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Background: Epidermal growth factor receptor (EGFR) mutations are more frequently seen 
in miliary intrapulmonary metastases than EGFR wild-type non-small cell lung cancer 
(NSCLC). Also, small-scale retrospective studies showed that patients harboring EGFR 
mutation with miliary pulmonary metastases had a worse prognosis. This study aimed to 
explore the impact of imaging patterns on the outcomes of EGFR tyrosine kinase inhibitor 
(TKI) treatment.
Methods: A cohort of treatment-naive NSCLC patients harboring EGFR mutation with 
intrapulmonary metastases who were prescribed with TKI were enrolled. The demographic 
feature, clinical outcome, and CT imaging of each patient were reviewed and analyzed.
Results: A cohort of 174 patients were enrolled. Five intrapulmonary patterns of imaging 
were recognized: solid nodular, ground-glass nodular, miliary, multiple uniform nodular, and 
not otherwise specified. Among them, miliary and multiple uniform nodular patterns had 
similar poor prognosis, and, therefore, were combined as diffuse group. A worse PFS (9.0 
mon, 95% CI: 8.0–10.0 mon) was observed compared with the rest (non-diffuse group, 13.3 
mon, 95% CI: 10.2–16.4 mon, p<0.001, HR=0.49). The objective response rates (ORR) 
between the two groups were 76.8% and 84.1%, respectively, with no significant difference 
(p = 0.474). The OS of the diffuse and the non-diffuse group were 25.6 mon (95% CI 
21.9–29.3 mon) and 35.0 mon (95% CI: 27.5–42.5, p = 0.01, HR= 0.59). Organs like bone 
(p=0.167), liver (p=0.513), and adrenal gland (p=0.375) were involved in similar frequencies 
in both groups. However, brain (p=0.070) and leptomeningeal (p=0.078) metastases were 
less common in the non-diffuse group with marginally statistical significance. The 2 groups 
contained similar missense mutations, and gene amplification was more common in the non- 
diffuse group.
Conclusion: Patients with diffuse intrapulmonary metastases had inferior outcomes after 
TKI treatment. More aggressive treatments might be warranted for these patients.
Keywords: epidermal growth factor receptor, EGFR, tyrosine kinase inhibitor, TKI, CT 
imaging, outcome, genetic aberration

Introduction
Lung cancer is the leading cause of cancer-related death in the world.1 For those 
with metastatic diseases, the 5-year survival is around 5%. The prognosis of 
patients suffering from advanced non-small cell lung cancer (NSCLC) is improved 
with the advent of epidermal growth factor receptor (EGFR) targeted therapy, 
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especially for those harboring EGFR mutation. EGFR- 
tyrosine kinase inhibitors (TKIs) have demonstrated super-
ior efficacy over traditional chemotherapy in these 
patients, and achieved better progression-free survival 
(PFS).2–4 Nowadays, EGFR TKI has been recommended 
as the standard-of-care. Although EGFR mutation largely 
dictates the sensitivity to TKI, clinical response varies. We 
still need to explore additional factors contributing to the 
efficacy of EGFR-TKI.5,6

The lung is frequently a metastatic organ of NSCLC. 
Computed tomography (CT) is widely used in clinic to 
evaluate lung cancer patients. According to imaging char-
acteristics, several different patterns including multiple 
intrapulmonary nodules, pleural effusions and enlarged 
lymph nodes were presented.7,8 A few studies have been 
carried out to investigate the imaging features of NSCLC 
with EGFR mutations. EGFR mutations are more fre-
quently seen in miliary intrapulmonary metastases than 
EGFR wild-type NSCLC.9–11 Also, small-scale retrospec-
tive studies showed that patients harboring EGFR muta-
tion with miliary pulmonary metastases had a worse 
prognosis. However, no underlying mechanisms were pro-
vided. We hypothesized the imaging manifestation was 
determined by the intrinsic genomic aberration of tumor 
cells, and was closely related to the therapeutic outcomes. 
Our study aimed to explore the impact of imaging patterns 
on the outcomes of EGFR TKI treatment. A cohort of 
NSCLC patients harboring EGFR mutation were enrolled 
and the data were analyzed.

Methods
Patients
This retrospective, observational study was conducted in 
patients screened through the Hospital Information System 
from January 2012 to January 2019. Patients were patho-
logically confirmed, metastatic, treatment-naive NSCLC 
patients harboring EGFR mutation who were prescribed 
with EGFR-TKI. Patients must have intrapulmonary 
metastases on CT imaging. Those treated with TKI com-
bined with chemotherapy, either synchronous or interca-
lated, or mixed small-cell lung cancer were excluded.

