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Purpose: Although patients with primary and acquired epidermal growth factor receptor 
(EGFR) T790M positive non-small-cell lung cancer (NSCLC) respond to osimertinib treat-
ment, the optimal treatment strategy differs for these two groups of patients. This study 
aimed to compare the clinicopathologic and computed tomography (CT) imaging character-
istics between primary and acquired EGFR T790M mutations in patients with NSCLC before 
treatment.
Patients and Methods: We enrolled two groups of patients with primary or acquired 
EGFR T790M mutation NSCLC (n = 103 per group) from January 2012 to December 2019. 
We analyzed their clinicopathologic and CT characteristics and differences between the 
groups. The groups were further categorized based on 21L858R and 19del to exclude the 
effect of coexistent mutations.
Results: Primary, compared to acquired, T790M mutation tends to coexist with 21L858R (P 
< 0.001), exhibiting earlier tumor stage (P < 0.001), higher differentiation (P = 0.029), higher 
proportion of lepidic subtype adenocarcinoma (P < 0.001), and significant associations with 
some CT features (multiple primary lung cancers, ground-glass opacity, air bronchogram, 
and vacuole sign [all P < 0.001]). The combined model, composed of clinicopathologic and 
conventional CT signature and CT-radiomic signature, showed good discriminative ability 
with the area under the receiver operating characteristic curve 0.90 and 0.91 in the training 
and validation datasets, respectively. The T790M mutation contributed to these differences 
independently of coexistent mutations.
Conclusion: We identified clinicopathologic and CT imaging differences between primary 
and acquired T790M mutations. These findings provide insights into developing future 
personalized T790M mutation status-based theranostic strategies.
Keywords: non-small-cell lung cancer, T790M mutation, osimertinib, clinicopathologic 
characteristic, computed tomography

Introduction
Non-small-cell lung cancer (NSCLC) accounts for approximately 85% of all lung 
cancer cases and is the leading cause of cancer-related deaths worldwide.1 Over the 
last two decades, the discovery of oncogenic alterations and targeted therapeutic 
agent applications have greatly improved the survival of patients with NSCLC.2 

Epidermal growth factor receptor (EGFR) mutation is the most common gene 
alteration, with a frequency of 47.9% in Asian patients with NSCLC.3,4 The 
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small deletion in exon 19 and the single amino acid sub-
stitution L858R in exon 21, both of which are activating 
mutations, account for 85% of all EGFR mutations.5,6 At 
present, first- and second-generation tyrosine kinase inhi-
bitors (TKIs), such as gefitinib and afatinib, serve as 
standard first-line treatments for patients with these acti-
vating mutations;7–9 however, most patients acquire resis-
tance within 10–14 months after initial treatment.10 

Approximately half of all resistant tumors develop an 
EGFR T790M point mutation within exon 20, thereby 
preventing effective inhibition by EGFR-TKIs.11 In addi-
tion to the acquired T790M mutation, primary T790M 
mutation is occasionally detected in TKI-naive patients 
with NSCLC during routine mutation testing.12 Similar 
to those with acquired mutations, patients with primary 
T790M mutation have poor responses to first- or second- 
generation TKIs.13–15

Osimertinib has been approved as the front-line ther-
apy for patients with advanced NSCLC with EGFR muta-
tion. It has promising effects in T790M-positive patients 
who have progressed from reversible EGFR-TKI 
treatments16 and is also effective in patients with primary 
T790M mutation.17,18 Although patients with primary and 
acquired EGFR T790M mutation NSCLC respond well to 
OSIMERTINIB, the optimal treatment strategy differs for these 
two groups of patients.17–20 A sequencing strategy of the 
first- or second-generation TKIs followed by osimertinib 
could offer sustained clinical benefit in patients with 
acquired EGFR T790M mutation NSCLC;19,20 however, 
for patients with primary T790M positive NSCLC, osimer-
tinib may be the first-choice TKI.17,18 Thus, timely and 
accurate diagnosis of T790M mutation is critical for phy-
sicians to select appropriate patients for improved treat-
ment outcomes.

Tissue biopsy is considered the standard procedure for 
molecular genotyping, but it has several limitations, 
including procedural invasiveness and the risk of false- 
negative results due to tumor heterogeneity or low tumor 
cellularity. Liquid biopsies are an important complement 
to tissue biopsies, with the plasma circulating tumor DNA 
(ctDNA) test having been approved for EGFR T790M 
detection.21 However, ctDNA analysis is technically chal-
lenging, requiring both sensitivity and accuracy. It is desir-
able to extract the features of T790M mutations from 
conventional clinical and imaging data to assist existing 
detection methods; however, little is known regarding the 
conventional clinical and radiological characteristics of 
patients with primary T790M mutations and how these 

differ from acquired T790M mutations before TKI targeted 
therapy.

