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Drug therapies for non-small cell lung cancer (NSCLC) 
have greatly progressed in recent years. Especially, the 
identification of epidermal growth factor receptor (EGFR) 
mutation has transformed the management of patients with 
EGFR-mutant NSCLC, who are sensitive to EGFR tyrosine 
kinase inhibitor (EGFR-TKI). However, patients with 
EGFR-mutant lung cancer treated by EGFR-TKI show 
progression of disease after a median of 10 to 16 months 
(1,2). This phenomenon has been described as “acquired 
resistance” to TKI. Mechanism of resistance to EGFR-
TKI is broad: structural change of EGFR due to secondary 
mutations (3-5), amplification of MET (6), HER2 (7),  
activation of collateral pathway by overproduction of 
HGF (8), phenotypic transformation into small cell lung 
cancer (6), etc. Among the reported mechanisms, the 
most frequently detected one is the secondary mutation 
of T790M, which represents about 50–60% of the total 
patients who have failed TKI treatment (9,10). Third-
generation TKIs, such as osimertinib and olmutinib, are 
effective for T790M-mutated lung cancer (11,12). Re-
biopsy, especially confirmation of T790M, is very important 
for determining next line treatment. However, it is 
sometimes difficult to do re-biopsy due to localization of 
the target lesion or general condition of the patient. 

Koo et al. retrospectively studied 304 patients with 
NSCLC who underwent re-biopsy after administration 

of first-line EGFR-TKI therapy (13). They analyzed 
computed tomography (CT) findings at the initial diagnosis 
and those at re-biopsy and attempted to reveal the 
radiological features of lesions with T790M mutation. They 
reported that T790M mutation was found in 144 patients 
(47.4%), and that T790M mutation positivity was associated 
with peripheral tumor location, presence of pleural tag, 
vascular convergence, and air bronchogram. We have some 
comments concerning this study by Koo et al. 
Firstly, the CT features related to T790M mutation which were 
reported by Koo et al. are features that were originally reported 
to be common in EGFR-mutant NSCLC. For example, 
Liu et al. retrospectively analyzed the image findings of 385 
surgically resected lung adenocarcinomas and reported that 
EGFR mutation were found more frequently in tumors with 
air bronchogram, bubble-like lucency, vascular convergence, 
and pleural retraction (14). Hasegawa et al. reported that 
air bronchogram and vascular convergence were observed 
frequently in EGFR-mutated adenocarcinomas (15). There 
are some reports that discussed the association between 
EGFR mutation and CT findings and concluded that EGFR 
mutation was frequently detected in lesions with larger 
ratio of ground glass opacity (GGO) component (16-19). 
CT features such as air bronchogram, bubble-like lucency, 
vascular convergence, and pleural retraction are frequently 
reported in GGO lesions. Although there seem to be no 
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prior large-scale study that analyzed image differences 
between T790M mutation and other EGFR mutation 
subtype, the report by Koo et al. may be describing the 
features of EGFR-mutant cancer itself, rather than those of 
T790M-mutant lung cancers (Table 1). 

Secondly, Koo et al. also reported that percutaneous 
biopsy method showed higher positive rate of T790M 
than transbronchial biopsy. Percutaneous biopsy may be 
performed more easily for peripheral lesions rather than 
central lesions. As a result, variation in methods of biopsy 
according to localization might affect the positivity rate of 
T790M. 

Thirdly, in the 304 cases initially evaluated by the 
authors, patients who received curative surgery as initial 
treatment and patients with unresectable lesions were both 
included. However, for the analysis comparing the CT 
findings, all 69 patients who underwent curative surgery 
were excluded. Since the form of lesion at the time of 
regrowth might more of less be affected by the initial form, 
analyzing only patients with unresectable lesions would lead 
to a selection bias. It would be more effective to compare 
the morphology of the primary tumor before initial 
treatment with that of the lung metastasis.

