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Predictive value of the heterogeneity index in assessing 
18treatment response using F-FDG PET/CT in locally 

advanced and advanced lung cancers 

Abstract
Objective: Intratumoral metabolic heterogeneity may in�uence treatment response in lung cancer, and the 
heterogeneity index (HI), derived from threshold-based metabolic tumor volume (MTV) measure-ments, 

18has been proposed as a simple �uorine-18-�uorodeoxyglucose ( F-FDG) positron emission tomo-
graphy/computed tomography (PET/CT)-based parameter to estimate this variability. This retrospective 
single-center study evaluated the predictive value of HI for treatment response in patients with locally ad-
vanced and advanced lung cancer undergoing chemoradiotherapy and compared its performance with 
conventional PET-derived volumetric parameters. Subjects and Methods: Forty-four patients with stage 

18III�IV lung cancer who underwent pretreatment F-FDG PET/CT followed by chemoradiotherapy were ret-
rospectively analyzed. Positron emission tomography-derived parameters, including maximum standar-
dized uptake value (SUVmax), mean standardized uptake value (SUVmean), MTV, total lesion glycolysis 
(TLG), and HI, were calculated from baseline scans. Heterogeneity index was derived from the slope of line-
ar regression using MTV values measured at multiple threshold levels. Treatment response was classi�ed as 
regression or progression based on follow-up imaging according to positron emission tomography res-
ponse criteria in solid tumors (PERCIST). Receiver operating characteristic (ROC) analysis was used to eva-
luate the predictive performance of MTV and HI, and multivariate logistic regression was performed to iden-
tify independent predictors of disease progression. Results: Of the 44 patients, 19 (43.2%) showed regres-
sion and 25 (56.8%) showed progression. Metabolic tumor volume and HI were signi�cantly higher in pati-
ents with progression (P=0.047 and P=0.040, respectively). Receiver operating characteristic analysis de-
monstrated modest discriminative performance for MTV (area under the curve [AUC]: 0.677; 95% con�-
dence interval [CI]: 0.519�0.810) and HI (AUC: 0.682; 95% CI: 0.525�0.814), with high sensitivity but low spe-
ci�city for both parameters. �eterogeneity index showed an extremely strong correlation with MTV (r= 
0.997), indicating substantial overlap between the two measures. In multivariate analysis, only advanced tu-
mor stage (T3-T4) remained an independent predictor of progression (odds ratio [OR]: 6.801; 95% CI: 
1.271�36.398; P=0.025), whereas HI did not retain independent signi�cance. Conclusions: These �ndings 
indicate that HI has limited but statistically signi�cant predictive value for treatment response in locally ad-
vanced and advanced lung cancer and performs similarly to MTV. Given its extreme collinearity with MTV, HI 
should be interpreted primarily as a derivative parameter re�ecting tumor burden rather than as an inde-
pendent heterogeneity biomarker. Nevertheless, because of its simple calculation and broad availability, HI 
may serve as a practical adjunct metabolic parameter in clinical assessment, although larger prospective 
studies with external validation are needed to clarify its incremental clinical utility.
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Introduction

Lung cancer is the third most common malignancy after breast cancer in women 
and prostate cancer in men, and it remains the leading cause of cancer-related mor-
tality worldwide [1]. Owing to its heterogeneous etiopathogenesis, the disease ex-

hibits variable clinical behavior and treatment response; genetic factors are thought to 
play a signi�cant role in this variability [2]. The use of molecular biomarker-based targe-
ted therapies has led to marked improvements in survival outcomes.

Accurate staging is critical for determining treatment and prognosis in lung cancer, 
with approximately 15% of cases classi�ed as small-cell lung cancer (SCLC) and 85% as 
non-small-cell lung cancer (NSCLC) [3]. In TNM staging, �uorine-18-�uorodeoxyglucose 

18( F-FDG) positron emission tomography/computed tomography (PET/CT) has demon-
strated superiority over conventional methods in the evaluation of solitary pulmonary 
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nodules (SPN), nodal staging, radiotherapy planning, and 
detection of recurrence [4, 5].

