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Abstract

Background Several reports examined the survival of laryngeal cancer (LC) patients, most of these studies only focused on
the prognosis of the disease, and just a small number of studies examined non-cancer-related causes of death. The objective
of the current study is to investigate and quantify the most common causes of deaths following LC diagnosis.

Methods The data of 44,028 patient with LC in the United States diagnosed between 2000 and 2018 were retrieved from
the Surveillance, Epidemiology, and End Results (SEER) program and analyzed. We stratified LC patients according to
various demographic and clinical parameters and calculated standardized mortality ratios (SMRs) for all causes of death.
Results Over the follow-up period, 25,407 (57.7%) deaths were reported. The highest fatalities (11,121; 43.8%) occurred
within 1-5 years following LC diagnosis. Non-cancer causes of death is the leading cause of death (8945; 35.2%), followed
by deaths due to laryngeal cancer (8,705; 34.3%), then other cancers deaths (7757; 30.5%). The most common non-cancer
causes of death were heart diseases (N=2953; SMR 4.42), followed by other non-cancer causes of death (N=1512; SMR
3.93), chronic obstructive pulmonary diseases (N =1420; SMR 4.90), then cerebrovascular diseases (N=547; SMR 4.28).
Compared to the general population, LC patients had a statistically significant higher risk of death from all reported causes.
Conclusions Non-cancer causes of death is the leading cause of death in LC patients, exceeding deaths attributed to LC
itself. These findings provide important insight into how LC survivors should be counselled regarding future health risks.
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Introduction

Laryngeal cancer (LC) is one of the most prevalent head
and neck malignancies in the United States (US), with an
estimated number of 12,470 newly diagnosed cases and
3820 estimated deaths in 2022 [1]. Globally, there were over
209,149 reported LC cases in 2019. LC was also responsible
for 123,356 deaths and accounted for 3.26 million DALY

(2].
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Studies have demonstrated that the majority of LC tumors
are squamous cell carcinomas in nature. Other histological
subtypes include adenocarcinomas, sarcomas, lymphomas,
and neuroendocrine tumors. Several risk factors, such as
smoking and alcohol intake, have been directly associated
with the risk of LC development. However, unlike most head
and neck tumors that are associated with human papillo-
mavirus infection (HPV), the link between LC and HPV
remains controversial [3, 4].

The treatment regimens of LC are mainly comprised
of surgery, chemotherapy, and radiotherapy. Early disease
stages are usually treated successfully with larynx-conserv-
ing surgery alone or local radiotherapy. Advanced disease
stages are managed with combination therapy with total lar-
yngectomy, showing survival benefits in patients with T4
disease [4]. Despite the recent advancements in the field,
new treatment modalities did not increase the survival rates
of LC patients. A recent study analyzed the survival trends
of LC from 2004 to 2016, demonstrating a minimal non-
significant improvement in both 2- and 5-year relative and
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overall survival, highlighting the need for further research
on LC survivorship [5].

Although determining the causes of mortality after a can-
cer diagnosis is critical in evaluating treatment efficacy and
guiding screening and healthcare policies in cancer survi-
vors, the literature on the causes of death after an LC diag-
nosis is scarce. To our knowledge, only a few studies have
evaluated other non-LC causes of mortality, such as deaths
attributed to the development of second primary tumors and
suicide. Moreover, the majority of these studies remain fun-
damentally outdated [6].

In this retrospective population-based study, we utilized
the Surveillance, Epidemiology, and End Results (SEER)
database to perform a detailed long-term analysis of the
causes of death among LC patients with respect to various
demographic and clinicopathological criteria. We further
compare the risk of each mortality cause with the US gen-
eral population.

Methods
Study design

We conducted a retrospective, observational cohort in
accordance with the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines [7].

Data source and study population

The Surveillance, Epidemiology, and End Results (SEER)
program was used to carry out the study [8]. Using the
SEER*Stat software, we extracted the data of cancer patients
from 2000 to 2018 from the SEER 18 registries, which cov-
ers approximately (27.8%) of the US population [9]. An
institutional review board approval was not required for this
study, because the SEER data are anonymized and consid-
ered non-human participant research.

Study population

We included patients with a confirmed diagnosis of malig-
nant LC with histologic confirmation between 2000 and
2018 in the United States and followed them until death
or the end of the specified period. To minimize the risk of
selection bias, we included all eligible patients with LC
documented in the SEER registries.

