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Abstract

Background/Objective: Local progression after concurrent chemoradiotherapy in T3 la-
ryngeal carcinoma (LC) remains difficult to predict using conventional clinical assessment
alone. This study aimed to develop a radiomics-derived risk score from routine post-
treatment contrast-enhanced CT and evaluate its prognostic value—together with clinical
variables—for predicting local progression-free survival (LPFS). Methods: In this single-
center retrospective cohort, 67 patients with pathologically confirmed T3-stage LC treated
with chemoradiotherapy were included. All patients underwent contrast-enhanced CT
at baseline and 3 months after treatment completion; radiomics analysis was performed
using post-treatment CT with 3D manual segmentation of the primary tumor. A total
of 111 radiomic features were extracted (shape, first-order, and texture). Features with
AUC > 0.60 were screened, and six top-performing features were used to construct a ra-
diomics score (0–6) based on optimized cutoffs. The primary endpoint was LPFS, defined
as time from end of treatment to biopsy-proven residual or recurrent primary tumor.
Cox regression and Kaplan–Meier analyses were performed. Results: Mean age was
59.6 ± 9.4 years, and 37.3% developed local progression during follow-up. In multivariable
Cox analysis, the radiomics score remained an independent predictor of local progression
(HR per 1-point increase: 2.38; 95% CI: 1.59–3.56; p < 0.001), with high model discrimination
(C-index: 0.855). LPFS differed significantly across radiomics score strata (p < 0.001); higher
scores were associated with substantially shorter time to progression and poorer 1-, 3-, and
5-year LPFS rates. Conclusions: A post-treatment CT-derived radiomics score integrated
with clinical parameters showed favorable performance for predicting local progression in
T3 laryngeal cancer after chemoradiotherapy. Although external validation is required, this
approach may support more individualized surveillance by identifying patients at higher
risk of early treatment failure.
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1. Introduction
Notwithstanding a recent decline in laryngeal cancer (LC) incidence, it remains a sig-

nificant healthcare burden [1]. According to the WHO/IARC Global Cancer Observatory
(GLOBOCAN 2022), laryngeal cancer accounted for 189,191 new cases and 103,359 deaths
worldwide in 2022, underscoring its ongoing global impact [2]. Moreover, demographic pro-
jections indicate that the overall global cancer burden is expected to increase substantially
by 2050, reinforcing the need for improved risk stratification and optimized post-treatment
surveillance strategies [3].

While early-stage tumors can be managed effectively with transoral surgery or ra-
diotherapy, advanced-stage LC often necessitates multimodal approaches [4,5]. The goal
in such cases is to eradicate disease while maximizing laryngeal function preservation.
Landmark studies by the Veterans Affairs and the Radiation Therapy Oncology Group
contributed to a paradigm shift toward non-surgical organ preservation strategies for
advanced LC, aiming to avoid the morbidity of total laryngectomy [6,7]. However, despite
these advancements, overall survival rates for LC have paradoxically declined over the past
decades [8]. Evidence suggests that locoregional recurrence following organ preservation
strategies remains high, with 5-year rates nearing 30–40% [9–11]. Some studies have linked
this to the limitations of non-surgical approaches in certain tumor subtypes [8,12].

Laryngeal cancer staging is largely determined by vocal fold mobility and the anatomic
extent of tumor spread. Within the American Joint Committee on Cancer (AJCC) TNM
system, advanced-stage LC is traditionally defined by the presence of T3–T4 disease,
regardless of lymph node status [13]. Among these, T3 tumors constitute a particularly
heterogeneous category, encompassing lesions with vocal fold fixation and/or invasion of
the paraglottic or pre-epiglottic spaces, with variable patterns of cartilage involvement.

Although TNM staging remains the most commonly used prognostic framework for
long-term outcomes, its reliance on clinicopathological descriptors alone limits its ability
to capture biologic aggressiveness and to predict treatment response, particularly after
organ-preservation strategies such as chemoradiotherapy (CRT) [12,14]. Accordingly, there
has been increasing interest in the development of multivariable predictive models that
integrate clinical features with molecular biomarkers and quantitative imaging-derived
radiomic signatures to improve individualized risk stratification. However, existing evi-
dence is largely derived from heterogeneous head and neck cancer (HNC) cohorts without
adequate site-specific stratification, while larynx-focused studies have often evaluated
mixed-stage populations, limiting the generalizability of proposed models to clinically
relevant subgroups such as T3 disease [15].

