
Page 1/15

A Predictive Model of EGFR Mutation Status in Patients
with Lung Adenocarcinoma Based on PET/CT Metabolic
Indexes and Clinicopathological Variables
Yanlong Yang 

Shantou Central Hospital
Shuchen Shi 

Shantou Central Hospital
Qianzhun Huang 

Maoming People's Hospital
Wenzhao Zhong 

Guangdong Academy of Medical Sciences: Guangdong Provincial People's Hospital
Juntao Lin 

Guangdong Academy of Medical Sciences: Guangdong Provincial People's Hospital
Weichao Huang 

Shantou Central Hospital
Zizhe Li 

Shantou Central Hospital
Bin Lan  (  stlanbin2020@163.com )

Shantou Central Hospital

Research article

Keywords: Lung adenocarcinoma, EGFR, PET/CT, standardized uptake value, predictive model

Posted Date: December 1st, 2020

DOI: https://doi.org/10.21203/rs.3.rs-115858/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full
License

https://doi.org/10.21203/rs.3.rs-115858/v1
mailto:stlanbin2020@163.com
https://doi.org/10.21203/rs.3.rs-115858/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Purpose

The purpose of this study was to create a mathematical model based on the metabolic parameters of PET/CT
with clinicopathological characteristics to predict the EGFR mutation status of patients with lung
adenocarcinoma.

Methods

This study retrospectively enrolled patients with lung adenocarcinoma who underwent surgical treatment at two
centres in China between January 2012 and December 2015. PET/CT metabolic parameters and Classical EGFR
mutation status detection by molecular pathology were performed before and after surgery, and we analysed the
associations of EGFR mutation status with patient sex, age, smoking history, maximum primary lesion diameter,
carcinoembryonic antigen (CEA), neuron-speci�c enolase (NSE), cytokeratin 19 fragment (CYFRA21-1), TNM
stage and histopathological subtype of lung adenocarcinoma.

Results

A total of 310 patients were included, comprising 161 with EGFR mutations (51.9%) and 149 with wild-type EGFR
(48.1%). EGFR mutations were more common in females, non-smokers, and those with stage IV disease, a low
SUVmax, and ≤35 mm nodules, whereas wild-type EGFR was more common in males, smokers, and those with a
solid growth pattern. Multivariate analysis suggested that liver SUVratio, smoking history, tumour size, TNM
stage, and solid growth pattern can predict EGFR mutation status, and these factors were used to construct a
mathematical model.

Conclusion

The prediction model constructed in this study based on clinicopathological characteristics and PET/CT
parameters might offer a basis by which to predict Classical EGFR status and provide a certain reference value
for guiding the use of EGFR-tyrosine kinase inhibitor (EGFR-TKI) treatment in patients with lung adenocarcinoma.

1. Background
According to statistics from the World Health Organization, in 2018, lung cancer was the most common
malignant tumour (accounting for approximately 11.6% of all cancers) and ranked �rst in morbidity and mortality
[1]. As molecular biology research has progressed, people have begun to discover molecular pathways that drive
the occurrence of malignant tumours, the most prominent of which is epidermal growth factor receptor (EGFR) [2].
The 2014 PIONEER study showed that the EGFR mutation rate in patients with non-small cell lung cancer in China
is approximately 50% [3]. A series of clinical studies have con�rmed that EGFR- tyrosine kinase inhibitors (EGFR-
TKIs) have a signi�cant effect on patients with EGFR-mutated non-small cell lung cancer and can signi�cantly
prolong the progression-free survival (PFS) of these patients. Subsequently, EGFR-TKIs have been recommended
as the �rst-line treatment for patients with advanced lung cancer with EGFR mutations. Therefore, it is particularly
important to clarify the EGFR mutation status of such patients.
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The exon 19 deletion mutation and the L858R replacement mutation in exon 21 are the most common types of
EGFR mutations. Tissue biopsy is the gold standard for clarifying the patient's tissue subtype and molecular
subtype, but it is invasive and limited by the lesion location, surgeon’s operation technique, pathologist's level of
discriminating small specimens, patient's physical condition score, and detection delays[4, 5].Therefore, it is
imperative to �nd a simple and noninvasive method to predict the EGFR mutation status.

