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Background: Laryngeal squamous cell cancer (LSCC) accounts for around one-third of head and neck cancers, with
smoking and alcohol as major risk factors. Despite advances in organ preservation, survival rates have stagnated globally over
recent decades. The impact of socioeconomic deprivation on LSCC outcomes in the West of Scotland remains underexplored.
We hypothesized that survival outcomes in the West of Scotland are poorer than cohorts from other developed nations.

Aim: To evaluate characteristics and survival outcomes for LSCC patients in the West of Scotland and identify predictors
of survival.

Methods: A retrospective cohort study of 867 LSCC patients in the West of Scotland (2014–2020) analyzed demo-
graphics, tumor staging, performance status, treatments, and socioeconomic status (Scottish Index of Multiple Deprivation,
SIMD). Subgroup differences were assessed using chi-squared tests. Survival analysis was performed with Kaplan–Meier cur-
ves, log-rank tests, and Cox proportional hazards modeling.

Results: The cohort had a male-to-female ratio of 3.2:1, with a mean age of 65.5 years, with 56% presenting with
advanced disease. Most patients (70.7%) lived in the most deprived areas. Supraglottic cancers were the most common subsite
(51%). Five-year overall survival (OS) was 46%, with a median OS of 52 months. Glottic cancers had better outcomes (64%
OS) compared to supraglottic cancers (36%). Predictors of survival included age, subsite, performance status, alcohol use,
treatment modality, and deprivation.

Conclusion: LSCC survival in the West of Scotland is lower than in other European nations, influenced by advanced-stage
presentation, deprivation, and frailty. Addressing these factors is vital to improving outcomes.
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INTRODUCTION
Larynx cancer represents one-third of all head and neck

cancers.1 Squamous cell cancer is the most prevalent histo-
logical type.2 Tobacco smoking and alcohol consumption are
the predominant risk factors for the development of laryn-
geal squamous cell cancer.3 Treatment of laryngeal cancer is
normally divided into treatment of early stage (T1/T2) and
advanced stage (T3/T4) disease. Historically, early-stage dis-
ease was treated with radiotherapy, but there has been a
shift toward treating with transoral laser resection.
Advanced stage disease was treated with laryngectomy but

the landmark Veterans4 study heralded the shift toward
organ preservation with chemoradiotherapy.

Five-year survival of laryngeal cancer has histori-
cally been around 60%; however, recent publications have
noted that despite the shift in management of laryngeal
cancer, survival has not improved.5,6 This is consistent
across various European countries including Finland,
Sweden,7 Denmark,8 and Ireland.9 Following the move to
organ preservation in the form of radiation alone or
chemoradiation, survival in laryngeal cancer was noted to
decrease in the United States.10 Megwalu et al. demon-
strated favorable survival outcomes for surgery compared
with radiotherapy in early-stage disease in a population-
based study in the United States.11

Laryngeal cancer incidence has been reported to
be decreasing in the United Kingdom12 and the
United States13 over the past 30 years, which may be
related to decreasing trends in smoking. In Scotland,
smoking rates have decreased from 28% of adults self-
reporting as current smokers in 2003 to 15% in 2022.14 A
Danish study found that incidence of laryngeal cancer
decreased overall between 1994 and 2018 but this varied
by socioeconomic status (years of education), with a
decrease in those with long/medium education and
increase in those with short education.15 Despite a
decrease in incidence rates of laryngeal cancer there has
not been any reported change in survival outcomes with
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those diagnosed with the disease.13 This contrasts with
progress in survival in other cancer types.7,16,17

The aim of this study is to describe the incidence
and survival characteristics of a large cohort of laryngeal
cancer patients treated in a cancer network in the
United Kingdom.

MATERIALS AND METHODS
This is a retrospective cohort study of patients diagnosed

with laryngeal squamous cell cancer (LSCC) in the West of Scot-
land, United Kingdom, identified from the cancer network data-
base from 2014 to 2020. The cancer network covers a population
of around 2.5 million. Patients with carcinoma in situ diagnosed
on primary biopsy pathology discussed at Multidisciplinary
Tumour Board Meeting (MDT) were included if this progressed
during their follow-up, or if they had coexisting malignant SCC
lymphadenopathy as it was assumed that invasive malignancy
was not detected on primary biopsy.

Data on sociodemographics, tumor stage, treatment, Ameri-
can Society of Anesthesiologists (ASA) scores, and Eastern Coop-
erative Oncology Group (ECOG) performance status (PS) were
captured from electronic case notes. Increasing-risk alcohol use
was defined as >21 units per week, as defined by UK National
Institute for Health and Care Excellence.18 Staging data were
based on American Joint Committee on Cancer (AJCC)/TNM
7 by MDT consensus as most patients were diagnosed prior to
adoption of TNM 8 in our center in 2018 and no significant
changes with regard to laryngeal cancer staging exist between
TNM7 and TNM8.19 Some patients were not formally staged as
they were managed with supportive care only.

