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Background: The optimal treatment strategy for patients with early glottic (T1-2NOMO0) squamous cancer
remains unclear.

Methods: A retrospective population-based analysis was performed using the Surveillance, Epidemiology,
and End Results (SEER) database. Propensity score matching (PSM) was used to balance treatment arms,
and Cox regression analysis was used to determine prognostic factors for survival. Kaplan-Meier analysis,
log-rank tests, and competing risk analysis were used to compare survival outcomes between treatment
modalities (surgery vs. radiotherapy).

Results: Among the 3,994 eligible patients in this study, surgery was associated with improved cancer-
specific survival (CSS) and overall survival (OS) compared with radiotherapy (log-rank test, P<0.05). This
survival trend favoring surgery was consistent in the T1a, well/moderately differentiated grade, male, and all
age subgroups. However, after the baseline characteristics were balanced with PSM, the survival outcomes
(CSS and OS) did not differ significantly between the surgery and radiotherapy groups. Interestingly, surgery
was associated with a 39% reduced risk of cancer-related death compared with radiotherapy in patients aged
>70 years (hazard ratio 0.61; 95% CI: 0.43-0.87; P=0.006). However, this survival trend favoring surgery was
not observed in younger patients (age <70 years), T stage subgroups, male or female subgroups, or in any of
the pathological grade subgroups.

Conclusions: In patients with early glottic squamous cell carcinoma undergoing surgery or radiotherapy,
there is no sufficient evidence favoring one method over another in terms of survival. However, surgery is
recommended in patients aged >70 years because, in this group, it was associated with improved survival

outcomes compared with radiotherapy.
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Introduction will be approximately 12,620 new cases of laryngeal cancer
Laryngeal cancer is the second most common malignancy and 3,770 deaths in the United States (2). Histologically,

in the head and neck (1). It is estimated that, in 2021, there the vast majority of laryngeal cancers are squamous cell
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carcinoma (SCC). Glottic cancer is the most common type
of laryngeal cancer, accounting for approximately two-thirds
of all laryngeal cancers (3). Because glottic cancer disturbs
vocal function, these lesions are often diagnosed at an early
stage. Survival for early glottic (I'1T2NOMO) carcinoma is
high, with a 5-year survival rate >90% (4).

The strategy for early glottic cancer is single-modality
treatment (radiotherapy or surgery), highlighting the
importance of larynx preservation and voice quality (5).
Over the past two decades, transoral laser microsurgery
(TLM) has supplanted open surgery as the mainstay
surgical approach (6). Compared with open surgery, TLM
has the advantages of being minimally invasive, lower
cost, and associated with faster rehabilitation. If relapse
occurs, salvage surgery or radiotherapy can be performed
after the initial surgery. Typically, early stage glottic
lesions are treated with a radiation dose of 50-70 Gy
with 2-2.5 Gy/fraction. There is evidence that patients
treated with radiotherapy have better voice quality than
those treated with surgery (7). In recent years, intensity-
modulated radiation therapy has become the most popular
radiotherapy modality, with demonstrated superiority in
reducing treatment-related toxicities.

Overall, given the lack of prospective randomized
controlled trials, there is no sufficient evidence supporting
one treatment method over another regarding oncological
outcomes (8). Early glottic cancer is a heterogeneous
disease. Tumors may exhibit different characteristics that
make them appropriate for specific treatment methods.
In addition, for a cancer with a high survival rate, a large
sample size with long-term follow-up is necessary when
treatment effects are evaluated. Consequently, the aims
of the present study were to evaluate survival outcomes
following surgery or radiotherapy in early glottic cancer
and to identify patient-related characteristics associated
with treatment effect by analyzing the Surveillance,
Epidemiology, and End Results (SEER) database. We
present the following article in accordance with the
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-5288/rc).

Methods
Data collection

Data (2005-15) from the SEER program (Incidence-
SEER 18 Regs Research Data + Hurricane Katrina
Impacted Louisiana Cases, Nov 2015 Sub) was extracted
for T1-2NOMO glottic SCC. Briefly, data of patients

© Annals of Translational Medicine. All rights reserved.

Wang et al. Treatment for laryngeal cancer

with primary site labeled “C32.0-Glottis”, behavior code
“ICD-0-3=malignant”, and TNM sixth edition “(2004+)
=T1-2NOMO0” were included in the analysis. Patients
were excluded if they met any of the following criteria:
(I) they did not have SCC; (II) there was no pathological
confirmation; (III) this was not the patients first primary
cancer; (IV) if radiotherapy administered, it was no not
beam radiation; (V) patients were treated with both
radiotherapy and surgery; and/or (VI) critical information,
such as treatment modalities, TNM classification, or
pathological grade, was missing. In this study, surgery
included local tumor resection (with or without laser
assistance), hemilaryngectomy, and total laryngectomy (with
or without neck dissection). Radiotherapy included only
external beam radiation. The present study was a cohort
study, and patients were divided into 2 groups based on
whether they received radiotherapy or surgery.

