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Abstract: Non-small-cell lung cancer with epidermal growth factor receptor (EGFR) mutation 

is sensitive to EGFR tyrosine kinase inhibitors (TKIs). But little is known about the response to 

EGFR TKIs and the prognostic role of compound mutations. This study compared the uncom-

mon EGFR exon 21 L858R compound mutations with single mutation to characterize EGFR 

compound mutations and investigated their response to EGFR TKI treatment. We retrospectively 

screened 799 non-small-cell lung cancer patients from August 1, 2009 to June 1, 2012 by EGFR 

mutation testing. EGFR mutations were detected in 443 patients, with 22 (4.97%) compound 

mutations. Subsequently, six patients with EGFR exon 21 L858R compound mutations and  

18 paired patients with single L858R mutation were well characterized. Finally, we also ana-

lyzed the EGFR TKI treatment response and patients’ outcomes of compound or single L858R 

mutations. There was no differential treatment effect on the disease control rate and objective 

response rate between the L858R compound mutations and single mutation groups. No significant 

difference in overall survival or progression-free survival of these two groups was found by 

log-rank test. In conclusion, we demonstrated that no significant difference was detected in the 

response to EGFR TKIs and patients’ outcomes in the compound and single mutation groups.
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Introduction
Lung cancer, representing the most common cancer in China, is often diagnosed at 

an advanced stage. Non-small-cell lung cancer (NSCLC) accounts for 80%–85% of 

lung cancers.1 Patients with advanced NSCLC achieve a modest benefit from cytotoxic 

chemotherapy; more specifically, the response rates of chemotherapy are 20%–35% and 

median survival is about 10–12 months.2–4 Recent therapeutic applications of targeted 

therapy have provided us with new treatment options for this disease.

Epidermal growth factor receptor (EGFR) is frequently mutated in NSCLC. Muta-

tions of the four exons, 18–21, at the EGFR tyrosine kinase domain are found, among 

which exon 19 and 21 mutations are the two major classic mutations.5–7 Small-molecule 

EGFR tyrosine kinase inhibitors (TKIs), including erlotinib and gefitinib, were the 

earliest drugs used in patients with advanced NSCLC in China. Recent data showed 

that EGFR mutation was associated with an improved progression-free survival (PFS) 

and a high response rate to EGFR TKIs when compared with standard first-line che-

motherapy in NSCLC.5

Of note, evidence has suggested that different mutation status could result in incon-

sistent responses to EGFR TKI treatments and also different outcomes. The Iressa 

Pan-Asia Study (IPASS) showed that significant differences were not found in PFS 

and objective response rate (ORR) with gefitinib in the exon 19 deletions and the exon 

21 point mutation L858R subgroup.5 However, in the study of Won et al6 although 
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no statistical differences in overall survival (OS) and ORR 

were observed in exon 19 deletions and L858R mutation, 

exon 19 deletions predicted favorable PFS following EGFR 

TKI treatment in advanced NSCLC. Besides major EGFR 

mutations, there are still some rare mutations. Sequist et al7 

screened 98 patients from eleven centers and concluded that 

exon 19 deletions and the exon 21 point mutation L858R 

accounted for 53% and 26% of the mutations, respectively. 

The remaining 21% atypical mutations included T790M in 

exon 20, G719A in exon 18, and L861Q in exon 21. ORR 

and time to progression were not statistically different among 

L858R and exon 19 deletion patients.

The most classic mutations have been well investigated, 

while few studies have focused on the clinical significance 

of other uncommon EGFR mutations such as compound 

EGFR mutations where two or even more mutations coexist 

in tumor. This present study aimed to improve the under-

standing of unknown clinical significance of the compound 

mutations involving the EGFR TKI L858R.

Materials and methods
Patient population
This retrospective study was performed on patients with 

primary lung cancer, and these patients were screened by 

EGFR mutation testing at the Department of Pathology of 

The General Hospital of Chinese People’s Liberation Army, 

Beijing, People’s Republic of China from August 1, 2009 to 

June 1, 2012. The inclusion criteria were as follows: patients 

had complete medical records (including performance status, 

family history, smoking history, histology, treatment history, 

response evaluation); the necessary relevant detection data 

(such as histology; computed tomography [CT] scans of the 

head, chest, and abdomen; and blood test) were available; 

EGFR compound mutations or single mutation at exon  

21 L858R were present in patients; and patients were treated 

with EGFR TKIs and followed up regularly. EGFR mutation 

testing was performed on cytologic or histologic specimens 

of either primary or metastatic tumors. Clinical staging 

was determined according to the seventh-edition American 

Joint Committee on Cancer (AJCC) TNM classification. 

