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İnvaziv Akciğer Adenokarsinomunda 18F-FDG PET/CT Histograma Dayalı Doku 
Analizinin Tümör Heterojenitesinin Değerlendirilmesinde ve Prognoz Tayininde Rolü 

Abstract
Objectives: This study aimed to investigate the contributory role of histogram-based textural features (HBTFs) extracted from 18fluorine-
fluorodeoxyglucose (18F-FDG) positron emission tomography/computed tomography (PET/CT) in tumoral heterogeneity (TH) evaluation and 
invasive lung adenocarcinoma (ILA) prognosis prediction.
Methods: This retrospective study analyzed the data of 72 patients with ILA who underwent 18F-FDG PET/CT followed by surgical resection. 
The maximum standardized uptake value (SUV

max
), metabolic tumor volume, and total lesion glycolysis values were calculated for each 

tumor. Additionally, HBTFs were extracted from 18F-FDG PET/CT images using the software program. ILA was classified into the following five 
histopathological subtypes according to the predominant pattern: Lepidic adenocarcinoma (LA), acinar adenocarcinoma, papillary adenocarcinoma, 
solid adenocarcinoma (SA), and micropapillary adenocarcinoma (MA). Differences between 18F-FDG PET/CT parameters and histopathological 
subtypes were evaluated using non-parametric tests. The study endpoints include overall survival (OS) and progression-free survival (PFS). The 
prognostic values of clinicopathological factors and 18F-FDG PET/CT parameters were evaluated using the Cox regression analyses.
Results: The median SUV

max
 and entropy values were significantly higher in SA-MA, whereas lower in LA. The median energy-uniformity value 

of the LA was significantly higher than the others. Among all parameters, only skewness and kurtosis were significantly associated with lymph 
node involvement status. The median values for follow-up time, PFS, and OS were 31.26, 16.07, and 20.87 months, respectively. The univariate 
Cox regression analysis showed that lymph node involvement was the only significant predictor for PFS. The multivariate Cox regression analysis 
revealed that higher SUV

max
 (≥11.69) and advanced stage (IIB-IIIA) were significantly associated with poorer OS [hazard ratio (HR): 3.580, p=0.024 

and HR: 7.608, p=0.007, respectively].
Conclusion: HBTFs were tightly associated with clinicopathological factors causing TH. Among the 18F-FDG PET/CT parameters, only skewness and 
kurtosis were associated with lymph node involvement, whereas SUV

max
 was the only independent predictor of OS. TH measurement with HBTFs 

may contribute to conventional metabolic parameters in guiding precision medicine for ILA.
Keywords: Lung adenocarcinoma, prognosis, fluorodeoxyglucose, textural analysis, radiomics

Öz
Amaç: Bu çalışmada, invaziv akciğer adenokarsinomunda (IAA) 18flor-florodeoksiglukoz (18F-FDG) pozitron emisyon tomografisi/bilgisayarlı 
tomografiden (PET/BT) elde edilen histogram tabanlı doku özelliklerinin (HTDÖ) tümör heterojenitesini (TH) ve prognozu değerlendirmedeki katkı 
rolü araştırılmıştır.

The Role of Histogram-Based Textural Analysis of 18F-FDG PET/CT 
in Evaluating Tumor Heterogeneity and Predicting the Prognosis of 
Invasive Lung Adenocarcinoma
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Introduction

Lung cancer is the leading cause of cancer deaths 
worldwide (1). Surgical resection is a radical treatment for 
early-stage non-small cell lung cancer (NSCLC); however, 
~40-60% of patients with early-stage NSCLC die within 
5 years following curative resection. Approximately 85% 
of lung cancer consists of invasive lung adenocarcinoma 
(ILA), which is the most common histopathological subtype 
among NSCLC and has a poor prognosis (2). ILA consist 
of mixed patterns and exhibit highly heterogeneous 
behavior. The current histopathological classification of 
ILA fails to meet the advances in imaging, pathology, and 
tumor molecular biology (3). Additionally, this classification 
was inefficient for precision medicine development and 
prognosis prediction. Therefore, in the new classification, 
ILA is divided into the following five histopathological 
subtypes based on the dominant pattern: Lepidic 
adenocarcinoma (LA), acinar adenocarcinoma (AA), 
papillary adenocarcinoma (PA), solid adenocarcinoma (SA), 
and micropapillary adenocarcinoma (MA) (3).

