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Clinicoradiomic model incorporating orbital adipose 
tissue radiomic features for predicting response 
to immunotherapy in patients with metastatic 
non-small cell lung cancer

BACKGROUND. Host-related biomarkers may improve prediction of response to immune checkpoint inhibitors. However, 
the predictive value of radiomic features derived from orbital adipose tissue remains unknown.
OBJECTIVE. To evaluate the prognostic significance of orbital adipose tissue radiomic features and develop a combined 
clinicoradiomic model for predicting objective response to immunotherapy.
MATERIALS AND METHODS. This study included 86 patients with stage IV non-small cell lung cancer (NSCLC) treated 
with immunotherapy. Baseline head computed tomography scans were used for segmentation of bilateral orbital adipose 
tissue. Radiomic features (Variance, Entropy, and Size Zone Non-Uniformity) were extracted using PyRadiomics. Independent 
predictors were identified by multivariable logistic regression, and predictive performance was evaluated using receiver 
operating characteristic analysis.
RESULTS. Objective response was significantly associated with lower radiological density (≥-77 HU; p=0.001), lower Entropy 
(p<0.001), and lower Size Zone Non-Uniformity (p=0.011). Radiological density (p=0.0001), Variance (p=0.002), and Entropy 
(p=0.029) were also associated with disease control. Multivariable analysis identified first-line immunotherapy, PD-L1 
expression, radiological density, and Entropy as independent predictors of objective response. The combined clinicoradiomic 
model demonstrated the highest predictive accuracy (area under the curve 0.896).
CONCLUSIONS. Radiomic features of orbital adipose tissue are independent predictors of immunotherapy response  
in metastatic NSCLC.
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ОБҐРУНТУВАННЯ. Біомаркери, пов’язані з організмом хазяїна, можуть покращити прогнозування відповіді на терапію 
інгібіторами контрольних точок імунної відповіді. Проте прогностичне значення радіомічних характеристик орбітальної 
жирової тканини залишається невивченим.
МЕТА. Оцінити прогностичне значення радіомічних характеристик орбітальної жирової тканини та розробити комбі-
новану клініко-радіомічну модель прогнозування об’єктивної відповіді на імунотерапію.
МАТЕРІАЛИ ТА МЕТОДИ. У дослідження було включено 86 хворих на недрібноклітинний рак легень (НДРЛ) IV стадії, 
які отримували імунотерапію. На вихідних комп’ютерно-томографічних зображеннях голови виконували сегментацію 
двобічної орбітальної жирової тканини. Радіомічні характеристики (Variance, Entropy та Size Zone Non-Uniformity) вилу-
чали за допомогою програмного забезпечення PyRadiomics. Незалежні предиктори визначали методом багатофакторного 
логістичного регресійного аналізу, а прогностичну ефективність моделей оцінювали за допомогою ROC-аналізу.

Клініко-радіомічна модель, що включає радіомічні характеристики 
орбітальної жирової тканини для прогнозування відповіді 
на імунотерапію в пацієнтів з метастатичним недрібноклітинним 
раком легень
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Introduction
In recent years, increasing attention has been directed 

not only toward the molecular characteristics of tumors but 
also toward the systemic host response, which plays a crucial 
role in determining disease progression and the effectiveness 
of anticancer therapy. The concept of host-related biomar
kers is based on the premise that clinical outcomes depend
on the interaction between the tumor and the patient's sys-
temic metabolic, immunological, and inflammatory processes 
rather than solely on the biological characteristics of the 
tumor itself [1, 2].

Adipose tissue represents one of the key components 
of this immunometabolic environment and is now recog-
nized as an active endocrine and immunoregulatory organ. 
It participates in the synthesis of cytokines, adipokines, and 
other mediators that regulate systemic inflammation, energy 
homeostasis, and antitumor immune responses [3, 4]. Struc-
tural and functional alterations of adipose tissue have been 
associated with the development of cancer cachexia, chronic 
systemic inflammation, and unfavorable treatment outcomes 
in patients with non-small cell lung cancer (NSCLC) [5, 6]. 
Furthermore, accumulating evidence suggests that adipose 
tissue characteristics may influence the efficacy of immune 
checkpoint inhibitor therapy [7].

