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18Are F-FDG PET/CT based radiomics features useful for 

prediction of PD-L1 expression in non-small cell lung cancer?

Abstract
18Objective: This study investigated the diagnostic test accuracy of �uorine-18-�uorodeoxyglucose ( F-FDG) 

positron emission tomography/computed tomography (PET/CT) based radiomics features for prediction of 
programmed cell death protein 1 and its ligand (PD-L1) expression in non-small cell lung cancer (NSCLC). 
Materials and Methods: A systematic search was performed in PubMed and EMBASE (last updated in 31 

18August 2024). Studies evaluating diagnostic performance of F-FDG PET/CT based radiomics features for 
prediction of PD-L1 expression in NSCLC. The sensitivities, speci�cities, positive and negative likelihood ra-

18tios (LR+ and LR-), and pooled area under curve (AUC) were estimated. Results: The pooled sensitivity of F-
FDG PET/CT was 0.75 (95% CI; 0.64-0.83) and a pooled speci�city of 0.66 (95% CI; 0.52-0.78) for prediction of 

18>1% expression of PD-L1. For prediction of >50% expression of PD-L1, the pooled sensitivity of F-FDG 
PET/CT was 0.77 (95% CI; 0.67-0.85) and a pooled speci�city of 0.61 (95% CI; 0.55-0.66). For >1% expression 
of PD-L1, the pooled AUC of �xed e�ects was 0.791 (95% CI; 0.771-0.811) and of random e�ects was 0.783 
(95% CI; 0.722-0.845). For >50% expression of PD-L1, the pooled AUC of �xed e�ects was 0.735 (95% CI; 
0.718-0.751) and of random e�ects was 0.766 (95% CI; 0.706-0.825). Conclusion: Analysis of the available 

18studies indicated that F-FDG PET/CT based radiomics features showed a moderate diagnostic perfor-
mance for prediction of PD-L1 expression in NSCLC. However, future studies would be necessary for stan-

18dardization of the method for prediction of PD-L1 expression in NSCLC using F-FDG PET/CT based radio-
mics features. 
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Introduction

Non-small cell lung cancer (NSCLC) is the second most common cancer and the 
third leading cause of cancer-related death in men and women in the United 
States [1]. In 2023, an estimated 117,550 men and 120,790 women were diag-

nosed with NSCLC, and 67,160 men and 59,910 women died of the disease [1]. Based on 
cell origin, the majority of lung cancers (about 85%) are NSCLC [2]. Recently, with the in-
troduction of immune checkpoint inhibitors (ICI), targeting the programmed cell death 
protein 1 (PD 1) and its ligand (PD-L1) axis, signi�cantly impacted on the management 
of patients with NSCLC [3].  

Even though ICI have dramatically changed the clinical outcomes of advanced 
NSCLC, only a subset of patients with NSCLC respond to ICI [4-8]. Thus substantial e�orts 
are ongoing to identify a biomarker of response to anti-PD-1/PD-L1 immunotherapy. Al-
though as a predictive biomarker PD-L1 expression in NSCLC has limitations, PD-L1 ex-
pression in NSCLC is the only FDA approved biomarker linked to speci�c PD-1/PD-L1 
pathway blockade and expected to predict a response to anti-PD-1/PD-L1 antibodies 
[9]. Programmed cell death protein 1 and PD-L1 expression is usually determined by im-
munohistochemistry (IHC), which is time consuming and obtaining adequate tumor tis-
sue for PD-L1 staining is not available in some patients.

18Fluorine-18-�uorodeoxyglucose ( F-FDG) positron emission tomography/computed 
tomography (PET/CT) has become a standard modality for the diagnosis, staging, and 
evaluation of treatment response in NSCLC [10]. An association between glucose meta-
bolism and epidermal growth factor receptor (EGFR) mutation and anaplastic lympho-
ma kinase (ALK) rearrangement in NSCLC have also been previously reported [11, 12]. 