In this study, we aimed to retrospectively analyze the 
clinicopathologic features and computed tomography (CT) 
imaging characteristics of patients with primary and 
acquired T790M mutations identified through routine clin-
ical molecular testing prior to TKI administration, also 
exploring the distinct differences between them. In addi-
tion, we introduced CT radiomics22 and examined its 
usefulness in detecting the T790M mutation.

Materials and Methods
This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and was approved by 
the Institutional Ethics Committee of the Cancer Hospital, 
Chinese Academy of Medical Sciences (No. 
NCC2017ZDY-03); written informed consent was waived 
due to anonymous data analysis.

Patients
In total, the data of 11,957 TKI-naive patients with EGFR- 
positive NSCLC were retrieved from the Pathology 
Department data system of the Cancer Hospital, Chinese 
Academy of Medical Sciences between January 2012 and 
December 2019. The inclusion criteria were 1) contrast- 
enhanced CT performed within 4 weeks before surgery or 
biopsy, 2) cancer lesions that could be measured and 
delineated, and 3) presence of a T790M mutation before 
treatment or after progressing from first- or second- 
generation TKIs (Supplemental Figure 1). When multiple 
primary lung cancers were present, the lesion undergoing 
biopsy was included, and if no direct genetic testing had 
been conducted on the lung cancer lesion, the largest lung 
cancer lesion was included. Since the incidence of 
acquired T790M mutations is much higher than that of 
primary mutations, we only enrolled consecutive patients 
with acquired T790M mutations with the same number of 
primary mutations in a chronological order.

Pathological Diagnosis and EGFR 
Mutation Detection
Histopathology and molecular pathology data were 
retrieved from the Pathology Department data system in 
our hospital. Routinely, two experienced pathologists (at 
least one with more than 20 years of pathological diag-
nosis experience) performed all histological preparations 
and analyses. Any disagreement was discussed and 
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resolved by a mutual consensus or after consultation with 
a third pathologist.

Approaches to Obtain Pathological Specimens
The approaches for obtaining pathological diagnostic 
specimens are listed in Supplemental Table 1. All 
patients underwent pathological investigation before 
TKI-treatment. Patients with an acquired T790M muta-
tion were re-biopsied following resistance to first- 
or second-generation EGFR-TKIs. The biopsy method 
was determined by the physician according to the 
patient’s condition, including surgical operation sample, 
CT-guided lung biopsy, endobronchial ultrasound 
(EBUS) or bronchofibroscopy biopsy, axilla, supraclavi-
cular or cervical lymph node biopsy, other solid organ 
(chest wall, liver, adrenal gland) biopsy, plasma ctDNA 
detection, pleural fluid ctDNA detection, and cerebrosp-
inal fluid ctDNA detection. Eight patients underwent re- 
biopsy twice or more to confirm their mutation status 
(four patients underwent plasma circulating tumor DNA 
detection 2–3 times until testing positive, one underwent 
US-guided supraclavicular lymph node biopsy, two 
underwent CT-guided lung biopsy following a T790M 
mutation-negative plasma ctDNA detection result, and 
one underwent a CT-guided lung biopsy following 
a T790M mutation-negative pleural fluid ctDNA detec-
tion result). If a result was T790M mutation-positive, the 
patient was considered to have T790M mutation positiv-
ity, and the first T790M-positive biopsy method was 
recorded.

Pathological Diagnosis
Two pathologists diagnosed lung cancer and determined 
the adenocarcinoma subtype according to the 2011 
International Association for the Study of Lung Cancer/ 
American Thoracic Society/European Respiratory Society 
international multidisciplinary lung adenocarcinoma 
criteria.23 Pathological types were determined according 
to predominant pathological components, including acinar, 
lepidic, papillary, micropapillary, and solid contents. The 
analysis also included other adenocarcinoma subtype com-
ponents, which account for more than 5%, thereby avoid-
ing the omission of components (such as solid type and 
micropapillary type) that represent a small proportion but 
have great effects on the patient’s prognosis.

