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Abstract: Background: This study aimed to examine the clinical and pathological characteristics of surgically re-
sected lung adenocarcinoma patients harboring uncommon epidermal growth factor receptor (EGFR) mutations 
and provide a rational basis to provide postoperative adjuvant treatment for these patients. Methods: Data from 13 
patients with lung adenocarcinomas harboring uncommon EGFR mutations were retrospectively collected, and the 
clinicopathological parameters and disease-free survival (DFS) data analyzed. Results: EGFR uncommon mutations 
commonly occurred in acinar predominant adenocarcinomas, females, and never smokers. Despite treatment, six 
patients relapsed. Conclusion: Patients with EGFR 20 insertion mutations relapsed quickly. Postoperative adjuvant 
treatment with chemotherapeutic drugs or new tyrosine kinase inhibitors for lung adenocarcinoma patients harbor-
ing EGFR 20 insertion mutations requires further evaluation.
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Introduction

Lung cancer is the most common malignancy, 
globally, and a leading cause of cancer-related 
mortality. Non-small cell lung cancers (NSCLCs) 
account for 85% of all lung cancers, and more 
than half of NSCLCs are adenocarcinomas [1]. 
Although surgical resection is considered cura-
tive in the early stages, recurrence of the dis-
ease is common [2]. Adjuvant chemotherapy 
with cisplatin-based regimens has become  
the standard treatment for surgically resect- 
ed NSCLC with documented improvement in 
5-year overall survival (OS) of 5% [2, 3]. As a 
predictive biomarker of the efficacy of cisplatin-
based chemotherapy, the usefulness of exci-
sion repair cross-complementation group 1 
protein in NSCLC is limited [3]. The results of a 
recent randomized phase III trial of adjuvant 
chemotherapy with or without bevacizumab in 
resected early stage NSCLC did not improve the 
overall survival (OS) [4]. It is clear that novel 
therapeutic modalities based on the unique 

clinicopathological characteristics of early sta- 
ge NSLC are required to improve survival out- 
comes.

Epidermal growth factor receptor (EGFR) muta-
tions are common in NSCLCs. Commonly, dele-
tion mutations in exon 19 or the Leu858Arg 
point mutations in exon 21, or both, are seen 
[5]. However, in about 10% of patients, tumors 
that harbor uncommon EGFR mutations have 
also been observed. Uncommon EGFR muta-
tions include point mutations or duplications in 
exons 18-21, de-novo T790M mutations in 
exon 20 alone or in combination with other 
mutations, and exon 20 insertions. G719X, 
L861G, and S768I, alone or in combination with 
other mutations have been noted to be the 
most frequent uncommon mutations [5]. The 
sensitivity of these tumors to treatment with 
EGFR tyrosine kinases inhibitors (TKIs) has 
been evaluate in patients with resected sta- 
ges I to III lung adenocarcinomas harboring 
mutations in EGFR exon 19 or 21, a study com-
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pared the clinical outcomes in patients who  
did not receive adjuvant first-generation TKIs 
(erlotinib or gefitinib) against those who re- 
ceived these agents as adjuvant chemothera-
py. A trend toward improvement in disease-free 
survival (DFS) was observed among individuals 
who received TKI therapy [6]. The efficacy of 
the second-generation TKI, afatinib, has been 
noted in NSCLC tumors that harbor certain 
types of uncommon EGFR mutations, especial-
ly the G719X, L861G, and S768I, but clinical 
benefit was noted to be lower in patients with 
de-novo T790M or exon 20 insertion mutations 
[6]. However, Heigener DF analyzed the activity 
of afatinib in patients with uncommon EGFR 
mutations and reported treatment benefit  
even in tumors harboring resistance-mediating  
exon 20 mutations [7]. Third-generation EGFR-
mutant-selective TKIs, such as AZD9291 or 
rociletinib, which target T790M-mutant tumors, 
have entered clinical trials, and exciting, albeit 
preliminary, efficacy data have been reported 
so far [8, 9].

This study aimed to further clear the current 
clinical and pathological characteristic features 
of surgically resected lung adenocarcinoma 
patients with tumors harboring uncommon 
EGFR mutations, and provide a rational basis to 

The sex, median age, stage, pathological type, 
smoking history, and status of EGFR mutation 
are included in Table 1. The methodology of 
evaluating mutations was by using the amplifi-
cation refractory mutation system (ARMS). Four 
patients with EGFR exon 18 G719X mutations, 
six patients with exon 21 L861Q mutations, 
and three patients with EGFR exon 20 insertion 
mutations were included (Figure 1). Among the 
patients with the exon 18 G719X mutations, 
only one patient with stage IIIA received adju-
vant chemotherapy. Among the patients with 
the exon 21 L861Q mutations, two patients 
with stage IA and IB did not receive chemother-
apy. None of the patients with exon 20 inser-
tions received adjuvant chemotherapy. This 
study was approved by the Medical Ethical 
Committee of Zhejiang Cancer Hospital.

