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Abstract

Purpose: To explore the discrepancy in clinicopathological and prognostic features between smoking and alcohol drinking (SA) and
non-smoking and non-alcohol drinking (NSNA) patients with laryngeal squamous cell carcinoma (LSCC). Methods: This retrospec-
tive study including 1735 patients with LSCC was conducted from January 2005 to December 2010, which were categorized into 4
groups, NSNA group, smoking only group, alcohol-drinking only group, and SA group. We compared overall survival (OS) and dis-
ease-free survival (DFS) using the Kaplan—Meier method and indicated clinicopathological features by Cox proportional hazards
regression models before and after propensity score matching (PSM). Results: A total of 415 patients (23.92%) were identified
as NSNA. The SA group was predominantly patients <60 years old (46.63%) while the NSNA group was more older (58.07%).
NSNA group was more likely to present at earlier disease stage and more female. No significant difference in OS (P=.685) and
DFS (P=.976) was found between the 2 groups. In addition to age and recurrence and metastasis being common independent prog-
nostic factors in terms of OS in both groups of patients, NSNA group also exhibited other factors, namely tumor area >3.7 cm? and
positive resection margin. For DFS, N + stage, tumor size >3.7 cm?, and positive resection margin were prognostic features specific to
NSNA group. Conclusion: The outcome is similar in LSCC patients with and without SA. NSNA group shows a distinct profile from
that found in SA group. Clinicopathological features from NSNA group should be considered for LSCC management.

Keywords
non-alcohol drinking, non-smoking, laryngeal squamous cell carcinoma, oncological outcome, epidemiological feature

Abbreviations

AUC, area under the curve; CHP, cricohyoidopexy; CHEP, cricohyoidoepiglottopexy; DFS, disease-free survival; LSCC, laryngeal
squamous cell carcinoma; NSNA, non-smoking and non-alcohol drinking; OS, overall survival; PSM, propensity score matching;
ROC, receiver operating characteristic; SA, smoking and alcohol drinking

Received: August 6, 2022; Revised: September 5, 2022; Accepted: September 27, 2022.

R " Department of Otorhinolaryngology, Eye & ENT Hospital, Fudan University,
Introduction Shanghai, China

Laryngeal squamous cell carcinoma (LSCC) is strongly associated  +The authors Qiang Huang, Yang Guo, and Yujie Shen contributed equally to
with tobacco smoking and alcohol consumption, with a multipli-  this work.

cative effect between the two.'™ During the past 2 decades, .

R . . Corresponding Authors:
with ﬂ'le rising awareness of tobacco SmOkl‘ng and alC_OhOI con- Hongli Gong, MD, Department of Otorhinolaryngology, Eye & ENT Hospital,
sumption’s adverse health effects, along with the achievements  Fudan University, Shanghai 200031, China.
of tobacco and alcohol-control programs, we have witnessed a  Email: gonghlent@126.com

. 34

globa? decrease in tobacco and alcohol use.”™ The reportejd Liang Zhou, MD, Department of Otorhinolaryngology, Eye & ENT Hospital,
smoking rate among adults decreased by 25.8% from 20.9% in  Fudan University, Shanghai 200031, China.
2005 to 15.5% in 2016.% Moreover, the age-standardized mortality  Email: zhoulent@126.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).



https://orcid.org/0000-0002-5455-9454
mailto:gonghlent@126.com
mailto:zhoulent@126.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/tct

2 Technology in Cancer Research & Treatment

Table 1. Demographics of all Patients Based on 4 Subgroups Before Propensity Score Matching (PSM) (N =1735).