EGFR Mutation Detection
For surgical operative and biopsy specimens, we analyzed 
EGFR mutations from exons 18 to 21 using commercial 

Human EGFR/KRAS Gene Mutation Detection Kits 
(Beijing, ACCB, Biotech Ltd., China), which were 
approved by the China Food and Drug Administration 
for clinical mutation detection with a sensitivity of 1%. 
The kits consist of a quantitative reverse-transcription 
polymerase chain reaction platform combining amplifica-
tion refractory mutation system (ARMS) primers and 
TaqMan probes. Next-generation sequencing (NGS) was 
used to detect mutations in the ctDNA of plasma, pleural 
fluid, and cerebrospinal fluid. These two detection meth-
ods have been described in detail in previous studies.18,24

Conventional CT Imaging Assessment
All CT scans were obtained using 64-detector row scan-
ners (LightSpeed VCT, Discovery CT750 HD, Optima 
CT660, or Revolution CT, General Electric Medical 
Systems; Toshiba Aquilion, Toshiba Medical Systems; 
Definition Edge, Siemens Medical Systems) at full inspira-
tion. The CT parameters were as follows: tube voltage, 
Definition Edge, 100 kVp; other scanners, 120 kVp; auto 
mA settings (tube current, 200–350 mA; noise index, 13; 
pitch, 0.992 or 0.984; rotation time, 0.5 s; thickness, 
5 mm). Reconstruction thickness was 1.25 or 1.0 mm, 
and the intervals were 0.8 mm using a standard reconstruc-
tion algorithm. The contrast material was iopromide, 
injected intravenously (iodine concentration, 300 mg/mL) 
at a dose of 80–90 mL and a flow rate of 2.5 mL/s; images 
were obtained 35 s after intravenous injection. All axial 
and multiplanar reconstruction CT images were reviewed 
in picture archiving and communication system (PACS) 
using mediastinal (width, 360 HU; level, 50 HU), lung 
(width, 1500 HU; level, −650 HU), and bone (width, 1600 
HU; level, 500 HU) window settings.

Two radiologists (with 5 and 20 years of experience in 
chest CT, respectively) analyzed chest CT images before 
cancer treatment. The morphological characteristics of 
tumor lesions, including the longest and short-axis dia-
meter in the same section of the tumor, the presence of 
ground-glass opacity (GGO), lobulation, spiculation, air 
bronchogram, vacuole sign, vessel convergence, pleura 
abutting, pleural tag, and central or peripheral location, 
were evaluated.25 Spiculation was defined as the presence 
of linear lines, approximately 2 mm thick, extending from 
the tumor margin.26 Multiple primary lung cancers were 
identified by referring to the patient’s medical records and 
pathological reports, and reviewing a series of CT 
images.27,28 The presence of pleural effusion and meta-
static sites was also evaluated using abdominal CT, brain 
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magnetic resonance imaging, and fluorodeoxyglucose 
(FDG)-positron emission tomography/CT. All radiologists 
were blinded to both clinical and histological findings. 
Disagreements were resolved through consultation with 
a third radiologist.

CT Radiomic Analysis
The quantitative CT radiomic workflow is shown in 
Supplemental Figure 2. All images were resampled to 
a voxel size of 1×1 × 1 mm3 using Artificial Intelligence Kit 
software (AK software; GE Healthcare, Beijing, China). 
Tumor regions of interest were semi-automatically segmented 
on processed axial enhanced CT images using ITK-SNAP 3.6 
software (http://www.itksnap.org) by a junior radiologist and 
then validated by a senior radiologist.

In total, 1316 radiomic features were extracted for each 
lesion from the CT images using AK software based on the 
open-source Pyradiomics Python package, including 18 first- 
order histograms, 24 gray-level co-occurrence matrices, 14 
shapes, 14 gray-level dependence matrices, 16 gray-level size- 
zone matrices, 16 gray-level run-length matrices, 744 wave-
lets, 5 neighboring gray-tone difference matrices, 186 
Gaussian (LoGsiama = 2.0/3.0), and 279 local binary pattern 
features. We used two feature selection methods, 1) minimum 
redundancy maximum relevance and 2) least absolute shrink-
age and selection operator, the former of which was first 
performed to simultaneously select highly predictive but 
uncorrelated features based on their relevance–redundancy 
index-based ranking.29 Next, least absolute shrinkage and 
selection operator was used to select the optimized subset of 
features and evaluate their corresponding coefficients.30 The 
predictive model and rad-score were obtained using 10-fold 
cross-validation to perform logistic linear regression of the 
selected features in a linear combination weighted by their 
respective coefficients, and repeated 10 times.

