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Abstract: This study aimed to compare overall survival (OS) and disease-free survival (DFS) between concurrent
chemoradiotherapy (CCRT) and total laryngectomy (TL) in patients with locally advanced laryngeal squamous cell
carcinoma (LA-LSCC), using propensity score matching (PSM) to adjust for baseline imbalances. A total of 512
patients treated at Harbin Medical University Cancer Hospital between January 2015 and December 2022 were ret-
rospectively analyzed. PSM was performed using 1:1 nearest-neighbor matching with a caliper of 0.2, incorporating
age, Eastern Cooperative Oncology Group (ECOG) performance status, T stage, N stage, tumor subsite, vocal cord
fixation, thyroid cartilage invasion, and airway obstruction, resulting in 220 matched pairs. Before matching, the TL
group had higher proportions of stage IVA disease, vocal cord fixation, and thyroid cartilage invasion; after match-
ing, baseline characteristics were well balanced. Both before and after PSM, TL was associated with significantly
improved OS and DFS compared with CCRT. In the matched cohort, median OS and DFS were not reached in the TL
group, whereas the CCRT group had a median OS of 49.0 months and a median DFS of 42.5 months (log-rank P <
0.001 for both). Multivariable Cox regression identified CCRT as an independent risk factor for OS (hazard ratio [HR]
=1.819, 95% confidence interval [Cl] 1.386-2.386) and DFS (HR = 2.091, 95% Cl 1.601-2.732). Subgroup analyses
showed inferior outcomes with CCRT in most subgroups, with ECOG performance status and vocal cord involvement
acting as significant effect modifiers. Eight sensitivity analyses consistently supported the primary findings (OS: HR
range 1.50-1.89; DFS: HR range 1.68-2.13). In conclusion, in this real-world cohort of patients with LA-LSCC, TL was
associated with better survival outcomes than CCRT, and treatment decisions should consider T/N stage, ECOG
performance status, and vocal cord fixation to enable individualized selection and avoid potential over-preservation
of the larynx.

Keywords: Locally advanced laryngeal squamous cell carcinoma, concurrent chemoradiotherapy, total laryngec-
tomy, propensity score matching, overall survival, disease-free survival

Introduction parities in the incidence, mortality, and disabili-
ty-adjusted life-year burden of laryngeal cancer,
underscoring the need for earlier detection and

improved treatment strategies to narrow out-

Laryngeal cancer is one of the more common
malignant tumors of the head and neck. Its per-

sistent association with tobacco and alcohol
use contributes to a substantial global public
health burden. According to the latest data
released by the International Agency for Res-
earch on Cancer, global cancer incidence and
mortality continue to rise. Head and neck ma-
lignancies represent a significant health issue
[2]. A study based on Global Burden of Disease
data from 1990 to 2021 further demonstrated
persistent geographic and socioeconomic dis-

come gaps [2]. Surveillance data from the
United States indicate a decreasing trend in
laryngeal cancer incidence; although mortality
has declined and survival has improved, these
changes have not consistently paralleled shifts
in treatment approaches [3]. Therefore, balanc-
ing organ preservation with durable oncologic
control remains a key challenge in the manage-
ment of locally advanced laryngeal squamous
cell carcinoma (LA-LSCC).
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LA-LSCC refers to stage Ill and IVA disease.
Patients with these tumors typically present
with a large, bulky mass that may obstruct
laryngeal function, exhibit aggressive local in-
vasion, and carry a risk of regional lymph node
metastasis. Consequently, treatment aims to
achieve two opposing goals: radical tumor con-
trol and functional preservation. According to
the latest guidelines, multidisciplinary team
(MDT) input and individualized treatment rec-
ommendations based on tumor stage, subsite,
predicted laryngeal function, and patient com-
orbidities are essential [4, 5]. The National
Comprehensive Cancer Network (NCCN) guide-
lines continue to recommend surgery-based
strategies for certain high-risk scenarios, such
as T4a tumors, while also endorsing concurrent
chemoradiotherapy (CCRT) as a larynx-preser-
vation option for selected patients [4, 5]. Si-
milarly, the National Cancer Institute’s Physi-
cian Data Query recognizes both surgery and
chemoradiotherapy as important treatment
pathways, with treatment selection largely driv-
en by functional outcomes [6]. Recently, an
international multidisciplinary Delphi consen-
sus provided a refined stratification of organ-
preservation eligibility for intermediate and
advanced laryngeal and hypopharyngeal can-
cer. The consensus recommended against non-
surgical preservation in patients with T4a dis-
ease, poor baseline swallowing or airway func-
tion, or significant comorbidity, and emphasiz-
ed the importance of salvage strategies and
quality-of-life (QoL) endpoints [7].

The two treatment strategies have distinct his-
tories. For a long time, total laryngectomy (TL)
was considered the standard curative approa-
ch for LA-LSCC. Although TL ensures reliable
local control, it carries the drawbacks of irre-
versible tracheostomy and loss of voice.
Beginning around the early 1990s, organ-pres-
ervation strategies began to gain traction. In
1991, the Veterans Affairs Laryngeal Cancer
Study was the first randomized trial to demon-
strate that induction chemotherapy followed by
radiotherapy did not compromise overall sur-
vival (0S) and could preserve laryngeal func-
tion [8]. Long-term follow-up of the Radiation
Therapy Oncology Group (RTOG) 91-11 trial
established CCRT as superior to other non-sur-
gical regimens for laryngeal preservation,
establishing CCRT as a preferred organ-preser-
vation pathway for locally advanced disease
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[9]. However, as larynx-preserving techniques
became widely advocated and adopted, con-
cerns regarding “over-preservation” emerged.
Some patients who did not undergo TL experi-
enced higher rates of local recurrence, chro-
nic swallowing dysfunction, and complications
from salvage surgery. More recent reviews and
consensus statements have argued that organ
preservation should not be conflated with
“functional larynx preservation”. The treatment
goal should be redefined from anatomic preser-
vation to usable function, emphasizing better
patient selection and long-term toxicity man-
agement [7, 10].

The existing evidence base has important limi-
tations. The landmark randomized trials includ-
ed patient populations that underrepresent
certain high-risk subgroups encountered in
real-world practice, including those with T4a
disease, cartilaginous invasion, severely com-
promised laryngeal function, or airway compro-
mise. Caution should therefore be exercised
when extrapolating trial findings to the entire
locally advanced population due to this limited
representativeness [10]. Several retrospective
studies comparing TL with non-surgical organ
preservation in routine practice are affected by
significant selection bias. Patients undergoing
TL often present with more advanced tumors
and higher rates of cartilage or adjacent struc-
tural invasion, which can confound survival
comparisons if not properly adjusted. Despite
the recent report from the American College of
Surgeons Oncology Group Z11 trial indicating
that only 20%-25% of patients across different
centers do not receive appropriate treatment,
multicenter variation persists for T3/T4 dis-
ease [11]. Furthermore, the trade-offs be-
tween TL and non-surgical preservation with
respect to oncologic and functional outcomes
are complex, with the direction of benefit vary-
ing by stage and population subgroup [12].
Salvage surgery (e.g., salvage laryngectomy)
plays an important role in the treatment of
recurrent or residual disease but is not without
complications and functional costs. Therefore,
getting the first treatment decision right is
critical [13]. In Chinese patient populations,
disparities in stage distribution at presenta-
tion, treatment access, radiotherapy tech-
niques, and peritreatment management neces-
sitate large-sample studies with adequate con-
founding control to guide individualized treat-
ment decision-making for LA-LSCC in the
domestic clinical setting.
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In this study, propensity score matching (PSM)
was applied to optimize baseline balance. 0S
and disease-free survival (DFS) were compared
between CCRT and TL in patients with LA-
LSCC. The authors conducted various sensitiv-
ity analyses to assess the robustness of the
findings, as well as subgroup and interaction
analyses to explore heterogeneity. We aimed to
generate more actionable evidence for risk
stratification and treatment selection in the
clinical setting where the tension between
tumor control and functional preservation is
most acute. Ultimately, this may help reduce
both potential “over-preservation” and unnec-
essary radical surgery, while promoting patient-
centered, precision-guided decision-making
focused on long-term survival and usable
function.

Materials and methods
Study design and population

This single-center, retrospective cohort study
was reported in accordance with the Streng-
thening the Reporting of Observational Studies
in Epidemiology statement. We retrospectively
analyzed 512 patients with LA-LSCC treated at
Harbin Medical University Cancer Hospital be-
tween January 2015 and December 2022. Of
these, 244 received CCRT and 268 underwent
TL. The study protocol was approved by the
Ethics Committee of Harbin Medical University
Cancer Hospital. Due to the retrospective
design and anonymized data handling, the
requirement for informed consent was waived.

Sample size estimation

The primary endpoint was OS. The minimum
number of events required to detect a differ-
ence in OS between the two groups was esti-
mated using the Schoenfeld formula for the
log-rank test. A two-sided « of 0.05 and a pow-
er (1-B) of 0.80 were specified. For the purpose
of sample size estimation, an approximate 1:1
allocation ratio was assumed (allocation pro-
portion = 0.5 for each group). As this was a ret-
rospective cohort study, the actual number of
patients in each group was determined by real-
world clinical practice rather than pre-specified
allocation. The assumed effect size was based
on a published retrospective cohort of patients
with LA-LSCC (T3-T4a), in which the multivari-
able Cox model yielded a hazard ratio (HR) of
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approximately 1.50 for CCRT versus surgery
[14].

Substituting into the Schoenfeld formula with
Z(1-a/2) = 1.96, Z(1-B) = 0.84, HR = 1.50, and
P = 0.5, the minimum required number of ev-
ents was D ~ 175. Based on published approxi-
mately 55%-65% for LA-LSCC, the estimated
5-year death rates range from 35% to 45%.
Using a conservative event rate of 40%, the
minimum total sample was calculated as N =
D/event rate = 175/0.40 = 438 patients. The
authors further increased the required sample
size to approximately 482 patients to account
for an estimated 10% loss to follow-up and
missing data. Thus, the 512 enrolled patients
met this requirement, confirming sufficient sta-
tistical power.

