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Clinical outcomes of patients with 
HER2-mutant advanced lung cancer: 
chemotherapies versus HER2-directed 
therapies
Jiebai Zhou, Ning Ding, Xiaobo Xu, Yong Zhang, Maosong Ye, Chun Li and Jie Hu

Abstract
Background: Lung cancer is now the leading cause of cancer mortality worldwide for both 
men and women. In non-small cell lung cancer (NSCLC), matching a specifically targeted drug 
to the identified driver mutation in each patient resulted in dramatically improved therapeutic 
efficacy, often in conjunction with decreased toxicity. Mutations in HER2 have been identified 
as an oncogenic driver gene for NSCLC. This retrospective study was conducted to better 
understand the clinical outcomes of advanced lung cancer patients harboring HER2 mutations 
treated with chemotherapies and HER2-targeted agents, as well as the optimal clinical choice.
Methods: Patients who were diagnosed with advanced lung cancer (stage IIIB/IV) and had 
undergone molecular testing at Zhongshan Hospital, Fudan University, Shanghai, China from April 
2016 to December 2018 were reviewed. For patients that had HER2 mutant advanced lung cancer, 
we analyzed their clinical and molecular features and clinical outcomes, including overall survival 
(OS), progression-free survival (PFS), disease control rate (DCR) and objective response rate (ORR).
Results: We identified 44 patients harboring HER2 mutations. Their median age was 56 years, 
with the majority being women (n = 24), never smokers (n = 32), and having the adenocarcinoma 
genotype (n = 42). Amongst the HER2 mutations present, a 12 base pair in-frame insertion 
in exon 20 with p.771insAYVM was the most common subtype in patients with known detail 
variants of HER2 mutation (9/27). The median OS from the date of advanced disease diagnosis 
was 9.9 months with 24 deaths, and a median follow-up of 12.7 months for survivors. For 
patients with a known HER2 exon 20 insertion mutation, OS tended to be superior (though not 
statistically) in the first-line HER2-TKI group to that in the group receiving chemotherapy (10.8 
versus 9.8 months, p = 0.40). However, patients that received first-line chemotherapy had a 
median PFS of 5.9 months, numerically longer than that of the HER2-TKI group (4.6 months, 
p = 0.63). Patients who received HER2-targeted therapy as first-line therapy had an improved 
OS (10.8 versus 10.1 months, p = 0.30) and PFS (4.6 versus 2.8 months, p = 0.36) relative to those 
who received HER2-targeted therapy as subsequent-line therapy, although they did not meet 
the threshold for statistical significance. Furthermore, patients with AYVM mutation were 
associated with poor clinical outcomes.
Conclusion: Pemetrexed-based chemotherapy remains an important component of care 
for patients with HER2-mutant NSCLC. HER2-TKI given as an initial therapy may bring more 
clinical benefits than when given as a subsequent-line therapy. Refining the patient population 
based on patterns of HER2 variants may help improve the efficacy of anti-HER2 treatment 
in lung cancer. Developing highly effective and tolerable HER2-targeted agents is urgently 
needed for this population.
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Introduction
Worldwide, lung cancer occurred in approxi-
mately 2.1 million patients in 2018 and caused an 
estimated 1.8 million deaths.1 Lung cancer is now 
the leading cause of cancer mortality worldwide 
for both men and women. The goals of patient 
management for patients with advanced lung 
cancer are to prolong survival and to maintain 
quality of life for as long as possible, while mini-
mizing the side effects due to treatment. An 
improved understanding of the molecular path-
ways that drive malignancy in non-small cell 
lung cancer (NSCLC) has led to the develop-
ment of agents, which target specific molecular 
pathways in malignant cells. Mutations in the 
human epidermal growth factor receptor 2 
[HER2 (ERBB2)], an epidermal growth factor 
receptor (EGFR) family receptor tyrosine kinase, 
occur in approximately 1–3% of NSCLC tumors 
and have been identified as oncogenic drivers.2–4 
They usually involve small in-frame insertions 
and point mutations in exon 20. HER2 mutations 
are more prevalent among female patients, never-
smokers and those with lung adenocarcinomas.5 
Patients with HER2-mutant advanced lung can-
cer have previously been reported as having a 
poorer prognosis compared with other oncogenic 
drivers.3,4,6 There are no approved agents for 
HER2-mutant lung cancers yet, though treatment 
responses to both chemotherapies and HER2-
targeted therapies have been documented. HER2 
mutations are currently emerging as a promising 
drug target, while the optimal choice of HER2-
targeted agents remains unclear. Standard chem-
otherapy seems to be up-front for HER2-mutant 
advanced lung cancer patients.