Statistical Analysis
Continuous data that fitted the normal distribution are 
expressed as mean ± standard deviation, while continuous 
data that did not fit the normal distribution are expressed as 
median (range). Categorical data are presented as numbers 
(percentages). Univariate analyses were performed to assess 
the difference in clinical, pathological, and CT imaging char-
acteristics between patients with primary and acquired 
T790M mutations. The Mann–Whitney U-test was used for 
continuous variables and Pearson’s chi-square test or Fisher’s 
exact test were used for categorical variables. A multivariate 
logistic analysis was used to analyze the independent 

influencing factors that discriminate between primary and 
acquired T790M mutations; odds ratios (ORs) were also 
calculated. Significant (P < 0.05) variables in the univariate 
analyses were included in the multivariate analysis following 
the stepwise selection method.

The quantitative CT radiomic signature or rad-score 
was calculated by linearly fitting selected radiomic fea-
tures after weighing them according to their respective 
coefficient using logistic regression; this was compared 
using Wilcoxon’s rank-sum test.

To determine the additional value of the quantitative CT 
radiomic signature, compared to conventional clinical and 
CT imaging features, we developed and compared three 
multifactor models, namely, clinical signature (identified by 
multivariate logistic analysis of general clinical, pathologic, 
and conventional imaging features), radiomic signature, and 
the combined model. Patients (206 in total) were randomly 
divided into training and validation datasets at a 7:3 ratio. 
The area under the receiver operating characteristic curve 
(AUC), accuracy, sensitivity, and specificity were used to 
evaluate the performance of the three models in the valida-
tion dataset. The calibration curve and Hosmer–Lemeshow 
test were used to assess the calibration and goodness-of-fit of 
the combined model.31 Decision curve analysis (DCA) was 
conducted to independently evaluate the clinical value of the 
three models based on the calculation of the net benefit for 
patients at each threshold probability. By comparing to all or 
no strategies, the best model was selected according to the 
highest calculated net benefit.

In addition, since primary and acquired T790M muta-
tions often coexisted with exon 21 and 19, respectively, we 
performed a further subgroup analysis of patients with 
21L858R and 19del mutations, to verify that the differ-
ences between the two groups were not caused by the 
inherent differences between 21L858R and 19del.

All statistical analyses in the present study were performed 
using R (https://mran.microsoft.com; version 3.5.1) and 
Python (https://www.python.org; version 3.5.6). Statistical sig-
nificance was defined as a two-tailed P-value < 0.05.

Results
Clinicopathologic and Conventional CT 
Imaging Characteristics
Of the 11,957 TKI-naive patients with EGFR-positive 
NSCLC, 125 had primary T790M mutation, accounting 
for 1.05% of the entire EGFR mutation spectrum. After 
excluding 8 patients who had not undergone CT 
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examination in our hospital before treatment, 9 patients 
who had undergone non-enhanced CT examination, 2 
patients who had CT images with heavy artifacts that 
affected observation, 2 patients who had lesions that 
were indistinguishable from the surrounding atelectasis, 
and 1 patient for whom it was difficult to determine the 
primary tumor, 103 patients with primary T790M mutation 
were included. According to the ratio of 1:1 to the primary 
mutation, 103 eligible patients with acquired T790M muta-
tion detected after first- or second-generation EGFR-TKI 
treatment were included in a chronological order.

The clinicopathologic characteristics of all patients with 
EGFR T790M mutation are summarized in Table 1. Among all 
patients, the median age was 59 years (interquartile range, 52– 
66 years), 58.25% were females and 72.33% were nonsmo-
kers. In this study, patients with a primary T790M mutation 
were more likely to have multiple primary lung cancers (P < 
0.001) and an earlier stage of disease (P < 0.001). The T790M 
mutation was almost always present in adenocarcinoma (201/ 
206), generally coexisting with other mutations in EGFR exons 
18, 19, or 21. Of 103 patients with primary T790M mutation, 
78 (75.73%) and 18 (17.48%) had 21L858R and deletions in 
exon 19, respectively, whereas 71 (68.93%) and 32 (31.07%) 
acquired T790M mutations coexisted with 19del and 21L858R, 
respectively; and rare mutations were relatively common in 
primary T790M mutations (P < 0.001). Among the 168 ade-
nocarcinomas for which the differentiation degree was avail-
able in the Pathology Department data system, highly 
differentiated adenocarcinoma had a higher proportion of pri-
mary, rather than acquired, T790M mutations (23.96% vs 
8.33%, P = 0.029). Among the 133 adenocarcinomas for 
which subtypes were available in the Pathology Department 
data system, the histological subtypes of the two groups were 
significantly different (P = 0.01, Table 2). Acinar-predominant 
adenocarcinoma was the most common subtype in both 
groups; lepidic-predominant adenocarcinoma was found only 
in the primary T790M mutation group, while the proportion of 
other predominant adenocarcinoma subtypes was higher in the 
acquired mutation group. Regarding the components of other 
>5% adenocarcinoma subtypes, the presence of a lepidic com-
ponent (P < 0.001) was more common in primary T790M 
mutation, while the presence of a solid component (P = 
0.018) was more common in acquired mutation.

