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Abstract
Purpose  This study aimed to investigate the value of metabolic and heterogeneity parameters of 2-deoxy-2[18F]fluoro-D-
glucose ([18F]FDG) positron emission tomography/computed tomography (PET/CT) in predicting epidermal growth factor 
receptor (EGFR) mutations in patients with lung adenocarcinoma (ADC).
Materials and methods  A retrospective analysis was performed on 157 patients with lung ADC between September 2015 and 
June 2021, who had undergone both EGFR mutation testing and [18F]FDG PET/CT examination. Metabolic and heterogene-
ity parameters were measured and calculated, including maximum diameter (Dmax), maximum standardized uptake value 
(SUVmax), mean standardized uptake value (SUVmean), metabolic tumor volume (MTV), total lesion glycolysis (TLG), 
and heterogeneity factor (HF). Relationships between PET/CT parameters and EGFR mutation status were evaluated and a 
multivariate logistic regression analysis was analyzed to establish a combined prediction model.
Results  108 (68.8%) patients exhibited EGFR mutations. EGFR mutations were more likely to occur in females (51.9% vs. 
48.1%, P = 0.007), non-smokers (83.3% vs. 16.7%, P < 0.001) and right lobes (55.6% vs. 44.4%, P = 0.017). High Dmax, 
MTV and HF and low SUVmean were significantly correlated with EGFR mutations, and the areas under the ROC curve 
(AUCs) measuring 0.647, 0.701, 0.757, and 0.661, respectively. Multivariate logistic regression analysis suggested that non-
smokers (OR = 0.30, P = 0.034), low SUVmean (≤ 7.75, OR = 0.63, P < 0.001) and high HF (≥ 4.21, OR = 1.80, P = 0.027) 
were independent predictors of EGFR mutations. The AUC of the combined prediction model measured up to 0.863, sig-
nificantly higher than that of a single parameter.
Conclusions  EGFR mutant in lung ADC patients showed more intratumor heterogeneity (HF) than EGFR wild type, which 
was combined clinical feature (non-smokers), and metabolic parameter (SUVmean) may be helpful in predicting EGFR 
mutation status, thus playing a guiding role in EGFR-tyrosine kinase inhibitors (EGFR-TKIs) targeted therapies.
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Introduction

Lung cancer is the leading cause of cancer-related morbid-
ity and mortality globally [1, 2]. Non-small cell lung can-
cer (NSCLC) accounts for approximately 85% of all lung 
cancers and the predominant histologic subtype of NSCLC 
is adenocarcinoma (ADC) [3]. Mutation in the epidermal 
growth factor receptor (EGFR) gene, which can promote 
cell proliferation, differentiation and growth, is one of the 
most common genomic drivers in lung ADC among the 
Asian population [4]. EGFR-tyrosine kinase inhibitors 
(EGFR-TKIs) therapies can prolong 5-year survival rate 
significantly and have been recommended as the first-line 
treatment for such patients in advanced NSCLC by clinical 
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guidelines [5]. Thus, it is crucial to identify EGFR mutation 
status before individualized targeted therapy is conducted. 
At present, the tissues for evaluating EGFR mutation status 
are mainly based on primary tumor tissues, metastasis or 
body liquid, which may have specimen limitations to prevent 
some patients from being benefited [6–9]. Therefore, there is 
an urgent need to find a non-invasive and direct radiographic 
method for the detection of EGFR mutation status.

It is widely known that NSCLC involves a high hetero-
geneous group of tumors, manifests itself in different patho-
logical types, stages, gene mutations, and metabolism, with 
the variety of treatment measures and prognosis proposed 
[10]. These heterogeneity indexes could be achieved through 
pathological examination, genetic testing, and clinical eval-
uation, but also assessed through imaging methods [11]. 
2-Deoxy-2[18F] fluoro-d-glucose ([18F]FDG) positron emis-
sion tomography/computed tomography (PET/CT) provides 
unique biological specificity. The time course of radioactiv-
ity in tissues reflects the transport of the radiotracer and 
enzymatic activity, and the radioactivity can be measured 
over a fixed period at a given time following administra-
tion and normalized to yield a standard uptake value (SUV). 
Differences in properties such as growth rate, vascularity, 
and necrosis in tumor cells may result in heterogeneous 
nature of [18F]FDG uptake [12]. Consequently, the param-
eters measured by [18F]FDG PET/CT maybe associated with 
the heterogeneity of tumors. Previous studies showed was 
a valuable tool for assessing functional tumor activity, stag-
ing and restaging, evaluating clinical therapeutic effects, and 
defining the targets for radiotherapy in oncology widely used 
in NSCLC [13–15].