The area-based socioeconomic level of the patient’s home
address was determined using the Scottish Index of Multiple
Deprivation (SIMD). This index is based on levels of income,
employment, education, health, access to services, crime, and
housing in the postcode area. Quintiles were used to indicate
level of socioeconomic deprivation (1 being most deprived, 5 being
least deprived).20

Population covered by MDT was calculated based on infor-
mation on council area populations published by the Scottish
Government from 2014 to 2020.21 The population covered by the
West of Scotland MDT increased from 2,493,890 to 2,555,590
during this period (2.47% increase). The diagnosis rate per
100,000 population was then evaluated on a yearly basis and
classified by site and stage. Both overall and cancer-specific sur-
vival (CSS) were analyzed, measured from date of diagnosis,
with treatment-related death (i.e., aspiration after radiotherapy
treatment, or blocked laryngectomy) being included as cancer-
related death.

Statistical analysis was performed in RStudio v4.3.1. Chi-
squared tests were used to evaluate differences between groups.
Kaplan–Meier survival analysis with log-rank testing was
employed for univariate analysis, while Cox proportional hazards
modeling was used for multivariate survival analysis. Survival
was calculated from date of MDT diagnosis.

Caldicott approval and UK Research Ethics Committee
approval was obtained (IRAS project ID 333481).

RESULTS

Patient Demographics
There were 867 patients identified who were diag-

nosed with laryngeal cancer in the West of Scotland

between 2014 and 2020. Mean age at diagnosis was
65.5 years old (range 21–97).

Demographic distribution, SIMD quintiles, stage
and subsite, smoking status, PS, ASA scores, and primary
treatment modality are shown in Table I. Key findings
are that 56% presented with advanced disease (AJCC
stage III or IV) and that 70.7% live within the most
deprived two quintiles.

Recurrence rate was 20.8% within the cohort
(n = 180). Of these, 63.9% (115) were local recurrence,
25% (45) were regional, and 11.1% (20) were distant.

Treatment of Laryngeal Cancer
Approximately 76.1% of patients were treated with

curative intent, and 23.9% were treated with palliative
intent. The most common treatment utilized was single
modality radiotherapy (42.9%) followed by total laryngec-
tomy (30.8%) (20.1%). Table I summarizes the treatment
modalities for the entire cohort, including whether or not
they had multimodality treatment in patients treated with
curative intent. A more detailed comparison is provided in
Table II, which examines treatment variations across sub-
sites and disease stages. This indicates a highly statistically
significant difference in treatment modalities based on
laryngeal subsite involvement and disease stage. Glottic
cancers and early-stage disease appear to be more likely to
be treated with single modality treatment.

Ninety-three (14.6%) patients experienced recur-
rence after nonsurgical treatment. Fourteen recurrences
occured after chemoradiotherapy and 79 after radiother-
apy giving a recurrence rate of 38.9% and 28.0% for each
treatment, respectively. Eight patients (57.1%) received
salvage treatment after chemoradiotherapy comprising of
seven salvage laryngectomies and one salvage neck dis-
section. Forty-seven patients (59.4%) underwent salvage
treatment after radiotherapy alone, consisting of 43
patients undergoing salvage laryngectomy, two patients
undergoing salvage neck dissection, and one patient each
undergoing salvage laser and salvage partial laryngec-
tomy, respectively.

Whole Cohort Survival Analysis
Overall survival (OS) by 5 years in the whole cohort

was 46% and median survival was 52 months. Cancer-
specific survival by 5 years was 60% and median survival
was 90 months. Overall and cancer-specific survival curves
for the whole cohort are shown in Figure 1A,B. For curative
treatment only, 5-year OS was 58.6% and median survival
was 53 months. Five-year CSS was 76.4%, median survival
was 53.8 months. In those who experienced recurrence after
nonsurgical treatment, 5-year OS was 36% and median sur-
vival was 39 months; 5-year CSS was 42.4% and median
survival was 46 months.

Overall Survival by Stage and Site
Kaplan–Meier curves demonstrating overall survival

by AJCC staging is shown in Figure 1C for the whole
cohort. As expected, increasing stage confers poorer
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survival. Overall survival by laryngeal subsite for the
whole cohort is shown in Figure 1D. This demonstrates a
more favorable survival outcome in glottic cancers (64%

Table I.
Demographic, Staging, Comorbidity, and Treatment Information for

the Entire Cohort of 867 Patients.