In recent years, noninvasive tumour metabolic imaging has been widely used in the diagnosis and treatment
evaluation of malignant tumours. The use of positron emission tomography/computed tomography (PET/CT) in
this context is based on the observation that glucose metabolism is increased in malignant tumour tissues– this
can be exploited by using a 18F-�uorodeoxyglucose (18F-FDG) tracer to highlight tumour cells with high
metabolism on the PET/CT image [6]. Moreover, patients with mutant EGFR show decreased expression of some
proteins related to glucose metabolism, for example resulting in the downregulation of the expression of glucose
transporter-1 (GLUT-1); this may cause patients with different EGFR statuses to show abnormal metabolic
indicators on PET/CT [7, 8]. This suggests that the metabolic index calculated from PET/CT may be used as a
noninvasive biological marker to indicate EGFR mutation status. We will test this hypothesis later.

The purpose of this study was to analyse the relationships of PET/CT metabolic parameters and general
clinicopathological characteristics with EGFR mutation status of patients with lung adenocarcinoma, and thereby
to create a mathematical model that incorporates the predictive factors.

Lung squamous cell carcinoma has been found to be signi�cantly different from lung adenocarcinoma in terms
of its metabolic characteristics [9]. The SUVmax value of lung squamous cell carcinoma is signi�cantly higher
than that of lung adenocarcinoma, and the EGFR mutation rate in lung squamous cell carcinoma patients is
extremely low, which may lead to a signi�cant increase in the SUVmax of patients with wild-type EGFR. Therefore,
all patients included in this study had lung adenocarcinoma.

2. Methods
2.1 Patients and inclusion criteria: This study retrospectively enrolled patients with lung cancer who underwent
lobectomy and sublobectomy (including lung wedge resection and segmental resection) at the Department of
Cardiothoracic Surgery of Shantou Central Hospital and the Lung Research Institute of Guangdong Provincial
People's Hospital from January 1, 2012, to December 31, 2015. This article is a retrospective study, so the
principle of patient informed consent is rejected. The inclusion criteria were as follows: (1) preoperative PET/CT
examination; (2) lung in�ltrating adenocarcinoma clearly identi�ed by postoperative pathology; and (3) known
EGFR mutation status. The exclusion criteria were as follows: (1) primary lesion diameter <1 cm or primary
lesions with ground-glass opacity (GGO); (2) any previous antitumour treatment before PET/CT; (3) history of
previous malignant tumours; (4) multiple primary lung cancers; and (5) diabetes with a blood sugar level not
controlled within the normal range. In recruited patients, we collected patient-related clinical data and PET/CT
imaging data, including sex, age, smoking status, carcinoembryonic antigen (CEA), neuron-speci�c enolase (NSE),
cytokeratin 19 fragment (CYFRA21-1), TNM stage, maximum tumour diameter, maximum standardized uptake
value (SUVmax) of the primary lesion, mediastinal SUVratio, and liver SUVratio. Tumour staging was based on the
International association for the Study of Lung Cancer (IASLC) 8th edition TNM lung cancer staging system.

2.2 18F-FDG PET/CT imaging method and image analysis: The patients underwent PET/CT imaging within 1
month before surgery. For PET/CT, the scan was performed using a Sensation Biograph Somatom 16 PET/CT
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scanner (Siemens Medical Solutions, Germany). Patients were required to fast for more than 4 h prior to the scan,
and blood glucose levels were required to be <8 mmol/L before receiving the injection of 18F-FDG. After an
intravenous injection of 18F-FDG (5.92 MBq/kg) for an hour, PET/CT images were acquired from the base of the
skull to the middle of the thigh. CT scans (voltage 120 kV, 50 mAs) for attenuation correction and anatomic
localization were acquired from the upper thigh to the base of the skull. Contrast-enhanced CT (CE-CT) scans
were conducted in the same position after the completion of the PET scan (120 kV, 140 mAs). Two senior nuclear
medicine physicians from Department of PET Center with >6 years of experience interpreted the PET/CT images.