Another challenge following CRT is the treatment-induced tissue alterations, including
ischemia, edema, inflammation, and delayed fibrosis [16]. These changes complicate post-
treatment evaluation and hinder the differentiation between radiation-related effects and
tumor progression. In some cases, repeated biopsies may remain inconclusive, potentially
leading to delays in diagnosis and timely intervention.

Advances in computational imaging techniques have enabled the extraction of high-
dimensional quantitative data from medical images, capturing tumor characteristics such
as shape, texture, and intensity [17,18]. This approach, known as radiomics, provides an
objective, robust, and reproducible framework for image interpretation and facilitates the
identification of imaging biomarkers that may reflect intratumoral heterogeneity beyond
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the limits of visual assessment [19]. Radiomics-based models have demonstrated promising
performance across multiple domains. Consequently, radiomics has attracted increasing
interest in head and neck oncology—particularly in laryngeal cancer—given its potential to
enhance staging accuracy and improve prognostic stratification [20].

Despite growing enthusiasm, evidence regarding the prognostic value of radiomic fea-
tures in T3 LC remains limited, and findings have been inconsistent due to heterogeneous
cohorts and methodological variability. Moreover, the existing literature has predominantly
focused on pre-treatment radiomics for prognosis prediction or evaluation of anatomical
tumor extension, whereas post-treatment imaging—where distinguishing radiation-related
changes from residual or recurrent disease is particularly challenging—has received com-
paratively little attention. Therefore, the present study aimed to develop and validate
a radiomics-derived combined model, integrating contrast-enhanced post-treatment CT
features with clinical parameters, to predict local progression in patients with T3-stage
laryngeal cancer treated with definitive organ preservation therapy.

2. Materials and Methods
2.1. Ethical Consideration

This single-center, retrospective cohort study was conducted on patients with locally
advanced laryngeal cancer who presented to the Department of Otolaryngology–Head
and Neck Surgery at Çukurova University between 2012 and 2023. The study protocol
was in accordance with the Declaration of Helsinki, and ethical approval was granted by
the Çukurova University Faculty of Medicine Non-Interventional Clinical Research Ethics
Committee (meeting no: 145, decision no: 51).

2.2. Sample Size Determination and Patient Cohort

In the sample size calculation, assuming a type I error rate (α) of 0.05, a statistical
power of 80%, and an effect size of d = 0.2, the minimum required sample size was
calculated as 67. A total of 463 patients applied during the study period, and 67 of them
were included in the study according to the inclusion and exclusion criteria (Figure 1).

All patients underwent a standard otolaryngological evaluation, including direct
laryngoscopy and tissue biopsy for subsequent histopathological assessment. In addition,
radiological imaging modalities were utilized to improve diagnostic accuracy. Clinical
and demographic variables were retrospectively collected from electronic medical records
and standardized pretreatment clinical documentation. The following parameters were
documented for each patient: age at diagnosis, sex, smoking status, alcohol use, primary
tumor location, multiregional invasion, vocal cord fixation, and radiological suspicion of
cartilage invasion.

Multiregional invasion was defined as tumor extension involving more than one
laryngeal region/subsite (e.g., paraglottic, pre-epiglottic, post-cricoid, subglottic region)
on endoscopic and/or imaging assessment. Vocal cord fixation was recorded based on
pretreatment laryngoscopic examination findings. Suspicion of cartilage invasion was
defined according to pretreatment imaging (contrast-enhanced CT and/or MRI when
available), based on radiologist interpretation and/or multidisciplinary review, including
findings such as cartilage sclerosis, erosion, lysis, or abnormal enhancement suggestive of
invasion. Tumor staging was determined according to the 8th edition of the AJCC-TNM
staging system [13]. Patients were included in the study if they met the following criteria:

1. Newly diagnosed, pathologically confirmed T3-stage laryngeal squamous cell carci-
noma without evidence of distant metastasis.