Demographic and clinical characteristics, including age
(categorical variable; >70 and <70 years), sex, race, marital
status, diagnosis time (categorical variable), T stage, and
pathological grade were collected from the database. “SEER
disease-specific death classification” and “SEER other-cause
death classification” codes were used to evaluate cancer-
specific survival (CSS) and other cause—specific survival.
Patients who were lost to follow-up or were still alive at the
last follow-up were defined as censored.

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Because SEER
does not contain information that could identify patients,
this study was deemed to be exempt from review by the
institutional ethics committee of Peking University People’s
Hospital.

Statistical analysis

Because the patients were not randomly assigned in this
retrospective study, the baseline covariates of the 2 groups
might have been unbalanced which could have affected
the evaluation of treatment results. Thus, propensity score
matching (PSM) was used to minimize differences in baseline
characteristics between the 2 groups with the “Nonrandom”
R package. The propensity score (PS) of each patient was
calculated with a logistic regression model that included
the following variables: age, sex, race, insurance status,
pathological grade, T stage, marital status, and diagnosis
time. Each patient in the surgery group was matched 1:1
with a corresponding patient in the radiotherapy group using
a nearest-neighbor PS matching algorithm with a caliper
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Table 1 Demographic and clinical characteristics of the overall
study cohort

Characteristics No. of patients, n (%) n=3,994
Gender

Male 3,573 (89.5)

Female 421 (10.5)

Age (years)

49 and below 385 (9.6)
50-59 907 (22.7)
60-69 1,294 (32.4)
70-79 987 (24.7)
80 and over 421 (10.5)
Race
White 3,363 (84.2)
Black 479 (12.0)
other 152 (3.8)
Marry status
Married 2,622 (65.6)
Single 1,372 (34.4)

Insurance status

Uninsured 22 (0.6)
Insured 718 (18.0)
unknown 3,154 (81.5)

Pathological Grade

Well differentiated 1,200 (30.0)
Moderately differentiated 2,328 (58.3)
Poorly differentiated 448 (11.2)
undifferentiated 18 (0.5)
T stage

T1a 2,026 (50.7)
T1b 382 (9.6)
T1nos 579 (14.5)
T2 1,007 (25.2)

Diagnosis time (years)
2005-2009 1,031 (25.8)
2010-2015 2,963 (74.2)
Treatment modality
Surgery 898 (22.5)
Radiotherapy 3,096 (77.5)
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size of x=0.05. A standardized difference value of <10% after
matching was considered balanced.

Chi-square tests were used to compare baseline
characteristics between the treatment groups before and after
PSM. Kaplan-Meier analysis and log-rank tests were used
to compare survival patterns between groups. According to
a previous report (9), competing risk analysis was performed
with other cause-specific death as a competing risk. Variables
that were significant in univariate analysis at a level of P<0.05
were included in the multivariate analysis. Variables that are
significant in clinical practice, such as diagnosis time, were
also included (10). Cox regression analysis was performed to
calculate adjusted hazard ratios (aHRs) of CSS and overall
survival (OS) before and after PSM. A 2-sided P value <0.05
was considered statistically significant. All analyses were
performed using SPSS version 22.0 IBM Corp., Armonk,
NY, USA) and R version 3.5.2 (The R Foundation for
Statistical Computing, Vienna, Austria).

Results
Patient characteristics and survival analyses before PSM

In all, data for 3,994 patients satisfying the inclusion
criteria were analyzed. The mean (+ SD) patient age was
65+11.4 years, and the median follow-up time was
86 months (interquartile range 51-127 months). Most
patients were male (89.5%), married (65.6%), and White
(84.2%). Just over half the patients were diagnosed with
Tla disease (50.7%); 22.5% (n=898) underwent surgery
and 77.5% (n=3,096) were treated with radiotherapy. The
S-year OS rate was 71.3% (95% CI: 69.9-72.7%), and the
S-year CSS rate was 84.8% (95% CI: 83.6-86%). Detailed
information is provided in Table 1. There were more T2
patients in the radiotherapy than surgery group. Kaplan-
Meier analysis (Figure 1) revealed that the 5-year CSS
was significantly higher for patients in the surgery than in
the radiotherapy group (89.5%, 95% CI: 87.3-91.6% uvs.
83.4%, 95% CI: 82.0-84.7%; log-rank test P<0.001) as was
S-year OS (75.9%, 95% CI: 73.2-78.6% vs. 70%, 95% CI:
68.4-71.5%; log-rank test P=0.001). After stratification by
T stage, age, pathological grade, and sex, surgery remained
significantly associated with prolonged CSS in the T1la,
well/moderately differentiated grade, male sex, and all age
subgroups (Figure S1).