Follow-up

All included patients were followed-up until 
December 31, 2016. The survival time was  
calculated from the date of pathological dia- 
gnosis.

Statistical analyses

All data were analyzed using the statistical 
package for the social sciences software ver-
sion 15.0. Overall data were screened using 

Table 1. Clinicopathological features of all patients (n=13)

Clinical characteristic Total Exon 18  
G719X (n=4)

Exon 21  
L861Q (n=6)

Exon 20  
Insertions (n=3)

Sex (male/female) 4/9 0/4 3/3 1/2
Median age (years old) 60 60 57 62
Stage 
    IA (IA1/IA2/IA3) 4 (1/2/1) 2 (1/0/1) 1 (0/1/0) 1 (0/1/0)
    IB 4 1 1 2
    IIA 0 0 0 0
    IIB 2 0 2 0
    IIIA 3 1 2 0
Pathological type
    Lepidic predominant 2 0 2 0
    Acinar predominant 6 2 3 1
    Papillary predominant 3 0 1 2
    Solid predominant 1 1 0 0
    Minimally invasive 1 1 0 0
Smoking history
    Never smoker 11 4 4 3
    Light smoker 0 0 0 0
    Moderate smoker 0 0 0 0
    Heavy smoker 2 0 2 0

carry out postoperative 
adjuvant treatment for 
this subset of patients.

Materials and methods

Patient characteristics

Specimens from 13 NS- 
CLC patients (9 fema- 
les and 4 males) were 
collected from the Zhe- 
jiang Cancer Hospital  
in China between 2008 
and 2014. All specim- 
ens were obtained from 
previously resected ad- 
enocarcinomas and re- 
trospectively analyzed. 
The median age of the 
patients was 60 years 
(age range 47 to 74 
years). The pathologic- 
al diagnosis was based 
on the standard crite- 
ria defined by the Wor- 
ld Health Organization. 
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the Chi-square test, and the survival curves 
were calculated using the Kaplan-Meier meth-
od with a statistical significance (P<0.05). The 
survival curves were compared by using the 
log-rank test.

Results

EGFR uncommon mutations occurred easily  
in the acinar predominant adenocarcinomas 
(46.2%), females (69.2%), and never smokers 
(84.6%). Six patients relapsed after the initial 
pathological diagnosis despite treatment, and 
no patients were lost to follow-up (Table 2). 
Only one patient with Exon 18 G719X mutation 
relapsed quickly (7 months). Three patients 
suffered relapse harboring the Exon 21 L861Q 
mutation, but took much longer. In contrast, 

two patients with EGFR 20 insertion mutations 
relapsed after the pathological diagnosis (13 
and 15 months). The DFS of the patients is 
illustrated in Figure 2.

Discussion

Adjuvant cisplatin-based chemotherapy is now 
an accepted standard for completely resected 
stage II and IIIA NSCLC. Since the survival rates 
continue to be less than 50% at 5 years for 
stages II and III, there is a clear need to improve 
clinical outcomes in early stage NSCLC [10-12]. 
The administration of gefitinib following pe- 
metrexed and carboplatin adjuvant therapy 
showed significant improvement in DFS in 
patients with resected stage IIIA-N2 NSCLC 
harboring EGFR mutations (either exon 19  
deletion or L858R point mutation) [13]. Gefiti- 
nib and erlotinib are active in patients with  
G719X/L861Q/S768I mutations, however, less 
effective than in those with common mutations 
[14]. Uncommon EGFR mutations constitute a 
unique part of the whole spectrum of EGFR 
mutations. Their composition and sensitivity to 
EGFR-TKIs are heterogeneous and exon 20 
insertions lack sensitivity [15, 16].