The high rate of post-chemotherapy progression in both 
NSCLC and SCLC underscores the importance of accurate 
assessment of treatment response [6]. Computed tomogra-
phy-based response evaluation criteria in solid tumors (RE-
CIST) have notable limitations in lesions with irregular bor-
ders, with higher rates of misclassi�cation, highlighting the 
value of PET-based evaluation [7, 8]. Since metabolic chan-

18ges precede anatomical alterations, F-FDG PET/CT is supe-
rior for the early detection of progression [9]. The superiority 
of positron emission tomography response criteria in solid 
tumors (PERCIST) over RECIST has been demonstrated in 
several studies [10, 11]. Additionally, PET/CT has proven su-
perior to conventional techniques in detecting recurrence 
[12, 13].

Although maximum standardized uptake value (SUVmax), 
metabolic tumor volume (MTV), and total lesion glycolysis 
(TLG) are fundamental parameters for evaluating treatment 
response, SUVmax may not adequately re�ect intratumoral 
metabolic heterogeneity [14, 15]. Metabolic tumor volume 
and TLG have been reported to provide a more accurate rep-
resentation of tumor burden and metabolic activity [16].

Intratumoral heterogeneity, re�ecting cellular, genetic, and 
metabolic variations, has been associated with treatment res-

18ponse and prognosis in several malignancies [17]. The F-
FDG PET/CT-based linear regression slope method provides 
a practical and quantitative approach for estimating hetero-
geneity [18]. Previous studies in gastric and colorectal cancers 
have suggested that this index may have prognostic value 
[18-20]. Similarly, studies across di�erent tumor types have 
reported potentially useful associations between the hetero-
geneity index and clinical outcomes, although its incremen-
tal value relative to conventional PET parameters has not be-
en consistent across settings [21-24].

This study aimed to evaluate the relationship between ba-
seline PET/CT-derived tumor heterogeneity and treatment 
response in lung cancer patients and to compare the per-
formance of the heterogeneity index with conventional PET 
parameters including SUVmax, MTV, and TLG.

Subjects and Methods

Ethics approval
Ethical approval for the study was obtained from the Ethics 
Committee of T.C. SBÜ Hamidiye Scienti�c Research Board on 
14 March 2024, with decision number 3/8.

Case selection
A total of 184 newly diagnosed lung cancer patients who un-

18derwent F-FDG PET/CT between 2018 and 2023 were ret-
rospectively evaluated. Pathology, radiology, and oncology 
records were accessed through the hospital information sys-
tem. Fifty-one patients with unavailable pathology data, 67 
patients without follow-up PET imaging, and 22 patients 
whose follow-up scans were acquired at external centers we-
re excluded. The study included inoperable Stage III�IV SCLC 

and NSCLC patients who received chemoradiotherapy. Ba-
seline PET/CT scans were available for 44 patients, and all fol-
low-up imaging studies were complete. According to PER-
CIST criteria, 19 patients (43.2%) were classi�ed as regressive 
and 25 patients (56.8%) as progressive. Patients received 
standard treatment in accordance with National Compre-
hensive Cancer Network (NCCN) guidelines, and PET/CT fol-
low-up imaging was performed at 3-6-month intervals. The 
patient selection �owchart is presented in Figure 1.

Method
Maximum SUV, mean standardized uptake value (SUVmean), 
MTV, TLG, and the heterogeneity index were calculated from 
the baseline staging PET/CT scans. Heterogeneity index was 
calculated exclusively from the primary lung tumor to ensure 
the evaluation of a uniform and anatomically consistent tar-
get across all patients. Metastatic lesions were not included 

18because their number, size, anatomical distribution, and F-
FDG avidity varied considerably among patients, which co-
uld have introduced substantial lesion-selection variability 
and limited standardized interpatient comparisons. After 
identifying primary tumor boundaries, MTV values corres-
ponding to 40%, 60%, and 80% threshold levels were measu-
red. For each primary tumor, the volume of interest (VOI) was 
delineated manually by two nuclear medicine physicians 
with at least 5 years of experience, blinded to clinical data and 
outcomes. Volume of interest boundaries were drawn with 
particular attention to avoid inclusion of surrounding physio-

18logical F-FDG uptake (heart, major vessels, mediastinum, 
in�ammatory tissues, etc.). A graph representing the MTV-
threshold relationship was generated in Microsoft Excel. Line-
ar regression slope values were calculated, and the heteroge-
neity index was de�ned as the negative value of this slope. 
Because HI was calculated directly from MTV measurements 
obtained at multiple relative thresholds, it is mathematically 
dependent on MTV; therefore, a strong association and po-
tential collinearity between these two parameters are inhe-
rently expected. 