The study was approved by local ethics committees at each 

institution and consent was obtained from the patients or 

their families.

Treatment and evaluation
Patients with advanced lung cancer were treated with either 

oral gefitinib (250 mg) or erlotinib (150 mg) per day until 

progression or intolerable adverse effects. Chest CT scans 

were performed to assess the efficacy at the beginning of 

treatment and then monthly. Brain CT, abdominal CT, or 

bone scan was performed when there were relevant symp-

toms in patients.

Tumor response was assessed according to the Response 

Evaluation Criteria in Solid Tumors (RECIST) criteria 

(version 1.1), which include partial response (PR), pro-

gressive disease (PD), stable disease (SD), and complete 

response (CR). Tumor ORR was defined as the sum of CR 

and PR rates.8 The disease control rate (DCR) includes CR, 

PR, and SD rates.

OS was measured as time from treatment to the date of 

death from any cause, the last follow-up, or lost to follow-up. 

PFS was defined as time from initiation of treatment to pro-

gression or all-cause death.

Detection of EGFR mutations
All detections were performed before treatment. Cytologic 

or histologic specimens from primary or metastatic tumors 

were used for detection. After initial pathomorphological 

diagnosis by pathologists using hematoxylin–eosin staining, 

EGFR mutations were detected by DNA direct sequencing 

techniques.9 In brief, paraffin blocks of NSCLC were sliced 

into 5 μm-thick sections. DNA was isolated from the sec-

tions which were baked for deparaffinization and dehydrated 

with gradient ethanol and then quantified and amplified by 

nested polymerase chain reaction (PCR) using primers of 

exons 18–21 of EGFR. Once purified, the PCR products 

were analyzed by direct DNA sequencing. Mutations were 

confirmed with two independent PCR reactions.

statistical analysis
A 1:3 matched study (compound mutation cases:single muta-

tion cases =1:3) was performed for compound mutation and 

single mutation cases, and matching was performed on the 

characteristics of advanced stage, EGFR mutation at exon  

21 L858R, use of TKIs, histology, and age.

Data analyses were performed using SPSS (v 17.0; SPSS 

Inc., Chicago, IL, USA). Fisher’s exact test was used to 

compare the differences of ORR and the DCR. The survival 

data were analyzed by the Kaplan–Meier method, and the 

differences between the two groups were performed by using 

the log-rank test.

Results
Frequency of EGFR mutations
A total of 799 patients with lung cancer underwent EGFR 

mutations testing from August 1, 2009 to June 1, 2012, 
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including 461 males and 338 females. Ultimately, mutations 

were detected in 443 patients, among which 421 (95.03%) 

were single mutations and 22 (4.97%) were compound 

mutations.

Frequency of EGFR compound mutations 
harboring l858r
Twenty-two (2.75%) compound mutations were detected in 

the whole cohort, 16 of 22 patients harbored exon 21 mis-

sense mutations.

Of the 16 patients, seven cases were at stage I (T1N0M0). 

One of the seven patients was diagnosed as stage I (T1N0M0) 

right upper-lobe lung adenocarcinoma, combined with stage I 

(T1N0M0) right lower-lobe lung bronchoalveolar carcinoma. 

The patient persisted with adjuvant therapy after curative 

resection and used EGFR TKI treatment for 2 years; no 

recurrence or metastasis was found at the latest follow-up 

(33 months). The other six patients at stage I did not receive 

adjuvant therapy after curative resection with no recurrence 

or metastasis detected until latest follow-up. Nine patients 

were at advanced stage. Of the nine patients, three cases 

had exon 21 L833V + L833F mutations, and six cases had 

exon 21 L858R plus another mutation. All the nine patients 

received EGFR TKI treatment. The main characteristics and 

mutation statuses are detailed in Table 1. The addition muta-

tions, including T790M, delE746-A750, P753S, S768I, and 

E709K, were confirmed as somatic mutations by detection 

of adjacent noncancerous tissues.

comparison of baseline characteristics
Six cases with L858R plus another mutation and 18 matched 

cases with single mutation were analyzed in the present study. 