In our cohort, the DFS for the patients with EG- 
FR exon 20 insertions was short and disease 
recurrence occurred easily. Preclinical models 
have shown that the most prevalent EGFR  
exon 20 insertion mutated proteins are resis-
tant to clinically achievable doses of reversible 
(gefitinib, erlotinib) and irreversible (neratinib, 
afatinib, PF00299804) EGFR TKIs [17]. Ad- 
vanced lung adenocarcinoma harboring EGFR 
exon 20 insertions do not respond to erlotinib 
therapy, and standard chemotherapy should  
be used as first-line therapy [18]. Compared to 
those with classic activating EGFR mutations, 

Figure 1. The pathology of three lung adenocarcinoma patients with EGFR exon 20 insertions using H and E stain-
ing. A. Case 1 was a 62-year-old female with stage IA (pT1aN0M0) NSCLC. B. Case 2 was a 74-year-old female with 
stage IB (pT2aN0M0) NSCLC. C. Case 3 was a 61-year-old male with stage IB (pT2aN0M0) NSCLC. Staging was done 
according to the eighth edition of the TNM classification for lung cancer.

Table 2. Follow-up findings of the 13 surgi-
cally resected patients for NSCLC adenocarci-
noma harboring uncommon EGFR mutations
Case Follow-up
Exon 18 G719X
    Case 1 Relapse (7 months)
    Case 2 No relapse (42 months)
    Case 3 No relapse (40 months)
    Case 4 No relapse (29 months)
Exon 21 L861Q
    Case 1 Relapse (47 months)
    Case 2 Relapse (16 months)
    Case 3 No relapse (46 months)
    Case 4 No relapse (42 months)
    Case 5 No relapse (32 months)
    Case 6 Relapse (28 months)
Exon 20 Insertions
    Case 1 No relapse (44 months)
    Case 2 Relapse (13 months)
    Case 3 Relapse (15 months)
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exon 20 insertion mutations were character-
ized in one study by a diagnosis at a significant-
ly younger age, shorter relapse-free survival, 
higher ratio in never smokers, less dependence 
on EGFR status, and different pathway activa-
tion patterns [19, 20], but another report 
showed that patients with EGFR exon 20 inser-
tions have similar clinical characteristics but a 
poorer prognosis [21]. EGFR exon 20 insertion 
mutations have been reported to be present in 
2%-3% of lung adenocarcinomas and 4%-10% 
of all the EGFR-mutant lung adenocarcinomas 
[18-21]. Of the three patients with EGFR exon 
20 insertions (IB 2 cases; IA 1case) in our study 
cohort, none of the patients received adjuvant 
chemotherapy. Two patients with stage IB with 
EGFR exon 20 insertions relapsed in a short 
time; this response to chemotherapy is similar 
for lung adenocarcinoma patients with EGFR 
exon 20 insertions and with EGFR exon 19del/
L858R [18].

In conclusion, patients with EGFR 20 insertion 
mutations relapsed easily. Adjuvant chemo-
therapy might be further evaluated for resected 
lung adenocarcinoma patients with IA or IB  
with tumors harboring EGFR exon 20 insertion 
mutations. AP32788, a potent selective inhibi-
tor of EGFR mutation including exon 20 inser-
tions, has been approved by the United States 
Food and Drug Administration to carry out clini-
cal trials. Adjuvant AP32788 therapy is worth 

References 

[1]	 Siegel R, Naishadham D, Jemal A. Cancer sta-
tistics, 2013. CA Cancer J Clin 2013; 63: 11-
30.

[2]	 Pignon JP, Tribodet H, Scagliotti GV, Douillard 
JY, Shepherd FA, Stephens RJ, Dunant A, Torri 
V, Rosell R, Seymour L, Spiro SG, Rolland E, 
Fossati R, Aubert D, Ding K, Waller D, Le Che-
valier T; LACE Collaborative Group. Lung adju-
vant cisplatin evaluation: a pooled analysis by 
the LACE Collaborative Group. J Clin Oncol 
2008; 26: 3552-9.

[3]	 Friboulet L, Olaussen KA, Pignon JP, Shepherd 
FA, Tsao MS, Graziano S, Kratzke R, Douillard 
JY, Seymour L, Pirker R, Filipits M, André F, So-
lary E, Ponsonnailles F, Robin A, Stoclin A, Dor-
vault N, Commo F, Adam J, Vanhecke E, Saul-
nier P, Thomale J, Le Chevalier T, Dunant A, 
Rousseau V, Le Teuff G, Brambilla E, Soria JC. 
ERCC1 isoform expression and DNA repair in 
non-small-cell lung cancer. N Engl J Med 2013; 
368: 1101-10. 

