971
https://doi.org/10.1002/cncr.25364
http://www.ncbi.nlm.nih.gov/pubmed/20589761
http://www.ncbi.nlm.nih.gov/pubmed/14974761
http://www.ncbi.nlm.nih.gov/pubmed/2070538
http://www.ncbi.nlm.nih.gov/pubmed/12063095
https://doi.org/10.1002/hed.23789
http://www.ncbi.nlm.nih.gov/pubmed/24891221
https://doi.org/10.1002/lary.25567
http://www.ncbi.nlm.nih.gov/pubmed/26333005
https://doi.org/10.1001/jamaoto.2014.1671
http://www.ncbi.nlm.nih.gov/pubmed/25144163
https://doi.org/10.1371/journal.pone.0179371

@° PLOS | ONE

Survival rates in laryngeal cancer

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

[No authors listed] Induction chemotherapy plus radiation compared with surgery plus radiation in
patients with advanced laryngeal cancer. The Department of Veterans Affairs Laryngeal Cancer Study
Group. N Engl J Med. 1991; 324:1685—1690. https://doi.org/10.1056/NEJM199106133242402 PMID:
2034244

Francis E, Matar N, Khoueir N, Nassif C, Farah C, Haddad A. T4a laryngeal cancer survival: retrospec-
tive institutional analysis and systematic review. Laryngoscope. 2014; 124:1618-1623. https://doi.org/
10.1002/lary.24557 PMID: 24338374

Succo G, Peretti G, Piazza C, Remacle M, Eckel HE, Chevalier D, et al. Open partial horizontal laryn-
gectomies: a proposal for classification by the working committee on nomenclature of the European Lar-
yngological Society. Eur Arch Otorhinolaryngol. 2014; 271:2489-2496. https://doi.org/10.1007/s00405-
014-3024-4 PMID: 24691854

Vilaseca |, Blanch JL, Berenguer J, Grau JJ, Verger E, Muxi A, et al. Transoral laser microsurgery for
locally advanced (T3-T4a) supraglottic squamous cell carcinoma: Sixteen years of experience. Head
Neck. 2016; 38:1050-1057. https://doi.org/10.1002/hed.24408 PMID: 26872432

Canis M, Ihler F, Martin A, Wolff HA, Matthias C, Steiner W. Organ preservation in T4a laryngeal can-
cer: is transoral laser microsurgery an option? Eur Arch Otorhinolaryngol. 2013; 270:2719-2727.
https://doi.org/10.1007/s00405-013-2382-7 PMID: 23408021

Peretti G, Piazza C, Penco S, Santori G, Del Bon F, Garofolo S, et al. Transoral laser microsurgery as
primary treatment for selected T3 glottic and supraglottic cancers. Head Neck. 2016; 38:1107-1112.
https://doi.org/10.1002/hed.24424 PMID: 26970262

Ganly I, Patel SG, Matsuo J, Singh B, Kraus DH, Boyle J, et al. Predictors of outcome for advanced-
stage supraglottic laryngeal cancer. Head Neck. 2009; 31:1489-1495. https://doi.org/10.1002/hed.
21113 PMID: 19408292

Sessions DG, Lenox J, Spector GJ. Supraglottic laryngeal cancer: analysis of treatment results. Laryn-
goscope. 2005; 115:1402—-1410. https://doi.org/10.1097/01.MLG.0000166896.67924.B7 PMID:
16094113

Harris BN, Bhuskute AA, Rao S, Farwell DG, Bewley AF. Primary surgery for advanced-stage laryngeal
cancer: A stage and subsite-specific survival analysis. Head Neck. 2016; 38:1380—1386. https://doi.org/
10.1002/hed.24443 PMID: 27014858

DAHANCA Radiotherapy Guidelines 2013—English version 2.0, January 30th 2015. 2016. Available
from: www.dahanca.oncology.dk

Genden EM, Ferlito A, Rinaldo A, Silver CE, Fagan JJ, Sudrez C, et al. Recent changes in the treatment
of patients with advanced laryngeal cancer. Head Neck. 2008; 30:103—110. https://doi.org/10.1002/
hed.20715 PMID: 17902151

PLOS ONE | https://doi.org/10.1371/journal.pone.0179371 July 14,2017 16/16


https://doi.org/10.1056/NEJM199106133242402
http://www.ncbi.nlm.nih.gov/pubmed/2034244
https://doi.org/10.1002/lary.24557
https://doi.org/10.1002/lary.24557
http://www.ncbi.nlm.nih.gov/pubmed/24338374
https://doi.org/10.1007/s00405-014-3024-4
https://doi.org/10.1007/s00405-014-3024-4
http://www.ncbi.nlm.nih.gov/pubmed/24691854
https://doi.org/10.1002/hed.24408
http://www.ncbi.nlm.nih.gov/pubmed/26872432
https://doi.org/10.1007/s00405-013-2382-7
http://www.ncbi.nlm.nih.gov/pubmed/23408021
https://doi.org/10.1002/hed.24424
http://www.ncbi.nlm.nih.gov/pubmed/26970262
https://doi.org/10.1002/hed.21113
https://doi.org/10.1002/hed.21113
http://www.ncbi.nlm.nih.gov/pubmed/19408292
https://doi.org/10.1097/01.MLG.0000166896.67924.B7
http://www.ncbi.nlm.nih.gov/pubmed/16094113
https://doi.org/10.1002/hed.24443
https://doi.org/10.1002/hed.24443
http://www.ncbi.nlm.nih.gov/pubmed/27014858
http://www.dahanca.oncology.dk
https://doi.org/10.1002/hed.20715
https://doi.org/10.1002/hed.20715
http://www.ncbi.nlm.nih.gov/pubmed/17902151
https://doi.org/10.1371/journal.pone.0179371