Eligibility criteria

Inclusion criteria: (1) Histopathologically con-
firmed squamous cell carcinoma of the larynx.
(2) Clinically staged as locally advanced dis-
ease (stage lll or IVA) according to the Ameri-
can Joint Committee on Cancer 8th edition
[15]. (3) Initial curative-intent treatment was
either CCRT or TL, with or without postoperative
adjuvant radiotherapy or adjuvant chemoradio-
therapy. (4) Complete clinical, imaging, and fol-
low-up data available for primary endpoint
assessment.

Exclusion criteria: (1) Distant metastasis (M1
disease). (2) Prior head and neck radiotherapy
or chemotherapy, or recurrent laryngeal cancer
receiving second-line treatment. (3) Concom-
itant active malignancy or history of another
malignancy that could confound prognostic
assessment. (4) Missing key baseline variables
required for PSM.

Treatment protocols

CCRT group: Patients received definitive CCRT
using intensity-modulated radiation therapy.
The primary tumor and involved nodal regions
received 66-70 Gy in 33-35 fractions, and elec-
tive volumes received 50-56 Gy in 25-28 frac-
tions. Concurrent chemotherapy was cisplatin-
based, with a standard regimen of single-agent
cisplatin (80-100 mg/m? every three weeks for
2-3 cycles); alternative regimens were used
based on tolerability. All plans were determined
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via MDT discussion. Radiotherapy completion
rates and chemotherapy cycles were recorded.

TL group: Patients underwent TL with concur-
rent neck dissection as indicated. Postopera-
tive adjuvant therapy was based on pathologic
risk features. Adverse features (positive/close
margins or extranodal extension) prompted
postoperative CCRT. Intermediate-risk features
(pT3-T4a, lymphovascular invasion, perineural
invasion, or multiple nodal stations) prompted
postoperative radiotherapy alone. Patients wi-
thout these features underwent surveillance.
Adjuvant decisions followed NCCN guidelines
and were confirmed via MDT discussion. Pro-
portions receiving postoperative radiotherapy,
chemoradiotherapy, or surgery alone were re-
corded.

Clinical data collection and measurement

The following data were extracted from medical
records and the follow-up database. Demogra-
phics and general status included age (dichoto-
mized at 65 years), sex, body mass index (BMI)
category (< 18.5, 18.5-23.9, or > 24.0 kg/m?),
smoking history, alcohol history, and Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status score (0, 1, or 2). Comorbidities
recorded included hypertension, diabetes mel-
litus, coronary heart disease (CHD), and chron-
ic obstructive pulmonary disease (COPD). On-
cologic characteristics included T stage (T3 or
T4a), N stage (NO, N1, or N2), clinical stage (llI
or IVA), tumor subsite (glottic or supraglottic),
tumor differentiation grade (well, moderate, or
poor), vocal cord fixation, airway obstruction,
thyroid cartilage invasion, and pre-epiglottic
space invasion. All staging was based on the
American Joint Committee on Cancer 8th edi-
tion. Vocal cord fixation and airway status were
assessed primarily by flexible laryngoscopy.
Thyroid cartilage invasion and pre-epiglottic
space invasion were determined from pretreat-
ment contrast-enhanced computed tomogra-
phy (CT) and/or magnetic resonance imaging
reports, independently reviewed by two senior
radiologists, with disagreements resolved by a
third reviewer.

Laboratory parameters
Fasting venous blood samples were collected

before treatment initiation: prior to the start of
CCRT in the CCRT group, and within 7 days
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before surgery in the TL group. Hemoglobin (Hb)
and neutrophil and lymphocyte counts were
measured using an automated hematology
analyzer (Sysmex XN-9000, Sysmex Corpora-
tion, Kobe, Japan). Serum albumin (Alb) was
measured using an automated biochemistry
analyzer (Roche cobas c¢702, Roche Diagnos-
tics, Basel, Switzerland). The neutrophil-to-lym-
phocyte ratio (NLR) was calculated as the abso-
lute neutrophil count divided by the absolute
lymphocyte count. All assays were performed
by the hospital laboratory following standard
operating procedures, with routine participa-
tion in internal and external quality control
programs.

Follow-up protocol

Follow-up data were retrospectively obtained
from medical records, institutional databases,
and telephone interviews. Although this was
not a prospectively designed protocol, patients
at Harbin Medical University Cancer Hospital
are routinely followed after treatment accord-
ing to standard clinical practice. The typical fol-
low-up schedule includes visits every 3 months
during the first 2 years, every 6 months from
years 3 to 5, and annually thereafter. Follow-up
evaluations generally comprise clinical history,
physical examination, flexible Ilaryngoscopy,
and imaging studies (CT and/or magnetic reso-
nance imaging), with positron emission tomog-
raphy-CT performed when clinically indicated.
The follow-up cutoff date was January 2026.
The starting point for both OS and DFS was uni-
formly defined as the date of treatment initia-
tion: the first session of radiotherapy or chemo-
therapy for the CCRT group, and the date of
surgery for the TL group.

PSM

PSM was used to reduce treatment selection
bias [16, 17]. A logistic regression model was
fitted with treatment modality (CCRT vs. TL) as
the dependent variable to estimate propensity
scores. Covariates were selected based on
three principles: (1) factors known to influence
treatment decisions in clinical practice; (2) vari-
ables reported in the literature as important
prognostic factors for LA-LSCC; and (3) base-
line characteristics that differed or tended to
differ between the two groups before matching.
Following these principles, eight covariates
were included in the model: age, ECOG perfor-
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mance status, T stage, N stage, tumor subsite,
vocal cord fixation, thyroid cartilage invasion,
and airway obstruction. T stage, N stage, thy-
roid cartilage invasion, and vocal cord fixation
directly reflect the extent of local tumor inva-
sion and are critical when choosing between
organ preservation and TL. Airway obstruction
influences resistance to non-surgical treat-
ment. ECOG performance status reflects over-
all functional status and treatment tolerability.
Age and tumor subsite are common clinical fac-
tors affecting treatment choice. Because clini-
cal stage is interdependent with T and N stag-
es, introducing complex collinearity, it was not
included in the matching model.

We performed nearest-neighbor 1:1 matching
without replacement. The caliper was setto 0.2
times the standard deviation of the logit of the
propensity score. The standardized mean dif-
ference (SMD) was calculated for all baseline
covariates after matching to assess balance,
with an SMD below 0.1 indicating adequate
balance. Matching quality was visualized using
propensity score density plots and a Love plot.

Outcome measures

Primary endpoint: OS was defined as the time
from the date of initial treatment to death from
any cause or the date of last follow-up.

Secondary endpoint: DFS was defined as the
time from the date of initial treatment to the
first documented disease recurrence (local,
regional, or distant), disease progression, or
death from any cause, whichever occurred first,
or the date of last follow-up.

One-year, 3-year, and 5-year OS and DFS rates
were reported.

Statistical analysis

All statistical analyses were performed using R
software (version 4.5.1) and SPSS (version
27.0). Continuous variables were expressed as
mean * standard deviation for normally distrib-
uted data or as median with interquartile range
(IQR) for skewed data; between-group compari-
sons were performed using the independent-
samples t-test or the Mann-Whitney U test, as
appropriate. Categorical variables were expre-
ssed as counts (percentages) and compared
using the x2 test or Fisher’s exact test.
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Survival curves were estimated using the
Kaplan-Meier method and compared using the
log-rank test. Prognostic factor analysis was
conducted using Cox proportional hazards (PH)
regression models, and HRs with 95% confi-
dence intervals were reported. Variables with P
< 0.10 in univariate Cox analysis were entered
into the multivariable model. Before fitting the
multivariable model, collinearity among candi-
date variables was assessed using Spearman
correlation analysis and the generalized vari-
ance inflation factor (GVIF). A GVIF~(1/(2xDf))
value below 2 was considered indicative of no
serious multicollinearity [18].

The PH assumption for each multivariable Cox
model was evaluated using Schoenfeld residu-
al tests. If the global PH test was significant
(global P < 0.05), variables that individually vio-
lated the PH assumption (single-variable Sch-
oenfeld test P < 0.05) were removed stepwise
until a final model satisfying the PH assumption
was obtained. Schoenfeld residual plots over
time were inspected to confirm the stability of
residuals in the final model.

Subgroup analyses were pre-specified accord-
ing to the following clinical variables: T stage
(T3 vs. T4a), N stage (NO vs. N1-2), age (< 65 vs.
> 65 years), ECOG performance status (O vs.
1-2), tumor differentiation (well/moderate vs.
poor), vocal cord fixation (present vs. absent),
thyroid cartilage invasion (present vs. absent),
and tumor subsite (glottic vs. supraglottic).
Within each subgroup, the HR and 95% confi-
dence interval for CCRT versus TL were calcu-
lated. Interaction tests (likelihood ratio tests)
were used to evaluate effect modification
between each subgroup variable and treatment
modality.

To verify robustness, multiple sensitivity analy-
ses were performed: (1) pre-match unadjusted
univariate model; (2) pre-match 10-variable
multivariable-adjusted model; (3) pre-match
6-variable (final model) multivariable-adjusted
model; (4) post-match unadjusted univariate
model; (5) post-match 6-variable multivariable-
adjusted model (primary analysis); (6) inverse
probability of treatment weighting (IPTW) with
stabilized, truncated weights [19]; (7) propen-
sity score stratification (stratified Cox regres-
sion by quintiles); and (8) propensity score co-
variate adjustment (propensity score entered
as a continuous covariate in the Cox model).
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An additional stratified sensitivity analysis was
conducted within the TL group based on wheth-
er postoperative adjuvant therapy was adminis-
tered, to assess the potential influence of adju-
vant treatment on the main conclusions.

All tests were two-sided, and P < 0.05 was con-
sidered statistically significant.