Number of Patients and
Percentage

Gender 660 male (76.1%)

207 female (23.9%)

Age (years) Under 60–244 (28.1%)

60–70–335 (38.6%)

Over 70–288 (33.2%)

Smoking status at time of diagnosis Current – 504 (58.1%)

Ex-smoker – 289 (33.3%)

Never smoked – 74 (8.5%)

Alcohol consumptionC† Non-alcohol drinker – 211
(24.3%)

Hazardous alcohol drinking
levels – 265 (30.7%)

Occasional alcohol drinker –
280 (32.3%)

Previous hazardous drinking
levels – 75 (8.7%)

Not recorded – 32 (3.6%)

Opioid use Yes, or previous use – 54
(6.3%)

No – (93.6%)

Substance misuse Yes, or previous use – 71
(8.2%)

No – 796 (91.8%)

AJCC staging 1–214 (24.7%)

2–166 (19.1%)

3–214 (24.6%)

4–271 (31.3%)

Not staged – 2 (0.2%)

T staging Tcis – 4 (0.46%)

T1–214 (24.7%)

T2–190 (21.9%)

T3–262 (30.2%)

T4–195 (22.5%)

Not staged – 2 (0.2%)

N staging N0–653 (75.3%)

N1–51 (5.9%)

N2 (NOS)* – 8 (9.2%)

N2a – 5 (0.6%)

N2b – 62 (7.2%)

N2c – 58 (6.6%)

N3 (NOS)* – 4 (0.46%)

N3a – 0 (0%)

N3b – 24 (2.8%)

Not staged – 2 (0.2%)

M staging M0–854 (98.5%)

M1–12 (1.4%)

Not staged – 1 (0.1%)

Laryngeal subsite involvement Supraglottis – 441 (51%)

Glottis – 327 (37.7%)

Subglottis – 9 (1.3%)

Transglottic – 82 (9.4%)

(Continues)

Table I.
Continued

Number of Patients and
Percentage

Indeterminate – 8 (0.9%)

WHO ECOG performance status 0–349 (40.3%)

1–302 (34.8%)

2–151 (17.4%)

3–62 (7.2%)

4–3 (0.3%)

ASA score 0–6 (0.7%)

1–23 (2.7%)

2–168 (19.7%)

3–415 (48.7%)

4–51 (6%)

Missing data – 204 (23.9%)

SIMD quintile 1–411 (47.4%)

2–202 (23.3%)

3–105 (12.1)

4–69 (8.0%)

5–67 (7.7%)

Missing data – 13 (1.5%)

Treatment intent Curative – 663 (76.4%)

Palliative – 204 (23.5%)

Primary treatment in curative group Radiotherapy – 284 (42.8%)

Total laryngectomy – 204
(30.8%)

Chemoradiotherapy – 38
(5.7%)

Transoral laser excision – 137
(20.6%)

Partial laryngectomy – 3
(0.5%)

Summary of treatment modalities in
patients treated with curative intent
(n = 663) ‡

Conservative surgery only –

132 (20%)

Radical surgery only – 128
(19.3%)

Radiotherapy only – 282
(42.5%)

Conservative surgery and
radiotherapy – 6 (0.9%)

Radical surgery and
radiotherapy – 70 (10.6%)

Chemoradiotherapy – 36
(5.43%)

Trimodality – 11 (1.66%)

Abbreviations: ASA, American Society of Anesthesiologists; ECOG,
Eastern Cooperative Oncology Group; SIMD, Scottish Index of Multiple
Deprivation.

*NOS—not otherwise specified.
†Hazardous drinking defined as >21 units per week.
‡
— Conservative surgery” is defined as treatment with transoral laser

(n = 131) and partial laryngectomy (n = 3). Conservative surgery and radio-
therapy is treatment with conservative surgery as detailed above and subse-
quent radiotherapy treatment due to positive margins. Radical surgery is
total laryngectomy +/� pharyngectomy +/� neck dissection and neck dis-
sections. Trimodality encompasses radical surgery as defined above, and
chemoradiotherapy.
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5-year OS, 77% 5-year CSS), compared with other sub-
sites (supraglottic 36% 5-year OS, 52% CSS, subglottic
33% 5-year OS and CSS, transglottic 33% 5-year OS,
44.6% 5-year CSS). Detailed results are shown in
Table III. However, when combined as variables, it
appears that stage is an important factor and advanced
disease (T3/T4) for any site confers worse survival
(Figure 1E). Tabulation of site and stage presentation
and chi-squared test results are shown in Table IV. This
indicates that a higher proportion of glottic cancers pre-
sent at an early stage.