Study outcomes
For the LC patients in our cohort, we analyzed causes of

death with respect to different demographical and tumor
characteristics, including sex, race, age, and stage at
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diagnosis and treatment modalities. We further analyzed
the causes of death with consideration to different latency
periods from the time of diagnosis till death to detect tem-
poral changes with survival time. We stratified causes of
death into four distinct periods; up to 1 year, 1-5 years,
5-10 years, and 10 years after LC diagnosis. Causes of death
were determined based on the ICD-10-WHO classification.

Statistical analysis

We calculated standardized mortality ratios (SMRs) for each
cause of death reported for our cohort. SMRs were defined
as the observed-to-expected ratio (O/E), where “observed”
represents the number of patients with LC who died from
any defined cause of death within a specific timeframe,
and “expected” represents the number of people who are
expected to die from the same cause of death in a demo-
graphically similar general population within the same
period. General US population mortality data were col-
lected by the national center of health statistics. Using the
SEER *Stat software (version 8.4.0.1), we estimated SMRs
with 95% confidence intervals (CIs). High mortality risk was
considered when the observed mortality events for a spe-
cific cause in LC patients were significantly higher than the
expected mortality events for the same cause in the general
population. All statistical tests were two-sided, and a p value
of less than 0.05 was considered statistically significant.

Results
Baseline characteristics

In this study, we reviewed the data of 44,028 patients diag-
nosed with laryngeal cancer between 2000 and 2018. More
than 90% of the included patients were aged > 50 years;
43.6% (n=19,215) were aged 50-64 years, while 46.8%
(n=20,602) were aged > 64 years. Most patients were white
(n=35,467; 80.6%), males (n=235,520; 80.7%), and were
diagnosed with localized LC (n=23,145; 52.6%). Over the
follow-up period, 25,407 (57.7%) deaths were reported,
with a mean age at death of 69.96 years. Regarding treat-
ment regimes, the majority of patients received radiother-
apy (n=232,995; 74.9%), and a smaller fraction of patients
underwent cancer-directed therapy (n=16,653; 37.8%) and
chemotherapy (n=13,745; 31.2%). The highest fatalities
(11,121; 43.8%) were recorded within 1-5 years following
LC diagnosis. Moreover, 7165 (28.2%) patients died in the
first year following LC diagnosis, 4,856 (19.1%) patients
died within 5-10 years, and 2265 (8.9%) died after more
than 10 years. Table 1 enlists the baseline characteristics of
patients diagnosed with LC, deceased patients according to
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Mean age

Mean age No. of patients

at death, y (%)

Mean age No. of patients

at death, y (%)

Mean age No. of patients

at death, y (%)

Mean age No. of patients

at death, y (%)

No. of patients

at death, y

(%)

Cancer-directed surgery

16,653 8799 (100) 70.46 1667 (18.95) 67.48 4172 (47.41) 68.38 1951 (22.17) 74.03 1009 (11.47) 77.12

Yes
Radiotherapy

18,612 (100) 69.70 3825 (20.6) 67.43 9020 (48.5) 67.74 3981 (21.4) 73.21 1786 (9.6) 76.61

32,995

Yes

Chemotherapy

65.49 2378 (27.3) 64.34 4462 (51.2) 64.27 1376 (15.8) 69.05 493 (5.7) 72.08

8709 (100)

13,745

Yes

the time of death after diagnosis, and the mean age of death
in each group, respectively.

Causes of death within 1 year after LC diagnosis

In total, 7,165 patients died within the first year of their diag-
nosis, with LC accounting for 3,489 deaths (48.7%), other
(non-LC) malignancies accounting for 1,877 deaths (26.2%),
and non-cancer causes accounting for 1,799 deaths (25.1%).
The leading non-cancer cause of death in this period was
diseases of the heart (644 deaths; 9.0%) (SMR 6.42; 95% CI
5.93-6.93), followed by other causes of death (290 deaths;
4.05%) (SMR 5.65;95% CI 5.02—6.34), chronic obstructive
pulmonary disease (COPD) (253 deaths; 3.5%) (SMR 6.06;
95% CI 5.33-6.85), and accidents and adverse effects (75
deaths; 1%) (SMR 7.95; 95% CI 6.26-9.97) (Table 2, Fig. 1).
Compared to the general population, LC patients had a sta-
tistically significant higher risk of death from all reported
causes except for Alzheimer’s disease (SMR 0.95; 95% CI
0.44-1.81), tuberculosis (SMR 25.96; 95% CI 0.66-144.63),
and deaths from congenital anomalies (SMR 4.9; 95% CI
0.12-27.29).

