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Prediction of solitary <3-cm small adrenal
metastasis based on *F-FDG PET/CT using a
support vector machine model in lung cancer

LIN ZHAO', HAIFENG CAI®", JINGWU LI>*, WENZHE ZHAO>, YONGLIANG LIU* and LIXIU CAO>”

lDepartment of Computed Tomography, Tangshan People's Hospital, Tangshan, Hebei 063000, P.R. China; 2Department of

Breast Surgery, Tangshan People's Hospital, Tangshan, Hebei 063000, P.R. China; 3Hebei Key Laboratory of Molecular Oncology,

Tangshan People's Hospital, Tangshan, Hebei 063000, P.R. China; 4Depautment of Neurosurgery, Tangshan People's Hospital, Tangshan,
Hebei 063000, P.R. China; 5Department of Nuclear Medicine Imaging, Tangshan People's Hospital, Tangshan, Hebei 063000, P.R. China

Received May 14, 2025; Accepted October 17,2025

DOI: 10.3892/01.2025.15395

Abstract. The purpose of the present study was to develop a
simplified scoring system based on the support vector machine
(SVM) classification method to improve the diagnostic perfor-
mance of 8F-fluorodeoxyglucose (FDG) positron emission
tomography/computed tomography (PET/CT) in differenti-
ating solitary small (<3 cm) adrenal metastases from benign
lesions in patients with lung cancer. A total of 197 patients
with histopathologically confirmed diagnoses of lung cancer
were retrospectively included. All patients had solitary adrenal
lesions (long diameter <3 cm) showing hyperattenuating
features (unenhanced CT values =10 HU) on pre-treatment
BE-FDG PET/CT scans. The cohort included 128 cases of
metastases and 69 cases of benign lesions. SVM models were
developed using five adrenal lesion features and one primary
lung cancer feature. Model performance was evaluated by
comparing the area under the receiver operating characteristic
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curve (AUC) and accuracy across eight candidate models. The
optimal model was further simplified based on feature weights
and value distributions to enhance clinical applicability.
The best-performing SVM model demonstrated maximum,
minimum and mean accuracies of 98.0% (95% CI,93.9-100%),
71.4% (95% Cl, 57.1-83.7%) and 84.3% (95% CI, 69.4-91.8%),
respectively, with corresponding AUC values of 1.000, 0.770
and 0.913, respectively. The simplified scoring system strati-
fied adrenal lesions into three diagnostic categories: Scores <5,
benign; scores >6.5, metastatic; and scores 5-6.5, suspicious
for metastasis. In conclusion, the present study developed an
SVM-based model using *F-FDG PET/CT imaging features
to differentiate solitary small adrenal metastases in patients
with lung cancer. The maximum standardized uptake value
of the adrenal lesions was the predominant predictive feature.
After simplification, the model was converted into a clini-
cally practical scoring system, which may assist clinicians in
streamlining clinical staging decisions for patients with lung
cancer.

Introduction

Lung cancer persists as the leading cause of cancer-related
mortality in men and ranks second in women worldwide (1).
Notably, ~70% of lung cancer cases are diagnosed at advanced
stages with metastatic dissemination (2). The adrenal glands
constitute a frequent metastatic site in this population, with
reported incidence rates ranging from 18 to 42% across studies.
Notably, 2-4% of these patients present with isolated adrenal
metastases that may be amenable to curative interventions (3-5).
Emerging evidence has demonstrated that aggressive local
therapies, including surgical resection and stereotactic abla-
tive radiotherapy, can markedly improve survival outcomes in
patients with solitary adrenal metastases (6,7). These findings
underscore the critical need for accurate restaging of solitary
adrenal masses in lung cancer management.