18Recently, some studies have attempted to investigate PD-L1 expression from F-FDG 
PET/CT images with promising results in NSCLC patients [13, 14]. However, the precise 
relationship between glucose metabolism and PD-L1 expression in NSCLC is not well 
known. 
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Radiomics is a unique and evolutional tool that converts 
imaging information to various quanti�able features re�ec-
ting genotypic and phenotypic characteristics of the tissue 
[15]. Fluorine-18-FDG PET/CT based radiomics features can 
be broadly grouped into shape or morphology features, na-
mely, histogram-based features, texture-based features, ed-
ges features, and shape features [16]. Recently, radiomics 
have been adapted for cancer diagnosis, for di�erentiation 
of malignant lesions, and for assessment of treatment res-
ponse [17, 18].

The purpose of the current study is to meta-analyze the 
18published data on the diagnostic performance of F-FDG 

PET/CT based radiomics features for prediction of PD-L1 ex-
pression in NSCLC, in order to provide more evidence-based 

18data and to address further studies in the evaluation of F-
FDG PET/CT based radiomics features for prediction of PD-
L1 expression in NSCLC. 

Background concepts: Machine learning 
techniques for PET/CT analysis

The preferred reporting items for systematic reviews and 
meta-analyses statement was used to improve the repor-
ting of our research [19].

Data sources and search strategy
A structured approach was followed to identify the patient 
population, interventions, comparators, outcomes, and stu-
dy design (PICOS criteria) [19]. The electronic English-langu-
age literature searches of PubMed, Cochrane database, and 
Embase from the earliest available date of indexing through 
August 31, 2024 was used and hand-searched the reference 
lists of identi�ed publications for additional studies was per-
formed. The search strategy included both subject headings 
(MeSH terms) and keywords for the target condition (NSCLC), 

18the imaging techniques under investigation ( F-FDG PET/ 
CT), and the interventions (positive PD-L1 expression). We 
used a search algorithm based on a combination of terms: (1) 
�PET� OR �positron emission tomography� OR �positron emis-
sion tomography/computed tomography� OR �PET/CT� OR 
�positron emission tomography-computed tomography� OR 
�PET-CT� OR �FDG� AND (2) �Radiomics� (3) �Lung Neoplasms� 
OR �Lung cancer� OR �Lung carcinoma� OR �NSCLC� (4) �PD-
L1�.

Criteria for inclusion in the current study  
Studies were eligible if the following PICOS criteria were 
met. (a) Patient population consisted of NSCLC con�rmed 

18histologically; (b) the imaging of with F-FDG PET/CT; (c) 
Histopathologic analysis of PD-L1 expression was available 
as a reference standard; (d) the study outcome described 
positive PD-L1 expression. 

Exclusion criteria of studies was as follows; if a 2×2 table 
could not be extracted from the data, if there were fewer 
than 5 patients, and if multiple reports were published for 
the same study population. In the latter case, the most deta-
iled or recent publication was extracted. Duplicate publica-

tions were excluded, as were publications such as review ar-
ticles, case reports, conference papers, and letters, which do 
not contain the original data. Two researchers independen-
tly reviewed titles and abstracts of the retrieved articles, ap-
plying the above-mentioned selection criteria. Articles were 
rejected if clearly ineligible. The same two researchers then 
independently evaluated the full-text version of the in-
cluded articles to determine their eligibility for inclusion.

Data extraction and quality assessment
Information about basic study (authors, year of publication, 
and country of origin), study design (prospective or retros-
pective), patients' characteristics and technical aspects were 
collected. Each study was analyzed to retrieve the number of 
true positive (TP), true negative (TN), false positive (FP), and 

18false negative (FN) �ndings of F-FDG PET/CT based radio-
mics features for prediction of PD-L1 expression in NSCLC 
according to the reference standard. Only studies providing 
such complete information were �nally included in the me-
ta-analysis. Quality of the included studies was assessed ba-
sed on 15-item modi�ed Quality Assessment of Diagnostic 
Accuracy Studies (QUADAS2) [20]. Two reviewers indepen-
dently assessed each potentially eligible study and assigned 
them as a quality rating of �good,� �fair,� or �poor�. Quality as-
sessment was conducted based on following criteria: study 
design and presence of bias including selection, perfor-
mance, recording, and reporting bias. Studies with high risk 
of bias were de�ned as poor quality, presence of moderate 
risk (did not a�ect the results) as fair quality, and those with 
minimal risk as good quality. The Radiomics Quality Score 
(RQS) was used to evaluate the methodological quality [21]. 
Disagreements were settled with consensus decision. Disa-
greement between the 2 authors was resolved by discus-
sion. 