Treatment Protocol
Gefitinib (250 mg, AstraZeneca plc, London, UK) and 
erlotinib (150 mg, Hoffman La-Roche Ltd., Basel, 
Switzerland) were both orally taken once per day, and 
icotinib (125 mg, Beta, China) was medicated 3 times 

a day. Treatment continued until disease progression, or 
unacceptable toxicity, or death from any cause. The selec-
tion of each drug was determined by the treating physi-
cians’ discretion.

Genetic Testing
Genetic testing was performed on tumor tissues. EGFR 
mutation was detected by ARMS using a commercially 
available kit (AmoyDx, Shameng, China) in our domestic, 
College of American Pathologists-certified lab in authors’ 
hospital. Tumor content was assessed by board-certified 
pathologists using hematoxylin and eosin staining. All 
specimens contained more than 10% tumor content. 
DNA was extracted using the QIAamp DNA mini kit 
(Qiagen). In some patients, comprehensive genomic pro-
filing was performed by Next Generation Sequencing 
(NGS) with 56 cancer-related gene panel covering the 
whole exons of EGFR gene at a mean coverage depth of 
>800X. The genomic alterations including single base 
substitution, insertions/deletions, copy number variations, 
as well as gene rearrangement and fusions were assessed.

Imaging
A whole-chest CT scan, ranging from the level of the 
superior aperture of the thorax to the top of the diaphragm, 
was performed with one breath-hold. The images were 
reviewed using lung window settings (width: 1500 HU, 
level: −600HU). The thickness and interval of the layer 
were 1 mm. CT images were independently reviewed 
under the supervision of a radiologist who was kept 
blind to the clinical data. Differences in their interpreta-
tions were resolved by discussion.

Outcome Measures
Tumors were assessed every 2 months radiographically, 
including CT of the chest and upper abdomen, magnetic 
resonance imaging of the head, and bone scintigraphy. 
Tumor response was evaluated as complete response 
(CR), partial response (PR), stable disease (SD), or pro-
gression disease (PD), according to RECIST 1.1. The 
progression-free survival (PFS) was defined as the dura-
tion from the initiation of the therapy to the date of disease 
progression, intolerable side effects, or death from any 
cause. The overall survival (OS) was defined as the dura-
tion from the initiation of the therapy to the date of death 
from any cause. The ethical committee of authors’ uni-
versity reviewed and approved the study concept and the 
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study was performed in accordance with the Declaration of 
Helsinki.

Data Analysis
Statistical analysis was performed using SPSS version 
22.0 (IBM Corporation, Armonk, NY, USA) and the multi- 
variate analysis was output by GraphPad Prism 7.00 
(GraphPad Software, Inc., La Jolla, CA, USA). The quan-
titative were compared using chi-square test and Fischer’s 
exact test according to Cochran’s rule. The Kaplan–Meier 
curve was used to compare survival. Multi-variate analysis 
was done by using a Cox proportional hazard model. All 
P-values were based on a two-tailed hypothesis, and sta-
tistical significance was assumed if p < 0.05.

Results
Imaging Patterns
To summarize the imaging patterns of lung metastases, we 
reviewed CT scans of a cohort of NSCLC patients harbor-
ing EGFR mutation. This cohort was screened from our 
database of lung cancer registration infrastructure. Totally 
3389 patients were screened, and 174 patients were 
enrolled (Figure 1). The imaging could be divided into 5 
patterns: solid nodular, ground-glass nodular, miliary, mul-
tiple uniform nodular, and not otherwise specified (Figure 
2A and B). Whether multiple ground glass nodules were 
due to synchronous primaries or metastatic lesions was 
a clinical dilemma. Gaikwad et al described aerogenous 
metastases in lung adenocarcinoma, with CT appearance 
of synchronous primaries.12 Also, Li et al reported clinical 
evidence of multiple ground glass nodules attributed to 
metastasis, but not synchronous primaries.13 The determi-
nation of primary or metastatic lesion depended on inva-
sive surgical resection or biopsy, which was not possible 
for our patients with extensive intra- and extra-pulmonary 
metastases. In our study, most patients with ground-glass 
nodular metastases had simultaneous extrapulmonary (16/ 
18, 88.9%) or lymph node metastases (15/18, 83.3%). 
These nodules were most likely metastatic. Of notice, 
miliary intrapulmonary metastases were defined as 
uncountable, round, randomly distributed, uniformly 
dense, small nodules in the lung with a diameter of 
1–5 mm. Multiple uniform nodular intrapulmonary metas-
tases had similar imaging presentation, however with 
a larger diameter of 5 mm to 2 cm. Cancerous lymphangi-
tis were excluded. Among them, solid nodular metastases 
pattern was the most common.