2. Treatment with a non-surgical organ-preservation protocol.
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3. Availability of contrast-enhanced CT imaging performed both prior to treatment and
3 months after completion of therapy.

4. Receipt of concurrent CRT, with cisplatin as the sole concurrent chemotherapy agent
(cumulative dose 200 mg/m2). The radiotherapy dose, expressed as the equivalent
dose in 2-Gy fractions (EQD2), was ≥66.0 Gy, delivered to the primary laryngeal site
within 70 days. Patients who received induction chemotherapy were excluded.

5. No evidence of synchronous primary malignancies.

Figure 1. Patient selection flowchart showing inclusion and exclusion criteria of the study cohort.

Following treatment, patients were subject to regular follow-up visits, with initial
appointments occurring every 2–3 months for the first year, every 4–6 months for the subse-
quent 2–5 years, and annually after the fifth year. In the case of suspected recurrence, direct
laryngoscopy and subsequent biopsy were performed. Local progression was recorded
only when histopathology confirmed a viable tumor on direct laryngoscopy–guided biopsy.
Although post-treatment edema and fibrosis occasionally delayed clinical suspicion, all
cases categorized as local progression were ultimately biopsy-proven. The patients were
observed until death or the final follow-up in July 2025.

The primary endpoint was local progression-free survival (LPFS), defined as the
interval from the end of treatment to biopsy-proven residual or recurrent primary tumor;
patients without an event were censored at the last disease assessment. The analysis
focused on the primary laryngeal tumor; neck disease was not segmented for radiomics
and was not included in the endpoint definition.

2.3. Treatment Protocol

All patients were treated with concurrent CRT, with cisplatin as the sole concurrent
chemotherapy agent (cumulative dose: 200 mg/m2). The radiotherapy dose delivered

https://doi.org/10.3390/jcm15041511

https://doi.org/10.3390/jcm15041511


J. Clin. Med. 2026, 15, 1511 5 of 15

to the primary laryngeal site, expressed as the EQD2, was ≥66.0 Gy, and treatment was
completed within 70 days.

2.4. Imaging and Radiomics Protocol

Imaging data were acquired using a 160-multislice Toshiba Aquilion (Otawara, Japan)
CT scanner. Iohexol-containing Omnipaque (GE Healthcare, Chicago, IL, USA) was used
as the contrast agent. Contrast-enhanced neck CT scans were performed with patients in
the supine position, and images were obtained with a display field of view of 51–60 cm
(transverse) × 36–40 cm (antero-posterior), a tube voltage of 120–135 kV, and a tube current
of 40–170 mA. The images were acquired using slice thickness protocols of 3 mm/1.5 mm
spacing and 5 mm spacing and were evaluated in axial, coronal, and sagittal planes with
slice thicknesses of 3–5 mm, covering the region from the base of the tongue to the trachea.

Two radiologists (5 and 14 years’ experience) reviewed all cases, blinded to clinical
outcomes. Post-treatment primary tumor regions of interest (ROI) were manually seg-
mented in 3D by consensus on the resampled images. Per our institutional surveillance
protocol, post-treatment contrast-enhanced CT was performed routinely at ~3 months after
completion of CRT for response assessment. The CT scans used for radiomics analysis were
obtained at this standardized 3-month time point (or very close to it), minimizing timing-
related variability. Pre-treatment scans were used only for anatomical correspondence
(e.g., to localize the treated primary) and were not used for radiomic feature extraction or
modeling. Radiomic features (shape, first-order histogram, and texture families including
GLDM, GLCM, GLRLM, GLSZM) were computed using OLEA Sphere 3.0-SP28 software
(Olea Medical®, La Ciotat, France), yielding 111 features per case (Figure 2).

 

Figure 2. Representative axial CT images of a T3 laryngeal cancer patient before and after radiotherapy.
Top row (a–c): Pre-treatment images showing (a) original CT, (b) tumor segmentation, and (c) texture-
mapped color scale. Bottom row (d–f): Post-treatment images showing (d) original CT, (e) updated
segmentation, and (f) post-treatment texture-mapped color scale. L, left side.