Temporal Trends in Diagnosis
An increase in rate of diagnosis per 100,000 popula-

tion of both glottic and supraglottic SCC was demon-
strated until 2018, followed by a decline until the end of
the study period in 2020. In particular, supraglottic can-
cer rates rose from 1.28 per 100,000 to a peak of 3.65 per
100,000 in 2018, remaining at 2.8 per 100,000 in 2020
(Figure 2A). There were low numbers overall diagnosed
in 2014 and this is presumed to be a data recording issue.

When staging was examined, diagnosis of all stages
of disease rose until 2018, with the most marked rises
seen in stage 1 and stage 4 disease (Figure 2B). Stage
4 and Stage 3 disease diagnosis rates have remained rela-
tively constant since 2018, whereas both stage 1 and
stage 2 rates declined between 2018 and 2020
(Figure 2B).

Chi-squared testing was used to determine the
observed/expected counts for early and advanced stage
disease. The results are shown in Table V, showing a

greater than expected number of late-stage disease in
2015, 2017, and 2020 (p = 0.025).

Survival by Time and Stage at Presentation by
Year and Relationship Between Comorbidities
Over Time

A general trend of decreasing overall survival was
found between 2014 and 2020, but this was only statisti-
cally significant in 2020 on univariate analysis
(Table VI). To assess possible associations with this
trend, linear regression analysis was conducted to assess
the relationship between PS and the year of diagnosis,
and age and year of diagnosis. The analysis revealed a
statistically significant positive relationship between PS
and diagnosis year (p = 0.036) indicating that PS tended
to increase with increasing year. There was no statisti-
cally significant difference in age with year of diagnosis.

Multivariate Overall Survival Analysis in
Patients Treated With Curative Intent

Univariate survival analysis was performed to exam-
ine overall survival by age, sex, alcohol consumption,
smoking status, performance status, stage, site, year of
diagnosis, socioeconomic deprivation, and treatment
modality in the curative treatment group (Table VI).
Those factors which were significant on univariate analy-
sis were included in multivariate analysis(Table VI).
In summary, on multivariate analysis age, supraglottic/
indeterminate subsites, SIMD quintile 2, performance
status 1/2, alcohol consumption, treatment with

Table II.
Comparison of Treatment Modality by Subsite and Stage in Curatively Treated Laryngeal Cancer.

Treatment Modality

Subsite

Supraglottic
(n = 303) Glottic (n = 288)

Subglottic
(n = 5)

Transglottic
(n = 62)

Indeterminate
(n = 5)

Conservative Surgery Only 29 (9.6%) 102 (35.4%) 0 (0%) 1 (1.6%) 0 (0%)

Conservative Surgery and Radiotherapy 1 (0.3%) 5 (1.7%) 0 (0%) 0 (0%) 0 (0%)

Radiotherapy Only 128 (42.6%) 142 (49.3%) 1 (20%) 10 (16.3%) 0 (0%)

Radical Surgery Only 74 (24.4%) 20 (6.9%) 3 (60%) 28 (45.2%) 3 (60%)

Radical Surgery and Postoperative
Radiotherapy

35 (11.6%) 14 (4.86%) 1 (20%) 18 (29.0%) 1 (20%)

Chemoradiotherapy 28 (9.2%) 3 (1%) 0 (0%) 4 (6.5%) 1 (20%)

Trimodality 8 (2.6%) 2 (0.7%) 0 (0%) 1 (1.6%) 0 (0%)

Early stage
(n = 347)

Advanced stage
(n = 316)

Chi sq. result for treatment modality versus subsite p < 0.001

Conservative Surgery Only 125 (36.0%) 7 (2.2%)

Conservative Surgery and Radiotherapy 5 (1.4%) 1 (0.3%) Chi sq. result for treatment modality versus stage p < 0.001

Radiotherapy Only 208 (59.9%) 74 (23.4%)

Radical Surgery Only 9 (2.6%) 119 (37.7%)

Radical Surgery and Postoperative
Radiotherapy

0 (0%) 70 (22.1%)

Chemoradiotherapy 0 (0%) 35 (11.1%)

Trimodality 0 (0%) 10 (3.2%)

Note: This table presents the comparison between treatment modalities by subsite and stage. Chi-squared testing indicated a statistically significant rela-
tionship between site and treatment modality and stage and treatment modality.
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Figure 1. (A–F) Overall (A) and cancer-specific (B) survival curves for the entire cohort. Five-year survival analysis (n = 867) is performed with
censoring of patients who did not have full 5-year follow-up. (C) Overall survival by laryngeal cancer AJCC stage in the whole cohort
(n = 867). (D) Laryngeal cancer overall survival by subsite. Transglottic, supraglottic, and subglottic survival appears to be less favorable than
survival in glottic cancers (n = 867). (E) Overall survival by stage and site in the whole cohort (n = 867). Here, the interaction between
advanced disease and site shows a greater effect. (F) Kaplan–Meier curve showing overall survival in laryngeal cancer by year. (n = 867).
[Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]
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trimodality treatment, and advanced disease confer sig-
nificantly worse overall survival outcomes.