Nevertheless, differentiating metastatic lesions from benign
adrenal lesions in patients with lung cancer remains clinically
challenging (8), particularly for small lesions [long diameter
(LD) =3 cm] with hyperattenuating features [unenhanced
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computed tomography (CT) values =10 HU] (9-11). Although
conventional imaging modalities offer diagnostic parameters
such as CT attenuation values, delayed contrast-enhanced
CT patterns and magnetic resonance imaging (MRI) chem-
ical-shift characteristics (12-14), their clinical application
faces three major limitations. First, lesion-specific diagnostic
thresholds may lack generalizability due to heterogeneous
tumor biology. Second, concurrent primary lung malignancies
can complicate radiological interpretation. Third, practical
challenges exist, including increased radiation exposure from
multiphase CT protocols, time-consuming MRI acquisi-
tions that disrupt clinical workflows and contraindications
that compromise image quality (such as motion artifacts or
metallic implants) (15,16).

BE-Fluorodeoxyglucose (FDG) positron emission tomog-
raphy (PET)/CT is an imaging modality that provides both
anatomical and metabolic information by assessing glucose
uptake. This technique has emerged as a reliable non-invasive
tool for evaluating adrenal masses (17,18). However, its
diagnostic accuracy is limited by two key factors: i) Some
benign adrenal lesions (for example, functional adenomas)
exhibit increased FDG uptake, potentially leading to
Tumor-Node-Metastasis stage overestimation (19,20); and
ii) certain adrenal metastases in patients with lung cancer may
remain undetected due to low FDG avidity (21). Additionally,
previous studies have primarily focused on individual meta-
bolic parameters for differentiating adrenal tumors (22,23),
while comprehensive PET/CT-based analyses of solitary small
hyperattenuating adrenal lesions in patients with lung cancer
remain scarce.

Support vector machine (SVM), a supervised machine
learning algorithm, is particularly effective for classification
tasks with limited sample sizes. SVM constructs an optimal
decision boundary by maximizing the margin between two
classes in the training dataset, thereby improving model gener-
alizability (24). SVM has shown promise in classifying solitary
pulmonary nodules and lymph nodes (25,26); however, its
application to solitary small hyperattenuating adrenal lesions
in lung cancer remains unexplored.

To address these gaps in the knowledge, the present study
aimed to develop an interpretable SVM-based classification
model to enhance the diagnostic accuracy of *F-FDG PET/CT
in distinguishing between metastatic and benign solitary small
hyperattenuating adrenal lesions in patients with lung cancer.

Patients and methods

Patients. Patients treated in Tangshan People's Hospital
(Tangshan, China) between October 2022 and October 2024
were retrospectively included in the present study if they met the
following criteria: i) Histopathologically confirmed lung cancer
prior to 8F-FDG PET/CT examination; and ii) the presence
of a solitary small (LD <3 cm) hyperattenuating (unenhanced
CT value =10 HU) adrenal lesion. The current study was
approved by the Institutional Ethics Committee of Tangshan
People's Hospital (approval no. RMY Y-LLKS-2023202). The
requirement for written informed consent was waived due to
the retrospective nature of the study. The diagnostic criteria
for adrenal metastases were as follows: i) Histopathological
confirmation; or ii) interval development of an adrenal mass

on follow-up CT (compared with a prior scan showing normal
adrenal glands); or iii) short-term interval growth [defined as
a >20% increase in total tumor burden within 6 months (27)].
The diagnostic criteria for benign lesions were as follows:
i) Histopathological confirmation; or ii) stability in size (no
change) during =6 months of follow-up. A total of 197 patients
(128 with metastases and 69 with benign lesions) were included
to develop and validate the models (Fig. 1).

BF.-FDG PET/CT procedure. In the present study, PET/CT
imaging was performed using a Discovery MI scanner (GE
Healthcare). All patients received an intravenous injection of
BE-FDG (4.2 MBg/kg), and imaging was conducted ~60 min
post-injection. Prior to the examination, patients were required
to fast for =6 h and to maintain blood glucose levels at
<11 mmol/l. Initially, unenhanced CT images were acquired
with the following parameters: 120 kV, 80 mAsec and a slice
thickness of 5 mm, covering the region from the skull vertex to
the mid-femur during tidal breathing. Subsequently, dedicated
full-ring PET images were obtained from the mid-thigh to
the vertex of the head during shallow breathing. Image recon-
struction was performed using an ordered-subset expectation
maximization algorithm with CT-based attenuation correction.

