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A new predictive scoring system based on
clinical data and computed tomography
features for diagnosing EGFR-mutated
lung adenocarcinoma
Y. Cao md* and H. Xu md*

ABSTRACT
Background

We aimed to develop a new EGFR mutation–predictive scoring system to use in screening for
EGFR-mutated lung adenocarcinomas (lacs).

Methods The study enrolled 279 patients with lac, including 121 patients with EGFR wild-type tumours and 158
with EGFR-mutated tumours. The Student t-test, chi-square test, or Fisher exact test was applied to discriminate
clinical and computed tomography (ct) features between the two groups. Using a principal component analysis
(pca) model, we derived predictive coefficients for the presence of EGFR mutation in lac.
Results The EGFR mutation–predictive score includes sex, smoking history, homogeneity, ground-glass opacity
(ggo) on imaging, and the presence of pericardial effusion. The pca predictive model took this form:
sex × 16 + smoking history × 15 + ggo × 12 + pericardial effusion × 10 + emphysema × 11.
Model scores ranged from 79 to 147. The area under the receiver operating characteristic curve was 0.752 [95%
confidence interval (ci): 0.697 to 0.801] in the lac population at the optimal cut-off value of 109, and the sensitivity
and specificity were 68.4% (95% ci: 60.5% to 75.5%) and 74.4% (95% ci: 65.6% to 81.9%) respectively.

Conclusions The EGFR mutation risk scoring system based on clinical data and ct features is noninvasive and
user-friendly. The model appears to frame a positive predictive value and was able to determine the value of repeating
a biopsy if tissue is limited.
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INTRODUCTION
The cancer-related lethality rate for lung and bronchus
cancer is high worldwide, accounting annually for approximately 0.16 million deaths in the United States1 and 0.61
million deaths in China 2. Because of different treatment
methods, lung cancers are classified into two major categories: non-small-cell lung cancer (nsclc) and small-cell
lung cancer. Lung adenocarcinomas (lacs) represent a
major proportion of the nsclc group3.
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Earlier studies have demonstrated that pathology
classification has no significant effect on treatment and
prognosis in most subtypes of nsclc (neuroendocrine
tumours excepted)4,5. However, advances in research and
continuous improvements in gene test technology have
revealed that not all nsclcs respond to treatment in a
consistent manner. Increasing attention has been paid to
the individual treatment of some particular lung cancer
subtypes, among which the most studied is targeted therapy for lung cancer with gene mutations6. Therapy with an
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epidermal growth factor receptor (egfr) tyrosine kinase
inhibitor, which is aimed explicitly at EGFR mutations
in lung cancer, delays progression in patients with EGFR
mutations7,8. Compared with conventional chemotherapy,
therapy with an egfr tyrosine kinase inhibitor is associated
with fewer complications and reduced toxicity8,9. Nevertheless, therapy with a tyrosine kinase inhibitor is not effective
in the treatment of wild-type nsclc10.
EGFR mutations are among the most common genetic
mutations in lung cancer, and they represent the most
frequent mutation in lac 11. For genotyping the tumour,
histologic samples of plasma or another body fluid must
be obtained12–14. In some cases, obtaining those materials
is challenging15, and testing has always been problematic. Identification of the EGFR mutation status in nsclc
without a molecular examination would be beneficial for
choosing treatment.
Some studies have attempted to determine the relationship between molecular findings and certain disease
features such as sex, smoking status, the presence of
ground-glass opacity (ggo) on imaging, and other features16–18. However, most of the reports described only
the features with statistical significance, whose clinical
value is limited. We retrospectively analyzed a cohort of
East Asian patients with lac who had been tested for EGFR
mutations in our hospital. We hoped to develop a scoring
system for EGFR mutation screening in lac, thus providing
supplementary diagnostic information for new patients
from whom tissue specimens cannot be obtained.