Recently, one study demonstrated that the EGFR muta-
tion status may alter [18F]FDG uptake via the NADPH 
oxidase 4 (NOX4)/reactive oxygen species (ROS)/cellular 
membrane glucose transporter protein 1 (GLUT1) axis [16]. 
Thus, metabolic parameters of [18F]FDG PET/CT could be 
thought to predict EGFR mutation status, but the results of 
related researches remain controversial. For example, some 
studies had indicated that the maximum standardized uptake 
values (SUVmax) of the primary lesion was lower [17–19] 
or higher [20, 21] in EGFR mutations, or showed no signifi-
cant difference between EGFR mutations and EGFR wild 
types [22]. In addition, other metabolic parameters in pre-
dicting EGFR mutation status, including the mean standard-
ized uptake value (SUVmean), the metabolic tumor volume 
(MTV) and total lesion glycolysis (TLG), also demonstrated 
inconsistence in partial researches [23–25].

The coefficient of variance (COV) and heterogeneity 
factor (HF) acquired by metabolic parameters could also 
evaluate intratumor heterogeneity, which are known as het-
erogeneity parameters. COV calculated through SUVmean 
divided by the standard deviation had already been used 
to predict EGFR mutation status in NSCLC [25]. HF 

calculated through linear regressions of MTVs by different 
SUV thresholds, was already studied in predicting hetero-
geneity in some solid tumors, such as oral cavity carci-
noma, colorectal cancer, pancreatic ductal adenocarci-
noma, and uterine leiomyosarcoma gastric cancer [26–30]. 
Recent studies suggest HF was meaningful in evaluating 
heterogeneity in terms of occult lymph node metastasis, 
pathological types, differentiation, T stages and prognosis 
in NSCLC [31–33], while the correlation between HF and 
EGFR mutation status in lung ADC patients has never 
been assessed.

Therefore, the present study aims to analyze the value 
of metabolic parameters and HF of [18F]FDG PET/CT in 
predicting the EGFR mutation status in patients with lung 
ADC before treatments and tries to establish a combined 
predictive model with clinical and above parameters.

Materials and methods

Patients

We retrospectively analyzed [18F]FDG PET/CT records 
from patients who had been histologically proven lung ADC 
between September 2015 and June 2021. This retrospective 
study was approved by the Ethics Committee of our hospital 
(2022-RE-074). The inclusion criteria included (1) patients 
with lung ADC which was confirmed by surgery or histo-
logical biopsy in primary lesions, (2) patients who did not 
receive any therapies before PET/CT scan and EGFR test, 
and (3) patients who underwent PET/CT scan within one 
month before surgery or histological biopsy. The exclusion 
criteria were as follows: (1) genetic mutation status has not 
been tested; (2) patients with other types of genetic muta-
tions; (3) the volume of lesion was < 1.0 cm3 or the SUV-
max of lesion was ≤ 3.5; (4) patients were detected more 
than two main lesions in lung or other malignant tumors; 
and (5) tumor boundary was difficult to delineate due to 
respiratory movement artifacts, massive pleural effusion, 
inflammation or atelectasis. Ultimately, 157 patients were 
enlisted in the study (Fig. 1). Clinical baseline character-
istics, including age, sex, smoking history, location, lobe, 
clinical stage, serum carcinoembryonic antigen (CEA) level 
and Ki67 index, were collected. The normal level of CEA 
was 0 ~ 5.0 ng/mL, with Ki67 index ≤ 25% defined as low 
expression. In this study, smoking status was categorized 
as a non-smoker or a former/current smoker. A non-smoker 
was coded as a patient who had smoked fewer than 100 ciga-
rettes during his or her lifetime, the rest defined as a former/
current smoker. Clinical staging was based on the 8th edition 
TNM staging system of NSCLC of the International Asso-
ciation for the Study of Lung Cancer (IASLC) [34].
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[18F]FDG PET/CT image acquisition