On the PET image, the regions of the lungs with abnormally high metabolism were used to outline the region of
interest (ROI), and SUVmax = average ROI activity (MBq/ml)/injected dose [MBq/body weight (g)]. If there were
areas with no abnormally high metabolism on the image, the area corresponding to the lesion on the CT image
was selected as the ROI. The mediastinal blood pool SUVmax was measured in the main pulmonary artery, and
the hepatic blood pool SUVmax was measured in the parenchymal part of the liver. The ratio of the SUVmax to
the blood pool was used to control for technical differences between scans. SUVratio = SUVmax of the primary
tumour ROI/SUVmax of the mediastinal blood pool (or liver blood pool).

2.3 Histopathology and EGFR mutation status detection: Classical EGFR mutation include the deletion of exon 19
(19del) and the point mutation of L858R in exon 21, accounting for more than 85% of the entire EGFR mutation,
and these patients respond well to TKI drugs. Therefore, our study only included patients with classical EGFR
mutation. If classical EGFR mutation was detected, the tumour was identi�ed as an EGFR mutant, otherwise, the
tumour was identi�ed as EGFR wild type. The surgical specimens were evaluated by two senior pathologists with
6 years of experience and were clearly diagnosed as in�ltrating lung adenocarcinoma. According to the

international multidisciplinary classi�cation standard of lung adenocarcinoma established by the IASLC,
American Thoracic Society (ATS) and European Respiratory Society (ERS) in 2011, the invasive adenocarcinoma
subtypes were classi�ed as follows: 1. adherent growth pattern (nonmucinous bronchioloalveolar carcinoma
(BAC) in the original classi�cation standard, and diameter ≥5 mm); 2. acinar-like growth pattern; 3. papillary
growth pattern; 4. micropapillary shape growth pattern; 5. solid growth pattern; and 6. variants of lung
adenocarcinoma (including mucinous adenocarcinoma, colloid carcinoma, intestinal adenocarcinoma, and foetal
adenocarcinoma). EGFR mutation status was detected using the ampli�cation refractory mutation system
(ARMS) method, after speci�c primers and probes are combined with the DNA template, Taq DNA polymerase
uses deoxynucleotide (dNTP) as the substrate. The internal reference gene and the mutant gene in speci�c
regions of exons 19 and 21 of the EGFR gene were ampli�ed in vitro. The �uorescence is released by hydrolysis of
speci�c probes, and the progress of the PCR reaction is monitored to determine the EGFR gene mutation.

2.4 Statistical methods: All data were statistically analysed using SPSS 21.0 and MedCalc 18.9.1 software. An
independent sample t-test was used to compare continuous variables between EGFR mutant and EGFR wild type,
including primary lesion SUVmax, age, and maximum tumour diameter. Continuous variables are reported as the
mean ± standard deviation. The Mann-Whitney U test was used to compare nonnormally distributed continuous
variables, including CEA, NSE, and CYFRA21-1. The chi-square test and Fisher’s exact test were used to compare
categorical variables, including sex, smoking status, TNM stage, and pathological subtype. The assignment of
categorical variables is shown in Table 1. Receiver operating characteristic (ROC) curves were created for
variables with P<0.1 in univariate analysis, and the intercept values of the continuous variables were obtained. In
multivariate analysis, the variables with P<0.1 were included in the binary logistic regression (LR) analysis, and
the forward LR and backward LR distributions were used to identify effective variables for predicting EGFR



Page 5/15

mutation status. Based on the results of the binary logistic regression analysis, a mathematical model for
predicting EGFR mutation was created. A ROC curve was created, and the area under the curve (AUC) was
calculated to evaluate the predictive value of the model. P ≤0.05 indicates statistical signi�cance.