The baseline characteristics are listed in Table 2.

No significant differences were found in age, race, sex, 

smoking status, performance status, histology, EGFR TKIs, 

and operation history between the compound mutations and 

single mutation groups (all P0.05).

response and survival
In the compound mutations group, five of the six patients 

achieved SD and one of the six patients achieved PR.  

In the single mutation group, four achieved PR, 13 achieved 

SD, and one achieved PD. There was no differential treat-

ment effect on the DCR (6/6, 100% versus 17/18, 94.4%; 

P=1.0) and ORR (1/6, 16.7% versus 4/18, 22.2%; P=0.5392) 

between the compound mutations group and single mutation 

group by Fisher’s exact test.

The latest follow-up was performed in December 2013. 

The median PFS in the compound mutations group was 

12.2 months. However, because the follow-up time for the 

single mutation was not long enough, the median PFS was not 

detected, while the median PFS exceeded 8 months until the lat-

est follow-up. The PFS was not significantly different between 

these two groups by log-rank test (P=0.779) (Figure 1).

The 1-year survival rates were 66.7% for compound 

mutations and 55.6% for single mutation, and the 2-year 

survival rates were 50% and 33.4%, respectively.

The median OS for the compound mutations group was 

28.6 months. Because the single mutation group did not 

have enough follow-up time, the median OS could not be 

detected, while the median OS exceeded 28 months until 

the latest follow-up. No statistically significant difference 

was found in OS between these two groups by log-rank test 

(P=0.833) (Figure 2).

Discussion
EGFR compound mutations are uncommon mutations, the 

numbers of which are small. Recently, increasing studies 

have focused on these atypical mutations.10–12 Our study 

first compared the clinical significance of compound 

mutations with L858R plus another mutation versus 

single L858R mutation in Chinese lung cancer patients. 

The results suggested that there were no significant dif-

ferences in DCR, OR, PFS, and OS between these two 

groups. This is the first study to focus on the response to 

Table 1 Main characteristics of patients with exon 21 l858r compound mutations

Sex Age  
(years)

Histology Smoking  
(pack-years)

EGFR TKIs Objective  
response

PFS 
(months)

OS 
(months)

Mutation

Male 74 adenocarcinoma 0 Gefitinib sD 8 8+ dele746-a750, l858r
Female 47 adenocarcinoma 10 Gefitinib sD 21 39 P753s, l858r
Female 53 squamous carcinoma 0 Gefitinib Pr 15 58+ dele746-a750, l858r

Male 70 adenocarcinoma 20 Gefitinib sD 6 6.5 s768i, l858r
Female 48 adenocarcinoma 0 Gefitinib sD 10 18+ T790M, l858r
Male 68 adenocarcinoma 80 Gefitinib sD 10 26 e709K, l858r

Abbreviations: EGFR TKis, epidermal growth factor receptor tyrosine kinase inhibitors; PFs, progression-free survival; Os, overall survival; sD, stable disease; Pr, partial 
response.
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EGFR mutations were found in 10%–20% and 30%–60% 

of Caucasian and Asian NSCLC patients, respectively, and 

EGFR mutations were more frequently detected in women, 

nonsmokers, and patients with adenocarcinoma histology.13–17 

The most frequent mutations are involved in exon 19 and exon 

21 (L858R), and these mutations have been demonstrated to 

be associated with better response rates and PFS with use of 

EGFR TKIs versus standard chemotherapies.18,19 However, 

compared with common EGFR mutations, relatively little is 

known about rare EGFR compound mutations. In our study, 

22 (2.75%) patients with compound mutations were detected. 

Similarly, Wu et al10 also reported that 20 (3.19%) cases had 

compound mutations. In addition, Kobayashi et al11 detected 

the EGFR mutation pattern in 79 NSCLC cases, and then 

found that eleven (14%) patients had compound mutations. 

In Liu et al’s study, multiple mutations were detected in 21 

patients (21/140, 15.0%) from 140 mutation cases.12 Accord-

ing to the above studies, the compound mutations had a low 

incidence rate in NSCLC cases.