We also performed univariate survival analysis (Table S1)
and further multivariate regression analysis in the overall
cohort (Table S2). Age, sex, race, marital status, T stage, and
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Figure 1 Survival analyses for patients with early glottic cancer before propensity score matching. (A) Overall survival and (B) cancer-

specific survival for patients in the surgery and radiotherapy groups. Dashed and solid lines indicate survival rates, with shaded areas

indicating 95% Cls.

treatment were identified as independent prognostic factors
for OS in multivariate analysis. Patients undergoing surgery
had a 13% reduced risk of death than did those receiving
radiotherapy (aHR 0.87, 95% CI: 0.78-0.97; P=0.015). In
addition, age, race, marital status, T stage, and treatment
remained independent prognostic factors for CSS. Patients
undergoing surgery had a 22% decreased risk of cancer-
specific death than did those receiving radiotherapy (aHR
0.78, 95% CI: 0.65-0.94; P=0.009).

More survival analyses can be found in the supplementary.

Propensity score matching

Before further analysis, patients treated with surgery
were matched with patients treated with radiotherapy
based on their PS. As can be seen in Tuble 2, there were
significant differences in demographic variables and clinical
characteristics between the 2 treatment cohorts. The chi-
square test indicated that patients treated with surgery had a
better T stage (P<0.001), were more likely to be diagnosed
between 2005 and 2009 (P<0.001), and were less likely to be
Black (P=0.004). After matching, there was no statistically
significant difference in covariates between the 2 groups
(P>0.05). The absolute values of standardized differences
in baseline variables were all <10% (Figure 2), suggesting
that the variables between 2 comparator groups were well
balanced after matching.
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Patient characteristics and survival analyses after PSM

PSM generated 898 matched pairs of patients with early
glottic cancer in the surgery and radiotherapy groups
(Table 2). Kaplan-Meier analysis was performed to
investigate the survival curves of the overall cohort. There
was no significant difference in the 5-year OS between
the surgery and radiotherapy groups (75.9%, 95% CI:
73.1-78.6% vs. 71.9%, 95% CI: 68.5-74.4%; log-rank test
P=0.21; Figure 34). In addition, there was no significant
difference in the 5-year CSS between the surgery (89.5%,
95% CI: 87.4-91.6%) and radiotherapy groups (85.3%,
95% CI: 82.9-87.6%; log-rank test P=0.13; Figure 3B).

Univariate analysis was conducted to preliminarily
screen prognostic factors for survival (Table S3). And then
Cox regression analysis after PSM demonstrated that age,
marital status, and T stage were independent risk predictors
for OS and CSS (Table 3). However, treatment modality
was not identified as an independent prognostic factor for
OS (aHR 0.89, 95% CI: 0.78-1.02; P=0.103) or CSS (aHR
0.80, 95% CI: 0.64-1.00; P=0.055). Competing risk analysis
revealed that both cancer-specific mortality and other
causes of mortality were comparable between the surgery
and radiotherapy groups (Figure 3C).

To explore whether the therapeutic effects of the 2
treatment modalities are consistent in patients with early
glottic laryngeal cancer but with different clinical features,
subgroup analyses were conducted (Figure 4 and Figure S2).

Ann Transl Med 2022;10(8):440 | https://dx.doi.org/10.21037/atm-21-5288


https://cdn.amegroups.cn/static/public/ATM-21-5288-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-5288-supplementary.pdf

Annals of Translational Medicine, Vol 10, No 8 April 2022 Page 5 of 12
Table 2 Patient characteristics stratified by treatment modalities before and after propensity score matching
Before PSM After PSM
Characteristics Surgery, n (%) Radiotherapy, n (%) Pvalue Surgery, n (%) Radiotherapy, n (%) P* value
n=898 n=3,096 n=898 n=898

Insurance status 0.32 0.26
Uninsured 3(0.3) 19 (0.6) 3(0.3) 6(0.7)
Insured 160 (17.8) 558 (18.0) 160 (17.8) 150 (16.7)
Unknown 735 (81.8) 2519 (81.3) 735 (81.8) 742 (82.6)

Age (years) 0.291 0.83
49 and below 98 (10.9) 287 (9.3) 98 (10.9) 88 (9.8)
50-59 198 (22.0) 709 (22.9) 198 (22.0) 211 (23.5)
60-69 287 (32.0) 1007 (32.5) 287 (32.0) 295 (32.9)
70-79 209 (23.3) 778 (25.1) 209 (23.3) 207 (23.1)
80 and over 106 (11.8) 315 (10.2) 106 (11.8) 97 (10.8)

Sex 0.088 0.29
Male 789 (87.9) 2,784 (89.9) 789 (87.9) 803 (89.4)
Female 109 (12.1) 312(10.1) 109 (12.1) 95 (10.6)