Tumor heterogeneity (TH) is one of the important factors 
that affect treatment response (4). TH, as assessed by 
18fluorine-fluorodeoxyglucose (18F-FDG) positron emission 
tomography/computed tomography (PET/CT), reflects 
intra-tumoral variabilities, such as cellularity, proliferation, 
and necrosis (5). Texture analysis is a set of quantitative 
parameters that reflect TH using computational processing 
techniques (6). This analysis shows that heterogeneity 
is quantitated in all tumor areas in 18F-FDG uptake. With 
textural analysis, lots of studies have been conducted in 
various areas, such as benign-malignant distinction (7,8), 
tumor subtype differentiation (9), treatment response 
evaluation (10,11), and prognosis prediction (12,13).

Several studies have evaluated the association of 
histopathological patterns of ILA with conventional 18F-FDG 
PET/CT parameters, such as maximum standardized uptake 
value (SUV

max
), metabolic tumor volume (MTV), and total 

lesion glycolysis (TLG) (14,15,16). However, studies that 
investigated the relationship between histopathological 
patterns of resected ILA and histogram-based textural 
features (HBTFs) extracted from 18F-FDG PET/CT are scarce.

Therefore, this study evaluated 18F-FDG PET/CT parameters 
along with HBTFs to evaluate TH and identify independent 
predictors of progression-free survival (PFS) and overall 
survival (OS) of ILA. In light of our findings, different 
postoperative adjuvant treatments for precision medicine 
can be applied to patients with poor prognostic data.

Materials and Methods

Patients

The Local Ethics Committee of KTO Karatay University 
Faculty of Medicine approved this study under the decision 
number: 2021/010, number: E-41901325-050.99-2306. 
Patients who underwent an 18F-FDG PET/CT scan before 
surgical resection with a diagnosis of ILA between August 
2012 and September 2019 in our hospital were included 
in this study. Exclusion criteria were 1) neoadjuvant therapy 
before surgery, 2) tumor size of <10 mm (to eliminate partial 
volume effect on PET), (3) tumors with the SUV

max
 lower 

than the determined MTV threshold of 2.5, 4) mucinous 
lung adenocarcinoma, and 5) inappropriate condition for 
18F-FDG PET/CT (fasting blood glucose of >150 mg/dL). 
The flowchart of patient selection is shown in Figure 1.

Clinicopathological data included age, sex, histopathological 
subtypes, tumor diameter, lymph node metastasis status, 
stage, and 18F-FDG PET/CT parameters. The tumor diameter, 
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Yöntem: Cerrahi tedavi öncesi 18F-FDG PET/BT tetkiki uygulanan ve primer tümörü rezeke edilen 72 IAA’lı hastanın verileri geriye dönük olarak 
incelendi. Her primer tümör için maksimum standardize alım değeri (SUV

maks
), metabolik tümör hacmi ve toplam lezyon glikoliz değerleri 

hesaplandı. Ayırca yazılım programı kullanılarak HTDÖ’ler edildi. IAA, baskın histopatolojik alttipe göre beş gruba ayrıldı: Lepidik adenokarsinom 
(LA), asiner adenokarsinom, papiller adenokarsinom, solid adenokarsinom (SA) ve mikropapiller adenokarsinom (MA). 18F-FDG PET/BT 
parametreleri ve histopatolojik alt tipler arasındaki farklılıklar non-parametrik testler ile değerlendirildi. Çalışma sonlanım noktaları genel sağkalım 
(SK) ve progresyonsuz sağkalım (PSK) idi. Klinikopatolojik faktörlerin ve 18F-FDG PET/BT parametrelerinin prognostik değerleri Cox regresyon analizi 
ile değerlendirildi.
Bulgular: Medyan SUV

maks
 ve medyan entropy değerleri SA-MA’da anlamlı olarak yüksek, LA’da daha düşük olarak bulundu. LA’nın medyan 