METHODS
Patient Selection
This retrospective study was approved by the institutional
review board. Informed consent was waived. Results of
consecutive EGFR mutation tests in lung cancer were obtained from the hospital’s pathology database.
Between January 2014 and October 2016, 365 patients
underwent EGFR mutation testing. Patients were excluded
if they had no computed tomography (ct) imaging data
within 1 month before surgery; if they had no non-contrast
ct data or contrast-enhanced ct data available; if pathology
had confirmed that the lesion was not lac; if multiple tumours were present in the lung, such that the relationship
between the tumour and the pathology results could not
be independently determined; if tumour boundaries could
not be distinguished; and if other types of mutations or the
EGFR T790M mutation was present. As a result, 86 patients
were excluded.
For the remaining 279 patients, clinical and pathology data were collected. Clinical data included age, sex,
tumour staging, and smoking status (the definition of a
“nonsmoker” was never having smoked). Tumour staging
reflected the 7th edition of the American Joint Committee
on Cancer staging manual19.

Histologic Evaluation and Molecular Analysis
Per routine procedure at our hospital, after histology
specimens were obtained, they were formalin-fixed and
then stained with hematoxylin–eosin. Immunohistochemical analysis was used to assess tumours that could
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not be diagnosed by routine procedures. Two pathologists
reviewed the pathology specimens and recorded the results
separately. For all disagreements about diagnosis, the two
pathologists discussed the findings to obtain a final consensus. Diagnostic criteria were based on the 2015 World
Health Organization classification of lung tumours20.
A fluorescence polymerase chain reaction diagnostic
kit (Amoy Diagnostics, Xiamen, P.R.C.) was used to perform
an EGFR gene mutation analysis for exons 18–21 in the
specimens. The test result was determined by the cycle
threshold score. The result was considered to be strongly
positive at a cycle threshold score between 0 and 26. A cycle
threshold score between 26 and 29 indicated weak positive
expression. If the score was greater than 29, the result was
considered negative.

CT Imaging
Two ct systems (Sensation 16 and Somatom Definition:
Siemens Medical Systems, Erlangen, Germany) were involved in the retrospective study. Images were obtained
at 5 mm section thickness, without a gap, using the mediastinal algorithm in both ct systems as a “mediastinal
window,” and at 1 mm section thickness, without a gap,
using the high-frequency algorithm as a “lung window.”
The main imaging parameters were 120 kV and 100 mA
(Sensation 16) and 120 kV and 100–400 mA with dose
modulation (Somatom Definition).
We selected Ultravist (Ultravist 300: Bayer Pharma, Berlin, Germany) as the contrast medium. Contrast-enhanced
images were collected with a 45 s delay after intravenous
injection of the contrast medium. The injection rate was
3.0 mL/s, and the dose was based on the patient’s weight.

CT Interpretation
All images were reviewed by two independent boardcertified thoracic radiologists. Both radiologists were
unaware of the pathology diagnosis and the EGFR test
results. All features were evaluated on cross-sectional
images, including the lung window and the mediastinal
window. Discrepancies between the radiologists were
resolved by discussion. The final measurements and
counts were obtained by averaging the results from the
two radiologists.
In addition to morphologic features, we recorded the
tumour disappearance rate (tdr), relative enhancement,
lobulation, pleural retraction, calcification, bubble-like
lucency, air bronchography, pneumonia-like consolidation, ggo, vessel convergence sign, spiculation, pericardial effusion, pleural effusion, and mediastinal lymph
node metastasis.
These definitions of the imaging features were used:
■■

tdr = 1 – MaxDmediastinal × MinDmediastinal
/ (MaxDlung × MinDlung ),
where MaxDmediastinal and MinDmediastinal represent
the measurements of the longest and shortest diameters of the tumour in millimeters in the mediastinal
window; and MaxDlung and MinDlung represent the
measurements of the longest and shortest diameters
of the tumour in millimeters in the lung window21. The
cut-off value for tdr was 0.5.
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■■

Relative enhancement = (Apost – Apre) / Eart,
where Apost represents the attenuation of the tumour
in the contrast-enhanced image; Apre represents the
attenuation of the tumour in the non-contrast image;
and Eart indicates the attenuation of the descending
aorta in the contrast-enhanced image18.

■■

Lobulation = portion of the tumour surface
exhibiting a slightly wavy appearance,
   with the exception of regions abutting the pleura,
where “lobulation” was calculated based on numbers
so as to divide the patients into two groups.

■■

Pneumonia-like consolidation =
a homogenous or heterogeneous
   opacity lesion in the lung
Unlike ggo, pneumonia-like consolidation effaces
the blood vessel shadows, and occasionally an air
bronchogram can be displayed without any bacterial
or obstructive pneumonia16.

