Annals of Nuclear Medicine (2022) 36:393-400
https://doi.org/10.1007/s12149-022-01718-8

ORIGINAL ARTICLE q

Check for
updates

Predictive value of multiple metabolic and heterogeneity parameters
of '8F-FDG PET/CT for EGFR mutations in non-small cell lung cancer

Aiqi Shi"?3 . Jianling Wang'%3 - Yuzhu Wang'*3 - Guorong Guo'*3 . Chouchou Fan'%3. Jiangyan Liu%3

Received: 9 November 2021 / Accepted: 10 January 2022 / Published online: 27 January 2022
© The Author(s) under exclusive licence to The Japanese Society of Nuclear Medicine 2022

Abstract

Objectives To explore the value of multiple metabolic and heterogeneity parameters of 2-deoxy-2-[fluorine-18] fluoro-D-
glucose positron emission tomography/computed tomography (‘*F-FDG PET/CT) in predicting epidermal growth factor
receptor gene (EGFR) mutations in non-small cell lung cancer (NSCLC).

Materials and methods A retrospective analysis was performed by reviewing 98 patients with NSCLC who underwent EGFR
mutation testing and 'F-FDG PET/CT examination in our hospital between March 2016 and March 2021. Patients were
divided into an EGFR-mutant group and a wild-type group. A multivariate logistic regression analysis was performed to
screen and construct a prediction model. The diagnostic performance of the model was evaluated using a receiver-operating
characteristic (ROC) curve.

Results The study found that EGFR mutations were more likely to occur in women, non-smokers, and patients with peripheral
lesions, shorter maximum tumor diameter, adenocarcinoma, and T1 stage cancer. Low maximum standardized uptake value
(SUVmax), mean standardized uptake value (SUVmean), metabolic tumor volume, total lesion glycolysis, and high coef-
ficient of variation (COV) were significantly correlated with EGFR mutations, and the area under the ROC curve (AUC) was
0.622, 0.638, 0.679, 0.687, and 0.672, respectively. Multivariate logistic regression analysis indicated that non-smokers (odds
ratio (OR)=0.109, P=0.014), peripheral lesions (OR=6.917, P=0.022), low SUVmax (<7.85, OR=5.471, P=0.001),
SUVmean (<£5.34, OR=0.044, P=0.000), and high COV (>106.08, OR=0.996, P=0.045) were independent predictors
of EGFR mutations. The AUC of the prediction model established by combining the above factors was 0.926; the diagnostic
efficiency was significantly higher than that of a single parameter.

Conclusion Among the metabolic and heterogeneity parameters of '*F-FDG PET/CT, low SUVmax, SUVmean, and high
COV were significantly associated with EGFR mutations, and the predictive value of EGFR mutations could be enhanced
when combined with clinicopathological features.
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GLUTI1 Glucose transporter protein 1 Materials and methods
TNM Tumor-node-metastasis
Patient selection
Introduction A total of 98 patients diagnosed with NSCLC were ret-

Global cancer statistics show that the morbidity and mor-
tality rates of lung cancer are the highest in men but lower
than those in women with breast cancer [1]. The propor-
tion of non-small cell lung cancer (NSCLC) is more than
85%, and adenocarcinoma is the predominant histologic
subtype. A previous study reported a 5-year follow-up sur-
vival rate of only 17% [2]. Epidermal growth factor receptor
gene (EGFR) mutations occur in approximately 20-50% of
patients with NSCLC. In recent years, tyrosine kinase inhibi-
tors (TKIs) have been shown to be effective in prolonging
the survival of patients with EGFR mutations [3]. There-
fore, EGFR detection is essential to guide clinical treatment.
However, it is challenging to obtain satisfactory specimens
due to various factors. Therefore, it is important to develop
a simple and non-invasive method to assess the mutational
status of EGFR.

2-Deoxy-2-[fluorine-18] fluoro-D-glucose positron emis-
sion tomography/computed tomography (‘*F-FDG PET/CT),
which combines anatomical and functional information, has
been widely used in the diagnosis and treatment of lung
cancer because of its non-invasive nature. The relationship
between '®F-FDG PET/CT metabolic features and EGFR
mutations is currently a hot topic in recent research. The
maximum standardized uptake value (SUVmax) has been
analyzed, but the results are still highly controversial. Fur-
thermore, there have been few reports on mean standardized
uptake value (SUVmean), metabolic tumor volume (MTV),
and total lesion glycolysis (TLG), and the findings have been
inconsistent.