Data synthesis and analysis
All data from each eligible study were extracted. Categorical 
variables are presented as frequencies or percentages, and 
continuous variables are presented as mean values unless 
stated otherwise. Measures of the diagnostic performance, 
including sensitivity, speci�city, and diagnostic odds ratios 
(DOR), are reported as point estimates with 95% con�dence 
intervals (CI). A DOR can be calculated as the ratio of the od-
ds of positivity in a disease state relative to the odds of positi-
vity in the non-disease state, with higher values indicating 
better discriminatory test performance [22]. Between-study 

2statistical heterogeneity was assessed using I  and the Coch-
rane Q test on the basis of the random-e�ects analysis [23]. 
Publication bias was examined using the e�ective sample 
size funnel plot and associated regression test of asymmetry 
described by Deeks and colleagues [24]. The bivariate ran-
dom-e�ects model for analysis and pooling of the diagnostic 
performance measures across studies, as well as compari-
sons between di�erent index tests were used [25, 26]. The 
bivariate model estimates pairs of logit transformed sensiti-
vity and speci�city from studies, incorporating the correla-
tion that might exist between sensitivity and speci�city. The 
bivariate model was used to create hierarchical summary re-
ceiver operating characteristic curves and to estimate the 
area under the curve [27]. When statistical heterogeneity was

93Hellenic Journal of Nuclear Medicine     September-December 2025•   www.nuclmed.gr 261

Review Article



substantial, meta-regression was performed to identify 
potential sources of bias [28]. Two-sided P≤0.05 was conside-
red statistically signi�cant. Statistical analyses were perfor-
med with commercial software programs (STATA, version 
13.1; StataCorp LP, 4905 Lakeway Drive, College Station, TX, 
77845, USA) and Meta-disc (version 1.4) downloadable freely 
from URL: http://www.hrc.es/investigacion/metadisc_en. 
htm.

Results

Literature search and selection of studies
After the comprehensive computerized search was per-
formed and references lists were extensively cross-checked, 
our research yielded 41 records, of which 15 records of dupli-
cated abstracts were excluded after reviewing the title and 
abstract. Also, 7 non-relevant studies, 3 conference abstracts, 
and 6 review articles were excluded. Remaining 10 full text 
articles were assessed for eligibility and 2 articles were exclu-
ded due to insu�cient data for the calculation of sensitivity 

18and speci�city of F-FDG PET/CT based radiomics features 
for prediction of PD-L1 expression in NSCLC. Finally, 8 stu-
dies were selected and were eligible for the systematic revi-
ew and meta-analysis and no additional studies were found 
screening the references of these articles [29-36]. The charac-
teristics of the included studies are presented in Table 1. The 
detailed procedure of study selection in the current meta-
analysis is shown in Figure 1.

Study description, quality, and publication bias
The patient-based analysis was conducted in the current stu-
dy. There were a total of 2,110 patients in the included stu-
dies, and the age ranged from 15 to 87 years. A total 1,296 pa-
tients were male and 814 patients were female. All 8 studies 
enrolled patients retrospectively [29-36]. Only one study per-
formed external and cross validations of radiomics features 
[33]. Radiomics features were extracted using LIFEx software 
in 5 studies [30, 31, 34-36], ITK snap software in 2 studies [29, 
33] and IBSI in one study [32]. Four studies [29-32] used the 
cut-o� value of both of >1% and >50% of PD-L1 expression in 
IHC. Programmed cell death protein 1 and its ligand expres-
sion status was de�ned as positive and negative according to 
the cut-o� 1% in other 4 studies [33-36]. The diagnostic accu- 
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18Figure 1. Flow diagram of the search for eligible studies on the diagnostic performances of F-FDG PET/CT based radiomics features for prediction of PD-L1 expression in 
NSCLC.
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racies could be obtained in 5 studies [32-36]. The AUC data 
were available in all 8 studies. The principal characteristics of 
8 studies included in the meta-analysis are included in Table 
1. To assess a possible publication bias, Deeks's funnel plot 
asymmetry tests were designed. The non-signi�cant slope 
indicates that no signi�cant bias was found. The P value was 
0.18 (Figure 2).