Patients were evaluated after 6-8 hours of fasting, with blo-
od glucose levels required to be below 180mg/dL. All pati-

18ents received 0.15mCi/kg of F-FDG intravenously, and ima-
ging was performed 60 minutes later from the skull base to 
mid-thigh. Attenuation correction was performed using si-
multaneous low-dose CT. All scans were acquired on the sa-
me PET/CT system (GE Discovery 600) in 3D mode using 7-9 
bed positions. Images were reconstructed using ordered-
subset expectation maximization (OSEM). Measurements 
were performed on the GE Volume Viewer workstation, and 
MTV and TLG values were obtained using threshold levels of 
40%, 60%, and 80%.

Statistical analysis
Categorical variables were presented as frequencies and 
percentages and analyzed using Pearson's chi-square or Fis-
her's exact test. The distribution of continuous variables was 
assessed with the Shapiro-Wilk test. Normally distributed 
variables were reported as mean±standard deviation (SD), 
whereas non-normally distributed variables were expressed 
as median with interquartile range (IQR). Comparisons bet-
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ween groups were performed using the independent t-test 
or the Mann-Whitney U test. The predictive performance of 
MTV and the heterogeneity index for progression was eva-
luated using receiver operating characteristic (ROC) ana-
lysis, and area under the curve (AUC), cut-o� values, sensi-
tivity, speci�city, and 95% CI were reported. Optimal cut-o� 
values were determined using the Youden index. Area under 
the curve comparisons were performed with the DeLong 
method [25]. Correlation analysis was conducted using Spe-
arman's test, and independent risk factors were assessed 
through multivariate logistic regression. All analyses were 
performed using IBM SPSS 23.0, and P<0.05 was considered 
statistically signi�cant.

Results

The demographic and clinical characteristics of the 44 pa-
tients included in the study are summarized in Table 1. The 
mean age was 63.18±8.31 years, and 72.7% of the patients 
were male. Pathologically, 72.7% of cases were diagnosed 
with NSCLC, while 27.3% had SCLC. Regarding T stage, the 
majority of patients were classi�ed as T3 (27.3%) or T4 
(43.2%). In terms of nodal involvement, 45.5% had N2 and 
25.0% had N3 disease. Overall, 72.7% of patients were M0 

and 27.3% were M1, corresponding to 72.7% Stage III and 
27.3% Stage IV disease.

Positron emission tomography-derived parameters were 
non-normally distributed and therefore reported as median 
with IQR. The median values were as follows: SUVmax 11.5 
(IQR: 8.15-15.25), SUVmean 6.7 (IQR: 4.8-8.55), MTV 43.52 
(IQR: 24.21-90.47), TLG 272.56 (IQR: 90.26-704.33), and 
heterogeneity index 1.00 (IQR: 0.53-2.13). At the end of the 
evaluation, 19 patients (43.2%) demonstrated regression, 
while 25 patients (56.8%) showed progression.

Comparisons based on progression status revealed no sig-
ni�cant di�erences between groups with respect to age, sex, 
pathology, N stage, metastasis, or overall stage (P>0.05). Pa-
tients exhibiting regression had higher proportions of T1-T2 
disease, whereas those in the progressive group showed a 
markedly higher proportion of T3-T4 tumors (P=0.037). No sig-
ni�cant di�erences were observed in SUVmax or SUVmean 
(P=0.740 and P=0.981, respectively). Metabolic tumor volume 
values were signi�cantly higher in the progressive group 
(55.84; IQR: 31.2-115) compared with the regression group 
(36.28; IQR: 9.49-79.51) (P=0.047). Similarly, the heterogeneity 
index was higher in the progressive group (1.28 [IQR: 0.68-
2.78]) than in the regressive group (0.85 [IQR: 0.20-1.92]; P= 
0.040). Total lesion glycolysis values also tended to be higher 
in progressive cases (313.749 [IQR: 135.466-725.514] vs. 
226.549 [IQR: 72.825-683.136]), although this di�erence did

Original Article

9
93 Hellenic Journal of Nuclear Medicine     May-August 2026•   www.nuclmed.gr96

Figure 1. Patient selection �owchart.



not reach statistical signi�cance (P=0.139).
In the ROC analysis for MTV and the heterogeneity index, 

AUC values were calculated as 0.677 (95% CI: 0.519-0.810; P= 
0.041) and 0.682 (95% CI: 0.525-0.814; P=0.034), respectively 
(Table 3 and Figure 2). The optimal cut-o� value for MTV was 
>22.3 (sensitivity 92%; speci�city 47.4%), while the optimal 
cut-o� for the heterogeneity index was >0.45 (sensitivity 
96%; speci�city 47.4%). The discriminative performances of 
the two parameters were similar, with no signi�cant di�e-
rence between their AUC values (P>0.05).