2.5. Radiomics Score

Among 111 extracted radiomic features, candidate variables representing distinct
tumor phenotypes were evaluated according to the PyRadiomics feature classes [21]:
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(i) shape features reflecting tumor morphology, (ii) first-order statistics derived from voxel
intensity distributions, and (iii) texture features quantifying spatial relationships and
intratumoral heterogeneity. The discriminative performance of radiomic features for local
progression was assessed using receiver operating characteristic (ROC) analysis, and
features with AUC > 0.60 were considered for inclusion. The six features with the highest
AUC values were selected to construct the radiomics risk score and were distributed
across PyRadiomics classes as follows: one shape feature (Original Shape Maximum 2D
Diameter Row), two first-order features (Original First Order 10th Percentile, Original First
Order Median), and three texture features including GLCM (Original GLCM Correlation),
NGTDM (Original NGTDM Strength), and GLDM (Original GLDM Dependence Non-
Uniformity) (Table 1). Optimal cutoff values were determined using Youden’s J index. For
five features (Maximum 2D Diameter Row, 10th Percentile, Median, GLCM Correlation,
and GLDM Dependence Non-Uniformity), values above the cutoff were scored as 1 (high-
risk) and values below as 0 (low-risk), whereas for NGTDM Strength, values below the
cutoff were scored as 1 and values above as 0. The radiomics score was calculated as the
sum of these binary points, yielding a total score ranging from 0 to 6, with higher values
indicating an increased risk of local progression.

Table 1. ROC-Derived Performance Metrics of the Six Radiomic Features Included in the Radiomics
Score for Predicting Local Progression.

AUC (95% CI) p Optimal
Cut-Off Sensitivity Specificity

Original Shape Maximum 2D
Diameter Row 0.700 (0.575–0.825) 0.002 ≥30.04 84.00 54.76

Original First Order
10th Percentile 0.729 (0.606–0.851) <0.001 ≥1.19 92.00 52.38

Original First Order Median 0.729 (0.606–0.851) <0.001 ≥1.23 92.00 50.00

Original Gray Level
Co-occurrence Matrix

Correlation
0.680 (0.552–0.808) 0.006 ≥0.41 92.00 50.00

Original Neighboring Gray
Tone Difference Matrix Strength 0.636 (0.501–0.772) 0.049 ≤9.85 92.00 42.86

Original Gray Level
Dependence Matrix

Dependence Non-Uniformity
0.650 (0.509–0.790) 0.037 ≥315.61 76.00 57.14

ROC, receiver operating characteristic; AUC, area under the curve. Optimal cut-off values were determined
using the Youden index. p values indicate the statistical significance of AUC values compared with 0.5 (no
discrimination). Sensitivity and specificity are reported for predicting local progression.

2.6. Statistical Analysis

Statistical analyses were performed using JAMOVI (v2.6.44). Normality was assessed
with the Shapiro–Wilk test, and parametric or non-parametric tests were applied accord-
ingly. Normally distributed continuous variables were reported as mean ± standard
deviation and compared using the independent samples t-test. Group comparisons were
performed using the t-test and Fisher’s exact test, as appropriate. Time-to-event outcomes
were analyzed using Kaplan–Meier curves and Cox proportional hazard regression. ROC
analysis was used to evaluate discriminative performance, and feature AUCs were com-
pared using DeLong’s test. A two-sided p < 0.05 was considered statistically significant.
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3. Results
The mean age of the patients included in the study was 59.6 ± 9.42 years (range: 38–80).

During follow-up, 37.3% of patients developed local progression. When sociodemographic
and clinical characteristics were compared according to local progression status, patients
who experienced local progression had a significantly lower mean age and a higher rate
of cartilage invasion. Although all patients in the local progression group were male, no
statistically significant difference in sex distribution was observed between the groups.
Moreover, alcohol consumption, smoking status, primary tumor localization, multiregional
invasion, and vocal cord fixation did not differ significantly between patients with and
without local progression (Table 2).

Table 2. Baseline Clinical and Demographic Characteristics Stratified by Local Progression Status.