Race 0.004 0.91
White 779 (86.7) 2,584 (83.5) 779 (86.7) 773 (86.1)
Black 80 (8.9) 399 (12.9) 80 (8.9) 85 (9.5)
other 39 (4.3) 113 (3.6) 39 (4.3) 40 (4.5)

Pathological grade 0.309 0.73
Well differentiated 292 (32.5) 908 (29.3) 292 (32.5) 284 (31.6)
Moderately 501 (55.8) 1827 (59.0) 501 (55.8) 517 (57.6)
differentiated
Poorly differentiated 101 (11.2) 347 (11.2) 101 (11.2) 91 (10.1)
Undifferentiated 4(0.4) 14 (0.5) 4 (0.4) 6(0.7)

T stage <0.001 0.82
T1a 521 (58.0) 1,505 (48.6) 521 (58.0) 536 (59.7)
T1b 69 (7.7) 313 (10.1) 69 (7.7) 60 (6.7)
T1nos 143 (15.9) 436 (14.1) 143 (15.9) 141 (15.7)
T2 165 (18.4) 842 (27.2) 165 (18.4) 161 (17.9)

Marital status 0.524 0.58
Single 300 (33.4) 1,072 (34.6) 300 (33.4) 289 (32.2)
Married 598 (66.6) 2,024 (65.4) 598 (66.6) 609 (67.8)

Diagnosis time (year) <0.001 0.80
2005-2009 304 (33.9) 727 (23.5) 304 (33.9) 299 (33.3)
2010-2015 594 (66.1) 2,369 (76.5) 594 (66.1) 599 (66.7)

*, Chi-square test. T1nos, T1 not specific; PSM, propensity score matching.
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In patients aged >70 years, surgery was associated with
significantly improved survival compared with radiotherapy
(5-year CSS 84.5%, 95% CI: 80.6-88.4% vs. 77.4%,
95% CI: 72.3-82.4%; P=0.009; Figure 4B). There was no
significant difference in OS curves between the surgery
and radiotherapy groups (P=0.12; Figure 4C). Competing
risk analysis confirmed a tendency for a higher incidence
of cancer-associated death among patients who received
radiotherapy (P=0.01), with no significant difference in
mortality due to other causes (P=0.33; Figure 4D).

We next performed univariate survival analysis (Table S4)
and further multivariate survival analysis (7zble 4) in patients
aged >70 years after PSM. Multivariate survival analysis
revealed that, in patients aged >70 years, age, T stage, and
treatment modality were independent prognostic factors
for CSS. For patients aged >70 years, the risk of death from
cancer was significantly lower among patients undergoing
surgery than among those receiving radiotherapy (aHR
=0.61, 95% CI: 0.43-0.87; P=0.006). However, treatment
modality was not an independent predictor of OS in this

© Annals of Translational Medicine. All rights reserved.

subgroup of patients (aHR =0.85, 95% CI: 0.70-1.04;
P=0.118). In patients aged <70 years, there were no
significant differences in survival outcomes between the 2
treatment groups (Figure 44). In addition, there were no
significant differences in survival curves for the 2 treatment
groups in the male/female, all T stage, or pathological grade
subgroups (Figure S2).

Discussion

In the present study, we analyzed the survival of 3994 patients
with early glottic SCC treated with surgery or radiotherapy.
We found no clear evidence that a given treatment method
was associated with improved survival in the overall cohort.
However, surgery was associated with improved CSS in
patients aged >70 years.

The demographic and clinical characteristics of this
cohort are similar to those in previous studies (11-13). The
mean (+ SD) age of the present cohort was 65+11.4 years,
and the ratio of males to females was approximately 8.5:1.
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and radiotherapy groups. Dashed and solid lines indicate survival rates, with shaded areas indicating 95% confidence intervals. (C) Competing risk analysis for patients in the

surgery and radiotherapy groups.
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T1-stage disease accounted for 75% of the early stage
glottic cancers, and most of the study cohort was White
(84.3%). Not only may patient-related variables affect
treatment choice, but there is increasing evidence that
these variables also affect survival outcomes in patients with
cancer (14,15). Chen et 4l. demonstrated that socioeconomic
condition, insurance status, and race/ethnicity may affect
treatment choice in patients with early stage laryngeal
cancer (16). Another study of early-stage laryngeal cancer
reported that patients treated with radiation therapy were
more likely to be older and have a worse T stage (17). In
the present study, patients treated with radiotherapy had
a worse T stage, were more likely to be Black, and were
more likely to have been recently diagnosed (2010-2015),
suggesting a trend towards poor prognosis. Simple
retrospective and population-based analyses may not be able
to overcome these inherent biases in the different treatment
arms. Consequently, PSM was used in the present study
to balance the important patient-related characteristics.
Our results indicate that the cofounding factors in the 2
treatment arms were well balanced after matching.