Along with the development of high resolution CT, 
diagnostic information that can be obtained from CT is 
drastically increasing. Recent developments in treatment 
strategy for NSCLC, such as emergence of new generation 
EGFR-TKIs and immune check point inhibitors, have 
greatly prolonged the survival of patients with NSCLC, 
even in advanced stage or after recurrence (2,20-22). 
Because second- and third-line therapies are getting 
available for more patients, the need for re-biopsy after 

appearance of treatment resistance has become more 
important than ever, and we should choose the appropriate 
approach for each patient according to medical conditions 
and tumor status. The authors’ attempt to radiologically 
characterize the subset of patients for which re-biopsy 
would be recommended is unique and interesting, and 
they demonstrated that CT characteristics of T790M-
mutated NSCLC were almost same as that of common 
typical EGFR-mutant NSCLC. Oxnard et al. reported that 
patients with acquired T790M showed relatively favorable 
prognosis and more indolent progression than those 
with other mechanisms of resistance. After development 
of third-generation EGFR-TKIs, such as osimertinib, 
T790M is no more the leading villain of bad prognosis due 
to “acquired resistance”, but more likely a leopard which 
can’t change its spots, inherently having a quiet character. 
Furthermore, Koo’s findings might be a good indication 
for choosing osimertinib as first line therapy, because EGFR-
mutant NSCLC having typical CT features, such as air 
bronchogram, vascular convergence, may have the potential to 
develop T790M mutation after EGFR-TKI therapy, even in 
pulmonary metastases after surgery (Figure 1). We are further 
interested to know what is the typical form of EGFR-
mutant NSCLC with acquired resistance after EGFR-TKI 
other than T790M mutation, such as amplification of MET, 
or phenotypic transformation into small cell lung cancer. 
Thus, we expect further studies that combines radiological 
and molecular-based analyses. 
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Table 1 Association between CT characteristics and EGFR mutation in previous reports

Study

CT Characteristics

Air bronchogram
Bubble-like 

lucency
Pleural tags  

(pleural retraction)
Thickened adjacent  

bronchovascular bundles
Vascular  

convergence

Hong SJ et al. (2016) NA NA NA NA NA

Hasegawa M et al. (2016) Significant NA NS NA Significant

Zou J et al. (2016) NS NA NA NA NS

Dai J et al. (2017) Significant NA NS NA NA

Liu Y et al. (2017) Significant Significant Significant Significant Significant

Koo HJ et al. (2018) Significant NS Significant NS Significant

CT, computed tomography; EGFR, epidermal growth factor receptor; NA, not available; NS, not significant



S4115Journal of Thoracic Disease, Vol 10, Suppl 33 November 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(Suppl 33):S4113-S4116jtd.amegroups.com

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare. 

References

1.	 Rosell R, Moran T, Queralt C, et al. Screening for 

epidermal growth factor receptor mutations in lung cancer. 
N Engl J Med 2009;361:958-67.

2.	 Maemondo M, Inoue A, Kobayashi K, et al. Gefitinib or 
chemotherapy for non-small-cell lung cancer with mutated 
EGFR. N Engl J Med 2010;362:2380-8.

3.	 Kobayashi S, Boggon TJ, Dayaram T, et al. EGFR 
mutation and resistance of non-small-cell lung cancer to 
gefitinib. N Engl J Med 2005;352:786-92. 

Figure 1 CT image before surgery and of pulmonary metastasis with T790M mutation. A 65-year-old woman underwent a left upper 
lobectomy with lymph node dissection for a pulmonary adenocarcinoma (pT1bN2M0). Two years after surgery, EGFR-TKI therapy was 
performed for multiple pulmonary metastases. Eighteen months after treatment, T790M mutation was detected by re-biopsy in a regrowing 
pulmonary nodule. She underwent a third-generation EGFR-TKI therapy. (A) Axial CT image before surgery in lung window setting shows 
a 3.6-cm irregular lobulated mass in the left upper lobe with a peripheral location and a pleural tag (black arrowhead), vascular convergence 
(white arrow head); (B) an internal air bronchogram (black arrowhead); (C) CT image of pulmonary metastasis for which re-biopsy was 
performed. The lesion has a peripheral location and a pleural tag (black arrowhead), vascular convergence (white arrow head); (D) an 
internal air bronchogram (black arrowhead). CT, computed tomography; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase 
inhibitor.

A B

C D



S4116

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(Suppl 33):S4113-S4116jtd.amegroups.com

Obayashi et al. A T790M mutation-positive cancer can change its spots

4.	 Uramoto H, Uchiumi T, Izumi H, et al. A new mechanism 
for primary resistance to gefitinib in lung adenocarcinoma: 
the role of a novel G796A mutation in exon 20 of EGFR. 
Anticancer Res 2007;27:2297-303. 

5.	 Costa DB, Schumer ST, Tenen DG, et al. Differential 
responses to erlotinib in epidermal growth factor receptor 
(EGFR)-mutated lung cancers with acquired resistance 
to gefitinib carrying the L747S or T790M secondary 
mutations. J Clin Oncol 2008;26:1182-4; author reply 
1184-6. 