To better understand the clinical outcomes as 
well as to investigate the management of advanced 
lung cancer patients harboring HER2 mutations 
in a real-life setting, we conducted this retrospec-
tive study. The clinical outcomes of interest 
include overall survival (OS), progression-free 
survival (PFS), disease control rate (DCR) and 
objective response rate (ORR). We examined the 
clinical and molecular characteristics of HER2 
mutations in advanced lung cancer patients.

Methods

Patient selection
Patients who were diagnosed with advanced lung 
cancer (stage IIIB/IV) and had undergone molec-
ular testing at Zhongshan Hospital, Fudan 

University, Shanghai, China from April 2016 to 
December 2018 were reviewed in our retrospective 
study. HER2 mutations were detected through the 
method of amplification refractory mutation sys-
tem-polymerase chain reaction (ARMS-PCR) by 
Multi-Gene Mutations Detection Kit (AmoyDx, 
Xiamen, China) or through next-generation 
sequencing (NGS) via Illumia Hiseq platform 
(Geneseeq, Nanjing, China). For patients that 
had HER2-mutant advanced lung cancer, we 
analyzed their clinical and molecular features, 
including age, gender, smoking status, tumor his-
tology and genotype.

Clinical outcomes
Clinical outcomes included OS, PFS, DCR and 
ORR. OS was defined as the period of time from 
the diagnosis date of advanced lung cancer to 
death from any cause. Patients without a recorded 
death were censored at the last date of follow-up. 
PFS was defined as the time interval from the first 
day of treatment to documented disease progres-
sion or death from any cause. Disease progression 
was determined according to the Response 
Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1. DCR was defined as the proportion 
of patients who had a best response rating of com-
plete response (CR), partial response (PR), or 
stable disease. ORR was defined as the propor-
tion of patients who had a best response rating of 
CR or PR.

Statistical analysis
Statistical analysis was performed using SPSS 
software. The Kaplan–Meier method was used to 
analyze the OS and PFS. A log-rank test was used 
to analyze OS and PFS between different groups. 
A p-value of less than 0.05 was considered statis-
tically significant.

Results

Clinical and molecular characteristics
From April 2016 to December 2018, among all 
the 1497 patients who were diagnosed with 
advanced lung cancer and had undergone molec-
ular testing in our department, we identified 44 
(2.9%) patients with HER2 mutations. The base-
line patient clinical characteristics are listed in 
Table 1. HER2 mutant lung cancer patients had a 
median age of 56 years (range: 32–76 years). A 
greater proportion of these patients were women 
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(n = 24, 55%) and never-smokers (n = 32, 73%). 
These tumors were predominantly adenocarcino-
mas (n = 42, 95%). Twenty-seven of the 44 
patients had tissue and blood samples available 
for next-generation sequencing and had particu-
lar HER2 mutation variants including 18 with a 
12 base pair in-frame insertion in exon 20 (nine 
with p.771insAYVM, five with A775_
G776insYVMA, two with p.Y772_A775dup, one 
with p.E770delinsEAYVM, one with 
p.772insYVMA), two with three base pair inser-
tions in exon 20 (G776>VC) and seven with mis-
sense mutations (V777L in exon 20, W9G in 
exon 1, S310Y in exon 8, V659E in exon 17, 
R678Q in exon 17, R713W in exon 18, and 
L1173V in exon 27). One of the 44 patients had 
both an EGFR L858R mutation in exon 21 and a 
HER2 W9G mutation in exon 1. Two patients 
with EGFR sensitive mutations harbored HER2 
mutations (one with L1173V in exon 27 and one 
with p.Y772_A775dup in exon 20) after resist-
ance to first-line EGFR tyrosine kinase inhibitors 
(TKI) treatment. Thirty-eight of the 44 patients 
harbored mutations in HER2 exon 20, including 
one patient in which the mutation was detected 
after resistance to initial therapy.

Clinical outcomes of patients treated with 
chemotherapy and HER2-targeted therapy as 
first-line therapy
The median OS for patients with HER2-mutant 
advanced lung cancer was 9.9 months with 24 
deaths and a median follow-up of 12.7 months for 
survivors. Patients with HER2 exon 20 mutation 
receiving HER2-TKI as an initial therapy had a 
numerically (though not statistically) longer OS 
than those receiving chemotherapy (10.8 versus 
9.8 months, p = 0.40) (Figure 1(A)). In HER2 
exon 20 mutant lung cancer, patients that had 
received first-line chemotherapy had a median 
PFS of 5.9 months, which was numerically longer 
than that of the HER2-TKI group (4.6 months, 
p = 0.78) (Figure 1(B)).