To date, only 1 randomized controlled trial has compared
open surgery with radiotherapy in terms of the oncological
outcomes of early glottic cancer (18). In that study, there
was no significant difference in 5-year disease-free survival
in the overall cohort, but the open surgery strategy showed a
survival benefit in patients with T2 stage disease. However,
the conclusions in that study are limited because of potential
bias and the small sample size. Many retrospective studies,
systemic reviews, and meta-analyses have investigated
oncological outcomes following open surgery versus
radiotherapy for early glottic cancer. Higgins ez 4/. showed
higher OS for transoral surgery compared with radiotherapy
in a meta-analysis of 7,600 patients with early glottic
cancer (19). In a meta-analysis of more than 1000 patients
with early glottic cancer, Guimaries e 4/. found a trend
favoring transoral laser surgery with improved CSS, OS,
and larynx preservation compared with radiotherapy (20).
Patients with T2 stage diseases often have a more
unfavorable prognosis than do those with T1 stage diseases,
regardless of treatment option. A meta-analysis from Warner
et al. examined the local control rate in 1,159 patients with
T2 stage glottic cancer and found no difference between
radiotherapy and surgery (21). To summarize, most of the
recent literature favors surgery, as it shows slightly better
survival outcomes compared to radiotherapy. However,
these analyses were inherently biased by patient selection.
Similar to previous reports (12,17), our analyses performed
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Table 3 Multivariate survival analysis for patients with early glottic cancer after propensity score matching

Overall survival

Cancer-specific survival

Characteristic
aHR (95% Cl) P value aHR (95% Cl) P value
Insurance status 0.184 0.83
Uninsured Reference Reference
Insured 0.49 (0.15-1.57) 0.90 (1.12-6.67)
Unknown 0.59 (0.19-1.87) 1.00 (1.14-7.29)
Age <0.001 <0.001
49 and below Reference Reference
50-59 2.49 (1.65-3.77) 2.20 (1.20-4.01)
60-69 4.32 (2.90-6.40) 3.18 (1.77-5.69)
70-79 6.33 (4.26-9.39) 4.13 (2.29-7.45)
80 and over 12.16 (8.09-18.26) 0.05 6.48 (3.48-1.20) 0.094
Sex: men vs. female 1.25 (1.00-1.57) 1.41 (0.94-2.12)
Race 0.119 0.272
black Reference Reference
White 0.95 (0.75-1.20) 0.77 (0.54-1.08)
Other 0.67 (0.45-1.00) <0.001 0.68 (0.37-1.25) 0.001
Marital status: married vs. single 0.68 (0.59-0.79) 0.68 (0.54-0.86)
Grade 0.067 0.106
Well Reference Reference
Moderately 1.07 (0.92-1.25) 1.20 (0.92-1.56)
Poorly 1.37 (1.08-1.73) 1.60 (1.10-2.34)
Undifferentiated 1.12 (0.53-2.38) 1.35 (0.42-4.30)
T stage <0.001 <0.001
T1a Reference Reference
T1b 1.67 (1.33-2.11) 2.53 (1.78-3.61)
T1nos 1.15 (0.94-1.41) 1.17 (0.82-1.68)
T2 1.51 (1.27-1.81) 2.48 (1.89-3.24)
Diagnosis time: 2005-2009 vs. 2010-2015 1.09 (0.93-1.27) 0.265 1.12 (0.95-1.33) 0.33
Treatment 0.103 0.055
Radiotherapy Reference Reference
Surgery 0.89 (0.78-1.02) 0.80 (0.64-1.00)

aHR, adjusted hazard ratio; T1nos, T1 not specific.

© Annals of Translational Medicine. All rights reserved.
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Figure 4 Survival analyses for patients with early glottic cancer stratified by age after propensity score matching. (A,B) Cancer-specific

survival in patients aged <70 (A) and >70 years (B). (C) Overall survival in patients aged >70 years. Dashed and solid lines indicate survival

rates, with shaded areas indicating 95% Cls. (D) Competing risk analysis for patients aged >70 years.

without PSM indicated that patients treated with surgery
had better OS and CSS outcomes than did patients treated
with radiotherapy. Furthermore, this survival trend favoring
surgery was also evident in the T1a, male, well/moderately
differentiated grade, and all age subgroups. Surgery seems
to improve the survival of patients with early glottic cancer
better than radiotherapy based on our preliminary analyses.
However, after PSM, there was no significant difference in
OS and CSS between the surgery and radiotherapy groups
for patients with early glottic cancer. Further subgroup
analyses stratified by T stage, sex, and pathological grade
also revealed comparable survival outcomes between the 2
treatment methods.