Methodological quality assessment 
According to the QUADAS-2 tool, overall risk of bias in pa-
tient selection was high in �ve studies (62.5%), unclear in two 
(25%) studies, and low in one (12.5%). Risk of bias in the in-
dex test was high in one study (12.5%) and unclear in seven 
studies (87.5%). Risk of bias in the reference standard test 
was unclear in two (25%) study and low in six studies (75%). 
Flow and timing had low in all studies (100%). Applicability 
concerns in patient selection were unclear in four (50%) stu-
dies and low in four (50%) studies. Applicability concerns in 
the index test were low in �ve (62.5%) studies and unclear in 
three studies (37.5%). Applicability concerns in reference 
standard were unclear in two studies (25%) and low in six 
(75%) studies. Figure 3 shows methodological quality sum-
mary of included studies. 

A detailed report of RQS item score is shown in Table 2. The 
RQS ranged from 3 to 13 in the included studies. The RQS total 
and percentage scores were 8.3±3.85 and 23.2±10.7%, res-
pectively. The highest possible score was 13 points, and the 

highest-rated study received a percentage score of 36.1%. 
None of the selected studies performed a phantom study, a 
clinical utility analysis, a cost-e�ectiveness analysis, discussed 
biological correlates, or conducted the research prospecti-
vely.

18Diagnostic accuracy of F-FDG PET/CT based radi-
omics features for prediction of PD-L1 expression

18The results of F-FDG PET/CT based radiomics features for 
prediction of PD-L1 expression in NSCLC of 8 included stu-
dies are presented in Table 3. For prediction of >1% expres-
sion of PD-L1, the pooled sensitivity of was 0.75 (95% CI; 
0.64-0.83) with heterogeneity (I2=54.7, P=0.04) and a pooled 
speci�city of 0.66 (95% CI; 0.52-0.78) with heterogeneity 

2(I =82.2, P<0.001). Likelihood ratio (LR) syntheses gave an 
overall positive likelihood ratio (LR+) of 2.2 (95% CI; 1.6-3.2) 
and negative likelihood ratio (LR-) of 0.38 (95% CI; 0.27-0.53). 
The pooled DOR was 6 (95% CI; 3-11). 

For prediction of >50% expression of PD-L1, the pooled 
sensitivity of was 0.77 (95% CI; 0.67-0.85) with heterogeneity 

2(I =0, P=0.525) and a pooled speci�city of 0.61 (95% CI; 0.55-
20.66) with heterogeneity (I =71.5, P=0.061). Likelihood ratio 

(LR) syntheses gave an overall positive likelihood ratio (LR+) 
of 2.1 (95% CI; 1.3-3.3) and negative likelihood ratio (LR-) of 
0.37 (95% CI; 0.24-0.56). The pooled DOR was 6 (95% CI; 2-
15).

Figure 2. Results of Deeks`s funnel plot of asymmetry test for publication bias. Non-signi�cant slope indicates that no signi�cant bias was found. (ESS; E�ective sample size)



Figure 3. Risk of bias and applicability concerns summary.
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Table 2. Radiomics quality scores of the included studies.

Study criteria Jiang M Li J Lim CH Monaco L Mu W Zhang R Zhao X Zhou J

Image protocol 1 1 1 1 1 1 1 1

Multiple segmentations 1 1 1 1 1 1 1 1

Phantom study 0 0 0 0 0 0 0 0

Multiple time points 0 0 0 0 0 0 0 0

Feature reduction 3 3 3 3 3 3 3 3

Non-radiomics 1 1 0 1 1 0 0 0

Biological correlates 0 0 0 0 0 0 0 0

Cut-off 0 0 0 0 0 0 0 0

Discrimination & 
Resampling

1 1 1 1 1 1 1 1

Calibration 0 0 0 0 0 0 0 0

Prospective 0 0 0 0 0 0 0 0

Validation -5 2 -5 2 2 -5 2 2

Gold standard 0 0 0 0 0 0 0 0

Clinical utility 0 0 0 0 0 0 0 0

Cost effectiveness 0 0 0 0 0 0 0 0

Open science and date 3 4 3 2 3 2 2 3

Total score 5 13 4 11 12 3 10 9

Individual rating 13.8% 36.1% 11.1% 30.5% 33.3% 8.3% 27.7% 25%
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18Pooled estimates of AUC of F-FDG PET/CT based ra-
diomics features for prediction of PD-L1 expression