Clinical outcomes of patients treated with 
HER2-targeted therapy and non-targeted 
therapy
For patients with HER2 exon 20 mutations, the 
disease control rates of pemetrexed-based chem-
otherapy, HER2-TKI (afatinib and pyrotinib) 
and trastuzumab-based therapy were 89.7%, 
64.0% and 33.3% (Table 2). For those receiving 
pemetrexed-based chemotherapy and those 

receiving HER2-TKI, the objective response rates 
were 6.9% and 8.0% (Table 2). For patients 

Table 1. Clinical characteristics of patients with HER2 mutations.

Patient clinical characteristics

Age at lung cancer diagnosis, median years (range) 56 (32–76)

 <65 33 (75%)

 ⩾65 11 (25%)

Gender

 Male 20 (45%)

 Female 24 (55%)

Smoking status

 Non-smoker 32 (73%)

 Former smoker 7 (16%)

 Current smoker 5 (11%)

Histology

 Adenocarcinoma 42 (95%)

 Non-adenocarcinoma 2 (5%)

HER2 alteration

 Exon 20 38 (86%)

 Non-exon 20 6 (14%)

Testing method

 ARMS-PCR 17 (39%)

 NGS 27 (61%)

Type of first-line treatment for HER2 exon 20 mutant advanced lung 
cancer

 Chemotherapy 27 (73%)

 Targeted therapy 8 (22%)

 Supportive care 2 (5%)

Line of HER2-targeted therapy

 First line 8 (28%)

 Second line 11 (38%)

 Third line and above 10 (34%)

ARMS-PCR, amplification refractory mutation system-polymerase chain 
reaction; HER2, human epidermal growth factor receptor 2; NGS, next-generation 
sequencing

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 12

4 journals.sagepub.com/home/tam

receiving pemetrexed-based chemotherapy and 
HER2-targeted therapy, PFS was 5.8 and 
2.1 months, respectively (p = 0.08) (Figure 2(A)). 
Patients who received HER2-targeted therapy as 
first-line therapy had an improved OS (10.8 ver-
sus 10.1 months, p = 0.30, Figure 2(B)), as well as 
the PFS (4.6 versus 2.8 months, p = 0.36, Figure 
2(C)), relative to those who received HER2-
targeted therapy as subsequent-line therapy, 
although they did not meet the threshold for sta-
tistical significance. For patients treated with 
immunotherapy, the median PFS was 1.7 months 
(range: 1–3.3 months) and the DCR was 75.0%.

Clinical outcomes of patients with HER2 
mutation: comparison among HER2 variants 
subgroups
Twenty of the 44 patients had a known HER2 
exon 20 variant when diagnosed with advanced 
lung cancer. According to the frequency of vari-
ants, they were divided into the exon 20 p.771ins 
AYVM group (n = 9) and the other variants group 
(n = 11, five with A775_G776insYVMA, one with 
p.Y772_A775dup, one with p.E770delinsEAYVM, 
one with p.772insYVMA, two with G776>VC, 

one with V777L). Median OS tended to be infe-
rior in the p.771insAYVM group compared with 
the OS of the other variants group (9.3 versus 
12.4 months, p = 0.48) (Figure 3(A)). Patients in 
the p.771insAYVM group had a median PFS of 
3.6 months when treated with first-line chemo-
therapy, which was significantly shorter than that 
of the other variants group (7.1 months, p = 0.02) 
(Figure 3(B)). When treated with HER2-TKI, 
median PFS tended to be inferior in the 
p.771insAYVM group compared with the median 
PFS of the other variants group, even though no 
significant difference existed between the two 
groups (2.6 versus 4.4 months, p = 0.24) (Figure 
3(C)). Meanwhile, durable disease control was 
seen in two patients treated with afatinib as a first-
line therapy (17.5 and 13.3 months, respectively), 
one with a G776>V mutation and the other with 
a YVMA insertion.

Discussion
In our retrospective study, mutations in the HER2 
gene were detected in approximately 2.9% of 
unselected metastatic lung cancer using ARMS-
PCR or NGS, which is comparable to previous 

Figure 1. Clinical outcomes of patients treated with chemotherapy and HER2-targeted therapy as first-line therapy.
(A) Overall survival time of patients treated with chemotherapy and HER2-targeted therapy as first-line therapy. (B) 
Progression-free survival of patients treated with chemotherapy and HER2-targeted therapy as first-line therapy. HER2-TKI, 
HER2 tyrosine kinase inhibitors.