DISCUSSION
This study reports a cohort of patients with laryn-

geal squamous cell cancer diagnosed between 2014 and
2020 from the West of Scotland, United Kingdom. The
key findings are the survival outcomes of 5-year OS 46%,
5-year CSS 60% for all patients. In curative patients the
5-year OS was 58.6% and 5-year CSS was 76.4%.
The majority (56%) of patients presented with advanced
stage disease, and supraglottic cancer was the predomi-
nant subsite (n = 441, 51%). Lastly, performance status
in this cohort appears to play a role in poor survival
outcomes.

Our results suggest that both overall and cancer-
specific survival in our cohort of patients with laryngeal
SCC is worse than similar cohorts, comparing unfavorably
with Sweden (5-year OS 65%),22 Norway (56.8% 5-year OS,
80.2% 5-year CSS)23, and Finland (63% OS in curative
treatment, 80% CSS in curative treatment).24 An important
factor could be the large proportion of patients (56%) pre-
senting with advanced disease, which appears to be higher
than other populations including Sweden(31.6%),
Norway(39.2%), Finland(39%),24 the United States (46%),25

and England (30%–47.6%).26,27. It is concerning that com-
pared to previous reports of the Scottish population publi-
shed 25 years ago, presentation with advanced disease has
increased (56% now vs. 44%26).

The reasons for this tendency to presentation with
advanced disease could include a lack of public awareness
to consult with insidious symptoms which occur in non-
glottic cancer (in particular, supraglottic cancers) and/or
the high proportion of patients affected by socioeconomic
deprivation, which has previously been described to affect
stage of presentation in laryngeal cancer.28 Scottish gov-
ernment statistics indicate a slight increase in poverty in
working age adults since 1994 (rising from 18% to 21%),29

the age group most likely to be affected by laryngeal can-
cer. Knowledge of head and neck cancer and its pre-
senting symptoms has been shown to be poor,

particularly regarding laryngeal cancer,30 and knowledge
is known to improve health-seeking behavior.31 Further-
more, access to GP consultations remains a concern for
many patients nationally,32,33 and access is poorer
for those from areas of high socioeconomic deprivation.34

A previous study from our center indicates an associ-
ation between recreational drug misuse and supraglottic
cancer35 and we note 8.2% incidence of current or prior
drug misuse in our cohort. This is possibly an underesti-
mate as this was recorded from the electronic records,
which would require enquiry regarding drug use and doc-
umentation by clinicians. The Scottish Crime and Justice
Survey 2018–2020 noted that 10% of survey respondents
self-reported recreational drug misuse, with higher rates
in areas of socioeconomic deprivation, increasing to
15%.36 It is notable that Scotland has the highest rate of
drug-related death in Europe, with the majority associ-
ated with opiate misuse and deprivation.37 This associa-
tion with drug misuse has been noted in an Israeli cohort
in which supraglottic SCC in intravenous drug users
(IVDU) was compared with supraglottic cancers in non-
IVDU. Supraglottic SCC which occurred in the IV drug
users were found to present at a younger age and have
improved overall survival, despite similar comorbidity
status between the two groups. IVDU was protective in
multivariate survival analysis.38 This raises the question
of disease phenotype in this cohort and certainly the
effect of recreational drug use in laryngeal cancer war-
rants further investigation.

In our study 59.7% of patients had a PS of 1 or more
and increasing PS was found to be associated with worse
survival. Poor PS (1, 2) has also been shown to influence
progression-free survival in HNSCC.39 Performance sta-
tus has been criticized for its subjectivity, which may lead
to interobserver variability between assessments and
subsequent impact on decision-making and outcomes.40,41

There has been evidence that other frailty measures may
be useful predictors of outcomes in HNSCC.42

We note that 39.7% of patients in our cohort con-
sumed alcohol at a hazardous level (>21 units per week)
or had previously done so. In multivariate analysis, con-
sumption of alcohol at any level is associated with

Table III.
Five-Year Survival (OS and CSS) for all Subsites, Both by Whole Cohort and Curative Intent Treatment Group.