energy-uniformity değeri diğerlerinden anlamlı derecede yüksekti. Tüm parametreler arasında sadece skewness ve kurtosis, lenf nodu tutulumu 
durumu ile anlamlı olarak ilişkiliydi. Takip süresi, PSK ve SK için medyan değerler sırasıyla; 31,26, 16,07 ve 20,87 aydı. Tek değişkenli Cox regresyon 
analizi, lenf nodu tutulumunun PSK için tek anlamlı öngörücü olduğunu gösterdi. Çok değişkenli Cox regresyon analizi, yüksek SUV

maks
 (≥11,69) 

ve ileri evrenin (IIB-IIIA) daha kötü SK ile anlamlı şekilde ilişkili olduğunu ortaya koydu [sırasıyla; hazard ratio (HR): 3,580, p=0,024 ve HR: 7,608, 
p=0,007].
Sonuç: HDTÖ’ler, TH’ye neden olan klinikopatolojik faktörlerle yakından ilişkiydi. 18F-FDG PET/BT parametrelerinden sadece skewness ve kurtosis 
lenf nodu tutulumu ile ilişkiliydi. SUV

maks
, OS’nin bağımsız öngörücüsü olan tek 18F-FDG PET/BT parametresiydi. TH’nin HBTF’lerle ölçümü, ILA için 

hassas tıbbın yönlendirilmesinde geleneksel metabolik parametrelere katkıda bulunabilir.
Anahtar kelimeler: Akciğer adenokarsinomu, prognoz, florodeoksiglukoz, doku analizi, radyomiks
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nodal involvement, and metastasis (TNM) stage are 
based on the 8th edition of the American Joint Committee 
on Cancer TNM classification for lung cancer (17). The 
following five histopathological subtypes of ILA were 
determined according to the predominant pattern: LA, AA, 
PA, SA, and MA. Only two patients had MA patterns, thus 
they were merged under the SA-MA group, as both solid 
and micropapillary patterns are considered high-grade.

After the primary tumor resection, all patients underwent 
regular clinical follow-up, including physical examination 
and CT or scans every 3-6 months. In cases of abnormal 
findings on these follow-up examinations, additional 
imaging studies, including contrast-enhanced CT and 
18F-FDG PET/CT scans were performed to verify local, 
regional, or distant relapse. Therefore, PFS was defined as 
the time between the dates of pre-operative 18F-FDG PET/
CT scan and the date of relapse in patients with relapsed, 
whereas the time between the date of the 18F-FDG PET/
CT scan and the last visit to the hospital for ILA in patients 
with non-relapsed. The onset for OS was the date of the 
pre-operative 18F-FDG PET/CT scan. Patient relatives were 
called by telephone. The telephone follow-up date for the 

survivors and the date of death for the non-survivors were 
considered the OS endpoint.

Imaging

Patients fasted for 6-8 hours, and 18F-FDG (3.7 MBq/kg) 
was intravenously injected when their fasting blood glucose 
was <150 mg/dL. Patients were rested for 60 min after the 
injection and underwent PET/CT (Biograph LSO-16 PET/CT 
scanner, Siemens Medical Solutions, Chicago, IL) scan using 
18F-FDG. The scan was done from the base of the skull to 
the upper part of the thigh. CT scan parameters were 120 
kV, 140 mAs, and slice thickness of 5 mm. PET acquisition 
method was 3 min/bed. Images were generated using the 
reconstruction method with PET and CT. PET/CT fusion 
images were obtained and transferred to the workstation.

Image Analysis

An experienced nuclear medicine physician has visually 
and semi-quantitatively analyzed 18F-FDG PET/CT images. 
A region of interest (ROI) was drawn around the tumor 
to calculate SUV

max
 and mean SUV (SUV

mean
) values. 

A volume of interest with an SUV threshold of 2.5 was 
used to determine the MTV using the software program 
(TRUE D, Siemens Medical Solutions). TLG was obtained by 
multiplying the MTV by the SUV

mean
.