Results
Pre-match baseline characteristics

A total of 512 patients with LA-LSCC were
included, comprising 244 in the CCRT group
and 268 in the TL group. Before matching, the
two groups differed significantly in clinical
stage, vocal cord fixation, and thyroid cartilage
invasion. Specifically, the TL group had a higher
proportion of stage IVA patients than the CCRT
group (P = 0.023), as well as higher rates of
vocal cord fixation (P = 0.040) and thyroid carti-
lage invasion (P = 0.013). No significant differ-
ences were observed between the two groups
in age (P = 0.140), sex (P = 0.620), BMI catego-
ry (P = 0.747), smoking history (P = 0.502),
alcohol history (P = 0.541), ECOG performance
status (P = 0.462), hypertension (P = 0.606),
diabetes (P = 0.524), CHD (P = 0.613), COPD (P
= 0.605), T stage (P = 0.082), N stage (P =
0.315), tumor subsite (P = 0.643), tumor dif-
ferentiation (P = 0.606), airway obstruction (P =
0.143), pre-epiglottic space invasion (P =
0.238), pretreatment Hb (P = 0.520), Alb (P =
0.974), or NLR (P = 0.829) (all P > 0.05) (Table
1).

PSM and post-match baseline characteristics

Based on the pre-match imbalances, propensi-
ty score matching (PSM) was performed using
nearest-neighbor 1:1 matching with a caliper of
0.2. The following covariates were included:
age, ECOG performance status, T stage, N
stage, tumor subsite, vocal cord fixation, thy-
roid cartilage invasion, and airway obstruction.
After matching, 220 patients remained in each
group, and 72 patients were unmatched. Fo-
llowing matching, none of the baseline charac-
teristics differed significantly between the two
groups, including age (P = 0.441), sex (P =
0.623), BMI category (P = 0.974), smoking his-
tory (P = 0.565), alcohol history (P = 0.633),
ECOG performance status (P = 0.911), hyper-
tension (P = 0.921), diabetes mellitus (P =
0.427), CHD (P = 0.195), COPD (P = 0.522), T
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stage (P = 0.695), N stage (P = 0.900), clinical
stage (P = 0.391), tumor subsite (P = 0.563),
tumor differentiation (P = 0.796), vocal cord
fixation (P = 0.775), airway obstruction (P =
0.647), thyroid cartilage invasion (P = 0.835),
pre-epiglottic space invasion (P = 0.238), pre-
treatment Hb (P = 0.533), pretreatment Alb
(P =0.854), and pretreatment NLR (P = 0.914)
(@all P > 0.05). These results indicated that
baseline characteristics were well balanced
after matching (Table 2 and Figure 1).

Follow-up and survival events

Among the 512 patients in the pre-match
cohort, the median follow-up was 50.0 months.
The median follow-up was 56.0 months (IQR:
28.8-59.0) in the TL group and 48.0 months
(IQR: 22.8-53.0) in the CCRT group. In the post-
match cohort of 440 patients, the median fol-
low-up was also 50.0 months. The TL group
again had a longer follow-up duration, with a
median of 56.0 months (IQR: 33.0-59.0) com-
pared with 48.0 months (IQR: 21.0-53.0) in the
CCRT group. During the observation period, a
total of 220 deaths occurred, with fewer deaths
in the TL group. Overall, 237 DFS events were
recorded, and the TL group had a lower DFS
event rate. In the post-match cohort, the 1-year,
3-year, and 5-year OS and DFS rates were all
higher in the TL group than in the CCRT group.
Waterfall plots of patient outcomes showed
that death and recurrence/progression events
were more densely clustered in the CCRT group
and tended to occur during the mid-to-late fol-
low-up period. Survival heatmaps revealed a
widening gap in survival between the two
groups over time, with the largest difference
observed at the 5-year mark (Figure 2).

Survival outcomes by treatment group

Before matching, OS was significantly higher in
the TL group than in the CCRT group (log-rank
P = 0.002). Median OS was not reached in the
TL group, whereas it was 54.0 months in the
CCRT group. DFS was also significantly higher
in the TL group (log-rank P < 0.001). Median
DFS was not reached for TL patients but was
45.0 months for CCRT patients. Kaplan-Meier
curves separated early during follow-up, with
the gap widening progressively over time.

After matching, the survival difference between
the two treatment groups remained significant.
For OS, the median was not reached in the TL
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Table 1. Baseline characteristics of patients before propensity score matching

Variable Total (N = 512) CCRT (n = 244) TL (n = 268) Test statistic P value

Age x?=2.180 0.140
< 65 years 289 (56.45%) 146 (59.84%) 143 (53.36%)
> 65 years 223 (43.55%) 98 (40.16%) 125 (46.64%)

Sex x2=0.246 0.620
Male 463 (90.43%) 219 (89.75%) 244 (91.04%)
Female 49 (9.57%) 25 (10.25%) 24 (8.96%)

BMI category x?=0.584 0.747
< 18.5 (underweight) 54 (10.55%) 28 (11.48%) 26 (9.70%)
18.5-23.9 (normal) 284 (55.47%) 136 (55.74%) 148 (55.22%)
> 24.0 (overweight/obese) 174 (33.98%) 80 (32.79%) 94 (35.07%)

Smoking history x?=0.451 0.502
Yes 399 (77.93%) 187 (76.64%) 212 (79.10%)
No 113 (22.07%) 57 (23.36%) 56 (20.90%)

Alcohol history x?>=0.373 0.541
Yes 280 (54.69%) 130 (53.28%) 150 (55.97%)
No 232 (45.31%) 114 (46.72%) 118 (44.03%)

ECOG performance status X2 =1.542 0.462
0 215 (41.99%) 108 (44.26%) 107 (39.93%)
1 221 (43.16%) 104 (42.62%) 117 (43.66%)
2 76 (14.84%) 32 (13.11%) 44 (16.42%)

Hypertension x> =0.266 0.606
Yes 180 (35.16%) 83 (34.02%) 97 (36.19%)
No 332 (64.84%) 161 (65.98%) 171 (63.81%)

Diabetes mellitus x?=0.405 0.524
Yes 109 (21.29%) 49 (20.08%) 60 (22.39%)
No 403 (78.71%) 195 (79.92%) 208 (77.61%)

CHD x> =0.256 0.613
Yes 67 (13.09%) 30 (12.30%) 37 (13.81%)
No 445 (86.91%) 214 (87.70%) 231 (86.19%)

COPD x?=0.268 0.605
Yes 80 (15.62%) 36 (14.75%) 44 (16.42%)
No 432 (84.38%) 208 (85.25%) 224 (83.58%)

T stage x> =3.026 0.082
T3 305 (59.57%) 155 (63.52%) 150 (55.97%)
T4a 207 (40.43%) 89 (36.48%) 118 (44.03%)

N stage X2 =2.312 0.315
NO 213 (41.60%) 108 (44.26%) 105 (39.18%)
N1 180 (35.16%) 86 (35.25%) 94 (35.07%)
N2 119 (23.24%) 50 (20.49%) 69 (25.75%)

Clinical stage x?=5.182 0.023
1] 250 (48.83%) 132 (54.10%) 118 (44.03%)
IVA 262 (51.17%) 112 (45.90%) 150 (55.97%)

Tumor subsite x?=0.214 0.643
Supraglottic 217 (42.38%) 106 (43.44%) 111 (41.42%)
Glottic 295 (57.62%) 138 (56.56%) 157 (58.58%)

Tumor differentiation x?=1.001 0.606
Well 80 (15.62%) 42 (17.21%) 38 (14.18%)
Moderate 296 (57.81%) 140 (57.38%) 156 (58.21%)
Poor 136 (26.56%) 62 (25.41%) 74 (27.61%)

Vocal cord fixation x> =4.228 0.040
Yes 251 (49.02%) 108 (44.26%) 143 (53.36%)
No 261 (50.98%) 136 (55.74%) 125 (46.64%)

Airway obstruction X2 =2.147 0.143
Yes 124 (24.22%) 52 (21.31%) 72 (26.87%)
No 388 (75.78%) 192 (78.69%) 196 (73.13%)
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Thyroid cartilage invasion
Yes
No

Pre-epiglottic space invasion
Yes
No

Hb (g/L)

Alb (g/L)

NLR

166 (32.42%)
346 (67.58%)

134 (26.17%)
378 (73.83%)

130.00 [119.00, 143.00]
38.35 [35.00, 41.60]

2.82+1.31

X2 = 6.141 0.013

66 (27.05%) 100 (37.31%)

178 (72.95%) 168 (62.69%)
X2 = 1.391 0.238

58 (23.77%) 76 (28.36%)

186 (76.23%) 192 (71.64%)
129.00 [118.00, 143.25] 131.00 [120.00, 142.25]  Z=0.547 0.584
38.30 [34.80, 42.10] 38.40 [35.10, 41.23] 7=0.184 0.854
2.83+1.32 2.82+1.31 t=-0.109 0.914

Note: Data are presented as n (%), median [interquartile range (IQR)], or mean + standard deviation (SD). CCRT, Concurrent chemoradiotherapy; TL, Total laryngectomy;
BMI, Body mass index; ECOG, Eastern Cooperative Oncology Group; CHD, Coronary heart disease; COPD, Chronic obstructive pulmonary disease; Hb, Hemoglobin; Alb,
Albumin; NLR, Neutrophil-to-lymphocyte ratio. Continuous variables were compared using the independent-samples t-test (normal distribution) or Mann-Whitney U test
(skewed distribution). Categorical variables were compared using the x? test. P < 0.05 is considered statistically significant.