Five-Year Survival by Subsite in Both Whole Cohort and Curative Intent Treatment Group

Site 5-year OS 95% CI 5-year CSS 95% CI

Supraglottic – All 35.6% 30.9%–41.0% 51.6% 46.7%–57%

Supraglottic – Curative 51.3% 45.2%–58.2% 73.9% 68.4%–79.9%

Glottic – All 63.7% 58.1%–69.7% 76.9% 71.9%–82.1%

Glottic – Curative 70.8% 65.1%–77.0% 84.6% 79.8%–89.6%

Subglottic – All 33% 13.2%–8% 33% 46.7%–57%

Subglottic – Curative 60% 29.3%–100% 60% 29.3%–100%

Transglottic – All 33.4% 23.9%–46.6% 44.7% 33.8%–58.8%

Transglottic – Curative 43.1% 31.6%–59.0% 58.1% 45.5%–74.1%

Indeterminate – All 12.5% 2%–78.2% 18.7% 3.6%–97.6%

Indeterminate – Curative 20% 3.4%–100% 30% 6.3%–100%
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statistically significant poorer OS. This is in keeping with
recent research indicating that even moderate alcohol
consumption of 10–20 units per week confers poorer over-
all survival in HNSCC,43,44 highlighting the importance
of supporting patients in reducing their alcohol intake. A
key focus in head and neck cancer patients after

diagnosis is often support for smoking cessation, given
the long-standing strong evidence45 to show that this
reduces the chance of recurrence. However, there should
also be a focus toward supporting patients who drink to
excess giving the emerging evidence that alcohol plays in
survival outcomes in HNSCC.

Figure 2. (A). Diagnosis trends by laryngeal subsite per 100,000 population. There appears to be an increase in diagnosis of supraglottic and
glottic cancers from 2014 to 2018 followed by a decrease in rate to 2020. In particular, supraglottic cancer rates rose from 1.28 per 100,000
to a peak of 3.65 per 100,000 in 2018. (B) Diagnosis trends by stage per year—this shows an increase in Stage 4 disease over the time period
(from 0.88 per 100,000 to 1.72 per 100,000), and an initial increase in Stage 1 disease before a decline in 2019 onward. [Color figure can be
viewed in the online issue, which is available at www.laryngoscope.com.]
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In line with other studies, glottic cancer confers bet-
ter survival than other cancer types. This contrast is par-
ticularly stark due to the proportion of supraglottic
cancers in this cohort. Glottic cancer is likely to have
favorable outcomes due to its tendency to present with
dysphonia allowing earlier diagnosis and treatment
before disease reaches an advanced stage in almost 75%
of cases, as well as lack of propensity for lymph node
metastasis. The predominance of supraglottic cancers in
this cohort will have an impact on presentation stage due
to their tendency to present with unilateral throat pain
and otalgia, as opposed to dysphonia. This is likely to con-
tribute to the high proportion of advanced disease in this
cohort. Other subsites are more likely to present at
advanced stage (Table IV) and this is reflected in poor
survival outcomes when compared with glottic cancers
(Table III), with a 11% difference in cancer-specific sur-
vival between glottic and supraglottic cancers in patients
treated with curative intent, and 25% difference in
cancer-specific survival in the whole cohort.

The profile of laryngeal cancer has changed in this
cohort, as supraglottic cancers are the most common sub-
site in our cohort, which contrasts with other datasets.9,13

Previous reports of Scotland-wide data from 1999 to 2001
described the proportion of supraglottic cancers as 34.8%
(personal communication of unpublished data, available
on request). This change could explain the lack of
improvement in overall survival of the whole cohort over
the study period and warrants further investigation to
understand the potential causes of this. The better out-
comes in IVDU with supraglottic cancer38 as well as pre-
vious analysis of data from The Cancer Genome Atlas
have shown different subsite LSCCs with different molec-
ular profiles46 may indicate that there is an unknown
causative factor (e.g., virus or immunosuppression) which
may play a role in supraglottic cancer.46 To our knowl-
edge, this is the first publication to explicitly demonstrate
increase in supraglottic subsite laryngeal cancer from the
period 2015–2020 and is in contrast to a recent large
study that indicated no such change in US population-
based data.13

Approximately 70.7% of the patients in this cohort
live in areas of high socioeconomic deprivation, which has
been shown to be associated with late stage at presenta-
tion.28 However, previous analysis of Scottish head and
neck cancer data found that the effect of socioeconomic
deprivation on long-term cause specific survival was not
found to be significant after adjustment for patient fac-
tors and tumor/treatment variables.47 In our study,
patients in SIMD quintile 2 appear to have worse sur-
vival outcomes on univariate analysis compared with
SIMD quintile 1, which is the most deprived, reinforcing
that the relationship between deprivation and laryngeal
cancer survival is not simple. This underpins the com-
plexity in understanding worsening survival in LSCC
which is likely to be multifactorial in nature.