NSNA SA Smoking only  Alcohol-drinking only
Variables n (%) n (%) n (%) n (%) P value-1 P value-2
Total 415 (23.92) 809 (46.63) 486 (28.01) 25 (1.44)
Age (years) <.0001 <.0001
<60 174 (41.93) 467 (57.73) 247 (50.82) 11 (44)
>60 241 (58.07) 342 (42.27) 239 (49.18) 14 (56)
Gender <.0001 <.0001
Female 29 (6.99) 10 (1.24) 5(1.03) 14
Male 386 (93.01) 799 (98.76) 481 (98.97) 24 (96)
Precancerous lesions 5113 4121
No 391 (94.22) 771 (953) 467 (96.09) 23 (92)
Yes 24 (5.78) 38 (4.7) 19 (3.91) 2 (8)
Preoperative chemoradiotherapy .6799 4467
No 407 (98.07) 798 (98.64) 476 (97.94) 25 (100)
Yes 8 (1.93) 11 (1.36) 10 (2.06) 0 (0)
Preoperative tracheotomy 4563 2519
No 373 (89.88) 743 (91.84) 435 (89.51) 22 (88)
Yes 42 (10.12) 66 (8.16) 51 (10.49) 3(12)
Primary tumor site 0474 .0039
Supraglottic 74 (17.83) 193 (23.86) 103 (21.19) 7 (28)
Glottic 331 (79.76) 610 (75.40) 378 (77.78) 18 (72)
Subglottic 10 (2.41) 6 (0.74) 5(1.03) 0 (0)
Surgery operation 3720 3388
Total laryngectomy 177 (42.65) 382 (47.22) 246 (50.62) 15 (60)
Vertical hemilaryngectomy 132 (31.81) 258 (31.89) 146 (30.04) 7 (28)
Supraglottic horizontal partial laryngectomy 9(2.17) 19 (2.35) 13 (2.67) 1(4)
CHEP 47 (11.33)  85(10.51) 49 (10.08) 14
CHP 6 (1.45) 8 (0.99) 1(0.21) 0 (0)
CO, laser resection 43 (10.36) 54 (6.67) 28 (5.76) 14
Partial frontal laryngectomy 1(0.24) 3(0.37) 3 (0.62) 0 (0)
T stage .0061 0109
Tl 119 (28.67) 164 (20.27) 101 (20.78) 2 (8)
T2 153 (36.87) 340 (42.03) 178 (36.63) 9 (36)
T3 109 (26.27) 238 (29.42) 159 (32.72) 9 (36)
T4 34 (8.19) 67 (8.28) 48 (9.88) 5 (20)
N stage 3356 1714
NO 370 (89.16) 686 (84.80) 418 (86.01) 22 (88)
N1 16 (3.86) 41 (5.07) 28 (5.76) 0 (0)
N2 27 (6.51) 72 (8.90) 32 (6.58) 3(12)
N3 2 (0.48) 10 (1.24) 8 (1.65) 0 (0)
Clinical stage 0133 0056
I 118 (28.43) 159 (19.65) 101 (20.78) 2 (8)
I 138 (33.25) 310(38.32) 163 (33.54) 9 (36)
I 102 (24.58) 208 (25.71) 139 (28.6) 7 (28)
v 57 (13.73) 132 (16.32) 83 (17.08) 7 (28)
Maximum diameter of tumor (cm) 1130 0164
<2 270 (65.06) 469 (57.97) 299 (61.52) 15 (60)
>2 145 (34.94) 340 (42.03) 187 (28.48) 10 (40)
Tumor volume (cm’) 1320 0187
<3 322 (77.59) 577 (71.32) 357 (73.46) 19 (76)
>3 93 (22.41) 232 (28.68) 129 (26.54) 6 (24)
Tumor area (cm?) 1276 0173
<3.7 290 (69.88) 510 (63.04) 316 (65.02) 16 (64)
>3.7 125 (30.12) 299 (36.96) 170 (34.98) 9 (36)
Resection margin .0684 .0213
Negative 321 (77.35) 576 (71.20) 369 (75.93) 17 (68)
Positive 94 (22.65) 233 (28.80) 117 (24.07) 8 (32)
Pathological grading 4804 2482
Well and moderately differentiated 405 (97.59) 797 (98.52) 476 (97.94) 24 (96)

(continued)
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Table 1. (continued)
NSNA SA Smoking only  Alcohol-drinking only
Variables n (%) n (%) n (%) n (%) P value-1 P value-2
Poorly differentiated 10 (2.41) 12 (1.48) 12 (2.47) 14)
Postoperative complications 2355 .0492
No 384 (92.53) 720 (89.00) 442 (90.95) 23 (92)
Yes 31 (7.47) 89 (11.00) 44 (9.05) 2 (8)
Treatments .0008 .0004
Surgery 373 (89.88) 665 (82.20) 427 (87.86) 23 (92)
Surgery + postoperative adjuvant therapy 42 (10.12) 144 (17.80) 59 (12.14) 2 (8)
Recurrence and metastasis 4904 1750
No 360 (86.75) 678 (83.81) 415 (85.39) 20 (80)
Yes 55(13.25) 131 (16.19) 71 (14.61) 5(20)

P value-1, statistical differences among the 4 subgroups; P value-2, statistical differences in the NSNA group versus the SA group.
Abbreviations: CHP, cricohyoidopexy; CHEP, cricohyoidoepiglottopexy; NSNA, non-smoking and non-alcohol drinking; SA, smoking and alcohol drinking.

rate of alcohol-related LSCC decreased by 1.78% per year,
whereas the death number has increased by 29.2% during the
study period.* Overall, the 5-year relative survival rate improved
from 52.7% to 65.9% for patients with head and neck cancers in
recent years. However, no change in survival was observed for
patients with LSCC.® This suggests that smoking and drinking
are not the only potential risk factors affecting patient outcomes.