Local Progression
Mean ± S.D. or n (%)

Variables No
(n: 42)

Yes
(n: 25) p

Age 61.4 ± 9.3 56.6 ± 9.1 0.045

Sex
Male 36 (85.7) 25 (100.0)

0.124
Female 6 (14.3) 0 (0.0)

Smoking Status
No 7 (16.7) 2 (8.0)

0.525
Yes 35 (83.3) 23 (92.0)

Alcohol Use
No 29 (69.0) 13 (52.0)

0.257
Yes 13 (31.0) 12 (48.0)

Primary Tumor Subsite
Glottis 29 (69.0) 14 (56.0)

0.416
Supraglottis 13 (31.0) 11 (44.0)

Multiregional Invasion
No 34 (81.0) 16 (64.0)

0.211
Yes 8 (19.0) 9 (36.0)

Vocal Cord Fixation
No 14 (33.3) 8 (32.0)

1.000
Yes 28 (66.7) 17 (68.0)

Suspicion of Cartilage Invasion
No 38 (90.5) 17 (68.0)

0.046
Yes 4 (9.5) 8 (32.0)

S.D., standard deviation. Values are presented as mean ± S.D. or n (%). Continuous variables were compared
using the independent samples t-test, and categorical variables using the Chi-square or Fisher’s exact test, as
appropriate. Significant values are indicated in bold (p < 0.05).

A Cox proportional hazard regression model developed to predict the risk of local
progression in patients with T3 laryngeal cancer was statistically significant (p < 0.001)
and demonstrated high discriminative ability (concordance index = 0.855, SE = 0.030). The
independent variables included in the model explained 51% of the variance (R2 = 0.514),
indicating good overall model performance. After adjustment for covariates, the radiomics
score remained an independent and strong predictor of local progression. Each one-unit
increase in the radiomics score was associated with a 2.38-fold increase in the risk of
local progression (HR = 2.38, 95% CI: 1.59–3.56, p < 0.001). In the multivariable model,
cartilage invasion, supraglottic tumor localization, vocal cord fixation, smoking, alcohol use,
multiregional invasion, and age were not independently associated with local progression
(Table 3, Figure 3).
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Table 3. Univariable and Multivariable Cox Proportional Hazard Regression Analyses for
Local Progression.

Independent Variables All HR (C.I.)
(Univariable)

HR (C.I.)
(Multivariable)

Sex
Male 61 (91.0) - -

Female 6 (9.0) 0.00 (0.00-Inf, p = 0.998) 0.00 (0.00-Inf, p = 0.997)

Smoking Status
No 9 (13.4) - -

Yes 58 (86.6) 1.99 (0.47–8.47, p = 0.351) 0.88 (0.18–4.38, p = 0.877)

Alcohol Use
No 42 (62.7) - -

Yes 25 (37.3) 1.95 (0.89–4.29, p = 0.096) 1.55 (0.62–3.87, p = 0.352)

Primary Tumor Subsite
Glottis 43 (64.2) - -

Supraglottis 24 (35.8) 1.84 (0.83–4.10, p = 0.134) 4.08(0.95–17.47, p = 0.058)

Multiregional Invasion
No 50 (74.6) - -

Yes 17 (25.4) 2.16 (0.93–4.98, p = 0.072) 1.00 (0.30–3.31, p = 0.999)

Vocal Cord Fixation
No 22 (32.8) - -

Yes 45 (67.2) 0.83 (0.36–1.94, p = 0.666) 5.59 (0.93–33.58, p = 0.060)

Suspicion of Cartilage
Invasion

No 55 (82.1) - -

Yes 12 (17.9) 2.94 (1.25–6.93, p = 0.014) 2.21 (0.91–5.38, p = 0.080)

Radiomics Score Mean (SD) 3.8 (1.9) 2.29 (1.60–3.29, p < 0.001) 2.38 (1.59–3.56, p < 0.001)

Age Mean (SD) 59.6 (9.4) 0.95 (0.91–1.00, p = 0.050) 0.98 (0.92–1.04, p = 0.510)
HR, hazard ratio; CI, confidence interval; SD, standard deviation. Values are presented as n (%) or mean (SD), as
appropriate. HRs are reported with 95% confidence intervals. Univariable and multivariable Cox proportional
hazard regression models were used to evaluate predictors of local progression. p values < 0.05 were considered
statistically significant and are shown in bold.