The management of older adult patients with laryngeal
cancer is complex. Although approximately 25% of head
and neck cancers occur in patients aged >65 years (22),
these patients are rarely enrolled in clinical trials. Older
adult patients often have multiple comorbidities, poor

© Annals of Translational Medicine. All rights reserved.

performance status, and a relatively low tolerance to
treatment, restricting their suitability for aggressive
treatment approaches. A meta-analysis by Bourhis et 4l
investigated the outcomes of head and neck cancer
patients treated with hyperfractionated and accelerated
radiotherapy (23). In that study, older adult patients
were less likely to benefit from radiotherapy than were
younger patients in terms of OS, cancer-related survival,
and local control rate. Another large retrospective cohort
study reported decreased CSS in older adult compared
with younger patients after radiotherapy treatment (24).
In contrast, many studies have analyzed the survival of
older adult patients after surgery and demonstrated no
significant effect of age on treatment efficacy (25,26). In
the present study, cancer-related survival was significantly
improved in older adult patients with early glottic cancer
who underwent surgery compared with those who received
radiotherapy. This superiority of surgery was not seen in

Ann Transl Med 2022;10(8):440 | https://dx.doi.org/10.21037/atm-21-5288
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Table 4 Multivariate survival analysis for patients aged 70 years and older after propensity score matching

Overall survival

Cancer-specific survival

Characteristic

aHR (95% Cl) P value aHR (95% Cl) P value
Age (years) <0.001 0.016
70-80 Reference Reference
80 and above 1.90 (1.55-2.33) 1.55 (1.08-2.23)
T stage 0.024 <0.001
T1a Reference Reference
T1b 1.58 (1.14-2.18) 2.32 (1.37-3.92)
Tinos 1.22 (0.91-1.63) 1.50 (0.90-2.49)
T2 1.26 (0.95-1.67) 2.25 (1.45-3.49)
Treatment 0.118 0.006
Radiotherapy Reference Reference
Surgery 0.85 (0.70-1.04) 0.61 (0.43-0.87)

Only variables with P value <0.05 were included in this table. aHR, adjusted hazard ratio; T1nos, T1 not specific.

younger patients. OS was similar between the 2 treatment
methods in older adult patients. This may be due, in part, to
most patients with laryngeal cancer dying from non—cancer-
related diseases, the incidences of which did not differ
significantly between the 2 treatment arms, as shown by our
competing risk analyses.

Notably, 66.7% and 54.5% of the deaths of patients with
stage I and stage II diseases, respectively, were not related to
laryngeal carcinoma (27). One study reported that radiation
increased the occurrence of cerebrovascular disease in
laryngeal cancers (28), whereas another study indicated that
radiotherapy was related to an increased risk of developing
secondary cancers overall, especially head and neck cancers
and lung cancer (29). In the present study, there was no
significant difference in mortality from other causes in
patients who received radiotherapy compared with those
who underwent surgery. The results were the same for older
adult patients, who may have a poorer performance status,
more comorbidities, and a poorer tolerance to treatment.
Radiotherapy is relatively safe in early glottic carcinoma,
and this may be related to the smaller field of radiotherapy.
The radiotherapy field for other head and neck cancers or
advanced laryngeal cancers includes the bilateral elective
cervical lymph nodes (30,31), whereas the radiotherapy
field of early glottic cancer is limited to the laryngeal
box (32). Currently, more advanced intensity-modulated
radiation therapy technology allows for a reduced dose to

© Annals of Translational Medicine. All rights reserved.

other important structures, such as the carotid artery (33).
Because of the lack of detailed information about
radiotherapy in the SEER database, we cannot further
analyze which radiotherapy pattern is safe and effective.
This study has several limitations. First, there was an
inherent patient selection bias in retrospective studies.
Patients in the surgery group had a better T stage, were
more likely to be diagnosed between 2005 and 2009, and
were less likely to be Black, which might have led to a better
prognosis. Despite improvements in methods balancing the
baseline covariates, bias could not be completely overcome
considering that a number of variables significantly related
to survival, such as comorbidities and performance status,
were not available from the database. Second, detailed
information, such as the radiotherapy regimen and whether
the surgery performed was TLM or open surgery, was
not provided in the database. Currently, TLM has largely
replaced open surgery in early-stage laryngeal cancer due to
its minimal invasiveness. Many studies have demonstrated
similar OS and local control rates between the 2 methods
for early laryngeal cancer (34,35). However, open surgery
may be better for lesions with deep infiltration (35).
In the present study, both open surgery and TLM were
categorized as part of the single “surgery” group. It
would have been more meaningful if the analysis had
been performed comparing just TLM and radiotherapy.
In addition, T2b lesions have poorer local control rates

Ann Transl Med 2022;10(8):440 | https://dx.doi.org/10.21037/atm-21-5288
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and survival outcomes compared with general T2-stage
diseases (21). The lack of detailed data regarding tumor
characteristics and treatment regimens hampers our further
research on this topic. Thus, high-quality randomized
controlled trials are still needed to validate our results.