Table 1 Assignment table of categorical variables.

Categorical
variables

Assignment method

Sex Male=1, female=0

Smoking history Smoker = 1, Non-smoker = 0

Pathological
adenocarcinoma
subtype

Adherent growth pattern = 1, Acinar-like growth pattern = 2, Papillary growth pattern = 3,
Micropapillary shape growth pattern = 4, Solid growth pattern = 5, Variants of lung
adenocarcinoma = 6

TNM staging Stage I = 1, Stage II = 2,  Stage III = 3   Stage IV = 4

EGFR mutation
status

EGFR mutant = 1  EGFR wild type=0

EGFR mutation
site

EGFR wild type=0 EGFR19 exon mutations = 1  EGFR21 exon mutations = 2

3. Results
3.1 Analysis of EGFR mutation status: Of the 310 patients enrolled, 149 (48.1%) had wild-type EGFR; of the
remaining 161 (51.9%) with EGFR mutations, 84 (52.2%) had EGFR21 exon mutations, and 65 (40.4%) had
EGFR19 exon mutations. The associations of categorical and numerical clinical variables with EFGR mutation
status are shown in Tables 2 and 3, respectively. The EGFR mutation rate was higher in female patients than in
male patients (65.2% vs. 40.8%, odds ratio (OR) =2.721, P=0.000) and higher in non-smokers than in smokers
(65.3% vs.30.8%, OR =4.215, P= 0.000). The ROC curve shows that the cutoff point of the largest tumour diameter
in each patient was 35 mm, and the calculated AUC was 0.629 (95% con�dence interval (CI), 0.573-0.683). The
EGFR mutation rate in patients in which the largest tumour diameter ≤35 mm was greater than that in patients
with largest tumour diameter >35 mm (32.7% vs. 61.2%, OR value=0.307, P=0.000). There was no statistically
signi�cant difference in age according to presence of EGFR mutation (P=0.532). The EGFR mutation rates among
TNM stage I, II, III, and IV tumours was no signi�cant difference (P=0.068), which were 55.2%, 44.3%, 44.6%, and
73.7%, respectively. But there was a signi�cant difference between stages II and IV (P=0.025). The EGFR mutation
rates of the acinar-like growth pattern and papillary-like growth pattern did not signi�cantly differ, but were higher
than that of the solid growth pattern (P=0.000). All variants of invasive adenocarcinoma had wild-type EGFR.

Table 2 Associations of categorical clinical variables and SUVmax with EGFR mutation status.
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Variable Mutated
EGFR,n (%)

Wild-type
EGFR,n (%)

P
value

2 OR
value

95% CI

Lower
limit

Upper
limit

Sex     0.000 18.363 2.721 1.713 4.323

Female 92 (65.2) 49 (34.8)          

Male 69 (40.8) 100 (59.2)          

Smoking history     0.000 34.926 4.215 2.584 6.874

No 124 (65.3) 66 (34.7)          

Yes 37 (30.8) 83 (69.2)          

TNM staging     0.068 7.118      

I 91 (55.2) 74 (44.8)          

II 27 (44.3) 34 (55.7)          

III 29 (44.6) 36 (55.4)          

IV 14 (73.7) 5 (26.3)          

Maximum primary tumour
diameter (mm)

    0.000 22.267 0.307 0.186 0.506

>35 33 (32.7) 68 (67.3)          

≤35 128 (61.2) 81 (38.8)          

CEA (μg/l)     0.000 20.032 0.332 0.203 0.542

>2.53 75 (40.5) 110 (59.5)          

≤2.53 76 (67.3) 37 (32.7)          

NSE (μg/l)     0.017 5.686 0.564 0.352 0.905

>16.09 50 (41.7) 70 (58.3)          

≤16.09 95 (55.9) 75 (44.1)          

CYFRA21-1 (μg/l)     0.038 0.608 0.608 0.379 0.974

>2.55 75 (44.6) 93 (55.4)          