Initial baseline conventional CT morphologic charac-
teristics are presented in Table 3. Consistent with tumor 
stage, tumors in the acquired mutation group were larger 
(P < 0.001), and pleural effusions (P = 0.001) were more 
common. Among other CT morphological characteristics, 

the presence of GGO (P < 0.001) and air bronchogram (P 
< 0.001) were significantly more frequent in patients with 
primary T790M mutation, while pleura attachment (P = 
0.019) was more frequent in patients with acquired T790M 
mutation (Figure 1).

In the multivariable logistic analysis of conventional 
clinicopathologic and CT morphologic characteristics, 
multiple primary lung cancers (OR, 0.41; 95% confidence 
interval [CI]: 0.14, 1.21; P = 0.11), initial EGFR profile 
(OR, 0.11; 95% CI: 0.04, 0.25; P < 0.001), air broncho-
gram (OR, 0.24; 95% CI: 0.10, 0.57; P = 0.001), and short- 
axis diameter (OR, 1.74; 95% CI: 1.13, 2.67; P = 0.011) 
remained as significant factors for discriminating patients 
with primary and acquired T790M-mutation. The clinical 
signature, composed of the remaining features, attained an 
AUC, accuracy, sensitivity, and specificity of 0.85 (95% 
CI: 0.79–0.91), 77.4%, 75.0%, and 80.3%, respectively, in 
the training dataset and 0.85 (95% CI: 0.76–0.95), 81.7%, 
85.2%, 78.8%, respectively, in the validation dataset 
(Figure 2B and C; Supplemental Table 2).

Analysis of Quantitative CT Radiomic 
Features
In total, 1316 quantitative CT radiomic features were 
extracted from each lung cancer lesion on enhanced CT 
images; 16 features with non-zero coefficients were 
selected. A linear model of the radiomic signature was 
constructed using logistic regression. The rad-score calcu-
lation formula is presented in Supplemental Material 1. 
Rad-scores were significantly lower in patients with 
a primary, rather than an acquired, T790M mutation, both 
in the training and validation datasets (both P < 0.001, 
respectively; Wilcoxon’s rank-sum test; Supplemental 
Figure 3A, B). The quantitative radiomic signature 
achieved an AUC, accuracy, sensitivity, and specificity of 
0.84 (95% CI: 0.78–0.90), 76.0%, 91.8%, and 60.3%, 
respectively, in the training dataset and 0.86 (95% CI: 
0.77–0.95), 71.7%, 86.7%, and 56.7%, respectively, in 
the validation dataset (Supplemental Table 2).

Combination of Clinicopathologic, 
Conventional CT Imaging, and Radiomic 
Signatures
When combining retained conventional clinicopathologic and 
CT imaging features with the quantitative radiomic signature 
for multivariate analysis to identify primary T790M mutations 
(Figure 2A), the AUC was higher than when using 
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conventional clinical and CT imaging features only, thereby 
yielding an AUC, accuracy, sensitivity, and specificity of 0.90 
(95% CI, 0.85–0.95), 83.6%, 83.6%, and 83.6%, respectively, 
in the training dataset and 0.91 (95% CI: 0.83–0.98), 85.0%, 
82.0%, and 92.0%, respectively, in the validation dataset 
(Figure 2B and C; Supplemental Table 2). The Hosmer– 
Lemeshow test for the final multi-factor logistic models 
yielded P-values of 0.677 and 0.352 in the training and valida-
tion datasets, respectively, indicating good calibration power. 
The calibration curve of the combined model is shown in 
Figure 2D and E.

According to the decision curve, the combined model 
demonstrated better primary and acquired T790M-mutant 
discrimination, with more areas shown in the validation 
cohort than in the conventional clinical and CT imaging 
signature or quantitative radiomic signature alone (Figure 3).