Worse Outcomes of the Diffuse Group
Among our patients, the average age was 58.4 years. 
Gefitinib, erlotinib, or icotinib were medicated in 104 
(59.8%), 25 (14.3%), and 45 (25.9%) patients, respec-
tively. 171 (98.3%) patients had classic mutations 
(exon19 deletion or exon21 L858R missense mutation), 
and 3 (1.7%) patients had non-classic mutations such as 
L861Q, S768I point mutation. At the time of diagnosis, 
123 (70.7%) patients had both extra- and intra-pulmonary 
metastases, while 51 (29.3%) patients had only intrapul-
monary metastases. The overall PFS and OS of the popu-
lation were 10.8 months (95% CI 9.5 −11.0 mon) and 28.2 
mon (95% CI 25.1–35.2 mon, Figure 3A).

To explore the possible relationship between thera-
peutic efficacy and imaging patterns, PFS curves of 
different patterns were constructed and compared. 
And we found those with miliary or multiple uniform 
nodular metastases had comparable PFS after TKI 
treatment. We combined these 2 patterns and referred 
them as diffuse group. And we got 86 and 88 patients 
in the diffuse and non-diffuse intrapulmonary metas-
tases group each. Both groups had comparable demo-
graphic features (Table 1).

Worse PFS of the diffuse group (9.0 mon, 95% CI: 
8.0–10.0 mon) was observed than that of the non-diffuse 
group (13.3 mon, 95% CI: 10.2–16.4 mon, p<0.001, 
HR=0.49, Figure 3B). The objective response rates 
(ORR) between the two groups were 76.8% and 
84.1%, respectively, with no significant difference (p = 
0.474). The OS of the diffuse and the non-diffuse group 
were 25.6 mon (95% CI 21.9–29.3 mon) and 35.0 mon 
(95% CI: 27.5–42.5, p = 0.01, HR=0.59, Figure 3C). 
Our patients all had metastatic diseases (at least M1a), 
with similar poor prognosis irrespective of their 
T stages. We found in our non-diffuse group, patients 
with lesions in the same lobe (stage T2, n=11), or other 
lobe of ipsilateral lung (T4, n=26), or contralateral lung 
(n=5) had similar survival (30.9, 44.7, and NA due to 
few patients, p=0.69).

The Worse Efficacy Could Not Be 
Rescued by Osimertinib
To confirm the negative impact of diffuse metastases 
on PFS, we performed a COX multivariate analysis. In 
this regressive analysis, after exclusion of influences of 
age, gender, smoking, performance status, EGFR 
mutation type, multiple brain metastases and 
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leptomeningeal metastases, diffuse metastases remained 
as an independent inferior predicator of TKI treatment 
(Figure 3D).

Twenty patients in the diffuse group and 16 patients in 
the non-diffuse group switched to osimertinib after failure 
of the first generation TKIs. PFS of the two groups were 

Figure 1 Flow chart of patients screening. MUT: mutation, WT: wild-type.
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Figure 2 Five patterns of radiologic manifestations of intrapulmonary metastases (A). Number and percentage of patients in each pattern (B). Red arrow represented the 
contralateral metastasis.
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5.2 mon (95% CI: 4.6–9.9 mon) and 14.6 mon (95% CI: 
13.0–19.8 mon). PFS of the diffuse group was still sig-
nificantly shorter (p < 0.001, HR=0.36, Figure 4A).

A total of 9 patients received immune checkpoint inhi-
bitors (ICIs) as salvage therapy. Among them, 7 patients 
were prescribed with chemotherapy and ICIs combo therapy, 
and 2 patients were treated with ICIs alone. All patients in 
the diffuse group had progressed disease, and 4/5 of them 
died. While in the non-diffuse group, 3/4 patients kept alive, 
and 2 patients remained in ICI therapy with PR (Figure 4B).