Table 2. Baseline characteristics after propensity score matching

Variable Total (N = 440) CCRT (n = 220) TL (n = 220) Test statistic P value
Age x?=0.594 0.441
< 65 years 252 (57.27%) 130 (59.09%) 122 (55.45%)
> 65 years 188 (42.73%) 90 (40.91%) 98 (44.55%)
Sex x2=0.242 0.623
Male 399 (90.68%) 198 (90.00%) 201 (91.36%)
Female 41 (9.32%) 22 (10.00%) 19 (8.64%)
BMI category x> =0.053 0.974

< 18.5 (underweight)
18.5-23.9 (normal)
> 24.0 (overweight/obese)
Smoking history
Yes
No
Alcohol history
Yes
No
ECOG performance status
0
1
2
Hypertension
Yes
No
Diabetes mellitus
Yes
No
CHD
Yes
No
COPD
Yes
No
T stage
T3
T4a
N stage
NO
N1
N2

1547

49 (11.14%)
249 (56.59%)
142 (32.27%)

343 (77.95%)
97 (22.05%)

235 (53.41%)
205 (46.59%)

186 (42.27%)
189 (42.95%)
65 (14.77%)

155 (35.23%)
285 (64.77%)

101 (22.95%)
339 (77.05%)

55 (12.50%)
385 (87.50%)

73 (16.59%)
367 (83.41%)

272 (61.82%)
168 (38.18%)

186 (42.27%)
156 (35.45%)
98 (22.27%)

25 (11.36%)
125 (56.82%)
70 (31.82%)

24 (10.91%)
124 (56.36%)
72 (32.73%)

X?=0.331 0.565
169 (76.82%)
51 (23.18%)

174 (79.09%)
46 (20.91%)

X2 = 0.228 0.633
120 (54.55%)
100 (45.45%)

115 (52.27%)
105 (47.73%)

X2 =0.186 0.911
93 (42.27%) 93 (42.27%)
96 (43.64%) 93 (42.27%)
31 (14.09%) 34 (15.45%)
X2 = 0.010 0.921
78 (35.45%) 77 (35.00%)
142 (64.55%) 143 (65.00%)
X2 =0.630 0.427

47 (21.36%)
173 (78.64%)

54 (24.55%)
166 (75.45%)

X2 =1.683 0.195
23 (10.45%)
197 (89.55%)

32 (14.55%)
188 (85.45%)
X2 =0.411 0.522

34 (15.45%) 39 (17.73%)
186 (84.55%) 181 (82.27%)
X2 =0.154 0.695
138 (62.73%) 134 (60.91%)
82 (37.27%) 86 (39.09%)
X2 =0.210 0.900

94 (42.73%)
79 (35.91%)
47 (21.36%)

92 (41.82%)
77 (35.00%)
51 (23.18%)
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Clinical stage x?=0.737 0.391
1] 227 (51.59%) 118 (53.64%) 109 (49.55%)
IVA 213 (48.41%) 102 (46.36%) 111 (50.45%)
Tumor subsite x?=0.335 0.563
Supraglottic 186 (42.27%) 96 (43.64%) 90 (40.91%)
Glottic 254 (57.73%) 124 (56.36%) 130 (59.09%)
Tumor differentiation x? =0.457 0.796
Well 69 (15.68%) 36 (16.36%) 33 (15.00%)
Moderate 247 (56.14%) 125 (56.82%) 122 (55.45%)
Poor 124 (28.18%) 59 (26.82%) 65 (29.55%)
Vocal cord fixation x?=0.082 0.775
Yes 209 (47.50%) 103 (46.82%) 106 (48.18%)
No 231 (52.50%) 117 (53.18%) 114 (51.82%)
Airway obstruction x?=0.210 0.647
Yes 98 (22.27%) 47 (21.36%) 51 (23.18%)
No 342 (77.73%) 173 (78.64%) 169 (76.82%)
Thyroid cartilage invasion x?=0.043 0.835
Yes 132 (30.00%) 65 (29.55%) 67 (30.45%)
No 308 (70.00%) 155 (70.45%) 153 (69.55%)
Pre-epiglottic space invasion x?=1.394 0.238
Yes 119 (27.05%) 54 (24.55%) 65 (29.55%)
No 321 (72.95%) 166 (75.45%) 155 (70.45%)
Hb (g/L) 130.00 [119.00, 143.00] 129.00 [118.00, 143.25] 131.00 [120.00, 142.25] Z=0.547 0.584
Alb (g/L) 38.35 [35.00, 41.60] 38.30 [34.80, 42.10] 38.40 [35.10, 41.23] Z=0.184 0.854
NLR 2.82+1.31 2.83+1.32 2.82+1.31 t=-0.109 0.914

Note: Data are presented as n (%), mean * standard deviation (SD), or median [interquartile range (IQR)]. CCRT, Concurrent chemoradiotherapy; TL, Total laryngectomy;
BMI, Body mass index; ECOG, Eastern Cooperative Oncology Group; CHD, Coronary heart disease; COPD, Chronic obstructive pulmonary disease; Hb, Hemoglobin; Alb,
Albumin; NLR, Neutrophil-to-lymphocyte ratio. Continuous variables were compared using the independent-samples t-test (normal distribution) or Mann-Whitney U test

(skewed distribution); categorical variables were compared using the x? test.

group, whereas the CCRT group had a median
OS of 49.0 months (log-rank P < 0.001). For
DFS, the median was not reached in the TL
group, compared with 42.5 months in the
CCRT group (log-rank P < 0.001). Notably, the
survival difference between the two groups
did not diminish after PSM; if anything, it
became more pronounced after adjusting for
confounders. Kaplan-Meier curves demon-
strated early divergence and a progressively
widening gap between the two groups, regard-
less of matching status (Figure 3).

Univariate Cox regression analysis before and
after matching

In the pre-match univariate Cox analysis, CCRT
was identified as a significant risk factor for
both OS (P = 0.002) and DFS (P < 0.001). The
following factors were significantly associated
with worse OS and DFS: ECOG performance
status score of 2 (0S: P < 0.001; DFS: P <
0.001), T4a stage (both P < 0.001), N2 stage
(both P < 0.001), clinical stage IVA (both P <
0.001), thyroid cartilage invasion (0S: P =

1548

0.002; DFS: P = 0.007), and NLR (both: P <
0.001; DFS: P = 0.001). BMI > 24.0 reached
significance only for DFS (P = 0.028), and poor
differentiation was borderline significant for
DFS alone (P = 0.048); neither was significantly
associated with OS. The remaining variables
did not reach statistical significance for either
endpoint (all P > 0.05) (Table 3).

Post-match univariate results were broadly
consistent with the pre-match findings. CCRT
remained a significant risk factor for OS (P <
0.001) and DFS (P < 0.001), with slightly larger
HR estimates than those observed before
matching. ECOG score of 2, T4a stage, N2
stage, clinical stage IVA, thyroid cartilage inva-
sion, and NLR continued to predict worse OS
and DFS. A notable difference was that BMI >
24.0 now reached significance for both OS (P =
0.030) and DFS (P = 0.010). Poor differentia-
tion remained significant for DFS (P = 0.039)
and showed a borderline trend for OS (P =
0.069). Other variables were not significant (all
P > 0.05) (Table 4).
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Figure 1. Balance assessment of propensity score matching. A. Love plot displaying the SMDs of all covariates
before and after matching. An SMD below 0.1 indicates acceptable balance. B. Density distribution of propensity
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scores in the CCRT and TL groups before matching. C. Density distribution of propensity scores in the CCRT and TL
groups after matching. D. Dumbbell plot comparing the SMDs of baseline covariates before and after matching.
Note: CCRT, Concurrent chemoradiotherapy; TL, Total laryngectomy; ECOG, Eastern Cooperative Oncology Group;
SMD, Standardized mean difference; COPD, Chronic obstructive pulmonary disease; BMI, Body mass index; CHD,
Coronary heart disease; NLR, Neutrophil-to-lymphocyte ratio.
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Figure 2. Follow-up and survival event overview before and after PSM. A. Density distribution of follow-up duration
in the CCRT and TL groups before and after PSM. B. Waterfall plots of patient outcomes in the CCRT and TL groups
before and after PSM. C. Heatmap summarizing 1-year, 3-year, and 5-year OS and DFS rates in the two groups
before and after PSM. Note: CCRT, Concurrent chemoradiotherapy; TL, Total laryngectomy; PSM, Propensity score
matching; OS, Overall survival; DFS, Disease-free survival.

Collinearity diagnostics for the multivariable vocal cord fixation, thyroid cartilage invasion,
Cox model pre-epiglottic space invasion, and NLR.

To ensure the reliability of the multivariable Cox Spearman correlation analysis showed that
regression results, collinearity was assessed most pairwise correlation coefficients were be-
among variables that met the P < 0.1 threshold low 0.2 in absolute value before matching. The
in univariate analysis. Because clinical stage is only strong negative correlation was observed
jointly determined by T and N stages, it was between moderate and poor differentiation (r =
excluded a priori. The remaining 10 variables -0.704), which is an expected structural artifact
entered into the diagnostics were treatment of dummy-coding a single categorical variable.
modality, BMI category, ECOG performance N1 and N2 stages also showed a moderate
status, T stage, N stage, tumor differentiation, negative correlation (r = -0.405), another struc-
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A Overall Survival (Before PSM)
100% -—TL
== CCRT
80%
S o
S 60%
= 4
7]
T
QL 40%-
[e]
20%
Log-rank P = 0.002
0%+
0 12 24 36 48 60
Number at risk
CCRT 244 213 180 156 136 25
TL 268 244 218 191 170 49
C Overall Survival (After PSM)
100%4 — TL
== CCRT
80%
S o
S 60%
3
w
T
L 0%
]
20%
Log-rank P < 0.001
0%+
0 12 24 36 48 60
Number at risk
CCRT 220 189 156 133 118 22
TL 220 203 185 161 142 41

Disease-Free Survival

Disease-Free Survival

Disease-Free Survival (Before PSM)

100%+ —_—TL
== CCRT

80%4

60%4

40%4

20%

Log-rank P < 0.001

0%+

0 12 24 36 48 60

Number at risk
CCRT 244 210 174 143 117 12
TL 268 241 213 185 165 39
Disease-Free Survival (After PSM)
100%4 — TL
== CCRT

80%+

60%+

40%4

20%4

Log-rank P < 0.001

0%+

0 12 24 36 48 60

Number at risk
CCRT 220 186 150 125 101 10
TL 220 202 180 155 138 32

Figure 3. Kaplan-Meier survival curves before and after PSM. A. OS curves for the CCRT and TL groups before PSM.
B. DFS curves for the CCRT and TL groups before PSM. C. OS curves for the CCRT and TL groups after PSM. D. DFS
curves for the CCRT and TL groups after PSM. Note: CCRT, Concurrent chemoradiotherapy; TL, Total laryngectomy;
PSM, Propensity score matching; OS, Overall survival; DFS, Disease-free survival.

tural relationship inherent to the same categori-
cal variable. The correlation pattern remained
essentially unchanged after matching.