21L858 and 19del-Based Subgroup Analysis
The results of clinicopathologic and CT imaging character-
istics in 21L858 and 19del-based subgroup analysis are 

shown in Supplemental Tables 3–4. In the 21L858R and 
19del subgroups, we found that patients with a primary 
T790M mutation had an earlier disease stage (P = 0.003, 
P = 0.001, respectively), GGO (P = 0.031, P = 0.043, respec-
tively), air bronchogram (P = 0.021, P = 0.021, respectively), 
and lepidic components (P = 0.004, P = 0.01, respectively). 
Patients with a primary, compared to an acquired, T790M 
mutation had multiple primary lung cancers (P = 0.01) in the 
21L858R subgroup. Although other clinicopathologic and 
CT features mentioned above were not significant owing to 
the small number of patients, they still showed the same 
distribution tendency in subgroup analyses.

Discussion
We retrospectively analyzed and compared the clinical, 
pathological, and CT features of patients with primary 
and acquired T790M mutation before treatment, also asses-
sing the prevalence of primary T790M mutations in 
patients with EGFR-positive NSCLC using routine detec-
tion methods. Our study suggests that primary T790M 

Table 1 Clinicopathologic Characteristics of Patients Enrolled in the Study

Characteristics Primary T790M (n = 103) Acquired T790M (n = 103) P-value

Age (y) 59.00 (52.00, 65.00) 60.00 (51.00, 66.00) 0.876

Females 59 (57.28) 61 (59.22) 0.778

Smoker 31 (30.10) 26 (25.24) 0.436

Multiple primary lung cancers 36 (34.95) 11 (10.68) <0.001

TNM stagea

I/II/III/IV 61/9/17/16 (59.22/8.74/16.50/15.53) 13/20/17/53 (12.62/19.42/16.50/51.46) <0.001

T1/T2/T3/T4 56/33/9/5 (54.37/32.04/8.74/4.85) 10/54/27/12 (9.71/52.43/26.21/11.65) <0.001

N0/ N1/ N2/ N3 67/11/17/8 (65.05/10.68/16.50/7.77) 34/19/21/29 (33.01/18.45/20.39/28.16) <0.001
M0/ M1 87/16 (84.47/15.53) 48/55 (46.60/53.40) <0.001

Pathological type 0.621
Adenocarcinoma 101 (98.06) 100 (97.09)

Adenosquamous carcinoma 1 (0.97) 3 (2.91)

Squamous carcinoma 1 (0.97) 0 (0.00)

Differentiation of adenocarcinomab 0.029

Highly 23 (23.96%) 6 (8.33%)
Moderately 39 (40.62%) 36 (50.00%)

Poorly 34 (35.42%) 30 (41.67%)

Sensitizing EGFR mutations <0.001

Exon 19 deletions 18 (17.48) 71 (68.93)

21L858R 78 (75.73) 32 (31.07)
Othersc 7 (6.80) 0(0.00)

Notes: Data are numbers of patients, with percentages in parentheses or medians; interquartile ranges are in parentheses. EGFR, epidermal growth factor receptor; TNM, 
tumor/node/metastasis classification. aStaging was performed according to the 8th edition of the American Joint Committee on Cancer Staging System. bOnly the 
differentiation degree of adenocarcinomas available in the Pathology Department data system. cOthers: exons 18G719X (n = 6) and 20S768I (n = 1) in the primary T790M- 
mutant group.
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mutation is rare (1.05%) in mainland Chinese patients with 
EGFR-positive NSCLC detected by routine mutation test-
ing, which is consistent with the results of a previous study 
from another center in mainland China (1.07% in patients 
with EGFR-positive NSCLC)17 and lower than those of 

a study in Taiwan (25.2% in patients with NSCLC 
detected by matrix-assisted laser desorption ionization- 
time of flight mass spectrometry and 2.8% detected by 
NGS)15 and another study of non-Asian patients (6.9% in 
patients with EGFR-positive NSCLC).32 Although T790M 

Table 2 Histological Subtypes and Components of T790M Mutationsa

Variable Primary T790M (n = 87) Acquired T790M (n = 46) P-value

Histological subtype 0.01

Acinar-predominant adenocarcinoma 53 (60.92) 30 (65.22)

Lepidic-predominant adenocarcinoma 14 (16.09) 0 (0.00)
Papillary-predominant adenocarcinoma 17 (19.54) 13 (28.26)

Micropapillary-predominant adenocarcinoma 1 (1.15) 1 (2.17)
Solid-predominant adenocarcinoma 1 (1.15) 2 (4.35)

Other subtypes 1 (1.15) 0 (0.00)

Histological component (>5%)

Presence of acinar component 80 (91.95) 38 (82.61) 0.105
Presence of lepidic component 44 (50.57) 5 (10.87) <0.001

Presence of papillary component 55 (63.22) 28 (60.87) 0.79

Presence of micropapillary component 25 (28.74) 19 (41.30) 0.143
Presence of solid component 9 (10.34) 12 (26.09) 0.018

Notes: aOnly the subtypes of adenocarcinomas available in the Pathology Department data system.