Conclusions

In conclusion, this study has demonstrated that, in
patients with early glottic SCC, there is no sufficient
evidence favoring surgery over radiotherapy in terms of
survival. However, patients aged >70 years might benefit
from surgery with improved CSS. Yet, considering the
inherent limitations of our retrospective study, randomized
clinical trials with more rigorous criteria and specialized
populations are still needed for a solid conclusion.
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Table S1 Univariate survival analysis for patients with early glottic cancer before propensity scores matching

Characteristic

Overall survival

Cancer-specific survival

HR (95% CI) P value HR (95% ClI) P value

Insurance status 0.67 0.61

Uninsured Reference Reference

Insured 0.96 (0.45-2.05) 0.926 0.64 (0.26-1.57) 0.335

Unknown 1.03 (0.49-2.17) 0.937 0.68 (0.28-1.65) 0.395
Age <0.001 <0.001

49 and below Reference Reference

50-59 1.70 (1.33-2.18) <0.001 1.46 (1.05-2.05) 0.023

60-69 2.91 (2.31-3.67) <0.001 2.13 (1.56-2.91) <0.001

70-79 4.31 (3.42-5.43) <0.001 2.46 (1.78-3.38) <0.001

80 and over 8.29 (6.50-10.6) <0.001 3.72 (2.62-5.27) <0.001
Sex: men vs. female 1.20 (1.03-1.39) 0.017 1.25 (0.98-1.59) 0.06
Race 0.079 0.005

Black Reference Reference

White 0.94 (0.82-1.07) 0.359 0.71 (0.59-0.87) 0.001

Other 0.74 (0.56-0.97) 0.029 0.73 (0.49-1.07) 0.106
Marital status: married vs. single 0.71 (0.65-0.78) <0.001 0.69 (0.60-0.79) <0.001
Pathological grade 0.005 0.004

Well Reference Reference

Moderately 1.08 (0.98-1.20) 0.10 1.23 (1.04-1.44) 0.015

Poorly 1.27 (1.09-1.48) 0.002 1.51 (1.20-1.91) 0.001

Undifferentiated 1.79 (1.03-3.11) 0.038 1.82 (0.75-4.42) 0.187
T stage <0.001 <0.001

T1a Reference Reference

Tib 1.53 (1.32-1.76) <0.001 2.23 (1.79-2.76) <0.001

T1nos 1.02 (0.88-1.78) 0.786 1.08 (0.85-1.37) 0.534

T2 1.50 (1.35-1.67) <0.001 2.33(1.98-2.73) <0.001
Diagnosis time: 2005-2009 vs. 2010-2015 1.03 (0.93-1.14) 0.56 1.17 (0.99-1.37) 0.06

Treatment 0.001 <0.001

Radiotherapy Reference Reference

Surgery 0.84 (0.75-0.93) 0.001 0.72 (0.60-0.86) <0.001

AHR, adjusted hazard ratio.
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Table S2 Multivariate survival analysis for patients with early glottic cancer before propensity scores matching

Characteristic

Overall survival

Cancer-specific survival

AHR (95% ClI) P value AHR (95% ClI) P value
Insurance status
Uninsured Reference 0.231 Reference 0.306
Insured 0.62 (0.29-1.32) 0.53 (0.22-1.31)
Unknown 0.69 (0.32-1.45) 0.58 (0.24-1.42)
Age
49 and below Reference <0.001 Reference <0.001
50-59 1.68 (1.31-2.15) 1.42 (1.03-2.00)
60-69 2.95 (2.34-3.71) 2.14 (1.56-2.93)
70-79 4.44 (3.52-5.60) 2.58 (1.87-3.56)
80 and over 8.63 (6.76-11.0) 3.97 (2.80-5.64)
Sex: men vs. female 1.26 (1.08-1.48) 0.002 1.26 (0.98-1.61) 0.065
Race
Black Reference 0.017 Reference 0.022
White 0.89 (0.78-1.02) 0.76 (0.62-0.92)
Other 0.67 (0.51-0.88) 0.75 (0.51-0.91)
Marital status: married vs. single 0.71 (0.65-0.78) <0.001 0.72 (0.62-0.83) <0.001
Pathological grade
Well Reference 0.286 Reference 0.207
Moderately 1.01 (0.92-1.12) 1.09 (0.92-1.28)
Poorly 1.15(0.98-1.13) 1.28 (1.01-1.62)
Undifferentiated 1.19 (0.68-2.06) 1.30 (0.53-3.17)
T stage
T1a Reference <0.001 Reference <0.001
Tib 1.43 (1.24-1.65) 2.06 (1.65-2.56)
T1nos 1.04 (0.90-1.20) 1.08 (0.85-1.37)
T2 1.55 (1.39-1.72) 2.27 (1.93-2.67)
Diagnosis time: 2005-2009 vs. 2010-2015 1.01 (0.90-1.12) 0.859 1.11 (0.94-1.31) 0.20
Treatment
Radiotherapy Reference 0.015 Reference 0.009
Surgery 0.87 (0.78-0.97) 0.78 (0.65-0.94)