Textural Analysis

The 18F-FDG PET images were evaluated by LIFEx v6.30 
software, a semi-automatic program for three-dimensional 
histogram-based textural analysis (18). Figure 2 shows the 
extraction of tumor HBTFs from 18F-FDG PET images. The 
SUV

max
 threshold of 2.5 was used for tumor segmentation, 

and the reproducibility of extracted TFs using this value 
was better compared to other threshold values (19). The 
TFs obtained from the primary tumor consisted of HBTFs 
(skewness, kurtosis, energy-uniformity, and entropy). 
Second- and higher-level TFs were extracted from lesions 
larger than 64 voxels. However, these parameters were not 
evaluated as a significant amount of tumors (30/72) in the 
study population below this level.

Statistical Analysis

Study variables were analyzed using Statistical Package 
for the Social Sciences v26 (IBM Corporation, Armonk, 
NY, USA). The data were not homogeneously distributed. 
Therefore, the data were expressed as medians. The Mann-
Whitney U test was used for comparisons between paired 
groups, whereas the Kruskal-Wallis test was for multiple 
group comparisons. Significance values have been adjusted 
by the Bonferroni correction for multiple tests.

A Cox regression model including parameters with p 
values of <0.05 in the univariate analysis was used to 
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Figure 1. The flowchart of patient selection
18F-FDG: 18Fluorine-fluorodeoxyglucose, PET/CT: Positron emission 
tomography/computed tomography 
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determine covariates for the multivariate analyses. Using 
these covariates, multivariate Cox regression models were 
constructed. Hazard ratios (HR) and 95% confidence 
interval (CI) were calculated. Differences were considered 
statistically significant at a p value of <0.05.

Results

This study included 72 patients with ILA with a mean age 
of 63.8±9.7 years, of whom 21 (29.2%) were females 
and 51 (70.8%) were males. All participants underwent 
clinically selected appropriate surgical treatment [wedge 
resection (9), lobectomy (56), and pneumonectomy (7)] in 
a median duration of 19 (13-32) days after 18F-FDG PET/CT 
scan. Of these patients, 35 (48.6%) received postoperative 
adjuvant treatments. The clinicopathological characteristics 
of patients are summarized in Table 1.

The histopathological subtypes were as follows: 43 (59.7%) 
AA, 15 (20.8%) SA, 7 (9.8%) LA, 5 (6.9%) PA, and 2 (2.8%) 
MA. The SUV

max
, MTV, TLG, energy-uniformity, and entropy 

values significantly differed between the histopathological 
subtypes (p values: 0.003, 0.002, 0.003, 0.022, and 0.041, 
respectively). In post-hoc analyses, the median SUV

max
 and 

entropy values of the SA-MA were significantly higher, 
whereas significantly lower in LA. The median MTV and TLG 
values were significantly higher in PA and lower in LA. A 
significant difference was found between the LA and SA-MA 
in MTV. Additionally, significant differences were found in TLG 
between the LA and PA, and between the LA and SA-MA. 

The median energy-uniformity value was significantly higher 
in the LA and lower in the SA-MA. Table 2 demonstrates 
the comparison of 18F-FDG PET/CT parameters between the 
subtype groups. Figure 3 shows the representative 18F-FDG 
PET/CT images and hematoxylin-eosin-stained samples of 
two different histopathological ILA subtypes.

Tumor diameter was strongly correlated with MTV and TLG 
(r=0.742 and 0.709, respectively, both p=<0.001). SUV

max
 

and entropy had weak positive correlations with tumor 
diameter (r=0.305 and p=0.009; r=0.412 and p=<0.001, 
respectively). Skewness, kurtosis, and energy-uniformity 
had weak and negative correlation with tumor diameter 
(r=-0.383, -0.406, and -0.445; p=0.001, <0.001, and 0.003, 
respectively). Lymph node involvement was observed in 21 
(29.2%) patients. Among all parameters, only skewness 
and kurtosis significantly differed between patients with 
or without lymph node involvement. In those with lymph 
node involvement, the median skewness and kurtosis 
values of the tumor were significantly lower than those 
without lymph node involvement (median skewness: 2.46 
and 1.76, respectively, p=0.009; median kurtosis: 8.78 
and 5.29, respectively, p=0.008). Significant differences 
were found between the stage groups in terms of MTV, 
TLG, skewness, and kurtosis parameters (p=0.001, 0.001, 
0.022, and 0.025, respectively). Higher median MTV and 
TLG values and lower median skewness and kurtosis values 
were seen in higher-stage tumors. In post-hoc analyses, 
differences were observed for MTV and TLG between 
stages 1A and 2A (p=0.003 and 0.005, respectively), 
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Figure 2. Demonstration of tumor HBTF extraction from 18F-FDG PET image
HBTF: Histogram-based textural feature, 18F-FDG: 18Fluorine-fluorodeoxyglucose, PET: Positron emission tomography 
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stages 1A and 2B (both p=0.001), and stages 1A and 3A 
(both p=0.002). Additionally, differences were observed 
for skewness and kurtosis between stages 1A and 3A 
(p=0.038 and 0.021, respectively).