The results of the Spearman correlation analysis between 
the heterogeneity index and other study parameters are 
presented in Table 4. The heterogeneity index demonstrated 
a very strong positive correlation with MTV (r=0.997; P< 
0.001) and TLG (r=0.897; P<0.001) (Figures 3 and 4). A weak 
but statistically signi�cant positive correlation was observed 
with SUVmax (r=0.339; P=0.024) (Figure 5). The correlation 
with SUVmean was weak and did not reach statistical signi�-

Table 2. Comparison between regressive and progressive groups.

Variable
Regressive 

(n=19)
Progressive 

(n=25)
P-value

Age (years), 
mean±SD

62.6±9.7 63.6±7.2 0.680

Male sex, n (%) 14 (73.7) 18 (72.0) 0.901

SCLC histology, n 
(%)

4 (21.1) 8 (32.0) 0.419

T3–T4 stage, n (%) 9 (47.4) 22 (88.0) 0.037

N2–N3 stage, 
n (%)

15 (78.9) 16 (64.0) 0.734

M1 disease, n (%) 4 (21.1) 8 (32.0) 0.419

PET metrics, 
median (IQR)

   SUVmax
12.0 

(6.6-16.1)
11.5 

(9.6-14.0)
0.740

   SUVmean 7.6 (3.9-9.8) 6.7 (5.5-7.8) 0.981

   MTV
36.28 

(9.49-79.51)
55.84 

(31.2-115.0)
0.047

   TLG
226.549 
(72.825-
683.136)

313.749 
(135.466-
725.514)

0.139

Heterogeneity 
index (HI)

0.85 
(0.20-1.92)

1.28 
(0.68-2.78)

0.040

SCLC, small-cell lung cancer; MTV, metabolic tumor volume; TLG, total 
lesion glycolysis; HI, heterogeneity index; IQR, interquartile range.

Table 1. Baseline characteristics of the study population.

Variable Total (n=44)

Age (years), mean±SD 63.18±8.31

Sex, n (%)

   Female 12 (27.3)

   Male 32 (72.7)

Histology, n (%)

   NSCLC 32 (72.7)

   SCLC 12 (27.3)

T stage, n (%)

   T1 5 (11.4)

   T2 8 (18.2)

   T3 12 (27.3)

   T4 19 (43.2)

N stage, n (%)

   N0 11 (25.0)

   N1 2 (4.5)

   N2 20 (45.5)

   N3 11 (25.0)

M stage, n (%)

   M0 32 (72.7)

   M1 12 (27.3)

PET metrics, median (IQR)

   SUVmax 11.5 (8.15-15.25)

   SUVmean 6.7 (4.8-8.55)

   MTV 43.52 (24.21-90.47)

   TLG 272.56 (90.26-704.33)

   Heterogeneity index (HI) 1.00 (0.53-2.13)

NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; SUVmax, 
maximum standardized uptake value; SUVmean, mean standardized 
uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis; 
HI, heterogeneity index; IQR, interquartile range.
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Figure 2. Receiver operating characteristic curves for MTV and the heterogeneity index in distinguishing progression among patients.
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cance (P=0.052). No signi�cant correlation was found bet-
ween age and the heterogeneity index (P=0.482).

Given the extremely strong correlation observed between 
MTV and the heterogeneity index, multicollinearity diag-
nostics were performed. Variance in�ation factor (VIF) analy-
sis demonstrated very high collinearity between these two 
parameters (VIF ≈293). Therefore, MTV was not included in 
the multivariate logistic regression model in order to avoid 
multicollinearity. In multivariate logistic regression analysis 
including T stage and the heterogeneity index, only advan-
ced tumor stage (T3-T4) remained independently associ-
ated with disease progression (OR: 6.801; 95% CI: 1.271-36. 
398; P=0.025) (Table 5). The heterogeneity index did not de-
monstrate independent predictive value (P=0.647). The mul-
tivariate model included two predictors, resulting in an 
events-per-variable (EPV) ratio of 12.5, which is above the 
commonly recommended threshold of 10.