[18F]FDG PET/CT scan was performed on a Biograph 16HR 
(Siemens Healthcare, Erlangen, Germany). The [18F]FDG 
was synthesized by Explora FDG4 module, using Eclipse 
RD cyclotron (Siemens, Germany) in our hospital, and the 
radiochemical purity of [18F]FDG was > 95%. All patients 
fasted for 6 ~ 8 h before the PET/CT examination, their 
serum glucose level less than 11.1 mmol/L. The body was 
scanned from the skull base to the upper part of the thigh 
after intravenously injecting [18F]FDG at 3.7 ~ 7.4 MBq/kg 
and resting approximately for 60 min. The CT scans were 
performed first (tube voltage, 120 kV; tube current, 100 
mAs; pitch, 0.75; slice thickness and spacing, 5 mm; matrix, 
512 × 512; and tube rotation speed, 0.5 s/r). PET scans were 
then performed with 2 min/bed by a 3D model, a TrueX 
algorithm (3 iterations, 24 subsets, and 4 mm full width at 
half maximum) without filtering and smoothing was used to 
reconstruct the PET images. Attenuation correction of the 
PET images was performed by means of CT data.

[18F]FDG PET image analysis

One experienced nuclear medicine physician drew bounda-
ries in the axial, coronal, and sagittal PET scans used as the 
volume of interest (VOI) at a post-processing workstation 
(Syngo.via, version VB10B, Siemens), which were con-
firmed by another experienced peer. Both were blinded to 
clinical and histological results of all patients. The maxi-
mum diameter (Dmax) of the primary tumor was measured 

at transverse lung window images. The VOI of the primary 
tumor was delineated to use an iso-contouring tool based 
on SUVmax, and visually adapted it to cover the entire pri-
mary tumor on PET image, but not exceeding the range of 
the primary tumor. The 40% of SUVmax was served as the 
threshold to establish VOI to measure the metabolic parame-
ters of the lesion, including SUVmax, SUVmean, MTV, and 
TLG (Fig. 2a). The parameter of intratumor heterogeneity 
was represented by HF. The different values of MTV were 
acquired by three SUVmax thresholds (2.5, 3.0, and 3.5, 
respectively) automatically in post-processing workstation. 
The values of MTV were used as the ordinate and SUVmax 
thresholds (2.5, 3.0, and 3.5) as the abscissa to perform lin-
ear regression analysis, the correlation coefficient was thus 
calculated, and its absolute value was taken as HF (Fig. 2b), 
which was consistent with previous studies [27, 30].

Detection of histology and EGFR mutations

The histology and EGFR mutational analyses were performed 
by experienced pathologists at the Department of Pathology in 
the First Affiliated Hospital of University of Science and Tech-
nology of China. The samples were paraffin-embedded tissues 
acquired through surgical resection, bronchoscopy, or puncture 
biopsy. The detection kit for human EGFR gene mutations 
(Wuhan Youzhiyou Medical Technology Co., LTD, China) 
was used to analyze EGFR mutation status. EGFR exons 
18, 19, 20, and 21 were tested by a real-time PCR/amplifica-
tion refractory mutation system (RT-PCR/ARMS). PCR was 

Fig. 1   The flowchart of patient 
selection. Others: 7 cases of 
exon 20 insertion mutation, 3 of 
exon 21 L861Q mutation, 1 of 
exon 18 G719X mutation and 4 
of co-mutations including exon 
18 G917X and exon 20 T790M, 
exon 21 L861Q and exon 20 
T790M, exon 20 S768I and 
exon 21 L858R, and exon 21 
L858R and exon 20 T790M
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performed by PRISM 7500 (Applied Biosystems, Inc. Ameri-
can) real-time fluorescence quantitative PCR.