BF_FDG PET/CT image analysis. Two nuclear medicine radi-
ologists with 4 and 6 years of PET/CT diagnostic experience,
respectively, independently reviewed the PET/CT images.
Disagreements between the two radiologists were settled by
consensus. On the CT component, the following adrenal nodule
characteristics were assessed: i) Short diameter (SD) and LD;
ii) location (left or right); iii) homogeneity (homogeneous or
heterogeneous); iv) unenhanced CT value, measured by manu-
ally placing a region of interest (ROI) covering two-thirds of
the largest transverse lesion section while avoiding adjacent
fat tissue. In addition, ROI measurements excluded areas with
calcification, hemorrhagic components, cystic degeneration or
necrosis. On the PET component, the maximum standardized
uptake value (SUV,,,,) was measured by drawing a circular-oval
ROI encompassing the entire adrenal nodule and primary lung
cancer, carefully avoiding adjacent FDG-avid structures. For
reference, an additional ROI was placed in the right posterior
superior liver segment. The following metabolic ratios were
calculated: Adrenal-to-liver SUV,,, ratio (SUR, 4 cnaitiver)
and lung-to-liver SUV,,,, ratio (SUR,,,./i.;). Therefore, six
key features were analyzed for each case: i) Morphological
characteristics: Size (SD and LD), location, homogeneity and
unenhanced CT value; and ii) metabolic parameters: Adrenal
nodules [SUV, . udrena a0 SUR ycnapiive:] and lung cancer
(SUVnaxung and SUR g iver)-

Statistical analysis and model development. In the present
study, the models were constructed using an SVM with a
linear kernel function and a regularization parameter (C)
set to 1. To enhance model interpretability, a single feature
from either the metabolic or size features of adrenal lesions
or the metabolic features of lung cancer was iteratively
selected, combining it with other feature types to build each
model. Using stratified random sampling, the study cohort
was divided into training (n=148; 96 metastases and 52
benign lesions) and validation (n=49; 32 metastases and 17
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Histopathological confirmation of lung cancer prior to 18F-FDG PET/CT
examination in patients treated between October 2022 and October 2024 (n=618)

clinical data (n=248)

Having solitary adrenal small (long diameter <3 cm) hyper-
attenuating (unenhanced attenuation >10 HU) lesions and complete
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Inclusion criteria for metastases:

(i) Histopathological confirmation (n=11);
(ii) New occurrence (n=21);

(iii) Short term growth (n=96).

Inclusion criteria for benign lesions:
(i) Histopathological confirmation (n=8);
(i) Stability in size (n=61).
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P

Finally, 197 patients (metastases, n=128; benign lesions, n=69) were included

Figure 1. Flowchart illustrating the patient selection process, along with the criteria for inclusion and exclusion. FDG, fluorodeoxyglucose; PET/CT, positron

emission tomography/computed tomography.

benign lesions) subsets maintaining a 3:1 allocation ratio. To
mitigate sampling bias, this sampling process was repeated
1,000 times. During this process, the area under the receiver
operating characteristic curve (AUC) values and accuracies of
the models in the validation subsets were used to evaluate their
performance. To assess whether the classification accuracy
exceeded chance level, a null distribution of accuracies was
generated by randomly shuffling the metastatic status labels of
adrenal lesions during classifier training, thereby eliminating
any predictive information. The P-value was calculated by
comparing the actual classification accuracy (derived from
correctly labeled data) against the null distribution, defined
as the proportion of null accuracies equal to or greater than
the observed accuracy (28). Permutation tests were conducted
for the best-performing SVM model (namely the models with
the highest accuracy). To further evaluate whether SVM was
the optimal method for metastasis prediction, its performance
was compared with random forest and k-nearest neighbor
(KNN) classifiers. Each algorithm was run 1,000 times under
identical conditions to ensure comparability, and the distribu-
tions of accuracy and AUC were analyzed. For the random
forest model, five decision trees were used, with a minimum
tree depth of 1 and the number of features per tree set to the
square root of the total feature count. For KNN, k was set at
5. To enhance clinical applicability, the model was simplified
by scoring features based on their weights and the distribution
of continuous variables. The final risk score was computed
as the sum of each feature's score multiplied by its mean
weight. All analyses were performed using Python (version
3.12; Python Software Foundation). The AUC and accuracy of
different models were compared using the Kruskal-Wallis test