Kaplan–Meier analysis performed to estimate LPFS across the consolidated radiomics
score groups was statistically significant (p < 0.001), demonstrating substantial differences
in time-to-event outcomes. The mean time to local progression was 41.7 months for patients
with a high radiomics score (>3), compared to 122.6 months for those with a low radiomics
score (≤3). Univariable Cox regression analysis indicated that patients in the low radiomics
score group had an 88% lower risk of local progression compared to the high-score group
(HR = 0.12; 95% CI: 0.04–0.35; p < 0.001) (Table 4). Although the theoretical range of the
radiomics score is 0–6, no patient in the dataset achieved a score of 6; thus, this category
was omitted from the analysis.

LPFS rates differed significantly across the consolidated radiomics score strata (Table 5).
In patients with a high radiomics score (>3), the 1-year LPFS rate was 62.8%, which declined
to 29.4% at 3 years and 23.5% at 5 years. In contrast, patients with a lower radiomics score
(≤3) demonstrated more robust survival outcomes, with a 1-year LPFS rate of 90.9% and
stable 3- and 5-year rates of 87.9%. Although the theoretical range of the radiomics score
is 0–6, no patient in our dataset achieved a score of 6; therefore, this category was not
included in the survival analysis. Detailed LPFS rates at 1, 3, and 5 years are provided in
Table 5.

The total follow-up time was 2290.7 patient-months, during which 25 events of local
progression occurred. The overall incidence rate was 1.09 events per 100 patient-months
(95% CI: 0.71–1.61). The LPFS curves stratified by radiomics score are shown in Figure 4.
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Figure 3. Forest plot of the multivariable Cox proportional hazards model for local progression.
Hazard ratios (HRs) with 95% confidence intervals (CIs) are shown for the included clinical covariates
and the radiomics score. Squares indicate HR point estimates and horizontal lines represent 95% CIs;
the dashed vertical line denotes HR = 1.0. p-values are provided for each covariate.

Table 4. Local Progression-Free Survival According to Radiomics Score Categories: Event Rates and
Univariable Cox Regression.

Radiomics Score Records Local
Progression (n) Mean (Month) S.D. All HR (C.I.)

(Univariable)

>3 33 21 41.7 9.99 33 (49.3) -

≤3 34 4 122.6 7.29 34 (50.7) 0.12 (0.04–0.35,
p < 0.001)

HR, hazard ratio; CI, confidence interval; S.D., standard deviation. Note: The radiomics score was dichotomized
into two risk groups as low-risk (≤3) and high-risk (>3) to ensure more balanced sample sizes across strata and to
enhance the statistical robustness of the survival estimates.

Table 5. 1-, 3-, and 5-Year Local Progression-Free Survival Rates by Radiomics Score Category.

95% C.I.

Radiomics
Score

Time
(Year)

Number
at Risk

Number
of Events

LPFS
(%) Lower Upper

>3 1 18 12 62.8 48.1 82.0

>3 3 5 7 29.4 15.2 56.7

>3 5 4 1 23.5 10.7 51.8

≤3 1 30 3 90.9 81.6 100.0

≤3 3 18 1 87.9 77.4 99.8

≤3 5 7 0 87.9 77.4 99.8
LPFS, local progression-free survival; CI, confidence interval. LPFS rates were estimated using the Kaplan–Meier
method. “Number at risk” indicates patients remaining under follow-up without local progression at each
time point.
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Figure 4. Kaplan–Meier local progression-free survival analysis stratified by radiomics group. The
solid blue line indicates patients with radiomics group ≥ 3, whereas the dashed red line indicates
patients with radiomics group < 3. Survival distributions were compared using the log-rank test
(p < 0.0001).

4. Discussion
Prognosis and treatment response in T3-stage laryngeal cancer may vary considerably,

posing substantial challenges for clinicians during evaluation and decision-making. Al-
though a paradigm shift toward organ-preservation strategies [6,7] has occurred following
landmark clinical trials, the role of organ-preserving therapies in the management of T3 LC
remains controversial. The T3 category represents a biologically heterogeneous group of
tumors, encompassing a broad spectrum of disease—from limited glottic involvement with
mild vocal cord fixation to more infiltrative tumors extending into the paraglottic space.
While surgeons can relatively anticipate outcomes of surgical management based on the
extent and adequacy of resection, predictions regarding non-surgical treatment outcomes
remain more uncertain. The increasing adoption of organ-preserving approaches and the
inherent unpredictability of treatment results have introduced specific challenges, including
concerns regarding the reliability of prognostic assessment and the timely detection of
recurrent or residual disease.