The response to EGFR TKIs and the effects on patients’ 

clinical outcomes, of compound mutations, have not been 

completely defined. Kobayashi et al11 reported three patients 

with L858R compound mutations, among which cases with 

L747V plus L858R and R776H plus L858R had PR and the 

case with L858R plus A871G had PD to EGFR TKIs, with 

6+, 3+, and 2 months for PFS and 6+, 3+, and 3 months for 

OS, respectively. In the present study, six advanced NSCLC 

patients with compound L858R mutations received TKI 

treatments; five of the six patients had SD and one patient 

had PR. The median PFS and OS for these six patients were 

12.2 months and 28.6 months, respectively.

Research has demonstrated that T790M is closely related 

to EGFR TKI resistance20,21 and considered as a second 
Figure 1 survival curves of progression-free survival (PFs) according to the 
mutation status of EGFR exon 21 l858r.

Figure 2 survival curves of overall survival (Os) according to the mutation status 
of EGFR exon 21 l858r.

Table 2 Baseline characteristics of compound mutations and 
single mutation

Characteristics Compound  
mutations

Single  
mutation

P

age, mean ± sD (years) 60±15 60±15 0.05
race asian asian =1
sex 0.05

Male 3 7
Female 3 11

smoking status 0.05
smoking 3 3
none or littlea 3 15

ecOg Ps 0.05
0 5 15
1 1 2
2 0 1

histology 0.05
adenocarcinoma 5 16
squamous carcinoma 1 2

EGFR TKis 0.05
Gefitinib 6 12
erlotinib 0 4
Other 0 2

Operation history 0.05
none 2 9
Yes 4 9

lineb 0.05
First 3 13
second 3 5

Notes: ano smoking or smoking less than 10 pack-years. bFirst: TKI as first-line 
therapy; second: TKi as second-line therapy.
Abbreviations: ecOg Ps, eastern cooperative Oncology group performance 
status; EGFR TKis, epidermal growth factor receptor tyrosine kinase inhibitors.

EGFR TKIs of compound L858R mutations and compare 

the difference between compound mutations and single 

mutation in Chinese patients, as far as we know. This may 

be helpful in the development of strategies for optimizing 

the use of EGFR TKIs.
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somatic mutation located at exon 20.22 Yu et al found that 

patients with baseline EGFR T790M mutation had limited 

benefit from EGFR TKI treatment.23 In addition, Kim et al24 

reported that one patient with L858R + T790M mutations 

was administrated EGFR TKI and had PD within 1 month, 

with PFS 1 month and OS 17.4 months. However, in our 

study, one patient with T790M + L858R mutations had SD, 

with PFS of 10 months and OS of 18 months (still alive). The 

different outcomes of these studies indicate that there were 

other factors involved with and affecting patients’ responses 

to treatment and outcomes.

Furthermore, we also found four other compound muta-

tions, including L858R + delE746-A750/P753S/S768I/

E709K, and these compound mutations were not reported 

in other studies. Previous study has shown that delE746-

A750 was a common activating EGFR somatic mutations 

in exon 19 and played a key role in drug sensitivity to 

gefitinib.25,26 S768I was a rare EGFR somatic mutation in 

exon 20 and showed a good clinical response to gefitinib.27,28 

Consistently, we found that patients with L858R + delE746-

A750/S768I compound mutations had a good objective  

response to EGFR TKIs. P753S and E709K, rare somatic 

EGFR mutations in exon 19 and 18, respectively, were found 

in patients with cutaneous squamous cell carcinoma and 

head and neck squamous cell carcinoma, respectively.29,30 

However, our study demonstrates that L858R + P753S/

E709K compound mutations had a good objective response 

to EGFR TKIs. These results indicate that L858R might play 

a primary role in objective response to EGFR TKIs, and the 

mechanism of interaction between compound mutations 

should be further investigated.

Our study had some limitations. Because of the rare inci-

dence of compound mutations, only 22 cases were involved 

in the study. This might increase the opportunity of false 

negative error. As a retrospective study, the treatment strate-

gies of patients were not consistent. Some patients received 

EGFR TKIs as first-line therapy, while this was second- or 

third-line therapy in others. This inconsistency may influence 

the response to treatment and patients’ outcomes. Further 

studies including more patients with compound mutations 

are needed.

Conclusion
We compared the clinical significance and the response 

to treatment of EGFR TKIs of the rare L858R compound 

mutations and L858R single mutation. We demonstrated that 

no significant differences were detected in the response to 

EGFR TKIs and patients’ outcomes between the compound 

and single mutation groups.
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