Statistical analysis

Statistical analysis was performed using SPSS software (ver-
sion 26.0) and MedCalc software (version 20.106). For each 
variable, the Shapiro Wilk was used to test the normal distri-
bution. Continuous data were represented by mean ± standard 
deviation (SD) or medians (interquartile ranges) (Qr), and 
categorical data were expressed as percentages. Chi-squared 
test, t test, and Mann–Whitney U test were used to compare 
clinicopathological and PET indicators between an EGFR 
mutant and an EGFR wild type. The optimal threshold of each 
PET parameter that best predicted EGFR mutation status was 
obtained using the receiver operating characteristic (ROC), 
and the area under the curve (AUC) was calculated. The cut-
off value for differentiating PET parameter groups was the 
optimal threshold of each variable. Univariate and multivariate 
logistic regression was conducted to analyze the predictors of 
gene mutation, which was then combined with independent 
predictors to construct a logistic regression model to evaluate 
the association between clinical and PET-related factors with 
EGFR mutation, with its AUC calculated. The DeLong test 
was used to compare the differences between receiver operat-
ing characteristic (ROC) curves. A 2-sided P value of less than 
0.05 was considered statistically significant.

Results

Patient characteristics in lung ADC

Of the 157 patients, 108 (68.8%) exhibited EGFR muta-
tions, while 49 (31.2%) showed an EGFR wild type. 
The mean age of the two groups was 60.9 ± 9.8 and 
63.9 ± 10.4 years, respectively. Exon 19 deletion (19Del) 
mutation and exon 21 L858R point mutation were the two 
major mutation subtypes, accounting for 48.1% (52/108) 
and 38.0% (41/108), respectively. 15 patients were identi-
fied to have other EGFR mutations, including 7 cases of 
exon 20 insertion mutation, 3 of exon 21 L861Q mutation, 
1 of exon 18 G719X mutation and 4 of co-mutations. The 
clinical characteristics of the patients are summarized in 
Table 1.

Association between clinical characteristics 
and EGFR mutations in lung ADC

Table 1 shows statistically significant differences in sex, 
smoking history, and lobe between the EGFR mutation 
group and the EGFR wild type group. EGFR mutations 
were more likely to occur in females (51.9% vs. 48.1%, 
P = 0.007), non-smokers (83.3% vs. 16.7%, P < 0.001) 

Fig. 2   Process of measuring and calculating metabolic parameters 
and heterogeneity factor (HF) on [18F]FDG PET/CT. Axial fused 
PET/CT image (a) showed a 56-year-old female with L858R muta-
tion in lung ADC. An iso-contour volume of interest (VOI, green) 
was automatically drawn with a threshold setting using the 40% of 
SUVmax, and metabolic parameters, including the mean standardized 

uptake value (SUVmean), total lesion glycolysis (TLG) and Meta-
bolic tumor volume (MTV), were automatically generated according 
to the VOI. The values of MTV measured by three SUVmax thresh-
olds (2.5, 3.0, and 3.5, respectively) were 14.28, 12.46, and 10.48, 
respectively, and linear regression analysis was performed to find the 
absolute value of the correlation coefficient which was 3.8 (b)
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Table 1   Clinical characteristics and PET/CT parameters between EGFR mutant and EGFR wild type in patients with lung ADC

EGFR epidermal growth factor receptor; RL right lobe; LL left lobe; CEA carcinoembryonic antigen; Dmax maximum diameter; SUVmax maxi-
mum standardized uptake value; SUVmean mean standardized uptake value; MTV metabolic tumor volume; TLG total lesion glycolysis; HF 
heterogeneity factor; Qr interquartile rangers
a Denotes the P value compared EGFR mutant with EGFR wild type
b Denotes the P value compared 19Del with L858R

Characteristics EGFR mutant EGFR wild type 
(n = 49)

Pa Pb

Total (n = 108) 19Del (n = 52) L858R (n = 41) Others (n = 15)

Age, (years, 
Mean ± SD)

60.9 ± 9.8 60.5 ± 10.5 62.2 ± 7.9 58.7 ± 12.0 63.9 ± 10.4 0.098 0.329

Sex, n (%) 0.007 0.946
 Female 56 (51.9) 25 (48.1) 20 (48.8) 11 (73.3) 14 (28.6)
 Male 52 (48.1) 27 (51.9) 21 (51.2) 4 (26.7) 35 (71.4)

Smoking history, 
n (%)

 < 0.001 0.976

 Non-smoker 90 (83.3) 43 (82.7) 34 (82.9) 13 (86.7) 28 (57.1)
 Current or former 

smoker
18 (16.7) 9 (17.3) 7 (17.1) 2 (13.3) 21 (42.9)