[4]	 Wakelee HA, Dahlberg SE, Keller SM, Keller 
SM, Tester WJ, Gandara DR, Graziano SL, Adjei 
A, Leighl N, Aisner SC, Rothman JM, Patel J, 
Sborov MD, Mcdermott SR, Perez-Soler R, 
Traynor AM, Butts C, Evans T, Horn L, Ramalin-
gam SS, Schiller J. Randomized phase III trial 
of adjuvant chemotherapy with or without bev-
acizumab in resected non-small cell lung can-
cer (NSCLC): Results of E1505. 16th World 
Conference on Lung Cancer. September 6-9; 
Denver, CO. Abstract 1608.

[5]	 Yang JC, Sequist LV, Geater SL, Tsai CM, Mok 
TS, Schuler M, Yamamoto N, Yu CJ, Ou SH, 

Figure 2. Comparison for disease-free survival (DFS) of lung adenocarci-
noma patients with EGFR exon 18 G719X mutation (n=4), exon 21 L861Q 
(n=6), and EGFR exon 20 insertions (n=3) (P=0.421). 

pursuing in lung adenocarcino-
mas with EGFR exon 20 inser-
tion mutations.

Acknowledgements

This work was supported by the 
1022 Talent Training Program of 
Zhejiang Cancer Hospital.

Disclosure of conflict of interest

None.

Address correspondence to: Hong- 
yang Lu, Zhejiang Key Laboratory of 
Diagnosis & Treatment Technology 
on Thoracic Oncology (Lung and Es- 
ophagus), Zhejiang Cancer Hospital, 
NO. 1 East Banshan Road, Gong- 
shu District, Hangzhou 310022, P. 
R. China. Tel: +86-571-88122094; 
E-mail: luhy@zjcc.org.cn

mailto:luhy@zjcc.org.cn


Lung adenocarcinoma with uncommon EGFR mutations

7631	 Int J Clin Exp Pathol 2017;10(7):7627-7631

Zhou C, Massey D, Zazulina V, Wu YL. Clinical 
activity of afatinib in patients with advanced 
non-small-cell lung cancer harboring uncom-
mon EGFR mutations: a combined post-hoc 
analysis of LUX-Lung 2, LUX-Lung 3, and LUX-
Lung 6. Lancet Oncol 2015; 16: 830-8. 

[6]	 Janjigian YY, Park BJ, Zakowski MF, Ladanyi M, 
Pao W, D’Angelo SP, Kris MG, Shen R, Zheng J, 
Azzoli CG. Impact on disease-free survival of 
adjuvant erlotinib or gefitinib in patients with 
resected lung adenocarcinomas that harbor 
EGFR mutations. J Thorac Oncol 2011; 6: 569-
75.

[7]	 Heigener DF, Schumann C, Sebastian M, Sad-
jadian P, Stehle I, Märten A, Lüers A, Griesinger 
F, Scheffler M; Afatinib Compassionate Use 
Consortium (ACUC). Afatinib in non-small cell 
lung cancer harboring uncommon EGFR muta-
tions pretreated with reversible EGFR inhibi-
tors. Oncologist 2015; 20: 1167-74.

[8]	 Tan CS, Gilligan D, Pacey S. Treatment ap-
proaches for EGFR-inhibitor- resistant patients 
with non-small-cell lung cancer. Lancet Oncol 
2015; 16: e447-59.

[9]	 Jänne PA, Yang JC, Kim DW, Planchard D, Ohe 
Y, Ramalingam SS, Ahn MJ, Kim SW, Su WC, 
Horn L, Haggstrom D, Felip E, Kim JH, Frewer  
P, Cantarini M, Brown KH, Dickinson PA, 
Ghiorghiu S, Ranson M. AZD9291 in EGFR in-
hibitor-resistant non-small-cell lung cancer. N 
Engl J Med 2015; 372: 1689-99. 

[10]	 Butts CA, Ding K, Seymour L, Twumasi-Ankrah 
P, Graham B, Gandara D, Johnson DH, Kesler 
KA, Green M, Vincent M, Cormier Y, Goss G, 
Findlay B, Johnston M, Tsao MS, Shepherd FA. 
Randomized phase III trial of vinorelbine plus 
cisplatin compared with observation in com-
pletely resected stage IB and II non-small-cell 
lung cancer: updated survival analysis of JBR-
10. J Clin Oncol 2010; 28: 29-34.