with Dunn's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Clinical characteristics and PET/CT features. The clinical
characteristics of patients in both cohorts are summarized in
Table I. The retrospective dataset comprised 197 patients (age
range, 28-85 years; males, 126; females, 71), including 128
metastatic lesions and 69 benign adrenal lesions. Among the
lung cancer cases, adenocarcinoma represented the predomi-
nant histological subtype (134/197, 68.0%), followed by
squamous cell carcinoma (48/197, 24.4%). Other histological
variants included adenosquamous carcinoma (7/197, 3.6%),
large cell carcinoma (4/197, 2.0%), sarcomatoid carcinoma
(3/197, 1.5%) and pleomorphic carcinoma (1/197, 0.5%).
Table IT summarizes six key PET/CT features for both cohorts,
including size (SD and LD), metabolism (SUV,,,qdrena and
SUR, grenaniiver), Unenhanced CT value, location and homo-
geneity of adrenal nodules, and metabolism of lung cancer
(SUVnaxung and SUR g iver)-

Comparison of different models. A total of eight distinct SVM
models were developed in the present study, with their respec-
tive feature compositions detailed in Table III. For each model,
1,000 iterations of sampling were performed to ensure robust
statistical evaluation. Model 1 emerged as the top-performing
model, demonstrating superior performance across multiple
metrics, including i) AUC: Maximum, 1.000; mean, 0.913;
and minimum, 0.770; and ii) accuracy: Maximum, 98.0%
(95% CI, 93.9-100%); mean, 84.3% (95% CI, 69.4-91.8%); and
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Table I. Clinical characteristics of patients.

Characteristics Distribution
Sex,n
Male 126
Female 71
Age, years
Range 28-85
Mean + standard deviation 62.71£8.99
Median 63
Histological subtype of lung cancer, n
Adenocarcinoma 134
Squamous cell carcinoma 48
Other types 15
Adenosquamous carcinoma 7
Large cell carcinoma 4
Sarcomatoid carcinoma 3
Pleomorphic carcinoma 1
Group, n
Metastases 128
Benign lesions 69

minimum, 71.4% (95% CI, 57.1-83.7%) (Fig. 2). Permutation
tests for Model 1 yielded statistically significant results
(P<0.001 for the highest-accuracy iteration; P=0.004 for the
lowest-accuracy iteration) (Fig. 3). To validate the predictive
superiority of SVM, its performance was compared against
identically configured random forest and KNN models. SVM
significantly outperformed both alternatives in terms of accu-
racy (both P<0.001) and AUC (both P<0.001) (Fig. 4).

Feature weights of the best model. Table IV presents the
BE-FDG PET/CT feature weights of Model 1. The mean abso-
lute value of weights and the mean of weight were calculated
as follows:

Mean absolute value of weight=

M £ weich Wi+ Wo+--+ W e
n 1 e
ean of weight 500

The mean absolute weight reflects each feature's relative
importance in the model. A positive mean weight indicates a
positive association with metastases, whereas a negative value
suggests an inverse association. Key findings regarding feature
importance and association included: i) Homogeneity of
adrenal lesions had the lowest mean absolute value of weight;
i1) SUV .y drenany had the highest mean absolute value of
weight; iii) homogeneity and location of adrenal lesions were
negatively correlated with metastases; and iv) SUV, .. aarenan»
SUV Luxung)» unenhanced CT value and LD were positively
correlated with metastases.