Tumor location, n (%) 0.324 0.690
 Central 12 (11.1) 5 (9.6) 5 (12.2) 2 (13.3) 3 (6.1)
 Peripheral 96 (88.9) 47 (90.4) 36 (87.8) 13 (86.7) 46 (93.9)

Lobe, n (%) 0.017 0.418
 RL 60 (55.6) 31 (59.6) 21 (51.2) 8 (53.3) 37 (75.5)
 LL 48 (44.4) 21 (40.4) 20 (48.8) 7 (46.7) 12 (24.5)

T stage, n (%) 0.089 0.295
 T1–2 69 (63.9) 30 (73.2) 28 (68.3) 11 (73.3) 38 (77.6)
 T3–4 39 (36.1) 22 (26.8) 13 (31.7) 4 (26.7) 11 (22.4)

N stage, n (%) 0.561 0.268
 N0 41 (38.0) 17 (32.7) 18 (43.9) 6 (40.0) 21 (42.9)
 N1–3 67 (62.0) 35 (63.3) 23 (56.1) 9 (60.0) 28 (57.1)

M stage, n (%) 0.072 0.596
 0 45 (41.7) 20 (38.5) 18 (43.9) 7 (46.7) 28 (57.1)
 1 63 (58.3) 32 (61.5) 23 (56.1) 8 (53.3) 21 (42.9)

Clinical stage, n (%) 0.716 0.474
 I + II 30 (27.8) 13 (25.0) 13 (43.9) 4 (26.7) 15 (30.6)
 III + IV 78 (72.2) 39 (56.1) 28 (56.1) 11 (73.3) 34 (68.4)

CEA levels, n (%) 0.080 0.729
 Normal 35 (32.4) 16 (30.8) 14 (34.1) 5 (33.3) 23 (46.9)
 Abnormal 73 (67.6) 36 (69.2) 27 (65.9) 10 (66.7) 26 (53.1)

Ki67, n (%) 0.087 0.291
  ≤ 25% 60 (55.6) 26 (50) 25 (61.0) 9 (60) 20 (40.8)
  > 25% 48 (44.4) 26 (50) 16 (39.0) 6 (40) 29 (59.2)

PET/CT parameters
 Dmax (cm) M 

(Median, Qr)
3.88 (3.15, 4.41) 3.75 (2.98, 4.53) 4.02 (3.26, 4.36) 3.69 (3.29, 4.70) 3.12 (2.39, 4.07) 0.003 0.651

 SUVmax M 
(Median, Qr)

10.48 (7.73, 13.20) 10.07 (7.73, 12.95) 11.30 (8.11, 15.68) 9.86 (5.91, 12.95) 11.00 (8.15, 15.25) 0.208 0.460

 SUVmean M 
(Median, Qr)

6.03 (4.74, 7.43) 5.87 (4.84, 7.34) 6.61 (4.75, 8.22) 5.72 (3.80, 7.37) 7.57 (5.26, 9.90) 0.001 0.386

 TLG (g) M (Median, 
Qr)

46.8 (17.13, 83.77) 45.03 (18.27, 91.20) 49.79 (14.68, 78.46) 55.29 (16.95, 94.26) 32.85 (13.25, 63.61) 0.140 0.954

 MTV (cm3) M 
(Median, Qr)

7.75 (4.81, 11.51) 7.51 (4.58, 11.62) 8.01 (4.91, 10.94) 8.27 (4.46, 16.34) 4.54 (2.27, 8.55)  < 0.001 0.874

 HF M (Median, Qr) 3.15 (2.14, 4.92) 3.17 (2.06, 5.26) 3.16 (2.27, 4.46) 2.97 (1.90, 5.03) 1.73 (1.08, 2.93)  < 0.001 0.917
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and right lobes (55.6% vs. 44.4%, P = 0.017). However, no 
significant differences were found in age, tumor location, 
TNM stage, clinical stage, CEA levels, and Ki67 index. 
In addition, subgroup analysis in EGFR mutations group 
showed no significant differences found in the above clini-
cal parameters between 19Del and L858R mutations.