≤2.55 69 (57) 52 (43)          

Pathological
adenocarcinoma subtype

    0.000 44.786      

Adherent growth pattern 6 (66.7) 3 (33.3)          

Acinar-like growth pattern 127 (62.6) 76 (37.4)          

Papillary growth pattern 10 (66.7) 5 (33.3)          

Micropapillary shape growth 1 (50) 1 (50)          
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pattern

Solid growth pattern 13 (21.7) 47 (78.3)          

Variants of lung
adenocarcinoma

0 (0) 9 (100)          

Primary SUVmax     0.000 19.737 0.345 0.214 0.555

>5.3 78 (41.7) 109 (58.3)          

≤5.3 83 (67.5) 40 (32.5)          

Mediastinal SUVratio     0.000 12.818 0.415 0.255 0.674

>3.1 59 (40.7) 86 (59.3)          

≤3.1 81 (62.3) 49 (37.7)          

Liver SUVratio     0.000 24.124 0.196 0.098 0.392

>4.1 12 (21.8) 44 (78.2)          

≤4.1 128 (58.2) 92 (41.8)          

Next, the factors related to EGFR19 exon mutations and EGFR21 exon mutations were analysed. For EGFR19
exon mutations, there were no statistically signi�cant differences in the mutation rates between sexes or between
smokers and non-smokers. The mutation rate of the EGFR19 exon was signi�cantly different between tumours
with a maximum primary lesion diameter ≤ or > 35 mm (25.4% vs. 11.9%, P=0.006) or between primary lesions
with an SUVmax ≤ 5.3 or > 5.3 (24.4% vs. 18.7%, P=0.23). There was no signi�cant difference in the EGFR19 exon
mutation rate according to TNM stage. For EGFR21 exon mutations, the mutation rates signi�cantly differed
between sexes (18.9% vs. 36.9%, P=0.000), and smokers had a signi�cantly higher EGFR21 exon mutation rate
than non-smokers (15% vs. 34.7%, P=0.000). The mutation rate of the EGFR21 exon was signi�cantly different
between tumours with a maximum primary lesion diameter ≤ 35 mm or > 35 mm (32.5% vs. 15.8%, P=0.002) and
between primary lesions with an SUVmax ≤5.3 or > 5.3 (32.2% vs. 19.8%, P=0.000). There was no signi�cant
difference in the EGFR21 exon mutation rate according to TNM stage.

Table 3 Associations of numerical clinical variables with EGFR mutation status.
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Variable Mutated EGFR Wild-type EGFR t
value

Z
value

P
value

Age 61.18±9.32 60.47±10.7 0.626 - 0.532

Primary tumour SUVmax,
mean±sd

8.18±4.32 5.88±3.41 5.162 - 0.000

Mediastinal SUVratio, mean±sd 4.54±2.64 3.23±2 4.657 - 0.000

Liver SUVratio, mean±sd 3.28±2 2.28±3.14 4.890 - 0.000

Maximum

primary tumour diameter,
mean±sd

35.19±16.136 27.83±10.011 4.778 - 0.000

CEA (μg/l), median 4.49      0.78-
318.6)

2.53       0.4-
206.95)

- -3.456 0.001

NSE (μg/l), median 15.85     3.44-
46.76)

15.09     9.68-
58.48)

- -1.677 0.094

CYFRA21-1 (μg/l), median 2.86    0.79-24.6) 2.62      1.03-10.78) - -2.079 0.038

3.2 Relationship between PET/CT metabolic parameters and EGFR mutation status: The primary lesion SUVmax,
mediastinal SUVratio, and liver SUVratio were signi�cantly lower in patients with EGFR mutations than in those
with wild-type EGFR (all P=0.000; Table 2). Speci�cally, the EGFR mutation rate in patients with an SUVmax ≤5.3
was higher than that in patients with an SUVmax >5.3 (61.5% vs 41.7%, OR value=0.345). The mutation rate in
patients with a mediastinum SUVratio ≤3.1 was higher than that in patients with mediastinal SUVratio >3.1
(62.3% vs 40.7%, OR value=0.415). The mutation rate in patients with a liver SUVratio ≤ 4.1 was higher than that
in patients with a liver SUVratio >4.1 (58.2% vs 21.4%, OR value=0.196). There were no signi�cant differences in
the AUCs of SUVmax, mediastinal SUVratio, and liver SUVratio according to presence of EGFR mutation (Figure
1a).