It has been reported that non-smoking, non-alcohol drinking
(NSNA) patients are 2 distinct subpopulations from smoking
and alcohol drinking (SA) patients.”” Results from the current
few studies have been controversial whether smoking and
alcohol consumption have negative effects on the prognosis of
patients, and whether the clinicopathological features of
NSNA and SA patients are consistent, with some studies point-
ing out both smoking and drinking were linked to a higher risk
of death,”'” while other studies showed that the prognosis of
NSNA patients is no different from that of SA patients.'' "
Therefore, it is imperative to recruit a large cohort of LSCC
patients with or without traditional risk factors of smoking and
alcohol consumption to confirm this prognostic role.

For the analysis of the effects of smoking and drinking on
LSCC patients, there are often a variety of interferences
brought by clinicopathological features and sociodemographic
characteristics that affect the prognosis of patients. There
were few reports in the past and the sample size was inadequate.
Therefore, survival outcomes remain controversial and inde-
pendent prognostic factors are rarely revealed. Herein, we retro-
spectively collected data from 1224 patients with LSCC who
underwent primary surgical treatment between January 2005
and December 2010. The study focused on demographic, clin-
ical outcomes, and prognostic factors associated with or without
smoking and alcohol consumption.

Materials and Methods

Study Population

The clinical data of 1735 consecutive LSCC patients con-
firmed by postoperative pathological analysis in the

Department of Otorhinolaryngology, Eye & ENT Hospital,
Fudan University from January 2005 to December 2010
were retrospectively analyzed. All patients received primary
surgical treatment with or without adjuvant therapy.
Multidisciplinary teams discuss diagnosis and alternative
treatment options with patients and their families to help
them make treatment decisions. All patients provided written
informed consent to participate in the analysis of clinical
data. All patients were followed up and their vital status at
the last follow-up was recorded. This study is a retrospective
study. Only the clinical data of the patients was collected,
and the treatment plan of the patients was not intervened.
The researchers will try their best to protect the information
provided by patients from disclosing their personal privacy.
The researchers have de-identified all patient details. The
Ethics Committee of Eye & ENT Hospital deemed this study
exempt from review.

Definition of Variables and Data Collection

All variables based on sociodemographic, clinical, and histo-
pathological data and surgical treatment were recorded.
Demographic characteristics (ie, age, gender, etc.) and lifestyle
habits (including SA status) data were collected via self-
reported questionnaires distributed at admission. Patients were
asked to report the total number of years of smoking and the
average level of cigarette consumption per day. In the area of
alcohol consumption, information was collected on the
average number of drinks per week and the total number of
years of drinking. Smokers were defined as those who had
smoked at least 10 pack-years cigarettes in their lives.
Patients were considered to be drinkers if they drank at least
one drink per week continuously for at least 6 months.
Patients were then categorized into 4 groups, NSNA group,
smoking only group, alcohol-drinking only group, and SA
group. TNM staging was determined according to the AJCC
staging classification (seventh edition, 2010). Clinical
follow-up of patients after treatment was performed termly.
Three pathological parameters, tumor length (L), tumor width
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Figure 1. Kaplan—Meier curves pertaining to the overall survival (OS) and disease-free survival (DFS) in laryngeal squamous cell carcinoma
(LSCC) patients grouped based on alcohol and tobacco consumption. (A-B) OS rates and DFS rates of 4 groups of patients before propensity
score matching (PSM). (C-D) OS rates and DFS rates of SA patients and NSNA patients after PSM. The survival curves were defined by the
Kaplan—Meier method and the tests of survival rates between any 2 groups were performed by log-rank (Mantel-Cox) test.

Abbreviations: NSNA, non-smoking and non-alcohol drinking; SA, smoking and alcohol drinking.

(W), and tumor height (H), were used to determine the tumor
size. The following formulas have been widely used and con-
firmed previously.'*!'> The formula for tumor diameter was
determined using the maximum dimension of the tumor mass:
tumor diameter = L. The formula for tumor area was determined
by multiplying the tumor length by the tumor width: tumor area
=L X W. The formula for tumor volume was determined using
the ellipsoid volume calculation: tumor volume =7/6 X L x W
X H. Postoperative complications were defined as the occur-
rence of one or more of the following: laryngostenosis, granu-
lation tissue, infection of incisional wound, incision bleeding,
aspiration pneumonia, pharyngeal fistula, and tracheostomal
stenosis.

Follow-up Time and Protocol

All time-to-events were calculated from the date of initial surgical
treatment, and the overall survival (OS) and disease-free survival
(DFS) were the endpoints of the survival outcome analyses.
Clinic or telephone follow-ups were the main methods for
follow-up. The rate of lost to follow-up is 8.4%. The follow-up
period is 12 months. Follow-up continued until death, loss to
follow-up, or the last follow-up date of November 2017.