GVIF analysis demonstrated that all variables
had GVIF~1/(2xDf)) values well below the
threshold of 2 before matching, with the high-
est being 1.054 for thyroid cartilage invasion.
After matching, all values remained well below
2, with the maximum again observed for thy-
roid cartilage invasion (1.074). GVIF estimates
were stable between the pre-match and post-
match datasets, with no notable changes. The-
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se results confirmed the absence of serious
multicollinearity and supported the simultane-
ous inclusion of all 10 variables in the multivari-
able Cox model (Figures 4 and 5).

PH assumption testing

Before fitting the multivariable Cox models, the
proportional hazards (PH) assumption was
assessed for the full 10-variable model using
Schoenfeld residuals. In all four settings, the
global test indicated violation of the PH assu-
mption, with global P values of 0.004 for pre-
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Table 3. Univariate Cox regression analysis for OS and DFS before propensity score matching

0S DFS
B P value HR_(95% Cl) B P value HR_(95% Cl)

Variable

Treatment

TL (Ref)

CCRT 0.404 0.002 1.497 (1.165-1.924) 0.519 <0.001 1.680 (1.315-2.148)
Age

< 65 years (Ref)

> 65 years 0.023 0.854 1.024 (0.797-1.315) 0.015 0.900 1.016 (0.798-1.293)
Sex

Male (Ref)

Female 0.042 0.843 1.043 (0.690-1.576) 0.063 0.757 1.065 (0.715-1.585)
BMI category

18.5-23.9 (Ref)

<18.5 0.268 0.188 1.307 (0.877-1.946) 0.243 0.223 1.275 (0.863-1.884)

>24.0 0.250 0.067 1.283 (0.982-1.676) 0.287 0.028 1.333(1.031-1.723)
Smoking history

No (Ref)

Yes -0.194 0.186 0.824 (0.618-1.098) -0.207 0.141 0.813 (0.616-1.071)
Alcohol history

No (Ref)

Yes 0.014 0.911 1.014 (0.791-1.301) 0.041 0.736 1.042 (0.819-1.325)
ECOG performance status

0 (Ref)

1 0.235 0.098 1.265 (0.958-1.670) 0.209 0.123 1.233 (0.945-1.609)

2 0.772 <0.001 2.163(1.532-3.054) 0.694 <0.001 2.002 (1.430-2.803)
Hypertension

No (Ref)

Yes 0.141 0.280 1.151 (0.892-1.486) 0.106 0.399 1.112 (0.869-1.424)
Diabetes mellitus

No (Ref)

Yes -0.098 0.531 0.906 (0.666-1.233) -0.025 0.866 0.975 (0.729-1.304)
CHD

No (Ref)

Yes 0.079 0.670 1.082 (0.754-1.553) 0.096 0.590 1.100 (0.778-1.557)
COPD

No (Ref)

Yes -0.113 0.529 0.893 (0.627-1.271) -0.148 0.399 0.863 (0.612-1.216)
T stage

T3 (Ref)

T4a 0.584 <0.001 1.793(1.399-2.299) 0.529 <0.001 1.697 (1.335-2.157)
N stage

NO (Ref)

N1 0.035 0.825 1.036 (0.760-1.411) 0.041 0.786 1.041 (0.777-1.395)

N2 1.013 <0.001 2.753(2.046-3.706) 0.922 <0.001 2.515 (1.883-3.358)
Clinical stage

11l (Ref)

IVA 0.974 <0.001 2.649(2.036-3.447) 0.781 <0.001 2.183 (1.705-2.794)
Tumor subsite

Glottic (Ref)

Suprag]ottic 0.066 0.603 1.069 (0.832-1.372) -0.011 0.931 0.989 (0.776-1.261)
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Tumor differentiation
Well (Ref)
Moderate
Poor

Vocal cord fixation
No (Ref)

Yes

Airway obstruction
No (Ref)

Yes

Thyroid cartilage invasion
No (Ref)

Yes

Pre-epiglottic space invasion

No (Ref)

Yes
Pretreatment Hb (g/L)
Pretreatment Alb (g/L)
Pretreatment NLR

0.147
0.358

0.218

0.052

0.412

-0.171
-0.003
0.000
0.227

0.442
0.084

0.085

0.725

0.002

0.246

0.386

0.970
<0.001

1.158 (0.796-1.684)
1.430 (0.953-2.144)

1.244 (0.970-1.594)
1.053 (0.790-1.403)
1.509 (1.168-1.951)

0.843 (0.632-1.125)
0.997 (0.990-1.004)
1.000 (0.975-1.026)
1.255 (1.143-1.379)

0.209
0.401

0.188

0.097

0.341

-0.125
-0.003
-0.004
0.152

0.265
0.048

0.124

0.486

0.007

0.372
0.421
0.763
0.001

1.232 (0.854-1.779)
1.493 (1.003-2.221)

1.207 (0.950-1.533)

1.102 (0.838-1.449)

1.407 (1.096-1.806)

0.882 (0.670-1.161)
0.997 (0.990-1.004)
0.996 (0.972-1.021)
1.164 (1.063-1.275)

Note: HR, Hazard ratio; Cl, Confidence interval; Ref, Reference category; OS, Overall survival; DFS, Disease-free survival; CCRT, Concurrent
chemoradiotherapy; TL, Total laryngectomy; BMI, Body mass index; ECOG, Eastern Cooperative Oncology Group; CHD, Coronary heart disease;
COPD, Chronic obstructive pulmonary disease; NLR, Neutrophil-to-lymphocyte ratio. B represents the regression coefficient. P < 0.05 is consid-

ered statistically significant.

Table 4. Univariate Cox regression analysis for OS and DFS after propensity score matching

Variable

0S

DFS

B

P value

HR (95% Cl)

B

P value

HR (95% Cl)

Treatment
TL (Ref)
CCRT
Age
< 65 years (Ref)
> 65 years
Sex
Male (Ref)
Female
BMI category
18.5-23.9 (Ref)
<18.5
>24.0
Smoking history
No (Ref)
Yes
Alcohol history
No (Ref)
Yes
ECOG performance status
0 (Ref)
1
2
Hypertension
No (Ref)
Yes

1553

0.514

-0.037

0.152

0.298
0.316

-0.175

-0.008

0.220
0.682

0.116

<0.001

0.789

0.491

0.159
0.030

0.264

0.956

0.142
<0.001

0.404

1.672 (1.276-2.190)

0.964 (0.737-1.261)

1.164 (0.756-1.793)

1.347 (0.890-2.040)
1.372 (1.030-1.828)

0.839 (0.618-1.141)

0.993 (0.762-1.293)

1.247 (0.929-1.674)
1.978 (1.365-2.868)

1.123 (0.855-1.475)

0.631

-0.061

0.186

0.277
0.362

-0.203

0.049

0.195
0.608

0.074

<0.001

0.643

0.379

0.181
0.010

0.177

0.706

0.175
<0.001

0.585

1.879 (1.443-2.448)

0.941 (0.726-1.219)

1.205 (0.796-1.823)

1.319 (0.879-1.980)
1.437 (1.092-1.892)

0.816 (0.608-1.096)

1.050 (0.813-1.356)

1.216 (0.917-1.611)
1.838 (1.279-2.640)

1.076 (0.826-1.402)
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Diabetes mellitus
No (Ref)
Yes
CHD
No (Ref)
Yes
COPD
No (Ref)
Yes
T stage
T3 (Ref)
T4a
N stage
NO (Ref)
N1
N2
Clinical stage
11l (Ref)
IVA
Tumor subsite
Glottic (Ref)
Supraglottic
Tumor differentiation
Well (Ref)
Moderate
Poor
Vocal cord fixation
No (Ref)
Yes
Airway obstruction
No (Ref)
Yes

Thyroid cartilage invasion

No (Ref)
Yes

Pre-epiglottic space invasion

No (Ref)
Yes
Pretreatment Hb (g/L)

Pretreatment Alb (g/L)

Pretreatment NLR

-0.177

0.055

-0.100

0.593

0.024
1.009

1.007

0.027

0.190
0.401

0.206

0.032

0.500

-0.234
-0.002
-0.003
0.228

0.285

0.785

0.592

<0.001

0.886
<0.001

<0.001

0.842

0.358
0.069

0.127

0.841

<0.001

0.135

0.545

0.806
<0.001

0.838 (0.605-1.159)
1.057 (0.711-1.571)
0.905 (0.628-1.304)
1.810 (1.388-2.359)

1.024 (0.739-1.419)
2.743 (1.996-3.769)

2.737 (2.075-3.609)
1.028 (0.786-1.343)

1.209 (0.806-1.814)
1.494 (0.969-2.303)

1.229 (0.943-1.601)
1.033 (0.753-1.416)
1.648 (1.251-2.172)

0.791 (0.582-1.076)
0.998 (0.990-1.005)
0.997 (0.970-1.024)
1.256 (1.137-1.386)

-0.092

0.087

-0.132

0.538

0.031
0.923

0.826

-0.043

0.249
0.447

0.180

0.086

0.443

-0.196
-0.002
-0.006
0.150

0.556

0.653

0.465

<0.001

0.841
<0.001

<0.001

0.744

0.218
0.039

0.166

0.575

0.001

0.189
0.617
0.671
0.002

0.912 (0.672-1.238)

1.090 (0.747-1.591)

0.876 (0.615-1.249)

1.713 (1.326-2.213)

1.032 (0.758-1.405)
2.516 (1.845-3.431)

2.284 (1.760-2.964)

0.958 (0.739-1.241)

1.283 (0.863-1.908)
1.563 (1.024-2.388)

1.197 (0.928-1.545)

1.090 (0.807-1.470)

1.557 (1.191-2.035)

0.822 (0.613-1.101)
0.998 (0.991-1.005)
0.994 (0.969-1.020)
1.161 (1.055-1.278)