3.3 Multivariate analysis to identify predictors of EGFR mutation status: Multivariate analysis showed that no
history of smoking, maximum primary lesion diameter ≤35 mm, pathological adenocarcinoma subtype (including
adherent growth pattern, acinar-like growth pattern and papillary-like growth pattern), TNM stage IV, and liver
SUVratio ≤ 4.1 were signi�cant predictors of Classical EGFR mutation (Table 4).

Table 4 Multivariate analysis of clinical data, PET/CT metabolic parameters, pathological subtypes of
adenocarcinoma, and EGFR mutation status.
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Variable Regression
coe�cient

OR 95% CI P value

Lower
limit

Upper
limit

Smoking history -1.22939 0.2727 0.1455 0.5109 <0.0001

Maximum

primary tumour diameter ≤35 mm

1.06846 2.9109 1.3874 6.1074 0.0047

Pathological adenocarcinoma
subtype

         

Acinar-like growth pattern 1.82264 6.1882 2.8017 13.668 <0.0001

Papillary-like growth pattern 2.21125 9.1271 1.9684 42.3197 0.0047

TNM stage          

IV 2.37914 10.7957 2.243 51.9593 0.003

Liver SUVratio ≤4.1 1.30669 3.6939 1.4604 9.3438 0.0058

Constant -2.85978       <0.0001

3.4 Mathematical model:

Based on the results of the multivariate analysis, the following formula was used to establish the mathematical
model for predicting the probably of the presence of EGFR mutation: P=ex/(1+ex), =-2.85978-(1.22939×smoking
history)+(1.06846×diameter)+(1.82264×acinar growth pattern)+(2.21125 × papillary growth pattern) + (2.37914 ×
stage IV) + (1.30669 × liver SUVratio), where e is the natural logarithm. Primary tumour diameter ≤35 mm means
1, otherwise means 0. Liver SUVratio ≤ 4.1 means 1, otherwise means 0.

ROC curves of one factor (smoking history), two factors (smoking history + liver SUVratio), three factors (smoking
history + liver SUVratio + adenocarcinoma pathological subtype), four factors (smoking history + liver SUVratio +
adenocarcinoma pathological subtype + maximum diameter of primary lesion), and �ve factors (smoking history
+ liver SUVratio + adenocarcinoma pathological subtype + primary lesion maximum diameter + TNM stage) for
predicting EGFR mutation status were created, and the AUCs were compared (Figure 1b and Table 5).

Table 5 Fitting degree of the mathematical model for predicting EGFR mutation status.

  AUC Sensitivity Speci�city 95% CI Goodness-of-�t
test

Cox&Snell Negelkerke

        Lower
limit

Upper
limit

2 P
value

R2 R2

5
factors

0.82 62.1 82.64 0.766 0.866 5.8165 0.4441 0.3087 0.4116

4. Discussion
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EGFR-TKIs have a signi�cant effect on patients with EGFR-mutated non-small cell lung cancer and can
signi�cantly prolong progression-free survival (PFS) in patients [10]. As such, EGFR-TKIs have been used in �rst-
line treatment in advanced non-small cell lung cancer patients with positive EGFR mutations. Therefore, to guide
treatment decisions, it is imperative to �nd a simple and non-invasive method to predict the mutation status of
EGFR. This study retrospectively analysed the association between PET/CT metabolic parameters and EGFR
mutation status in patients with lung adenocarcinoma, identi�ed that liver SUVmax ratio, adenocarcinoma
subtype, tumour diameter, TNM stage and smoking history were associated with EGFR mutation status, and
created a mathematical model based on these factors.