Table 3 Conventional Computed Tomography (CT) Imaging Characteristics Before Treatment

Characteristics Primary T790M (n = 103) Acquired T790M (n = 103) P-value

Multiple primary lung cancers 36 (34.95) 11 (10.68) <0.001

Location 0.082
Central 8 (7.77) 16 (15.53)

Peripheral 95 (92.23) 87 (84.47)

Long-axis diameter (cm) 2.30 (1.62, 2.98) 3.30 (2.50, 4.18) <0.001

Short-axis diameter (cm) 1.80 (1.30, 2.20) 2.50 (1.82, 3.30) <0.001

Presence of GGO 54 (52.43) 23 (22.33) <0.001

Spiculated sign 63 (61.17) 59 (57.28) 0.571

Air bronchogram 60 (58.25) 28 (27.18) <0.001

Vacuole sign 23 (22.33) 11 (10.68) 0.024

Lobulation sign 90 (87.38) 88 (85.44) 0.684

Vessel convergencea 15 (15.79) 18 (20.69) 0.391

Pleura attachmenta 37 (38.95) 49 (56.32) 0.019

Pleural indentationa 39 (41.05) 34 (39.08) 0.786

Pleural effusion 4 (3.88) 20 (19.42) 0.001

Notes: Data are numbers of patients, with percentages in parentheses or medians; interquartile ranges are in parentheses. aThese CT characteristics were evaluated when 
the tumor was located peripherally. 
Abbreviation: GGO, ground-glass opacity.
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detection rates increase with higher sensitivity 
methods,33,34 false-positive rates should be considered in 
clinical molecular testing, especially for samples with low 
DNA quality and quantity and/or formalin-fixed and par-
affin-embedded-derived artifacts.35,36 Here, we used two 
routine detection methods, ARMS and NGS, to accurately 
diagnose primary T790M mutation, in line with the current 
clinical reality. Moreover, primary and acquired T790M 
mutations coexisted with 21L858R and 19del, respectively, 
while rare mutations were relatively common in primary, 
rather than in acquired, T790M mutations, which was 
consistent with the results of a previous study.17

In our study, patients with primary T790M mutation 
exhibited an earlier stage of disease than those with an 
acquired mutation, which seems to be “inappropriate” but 
corresponds to the clinical reality. Preclinical studies found 
that the T790M mutation was associated with more indo-
lent growth and a growth disadvantage in the absence of 
TKI selection in in vitro models.37,38 In several other small 
clinical studies, patients with the primary T790M mutation 
also exhibited an early disease stage.39–41 As mentioned 
above, primary and acquired T790M mutation coexisted 
with 21L858R and 19del, respectively; the different mole-
cular characteristics of these two coexistent mutations also 
led to different clinicopathologic and radiological 
characteristics.9,42 The clinical effect of EGFR mutation 
subtypes was analyzed in a large cohort in Japan, and the 
results indicated that a deletion in exon 19 correlated with 
an advanced pathological stage (trend P < 0.001), a more 

aggressive phenotype, and a poorer prognosis than 
21L858R.43 By comparing the histological subtype in the 
two groups, we found that the low-grade malignant lepidic 
subtype was more abundant and high-grade malignant 
solid and micropapillary subtypes were less abundant in 
primary T790M mutations than in the acquired group. This 
may also explain why primary T790M mutations were 
associated with earlier pathological stages than the 
acquired group. Moreover, early-stage patients undergoing 
radical surgery generally do not routinely receive other 
adjuvant treatments, such as chemotherapy or targeted 
therapy. In other words, patients who are traceable to 
targeted therapies and develop resistant T790M mutations 
tend to have a relatively advanced tumor.