Adrenalmetastasis scoring rule.Fig.5 displays the distributions
of SUV, SUV LD and unenhanced CT value.

max(adrenal) max(lung)»

To facilitate subsequent model simplification, each continuous
variable was categorized using thresholds derived from the
approximate mean values of the metastatic and benign groups.
The variables were categorized as follows: SUV, .. arenary Was
separated into <3, 3-5 and 25 g/m; SUV, ., qung Was separated
into <7.5, 7.5-10 and =10 g/m; LD was separated into <1.35,
1.35-1.75 and =1.75 cm; and unenhanced CT value was sepa-
rated into <30, 30-35 and =35 HU. The mean weights were
used as feature coefficients for scoring. Table V presents the
detailed scoring system based on these distributions and coef-
ficients, whereby each factor was assigned a score according
to predetermined thresholds, and the final risk score was
calculated as the sum of each factor's score multiplied by its
mean weighting coefficient. Fig. 6 illustrates the final score
distribution. The final scores were as follows: 56.5% (39/69)
of adrenal benign lesions scored <5, whereas only 7.03%
(9/128) of adrenal metastases scored <5. Furthermore, only
5.80% (4/69) of the final scores of benign lesions were >6.5,
but 68.8% (88/128) of those for metastases were >6.5. Finally,
the following diagnostic criteria were established: Adrenal
nodules with scores <5 were benign; those with scores >6.5
were metastatic; and those with scores 5-6.5 were suspicious
for metastasis.

Discussion

The adrenal gland is a frequent site of metastasis, particularly
in patients with lung cancer (29). However, differentiating
metastatic from benign adrenal lesions in these patients
remains clinically challenging due to the overlapping preva-
lence of neoplastic and non-neoplastic adrenal masses (30,31).
Compared with conventional CT or MRI, ®F-FDG PET/CT
offers distinct advantages by providing both functional meta-
bolic data and anatomical information. This synergistic
capability has verified the use of PET/CT as an invaluable
tool in the evaluation of primary lung cancer and its meta-
static spread, particularly in characterizing rare soft-tissue
masses (32) and indeterminate solitary hyperattenuating
adrenal lesions (33). In the current study, an SVM model was
developed using ®F-FDG PET/CT parameters that demon-
strated superior performance to both KNN and random forest
algorithms, achieving high predictive accuracy (AUC=0.913)
for identifying adrenal metastases. Among the predictive
features, SUV, . uarenay €merged as the most significant
contributor, with a mean absolute weight of 1.25 in the model.
To enhance clinical applicability, the model was subsequently
simplified into a practical scoring system. This streamlined
approach maintains diagnostic accuracy while facilitating
implementation in routine clinical practice.

Recent studies have demonstrated the promising
diagnostic performance of F-FDG PET/CT in detecting
adrenal metastases in patients with lung cancer (23,34,35).
Evans et al (34) reported that SUV_,, exhibited marked
diagnostic efficacy, with a mean sensitivity of 91%, speci-
ficity of 81% and accuracy of 83% for identifying adrenal
metastases. Similarly, Orzechowski ef al (23) revealed that
SUVs provided reliable assessment of adrenal metastases,
achieving an AUC of 0.83. Notably, Kim et al (35) demon-
strated even higher diagnostic accuracy using SUR i cnaiiiver
(AUC, 0.933; sensitivity, 87%; specificity, 100%) in patients
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Table II. Positron emission tomography/CT features of patients.

Features Metastases (n=128) Benign lesions (n=69)

Size of adrenal lesions, cm®

SD 1.39+0.41 1.23+0.33

LD 1.81+0.51 1.52+0.48
Metabolism of adrenal lesions®

SUV L aadrenany» £/M 5.60+2.24 3.03+091

SUR renaliiver 1.74+0.69 1.02+0.26
Unenhanced CT value of adrenal lesions® 35.97+6 .40 28.99+6 .48
Location of adrenal lesions, n

Left 83 48

Right 45 21
Homogeneity of adrenal lesions, n

Homogeneous 108 54

Heterogeneous 20 15
Metabolism of lung cancer®

SUV ux(tung» &M 10.50+4 .33 6.55+2.92

SUR giiver 3.27x1.35 2.25+1.06

“Data are presented as the mean + standard deviation. CT, computed tomography; SD, short diameter; LD, long diameter; SUV,,,., maximum
standard uptake value; SUR 4enaiver» @drenal-to-liver SUV,,, ratio; SUR|,,giver lung-to-liver SUV,,,, ratio.