Table 2. DCR and ORR of HER2-targeted therapy and non-targeted therapy.

Pemetrexed-based therapy HER2-TKI Trastuzumab-based therapy Immunotherapy

n 29 25 3 4

DCR 89.7% 64.0% 33.3% 75.0%

ORR 6.9% 8.0% 0 0

DCR, disease control rate; HER2, human epidermal growth factor receptor 2; ORR, objective response rate
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reports. In accordance with prior reports, HER2 
mutations tend to be more common in younger, 
female patients with no smoking history and ade-
nocarcinoma histology. Most of the HER2 exon 
20 mutations were exclusive, except for one 
patient with a concomitant EGFR sensitive muta-
tion who harbored a HER2 exon 20 mutation 
after resistance to first-line EGFR-TKI. However, 
differently from previous studies, we found that a 
12 base pair in-frame insertion with 
p.771insAYVM was the most common subtype, 
rather than A775_G776insYVMA2,7,8 in our 
study. Other, much rarer, subtypes of HER2 
mutations were also detected, such as missense 
mutations in exons 1, 8, 17, 18 and 27.

Overall, patients with HER2-aberrant tumors 
have a significantly worse prognosis than those 
with EGFR and anaplastic lymphoma kinase 
(ALK)-positive tumors, possibly due to the low 
proportion of patients that received HER2-
targeted therapies and the low response rate to 
HER2-targeted therapies in patients with HER2-
mutant tumors.8 In a French real-life setting 
cohort, median OS of stage IV NSCLC patients 
harboring HER2 mutations was 10.7 months.9 As 
in our cohort, the median OS was 9.9 months 
with 24 deaths and a median follow-up of 
12.7 months for survivors. Patil et  al. reported 
that patients who received HER2-directed thera-
pies had numerically longer median survival time 

Figure 2. Clinical outcomes of patients treated with HER2-targeted therapy and non-targeted therapy.
(A) Progression-free survival of patients treated with pemetrexed-based chemotherapy and HER2-targeted therapy. (B) Overall 
survival time of patients treated with HER2-targeted therapy as first-line and subsequent-line therapy. (C) Progression-free 
survival of patients treated with HER2-targeted therapy as first-line and subsequent-line therapy.
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relative to patients who received cytotoxic chem-
otherapy (65 versus 29 months).10 In our series, 
OS was numerically longer for patients treated 
with HER2-TKI as an initial therapy rather than 
chemotherapy (10.8 versus 9.8 months), although 
this did not meet the threshold for statistical sig-
nificance. But we found that patients with 
advanced HER2 exon 20-mutant lung cancer 
derived a PFS benefit to first-line chemotherapy 
compared with first-line HER2-TKI (5.9 versus 
4.6 months, p = 0.78). In the current series, 
patients who received HER2-targeted therapies 
had a shorter median PFS relative to those who 
received pemetrexed-based therapy (2.1 versus 
5.8 months, p = 0.08), irrespective of the line of 
therapy. However, when HER2-targeted agents 
were given as an initial therapy rather than a 

subsequent-line therapy, patients derived a 
numerically longer OS (10.8 versus 10.1 months, 
p = 0.30), as well as a numerically longer PFS 
(4.6 versus 2.8 months, p = 0.36). When HER2-
targeted agents were given as a subsequent-line 
therapy, a large proportion of patients derived 
short-term benefit or no benefits at all. As patients 
might derive more clinical benefits if they were 
treated at an earlier point in their disease course 
with a better performance status, assessments of 
the activity of HER2-targeted agents presented 
here and in the literature may be underestimates 
of their potential effectiveness.

Although HER2 mutations appear to be an emerg-
ing and promising drug-targetable NSCLC 
marker, the optimal choice for targeted therapy 