■■

Spiculation = cut-off of the burr diameter,
where the cut-off was defined so as to divide the
patients into two groups. That cut-off was 2 mm.

Statistical Analysis
Most of the statistical analyses were performed using the
SPSS software application (version 21.0: IBM, Armonk, NY,
U.S.A.). The receiver operating characteristic curve was
analysed using the MedCalc software application (version 15.8: MedCalc Software, Ostend, Belgium). Categorical
variables were analyzed using the chi-square or Fisher
exact test, as appropriate. Continuous variables were analyzed using the Student t-test. A p value less than 0.05 was
considered statistically significant. Collinearity diagnosis
was applied to detect collinearity between the features.
If no collinearity was noted between the parameters, the
parameters were loaded in series into a multivariable logistic regression model. Otherwise, pca was used to solve
the problem. The new EGFR mutation predictive score was
derived by multiplying the regression of the pca coefficient
for the significant features by 10 and then rounding to the
nearest integer. All significant features were thereafter
calculated together in both groups, using the resulting
numbers as scores. The final data were used to generate
the receiver operating characteristic curve and to calculate
the area under the curve. The Youden index was used to
calculate the optimal cut-off.

RESULTS
The differences between the two radiologists were, for the
presence of calcification, 1 in 279 patient exams (0.36%);
for the presence of air bronchogram, 3 in 279 patient exams
(1.08%); for vessel convergence sign, 6 in 279 patient exams
(2.15%); and for pneumonia-like consolidation, 5 in 279
patient exams (1.79%).

Patient Characteristics
Of the 279 patients with lac involved in the analysis,
158 harboured an EGFR mutation: exon 18 mutation
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in 7 patients (4.43%), exon 19 mutation in 67 patients
(42.41%), exon 20 mutation in 7 patients (4.43%), and
exon 21 mutation in 73 patients (46.20%). The remaining
4 patients each had 2 mutations: an exon 21 mutation
and an exon 19 mutation in 2 patients, and an exon 21
mutation and an exon 20 mutation in 2 patients. Of the
279 patients overall, 150 underwent lung resection or
open lung biopsy, 125 underwent ct-guided biopsy, and
4 underwent fibre-optic bronchoscopy–guided biopsy.
EGFR mutations were more common in women (n = 90,
p < 0.001), nonsmokers (n = 120, p < 0.001), and patients
with less-severe emphysema (n = 155, p = 0.002). However, no significant differences in age or tumour staging
were noted between the wild-type group and the EGFR
mutation group (Table i).

CT Imaging Evaluation
In the EGFR mutation group, most of the tumours appeared
homogenous in the contrast-enhanced image (p < 0.001).
Ground-glass opacity appeared more common in patients
with EGFR-mutated tumours (30 of 158) than in those with
wild-type tumours (12 of 121, p = 0.036). Pericardial effusion was more frequently observed in patients with EGFRmutated tumours (10 of 158, p = 0.026). No significant differences in location, attenuation, tdr, relative enhancement,
pneumonia-type, lobulation, boundary, shape, spiculation,
calcification, air bronchogram, cavitation, vascular convergence sign, pleural indentation, pleural effusion, and
mediastinal lymph node metastasis were noted between
the groups (Table ii).
Collinear diagnosis revealed collinearity between
emphysema and smoking history. We therefore used pca to
obtain the coefficients for each feature. Using the previous
statistical results, we divided the parameters of each feature into two categories. We set the parameters that tended
to diagnose EGFR mutation to 2; the remaining parameters
were set to 1 (Table iii). The original pca predictive scoring
model took this form:
sex × 1.5986 + smoking history × 1.4552 +
ggo × 1.1505 + pericardial effusion × 1.0394 +
  emphysema × 1.0609.
To facilitate clinical application, we multiplied the pca
coefficients of the significant feature by 10 and rounded
to the nearest integer (Table iii). The pca predictive model
thus took this form:
sex × 16 + smoking history × 15 + ggo × 12 +
pericardial effusion × 10 + emphysema × 11.
The receiver operating characteristic curve (Figure 1)
used the final score as a variable (range: 79–148) and the
genetic diagnosis as the dependent variable (1 = EGFRmutated, 0 = wild-type). The area under the curve was 0.752
(95% ci: 0.697 to 0.801). The maximum value of the Youden
index was 0.427, which corresponded to an optimal cut-off
value of 109. When the calculated score was greater than
109, we tended to diagnose EGFR mutation. The sensitivity
and specificity were 68.4% (95% ci: 60.5% to 75.5%) and
74.4% (95% ci: 65.6% to 81.9%) respectively.
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TABLE I