The Diffuse Group Was Prone to Diffuse 
Metastases in Multiple Organs
To evaluate the metastatic potential of the diffuse group, 
we analyzed the metastatic organs. The most common 
metastatic organs were bone (65.1%), brain (53.5%), 
liver (20.9%), leptomeningeal (19.8%), and adrenal 
gland (11.6%, Figure 5A). Bone (54.5%, p=0.167), 
liver (17.0%, p=0.513), and adrenal gland (13.6%, 
p=0.375) were involved in similar frequencies when 
compared to those of the non-diffuse group. However, 
brain (39.8%, p=0.070) and leptomeningeal (10.2%, 
p=0.078) metastases were less common in the non- 

diffuse group (Figure 5B) with marginally statistical 
significance.

The uncountable, round, randomly distributed lesions 
were observed in other organs as well (Figure 5C). When 
countering these foci, more patients in the diffuse group 
have diffuse metastases in brain (n=9 and 1), liver (n=4 
and 2), and bone (n=6 and 2) than those in the non-diffuse 
group. Patients with diffuse intrapulmonary metastasis 
were more susceptible to diffuse metastases in other 
organs (p=0.009, Figure 5D).

Genetic Aberration of the Diffuse Group
We collected the targeted sequencing data from a panel 
consisting of 56 genes from both groups. This cohort with 
available genetic data (n=21 in the diffuse group, and n=40 
in the non-diffuse group) had no significant differences in 
the number of missense mutations in the two groups. But 
amplifications were more common in the non-diffuse 
group (Figure 6A and B).

Discussion
In this paper, we described the imaging presentation of 
NSCLC harboring EGFR mutation as one of the 5 

Figure 3 The PFS of each patient in either diffuse and non-diffuse group was presented, together with each patient’s characteristics including gender, age, EGFR mutation, 
smoking history, pathology, TKI, ECOG, T state, N state status, PFS, and ORR (A). Diffuse group showed inferior PFS (B) and OS than non-diffuse group (C). Imaging 
pattern was an independent factor related to PFS (D).
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patterns: solid nodular, ground-glass nodular, miliary, mul-
tiple uniform nodular, and not otherwise specified. The 
diffuse intrapulmonary metastases including miliary and 
multiple uniform nodular had a worse PFS and OS after 
TKI treatment. In addition, the diffuse group was prone to 
diffuse metastases in other organs, and contained less gene 
amplification.

The relationship between imaging presentation and 
EGFR mutation was noticed before. Miliary intrapulmonary 
metastases is a special type of NSCLC, with an incidence of 
approximately 2%. Most of the pathological types are ade-
nocarcinoma, which is considered to be the result of blood 
circulation in the lung.7,8,14 EGFR mutations are more fre-
quently seen in miliary intrapulmonary metastases than 

Table 1 Clinical characteristics of NSCLC patients with Intrapulmonary metastases at initial diagnosis

Characteristics Diffuse Group Non-Diffuse Group Total P-value

Age-yr 0.180
≥65 26(30.2%) 34(38.6%) 60(34.5%)

<65 60(69.8%) 54(61.4%) 114(65.5%)

Gender 0.539

Male 32(37.2%) 37(42.0%) 69(39.7%)
Female 54(62.8%) 51(58%) 105(60.3%)

ECOG 0.899
0 50(58.1%) 52(59.0%) 102(58.6%)

≥1 36(41.9%) 36(41.0%) 72(41.4%)

Smoking history 0.855

Yes 18(20.9%) 20(22.7%) 38(21.8%)

No 68(79.1%) 68(77.3%) 136(78.2%)

Histologic 0.644

Adenocarcinoma 84(97.7%) 83(94.3%) 167(96.0%)
Others 2(2.3%) 5(5.7%) 7(4.0%)

EGFR mutations 0.574
Classic mutation 85(98.8%) 86(97.7%) 171(98.3%)

Rare mutation 1(1.2%) 2(2.3%) 3(1.7%)

TKI 0.495

Icotinib 19(22.1%) 26(29.5%) 45(25.9%)

Gefitinib 55(63.9%) 49(55.7%) 104(59.8%)
Erlotinib 12(14.0%) 13(14.8%) 25(14.3%)

Extra-pulmonary metastases 0.097
Yes 66(76.7%) 57(64.8%) 123(70.7%)

No 20(23.3%) 31(35.2%) 51(29.3%)

Figure 4 Diffuse group had shorter PFS when treated with osimertinib (A). Nine patients received ICIs as salvage therapy. Clinical event timeline of each patient (B).
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EGFR wild-type NSCLC.12 However, whether the imaging 
pattern was related to TKI treatment efficacy remained 
largely overlooked. Previously, Wu et al reported 
a median PFS for chemotherapy in patients with miliary 
intrapulmonary metastases was only 2.9 months.14 With the 
advent of TKI, Kim et al and Okuma et al proposed that the 
prognosis of miliary intrapulmonary metastases of EGFR 
mutant was worse than that of non-miliary metastases.7,8 