Note: HR, Hazard ratio; Cl, Confidence interval; Ref, Reference category; OS, Overall survival; DFS, Disease-free survival; CCRT, Concurrent
chemoradiotherapy; TL, Total laryngectomy; BMI, Body mass index; ECOG, Eastern Cooperative Oncology Group; CHD, Coronary heart disease;
COPD, Chronic obstructive pulmonary disease; NLR, Neutrophil-to-lymphocyte ratio. B represents the regression coefficient. P < 0.05 is consid-

ered statistically significant.

match OS, < 0.001 for pre-match DFS, 0.021
for post-match 0S, and < 0.001 for post-match
DFS. At the individual-variable level, ECOG per-
formance status, thyroid cartilage invasion,
and NLR consistently showed evidence of non-
proportionality across multiple models. In addi-
tion, T stage and N stage also violated the PH
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assumption in the pre-match DFS model, and N
stage violated the assumption in the post-
match DFS model. Therefore, ECOG perfor-
mance status, thyroid cartilage invasion, pre-
epiglottic space invasion, and NLR were re-
moved, yielding a final model including six vari-
ables: treatment modality, BMI category, T
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Figure 4. Spearman correlation heatmaps of variables with univariate significance (P < 0.1) before and after PSM.
A. Correlation matrix before PSM. B. Correlation matrix after PSM. Note: Color intensity and numerical values rep-
resent Spearman’s rank correlation coefficients (r). Red/blue shades indicate positive/negative correlations, re-
spectively. BMI, Body mass index; ECOG, Eastern Cooperative Oncology Group; NLR, Neutrophil-to-lymphocyte ratio;

PSM, Propensity score matching.

stage, N stage, tumor differentiation, and vocal
cord fixation. In the final six-variable model, the
global PH assumption was satisfied for pre-
match OS (global P = 0.248), post-match OS
(global P = 0.329), and post-match DFS (global
P = 0.055), whereas the pre-match DFS model
remained borderline (P = 0.032). At the individ-
ual-variable level, N stage showed mild devia-
tion in the pre-match OS model (P = 0.048), T
stage and N stage showed mild deviation in
the pre-match DFS model (P = 0.028 and P =
0.008, respectively), and N stage showed mild
deviation in the post-match DFS model (P =
0.014). However, given their clinical relevance
and the limited degree of global violation, these
variables were retained in the final analyses.
Overall, the final six-variable model was consid-
ered acceptable for multivariable Cox regres-
sion analysis (Figure 6).

Multivariable Cox regression before and after
matching

In the pre-match multivariable Cox analysis,
after adjusting for BMI category, T stage, N
stage, tumor differentiation, and vocal cord fix-
ation, CCRT was confirmed as an independent
risk factor for both OS (P < 0.001) and DFS (P <
0.001). T4a stage (0OS: P < 0.001; DFS: P <
0.001) and N2 stage (0S: P < 0.001; DFS: P <
0.001) were also independent risk factors for
both endpoints. N1 stage was not significant for
either OS (P = 0.833) or DFS (P = 0.809). BMI
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categories (underweight: OS P = 0.224, DFS P
=0.299; overweight/obese: OS P = 0.293, DFS
P =0.119), tumor differentiation levels (moder-
ate: OS P =0.920, DFS P = 0.499; poor: OS P =
0.269, DFS P = 0.105), and vocal cord fixation
(0OS P = 0.165, DFS P = 0.192) all failed to
reach statistical significance after adjustment
(Table 5).

Post-match results were highly consistent with
the pre-match findings. CCRT remained an
independent risk factor for OS (P < 0.001) and
DFS (P < 0.001), with HR estimates slightly
higher than those observed before matching.
T4a stage (OS: P < 0.001; DFS: P < 0.001) and
N2 stage (0S: P < 0.001; DFS: P < 0.001) con-
tinued to independently predict worse OS and
DFS. One difference from the pre-match model
was that BMI = 24.0 reached significance for
DFS (P = 0.048) in the post-match analysis,
although it remained non-significant for 0OS
(P = 0.165). N1 stage (OS P = 0.928, DFS P =
0.919), underweight BMI (OS P = 0.143, DFS P
= 0.175), tumor differentiation levels (moder-
ate: OS P =0.855, DFS P = 0.469; poor: OS P =
0.285, DFS P = 0.110), and vocal cord fixation
(0OS P = 0.312, DFS P = 0.400) were all non-
significant in the post-match model (Table 6).

Subgroup analysis and interaction tests

To further investigate whether treatment effec-
tiveness varied across clinical subgroups, the

Am J Cancer Res 2026;16(4):1540-1566
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440 matched patients were stratified by T
stage, N stage, age, ECOG performance status,
tumor differentiation, vocal cord fixation, thy-
roid cartilage invasion, and tumor subsite.

For OS, CCRT was associated with significantly
worse outcomes in most subgroups, including
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T3 (P = 0.002), T4a (P = 0.018), N1-2 (P <
0.001), age <65 years (P = 0.002), age > 65
years (P = 0.043), ECOG 1-2 (P < 0.001), well/
moderately differentiated tumors (P = 0.007),
poorly differentiated tumors (P = 0.004), no
vocal cord fixation (P < 0.001), no thyroid carti-
lage invasion (P = 0.013), thyroid cartilage inva-
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Table 5. Multivariable Cox regression analysis for OS and DFS before propensity score matching

Variable oS DFS

B P value HR (95% ClI) B P value HR (95% Cl)
Treatment
TL (Ref)
CCRT 0.564 <0.001 1.758(1.363-2.266) 0.692 <0.001 1.998 (1.555-2.566)
BMI category
18.5-23.9 (Ref)
<185 0.251 0.224 1.285(0.858-1.924) 0.210 0.299 1.234 (0.830-1.832)
>24.0 0.145 0.293 1.156(0.882-1.513) 0.206  0.119 1.228 (0.948-1.591)
T stage
T3 (Ref)
T4a 0.541 <0.001 1.718(1.331-2.217) 0.500 <0.001 1.648 (1.289-2.108)
N stage
NO (Ref)
N1 0.034 0.833 1.034(0.757-1.413) 0.036  0.809 1.037 (0.772-1.393)
N2 0.964 <0.001 2.622(1.932-3.557) 0.891 <0.001 2.438 (1.811-3.282)
Tumor differentiation
Well (Ref)
Moderate 0.019 0.920 1.020(0.698-1.490) 0.128 0.499 1.137 (0.784-1.648)
Poor 0.232 0.269 1.261(0.835-1.904) 0.334 0.105 1.397 (0.933-2.090)
Vocal cord fixation
No (Ref)
Yes 0.179 0.165 1.196(0.929-1.539) 0.161  0.192 1.175 (0.922-1.498)

Note: HR, Hazard ratio; Cl, Confidence interval; Ref, Reference category; OS, Overall survival; DFS, Disease-free survival; CCRT,
Concurrent chemoradiotherapy; TL, Total laryngectomy; BMI, Body mass index. B represents the regression coefficient. P <

0.05 is considered statistically significant.

sion present (P = 0.002), glottic subsite (P =
0.006), and supraglottic subsite (P = 0.012).
No significant difference in OS between CCRT
and TL was observed in the NO subgroup (P =
0.127), the ECOG O subgroup (P = 0.385), or
the vocal cord fixation-present subgroup (P =
0.234). ECOG performance status and vocal
cord fixation were identified as significant eff-
ect modifiers. Specifically, the OS disadvant-
age of CCRT compared with TL was similar
among patients with ECOG score 1-2 and those
without vocal cord fixation.

For DFS, CCRT was significantly inferior to TL
across all subgroups (all P < 0.05). A significant
interaction was observed between treatment
and vocal cord fixation (P_interaction = 0.018):
the DFS disadvantage of CCRT was more pro-
minent in patients without vocal cord fixation,
whereas in the subgroup with fixation, the dif-
ference, although present, was not significant
(P = 0.086). All other subgroup variables sh-
owed non-significant interaction effects (P_
interaction > 0.05). The subgroup results

1558

before matching were largely consistent with
the post-match findings (Figure 7).

Sensitivity analyses

To validate the robustness of the survival differ-
ence between CCRT and TL, eight statistical
approaches were performed: (1) pre-match
unadjusted model; (2) pre-match 10-variable
adjusted model; (3) pre-match 6-variable ad-
justed model; (4) post-match unadjusted mo-
del; (5) post-match 6-variable adjusted model
(primary analysis); (6) IPTW; (7) propensity
score stratification by quintiles; and (8) pro-
pensity score covariate adjustment. For OS,
the HR estimates across the eight methods
ranged from 1.50 to 1.89. All approaches dem-
onstrated significantly worse OS in the CCRT
group compared with the TL group (all P <
0.05), with the primary analysis yielding an HR
of 1.82. For DFS, the HR estimates ranged from
1.68 to 2.13, and all methods consistently
showed significantly inferior DFS in the CCRT
group (all P < 0.001), with the primary analysis
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Table 6. Multivariable Cox regression analysis for OS and DFS after propensity score matching

Variable 0 DFS

B P value HR (95% ClI) B P value HR (95% Cl)
Treatment
TL (Ref)
CCRT 0.598 < 0.001 1.819 (1.386-2.386) 0.738 <0.001 2.091 (1.601-2.732)
BMI category
18.5-23.9 (Ref)
<185 0.316  0.143 1.372 (0.898-2.094) 0.287 0.175 1.332(0.880-2.016)
>24.0 0.205 0.165 1.228 (0.919-1.640) 0.281 0.048 1.324(1.003-1.749)
T stage
T3 (Ref)
T4a 0.518 <0.001 1.678 (1.276-2.207) 0.475 <0.001 1.607 (1.234-2.094)
N stage
NO (Ref)
N1 0.015 0.928 1.015 (0.730-1.412) 0.016 0.919 1.016 (0.744-1.388)
N2 0.919 <0.001 2.508 (1.807-3.482) 0.847 <0.001 2.332(1.693-3.213)
Tumor differentiation
Well (Ref)
Moderate 0.038 0.855 1.039 (0.689-1.568) 0.148 0.469 1.160 (0.776-1.734)
Poor 0.241 0.285 1.272 (0.818-1.979) 0.352 0.110 1.422(0.924-2.190)
Vocal cord fixation
No (Ref)
Yes 0.139 0.312 1.149 (0.878-1.505) 0.111 0.400 1.118(0.862-1.449)

Note: Ref, Reference category; OS, Overall survival; DFS, Disease-free survival; CCRT, Concurrent chemoradiotherapy; TL, Total
laryngectomy; BMI, Body mass index; HR, Hazard ratio; Cl, Confidence interval. B represents the regression coefficient. P <

0.05 is considered statistically significant.