Statistical Analysis

Ten-year OS and DFS were calculated using the Kaplan—-Meier
method and log-rank (Mantel-Cox) test and were selected for the
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Table 2. Demographics of the Patients in the NSNA Group Versus the
SA Group After Propensity Score Matching (PSM) (N =666).

NSNA SA P
Variables n (%) n (%) value
Total 333 333
Age (years) .6399
<60 145 151
(43.54) (45.35)
>60 188 182
(56.46) (54.65)
Gender >.9999
Female 5(1.5) 6 (1.8)
Male 328 327
(98.5) (98.2)
Precancerous lesions .8621
No 316 315
(94.89) (94.59)
Yes 17 (5.11) 18 (5.41)
Preoperative chemoradiotherapy .7249
No 328 330
(98.5) (99.1)
Yes 5(1.5) 3(9)
Preoperative tracheotomy 3734
No 295 302
(88.59) (90.69)
Yes 38 31 (9.31)
(11.41)
Primary tumor site 1917
Supraglottic 70 80
(21.02) (24.02)
Glottic 255 250
(76.58) (75.08)
Subglottic 8 (2.40) 3(0.9)
Surgery operation .6660
Total laryngectomy 133 136
(39.94) (40.84)
Vertical hemilaryngectomy 100 101
(30.03) (30.33)
Supraglottic horizontal partial 2 (0.6) 15 (4.5)
laryngectomy
CHEP 40 40
(12.01) (12.01)
CHP 5(1.5) 3(0.9)
CO, laser resection 52 46
(15.62) (13.81)
Partial frontal laryngectomy 1(0.3) 2 (0.6)
T stage 4881
Tl 63 75
(18.92) (22.52)
T2 136 122
(40.84) (36.64)
T3 101 109
(30.33) (32.73)
T4 33(9.91) 27 (8.11)
N stage 2342
NO 290 281
(87.09) (84.38)
N1 154.5) 17(5.11)
N2 26 (7.81) 29 (8.71)
N3 2 (0.6) 6 (1.8)

(continued)

Table 2. (continued)

NSNA SA P
Variables n (%) n (%) value
Clinical stage .6391
I 62 74
(18.62) (22.22)
I 122 111
(36.64) (33.33)
I 94 92
(28.23) (27.63)
v 55 56
(16.52) (16.82)
Maximum diameter of tumor (cm) >.9999
<2 195 195
(58.56) (58.56)
>2 138 138
(41.44) (41.44)
Tumor volume (cm’) 2697
<3 241 228
(72.37) (68.47)
>3 92 105
(27.63) (31.53)
Tumor area (cm?) 4236
<3.7 213 203
(63.96) (60.96)
>3.7 120 130
(36.04) (39.04)
Resection margin .9298
Negative 246 275
(73.87) (82.58)
Positive 87 58
(26.13) (17.42)
Pathological grading 3114
Well and moderately 323 (97) 327
differentiated (98.2)
Poorly differentiated 10 (3) 6 (1.8)
Postoperative complications .6728
No 307 304
(92.19) (91.29)
Yes 26 (7.81) 29 (8.71)
Treatments 9024
Surgery 295 296
(88.59) (88.89)
Surgery + postoperative 38 37
adjuvant therapy (11.41) (11.11)
Recurrence and metastasis 7373
No 288 285
(86.49) (85.59)
Yes 45 48

(13.51)  (14.41)

Abbreviations: CHP, cricohyoidopexy; CHEP, cricohyoidoepiglottopexy;
NSNA, non-smoking and non-alcohol drinking; SA, smoking and alcohol
drinking.

evaluation of the oncologic results. The univariate and multivariate
Cox proportional hazard regression models were used to determine
the effect of the variables on oncologic outcomes. The chi-square test
was used to compare demographic characteristics between NSNA
patients and SD patients. A propensity score matching (PSM) apply-
ing the method of nearest neighbor matching within a specified
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Table 3. Univariate and Multivariate Analysis of Various Prognostic Factors of the Patients in the non-Smoking and non-Alcohol Drinking
(NSNA) Group After Propensity Score Matching (PSM) (N =333).