Discussion

The concept of tumor heterogeneity refers to the genetic, 
biological, and molecular alterations that arise during tumor 
growth, leading to di�erences in proliferation rate, invasive 
potential, drug sensitivity, and prognosis among newly for-
med daughter cells after multiple cycles of cellular division. 
This phenomenon can be regarded as one of the hallmark 

18characteristics of malignant tumors [17]. In F-FDG PET/CT 
studies, intratumoral heterogeneity is commonly assessed 
using classical semi-quantitative parameters such as SUV, 
MTV, and TLG, as well as through three-dimensional texture 
analyses performed with dedicated software programs such 
as LIFEx.

Tumor heterogeneity has emerged as a major challenge in 
personalized oncology. In nuclear medicine practice, this 
challenge is re�ected in treatment resistance or progressive 
disease. Accordingly, characterization of tumor heteroge-
neity and its potential predictive value has recently gained 
considerable attention in oncologic PET/CT research.

Pyka et al. (2015) [26] demonstrated that, among 45 medi-
cally inoperable patients with early-stage NSCLC, tumors

Table 3. ROC analysis for predicting progression.

Parameter AUC (95% CI) P-value Cut-off value Sensitivity (%) Specificity (%)

MTV 0.677 (0.519-0.810) 0.041 >22.3 92.0 47.4

Heterogeneity index (HI) 0.682 (0.525-0.814) 0.034 >0.45 96.0 47.4

ROC, receiver operating characteristic; AUC, area under the curve; CI, con�dence interval; MTV, metabolic tumor volume; HI, heterogeneity index.



Figure 3. Correlation between the heterogeneity index and MTV.

9

Table 4. Correlation of heterogeneity index with other parameters.

Variable r P-value

Age -0.109 0.482

SUVmax 0.339 0.024

SUVmean 0.295 0.052

MTV 0.997 <0.001

TLG 0.897 <0.001

Figure 4. Correlation between the heterogeneity index and TLG.
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Figure 5. Correlation between the heterogeneity index and SUVmax.

Original Article

9
93 Hellenic Journal of Nuclear Medicine     May-August 2026•   www.nuclmed.gr100

18with negative F-FDG uptake patterns and those with high 
SUVmax values exhibited an increased risk of local recur-

18rence on pretreatment F-FDG PET/CT imaging. Their struc-
tural tumor analyses further showed that PET texture analy-
sis was an independent factor for disease-speci�c survival. 
Similarly, Cook et al. (2015) [27] investigated tumor hetero-
geneity and classical semi-quantitative PET parameters in 47 
NSCLC patients undergoing erlotinib therapy and de-
monstrated a positive correlation between lower levels of 
heterogeneity and treatment response. Although various 
software tools such as LIFEx facilitate advanced tumor tex-
ture analysis, their routine clinical use remains limited be-
cause of restricted accessibility, lack of standardized hete-
rogeneity criteria, and technical complexity.

Consequently, simpler methods based on conventional 
PET parameters have been developed to estimate tumor he-
terogeneity. The linear regression slope method used in our 
study is one such approach; it is inexpensive, widely acces-
sible, easily applicable on most workstations, and allows a 
simpli�ed approximation of intratumoral metabolic variabi-
lity based on volumetric PET measurements. Unlike HI, tex-
ture-based metrics characterize voxel-level patterns and 
spatial relationships within the tumor and may therefore 

18provide a more detailed description of intratumoral F-FDG 
uptake heterogeneity [26, 27, 30]. However, texture features 
may be in�uenced by image acquisition and reconstruction 

parameters, tumor segmentation, intensity discretization, 
tumor volume, and the software used for analysis, and they 
generally require dedicated radiomics platforms and me-
thodological standardization. In contrast, HI can be calcu-
lated from routinely available threshold-based MTV measu-
rements and is therefore simpler and more accessible. Ne-
vertheless, HI represents a relatively coarse and volume-de-
pendent approximation of heterogeneity and should not be 
considered equivalent to more comprehensive texture-ba-
sed analysis.