Approximately 63% of patients in our cohort with
advanced disease receive only single modality treatment,
likely a reflection of poor performance status; 60% of
patients in this cohort had a performance status of 1 or
above. Glasgow, the population center in the West of
Scotland, is known for its 30% excess premature deaths
in comparison to other cities with similar populations and
similar levels of deprivation in England. Half of these are
related to alcohol or drugs.48 Therefore, treatment deci-
sions in this cohort are driven by poor health status and
comorbidities dictating the choice of single modality treat-
ment and in turn, poor outcomes which are of course also
influenced by poor health and comorbidities in this
cohort.

Only a small proportion of patients in this cohort
received chemoradiotherapy (5.8%), likely due to poor
performance status, comorbidities, and age. Evidence in

Table IV.
Chi-squared Testing of Stage by Site. This Shows the Statistically
Significant Differences Between Stage and Site, Indicating That a

Higher Proportion of Patients Present With Supraglottic/
Transglottic/Indeterminate/Subglottic Disease at an Advanced

Stage Than Glottic.

Subsite Early Advanced p-value

Glottic 245 (Observed) 82 (Observed) 1.988187e-19

163.5 (Expected) 163.5 (Expected)

Supraglottic 127 (Observed) 314 (Observed) 5.350075e-19

220.5 (Expected) 220.5 (Expected)

Subglottic 1 (Observed) 8 (Observed) 1.963066e-02

4.5 (Expected) 4.5 (Expected)

Transglottic 7 (Observed) 75 (Observed) 5.942449e-14

41 (Expected) 41 (Expected)

Indeterminate 0 (Observed) 8 (Observed) 4.677735e-03

4 (Expected) 4 (Expected)

Table V.
Contingency Table From Chi-squared Test Showing Observed and
Expected Counts Per Year. More patients than would be expected
were diagnosed with advanced stage disease in 2015, 2017, and

2020. (p = 0.025, df = 6).

Contingency Table of Observed Versus Expected Cases by Year and Stage

Year of Diagnosis

Disease Stage

Early Advanced Total

2014 Observed 40 40 80

Expected 35.1 44.9 80.0

2015 Observed 37 66 103

Expected 45.1 57.9 103.0

2016 Observed 44 59 103

Expected 45.1 57.9 103.0

2017 Observed 59 81 140

Expected 61.4 78.6 140.0

2018 Observed 88 77 165

Expected 72.3 92.7 165.0

2019 Observed 69 83 152

Expected 66.6 85.4 152.0

2020 Observed 43 81 124

Expected 54.3 69.7 124.0

Total Observed 380 487 867

Expected 380.0 487.0 867.0
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Table VI.
Overall Survival Analysis in Curative Intent Treatment Group.

Variable HR (Univariate) HR Multivariate

Age Category

Under 60 Ref Ref

60–70 1.51 (1.13–2.04, p = 0.006*) 1.71 (1.23–2.39, p = 0.001*)

Over 70 2.06 (1.51–2.82, p < 0.001**) 2.66 (1.78–3.96, p < 0.001**)

Sex (ref: Female) 1.06 (0.80–1.42, p = 0.67) -

Smoking

Nonsmoker Ref Ref

Current smoker 1.59 (1.01–2.50, p = 0.04*) 1.52 (0.91–2.56, p = 0.11)

Ex-smoker 1.38 (0.86–2.23, p = 0.17) 1.17 (0.70–1.95, p = 0.54)

Alcohol

Nondrinker Ref Ref

Occasional drinker 1.36 (0.97–1.92, p = 0.07) 1.53 (1.08–2.19, p = 0.02*)

Hazardous drinking 1.56 (1.10–2.18, p = 0.01*) 1.46 (1.01–2.11, p = 0.04*)

Previous hazardous drinking 2.15 (1.35–3.42, p = 0.001*) 2.26 (1.38–3.70 p = 0.001*)

Performance Status

0 Ref Ref

1 2.17 (1.68–2.81, p < 0.001**) 1.92 (1.45–2.53, p < 0.001**)

2 3.06 (2.18–4.29, p < 0.001**) 2.05 (1.41–3.00, p < 0.001**)

3 2.73 (1.00–7.42, p = 0.05) 3.67 (1.24–10.90, p = 0.02*)

Site

Glottic Ref Ref

Supraglottic 1.85 (1.43–2.39, p < 0.001**) 1.57 (1.16–2.11, p = 0.002*)

Subglottic 1.70 (0.54–5.40, p = 0.36) 0.73 (0.09–5.55, p = 0.77)