Univariate Cox regression analysis

Multivariate Cox regression analysis

Disease-free survival

Overall survival (OS) (DFS) (0N DFS
Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age (years)
<60 1 (Reference) 1 (Reference) 1 (Reference)
>60 1.953 .002 1.443 .062 1.912 .003
(1.286-2.965) (0.982-2.120) (1.240-2.950)
Gender
Female 1 (Reference) 1 (Reference)
Male 1.850 541 1.834 .546
(0.258-13.265) (0.256-13.142)
Precancerous lesions
No 1 (Reference) 1 (Reference)
Yes 0.476 (0.151-1.5)  .205 0.441 162
(0.140-1.390)
Preoperative
chemoradiotherapy
No 1 (Reference) 1 (Reference) 1 (Reference)
Yes 3.416 .036 2.881 071 1.502 521
(1.082-10.786) (0.914-9.083) (0.434-5.190)
Preoperative tracheotomy
No 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Yes 2.791 <.001 2.147 .002 1.104 729 0.710 301
(1.727-4.511) (1.323-3.484) (0.629-1.938) (0.370-1.360)
Primary tumor site
Glottic 1 (Reference) 1 (Reference) 1 (Reference)
Non-glottic 1.496 .063 1.519 .044 0.655 131
(0.978-2.291) (1.012-2.282) (0.379-1.134)
Surgery operation
Total laryngectomy 1 (Reference) 1 (Reference)
Other methods 0.656 317 0.691 343
(0.287-1.497) (0.321-1.485)
T stage
T1+T2 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
T3+T4 2.816 <.001 2.496 <.001 0.958 937 1.894 236
(1.899-4.177) (1.715-3.632) (0.333-2.755) (0.658-5.454)
N stage
NO 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
N+ 2.536 <.001 2422 <.001 1.157 .629 2.286 0.007
(1.580-4.068) (1.529-3.837) (0.640-2.089) (1.257-4.157)
Clinical stage
I+11 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
m+1v 2.969 <.001 2.540 <.001 1.788 311 0.936 .906
(1.983-4.446) (1.734-3.722) (0.581-5.500) (0.311-2.814)
Maximum diameter of tumor
(cm)
<2 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
>2 2.908 <.001 2257 <.001 0.671 476 0.762 .592
(1.957-4.321) (1.554-3.280) (0.223-2.015) (0.281-2.061)
Tumor volume (cm®)
<3 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
>3 3.074 <.001 2.345 <.001 0.914 796 0.695 330
(2.082-4.538) (1.608-3.421) (0.460-1.816) (0.334-1.445)
Tumor area (cm?)
<3.7 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
>3.7 <.001 <.001 .044 .020

(continued)
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Table 3. (continued)

Univariate Cox regression analysis

Multivariate Cox regression analysis

Overall survival (OS)

Disease-free survival
(DFS)

oS

DFES

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
3.352 2.510 3.339 3.620
(2.264-4.963) (1.730-3.641) (1.035-10.769) (1.227-10.675)
Resection margin
Negative 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Positive 1.623 .020 1.593 .021 1.706 .032 1.871 .003
(1.079-2.440) (1.074-2.362) (1.048-2.777) (1.230-2.845)
Pathological grading
Well and moderately 1 (Reference) 1 (Reference) 1 (Reference)
differentiated
Poorly differentiated 1.875 171 2.717 017 1.639 .259
(0.763-4.609) (1.193-6.188) (0.695-3.866)
Postoperative complications
No 1 (Reference) 1 (Reference)
Yes 0.657 318 0.690 342
(0.288-1.498) (0.321-1.484)
Treatments
Surgery 1 (Reference) 1 (Reference) 1 (Reference)
Surgery + postoperative 2.385 <.001 1.669 .052 1.329 360
adjuvant therapy (1.463-3.889) (0.996-2.798) (0.723-2.444)
Recurrence and metastasis
No 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Yes 2.988 <.001 11.991 <.001 3.002 <.001 13.170 <.001

(1.934-4.617)

(8.047-17.868)

(1.909-4.722)

(8.599-20.171)

Abbreviations: HR, hazard ratio; 95% CI, confidence interval at the 95% level

caliper distance (calipers of width equal to 0.02) without replacement
was used to assess the effects of smoking and drinking, in order to
minimize the potential confounding bias which could influence
the results. The NSNA patients were 1:1 matched on age, gender,
primary tumor site, pT stage, clinical stage, maximum diameter of
tumor, tumor volume, tumor area, resection margin, postoperative
complications, and treatment option with SA patients. The predicted
values of the parameters were determined by means of the receiver
operating characteristic (ROC) curve analysis. Statistical analysis
was performed using IBM SPSS Statistics (version 22.0; IBM).
Differences were considered significant if the P value was <.05.
The reporting of this study conforms to strengthening the reporting
of observational studies in epidemiology guidelines.'®

Nomogram Building and Calibration Curve

Based on the results of independent prognosis analysis, we built
a nomogram by “rms” package to facilitate the application of
the prognosis signature. Calibration curves and ROC curves
were used to verify the validity of the signature.

Results

Study Population

Patients were classified into different groups based on the presence
of alcohol or tobacco consumption. A total of 415 patients

(23.92%) were identified as NSNA from 1735 patients with
LSCC, while SA patients represent approximately 46.63% (809/
1735) of the LSCC population. Moreover, 28.01% of the patients
had a history of smoking but no history of alcohol drinking, and
only 1.44% of the patients had a history of alcohol drinking but
no history of smoking (Table 1). We found significant differences
between the NSNA patients and SA patients. The SA patients were
predominantly patients <60 years old (57.73%), while the NSNA
patients was dominated by patients over 60 years old (58.07%).
Moreover, NSNA patients have higher proportion of female
patients (6.99%) than SA patients (1.24%). In addition, primary
tumor site of NSNA patients was more likely to present at glottic
region (79.76%) than SA patients. NSNA patients were more
likely to present at earlier disease stage, with 61.68% in I and II
stages, 65.54% at T1 and T2 classifications.