But this point was not supported by Hsu et al.11 The small 
sample size of miliary intrapulmonary metastases enrolled 
in these studies might contribute to the seemly paradoxical 
conclusions.7,8,11 This current study revealed shorter PFS, 
OS, and numerically lower ORR, in this group of patients. 
We also found the inferior response of this group could not 
be reversed by osimertinib or ICIs. Maybe treatment unre-
sponsiveness is an intrinsic feature related to the diffuse 
intrapulmonary metastases group.

The therapeutic efficacy of the diffuse metastases pat-
tern was reported in a previous small-scale retrospective 
study17 and numerous anecdotal cases reports.20–33 Here 
we made a brief summary of these case reports (Figure 7). 

All the reports consistently showed the unsatisfactory out-
comes irrespective of variant treatments. Our results were 
strongly supported by these reports.

Previous reports described the imaging features of 
miliary intrapulmonary metastases as uncountable, round, 
randomly distributed, uniformly dense, small nodules with 
a diameter < 5 mm.14 In our series of patients, we found 
another form of multiple metastases similar to miliary 
form, with a larger size (5 mm–2 cm in diameter). This 
pattern of imaging was ignored before and excluded in 
previous studies by Kim, Okuma, and Hsu et al.7,8,11 In 
addition, we found this imaging pattern had similar poor 
clinical responses to TKI treatment as that of miliary 
metastases. We later combined these two patterns and 
referred them as diffuse intrapulmonary metastases.

This study also tried to observe the unique biological 
behavior of this diffused intrapulmonary metastases. We 
found organs like bone, liver, and adrenal gland were 
similarly involved in both diffuse and non-diffuse group. 
But brain and leptomeningeal were more susceptible in 
the diffuse group, both of which were notorious for poor 

Figure 5 Summary of metastases sites in the diffuse groups (A). Organs were involved in similar frequency between 2 groups, except brain and leptomeningeal (B). A typical 
case of miliary intrapulmonary metastases, together with diffuse metastases of bone and brain (C). Diffuse group had higher frequencies of diffuse metastases in other 
organs. Each dot represented a patient (D).
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prognosis.16–19 We also found the frequencies of mis-
sense mutations in the two groups were similar, but 
gene amplification was less observed in the diffuse 

group. Whether these genetic aberrations contributed to 
the development of the different imaging patterns 
remained largely unknown, but there is evidence the 

Figure 6 Genetic aberrations in two groups (A). Both groups had similar point mutations, but gene amplification was less common in the diffuse group (B).
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genomic heterogeneity related to the clinical unrespon-
siveness to treatments.35–38

The current study had its pitfalls. Firstly, all the 
patients were enrolled from a single institute, which 
might introduce possible bias. Secondly, genetic profiles 
were available in only a small fraction of our patients. This 
was because NGS targeted sequencing platform was not 
available before the year 2017. Those without information 
of their genetic mutation landscape would possibly con-
found the current analysis. Thirdly, the comparison of the 
diffuse and non-diffuse group was not based on randomi-
zation. We are continuing to accumulate cases to amplify 
and solidify our data.

In summary, our study categorized the imaging of EGFR 
mutated NSCLC into 5 patterns. The diffuse intrapulmonary 
metastases pattern had worse clinical responses to TKI and 
other treatments. Patients with this imaging presentation 
were more likely to have their brain or leptomeningeal 

involved, and also might contain less gene amplifications. 
This study helped to deepen our understanding of biological 
behavior of diffuse intrapulmonary metastases, and also 
argued for more aggressive treatment for these patients.

Data Sharing Statement
The datasets supporting the conclusions of this article are 
included within the article and partial data not shown.
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Figure 7 Summary of literature on the outcomes of lung cancer patients with diffused intrapulmonary metastases. The arrow indicated the advent of event. The blue bar 
indicated the death of the patient, while the red bar meant the censored data. 
Abbreviations: UNK, unknown; 19DEL, EGFR exon 19 deletion; L858R, EGFR exon 21 L858R missense mutation; T790M, T790M mutation; 20ins, EGFR exon20 
insertion; WT, wild-type; CHEM, chemotherapy; ICI, immunotherapy; BSC, best supportive care; lung, diffuse intrapulmonary metastases; brain, diffuse brain metastases; LM, 
leptomeningeal metastases.
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