18Figure 4 shows the results of forest plot of AUC of F-FDG 
PET/CT based radiomics features for prediction of PD-L1 ex-
pression in NSCLC. For prediction of >1% expression of PD-
L1, the pooled AUC of �xed e�ects was 0.791 (95% CI; 0.771-
0.811) and of random e�ects was 0.783 (95% CI; 0.722-0.845) 

2with heterogeneity (I =93.1, 95% CI; 89.4-95.5, P<0.001) (Fi-
gure 4A). 

For prediction of >50% expression of PD-L1, the pooled 
AUC of �xed e�ects was 0.735 (95% CI; 0.718-0.751) and of 
random e�ects was 0.766 (95% CI; 0.706-0.825) with hete-

2rogeneity (I =90.1, 95% CI; 79.7-95.1, P<0.001) (Figure 4B).

Clinical utility
18Using an F-FDG PET/CT based radiomics features model 

would increase the post-test probability to 28% from 15% 
with a PLR of 2 when the pretest was positive and would re-
duce the post-test probability to 6% with an NLR of 0.38 
when the pretest was negative. The clinical application is 
shown in Figure 5.

Likelihood ratio scatter-gram
Figure 6 shows the likelihood ratio scatter-gram which dis-
plays the summary point of likelihood ratios obtained as fun-
ctions of mean sensitivity and speci�city in the right lower 

18quadrant suggesting that F-FDG PET/CT based radiomics 
features might not be useful for exclusion and con�rmation 
for prediction of PD-L1 expression in NSCLC.

Discussion
Recently, molecular targeted therapies have dramatically 
improved the prognosis of selected advanced-stage NSCLC 
patients with driver mutations such as EGFR-mutant, ALK-
re-arranged NSCLC. However, these therapies are ine�ective 
in the majority of patients whose tumors lack genetic altera-
tions [37]. Immune checkpoint inhibitors, such as PD-1 or 
PD-L1, have become one of the most promising approaches 
in the treatment for advanced NSCLC patients whose tumor 
does not contain a driver mutation [38].

18The current meta-analysis is the �rst to explore F-FDG 
PET/CT based radiomics features for prediction of expres-
sion of PD-L1 in NSCLC on a per-patient basis. The prediction 
performance was good with sensitivity and speci�city for 
both of cut-o� value of >1% and >50% expression of PD-L1. 
Also, the pooled AUC was good for prediction of PD-L1 ex-
pression for both of cut-o� value of >1% and >50%. For clini-

18cal utility, using F-FDG PET/CT based radiomics features 
would increase the post-test probability to 28% from 15% 
with a PLR of 2 when the pretest was positive and would re-
duce the post-test probability to 6% with an NLR of 0.38 

18when the pretest was negative. This shows that using F-
FDG PET/CT based radiomics features could help improve 
the accuracy of predicting the PD-L1 expression in NSCLC. 

18However, according to scatter gram, F-FDG PET/CT based 
radiomics features should be cautiously used for exclusion 
and con�rmation for prediction of PD-L1 expression in NS-
CLC. 

18The F-FDG PET/CT based radiomics feature extraction

 18Table 3. Diagnostic performances of F-FDG PET/CT based radiomics features prediction of PD-L1 expression in NSCLC.