To our knowledge, Kidd et al. (2008) [28] were the �rst to 
apply the linear regression slope method to quantify tumor 
heterogeneity in cervical cancer. Their study demonstrated 

18that intratumoral F-FDG heterogeneity calculated before 
treatment had predictive value for lymph node metastasis 
risk, response to radiotherapy, and pelvic recurrence, and 
that the heterogeneity index was superior to SUVmax.

Several mechanisms have been proposed to explain the 
association between metabolic heterogeneity and progno-
sis. Fluorine-18-FDG uptake re�ects factors such as GLUT 
and hexokinase expression, vascularization, and tumor cell 
proliferation [29]. Increased metabolic variability may cor-
respond to pronounced neovascularization, a characteristic 
of more aggressive tumors. Tumor heterogeneity may also 
be attributable to hypoxia, which is a known negative prog-
nostic factor [30]. Vansteenkiste et al. (1999) [31] reported 

Table 5. Multivariate logistic regression.

Variable OR (95% CI) P-value

T stage (T3-T4 vs T1-T2) 6.801 (1.271-36.398) 0.025

Heterogeneity index (HI) 1.155 (0.623-2.140) 0.647

OR, odds ratio; CI, con�dence interval; HI, heterogeneity index.



that a primary tumor SUVmax ≥7 was associated with poor 
prognosis in 125 patients with NSCLC. Similarly, Tsutani et al. 
(2011) [32] demonstrated the strong prognostic signi�cance 
of SUVmax in lung adenocarcinoma. However, because 
SUVmax represents only a focal point of metabolic activity 
rather than the overall metabolic behavior of the tumor, it 
may be insu�cient for evaluating intratumoral metabolic 
variability.

Huang et al. (2012) [33] showed that the heterogeneity in-
dex was superior to classical semi-quantitative PET parame-
ters such as SUVmax and MTV for predicting disease prog-
ression in newly diagnosed nasopharyngeal carcinoma. Tixi-
er et al. (2011) [34] demonstrated in 41 esophageal cancer 
patients that pretreatment heterogeneity, assessed using 
texture features, was superior to SUVmax for predicting res-
ponse to chemoradiotherapy. Kim et al. (2017) [35] found 
that in 93 patients with pancreatic ductal adenocarcinoma 

18who underwent preoperative F-FDG PET/CT, the heteroge-
neity index showed improved predictive performance com-
pared with SUVmax and other semi-quantitative PET para-
meters. Consistent with previous studies, SUVmax was not 
signi�cantly associated with treatment response in our co-
hort of stage III�IV lung cancer patients receiving chemora-
diotherapy. Volume-based PET parameters such as MTV and 
TLG have been shown to outperform SUVmax in prognostic 
assessment in lung cancer. For instance, Zhang et al. (2013) 
[36] demonstrated in a cohort of 104 stage I and IV NSCLC 
patients that pretreatment MTV and TLG were superior to 
SUVmax for predicting prognosis.

In the present study, the heterogeneity index demonstra-
ted modest discriminative performance, with results largely 
comparable to MTV rather than clearly superior to establis-
hed volumetric PET parameters. The ROC analyses revealed 
similar AUC values for HI and MTV, suggesting that both pa-
rameters likely capture overlapping aspects of tumor bur-
den and metabolic activity. Although ROC analysis demon-
strated statistically signi�cant AUC values for both MTV and 
HI, their clinical utility should be interpreted with caution. 
The speci�city of both parameters was only 47.4%, corres-
ponding to a substantial false-positive rate among patients 
without progression. Therefore, use of either parameter in 
isolation could incorrectly classify a considerable proportion 
of regressive patients as being at high risk of progression and 
potentially lead to unnecessary intensi�ed surveillance or 
treatment-related evaluation. Their high sensitivity suggests 
that MTV and HI may contribute to broader risk-strati�cation 
models; however, their low speci�city precludes their use as 
standalone clinical decision-making tools.