[11]	 Douillard JY, Rosell R, De Lena M, Carpagnano 
F, Ramlau R, Gonzáles-Larriba JL, Grodzki T, 
Pereira JR, Le Groumellec A, Lorusso V, Clary 
C, Torres AJ, Dahabreh J, Souquet PJ, Astudillo 
J, Fournel P, Artal-Cortes A, Jassem J, Koubko-
va L, His P, Riggi M, Hurteloup P. Adjuvant 
vinorelbine plus cisplatin versus observation 
in patients with completely resected stage IB-
IIIA non-small-cell lung cancer (Adjuvant Navel-
bine International Trialist Association [ANITA]): 
a randomised controlled trial. Lancet Oncol 
2006; 7: 719-27.

[12]	 Strauss GM, Herndon JE 2nd, Maddaus MA, 
Johnstone DW, Johnson EA, Harpole DH, Gill-
enwater HH, Watson DM, Sugarbaker DJ, Schil-
sky RL, Vokes EE, Green MR. Adjuvant pacli-
taxel plus carboplatin compared with 
observation in stage IB non-small-cell lung 
cancer: CALGB 9633 with the Cancer and Leu-
kemia Group B, Radiation Therapy Oncology 

Group, and North Central Cancer Treatment 
Group Study Groups. J Clin Oncol 2008; 26: 
5043-51.

[13]	 Li N, Ou W, Ye X, Sun HB, Zhang L, Fang Q, 
Zhang SL, Wang BX, Wang SY. Pemetrexed-
carboplatin adjuvant chemotherapy with or 
without gefitinib in resected stage IIIA-N2  
non-small cell lung cancer harbouring EGFR 
mutations: a randomized, phase II study. Ann 
Surg Oncol 2014; 21: 2091-6. 

[14]	 Chiu CH, Yang CT, Shih JY, Huang MS, Su WC, 
Lai RS, Wang CC, Hsiao SH, Lin YC, Ho CL, Hsia 
TC, Wu MF, Lai CL, Lee KY, Lin CB, Yu-Wung Yeh 
D, Chuang CY, Chang FK, Tsai CM, Perng RP, 
Chih-Hsin Yang J. Epidermal growth factor re-
ceptor tyrosine kinase inhibitor treatment re-
sponse in advanced lung adenocarcinomas 
with G719X/L861Q/S768I mutations. J Thorac 
Oncol 2015; 10: 793-9.

[15]	 Yang X, Chen H, Zhang H, Duan J, An T, Zhao J, 
Zhuo M, Wu M, Wang J. Effectiveness of tyro-
sine kinase inhibitors on uncommon epider-
mal growth factor receptor mutations in non-
small cell lung cancer. Zhongguo Fei Ai Za Zhi 
2015; 18: 493-9. 

[16]	 Karachaliou N, Molina-Vila MA, Rosell R. The 
impact of rare EGFR mutations on the treat-
ment response of patients with non-small cell 
lung cancer. Expert Rev Respir Med 2015; 9: 
241-4.

[17]	 Yasuda H, Kobayashi S, Costa DB. EGFR exon 
20 insertion mutations in non-small-cell lung 
cancer: preclinical data and clinical implica-
tions. Lancet Oncol 2012; 13: e23-31.

[18]	 Naidoo J, Sima CS, Rodriguez K, Busby N, Nafa 
K, Ladanyi M, Riely GJ, Kris MG, Arcila ME, Yu 
HA. Epidermal growth factor receptor exon 20 
insertions in advanced lung adenocarcinomas: 
Clinical outcomes and response to erlotinib. 
Cancer 2015; 121: 3212-20.

[19]	 Pan Y, Zhang Y, Li Y, Hu H, Wang L, Li H, Wang 
R, Ye T, Luo X, Zhang Y, Li B, Cai D, Shen L, Sun 
Y, Chen H. Prevalence, clinicopathologic char-
acteristics, and molecular associations of 
EGFR exon 20 insertion mutations in East 
Asian patients with lung adenocarcinoma. Ann 
Surg Oncol 2014; Suppl 4: S490-6.

[20]	 Sasaki H, Endo K, Takada M, Kawahara M, Ki-
tahara N, Tanaka H, Okumura M, Matsumura 
A, Iuchi K, Kawaguchi T, Kawano O, Yukiue H, 
Yokoyama T, Yano M, Fujii Y. EGFR exon 20 in-
sertion mutation in Japanese lung cancer. 
Lung Cancer 2007; 58: 324-8. 

[21]	 Oxnard GR, Lo PC, Nishino M, Dahlberg SE, Lin-
deman NI, Butaney M, Jackman DM, Johnson 
BE, Jänne PA. Natural history and molecular 
characteristics of lung cancers harboring EGFR 
exon 20 insertions. J Thorac Oncol 2013; 8: 
179-84.