6.	 Takezawa K, Pirazzoli V, Arcila ME, et al. HER2 
amplification: a potential mechanism of acquired resistance 
to EGFR inhibition in EGFR-mutant lung cancers that 
lack the second-site EGFRT790M mutation. Cancer 
Discov 2012;2:922-33. 

7.	 Engelman JA, Zejnullahu K, Mitsudomi T, et al. MET 
amplification leads to gefitinib resistance in lung cancer by 
activating ERBB3 signaling. Science 2007;316:1039-43.

8.	 Yano S, Wang W, Li Q, et al. Hepatocyte growth factor 
induces gefitinib resistance of lung adenocarcinoma with 
epidermal growth factor receptor-activating mutations. 
Cancer Res 2008;68:9479-87.

9.	 Sequist LV, Waltman BA, Dias-Santagata D, et al. 
Genotypic and histological evolution of lung cancers 
acquiring resistance to EGFR inhibitors. Sci Transl Med 
2011;3:75ra26.

10.	 Yu HA, Arcila ME, Rekhtman N, et al. Analysis of tumor 
specimens at the time of acquired resistance to EGFR-TKI 
therapy in 155 patients with EGFR-mutant lung cancers. 
Clin Cancer Res 2013;19:2240-7.

11.	 Jänne PA, Yang JC, Kim DW, et al. AZD9291 in EGFR 
inhibitor-resistant non-small-cell lung cancer. N Engl J 
Med 2015;372:1689-99.

12.	 Kim ES. Olmutinib: First Global Approval. Drugs 
2016;76:1153-7.

13.	 Koo HJ, Kim MY, Park S, et al. Non-Small Cell Lung 
Cancer with Resistance to EGFR-TKI Therapy: CT 
Characteristics of T790M Mutation-positive Cancer. 

Radiology 2018;289:227-37.
14.	 Liu Y, Kim J, Qu F, et al. CT Features Associated with 

Epidermal Growth Factor Receptor Mutation Status 
in Patients with Lung Adenocarcinoma. Radiology 
2016;280:271-80.

15.	 Hasegawa M, Sakai F, Ishikawa R, et al. CT Features 
of Epidermal Growth Factor Receptor-Mutated 
Adenocarcinoma of the Lung: Comparison with 
Nonmutated Adenocarcinoma. J Thorac Oncol 
2016;11:819-26.

16.	 Hong SJ, Kim TJ, Choi YW, et al. Radiogenomic 
correlation in lung adenocarcinoma with epidermal 
growth factor receptor mutations: Imaging features and 
histological subtypes. Eur Radiol 2016;26:3660-8.

17.	 Lee HJ, Kim YT, Kang CH, et al. Epidermal growth factor 
receptor mutation in lung adenocarcinomas: relationship 
with CT characteristics and histologic subtypes. Radiology 
2013;268:254-64.

18.	 Dai J, Shi J, Soodeen-Lalloo AK, et al. Air bronchogram: 
A potential indicator of epidermal growth factor receptor 
mutation in pulmonary subsolid nodules. Lung Cancer 
2016;98:22-8.

19.	 Zou J, Lv T, Zhu S, et al. Computed tomography and 
clinical features associated with epidermal growth factor 
receptor mutation status in stage I/II lung adenocarcinoma. 
Thorac Cancer 2017;8:260-70.

20.	 Yoshizawa A, Sumiyoshi S, Sonobe M, et al. Validation of 
the IASLC/ATS/ERS lung adenocarcinoma classification 
for prognosis and association with EGFR and KRAS gene 
mutations: analysis of 440 Japanese patients. J Thorac 
Oncol 2013;8:52-61.

21.	 Brahmer J, Reckamp KL, Baas P, et al. Nivolumab versus 
Docetaxel in Advanced Squamous-Cell Non-Small-Cell 
Lung Cancer. N Engl J Med 2015;373:123-35.

22.	 Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus 
Docetaxel in Advanced Nonsquamous Non-Small-Cell 
Lung Cancer. N Engl J Med 2015;373:1627-39.

Cite this article as: Obayashi K, Shimizu K, Nakazawa S, 
Ohtaki Y, Kawatani N, Takashi I, Yajima T, Mogi A, Shirabe 
K. A leopard can’t change its spots: can a T790M mutation-
positive cancer change its spots after epidermal growth factor 
receptor-tyrosine kinase inhibitor therapy? J Thorac Dis 
2018;10(Suppl 33):S4113-S4116. doi: 10.21037/jtd.2018.10.53