HR equal to 2.09. Most confounding-control
strategies adopted resulted in HRs for CCRT
versus TL greater than 1 and statistically signifi-
cant. There was agreement in both the direc-
tion and magnitude of the HR estimates across
methods. Together, these findings consistently
indicate that CCRT is associated with worse
survival outcomes than TL across various ana-
lytical approaches (Figure 8).

Supplementary analyses of treatment regi-
mens and postoperative adjuvant therapy

To further characterize treatment heterogene-
ity between the two groups, treatment regi-
mens in the CCRT group were summarized, and
postoperative adjuvant therapy in the TL group
was illustrated. Table S1 shows that among
CCRT patients, the majority received the stan-
dard cisplatin regimen (80-100 mg/m? every
three weeks), accounting for 80.3% and 80.0%
of patients before and after PSM, respectively.
The remaining patients received cisplatin-con-
taining alternative regimens, including carbo-
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platin, nedaplatin, or reduced-dose cisplatin.
Most patients completed three cycles of che-
motherapy (72.1% before PSM and 73.2% after
PSM), and over 89% completed the prescribed
radiotherapy dose (= 66 Gy).

The distribution of postoperative adjuvant ther-
apy in the TL group is presented in Table S2.
The majority of TL patients received postopera-
tive radiotherapy or chemotherapy, whereas a
small proportion underwent surgery alone
(6.7% before PSM and 7.3% after PSM).

To evaluate whether postoperative adjuvant
therapy in the TL group influenced the main
findings, we conducted a sensitivity analysis
restricted to TL patients treated with surgery
alone and compared them with CCRT patients.
As shown in Table S3, the results remained
consistent with the main analysis. CCRT was
associated with significantly worse OS and DFS
compared with TL even under this restricted
comparison, both before and after PSM.
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Figure 7. Forest plots of subgroup analysis for OS and DFS before and after PSM. A. Forest plot of OS HRs and 95% Cls by subgroup before PSM. B. Forest plot of
DFS HRs and 95% Cls by subgroup before PSM. C. Forest plot of OS HRs and 95% Cls by subgroup after PSM. D. Forest plot of DFS HRs and 95% Cls by subgroup
after PSM. Note: OS, Overall survival; DFS, Disease-free survival; PSM, Propensity score matching; CCRT, Concurrent chemoradiotherapy; TL, Total laryngectomy;
HR, Hazard ratio; Cl, Confidence interval; ECOG, Eastern Cooperative Oncology Group.
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Figure 8. Forest plots of sensitivity analysis for OS and DFS using multiple statistical methods. A. Comparison of OS
HRs and 95% Cls for CCRT versus TL across eight statistical methods. B. Comparison of DFS HRs and 95% Cls for
CCRT versus TL across eight statistical methods. The yellow-highlighted row indicates the primary analysis. Note:
0OS, Overall survival; DFS, Disease-free survival; PSM, Propensity score matching; CCRT, Concurrent chemoradio-
therapy; TL, Total laryngectomy; IPTW, Inverse probability of treatment weighting; PS, Propensity score; HR, Hazard

ratio; Cl, Confidence interval.

Discussion

The present study makes several methodologi-
cal contributions to the ongoing debate over
treatment selection for LA-LSCC. By combin-
ing PSM with eight complementary sensitivity
approaches - including IPTW, propensity score
stratification, and propensity score covariate
adjustment - we achieved a level of confound-
ing control that is uncommon in single-institu-
tion retrospective studies of this condition. The
high concordance of effect estimates across
all analytical strategies strengthens confidence
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in the direction and approximate magnitude of
the observed survival difference between TL
and CCRT. To our knowledge, PSM-based head-
to-head comparisons of CCRT versus TL specifi-
cally addressing the high-risk LA-LSCC popula-
tion remain limited in the domestic literature,
and the present work provides complementary
real-world evidence on this clinically conse-
quential question.

The historical context of organ preservation
must be considered when interpreting our find-
ings. The Veterans Affairs Laryngeal Cancer
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Study and the long-term results of RTOG 91-11
established CCRT as a mainstay of larynx-pres-
ervation therapy, the their impact on clinical
practice is unquestionable. Nonetheless, both
trials predominantly enrolled patients with T3
disease and systematically excluded those with
severe laryngeal dysfunction, airway compro-
mise, or poor performance status. These pa-
tients represent the high-risk cohort that domi-
nates the real-world locally advanced popula-
tion. The clinical repercussions of this limited
representativeness are significant, as any sur-
vival benefit demonstrated in these trials may
not be applicable to LA-LSCC encountered in
daily practice. Consequently, recent analyses
have urged caution in applying findings from
key trials to higher-risk groups. An international
multidisciplinary Delphi consensus specifically
advised against non-surgical organ preserva-
tion for patients with T4a disease, poor base-
line swallowing or airway function, or significant
comorbidity burden. The current study cohort
included more patients with T4a tumors, vocal
cord fixation, and thyroid cartilage invasion;
thus, it is more representative of patients for
whom the decision to preserve laryngeal func-
tions poses the greatest difficulty. The survival
disadvantage of CCRT observed here therefore
has direct clinical applicability for this previous-
ly underrepresented population.

The survival advantage of TL over CCRT ob-
served in our study is generally supported by
large retrospective analyses, although differ-
ences across studies highlight the importance
of patient selection and methodological rigor.
According to Patel et al. [20], patients with T4
stage disease who underwent TL demonstrat-
ed significantly improved OS compared with
non-T4 patients with low nodal burden in the
National Cancer Database - a pattern similar to
our own subgroup analyses. Moreover, their
findings reinforce that the oncologic benefit of
TL is not uniform across the locally advanced
spectrum. Fu and co-authors [21] conducted a
PSM-based National Cancer Database analysis
restricted to cT4a patients, as previously men-
tioned, and reported similar results. This analy-
sis involved 452 matched pairs and also
favored surgery, but yielded a more modest HR
than ours. This discrepancy likely reflects dilu-
tion of effects due to multi-institutional hetero-
geneity in administrative databases, as well as
restriction to a single T stage. Merdad et al.
[22] performed a systematic review and meta-

1562

analysis of T3 laryngeal cancer and found that
TL was associated with better DFS and 0S
compared with organ preservation. Although
the absolute differences were modest, these
findings support individualized treatment deci-
sions for this intermediate-risk group. In con-
trast, a meta-analysis by Rao et al. [23], which
included over 10,000 T3 patients, did not find
any significant difference in OS between TL
and CCRT. Similarly, Garcia-Cabo et al. [24]
reported no difference in OS or disease-spe-
cific survival in a matched-pair study of hypo-
pharyngeal cancers. These discrepancies can
likely be explained by differences in inclusion
criteria, follow-up duration, and, importantly,
control for confounding by indication. Through
comprehensive application of PSM and addi-
tional sensitivity analyses, we are able to reach
a consistent conclusion. Although the method-
ological strengths of our study do not allow for
causal inference, each analytical approach
lends support to a similar directional effect
favoring TL.

A methodologically instructive finding is that
the survival advantage of TL became more pro-
nounced rather than diminished after PSM.
This trend has important implications for inter-
preting the existing unmatched literature.
Before matching, the TL group was enriched
for patients with stage IVA disease, vocal cord
fixation, and thyroid cartilage invasion - charac-
teristics that simultaneously drove the choice
of surgery and predicted poor prognosis. This
classic “indication bias” created negative con-
founding, which compressed the true survival
difference between the two treatment options.
After PSM rectified these structural imbalanc-
es, the treatment effect under assessment
became more estimable. The key takeaway is
that surgical versus non-surgical comparisons
in LA-LSCC that are inadequately adjusted - or
left unadjusted - are likely to underestimate the
oncologic benefit of TL, particularly in series
where surgeons selectively operated on more
advanced cases. Although PSM addresses cer-
tain confounding factors (e.g., chemoradiother-
apy completion rates, radiation dose intensity,
and institutional surgical volume), residual
unmeasured confounding cannot be entirely
excluded. Therefore, multicenter prospective
studies are needed to further refine the effect
estimates.

The subgroup and interaction analyses suggest
that the findings are exploratory in nature and
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may have clinical relevance, albeit with caution.
These exploratory findings are hypothesis-gen-
erating and have not been adjusted for multi-
plicity. The notable interaction between ECOG
performance status and treatment suggests
that patients with poor functional capacity de-
rive disproportionally less benefit and/or expe-
rience disproportionably more harm from CCRT
compared with TL. Biologically and clinically,
patients with lower functional reserve are gen-
erally less able to tolerate the acute and cumu-
lative toxicities of cisplatin-based chemoradio-
therapy; they may also have a higher frequen-
cy of treatment interruptions. A combined
analysis of RTOG 9501 and the European
Organisation for Research and Treatment of
Cancer 22931 reported that although postop-
erative CCRT reduced tumor-specific mortality,
it was associated with significantly higher non-
cancer mortality [25]. This trade-off would be
particularly unfavorable in patients already
impaired at baseline. The relationship between
vocal cord fixation and treatment benefit with
respect to OS is more intricate and should not
be overinterpreted. The observed paradox -
that CCRT performed relatively better in the
fixation-present subgroup - likely reflects resid-
ual selection bias, as CCRT-treated patients
with vocal cord fixation were probably more
stringently screened by the MDT. According to
Nobacht et al. [11], oncologic outcomes be-
tween modalities begin to converge when treat-
ment selection is based on expected laryngeal
function rather than on T stage alone. This sug-
gests that functional assessment must be-
come an integral part of the selection process
rather than an afterthought. Findings from all
subgroups should be regarded as hypothesis-
generating and require independent validation
in adequately powered prospective cohorts.