Assessment strategies after CRT in patients with T3 LC are of critical importance due
to the complex anatomy of the larynx, treatment-related morphological alterations such as
edema and fibrosis, and the pronounced intratumoral heterogeneity [22]. Until recently, the
interpretation of imaging modalities largely relied on subjective visual assessment by the hu-
man observer. However, with the advent of artificial intelligence, advanced computational
algorithms have enabled the non-invasive, reproducible, and high-throughput extraction
of quantitative information—such as shape, volume, voxel intensity, and texture—from
conventional medical images [23]. These features are often imperceptible to the human eye
and provide valuable insights into the tumor microenvironment, thereby complementing
clinical evaluation.

Radiomics-based image texture analysis has been explored in LC for tumor character-
ization, staging, anatomical extension, risk stratification, and prognostication [24]. Most
studies have focused on predicting clinical outcomes—such as prognosis, local control, and
survival—using pretreatment imaging techniques. Bogowicz et al. [25] demonstrated that a
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radiomic signature comprising three CT-based features significantly predicted local control
in 149 HNC patients (C-index: 0.78). In another study [26], a combined model integrating
both clinical and radiomic features was reported to demonstrate the highest performance
for predicting progression-free survival (C-index = 0.808). Similarly, Rajgor et al. [27]
showed that the inclusion of radiomic features improved the model’s discrimination, yield-
ing a higher C-index (0.759) compared with the model based solely on clinicopathological
variables (0.655). Zhai et al. [28] reported that CT-based imaging biomarkers performed
similarly or slightly better than clinical variables in predicting treatment outcomes in a
cohort of 444 HNC patients. Most prior studies were conducted on heterogeneous HNC
cohorts without subsite distinction [25–29]. While studies highlighted the prognostic value
of radiomics, their applicability to specific subsites remains limited. In this context, we
analyzed a homogeneous cohort consisting exclusively of T3 LC patients. This targeted
approach provides more clinically relevant prognostic insights for a group characterized
by treatment uncertainty.

As highlighted above, the majority of radiomics studies in head and neck oncol-
ogy have predominantly relied on pretreatment imaging. Nevertheless, post-treatment
CT—capturing tissue alterations within the anatomical region corresponding to the pretreat-
ment ROI—may provide complementary information regarding residual tumor biology,
treatment-induced microstructural changes, and response dynamics. Accordingly, such
post-therapy imaging biomarkers could be clinically relevant for refining risk stratification
in terms of treatment response, local control, and long-term survival outcomes. Despite
this rationale, the prognostic value of post-treatment imaging for predicting local control
and survival remains insufficiently explored. Lin et al. [30] reported that radiomic models
derived from mid-radiotherapy imaging, both peritumoral (AUC = 0.77) and intratumoral
(AUC = 0.79), outperformed pretreatment models (AUC = 0.62) and served as independent
predictors of both overall survival and progression-free survival. However, this analysis
included laryngeal and hypopharyngeal carcinomas without stage-specific stratification.
Similarly, Rana et al. [31], in a small cohort of 24 patients, suggested that CT perfusion met-
rics may be informative for evaluating CRT response. Yet the potential of perfusion-derived
parameters to predict post-treatment disease-free survival was not assessed. Moreover, the
inclusion of heterogeneous primary HNC subsites without subsite-level analyses further
limits the generalizability of these findings.