Profile in Clinicopathological and Prognostic Features

Before PSM, log-rank test showed that all-cause mortality OS (P
=.79) and LSCC-specific mortality DFS (P =.34) were not sig-
nificantly higher in SA patients than in NSNA patients. Further
grouping of alcohol and tobacco consumption found no differ-
ences among the 4 groups (Figure 1A and B). To adjust the poten-
tial confounding effect, the NSNA patients was 1:1 matched on
age, gender, primary tumor site, pT stage, clinical stage,
maximum diameter of tumor, tumor volume, tumor area,
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Table 4. Univariate and Multivariate Analysis of Various Prognostic Factors of the Patients in the Smoking and Alcohol Drinking (SA) Group
After Propensity Score Matching (PSM) (N =333).

Univariate Cox regression analysis

Multivariate Cox regression analysis

Overall survival (OS) Disease-free survival (DFS) (0N} DFS
Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age (years)
<60 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
>60 2.322 <.001 2.262 (1.516-3.376) <.001 1.754 .035 1.694 .041
(1.510-3.571) (1.042-2.953) (1.021-2.810)
Gender
Female 1 (Reference) 1 (Reference)
Male 20.550 427 20.604 368
(0.012-35805.30) (0.028-14984.485)
Precancerous lesions
No 1 (Reference) 1 (Reference)
Yes 1.127 776 1.164 (0.542-2.502)  .697
(0.494-2.575)
Preoperative
chemoradiotherapy
No 1 (Reference) 1 (Reference)
Yes 1.236 .833  1.016 (0.142-7.280)  .987
(0.172-8.868)
Preoperative tracheotomy
No 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Yes 3.642 <.001 3.851 (2.360-6.283) <.001 1.759 .063 1.343 329
(2.175-6.096) (0.969-3.192) (0.743-2.425)
Primary tumor site
Glottic 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Non-glottic 1.869 003  2.079 (1.411-3.063) <.001 0.879 .620 0.720 175
(1.228-2.843) (0.527-1.465) (0.448-1.158)
Surgery operation
Total laryngectomy 1 (Reference) 1 (Reference)
Other methods 1.215 457 1.179 (0.736-1.903)  .496
(0.735-2.004)
T stage
T1+T2 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
T3+ T4 3.348 <.001 3.335(2.275-4.889) <.001 1.870 .300 2.326 132
(2.225-5.038) (0.572-6.112) (0.775-6.977)
N stage
NO 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
N+ 3.038 <.001 2.874 (1.878-4.399) <.001 1.821 .048 1.528 .142
(1.936-4.768) (1.005-3.300) (0.868-2.692)
Clinical stage
[+1I 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
m+1v 3.451 <.001 3.529 (2.385-5.221) <.001 0.688 .567 0.519 305
(2.273-5.242) (0.191-2.481) (0.149-1.816)
Maximum diameter of
tumor (cm)
<2 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
>2 3.461 <.001 3.618 (2.456-5.330) <.001 0.560 485 0.399 265
(2.291-5.229) (0.110-2.853) (0.079-2.006)
Tumor volume (cm’)
<3 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
>3 3.382 <.001 3.390 (2.333-4.926) <.001 1.084 .832 1.261 512
(2.270-5.038) (0.516-2.277) (0.630-2.525)
Tumor area (cm?)
<3.7 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
>3.7 3.792 <.001 4.027 (2.737-5.924) <.001 2.794 252 3.795 131

(2.515-5.717)

(0.482-16.215)

(0.672-21.424)

(continued)
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Table 4. (continued)

Univariate Cox regression analysis

Multivariate Cox regression analysis

Overall survival (OS)

Disease-free survival (DFS)

oS

DFS

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Resection margin
Negative 1 (Reference) 1 (Reference)
Positive 1.214 447 1.184 (0.736-1.903)  .486
(0.736-2.004)
Pathological grading
Well and moderately 1 (Reference) 1 (Reference)
differentiated
Poorly differentiated 1.377 .655  1.930 (0.612-6.085)  .262
(0.339-5.586)
Postoperative
complications
No 1 (Reference) 1 (Reference)
Yes 1.154 .807  1.160 (0.368-3.652)  .800
(0.366-3.644)
Treatments
Surgery 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Surgery + 1.923 017  1.893 (1.143-3.137) .013 1.475 247 1.775 .080
postoperative adjuvant (1.125-3.287) (0.764-2.848) (0.933-3.379)
therapy
Recurrence and metastasis
No 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Yes 3.321 <.001 9.471 <.001 2.187 <.001 7.998 <.001