Cut-off of 
PD-L1 
expression

Sensi-
tivity

2I P value
Speci-
ficity

2I P value +LR 2I P value -LR 2I P value

>1% 75 % 54.7 % 0.04 66 % 82.2 % <0.001 2.2 72.7 % <0.001 0.38 36.3 % 0.151

>50% 77 % 0 % 0.525 61 % 71.5 % 0.061 2.1 70.8 % 0.064 0.37 5.9 % 0.303

18Figure 4. Forest plot of pooled AUC of F-FDG PET/CT based radiomics features for prediction of PD-L1 expression in NSCLC.
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18Figure 6. Likelihood ratio scatter-gram of F-FDG PET/CT based radiomics features for prediction of PD-L1 expression in NSCLC.

18Figure 5. Fagan nomogram of F-FDG PET/CT based radiomics features for prediction of PD-L1 expression in NSCLC. 



and selection methods are diverse among included in the 
current metaanalysis and algorithm methods (LASSO, ran-
dom forest, logistic regression). The present meta-analysis 
could not recommend the proper radiomics feature selec-
tion method or radiomics model method. The present meta-

18analysis showed that F-FDG PET/CT based radiomics fe-
atures had heterogeneity between included studies for pre-
diction of PD-L1 expression in NSCLC in terms of sensitivity 
and speci�city. The source of heterogeneity may be related 
to di�erences in feature extraction methods, types and 
number of features, and modelling methods in the included 
studies. Also, studies included in this meta-analysis used dif-
ferent de�nition for positivity of PD-L1 protein expression. 
Four studies used the cuto� value of both of >1% and >50% 
for de�ning PD-L1 positivity [29-32] and other 4 studies used 
>1% for positivity [33-36].

18Despite the good predictive power of F-FDG PET/CT ba-
sed radiomics features, the overall quality of the included 
studies ranged from poor to moderate. The RQS ranged from 
3 to 13 (out of the highest possible score of 36 points). Altho-
ugh RQS is widely used to assess the quality of radiomics re-
search, RQS is a relatively recent and a purely methodolo-
gical scoring system and does not consider di�erences in the 
current study because of di�culties to achieve. None of in-
cluded study in the current meta-analysis had been exter-
nally veri�ed. No study conducted a phantom study and a 
cost e�ectiveness analysis.

A recent study investigated the association between PD-
18L1 expression and IHC biomarkers or textural features of F-

FDG PET in 53 oropharyngeal or hypopharyngeal cancer 
patients who were ready to undergo radiotherapy-based 
treatment [39]. They reported the sensitivity, speci�city, and 
accuracy for predicting PD-L1 expression of ≥5% were 78%, 
46%, and 57%, respectively [39]. If the cuto� for PD-L1 ex-
pression was 1%, the corresponding values were 77%, 57%, 

18and 68%, respectively [39]. According to this study, F-FDG 
PET/CT derived textural features can provide supplemental 
information to determine tumor PD-L1 expression and the 
PD-L1 expressions were positively correlated with p16 and 
Ki-67, whereas the textural index of correlation was a nega-
tive predictor for PD-L1 expression of ≥5% [39].

The current study had some limitations. First, all studies in-
cluded in the meta-analysis conducted a retrospective study 
design and were subject to selection bias and prone to data 
loss. Second, a relatively small number of articles are ava-
ilable for selection criteria. Third, radiomics features might be 
a�ected by imaging equipment technology, tumor deline-
ation method, and used radiomics software. Third, the most 
studies included in the current analysis came from China, 
which could cause selection bias and heterogeneity. Finally, 
external validation of radiomics models was performed in 
only one study; therefore, further prospective studies using a 
larger and more blanced population from multiple centers 
and a subset of the data as a validation set are required. In the 
current meta-analysis, to minimize bias in the selection of 
studies and in the data extraction, reviewers who were blin-
ded to the journal, author, institution, and date of publi-
cation independently selected articles based on the inclu-
sion criteria, and scores were assigned to study design cha-
racteristics and examination results by using a standardized 

form that was based on the QUADAS-2 tool. 
18In conclusion, F-FDG PET/CT based radiomics features 

showed a good diagnostic performance for prediction of 
PD-L1 expression in NSCLC. However, future studies are ne-
cessary for standardization of the method for prediction of 

18PD-L1 expression in NSCLC using F-FDG PET/CT based ra-
diomics features.

The authors declare that they have no con�icts of interest.
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