Intratumoral heterogeneity is a crucial manifestation of
tumor development and refers to the molecular biology or
genetic changes in the process of evolution, which leads to
differences in the rapid growth, invasiveness, and drug sen-
sitivity of tumor cells [4, 5]. Intratumoral metabolic hetero-
geneity evaluated by '®F-FDG PET/CT has been studied in
nasopharyngeal carcinoma, breast cancer, and NSCLC in
some aspects [6-9], but a few studies have been performed
on EGFR mutations. Therefore, this study aimed to analyze
the correlation between intratumoral metabolic and het-
erogeneity parameters reflected by '*F-FDG PET/CT and
EGFR mutations in patients with NSCLC, to explore the
independent predictors of mutation, and to establish a pre-
dictive model to help guide clinical practice.
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rospectively enrolled and underwent '*F-FDG PET/CT
examination and EGFR testing at our hospital between
March 2016 and March 2021. Of these, 83 had adenocar-
cinomas and 15 had non-adenocarcinomas (11 squamous
carcinomas, 3 adenosquamous carcinomas, and 1 large
cell carcinoma). The inclusion criteria were pathologi-
cally confirmed NSCLC; no antitumor treatment (such as
surgery, radiotherapy, or others) before PET/CT examina-
tion; a time interval of less than 1 month between PET/CT
and EGFR testing; and complete clinical and imaging data.
The exclusion criteria were as follows: having received
any form of antitumor therapy before the examination, a
history of other malignancies, multiple primary lesions,
and a primary lesion with a maximum diameter of 1 cm
or less. Clinical data such as sex, age, smoking history,
TNM stage, location, maximum diameter, CT margin
signs, pathological type, and Ki67 index were recorded.
The TNM stage was based on the lung cancer staging of
the American Association for Cancer Research, 8th edition
[10]. Patients were classified into mutant and wild-type
groups according to the status of EGFR mutations, and the
mutation group included 19, 20, and 21 subtype mutations.
The study complies with the principles of the Declaration
of Helsinki, and the work has been approved by the ethics
committee of our institution. The requirement of obtain-
ing written informed consent was waived because of the
retrospective nature of the study.

PET/CT acquisition and analysis

PET/CT was performed using a Discovery 690 imaging
machine (GE Healthcare, WI, USA). The tracer used was
BE_FDG, which was produced by a medical cyclotron
(MINTtracer Qilin, GE Healthcare, WI, USA) and synthe-
sized using an automated synthesis module. Radiochemi-
cal purity exceeded 95%. The patients fasted for at least
6 h before the examination. Blood glucose was confirmed
to be less than 9.0 mmol/L before the intravenous injec-
tion of '8F-FDG at a dose of 2.96-5.55 MBgq/kg. Imag-
ing scanning was performed in the supine position after
approximately 60 min of rest, ranging from the top of the
head to the upper femur at 5-8 min per bed for the head
and 3 min per bed for the rest of the regions. Attenuation-
correction CT was performed using the following param-
eters: 120 kV, 50-220 mA, and 3.75 mm collimation.
PET image acquisition was performed in static time of
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flight + 3D mode, with an image matrix of 256 X 256. The
reconstructed images were post-processed and fused using
a MedEx (Beijing Madix) workstation to obtain PET, CT,
and PET/CT fusion images at different levels.

The images were analyzed by two experienced nuclear
medicine diagnosticians at the MedEx workstation. The
maximum diameter referred to the maximum lesion diam-
eter. According to the location of lung cancer, the lesions
were divided into central and peripheral lesions. Central
lesions referred to lung cancer occurring in lung segment
and bronchus above lung segment, and peripheral lesions
occurred in the bronchi below the lung segment. Positive
CT margin signs were defined as the presence of at least one
of the following three signs: spiculated sign, lobulated sign,
and pleural indentation sign; negative signs were defined
as the absence of all three signs. The primary lesion was
identified by visual observation in the MedEx workstation,
and the region of interest (ROI) was outlined around the
lesion by surrounding the entire lesion with a threshold of
40% SUVmax. The relevant semi-quantitative metabolic
parameters for quantifying '®F-FDG uptake values were
subsequently derived from the software by automatically
segmenting the lesion volumetrically in the cross-sectional,
coronal, and sagittal planes. SUVmax was defined as the
highest pixel value calculated using the following formula:
SUVmax =maximum pixel activity/ (injected dose/ body
weight). SUVmean is the mean value of pixel SUV. MTV
was measured as the metabolic volume of the tumor with an
ROI>40% SUVmax. TLG was calculated by multiplying
MTYV by SUVmean. The coefficient of variation (COV) was
a PET/CT semi-quantitative parameter reflecting intratumor
metabolic heterogeneity and was calculated as follows [7]:

COV = Standard deviation (SD) of SUV/ SUVmean x 100.