The median values for follow-up time, PFS, and OS were 
31.26, 16.07, and 20.87 months, respectively. During the 
follow-up time, 33 (45.8%) patients had a relapse and 
20 (27.8%) patients died. The univariate Cox regression 
analyses showed that lymph node involvement was the 
only significant predictor factor for PFS (HR: 2.101, CI: 
1.025-4.039, p=0.043) (Table 3). Univariate Cox regression 
analyses showed that high tumor diameter (≥3 cm), 
lymph node involvement, high stage (IIB-IIIA), high SUV

max
 

(≥11.69), high MTV (≥9.02 cm3), high TLG (≥48.38 g), 
low skewness (≤2.18), low kurtosis (≤7.16), low energy-
uniformity (≤0.08), and high entropy (≥1.24) were risk 
factors that affect the OS (Table 4). The multivariate Cox 
regression analysis revealed that high SUV

max
 (≥11.69) 

and advanced stage (IIB-IIIA) was negative independent 
predictors of OS (Table 5).

Discussion

This study investigated the relationship of 18F-FDG PET/CT 
parameters, including HBTFs, between clinicopathological 
factors that affect TH and ILA prognosis. Significant 
differences were found between the conventional 
parameters of 18F-FDG PET/CT (SUV

max
, MTV, and TLG), as 

well as HBTFs such as entropy and energy-uniformity, and 
histopathological ILA subtypes. The group consisting of SA 
and MA had high glycolytic activity and entropy, whereas 
LA had low glycolytic activity and entropy. Additionally, 
SA-MA had the lowest energy-uniformity, whereas LA had 
the highest. Among the 18F-FDG PET/CT parameters, only 
skewness and kurtosis were associated with lymph node 
involvement.

TH is an important factor in disease progression and 
treatment response (20,21). A study that involve patients 
with advanced lung adenocarcinoma with epidermal growth 
factor receptor mutation who received tyrosine kinase 
inhibitor therapy revealed a shorter survival in patients with 
primary tumors with high entropy values. Additionally, they 
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Figure 3. (A) Patient with invasive lung adenocarcinoma of the right upper lobe. Hematoxylin and eosin staining (H&E) (A1) demonstrates the 
histopathological subtype of lepidic adenocarcinoma (H&E × 100). Transaxial PET/CT image shows invasive lung adenocarcinoma of the right upper 
lobe with increased 18F-FDG uptake (A2) and relatively lower intra-tumoral heterogeneity (A3 and A4). SUV

max 
of 8.42, the entropy of 1.1387, and 

energy-uniformity of 0.0848. (B) Patient with invasive lung adenocarcinoma of the left upper lobe. H&E staining (B1) demonstrates the histopathological 
subtype of solid adenocarcinoma (H&E × 100). Transaxial PET/CT image shows invasive lung adenocarcinoma of the left upper lobe with increased 
18F-FDG uptake (B2) and relatively higher intra-tumoral heterogeneity (B3 and B4). SUV

max
 of 47.70, the entropy of 1.7000, and energy-uniformity of 

0.0200
SUV

max
: Maximum standardized uptake value, 18F-FDG: 18Fluorine-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography 
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reported that entropy value is an independent predictor 
of treatment response and decreases after treatment 
(22). According to Hyun et al. (23) lower entropy was 
independently associated with longer survival in patients 
with pancreatic ductal adenocarcinoma. In their study on 
breast cancer, Aide et al. (13) reported that tumors with 
high entropy and low energy-uniformity have shorter 
event-free survival, but the log-rank tests reached almost 
statistical significance. The evidence is insufficient, but all 
these results suggest that precision medicine will improve 
with the use of TFs. Our study revealed entropy and energy-
uniformity as predictors of OS, but they were not among 
the independent predictors for OS and PFS in multivariate 
Cox regression analysis. Higher SUV

max
 (≥11.69) and 

advanced stage (IIB-IIIA) was significantly associated with 
poorer OS in our study population.