Post-treatment assessment after definitive CRT in T3 laryngeal cancer typically re-
lies on clinical examination and laryngoscopy, with imaging used to support response
evaluation and to guide direct laryngoscopy with biopsy when recurrence is suspected.
However, in the early post-treatment period, mucosal edema, inflammation, and fibrosis
can mimic or mask residual/recurrent disease and may render conventional anatomic imag-
ing (CT/MRI) equivocal, thereby delaying definitive tissue confirmation [32,33]. Moreover,
even advanced functional imaging may be affected by treatment-related inflammatory
changes; for example, FDG-PET is commonly recommended at ≥12 weeks to reduce false
positives, yet false-positive uptake can still occur due to post-radiation mucositis, necro-
sis, and reactive changes [34,35]. In this context, quantitative CT-derived radiomics may
complement standard surveillance by capturing subvisual patterns of tissue heterogeneity
not appreciable on routine visual assessment, potentially providing an objective risk signal
that could prompt earlier endoscopic reassessment and timely biopsy in patients at higher
risk of biopsy-confirmed local progression.

Collectively, these limitations underscore a critical evidence gap regarding the prog-
nostic utility of post-treatment CT-derived radiomic signatures in LC, particularly within
homogeneous, stage-defined cohorts treated with organ-preservation protocols. Address-
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ing this gap may enable more refined risk stratification beyond conventional clinical
variables and facilitate earlier identification of patients at high risk of local progression.

Therefore, in the present study, we developed a combined prognostic model incorpo-
rating clinical biomarkers and a radiomics score derived from six selected radiomic features
to predict local progression risk. The integrated model demonstrated high discriminative
performance (C-index = 0.855). Notably, the radiomics score remained an independent
and robust predictor of local progression after adjustment for other covariates, with each
one-unit increase in the radiomics score associated with a 2.38-fold higher risk of local pro-
gression (HR = 2.38, 95% CI: 1.59–3.56, p < 0.001). Furthermore, compared to patients with
a radiomic score greater than 3, the risk of local progression was 88% lower in patients with
a score of 3 or lower (HR = 0.12). From a clinical perspective, a post-treatment CT-derived
radiomics risk score could potentially support risk-adapted surveillance after CRT in T3
laryngeal cancer. In routine practice, post-CRT edema and fibrosis may delay clinical suspi-
cion and biopsy confirmation; therefore, an objective imaging-based risk signal may help
identify patients who could benefit from closer follow-up, earlier endoscopic reassessment,
and a lower threshold for direct laryngoscopy with biopsy when findings are equivocal.
Conversely, patients classified as at lower risk might reasonably continue with standard
surveillance intervals. Importantly, these proposed applications are hypothesis-generating;
prospective evaluation and external validation are required to determine clinical utility,
optimal thresholds, and whether score-guided surveillance improves patient outcomes.

This study has several limitations. First, the single-center, retrospective design and
modest sample size may introduce selection bias. Additionally, the high number of initial
radiomics features screened (n = 111) relative to the number of local progression events
(n = 25) introduces a potential risk of selection instability and optimistic performance es-
timates. Although we have reported 95% confidence intervals for our AUC estimates to
reflect this uncertainty, the risk of multiplicity cannot be entirely eliminated; therefore,
our findings should be considered exploratory, and the developed 6-feature score requires
further validation in larger, independent, multi-center cohorts. Second, we intentionally
focused on post-treatment contrast-enhanced CT due to its routine clinical availability;
however, MRI and/or FDG-PET were not incorporated and may provide complemen-
tary prognostic information in a multimodal framework. Third, radiomic analysis was
restricted to the primary tumor; nodal disease was not segmented, and the study was
primarily designed around LPFS rather than overall survival, limiting conclusions re-
garding nodal-driven outcomes and long-term endpoints. Fourth, radiomic features may
vary across software implementations, acquisition protocols, scanners, and the timing of
post-treatment imaging; although a consistent workflow was applied, broader standard-
ization and harmonization strategies may further improve generalizability. Body mass
index and nutritional/body composition parameters were not consistently available in this
retrospective cohort and should be incorporated in future prospective studies.

5. Conclusions
Local progression after organ-preserving therapy in T3 laryngeal cancer remains diffi-

cult to anticipate using conventional assessment alone. In this retrospective single-center
study, integrating a post-treatment CT-derived radiomics score with clinical parameters
yielded a combined model with favorable performance for risk stratification. While these
findings are preliminary and warrant external validation, this approach may support more
personalized follow-up strategies by complementing routine clinical evaluation.
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