Table III. Combination of different types of features.

Unenhanced CT

Model Metabolism of Size of Metabolism of value of Location of Homogeneity of
number adrenal lesions adrenal lesions lung cancers adrenal lesions adrenal lesions adrenal lesions
1 SUV jaxadrenal) LD SUV saxtung) Hounsfield unit Right/left Yes/no

2 SUV axadrena) LD SUR gtiver Hounsfield unit Right/left Yes/no

3 SUV axadrena) SD SUV xttung) Hounsfield unit Right/left Yes/no

4 SUV axadrena) SD SUR yngiver Hounsfield unit Right/left Yes/no

5 SUR grenativer LD SUV L uxdtung) Hounsfield unit Right/left Yes/no

6 SUR renativer LD SURygtiver Hounsfield unit Right/left Yes/no

7 SUR drenaiver SD SUV axqtung Hounsfield unit Right/left Yes/no

8 SUR renativer SD SURgtiver Hounsfield unit Right/left Yes/no

CT, computed tomography; SD, short diameter; LD long diameter, SUV ,,,, maximum standard uptake value; SUR g paiver» @drenal-to-liver

ratio.

max

SUV,, 1atio; SUR|,giver» lung-to-liver SUV

with non-small cell lung cancer. However, the small sample
size of this previous study (n=24 patients with suspicious
adrenal masses) may limit the generalizability of its findings.
A critical limitation common to these studies is their reliance
on single metabolic parameters for metastasis prediction. As
established in the literature, single-parameter approaches have
inherent constraints: i) They often demonstrate suboptimal
diagnostic performance, and ii) they cannot comprehensively
characterize the multifaceted nature of adrenal metastases.
To enhance diagnostic accuracy, recent studies have explored
multi-parameter approaches for predicting adrenal metas-
tases (9,36,37). Brady et al (9) demonstrated that combining
SUV,..« >3.1 with mean attenuation >10 HU achieved

excellent diagnostic performance (sensitivity, 97.3%; speci-
ficity, 86.2%; accuracy, 90.5%). Similarly, Cho et al (36)
reported that an adrenal-to-liver SUV,,, ratio >1.3 combined
with HU >18 yielded a sensitivity of 97.7%, a specificity of
81.2% and an accuracy of 93.4% in patients with lung cancer.
Notably, Lu et al (37) revealed that integrating PET and CT
features achieved optimal performance (sensitivity, 100%;
specificity, 98%; accuracy, 99%). These findings collectively
suggest that combining PET and CT parameters may provide
superior predictive value for adrenal metastases in clinical
practice. However, most previous studies included adrenal
masses of all sizes, limiting their applicability to solitary
small hyperattenuating lesions, a particularly challenging
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Figure 2. Comparison of different models. (A) Model 1 exhibited the second highest values for mean accuracy. (B) Model 1 exhibited the highest values
for mean AUC. (C) For min accuracy, models 1 and 3 were tied for the highest values. (D) Model 1 exhibited the highest values for min AUC. (E) For max
accuracy, models 1 and 2 were tied for the highest values. (F) Model 1 exhibited the highest values for max AUC. AUC, area under the receiver operating

characteristic curve; Max, maximum; Min, minimum.

diagnostic scenario where false-negative results frequently
occur (1,19,34,35). To address this limitation, the current study
developed an SVM model incorporating multiple clinically
relevant PET and CT features specifically for small adrenal
lesions. The model demonstrated robust performance, with

a mean AUC of 0.913 and accuracy of 84.3%. Notably, the
clinical utility of the model was enhanced by: i) Improving
interpretability through feature importance analysis, and
ii) developing a simplified scoring system to facilitate clinical
staging decisions in patients with lung cancer.
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Figure 3. Permutation tests for the SVM results of model 1 with the highest and lowest accuracy. (A) Permutation test for the SVM result of model 1 with the
highest accuracy (98.0%; P<0.001). (B) Permutation test for the SVM result of model 1 with the lowest accuracy (71.4%; P=0.004). Both of the true classifica-
tion accuracies of model 1 with highest and lowest accuracy (red bar) were significantly higher than those after random sampling, grouping and shuffling of

labels (blue bar). SVM, support vector machine.