EGFR mutation detection

EGFR mutation was detected by the pathology depart-
ment of our hospital, and specimens were obtained through
surgical resection, bronchoscopy, or puncture biopsy. The
mutation status was analyzed using the polymerase chain
reaction-based amplification-refractory mutation system and
the EGFR mutation detection kit (Beijing SinoMD Gene
Detection Technology Co., Ltd, Beijing, China).

Statistical analysis

Statistical analysis was performed using SPSS software
(version 23.0) and MedCalc software (version 19.0.4).
Continuous variables were analyzed using Student’s ¢ test
and Wilcoxon rank-sum test, and the results are expressed
as mean + SD. The Chi-square test was used to compare

categorical variables between the two groups, and the results
are expressed as percentages. The best cut-off value was
determined using the Jordan index. Multivariate logistic
regression analysis was used to screen independent predic-
tors and then combined independent predictors to construct a
logistic regression model to evaluate the association between
clinical and PET-related factors with EGFR mutation. After
applying the model, a predicted probability of EGFR muta-
tion status in each patient was obtained and its AUC was
calculated. The DeLong test was used to compare the dif-
ferences between receiver-operating characteristic (ROC)
curves. A two-sided P value of less than 0.05 was considered
statistically significant.

Results
Patient characteristics

A total of 98 patients were eligible for the final analysis (55
men and 43 women). Among them, 55 patients (52 with
adenocarcinoma; 94.5%) had EGFR mutations, while 43
patients (31 with adenocarcinoma; 72.1%) had wild-type
mutations. The mean age of the two groups was 57.2+8.9
and 58.4 +9.5 years, respectively. The majority of muta-
tion subtypes were the exon 19 deletion (n=27), followed
by the L858R point mutation in exon 21 (n=25) and other
mutations (n=3). There were 52 ever-smokers and 46 never-
smokers. The clinical characteristics of the patients are sum-
marized in Table 1.

Association between clinical characteristics
and EGFR mutations

Univariate analysis showed that EGFR mutations were more
likely to occur in women, non-smokers, and patients with
adenocarcinoma, peripheral lesions, shorter maximum tumor
diameter, and T1 stage cancer, and the differences between
the groups were statistically significant (P <0.05), while the
remaining indicators (age, N/M stage, clinical stage, and CT
margin signs) were not significantly different. The dominant
mutation subtypes in this study were exon 19 and 21 muta-
tions, and the comparison of the above indicators between
the two subtypes revealed no significant differences.

Association between PET/CT parameters and EGFR
mutations

SUVmax, SUVmean, MTYV, and TLG were lower in the
mutant group than in the wild group (9.02 vs 10.18, 5.20
vs 5.86, 6.09 vs 24.65, and 31.27 vs 141.50, P=0.038,
0.019, 0.002, 0.002, respectively), but COV was higher
in the mutant group (129.58 vs 99.86, P=0.004), and the
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Table 1 Relationship between

s Characteristics EGFR Wild (n=43) EGFR Mutant (n=55) P
clinical features and EGFR
mutations Age (years) 58.4+9.5 57.2+8.9 0.523
Gender (n, %) 0
Male 35 (81.4) 20 (36.4)
Female 8 (18.6) 35 (63.6)
Smoking history (n, %) 0
No 10 (23.3) 36 (65.5)
Yes 33 (76.7) 19 (34.5)
Location (n, %) 0.004
Central 15 (34.9) 6(10.9)
Peripheral 28 (65.1) 49 (89.1)
Maximum diameter (mm) 39 (26, 59) 29 (20, 38) 0.005
Pathological type (n, %) 0.002
Adenocarcinoma 31 (72.1) 52 (94.5)
Non-adenocarcinoma 12 (27.9) 3(5.5)
T stage (n, %) 0.009
1 15 (34.9) 31 (56.4)
2 12 (27.9) 17 (30.9)
3 11 (25.6) 4(7.3)
4 5(11.6) 3(5.5)
N stage (n, %) 0.859
0 24 (55.8) 30 (54.5)
1 7(16.3) 10 (18.2)
2 6 (14.0) 50.1)
3 6 (14.0) 10 (18.2)
M stage (n, %) 0.785
0 27 (62.8) 36 (65.5)
1 16 (37.2) 19 (34.5)
Clinical stage (n, %) 0.839
/I 21 (48.8) 28 (50.9)
v 22 (51.2) 27 (49.1)
Ki67 (n, %) 0.154
<25% 12 (27.9) 23 (41.8)
>25% 31(72.1) 32(58.2)
CT marginal sign (n, %) 0.417
Yes 28 (65.1) 40 (72.7)
No 15 (34.9) 15 (27.3)