TABLE II Computed tomography imaging evaluation

Clinical features of the patients

Feature

EGFR group
Overall

Wild-type

Mutated

Median

60.84

61.29

60.49

Range

32–85

32–82

41–85

Age (years)

0.601

<0.001

Sex

Feature

EGFR group
Wild-type

Mutated

Heterogeneous

73

66

Homogenous

48

92

Tumour disappearance rate

0.054

167

99

68

<0.5

114

138

Women

112

22

90

≥0.5

7

20

Present

12

30

Absent

109

128

<0.001

Smoker

127

89

38

Nonsmoker

152

32

120

Stage

0.276

0.036

Ground-glass opacity

0.026

Pericardial effusion

IA

43

17

26

Present

1

10

IB

38

11

27

Absent

120

148

IIA

9

5

4

IIB

16

10

6

IIIA

52

23

29

IIIB

14

8

6

IV

107

47

60

Location

0.002

Emphysema score
<8 (normal)

262

107

155

≥8

17

14

3

Values in boldface type are statistically significant.

DISCUSSION
Molecular analysis has always been the best choice for
diagnosing EGFR mutation status. However, its application
has been limited for various reasons. Some patients might
not be able to undergo biopsy or surgery. Some medical
centres might not have access to molecular profiling
technology to perform the test. In addition, for some histology specimens, sufficient material might not be present
to perform the test. We sought to develop an alternative
method that is useful in patients who are unable to undergo
molecular studies.
Our study was carried out in two parts. In the first part,
we evaluated the relationship between the clinical and
ct features associated with EGFR mutation. In lac, EGFR
mutation was associated with 6 features. In the second
part, we used pca to establish a predictive scoring model
for EGFR mutation.
Our study focused on an East Asian population. Compared with patients of other ethnicities, East Asian patients
with nsclc have the highest rates of EGFR mutation 22,23. We
demonstrated that the EGFR mutation rate was statistically
higher in women and nonsmokers. The EGFR mutation rate
in our group was 56.63%, and female patients accounted
for 56.96% of the population, which was consistent with
findings in other studies18,24. Smoking history is also a
frequently studied epidemiologic feature. Our result was
similar to that in earlier studies25,26.
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0.109

Inferior lobe of left lung

15

30

Superior lobe of left lung

32

37

Middle lobe of right lung

3

13

Inferior lobe of right lung

33

38

Superior lobe of right lung
Mean pre-contrast attenuation
Mean relative enhancement

p
Valuea
0.002

Homogeneity after contrast

Men
Smoking history

a

p
Valuea

38

40

34.41
±9.36

33.51
±9.78

0.408

0.1853
±0.0867

0.1863
±0.0851

0.730

Pneumonia-type

0.411

Yes

9

8

No

112

150

Round or oval

83

102

Irregular

45

59

Shape

0.793

Lobulation

0.500

<6

86

118

≥6

35

40

Spiculation

0.516

Thin

49

62

Thick

26

43

Absent

46

53

Boundary

0.191

Clear

54

83

Obscure

67

75

Present

11

8

Absent

110

150

Calcification

0.186

Cavitation

0.705

Present

22

26

Absent

99

132
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TABLE II

Continued
Feature

EGFR group
Wild-type

Mutated

Air bronchogram

0.541

Present

21

32

Absent

100

126

Vascular convergence sign

0.087

Present

32

57

Absent

89

101

Present

64

82

Absent

57

76

Pleural indentation

0.869

Pleural effusion

0.444

Present

23

36

Absent

98

122

Mediastinal lymph node
metastasis

a

p
Valuea

0.063

Present

71

75

Absent

50

83

FIGURE 1 Receiver operating characteristic (ROC) of the EGFR mutation predictive score. AUC = area under the curve.

Values in boldface type are statistically significant.