The extremely strong correlation between HI and MTV ® 
0.997) should be interpreted in light of the mathematical 
construction of HI. Because HI is directly derived from chan-
ges in MTV across multiple relative thresholds, a strong asso-
ciation and substantial collinearity between the two para-
meters are inherently expected rather than representing an 
unexpected biological �nding. Accordingly, HI may largely 
behave as a derived volumetric parameter re�ecting tumor 
burden and threshold-dependent volume variation rather 
than as a fully independent biological marker of intratumo-
ral heterogeneity. Therefore, HI should be interpreted as a 
complementary metric derived from MTV measurements 

rather than an independent heterogeneity biomarker.
Although the heterogeneity index was signi�cantly asso-

ciated with progression in univariate analysis, it did not re-
main an independent predictor in multivariate analysis in-
cluding T stage and the heterogeneity index. Nevertheless, 
despite its lack of independent predictive value, HI may still 
have practical adjunctive value because it can be readily cal-
culated from routinely available MTV measurements and 
may provide supplementary risk-strati�cation information 
when interpreted alongside tumor stage and other clinical 
parameters, rather than as a standalone biomarker. Multiva-
riate logistic regression demonstrated that patients with T3-
T4 tumors had a signi�cantly higher risk of disease progres-
sion. Advanced T stages may inherently re�ect greater tu-
mor burden and biological aggressiveness, which may also 
explain their stronger association with progression in our co-
hort. Furthermore, the predominance of T3-T4 tumors in this 
cohort, although expected given the inclusion of patients 
with locally advanced and advanced disease, may have limi-
ted the ability of the multivariable model to demonstrate 
incremental predictive information from HI beyond T stage.

Most prior studies have predominantly focused on NSCLC 
subtypes. In our study, histopathological subtype was not a 
signi�cant determinant of treatment response. Another in-
teresting observation was that the presence of distant me-
tastasis at diagnosis did not signi�cantly in�uence treat-
ment response. In the present study, HI was calculated exclu-
sively from the primary lung tumor to provide a standar-
dized and anatomically consistent target across the entire 
cohort. Inclusion of metastatic lesions would have introdu-
ced additional variability because the number, size, location, 
and metabolic activity of metastatic deposits di�ered sub-
stantially among patients. Nevertheless, metabolic charac-
teristics may vary between the primary tumor and metasta-
tic sites [38]. Therefore, primary-tumor HI may not fully rep-
resent interlesional or whole-body tumor heterogeneity, 
particularly in patients with metastatic disease.

Our study has several limitations, including the relatively 
small and heterogeneous sample, the limited number of 
progression events, the retrospective design, and manual 
VOI delineation. Furthermore, because HI was derived only 
from the primary tumor, the analysis did not account for in-
terlesional metabolic heterogeneity between primary and 
metastatic sites. In addition, texture-based heterogeneity 
features were not evaluated, precluding a direct within-co-
hort comparison between HI and more comprehensive radi-
omic metrics. The low speci�city of both HI and MTV resul-
ted in a substantial false-positive rate, limiting their suitabi-
lity as standalone predictors of progression. The optimal cut-
o� values were derived and evaluated in the same cohort, 
which may have resulted in optimistic estimates of their pre-
dictive performance. No independent external cohort was 
available to assess the reproducibility, generalizability, or cli-
nical applicability of these thresholds. Moreover, because HI 
is mathematically derived from threshold-based MTV me-
asurements and showed extreme collinearity with MTV in 
our dataset, its interpretation as an independent heteroge-
neity biomarker remains limited. Therefore, the reported 
cut-o� values should be considered exploratory rather than 
ready for clinical implementation. Larger prospective multi-
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center studies using standardized acquisition, reconstruc-
tion, and segmentation protocols are needed to externally 
validate these �ndings and determine whether HI provides 
clinically meaningful information beyond established volu-
metric PET parameters.

In conclusion, in patients with inoperable stage III-IV lung 
cancer, the heterogeneity index showed modest predictive 
performance comparable to that of MTV. Given its extreme 
collinearity with MTV and lack of independent signi�cance in 
multivariable analysis, HI should be interpreted cautiously as 
a derived parameter re�ecting tumor burden rather than as 
an independent heterogeneity biomarker. Nevertheless, be-
cause of its simple calculation from routinely available MTV 
measurements and broad accessibility, HI may still serve as a 
practical adjunct for risk strati�cation when interpreted alon-
gside tumor stage and other clinical parameters, although it 
should not be used as a standalone predictor. Further pros-
pective studies are needed to determine whether HI provides 
clinically meaningful value beyond established volumetric 
PET parameters.

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