(2.160-5.107)

(6.438-13.932)

(1.365-3.503) (5.128-12.473)

Abbreviations: HR, hazard ratio; 95% CI, confidence interval at the 95% level.

resection margin, postoperative complications, and treatment
option with SA patients. Out of 1224 patients, 333 NSNA and
333 SA patients were selected, and details of demographics and
clinical characteristics of all patients were listed in Table 2.
After PSM, there was still no significant difference in OS (P
=.685, Figure 1C) and DFS (P =.976, Figure 1D) between SA
patients and NSNA patients. However, through univariate and
multivariate Cox proportional hazard regression models, we
found that NSNA patients show a distinct profile from that
found in SA patients in clinicopathological and prognostic fea-
tures. For NSNA patients, 12 variables including age, preoper-
ative chemoradiotherapy, and preoperative tracheotomy were
used for Cox multivariate analysis of OS, and 11 variables
including age, preoperative chemoradiotherapy, and preopera-
tive tracheotomy were used for Cox multivariate analysis of
DFS. For SA patients, 11 variables including age, preoperative
chemoradiotherapy, and primary tumor site were used for Cox
multivariate analysis of OS, and 11 variables including age, pre-
operative chemoradiotherapy, and primary tumor site were used
for Cox multivariate analysis of DFS. We found that a total of 4
variables (age, tumor area, resection margin, and recurrence and
metastasis) were proven to be independent prognostic factors of
OS for NSNA patients in the multivariate Cox regression model,
while N stage, tumor area, resection margin and recurrence and
metastasis were proved to be independent prognostic factors for
DFS in NSNA patients (Table 3). For SA patients, 3 variables

(age, N stage, and recurrence and metastasis) were proven to
be independent prognostic factors of OS, while 2 variables
(age and recurrence and metastasis) were proved to be indepen-
dent prognostic factors for DFS in SA patients (Table 4).

Prognostic Analysis Between NSNA and SA Patients

Age >60 years, tumor area >3.7 cm?, positive resection margin and
recurrence and metastasis were associated with a poor prognosis of
OS for NSNA patients, while N + stage, tumor area >3.7 cm?, pos-
itive resection margin, and recurrence and metastasis were associ-
ated with a poor prognosis of DFS (Figure 2A and B). In addition,
for SA patients, age >60 years, N + stage, and recurrence and
metastasis were found to be significantly associated with worse
OS, and age >60 years and recurrence and metastasis were signifi-
cantly associated with worse DFS (Figure 2C and D).

Moreover, based on the factors affecting OS and DFS, the
predictive values were analyzed by means of the ROC analysis,
which revealed that the tumor area was the best predictor of OS
for NSNA patients. The area under the curve (AUC) for tumor
area regarding the OS was 0.654 (95% CI: 0.589-0.719, P<
.001, Figure 3A). Recurrence and metastasis was the best pre-
dictor of DFS for NSNA patients, with AUC was 0.615 (95%
CI: 0.544-0.685, P=.001, Figure 3B). The prognostic values
for SA patients pertaining to the other factors are shown in
Figure 3C and D.
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Figure 2. Kaplan—Meier curves pertaining to the overall survival (OS) and disease-free survival (DFS) based on the factors affecting OS and DFS
in laryngeal squamous cell carcinoma patients with and without smoking and alcohol drinking. (A-B) OS and DFS for NSNA patients. (C-D) OS
and DFS for SA patients. Age: <60 versus >60; tumor area: <3.7 cm? versus >3.7 cm?; resection margin: positive versus negative; recurrence and
metastasis: yes versus no; N stage: NO versus N + . The survival curves were defined by the Kaplan—-Meier method, the tests of survival rates were

performed by log-rank (Mantel-Cox) test.

Abbreviations: NSNA, non-smoking and non-alcohol drinking; SA, smoking and alcohol drinking.

Nomogram Based on the Prognostic Signature

Then, we built the nomogram to make the prognostic signature more
convenient for clinical application (Figure 4). Based on the score of
significant independent risk factors, the 3-, 5-, and 10-year OS of
NSNA patients and SA patients could be predicted. Calibration
curves indicated that the predicted value of the risk score was
closer to the actual observation value with the increase in number
of years.