P<0.001
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0.9 1 E
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Figure 4. Distribution and comparison of AUC and accuracy of the SVM, random forest and KNN. (A) The AUC of the SVM was significantly higher than
those of the random forest and KNN methods (both P<0.001). (B) The accuracy of the SVM was also significantly higher than those of the random forest and
KNN methods (both P<0.001). AUC, area under the receiver operating characteristic curve; KNN, k-nearest neighbor; SVM, support vector machine.

In the current linear SVM model, feature importance
was quantified by the mean absolute weight, where higher
values indicated stronger predictive contributions for adrenal
metastases. Among all features, SUV . .renay demonstrated
the weight of highest importance. This finding aligns with
established literature demonstrating the diagnostic value of
metabolic parameters such as SUV,,, in detecting adrenal
metastases (18,20,38). Koopman er al (38) reported signifi-
cantly higher SUV,,, values in metastatic vs. benign adrenal
lesions, with optimal diagnostic performance (96% sensitivity

and specificity) at a cutoff of 3.7 for detecting metastatic
adrenal lesions in patients with lung cancer. The biological
basis for this observation relates to SUV being a surrogate
for Km (the absolute metabolic rate of glucose consumption).
Malignant lesions typically exhibit elevated Km values due
to their characteristically increased glucose metabolism (39).
The prominent weight of SUV,,, wrenayy 10 the present model
substantiates its critical diagnostic role. Additionally,
SUV,uxaung) Showed considerable predictive weight, suggesting
that higher metabolic activity in primary lung tumors may be
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Table I'V. Weight of features for the best model.

Characteristics Mean weight Mean absolute value of weight
Homogeneity of adrenal lesions -0.177+0.097 0.179+0.094
Location of adrenal lesions -0.146+0.158 0.183+0.115
Unenhanced CT value of adrenal lesions 0.702+0.114 0.702+0.114
LD of adrenal lesions 0.443+0.112 0.443+0.112
SUV axadrenal) 1.247+0.170 1.247+0.170
SUV uxtung) 0.709+0.137 0.709+0.137

CT, computed tomography; LD, long diameter; SUV .., maximum standard uptake value.
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Figure 5. Distribution of SUV,,.udrenay SU Vinaxaung» LD and CT values. (A) SUV ;. qarenary Was separated into <3, 3-5 and =5 g/m. (B) SUV,,,;1ung Was separated

into <7.5, 7.5-10 and =10 g/m. (C) LD was separated into <1.35, 1.35-1.75 and =1.75 cm. (D) CT value was separated into <30 HU, 30-35 HU and =35 HU.
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max>

associated with greater metastatic potential. This association  lymph node metastasis and Zhu et al (41) similarly reported
has been previously documented (40,41): Zhang et al (40) that elevated SUV_,, in non-small cell lung cancer is associ-
identified primary tumor SUV, . as a significant predictor of  ated with increased metastatic risk.



Table V. Final scoring rules for predicting adrenal metastases.
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SUV,..« Unenhanced Loca- Homoge-
(adrenal), g/m  SUV_,. (lung), g/m LD, cm CT value, HU tion neity
Factor <3 35 =5 <75 7510 =10 <135 135-1.75 =175 <30 3035 =35 L R Yes No
Score 1 2 3 1 2 3 1 2 3 1 2 3 0 1 0 1
Coefficient 1.25 0.71 0.44 0.70 -0.15 -0.18
SUV ..., maximum standard uptake value; LD, long diameter; CT, computed tomography; L, left; R, right.
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Figure 6. Score distribution of adrenal benign and metastatic lesions. The
red dashed lines represented the thresholds of score. The difference of
scores between benign and metastatic lesions was more apparent after being
simplified.