TABLE III The EGFR-mutation predictive score model, based on
principal components analysis coefficient
Component

Coefficient

Score

Total score

Woman

16

2

32

Man

16

1

16

Nonsmoker

15

2

30

Smoker

15

1

15

Less severe

10

2

20

Severe

10

1

10

Present

10

2

20

Absent

10

1

10

Homogenous

15

2

30

Heterogeneous

15

1

15

Present

12

2

24

Absent

12

1

12

Sex

Smoking status

Emphysema

Pericardial effusion

Homogeneity after contrast

Ground-glass opacity

In addition to the foregoing demographic and epidemiologic features, our study also identified emphysema status
as an important predictor. Results of the Goddard scoring
system 27 revealed that the EGFR mutation rate was greater
for patients having the mild type of emphysema (59.16%)
than for those having the severe type (17.65%). We observed
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a correlation between smoking history and emphysema.
The Goddard scoring system has certain advantages in
clinical practice. The system requires only the ct image to
be scored. If smoking history is not available, the Goddard
score can provide some useful information.
We demonstrated that homogeneity and the presence
of ggo and pericardial effusion differed statistically depending on mutation status. In the present study, wild-type
tumours were more heterogeneous after contrast than were
EGFR-mutated tumours. Research about this feature is
limited 28. Homogeneity before contrast was also studied,
and no significant difference was noted by mutation status.
It is possible that, compared with EGFR-mutated tumours,
wild-type tumours cause more necrosis, making them
appear more heterogeneous.
In the study of EGFR mutations in lac, ggo is one of
the most common imaging features17,18,24. It appears more
frequently in EGFR-mutated lac, and that finding has not
caused much controversy. In the present study, pericardial
effusion was observed more frequently in patients with
EGFR mutation, and that condition is always caused by
pericardial metastasis. Prior studies have demonstrated
that, compared with EGFR-mutated lac tumours, those
with the ALK rearrangement are more often associated with
pleural or pericardial metastases29. Research focused on
the relationship between pericardial metastasis and EGFR
mutation is limited, and future studies should focus more
on this feature.
In addition to a lack of statistically significant features,
most of our results are consistent with prior research, with
the exception of pneumonic-type lesions. Pneumonic-type
lesions were previously known as consolidation-type lung
cancer and were typically misdiagnosed as inflammatory
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pulmonary consolidation. A few studies demonstrated
that patients with pneumonic-type lesions experience a
significantly increased incidence of EGFR mutations, independent of sex, histologic type, and smoking history16. That
research focused on patients before surgery, and our study
focused on biopsy patients. In addition, biopsy specimens
are considered highly sensitive for EGFR detection 30,31.
However, differences in patient selection might explain
the different results.
In the first part of the study, we identified numerous
significant features, but still found it difficult to reach a
final diagnosis. Our challenge was how to integrate the
parameters. In the second part of the study, we used clinical data and ct imaging to establish a practical predictive
scoring system that could identify EGFR mutation. This
EGFR mutation predictive scoring system comprises 6
features, including sex, smoking status, homogeneity,
emphysema status, pericardial effusion status, and ggo
on imaging. Those features were selected from among 24
clinical factors and ct features of lac. The scoring system
can differentiate wild-type or EGFR-mutated tumours
with moderate accuracy based on the resulting score. The
system uses pca coefficients to convert the features of lac
into qualitative data. The area under the curve was 0.752 in
the lac population, and the sensitivity and specificity were
68.4% (95% ci: 60.5% to 75.5%) and 74.4% (95% ci: 65.6% to
81.9%) respectively.
Our scoring system is easily applied and does not
require extensive clinical testing. It can provide complementary information for patients who cannot undergo
genetic testing or for patients treated at clinical centres with
limited access to molecular profiling. When false-negative
molecular results are suspected, the scoring system can be
used to assist in the diagnosis and to determine whether a
repeat biopsy is necessary.
Our study has some limitations. First, the number of
patients was not large, which could affect the accuracy of
the prediction model. Second, because of geographic constraints, we focused on an East Asian population, and the
results might therefore not have significant implications
for other ethnic groups. Third, the scanning parameters
were not exactly same in the two ct systems, which might
have contributed bias.

CONCLUSIONS
Although considerable research has focused on EGFR
mutation in lac, the present study is the first to use a
scoring system to predict EGFR mutation status in an
East Asian population. Earlier research studied Caucasian populations 32 . Prospective studies will have to
determine whether the EGFR mutation scoring system
can be used to inform treatment decisions or to predict
tumour genotype.
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