Discussion

Smoking and alcohol consumption have traditionally been
major risk factors for LSCC, which is uncontroversial, with
clear evidence of synergy.>*'”'® However, for LSCC
patients, whether SA have a negative effect on the prognosis
of patients and whether the clinicopathological features
of NSNA and SA patients are consistent remains
controversial.'**
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Figure 3. Receiver operating characteristic analysis regarding to best predictor for overall survival (OS) and disease-free survival (DFS). (A) the
area under the curve (AUC) for tumor area regarding the OS of NSNA patients was 0.654 (95% CI: 0.589-0.719, P<.001). (B) Recurrence and
metastasis was the best predictor of DFS for NSNA patients, with AUC was 0.615 (95% CI: 0.544-0.685, P=.001). (C) Recurrence and

metastasis was the best predictor of OS for SA patients, with AUC was 0.701 (95% CI: 0.635-0.766, P<.001). (D) Recurrence and metastasis was

the best predictor of DFS for SA patients, with AUC was 0.701 (95% CI: 0.635-0.766, P=.001).
Abbreviations: NSNA, non-smoking and non-alcohol drinking; SA, smoking and alcohol drinking

Our results showed that NSNA patients accounted for
23.92% of LSCC patients, similar to 22% to 35% reported in
the literature.” Compared with other studies in which
45%-75% of NSNA patients complicated with LSCC were
female, a lower proportion of patients with NSNA were
female in our study population (6.99%), which was similar to
results reported by Hashibe et al.> (11.4%). In addition, the
primary tumor site of NSNA patients was more likely to be
located in the glottis than SA patients (79.76%).*?! NSNA
patients were more likely to present in early disease stages,

similar to reports by others.'®*'? Therefore, these findings
suggest that there may be other important risk factors for
LSCC in addition to smoking and alcohol consumption, and
more attention should be paid to the increasing number of
NSNA patients.>>~2¢

Due to the differed distribution of important social and clini-
cally relevant variables between the SA and NSNA patients, the
prognosis regarding NSNA has been controversial. Hence, we
applied 1:1 PSM, which is a matching method that could equalize
the initial differences thus substantially decrease the bias in order
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Figure 4. Independent prognostic analysis and construction of nomogram. (A, C) Nomogram based on the independent prognostic factors. (B, D)
The calibration plot of the nomogram based on 3-, 5-, and 10-year. The y-axis represents actual survival and the x-axis represents

nomogram-predicted survival.

to make a more reasonable comparison between groups.®
However, the survival outcomes of SA patients were not signifi-
cantly different from NSNA patients before and after matching
analysis. Intriguingly, this result seems to contradict the
common sense judgment, as Ramos Innocentini et al.,'
Agudelo et al.'” and Bao et al.® all showed a trend for SA patients
to have a higher risk of both all-cause and cancer-specific death.
However, their results have also been challenged by consistent
observation from other researchers that there was no difference
in the relapse-free survival, disease-specific survival between
both groups was found,'"'? suggesting that although tobacco
and alcohol use are the main risk factors for the development of
LSCC, disease outcome was comparable in patients who did or
did not use these substances. Furthermore, the report from
Pickering et al showed that gene-specific mutation and copy-
number alteration frequencies were similar between patients
with or without smoking,?’ indicating that the functional impact
of risk factors such as smoking on carcinogenesis is still poorly
understood. Smoking and alcohol consumption have a significant
impact on overall survival in reports mentioned above,”** possi-
bly due to the close relationship between these substances and
other diseases, such as cardiovascular disease and chronic lung
disease.

To our knowledge, few studies have analyzed and compared
in detail the differences in clinicopathological and prognostic
characteristics of NSNA and SA LSCC patients. NSNA patients
are a unique subgroup in the LSCC population, which may have
practical implications for guiding different treatment regimens
clinically. The research in this article has some limitations.
First, we did not perform calculation and justification of the
sample size selected for this study, which may lead to biased
research results. Second, we should have explored more infor-
mation about the epidemiological characteristics of LSCC
patients (such as gastroesophageal reflux and occupational
and environmental exposure). However, due to incomplete
data collection, we failed to include these variables in the anal-
ysis, which may lead to the omission of some important conclu-
sions. Then, since smokers and alcohol drinkers are more likely
to be malnourished, have cardiovascular disease, and use drugs,
these conditions may have a significant impact on the prognosis
of patients with LSCC. However, because of the lack of infor-
mation about BMI, nutrition, etc., we were unable to conduct
further research on this issue.

In conclusion, although tobacco and alcohol consumption
are the most important risk factors for the development of
LSCC, these NSNA patients not only seem to have the same
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rate of disease recurrence as SA patients, but they also have a
comparable disease outcome. More importantly, NSNA
patients show a distinct profile from that found in SA patients
in clinicopathological and prognostic features. More research
is needed to understand the pathogenesis of NSNA patients in
this distinct LSCC population so that we can improve their
survival.

Research Highlights

1. There were significant differences in the epidemiology
of LSCC between NSNA patients and SA patients.

2. NSNA patients not only have the same rate of disease
recurrence as SA patients, but they also have a compa-
rable disease outcome.

3. NSNA patients show a distinct profile from that found in
SA patients in clinicopathological and prognostic
features.
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