Causes of death within 1-5 years after LC diagnosis

In this interval, the total number of deaths has raised, reach-
ing 11,121 patients, of whom 4,276 (38.45%) died due to
LC, and 3,563 (30.04%) were due to non-LC malignancies,
while non-cancer causes reached 3,282 (29.51%) being the
lowest number of deaths. During this time interval, the major
non-cancer causes of death were heart diseases, followed
by COPD, and other causes of death, with mortality rates
reaching 9.82% (n=1092), 4.61% (n=513), and 4.56%
(n=507). However, the fourth leading non-cancer cause
was cerebrovascular diseases representing 1.95% of deaths
(n=217). Moreover, the standardized mortality ratio (SMR)
of these causes indicated a statistically significant higher risk
of death which reached (SMR 3.70; 95% CI 3.48-3.92) for
heart diseases, (SMR 3.95; 95% CI 3.62-4.31) for COPD,
(SMR 3.10; 95% CI 2.83-3.38) for other causes of death
and (SMR 3.78; 95% CI 3.3-4.32) for cerebrovascular dis-
eases, compared to the general population. In general, all
reported causes had a statistically significant higher risk of
death compared to the general population except for Alzhei-
mer’s disease (SMR 1.31; 95% CI 0.96-1.75) and congenital
anomalies (SMR 4.27; 95% CI 0.88-12.48) that were higher
but not significant (Table 2, Fig. 1).

Causes of death within 5-10 years after LC diagnosis
The number of deaths in this period declined to reach

4,856 patients representing only 19.11% of all deaths. In
contrast to the first two intervals, non-cancer causes were
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Fig. 1 Illustration of causes of death in each latency period following laryngeal cancer diagnosis. *Deaths coded in the SEER database as “other

causes of death”

responsible for more deaths (n=2528; 52.06%) than can-
cer causes (n=2328; 47.94%). In detail, LC was the cause
of death in 723 (14.89%) patients, representing the second
lowest percentage in all four intervals. On the other hand,
non-LC malignancies reached 33.05% (n=1605), repre-
senting the highest percentage in the four intervals. Similar
to 1-5 year interval, heart diseases, other causes of death,
COPD, and cerebrovascular diseases were the most common
non-cancer causes of death by (792 deaths; 14.6%) (SMR
3.98; 95% CI 3.71-4.27), (453 deaths; 9.33%) (SMR 3.78;
95% CI 3.44-4.14), (429 deaths; 8.83%) (SMR 4.95; 95%
CI 4.49-5.44), and (88 deaths; 1.81%) (SMR 6.89; 95% CI
5.53-8.49), respectively (Table 2, Fig. 1).

Causes of death > 10 years after LC diagnosis

The lowest mortality rate occurred after 10 years of diag-
nosis, with a total of 2,265 deaths representing only 8.91%
of total deaths. In addition, LC, as a cause of death, reached
its lowest percentage among all four intervals at 9.58%
only (n=217). On the other hand, non-cancer causes
reached their highest percentage with 58.98% (n=1336)
of all deaths after 10 years of LC diagnosis. The leading
non-cancer cause of death remained similar to the previ-
ous intervals (5-10 years); heart diseases followed by other
causes of death, COPD, then cerebrovascular diseases. The
mentioned causes had a statistically significant higher risk

of mortality than the general population with (SMR 5.81;
95% CI 5.27-6.39) for heart diseases, (SMR 5.25; 95% CI
4.63-5.93) for other causes of death, (SMR 7.13; 95% CI
6.23-8.13) for COPD, and (SMR 6.89; 95% CI 5.53-8.49)
for cerebrovascular diseases. Moreover, all non-cancer
causes had a statistically significant higher risk of mortality
except for stomach and duodenal ulcers (SMR 4.65; 95%
CI 0.56-16.78), and homicide and legal intervention (SMR
2.22; 95% CI 0.06—-12.39) that were higher but statistically
insignificant, compared to the general population (Table 2,
Fig. 1).