differences were statistically significant. ROC curve analysis
revealed that the cut-off points for these parameters were
7.85, 5.34, 22.19, 103.55, and 106.08, corresponding to
AUCs of 0.622, 0.638, 0.679, 0.687, and 0.672, respectively.
However, the above parameters were not statistically differ-
ent in mutant subtype analysis.

Prediction of EGFR mutations
Factors with significant differences in the univariate analy-
sis were incorporated into the multivariate logistic regres-

sion analysis, which revealed that smoking history, tumor
location, SUVmax, SUVmean, and COV were independent
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Table 2 Multivariate analysis for the association between significant
index and EGFR mutation

Characteristics QOdds ratio 95% CI P

Smoking history 0.109 0.019~0.634 0.014
Location 6.917 1.318~36.307 0.022
SUVmax 5471 1.980~15.114 0.001
SUVmean 0.044 0.008~0.243 0.000
Cov 0.996 0.992~1.000 0.045

predictors of EGFR mutation (Table 2). These five factors
were combined to construct a prediction model. Addi-
tionally, an ROC curve analysis was conducted to assess
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Fig.1 ROC curves of independent predictors and prediction models

Fig.2 Representative 'SF-FDG PET-CT images for EGFR muta-
tion patients with NSCLC. A 47-year-old woman with a lesion in the
upper lobe of the right lung, maximum diameter was approximately
27 mm, which was diagnosed pathologically as adenocarcinoma,

Fig.3 Representative '*F-FDG PET-CT images for EGFR wide-type
patients with NSCLC. A 45-year-old man with a lesion in the upper
lobe of the left lung, maximum diameter was approximately 25 mm,
which was diagnosed pathologically as adenocarcinoma, and EGFR

the predictive value of the model, which showed that the
AUC was 0.926 (cut-off: 0.441; 95% confidence interval:
0.870-0.981, sensitivity: 96.4%; specificity: 83.7%; positive
predictive value: 89.1%; negative predictive value: 86.0%;
and percentage correct: 87.8%). The diagnostic efficacy was
significantly improved when compared to a single parameter,
and the DeLong test showed statistically significant differ-
ences (P <0.0001) between the five factors and the predic-
tion model (Fig. 1). Representative images of '*F-FDG
uptake in different EGFR mutation statuses are shown in
Figs. 2 and 3.

Discussion

EGFR mutations have been identified as one of the most
common potential therapeutic targets for the treatment
of NSCLC patients, and the implementation of effective
EGFR-TKI therapy requires the early identification of
appropriate patients. However, using tumor tissues or body

and EGFR detection revealed an exon 19 deletion. FDG uptake was
increased abnormally, corresponding SUVmax, SUVmean, and COV
was 5.303, 3.116, and 199.81. Panels a, b, ¢ and d: transverse PET,
CT, PET/CT images, and ROI of the lesion, respectively

C
.

detection revealed no positive mutation. FDG uptake was increased
abnormally, corresponding SUVmax was 9.771, 5.785, and 102.29.
Panels a, b, ¢ and d: transverse PET, CT, PET/CT images, and ROI of
the lesion, respectively
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fluids to analyze the status of EGFR mutations is suscepti-
ble to specimen limitations, preventing some patients from
benefiting. Although there is evidence that clinical features
such as adenocarcinoma, female gender, non-smoking sta-
tus, and Asian regions are associated with EGFR mutations,
more accurate predictive factors have yet to be discovered.
Previous studies have reported that EGFR could affect cell
membrane glucose transporters through downstream path-
ways, which in turn affects tumor glucose metabolism [11].
8F_.FDG PET/CT has the ability to reflect intratumoral glu-
cose metabolism in a non-invasive way; as a result, it has
gradually gained more attention.