Entropy and energy-uniformity quantitatively characterize 
the TH from various perspectives. Entropy refers to the 
randomness of voxel intensity distribution within the ROI. 
Entropy increases as the intensities of pixels are chaotically 
distributed. Energy-uniformity measures the number of 
repeated pairs. Thus, it reflects the distribution uniformity. 
This parameter is expected to increase as the number of 
repeated pixel pairs increases (21). Our findings suggest 
that SA-MA subtypes have high TH and higher metabolism, 
whereas LA is more homogeneous with a lower metabolism. 
Previous study that examine the relationship between the 

Table 3. The univariate Cox regression analysis of 
progression-free survival in patients with invasive lung 
adenocarcinoma

Variables HRs
95% 
confidence 
intervals

p value

Age (≤65) 0.897 (0.452-1.780) 0.757

Sex (male) 0.940 (0.454-1.944) 0.867

Lymph node involvement (yes) 2.101 (1.025-4.309) 0.043

Stage (IIB-IIIA) 1.920 (0.957-3.855) 0.067

Diameter (≥3 cm) 1.365 (0.658-2.832) 0.403

SUV
max

 (≥11.69) 1.246 (0.625-2.482) 0.532

MTV (≥9.02 cm3) 1.385 (0.695-2.760) 0.354

TLG (≥48.38 g) 1.104 (0.556-2.191) 0.778

Skewness (≤2.18) 1.267 (0.636-2.525) 0.501

Kurtosis (≤7.16) 1.229 (0.869-1.738) 0.243

Energy-uniformity (≤0.08) 1.486 (0.743-2.972) 0.262

Entropy (≥1.14) 1.763 (0.880-3.532) 0.110

HRs: Hazard ratios, SUV
max

: Maximum standardized uptake value, MTV: Metabolic 
tumor value, TLG: Total lesion glycolysis

Table 2. Comparison of the median values of 18F-FDG PET/
CT parameters in histopathological subtypes of invasive 
lung adenocarcinoma groups

AA LA PA SA-
MA p value

SUV
max

12.07 6.82 10.68 14.89 0.003

MTV 9.11 1.00 63.27 10.08 0.002

TLG 48.82 4.08 275.17 56.87 0.003

Skewness 2.10 3.22 1.91 2.14 0.094

Kurtosis 7.97 12.78 5.06 6.14 0.081

Energy-uniformity 0.0714 0.1424 0.0776 0.0610 0.022

Entropy 1.1385 0.8865 1.1816 1.2539 0.041

Underline indicates statistical insignificance. 18F-FDG: 18Fluorine-fluorodeoxyglucose, 
PET/CT: Positron emission tomography/computed tomography, AA: Acinar 
adenocarcinoma, LA: Lepidic adenocarcinoma, PA: Papillary adenocarcinoma, SA-
MA: Solid and micropapillary adenocarcinoma; SUV

max
: Maximum standardized 

uptake value, MTV: metabolic tumor value, TLG: Total lesion glycolysis

Table 1. Patients characteristics

N %
Age (years)

<65 35 48.6

≥65 37 51.4

Sex

Male 51 70.8

Female 21 29.2

Lymph node involvement

Positive 21 29.2

Negative 51 70.8

Stage

IA 30 41.6

IB 3 4.2

IIA 4 5.6

IIB 15 20.8

IIIA 20 27.8

Subtype

Acinar 43 59,7

Solid 15 20.8

Lepidic 7 9,8

Papillary 5 6,9

Micropapillary 2 2,8

Operation type

Wedge resection 9 12.5

Lobectomy 56 77.7

Pneumonectomy 7 9.8

Adjuvant therapy

Yes 35 48.6

No 37 51.4

Önner et al. Lung Adenocarcinoma Heterogeneity and 18F-FDG PET/CT
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histopathological subtypes of ILA and SUV
max 

report that 
SA had higher SUV

max
 than LA (24). The presence of the SA 

or MA subtype is a poor prognostic factor (25). According 
to these findings, the poor prognosis of the SA-MA group 
may be due to TH and higher metabolic activity.