Association between PET/CT parameters and EGFR 
mutations in lung ADC

Dmax, MTV, and HF of primary tumors were higher, but 
SUVmean was lower in the EGFR mutation group than 
that in the wild type group (3.88 vs. 3.12, 7.75 vs. 4.54 and 
3.15 vs. 1.73, 6.03 vs. 7.57; P = 0.003, P < 0.001, P < 0.001, 
P = 0.001, respectively). Moreover, no significant differ-
ences were found in SUVmax and TLG between two groups 
(Table 1). ROC curve analysis revealed that the cut-off val-
ues for Dmax, SUVmean, MTV, and HF were 4.28, 7.75, 
10.67, and 4.21, corresponding to AUCs of 0.647, 0.661, 
0.701, and 0.757, respectively. Furthermore, PET/CT param-
eters above were not significantly different in mutant subtype 
analysis.

Prediction of EGFR mutations by univariate 
and multivariate analyses

Univariate analysis demonstrated that a significant associa-
tion between EGFR mutation status and sex, smoking his-
tory (non-smokers), lobe, Dmax, SUVmean, MTV, and HF. 
These factors were incorporated into the multivariate logis-
tic regression analysis, which revealed that non-smoking 
(OR = 0.30, 95% CI 0.10–0.91, P = 0.034), low SUVmean 
(OR = 0.63, 95% CI 0.50–0.80, P < 0.001), and high HF 
(OR = 1.80, 95% CI 1.07–3.02, P = 0.027) were independent 
predictors of EGFR mutation (Table 2). These three factors 
were combined to construct a prediction model with AUC up 
to 0.863 (95% CI: 0.800–0.926, sensitivity: 0.861; specific-
ity: 0.756; accuracy: 0.815). The diagnostic efficacy of the 
combined prediction model was significantly better than a 
single parameter when assessed by Delong test (P < 0.001) 
(Table 3 and Fig. 3).

Discussion

It is widely known that EGFR mutations in lung ADC are 
more likely to occur among Asians, females, and non-
smokers [4, 35], which had also been verified in our study. 
Although there was a significant difference in sex (P = 0.007) 
between EGFR mutation group and EGFR wild type group, 
the mutation frequency of males in EGFR mutation group 
was as high as 48.1% (52/108). Additionally, the smokers in 
EGFR mutation group were all males. Therefore, we figured 

that EGFR mutations should be tested in the males and reg-
ular smokers, which was the same as PIONEER study in 
Asian populations [4]. Meanwhile, EGFR mutations were 
more frequently found in the right lobe of patients with lung 
ADC. However, other clinical characteristics, including age, 
tumor location, lobe, TNM stage, clinical stage, CEA levels 
and Ki67 index, showed no significant differences between 
the two groups. In a word, the clinical information associ-
ated with EGFR mutation in lung ADC was quite limited.

Numerous of researches had demonstrated that [18F]FDG 
PET/CT could predict EGFR mutation status by detecting 
the changes in intratumor glucose metabolism. SUVmax is 
the semi-quantitative parameter most widely used, but it is 
inconsistent as a predictor of EGFR mutation status [16–22]. 
Chen L et al. [16] had investigated that the NOX4/ROS/
GLUT1 axis played an important role in glucose metabo-
lism, and they found ROS activity was reduced when NOX4 
expression was downregulated in EGFR mutated cell lines, 
leading to decreased GLUT1 expression, which explained 
the reason why SUVmax values were significantly lower 
in EGFR mutation group in NSCLC. Hong IK et al. [19] 
also observed the proportion of tumors in advanced ADC 
patients with low SUVmax (< 9.6) was significantly higher 
in the EGFR mutated group than that in the EGFR wild type 
group in lung ADC. However, other studies demonstrated 
that high SUVmax was positively correlated with EGFR 
mutation status [20, 21].

In addition, one recent meta-analysis results also showed 
SUVmax had low pooled sensitivity and specificity in pre-
dicting EGFR mutation status in NSCLC, which indicated 
that [18F]FDG PET/ CT may not be useful for predicting 
whether there was an EGFR mutation or not [36]. The rea-
son can be that SUVmax only reflects the most active FDG 
metabolic part of the tumor, but not the whole nature of 
the tumor. Another important reason for this inconsistency 
may be related to the pathological subtype of NSCLC. Pre-
vious investigations indicated that SUVmax of ADC was 
lower than squamous cell carcinoma (SCC) [37, 38]. Moreo-
ver, the rate of EGFR mutant in ADC was higher than that of 
SCC as previously described [4]. As a result, the SUVmax 
may be lower in EGFR mutated group than in the EGFR 
wild type group in some studies when pathological subtype 
of NSCLC was not considered. For these reasons, we only 
selected patients with ADC and did not observe the asso-
ciation between SUVmax and EGFR mutant, similar to the 
result of a small sample size from the study of Putora PM 
et al. [39].