Multiple studies have established that while PET features
may yield false-negative results in cases of micro-metastases,
integrated PET/CT demonstrates superior diagnostic accuracy
for detecting adrenal metastases compared with PET or CT
alone (1,36,37). This underscores the importance of incorpo-
rating CT features to enhance diagnostic performance. The
present analysis revealed that unenhanced CT value served
a corrective function in the model. This finding aligns with
the existing literature demonstrating that adrenal metas-
tases typically exhibit higher attenuation values than benign
lesions (36,42). For example, Cho et al (36) reported significant
differences in unenhanced CT values between metastatic (29+8
HU) and non-metastatic (9+13 HU) adrenal lesions, with a
HU threshold of >18 achieving an AUC of 0.925 (sensitivity,
86.7%; specificity, 81.2%; accuracy, 85.2%). Chen et al (43)
subsequently identified a pre-contrast CT value of >30 HU as an
independent predictor of metastases (AUC, 0.766), a potentially
more robust criterion. The underlying pathophysiology relates to
adipose tissue content, which serves as a key diagnostic marker

for adenomas (42). The present results corroborate these estab-
lished attenuation patterns. Furthermore, lesion size emerged
as another significant CT parameter, with metastases typically
demonstrating larger dimensions than benign lesions, which
was consistent with previous research (23,34). Evans et al (34)
documented markedly larger metastatic lesions (mean, 3.0 cm;
range, 1.0-9.2 cm) vs. benign lesions (mean, 1.9 cm; range,
0.7-5.3 cm). In addition, Orzechowski et al (23) reported that
a size threshold of >25 mm yielded 83.33% sensitivity, 83.64%
specificity and 83.49% accuracy for metastasis detection.

The location and homogeneity of adrenal lesions also
contributed to the present predictive model. It was observed
that adrenal metastases demonstrated a left-sided predomi-
nance and more heterogeneous appearance, consistent with
prior studies (22,43). However, the mean absolute weights
for these features were markedly lower than those of the four
primary parameters [SUV,, adrenaty» SU Vinaxaung)» Une€nhanced
CT value and size].

The current study has several limitations that should be
acknowledged. First, the subjective interpretation of certain
imaging features (particularly lesion homogeneity) may vary
between radiologists, with more experienced practitioners likely
demonstrating greater diagnostic accuracy. Future incorpora-
tion of computer-assisted feature evaluation could enhance
measurement reproducibility and model stability. Second, as a
single-center study with a relatively small sample size, the find-
ings may be specific to the particular PET system, acquisition
protocol and reconstruction algorithm employed. Multi-center
validation studies with larger cohorts are needed to establish
the generalizability of the coefficients across different imaging
platforms. Third, in the 21 patients with interval development
of adrenal metastases, the SUV, . of the primary lung cancer
may have changed due to tumor progression or recurrence.
Future studies with larger cohorts are warranted to systemati-
cally assess whether the change in SUV,,, has diagnostic value
in differentiating adrenal metastases and whether it affects
the performance of the model. Fourth, it is notable that some
of the patients with lung cancer included in the present study
also had comorbid fatty liver. Hepatic steatosis in patients with
cancer may alter metabolic activity and influence 18F-FDG
uptake (44). Although the SUR was not a parameter in the
final model, further corrections should be considered in future
studies when the liver is used as a comparator for PET-CT scans
in patients with lung cancer.

In conclusion, the present study describes the develop-
ment of an interpretable SVM model using *F-FDG PET/CT
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features to predict adrenal metastases in patients with lung
cancer. The model identified SUV,,,qqrena @S the most signifi-
cant predictor, followed by SUV, 1y, unenhanced CT value,
size, homogeneity and location. For clinical implementation,
the SVM model was simplified into a practical scoring system
that may facilitate staging decisions for patients with lung
cancer.
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