Transglottic 2.06 (1.40–3.01, p < 0.001**) 1.51 (0.95–2.42, p = 0.08)

Indeterminate 5.47 (2.21–13.42, p < 0.001**) 5.73 (1.91–17.17, p = 0.001*)

Treatment

Conservative Surgery Only Ref Ref

Radiotherapy Only 1.57 (1.09–2.27, p = 0.01*) 1.47 (0.97–2.20, p = 0.06)

Radical Surgery Only 2.06 (1.36–3.10, p < 0.001**) 1.06 (0.62–1.82, p = 0.83)

Conservative Surgery and Postoperative
Radiotherapy

0.29 (0.04–2.19, p = 0.23) 0.31 (0.04–2.32, p = 0.26)

Radical Surgery and Postoperative
Radiotherapy

2.43 (1.55–3.79, p < 0.001**) 1.73 (0.98–3.08, p = 0.06)

Chemoradiotherapy 1.84 (1.05–3.24, p = 0.03*) 1.48 (0.74–2.94, p = 0.25)

Trimodality 5.09 (2.52–10.28, p < 0.001**) 3.55 (1.55–8.15, p = 0.002*)

Diagnosis Year

2014 Ref Ref

2015 1.36 (0.89–2.06, p = 0.15) 1.07 (0.68–1.68, p = 0.75)

2016 1.02 (0.65–1.61, p = 0.93) 0.86 (0.52–1.40, p = 0.54)

2017 1.14 (0.73–1.78, p = 0.56) 0.86 (0.53–1.40, p = 0.54)

2018 1.09 (0.69–1.73, p = 0.7) 0.91 (0.56–1.48, p = 0.71)

2019 1.48 (0.93–2.34, p = 0.09) 1.21 (0.72–2.02, 0.46)

2020 1.83 (1.1–3.1, p = 0.02)* 1.50 (0.85–2.66, p = 0.16)

Early/Advanced Disease

Early Ref Ref

Advanced 2.10 (1.65–2.66, p < 0.001)** 1.47 (1.02–2.12, p = 0.037*)

SIMD Quintile

1 Ref Ref

2 1.43 (1.07–1.9, p = 0.01)* 1.37 (1.00–1.88, 0.046)*

3 1.19 (0.81–1.74, p = 0.37) 1.21 (0.80–1.85, p = 0.36)

4 1.06 (0.70–1.62, p = 0.76) 1.12 (0.72–1.78, p = 0.60)

(Continues)
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the literature suggests that outcomes after radiotherapy
alone in T3 disease are inferior to chemoradiotherapy or
primary surgery.49 As nearly one-quarter of patients with
advanced disease received radiotherapy alone, this is
likely to have an impact on our survival outcomes. Previ-
ous meta-analysis50 has shown benefit from concomitant
chemotherapy in addition to radiotherapy or surgery in
all locally advanced disease; however, this is not a univer-
sal finding and more recent meta-analysis51 has found
that radiotherapy alone conferred best survival outcomes
in locally advanced disease. Furthermore, addition of che-
motherapy to radiotherapy has less benefit as age and
performance status increase.52 Unfortunately, all treat-
ments in advanced laryngeal cancer are highly morbid
and this is an important consideration in treatment
choice.

Limitations of this study include its retrospective
nature and reliance on electronic patient records to
gather information. Patients were defined as ex-smokers
or previous hazardous drinkers at the time of referral,
and this does not reflect a specific minimum cessation
interval as date of cessation of alcohol drinking or
smoking was not known. TNM staging was taken from
the cancer network record rather than divided into clini-
cal, pathological, and radiological staging and this addi-
tional information could provide further details to the
results. Cancer-specific survival was defined as having a
death related to laryngeal cancer. This was gleaned from
death certificates if available, or if the patient’s most
recent clinic letters indicated the patient was for end-
of-life care but was not available in all patients. SIMD
quintiles are associated with limitations as they are an
area-based indicator, therefore, assuming that each group
of 20% are homogenous at the individual, social, and eco-
nomic level. Lastly, it would be useful to look in further
depth at treatment outcomes separately between early
and advanced disease.

CONCLUSION
The lack of improved survival in laryngeal cancer

over the last two decades, despite the advances in treat-
ment, is alarming. This cohort compares unfavorably to
data from similar countries within Europe, with subsite,
alcohol consumption, advanced stage at presentation, and
deprivation likely contributing factors to this. Sup-
raglottic cancers appear to be the predominant subsite in
our cohort, however, it is unclear what the social and/or

biological basis/drivers for this may be. Translational
research to better understand the biology of supraglottic
disease should be a key area of focus moving forward.
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