Subgroup analysis

We performed subgroup analysis to assess the association
between different baseline characteristics and causes of
mortality, including age (Supp. Tables 1-3), gender (Supp.
Tables 4 and 5), race (Supp. Tables 6-9), stage of the disease
(Supp. Tables 10-12) and treatment (Supp. Tables 13-15).
Detailed analysis of different patient demographical and
pathological characteristics across the four latency periods
revealed an overall similar trend to the general cohort. No
substantial differences in the distribution of the top causes
of death were found in the examined subgroups, and only
variabilities in SMRs were expectedly observed, given the
heterogeneous nature of the comparator standard popula-
tion for each subgroup. When comparing the total number
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of deaths in each subgroup, non-cancer causes of death
were the leading mortality cause in LC patients’ subgroups
who were diagnosed later in life, males, whites, received
radiotherapy or surgery and in those diagnosed with local-
ized LC. Furthermore, diseases of the heart continued to be
the leading non-cancer cause of death in LC patients in all
analyses, with COPD, other non-cancer causes of death, and
cerebrovascular disease alternating for the highest risks (see
Supporting Tables for details on all subgroups).

Discussion

We analyzed the causes of death of 44,028 laryngeal can-
cer patients within a range of 18 years from 2000 to 2018.
The mortality rate reached 57.7% (n=25,407) of which only
34.26% (n=_8705) were because of LC. A total of 16,702
patients died from other causes, representing 65.74% of the
mortality rate, further divided into other types of cancer
(30.53%) and non-cancer causes (35.2%). LC was responsi-
ble for almost half of the deaths (n=3489; 48.7%) within the
first year after diagnosis, while it reached 38.45% (n=4276)
between 1 and 5 years. However, a tapering effect was
observed for the reported causes of death after 5 years of
diagnosis, in which a shift toward non-cancer-attributable
deaths was noticeable. The percentage dropped dramati-
cally after 5 years from diagnosis representing only 14.89%
(n=723) and 9.58% (n=217) in the periods 5-10 years
and > 10 years, respectively. In addition, one intriguing
finding of the current study is the statistically significant
and, in some instances, massive increase in the risk of death
compared to the general population, highlighting the vulner-
ability of LC patients to most causes of death.

Compared to the high incidence of distant metastasis
(DM) in patients with lung and breast cancer, LC has a rela-
tively low rate of manifesting as a distant disease at diagno-
sis. However, it usually has a fatal outcome when it occurs.
In our study, 7,678 (17.44%) patients were diagnosed with
distant disease, and of those patients, we observed 5,828
(75.91%) deaths, constituting 22.94% of all deaths. We also
observed 2,525 (43.3%) deaths within 1 year of diagnosis
in this cohort. The reported incidence of distant metasta-
sis in the head and neck squamous cell cancers (HNSCC)
is approximately 10-50% [10]. Coca-Pelaz et al. analyzed
the data of 443 patients with surgically treated HNSCC and
detected a total of 60 (13.5%) patients who had developed
DM [11]. This study included 197 LC patients with a lower
DM incidence (8%). Spector et al. have also detected a sim-
ilar rate (8.5%) among 2,550 patients with laryngeal and
hypopharyngeal cancers [12]. In another study, the major-
ity of deaths were observed in the local/regional (L/R)

@ Springer

recurrence and DM groups, with only a minority of deaths
due to second primary malignancies (L/R, 48%; DM, 41%;
second primary, 11%) [13].

Second primary cancer in LC patients is a common
event that might be explained by the lifestyle choices of
these patients and the “field cancerization” hypothesis or
the recently proposed second field tumor concept [14, 15].
In our study, we observed 7757 (30.53%) deaths due to
other non-laryngeal cancers (SMR 8.63; 95 CI 8.44-8.83).
Chu et al. have highlighted factors associated with a higher
incidence of a new primary malignancy [16]. These factors
included early T-classification, tobacco use, and less index
tumor recurrence. Contrary to other cancer sites, radiother-
apy does not seem to increase the incidence of second pri-
mary cancers; however, it may modify the pattern of tumors
in the head and neck region [17]. A previous SEER analysis
found that RT for LC was associated with a lower risk of
second head and neck primary malignancies [18]. Mortal-
ity rates of patients with LC and a second primary tumor
seem to depend on the new cancer site. Patients with second
primary tumors of the head and neck have lower death rates
than those with non-head and neck second primaries [16,
19-21].