AHR, adjusted hazard ratio.
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Table S3 Univariate survival analysis for patients with early glottic cancer after propensity scores matching

Characteristic

Overall survival

Cancer-specific survival

AHR (95% ClI) P value AHR (95% ClI) P value

Insurance status 0.475 0.998

Uninsured Reference Reference

Insured 0.71 (0.22-2.23) 0.553 1.03 (0.12-7.50) 0.975

Unknown 0.81 (0.26-2.51) 0.710 1.02 (0.14-7.29) 0.983
Age <0.001 <0.001

49 and below Reference Reference

50-59 2.54 (1.69-3.83) <0.001 2.44 (1.33-4.45) 0.004

60-69 4.30 (2.91-6.34) <0.001 3.36 (1.89-5.98) <0.001

70-79 6.17 (4.17-9.14) <0.001 4.04 (2.45-7.27) <0.001

80 and over 11.6 (7.72-17.3) <0.001 6.44 (3.48-11.9) <0.001
Sex: men vs. female 1.19 (0.95-1.48) 0.11 1.43 (0.96-2.12) 0.06
Race 0.30 0.06

black Reference Reference

white 0.87 (0.70-1.09) 0.252 0.65 (0.47-0.91) 0.01

Other 0.74 (0.50-1.10) 0.138 0.68 (0.38-1.24) 0.21
Marital status: married vs. single 0.73 (0.64-0.84) <0.001 0.72 (0.57-0.90) 0.005
Pathological grade 0.04 0.02

well Reference Reference

moderately 1.11 (0.95-1.29) 0.174 1.32 (1.01-1.71) 0.038

Poorly 1.36 (1.08-1.71) 0.009 1.71 (1.18-2.49) 0.004

Undifferentiated 1.83 (0.86-3.88) 0.114 2.29 (0.72-7.25) 0.159
T stage <0.001 <0.001

T1a Reference Reference

Tib 1.83 (1.45-2.30) <0.001 2.69 (1.89-3.83) <0.001

T1nos 1.03 (0.84-1.26) 0.774 1.12 (0.78-1.59) 0.529

T2 1.45 (1.22-1.73) <0.001 2.46 (1.89-3.21) <0.001
Diagnosis time: 2005-2009 vs. 2010-2015 1.07 (0.92-1.24) 0.371 1.43 (1.11-1.84) 0.005
Treatment 0.21 0.126

Radiotherapy Reference Reference

Surgery 0.92 (0.80-1.05) 0.21 0.84 (0.67-1.05) 0.126

AHR, adjusted hazard ratio.
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Table S4 Univariate survival analysis for patients aged 70 years and older with early glottic cancer after propensity scores matching

Characteristic

Overall survival

Cancer-specific survival

AHR (95% ClI) P value AHR (95% ClI) P value

Insurance status 1.27 (0.93-1.75) 0.126 0.89 (0.56-1.42) 0.64
Unknown vs. insured
Age

80 and over vs. 70-79 1.90 (1.55-2.32) <0.001 1.56 (1.09-2.23) 0.015
Sex: men vs. female 1.08 (0.80-1.47) 0.596 0.98 (0.59-1.64) 0.95
Race 0.435 0.378

Black Reference Reference

White 1.06 (0.74-1.52) 0.735 0.68 (0.40-1.17) 0.166

Other 0.79 (0.44-1.41) 0.424 0.84 (0.36-1.98) 0.692
Marital status: married vs. single 0.76 (0.62-0.94) 0.01 0.75 (0.53-1.07) 0.12
Pathological grade 0.63 0.44

well Reference Reference

moderately 1.02 (0.83-1.27) 0.829 1.35(0.91-2.00) 0.132

Poorly 1.18 (0.83-1.67) 0.345 1.34 (0.71-2.52) 0.371

Undifferentiated 1.54 (0.68-3.50) 0.297 1.83 (0.44-7.58) 0.401
T stage 0.05 0.001

T1a Reference Reference

T1b 1.55 (1.12-2.14) 0.009 2.26 (1.34-3.82) 0.002

T1nos 1.16 (0.87-1.55) 0.304 1.45 (0.87-2.40) 0.147

T2 1.21 (0.92-1.61) 0.176 2.15(1.40-3.34) 0.001
Diagnosis time: 2005-2009 vs. 2010-2015 1.05 (0.85-1.30) 0.62 1.45 (0.98-2.12) 0.06
Treatment 0.123 0.009

Radiotherapy Reference Reference

Surgery 0.86 (0.71-1.04) 0.123 0.63 (0.45-0.89) 0.009

AHR, adjusted hazard ratio.
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