However, SUVmean has been identified to reflect more 
metabolic information than SUVmax [40]. Our study showed 
that SUVmean was lower in EGFR mutation group than that 
in EGFR wild type group (P = 0.001), which was consistent 
with previous studies [25, 41]. Therefore, we speculated that 
SUVmean was the more suitable parameter than SUVmax 
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in reflecting the change of NOX4/ROS/GLUT1 axis with 
EGFR mutation patients.

MTV represents the volume of metabolically active 
tumors. We found MTV in the EGFR mutation group was 
significantly higher than that in the EGFR wild type group 
(7.75 vs. 4.54, P < 0.001). Meanwhile, we also found the 
maximum diameter of the primary tumor was significantly 

larger in the EGFR mutant group. Consequently, we specu-
lated the reason may be that the more prominent the tumor 
size, the more times of division and proliferation, and the 
greater the probability of random gene mutations in progeny 
cells, leading to the higher volume of metabolically active 
tumors [42]. However, MTV could not be considered as an 
independent predictor to assess EGFR mutation status. TLG 

Table 2   Univariate and 
multivariate logistic regression 
analyses of EGFR mutation in 
patients with lung ADC

RL right lobe; LL left lobe; CEA carcinoembryonic antigen; Dmax maximum diameter; SUVmax maximum 
standardized uptake value; SUVmean mean standardized uptake value; MTV metabolic tumor volume; TLG 
total lesion glycolysis; HF heterogeneity factor 

Variables Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age, (years, mean ± SD) 0.97 (0.94–1.01) 0.102
Sex
 Female 1.00 1.00
 Male 0.37 (0.18- 0.77) 0.007 0.94 (0.34–2.63) 0.912

Smoking history
 Non-smoker 1.00 1
 Current or former smoker 0.27 (0.13–0.57) 0.001 0.30 (0.10–0.91) 0.034

Tumor location
 Central 1.00
 Peripheral 0.52 (0.14–1.94) 0.331

Lobe
 RL 1.00 1
 LL 2.47 (1.16–5.24) 0.019 2.52 (0.99–6.39) 0.051

T stage
 T1–2 1
 T3–4 1.95 (0.90–4.25) 0.092

N stage
 N0 1.00
 N1–3 1.23 (0.62–2.44) 0.561

M stage
 M0 1.00
 M1 1.87 (0.94–3.70) 0.073

Clinical stage
 I + II 1.00
 III + IV 1.15 (0.55–2.40) 0.716

CEA levels (ng/ml)
  < 5.0 (normal) 1.00
 ≥ 5.0 (increased) 1.85 (0.93–3.68) 0.082

Ki67 index
  ≤ 25% 1.00
  > 25% 0.60 (0.30–1.19) 0.142

Parameters of PET
 Dmax (cm) 1.04 (1.01–1.08) 0.012 0.98 (0.92–1.06) 0.659
 SUVmax 0.94 (0.87–1.01) 0.070
 SUVmean 0.75 (0.65–0.87)  < 0.001 0.63 (0.50–0.80)  < 0.001
 TLG (g) 1.00 (1.00–1.01) 0.223
 MTV (cm3) 1.19 (1.08–1.31)  < 0.001 1.17 (0.93–1.48) 0.185
 HF 1.88 (1.26–2.18)  < 0.001 1.80 (1.07–3.02) 0.027
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mainly reflects the burden of the whole tumor, calculated by 
multiplying MTV by SUVmean. Thus, TLG between the 
two groups did not show a significant difference in our study. 
However, Yang B et al. [23] pointed out that both MTV and 
TLG were significantly different between the two groups 
and MTV could be considered as an independent predictor 
(ROC = 0.60), which was inconsistent with our study.