Our results con�rmed that the primary tumour SUVmax, mediastinal SUVratio, and liver SUVratio were all
negatively correlated with the EGFR mutation rate. Several previous studies have discussed the association
between SUVmax and EGFR mutations, but the results are quite different. Among them, 8 studies showed that low
SUVmax measurements can indicate EGFR mutations, similar to the results of this study [7,11,12,13-17].
Conversely, two studies pointed out that high SUVmax measurements suggest EGFR mutations [18,19]. Four
further studies showed that the SUVmax is not associated with EGFR mutation status [20,21,22,23]. These
differences may be because SUVmax is a semiquantitative indicator that can vary with FDG dose, blood glucose
level, PET/CT scan time, fasting time, and ROI parameters. Therefore, SUVratio is added in this study to reduced
errors.

Studies have shown that the lung adenocarcinoma subtype may be used as a predictor of EGFR mutations to
guide EGFR-TKI treatment. Correspondingly, our multivariate regression analysis showed that the
adenocarcinoma subtype and EGFR mutation status were signi�cantly related, and we found that EGFR
mutations were more common in lesions with adherent growth, acinar growth, and papillary growth patterns.
Solid growth was the most common growth pattern in wild-type EGFR lesions, and invasive adenocarcinoma
rarely exhibited EGFR mutations, which is basically consistent with another study [24]. Unlike that study, however,
only solid nodules with a tumour diameter ≥10 mm were included in this study, and in the enrolment process, the
main adenocarcinoma subtype on CT was ground-glass nodules. However, GGO lesions have poor glucose
uptake and often show false-negative results on 18F-FDG PET/CT examinations, so patients with GGO lesions
were not included in this study.

Lesion size was also an important factor. In this study, all patients had solid lung nodules ≥10 mm. The
statistical analysis of the ROC curve showed that a maximum tumour diameter of 35 mm was the cutoff point,
and tumours with smaller diameters (≤35 mm) had a higher EGFR mutation rate than those with larger tumours,
which is consistent with previous �ndings [25]. The results of this study suggest that patients with stage IV
disease according to the TNM staging guidelines have a higher mutation rate, which is inconsistent with previous
research [26], but the number of cases was small, and there may have been selection bias. Finally, univariate
analysis showed that the EGFR mutation rate in non-smokers was higher than that in smokers which is
consistent with another study[27,28].

Compared with the prediction model that appeared in the previous study, the model created in this study added
Liver SUVratio and mediastinal SUVratio for comparison to eliminate errors caused by factors such as 18F-FDG
injection dose, patient's blood glucose level, scan time and other factors during scanning. Sensitivity and
speci�city reached 62.1 and 82.64 respectively.
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Different EGFR mutation types may affect downstream signalling pathways in different ways, leading to different
responses to EGFR-TKI treatment [29]. In this study, exon 19 and exon 21 mutations occurred in basically equal
proportions, and the difference in SUVmax was nonsigni�cant. However, we found that clinical factors have
different predictive values for EGFR19 exon mutations and EGFR21 exon mutations. Speci�cally, sex and
smoking status failed to predict the mutation status of the EGFR19 exon but predicted signi�cant differences in
that of the EGFR21 exon. Patients with different EGFR mutation sites also had different clinicopathological
characteristics: female patients and non-smokers often had EGFR21 exon mutations, and small nodules were
often associated with EGFR19 exon mutations.

5. Conclusion
In summary, we created a model based on �ve factors: smoking history, tumour diameter, TNM staging,
adenocarcinoma subtype and liver SUVratio, which can effectively predict the status of EGFR mutations in
patients with lung adenocarcinoma. It shows the feasibility of using imaging and clinical pathological data to
predict the classic EGFR mutation status of patients, and provides clinical reference for guiding treatment
decisions.
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Figure 1

a: The ROC curve of PET/CT metabolic parameters for predicting EGFR mutations. b: ROC curves of different
numbers of predictors.