Some patients cannot tolerate surgical biopsy; however, 
liquid DNA detection is prone to false negatives (8 patients 
T790M mutation-negative according to liquid DNA were 
finally found to have the T790M mutation in this study), and 
tumor heterogeneity and current biopsy methods appear 
incomplete. Therefore, we attempted to use CT features to 
assist the diagnosis of gene mutations. Previous studies have 
shown associations among CT features, genetic mutations, and 
histological subtypes in lung adenocarcinoma.44–48 Multiple 
primary lung cancers are more common in adenocarcinomas 
and contain GGO.44,45 GGO is significantly more common in 
lepidic-predominant adenocarcinomas than in other histologi-
cal subtypes46 and is more common in EGFR 21L858R muta-
tion adenocarcinomas than in 19del.47 Furthermore, air 
bronchogram and vacuole sign are features of lepidic- 

Figure 1 Images of a 48-year-old female tyrosine kinase inhibitor (TKI)-naive patient with T790M mutation-positive non-small-cell lung cancer (NSCLC). (A) Computed 
tomography (CT) image in the axial lung window setting showing a 1.2-cm lung nodule in the right upper lobe under the horizontal fissure, with an internal air bronchogram. 
(B) Axial CT image showing multiple ground-glass nodules in the bilateral lungs.
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Figure 2 A combined model identifying primary and acquired T790M mutations. (A) Combined model identifying both primary and acquired EGFR T790M mutations. (B and 
C) Receiver operating characteristic curves for the computed tomography (CT) radiomic signature, routine clinical signature, and combined model in training (B) and 
validation (C) cohorts. (D and E) Calibration curves of the combined model in the training (D) and validation (E) cohorts. AUC, area under the receiver operating 
characteristic curve.
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dominant histological subtypes and are seen less commonly in 
other patterns because the solid-density type would obscure the 
bronchi.42 This is the first study to compare the initial CT 
characteristics between primary and acquired T790M muta-
tions in NSCLC. We observed that patients with primary, rather 
than acquired, T790M mutations had multiple primary lung 
cancers, GGO, air bronchogram, and vacuole sign in CT 
images. These findings remained significant following sub-
group analyses of 21L858 and 19del or exhibited the same 
distribution trend but did not achieve statistical significance 
owing to the small number of patients. These CT features 
corresponded to earlier stages in patients with a primary 
T790M mutation and were consistent with indolent growth 
characteristics.

Finally, we introduced CT radiomics, which relies solely on 
conventional medical images and is known to be comprehen-
sive, non-invasive, and a quantitative evaluator of tumor 
heterogeneity.22,48 The CT radiomic signature was found to 
provide additional value in identifying T790M mutations. 
Similar to previous studies, most of the radiomic features 

retained through screening were high-order texture parameters 
describing the complexity, degree of change, and thickness of 
the lesion microstructure. Although radiomics has not been 
widely used in the clinic, many studies have shown its excel-
lent performance in tumor diagnosis and efficacy 
prediction.49,50 As multidisciplinary overlap is an inexorable 
trend in modern medicine, we expect the widespread adoption 
of a standardized radiomic procedure.

Our study has several limitations. First, as the incidence 
of primary T790M mutations is much lower than that of 
acquired mutations, it appears unreasonable to include 
patients with acquired mutations under any criteria. We 
included patients with acquired T790M mutations over 
a continuous period, as we believe this reflects the actual 
clinical situation. Second, although our results were obtained 
by two experienced chest radiologists, the conventional CT 
feature assessment was subjective. Third, the proportion of 
multiple primary lung cancers may be higher than expected 
because not all cases are pathologically diagnosed. However, 
it is not feasible for multiple primary lung cancer diagnoses 

Figure 3 Decision curve analysis for the combined model in the validation cohort. The y-axis represents the net benefit. The light purple line represents the hypothesis that 
all patients have the primary T790M mutation; the black line represents the hypothesis that all patients have the acquired T790M mutation. The combined model (red in the 
figure) improves the performance of T790M mutation prediction with more areas than the computed tomography (CT) radiomic or clinical signatures alone.
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to rely solely on pathological diagnosis. High-resolution CT 
is an important diagnostic technique for diagnosing multiple 
primary lung cancers with high accuracy. Fourth, spatial 
heterogeneity of the tumor may influence T790M mutation 
detection. Fifth, this was a preliminary exploratory single- 
center study, and the primary T790M mutation rate is rela-
tively low. Although data from the National Cancer Center 
of China concerning eight consecutive years was included, 
the number of patients was still small. Prospective, multi- 
center research is needed for further verification.

Conclusion
Primary T790M mutations usually coexist with 21L858R 
and are associated with early tumor stage, high differentia-
tion, and a high proportion of lepidic subtype adenocarci-
noma, also significantly associated with some CT features, 
such as multiple primary lung cancers, GGO, air broncho-
gram, vacuole sign, and quantitative radiomic features. The 
T790M mutation contributes to these differences indepen-
dently of its accompanying mutations. These findings pro-
vide useful information for T790M mutation status-based 
personalized diagnosis and treatment strategies when 
patients cannot tolerate surgery or the specimen is not suffi-
cient for genetic testing following pathological examination.
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