In short, the reasons for the inconsistence in predictive 
capability between these metabolic parameters maybe not 
only related to different PET scanners, fasting durations, 
region of interest parameters, and different studies that 
enrolled in various sample sizes, but also to intratumor 
heterogeneity. One reasonable explanation for intratumor 
heterogeneity due to difference in EGFR mutation is that 
tumor development is a Darwinian evolutionary process, 
involving the interplay between cancer subclones and the 
local immune microenvironment [43]. Mutual mutations 
and evolution between tumor cells cause changes in intratu-
mor heterogeneity. Mao H [44] used a mutant-allele tumor 

heterogeneity (MATH) algorithm to measure intratumor 
heterogeneity and demonstrated that groups with higher 
MATH values are more likely to be female, smoker and 
EGFR mutations. We found HF was significantly higher in 
EGFR mutation group than in EGFR wild type group (3.15 
vs. 1.73, P < 0.001) in lung ADC. Therefore, we concluded 
that HF was also a suitable imaging parameter to reflect 
intratumor heterogeneity, and was positively correlated with 
gene mutations of tumors. In this study, HF was calculated 
using the fixed threshold, reflects the heterogeneity of the 
real metabolic part of the tumor, which had been considered 
to be better than the percentage threshold method and used 
in other solid tumors with high FDG uptake [27–30]. Liu X 
et al. [45] argued that HF calculated by the same method in 
KRAS mutant was significantly higher than that in wild type 
patients with colorectal cancer.

Univariate analysis showed that sex, smoking history, 
lobe, Dmax, SUVmean, MTV, and HF were correlated with 
EGFR mutation. However, multivariate logistic regression 
analysis showed that only non-smokers, low SUVmean 
(≤ 7.75) and high HF (≥ 4.21) were independent predictors 
in distinguishing EGFR mutation status, and the AUC of the 
combined prediction model was 0.863, which indicated the 
discrimination capability was significantly improved with 
the combination of clinical characteristic and PET parame-
ters. In addition, stratified analysis was performed according 
to specific EGFR mutation subtypes and the results showed 
that there were no significant differences among all param-
eters between 19Del and L858R mutations, consistent with 
the former study [25].

To our knowledge, this was the first retrospective study 
to compare the relationship between HF and EGFR muta-
tion status in lung ADC, with a combined model established 
to identify EGFR mutation status. However, some limita-
tions should be noted. First, this retrospective study was 
small in sample size, which may cause selection bias; the 
analysis between different mutant subtypes required a suf-
ficient number of samples as well. Second, our study did not 
evaluate lung ADC with low [18F]FDG uptake, including 
ground glass opacities (GGOs). Target delineation used by 
a threshold of 40% of SUVmax may lead to inaccurate VOI 
in tumors with low [18F]FDG uptake. However, the patients 
excluded from this study may affect the accuracy of the 

Table 3   Multivariate analysis 
and combined model for 
predicting EGFR mutant in 
patients with lung ADC

SUVmean mean standardized uptake value; HF heterogeneity factor; AUC​ area under the curve; CI confi-
dence interval

Parameters/model AUC​ 95% CI Sensitivity Specificity Accuracy

Smoking history 0.631 0.550–0.706 0.833 0.429 0.707
SUVmean 0.661 0.581–0.735 0.815 0.490 0.713
HF 0.757 0.682–0.821 0.852 0.592 0.771
Combined model 0.863 0.800–0.913 0.861 0.756 0.815

Fig.3   ROC curves of independent predictors and combined predic-
tion models. The predictive value of combined model was 0.863, 
which was significantly higher than any single parameter through 
DeLong test
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results. Finally, the combined prediction model has not yet 
been validated, and the prognosis remains unclear due to the 
short follow-up time of some patients. Further explorations 
which consider these deficiencies will be significant in the 
future.

Conclusions

EGFR mutations in patients with lung ADC are correlated 
with sex, smoking history, lobe, Dmax, SUVmean, MTV, 
and HF. Non-smokers, low SUVmean, and high HF are inde-
pendent predictors of EGFR mutation, and the combination 
of these three factors may further improve discrimination 
efficiency, which may be considered as a promising and non-
invasive tool to predict EGFR mutation status and guide 
EGFR-TKI targeted therapy. However, a prospective and 
large-scale investigation is required to further confirm the 
current study in the future.
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