In this study, the EGFR mutation rate was 56%, which
was consistent with a previous report on Asian populations
(36.8-76.2%). Univariate analysis showed that sex, smoking
history, pathological type, tumor location, maximum diam-
eter, T stage, SUVmax (P=0.038), SUVmean (P=0.038),
MTYV (P=0.002), TLG (P=0.002), and COV (P=0.004)
were significantly associated with EGFR mutations. Mul-
tivariate logistic regression analysis showed that only non-
smokers, peripheral lung cancer, low SUVmax (<7.85),
low SUVmean (<£5.34), and high COV (>106.08) were
independent predictors, and it was favorable to distinguish
EGFR mutation status when combining these factors to
construct the corresponding model. In addition, the results
were further stratified according to specific EGFR muta-
tion subtypes. Because the majority of patients in our cohort
had exon 19 or 21 mutations, FDG uptake was compared
between the wild-type group and L858R in exon 21 or in-
frame deletion in exon 19, and there was no significant dif-
ference, which is consistent with previous studies [20, 22].

Previous studies based on SUVmax to predict EGFR
mutations have shown conflicting results. Most studies
have shown that a low SUVmax is associated with EGFR
mutations [12, 13], and the optimal threshold range was
2.69-11.5. Gu et al. [14] included 210 cases of stage [-IV
NSCLC and showed that a low SUVmax (<9.0) was sig-
nificantly associated with mutations. Some studies included
only stage IIIB and IV patients and found that a low SUV-
max (<9.6) might be a predictor of EGFR mutation [15].
These observations are consistent with the present study
(SUVmax <7.85), but the thresholds varied. Patients with
advanced stages of cancer appear to have slightly higher
thresholds. The reason may be partially explained by the
statement reported in the previous literature that the hetero-
geneity of the tumors carrying mutations may alter during
cloning and evolution, resulting in consequent changes in
metabolic characteristics [16]. Furthermore, the molecular
mechanisms between SUVmax and EGFR mutation were
explored, and the investigators discovered that the NADPH
oxidase 4 (NOX4)/reactive oxygen species (ROS)/cellular
membrane glucose transporter protein 1 (GLUT1) axis plays
an important role in glucose metabolism, and ROS activity
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is reduced when NOX4 expression is downregulated, lead-
ing to decreased GLUT1 expression. The mutant tumor
cells have lower ROS activity, thus explaining the reduced
uptake of '8F-FDG in EGFR-mutant cells to some degree
[17]. However, a few studies have drawn the opposite con-
clusion that higher SUVmax was more prone to mutation
[18], with the optimal threshold range being 5.0-13.65. Ko
et al. [19] showed that patients with an SUVmax >6 had a
higher frequency of mutations. Wang et al. [20] observed a
significant increase in glucose uptake and lactate production
in mutant NSCLC compared to the wild type, which explains
the reason for higher SUVmax in mutant patients. Moreover,
some studies did not find a correlation between the two [21].

Since SUVmax only reflects the highest FDG uptake
value of a single pixel within the lesion, some studies
started to take other parameters into consideration to reflect
the metabolic behavior more comprehensively, suggesting
that neither MTV nor TLG had a predictive value for EGFR
mutations, which is consistent with some current studies [22,
23]. Similar results were observed in the study by Whi et al.
[24], in which univariate analysis showed that SUVmax,
MTYV, and TLG were significantly associated with EGFR
mutations, but after multivariate analysis, low SUVmax was
the sole predictor, whereas MTV and TLG could not inde-
pendently predict EGFR mutations.

The controversy regarding the correlation between meta-
bolic parameters and EGFR mutation status may be attrib-
uted to the following reasons. First, the metabolic parameters
SUVmax and SUVmean are influenced by various factors,
such as patient characteristics and technique, and SUVmax
sometimes does not reflect the integral characteristics of the
tumor. Second, study design, patient selection, pathological
type, and cancer stage may also influence the results. Third,
other types of mutations may also affect glucose metabolism
and cause differences in the results [25].

To reflect intratumor metabolic heterogeneity more accu-
rately, this study included COV as a heterogeneity index
and found that it could independently predict EGFR muta-
tions and that patients with higher COV were more likely to
have mutations. Some scholars used 1/COV to analyze the
relationship, and univariate analysis revealed that patients
with high 1/COV were prone to mutation, but multivariate
analysis failed to predict it independently. The reason the
results were different from those of this study may be attrib-
uted to the racial differences of the included patients and the
mutation rate; all patients were from the United States, with
a 25.2% mutation rate in the latter study. Thus, it is neces-
sary to conduct multi-ethnic and larger studies to explore the
relationship between tumor heterogeneity parameters and
EGFR mutations [22].