Our results are consistent with, and provide
real-world empirical support for, the current
international redefinition of organ-preservation
eligibility. The Delphi consensus published by
Ferrari et al. [7], recommended shifting the par-
adigm from preservation of laryngeal anatomy
to preservation of usable function - a clinically
relevant distinction that is often underrecog-
nized. A non-phonating, chronically aspirating,
or permanently feeding tube-dependent ana-
tomically intact larynx should not considered a
successful functional preservation outcome.
Patients undergoing organ-preserving treat-
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ment exhibited a high rate of subsequent TL
requirement. Moreover, those with recurrent
disease who did not undergo salvage surgery
had poorer disease-specific survival than their
counterparts who underwent organ sacrifice,
as reported by Victor et al. [26]. Lee et al. [27]
found that approximately 40% of patients who
failed organ preservation were not eligible for
salvage surgery, thereby completely closing the
therapeutic window. Among those who did
undergo salvage TL, prior radiotherapy sub-
stantially increased surgical morbidity: a multi-
center study reported a pharyngocutaneous
fistula rate of 25.4% after salvage laryngecto-
my [29], and lymphovascular invasion together
with positive margins have been identified as
independent adverse prognostic factors follow-
ing salvage surgery [30]. The complication bur-
den associated with salvage TL after prior
radiotherapy has been well characterized [28],
and the oncologic outcomes after salvage are
substantially inferior to those achieved with
upfront surgery in comparable patients. Co-
llectively, these data suggest that non-surgical
organ preservation in high-risk LA-LSCC pa-
tients carries compounding risk: a higher prob-
ability of local failure, a narrower salvage win-
dow, and greater surgical morbidity if salvage is
attempted. The role of salvage laryngectomy in
managing residual or recurrent disease after
chemoradiotherapy has been reviewed in detail
by Vander Poorten et al. [13], who highlighted
that oncologic outcomes and prognostic fac-
tors after salvage surgery are markedly differ-
ent from those in the primary surgical setting.
Our study adds population-level survival evi-
dence that should inform the initial risk stratifi-
cation process within MDT deliberations.

Based on the interaction analyses and broader
evidence synthesis, we propose a preliminary
individualized decision-making framework arti-
culated according to the mechanistic rationale
for each risk stratum. Patients with T4a disease
and thyroid cartilage invasion have a signifi-
cantly increased risk of gross cartilage destruc-
tion, which reduces the likelihood of durable
local control with radiation alone. When this is
combined with N2 nodal disease or an ECOG
performance status of 1 or greater, the cumula-
tive disease burden and reduced treatment
tolerance converge to make TlL-based strate-
gies the more defensible curative approach.
The intermediate-risk category includes pa-
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tients with T3 tumors with N1 disease or vocal
cord fixation. Substantial uncertainty remains
regarding the balance between oncologic con-
trol and functional preservation in this group.
Therefore, appropriate MDT consideration, in-
cluding laryngeal function assessment, is war-
ranted. As suggested by Nobacht et al. [11]
and Merdad et al. [22], functional prognosis -
rather than T stage alone - should inform this
decision. Patients with T3, NO, ECOG O disease
and no cartilage invasion form the subgroup
best suited for CCRT to achieve durable local
control while preserving good laryngeal func-
tion, provided that careful monitoring and fea-
sible salvage options are available. This con-
cept of precision-guided treatment selection
reflects a commitment to patient-centered care
and is largely consistent with current NCCN
guidelines [4, 5] and the National Cancer
Institute’s Physician Data Query recommenda-
tions [6], though not exclusively.

Although the present study primarily analyzed
OS and DFS, a full assessment of treatment
trade-offs in LA-LSCC requires consideration of
QoL outcomes, which were not captured in our
data. According to Murariu et al. [31], patients
who underwent TL had significantly lower QoL
scores at 12 months than those treated with
CCRT. Thus, although surgery may confer sur-
vival benefits, it may also lead to significant
reductions in patient-reported QolL, particularly
in the domains of communication, social func-
tioning, and body image. This trade-off does
not negate the survival advantage of TL, but it
reinforces that treatment decisions must be
made jointly with the patient, based on reali-
stic information regarding both oncologic prog-
nosis and functional consequences. Preserv-
ing the larynx is a worthwhile goal for all
patients who have a reasonable chance of
achieving successful organ preservation with-
out compromising oncologic outcomes. The
danger lies in attempting preservation in
patients for whom a good outcome is unlikely,
or for whom the preserved larynx would be
nonfunctional. Global data on cancer burden
[1, 2] highlight the need for more optimized
individualized treatments and reduced out-
come disparities. Future studies investigating
treatment selection for laryngeal squamous
cell carcinoma should prioritize the incorpora-
tion of patient-reported outcome measures
and more formal assessment of laryngeal
function.
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Several limitations warrant consideration. First,
owing to the single-center retrospective design,
PSM cannot account for unmeasured con-
founders such as patient treatment preferenc-
es (e.g., surgical vs. CCRT), surgeon experience,
and variability in dose intensity or treatment
completion rates of CCRT. Multi-center valida-
tion is necessary to establish external general-
izability, particularly given differences in stag-
ing practices, peri-treatment management, and
radiotherapy techniques across institutions.
Second, the absence of a validated assess-
ment scale for laryngeal function and patient-
reported outcomes limits our ability to interpret
survival data in the context of functional pres-
ervation. Third, both the CCRT and TL groups
exhibited treatment heterogeneity, and the lim-
ited size of individual subgroups restricted the
statistical power of the interaction analyses.
Fourth, in the TL group, a small subset of
patients underwent surgery alone without post-
operative adjuvant therapy. These patients had
highly selected pathological features, and all
analyses involving this subgroup should be
interpreted with caution regarding selection
bias. Fifth, the ECOG performance status, thy-
roid cartilage invasion, and NLR were excluded
from the multivariable model because they vio-
lated the PH assumption. Future studies
employing time-varying coefficient Cox models,
restricted mean survival time analysis, or piece-
wise Cox regression could recover the prognos-
tic information contained in these variables
across different follow-up periods. Sixth, our
study period (2015-2022) predates the inte-
gration of immune checkpoint inhibitor-based
combination strategies into the management
of LA-LSCC. Consequently, the comparative
merits of CCRT versus surgery are likely to
evolve. Nevertheless, it remains difficult to pre-
dict how assertively these strategies will be
adopted in this disease setting.

Conclusion

This study provides evidence from a large real-
world cohort that, after PSM and multiple
robustness verification methods, TL was asso-
ciated with improved OS and DFS compared
with CCRT in patients with LA-LSCC. The results
suggest that ECOG performance status and
vocal cord fixation may influence the treat-
ment effect. When making treatment deci-
sions, careful consideration of essential patient
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and tumor characteristics is necessary to
select the most appropriate therapy and to pre-
vent over-preservation of the larynx.
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Table S1. Detailed chemoradiotherapy regimens and treatment completion in the CCRT group before

and after PSM

Cohort Variable Category n (%)
Before PSM (n = 244) Chemotherapy regimen Standard cisplatin (80-100 mg/m? q3w) 196 (80.3)
Cisplatin-containing alternative regimen 48 (19.7)
Alternative regimen subtype (n = 48) Carboplatin 20 (41.7)
Nedaplatin 18 (37.5)
Reduced-dose cisplatin (< 80 mg/m?) 10 (20.8)
Chemotherapy cycles completed 2 cycles 68 (27.9)
3 cycles 176 (72.1)
Radiotherapy completion Completed prescribed dose (= 66 Gy) 220 (90.2)
Incomplete 24 (9.8)
After PSM (n = 220) Chemotherapy regimen Standard cisplatin (80-100 mg/m? q3w) 176 (80.0)
Cisplatin-containing alternative regimen 44 (20.0)
Alternative regimen subtype (n = 44) Carboplatin 18 (40.9)
Nedaplatin 17 (38.6)
Reduced-dose cisplatin (< 80 mg/m?) 9 (20.5)
Chemotherapy cycles completed 2 cycles 59 (26.8)
3 cycles 161 (73.2)
Radiotherapy completion Completed prescribed dose (= 66 Gy) 196 (89.1)
Incomplete 24 (10.9)

Note: PSM, Propensity score matching; CCRT, Concurrent chemoradiotherapy; q3w, Every 3 weeks.

Table S2. Distribution of postoperative adjuvant therapy in the TL group before and after PSM

Cohort Postoperative adjuvant therapy n (%)

Before PSM (n = 268) Surgery alone 18 (6.7)
Postoperative radiotherapy alone 142 (53.0)
Postoperative chemotherapy alone 108 (40.3)
Postoperative chemoradiotherapy 0 (0)

After PSM (n = 220) Surgery alone 16 (7.3)
Postoperative radiotherapy alone 114 (51.8)
Postoperative chemotherapy alone 90 (40.9)
Postoperative chemoradiotherapy 0(0)

Note: PSM, Propensity score matching; TL, Total laryngectomy.
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Table S3. Sensitivity analysis comparing CCRT with TL patients treated with surgery alone only

TL (surgery CCRT

Endpoint  Cohort Model N Events alone, n) ") HR (95% CI) P value
0s Before PSM  Unadjusted Cox regression 262 137 18 244  5.607 (1.778-17.685) 0.003
Before PSM  Adjusted Cox regression 262 137 18 244 4,221 (1.285-13.861) 0.018
After PSM Unadjusted Cox regression 236 129 16 220 5.266 (1.668-16.624) 0.005
After PSM  Adjusted Cox regression 236 129 16 220 3.686(1.120-12.126) 0.032
DFS Before PSM  Unadjusted Cox regression 262 150 18 244 5120 (1.879-13.953) 0.001
Before PSM  Adjusted Cox regression 262 150 18 244  3.768 (1.330-10.676) 0.013
After PSM Unadjusted Cox regression 236 141 16 220 4.760(1.745-12.988) 0.002
After PSM Adjusted Cox regression 236 141 16 220 3.240 (1.140-9.204) 0.027

Note: 0OS, Overall survival; DFS, Disease-free survival; PSM, Propensity score matching; CCRT, Concurrent chemoradiotherapy; TL, Total laryngec-

tomy; HR, Hazard ratio; Cl, Confidence interval.