Among all 18F-FDG PET/CT parameters, only skewness 
and kurtosis were significantly different in lymph node 
involvement. These parameters show the distortion or 
disparity of the histogram that is relative to the normal 
distribution (18). A recent study described a machine 
learning-based TFs model as a reliable method for 
predicting axillary lymph node metastasis in invasive ductal 
breast cancer (26). Li et al. (27) found that skewness was 
the most ideal predictor for pelvic lymph node involvement 
in cervical squamous cell carcinoma. Our previous study 
revealed that a high-order TF showing the distribution 
of short homogeneous regions with low gray levels had 

an independent association with axillary lymph node 
metastasis unlike other parameters of 18F-FDG PET/CT in 
invasive ductal breast cancer (28).

However, texture analysis still has a reproducibility barrier 
to overcome before its clinical practice implementation 
(14,29). Additionally, TFs that are the most reliable 
indicator of TH for different tumor types are unclear. HBTFs 
are based on the analysis of the SUV histogram within the 
entire tumor. These parameters may have higher chances of 
clinical applicability in the future because of their simplicity 
and accessibility compared to more complex higher-order 
TFs. Most of the TFs are affected by tumor segmentation 
methods. The present study used the threshold of SUV of 
2.5 for the tumor segmentation since the reproducibility 
of extracted TFs using this threshold was better than that 
of other thresholds (19). Various tumor segmentation 
techniques, such as manual or threshold-based methods, 
are used in the studies; however, no consensus is available 
on the most appropriate method for 18F-FDG PET/CT 
textural analysis. 

Study Limitations

Limitations of the study include the retrospective design, 
small sample size, and single-institution experience. 
Additionally, we cannot extrapolate the findings to patients 
with advanced stage ILA.

Conclusion

High stage and high SUV
max

 were independent risk factors 
for OS in patients with ILA. The homogeneity of LA and the 
heterogeneity of SA-MA were quantified by HBTFs. Lymph 
node involvement was predicted by skewness and kurtosis. 
Therefore, HBTFs may improve the prognostic value of 
18F-FDG PET/CT by contributing to the quantification of TH. 
If confirmed by larger, prospective, and multi-center studies, 
extracted HBTFs from 18F-FDG PET/CT could potentially 
become non-invasive prognostic imaging biomarkers to 
guide precision medicine.
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Table 5. Independent predictors of overall survival in 
patients with invasive lung adenocarcinoma

Variables

The multivariate Cox regression 
analysis

HRs 95% confidence 
intervals p value

High stage (IIB-IIIA) 7.608 (1.756-32.973) 0.007

High SUV
max

 (≥11.69) 3.580 (1.186-10.806) 0.024

SUV
max

: Maximum standardized uptake value 

Table 4. The univariate Cox regression analysis of overall 
survival in patients with invasive lung adenocarcinoma

Univariate Cox regression analysis

Variables HRs 95% confidence 
intervals p values

Age (≤65) 1.200 (0.495-2.909) 0.687

Sex (male) 0.406 (0.134-1.235) 0.112

Lymph node involvement 
(yes)

2.512 (1.043-6.053) 0.040

Stage (IIB-IIIA) 8.871 (2.050-38.398) 0.004

Diameter (≥3 cm) 3.778 (1.474-9.681) 0.006

SUV
max

 (≥11.69) 4.329 (1.442-12.996) 0.009

MTV (≥9.02 cm3) 4.495 (1.490-13.563) 0.008

TLG (≥48.38 g) 3.488 (1.253-9.709) 0.017

Skewness (≤2.18) 2.918 (1.056-8.067) 0.039

Kurtosis (≤7.16) 1.761 (1.060-2.929) 0.029

Energy-uniformity 
(≤0.08)

3.144 (1.137-8.693) 0.027

Entropy (≥1.14) 3.027 (1.097-8.352) 0.032

HRs: Hazard ratios, SUV
max

: Maximum standardized uptake value, MTV: Metabolic 
tumor value, TLG: Total lesion glycolysis
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