The most reported non-cancer causes of death were heart
diseases (n=2953) and COPD (n=1420). Both, along with
LC, are associated with cigarette smoking. Associations
between LC and these diseases were reported in the litera-
ture. Research by Mucha-Matecka et al. reported that the
percentage of patients with TINOMO glottic cancer and
ischemic heart disease was 44% in their cohort. The number
of patients who had COPD was 44% as well [22]. Two other
studies have reported a high prevalence of COPD among
patients with LC [23, 24]. Zheng et al. found that the second
highest risk of death due to COPD across different cancer
sites was laryngeal cancer (SMR 5.54; 95% CI 5.34-5.75)
which was very close to our findings (SMR 4.90; 95% CI
4.65-5.16) [25]. Our results, in line with the literature, sup-
port the principle of aiming COPD prevention strategies at
patients with cancer, particularly LC. Heart disease in LC
patients may also occur due to subclinical thyroid disease,
since the thyroid tissue is anterior to the larynx and included
in the RT treatment [10, 26]. Another factor contributing
to heart disease among LC patients is the cardiotoxicity
attributed to chemotherapy. Franchin et al. have observed
cardiotoxicity in 15 (14%) patients due to chemotherapy. Of
those, two patients developed severe symptomatic bradycar-
dia (heart rate < 39 beats/min), and one experienced myocar-
dial ischemia [27].

Our findings also demonstrate high mortality rates attrib-
uted to suicide and self-inflicted injury (SMR 10.69; 95%
CI 9.01-12.58), with the highest rates occurring within
1 year of diagnosis (SMR 14.32; 95% CI 10.32-19.35).
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Historically, cancer has been identified as a risk factor for
suicide, especially in the short period after diagnosis [28].
Luckily, the risk of suicide steadily decreased from 1960 to
1999 due to improved psychological care and attention to
aspects of quality of life. Regardless, the fact remains that
the highest suicide rates among cancer patients occur in
those with respiratory malignancies, including the larynx.
Hem et al. have reported an increased risk of suicide in
both males and females. The highest risk was in the first
months after the diagnosis and among males with respira-
tory malignancy [28]. Misono et al. have demonstrated
similar findings among SEER registry cancer patients. They
have observed that the suicide rate among these patients was
double that of the general USA population [29].

Several studies have reported age as an important prog-
nostic factor in laryngeal carcinoma. In our study, 13,516
deaths were in patients 65 years or older, of whom 4114
died within the first year after diagnosis. Reizenstein et al.
have also demonstrated that being 80 years or older is asso-
ciated with an increased risk of death attributed to LC [30].
On the other hand, the survival of stage IV glottic cancer
was reportedly better in patients younger than 56 years
[12]. Another important commonly described prognostic
factor was the grade of the disease. Our study found that
patients who died with well-differentiated and poorly dif-
ferentiated tumors were 2818 (49.98%) and 222 (73.02%),
respectively. These findings were similar to the literature.
For instance, Johansen et al. reported the overall survival
percentage of patients with well, moderately, and poorly
differentiated were 70 +2%, 60 + 2%, and 47 + 3%, respec-
tively [31].

Strengths and limitation

Although the incidence of laryngeal cancer has decreased
over the past decades, the reported improvement in patients’
survival is still minimal, necessitating a detailed analysis of
mortality outcomes. The current study provides the most
comprehensive and recent population-based, long-term
analysis of the causes of death among patients diagnosed
with laryngeal cancer with a detailed analysis of different
patients’ demographics and tumor characteristics. However,
there are several limitations to this study. These limitations
include the retrospective nature of the analysis, which may
have introduced some inherent bias. We could not account for
patients’ comorbidities, the impact of specific treatment regi-
mens, or assess patients’ quality of life, because the database
does not report such data. Furthermore, a detailed analysis of
death causes coded as “other causes of death” was not possi-
ble. Slight misclassification of the causes of death in specific

patient groups was reported before; however, the authors con-
cluded that the data are overall reliable and valid [32].

Conclusions

Combined deaths from LC and non-LC cancers represent
the majority of mortality causes after LC diagnosis. How-
ever, fatalities from non-cancer causes account for a large
percentage of deaths among patients with LC especially
with increased survival time. Deaths from heart disease
and COPD were among the most prevalent causes of non-
LC deaths over the follow-up periods in our cohort. Our
cohort also had a statistically significant higher risk of
death compared to the general US population across most
of the reported causes. These findings shed light on how
LC survivors should be counselled and monitored in the
future.
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