Unlike conventional anthropometric measures, contem-
porary medical imaging techniques enable the assessment 
of individual adipose tissue depots and the analysis of their 
structural characteristics. In this context, orbital adipose tis-
sue has attracted particular interest because it represents an 
anatomically distinct fat depot with unique molecular and 
biological properties. Previous studies have demonstrated 
that orbital adipose tissue differs substantially from other 
adipose tissue depots in terms of its transcriptomic profile, 
lipid composition, and the activity of signaling pathways 
involved in inflammation and adipogenesis [8, 9]. Moreover, 
orbital adipose tissue has been proposed as a promising 
model for investigating white adipose tissue remodeling and 
its role in systemic metabolic alterations [10]. From a clinical 
perspective, this approach is particularly attractive because 
head computed tomography (CT) is routinely performed in pa-
tients with metastatic NSCLC before the initiation of systemic 
therapy to exclude central nervous system metastases, thereby 
providing an opportunity for the noninvasive assessment

of orbital adipose tissue without additional radiation expo-
sure.

Further advances in radiomics have substantially ex-
panded the possibilities for quantitative analysis of medical 
images. Unlike conventional morphometric parameters, radio-
mic features enable the assessment of tissue spatial heteroge-
neity, intensity distribution patterns, and textural organization, 
all of which may reflect underlying biological processes that 
are not visually appreciable on routine imaging [11]. In recent 
years, radiomic analysis of adipose tissue has emerged as 
a rapidly evolving research area, demonstrating promising 
results for predicting tumor aggressiveness, patient survival, 
and treatment outcomes across various malignancies [12, 13]. 
However, studies investigating the radiomic characteristics 
of orbital adipose tissue remain scarce and have primarily 
focused on ophthalmological disorders [14].

Immune checkpoint inhibitors targeting the PD-1/PD-L1 
pathway have become the standard of care for patients with 
metastatic NSCLC. Nevertheless, response to immunotherapy 
remains highly variable. Even among patients with high PD-L1 
expression, objective responses are not consistently achieved, 
highlighting the limited predictive performance of currently 
available biomarkers [2, 6]. Recent evidence has demonstrated 
that quantitative adipose tissue characteristics derived from 
CT may be associated with the efficacy of immunotherapy in 
patients with metastatic NSCLC [15]. However, the potential 
of radiomic features of orbital adipose tissue as noninvasive 
predictors of treatment response, as well as their integration 
into combined clinicoradiomic prediction models, remains 
largely unexplored.

The aim of this study was to evaluate the association 
between radiomic features of orbital adipose tissue and the 
efficacy of immunotherapy, to determine their independent 
prognostic and clinical significance, and to develop a com-
bined clinicoradiomic model for predicting objective response 
in patients with metastatic NSCLC.

Materials and methods
Study design and patients

This retrospective single-center study included conse
cutive patients with histologically confirmed stage IV NSCLC 
who received anti-PD-1 or anti-PD-L1 immunotherapy at the 
Sumy Regional Clinical Oncology Center. Eligible patients 
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РЕЗУЛЬТАТИ. Досягнення об’єктивної відповіді було статистично значуще асоційоване з нижчою радіологічною щіль-
ністю (≥-77 HU; p=0,001), нижчими значеннями Entropy (p<0,001) та Size Zone Non-Uniformity (p=0,011). Радіологічна 
щільність (p=0,0001), Variance (p=0,002) та Entropy (p=0,029) також були пов’язані з досягненням контролю над захворю-
ванням. За результатами багатофакторного аналізу незалежними предикторами об’єктивної відповіді були імунотерапія 
першої лінії, експресія PD-L1, радіологічна щільність та Entropy орбітальної жирової тканини. Найвищу прогностичну 
точність продемонструвала комбінована клініко-радіомічна модель (площа під кривою 0,896).
ВИСНОВКИ. Радіомічні характеристики орбітальної жирової тканини є незалежними предикторами відповіді на іму-
нотерапію у хворих на метастатичний НДРЛ.