In this study, AUC of the metabolic and heterogeneity
parameters was analyzed using ROC curves, and the pre-
dictive efficacy of TLG was the highest. After multivariate
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analysis, SUVmax, SUVmean, and COV could predict
EGFR mutations, with the latter two having better predic-
tive efficacy than SUVmax, while MTV and TLG failed
to predict independently, which may be related to the
intrinsic characteristics of these parameters. SUVmean is
the average SUV within the ROI and reflects more meta-
bolic information. MTV and TLG tend to reflect the whole
tumor metabolism and are susceptible to FDG uptake and
tumor volume, whereas COV is unaffected by tumor vol-
ume. Zhang et al. [26] found that the AUCs of SUVmax
and SUVmean to identify EGFR mutations were 0.629
and 0.632, respectively, which is similar to the results of
the present study. Notably, the present study revealed that
the individual predictive efficacy of smoking history was
higher than that of SUVmax and SUVmean, with an AUC
of 0.711 for the former, and the individual predictive effi-
cacy of tumor location was lower, with an AUC of 0.620,
but both were lower than that of COV. This implies that the
metabolic parameters showed moderate predictive efficacy,
while tumor heterogeneity parameters showed superior pre-
dictive efficacy, suggesting that COV has potential applica-
tion value. Guo et al. [27] included 18 relevant pieces of
literature for meta-analysis, suggesting that SUVmax and
SUVmean showed moderate predictive ability for mutation,
supporting the results of this study. On combining these five
factors to construct a prediction model, the AUC reached
0.926, and the predictive efficacy was higher than that of
a single parameter. The corresponding sensitivity, speci-
ficity, positive predictive value, negative predictive value,
and percentage correct were 96.4%, 83.7%, 89.1%, 86.0%,
and 87.8%, respectively, indicating that the model has good
predictive efficacy and accuracy and can help guide EGFR-
mutant patients for EGFR-TKI-targeted therapy.

Some clinical characteristics were also included in this
study. As shown in most previous research, there were sig-
nificant differences in EGFR status among women, non-
smokers, and patients with adenocarcinoma. The maximum
tumor diameter (<3.4 cm) was significantly associated
with mutations, and similar results were observed in previ-
ous studies [13]. Liu et al. [28] showed that peripheral lung
cancer is prone to mutation, which is consistent with the
results of this study, indicating an association between tumor
location and internal metabolism. However, there have been
few studies involving this factor, and large-scale studies are
necessary to elucidate it. In addition, CT marginal signs
were not associated with mutations, which is consistent with
previously reported findings.

The novelty of this study lies in the synthesis of mul-
tiple metabolic and heterogeneity parameters of '*F-FDG
PET/CT and the modeling performed to provide additional
details regarding the intratumoral metabolic state. The study,
however, has some limitations. First, this was a retrospec-
tive study with a small sample size, which may have caused

selection bias. Furthermore, the small number of different
mutant subtypes makes it difficult to draw definite conclu-
sions. Second, other genetic alterations that may affect FDG
uptake, such as ALK rearrangement, have not yet been ana-
lyzed because of their rarity. Third, in view of the different
characteristic of the whole-body PET/CT scanning and gen-
eral CT plain scanning, the clarity of lung lesions in PET/CT
obtained is not as good as plain chest CT alone in practical
work, so ground glass opacities (GGO) has not been taken
into consideration to avoid the inaccuracy of its evaluation,
which may lead to inadequate research. However, the value
of GGO for the study of EGFR mutations cannot be denied
[29, 30], using a larger sample size to attempt to conduct
more related studies in the future is necessary. In addition,
the prediction model has not yet been validated, and the
prognosis remains unclear. Further exploration to consider
these deficiencies will be significant in the future.

In conclusion, this study showed that smoking history,
tumor location, SUVmax, SUVmean, and heterogeneity
parameter COV are independent predictors of EGFR muta-
tion, and combining them to build a model that demonstrated
better predictive efficacy is conducive to distinguishing the
mutation status of patients who fail to undergo EGFR testing
and guide EGFR-TKI-targeted therapy. Future prospective
and large-scale investigations are required to confirm the
predictive value of '®F-FDG PET/CT metabolism-related
information for EGFR mutations.
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