Figure 3. Clinical outcomes of patients with HER2 mutation: comparison among HER2 variants subgroups.
(A) Overall survival of patients with HER2 mutation. (B) Progression-free survival of patients treated with first-line 
chemotherapy. (C) Progression-free survival of patients treated with HER2-TKI. The p.771insAYVM group was compared with 
the other variants group. HER2-TKI, HER2 tyrosine kinase inhibitors.
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remains poorly defined. For patients receiving 
afatinib and trastuzumab-based chemotherapy, 
the EUHER2 study demonstrated that response 
rates were 18% and 50%, disease control rates 
were 64% and 75% and PFS was 3.9 and 
5.1 months, respectively.11 In our study, we 
observed that for patients treated with HER2-TKI 
and trastuzumab-based therapy, disease control 
rates were 64.0% and 33.3%, irrespective of the 
line of therapy. The ORR of HER2-TKI was 8% 
in our patients. However, durable clinical benefit 
from afatinib as a first-line therapy was also seen 
in two patients (17.5 and 13.3 months, respec-
tively) in our study, one with a G776>V mutation 
and the other with a YVMA mutation. An ongo-
ing treatment of afatinib for a patient with a 
YVMA mutation at 30 months was documented 
in a retrospective international multi-center 
study.12 Fang et al. reported that G778_P780dup 
and G776delinsVC derived the greatest benefit 
from afatinib among HER2 variants.13 This dem-
onstrates that afatinib has the potential for durable 
disease control in a subset of patients with HER2-
mutant lung cancer. Furthermore, we found for 
the first time that patients with AYVM insertion 
were associated with poor clinical outcomes. 
Given our small sample size and limited number 
of patients subjected to NGS, we were unable to 
differentiate responses to HER2-directed thera-
pies based on specific insertion mutations, though 
this is an area of importance. These findings high-
light the need for a better understanding of the 
underlying biology of the various HER2 mutation 
subtypes and potential differences in their response 
to therapies.

There are issues that need to be taken into con-
sideration when administering HER2-targeted 
therapies. Toxicities of afatinib, including diar-
rhea and mucositis, can be dose-limiting. 
Tolerability of these medications may be a chal-
lenge for patients. Other irreversible pan-HER 
receptor family inhibitors of potential therapeutic 
roles, such as dacomitinib, neratinib, pyrotinib 
and poziotinib, are all under study. Dacomitinib 
showed a modest response rate of 11.5% (3/26) 
in patients with tumors harboring HER2 exon 20 
mutations in a phase II trial.7 The preliminary 
results of neratinib in combination with temsiroli-
mus from a phase II trial reported a response rate 
of 18.6% (8/43) in HER2-mutant lung adenocar-
cinoma.14 Pyrotinib, a promising small-molecular 
inhibitor, demonstrated a response rate of 53.3% 
(8/15) and median PFS of 6.4 months in an early-
phase clinical trial.15 Poziotinib has reported 

efficacy in HER2 exon 20 insertion NSCLC 
(NCT03318939).16 Another potent and selective 
EGFR/HER2-TKI, TAK-788 (AP32788), has 
shown antitumor activity in preclinical studies 
involving HER2 exon 20 insertion-mutant cancer 
cell lines.17,18

Apart from small molecular inhibitors, ado- 
trastuzumab emtansine (also known as T-DM1), 
a HER2-targeted antibody–drug conjugate, has 
shown promise in treating patients with HER2-
mutant advanced lung cancer. A previous study 
reported limited efficacy of T-DM1 for HER2-
positive NSCLC, which confirmed that HER2 
IHC was not the ideal biomarker in lung can-
cers.19 In a recent separate phase II trial of 
T-DM1 for patients with HER2-mutant lung 
cancers, the objective response rate was 44%, 
median PFS was 5 months and the median dura-
tion of response was 4 months.20 T-DM1 has 
been incorporated as a treatment recommenda-
tion for HER2-mutant lung adenocarcinomas by 
the 2018 National Comprehensive Cancer 
Network Clinical Practice Guidelines.21 A fur-
ther expansion study of T-DM1 in both HER2-
amplified and HER2-mutant solid tumors is 
ongoing (NCT02675829). [Fam-] trastuzumab 
deruxtecan (DS-8201a), a novel HER2-targeted 
antibody–drug conjugate, has a confirmed objec-
tive response rate of 58.8% (10/17) in HER2-
expressing or -mutated NSCLC and 72.7% 
(8/11) response rate in HER2-mutated NSCLC 
in an ongoing phase I trial, with a manageable 
safety profile.22 A phase II study of DS-8201a in 
HER2-overexpressing or -mutated advanced 
NSCLC is also ongoing (NCT03505710).

Immunotherapy with anti-programmed cell death 
protein 1 (PD-1) or programmed cell death ligand 
1 has emerged as a standard of care in advanced 
lung cancer treatment over the past 5 years. The 
role of immune checkpoint inhibitors (ICIs) 
alone, or with chemotherapy, in patients with 
known oncogenic drivers continues to evolve. In a 
single-center retrospective study, no patient with 
atypical EGFR (a-EGFR; G719X, exon 20, 
L861Q) or HER2 alterations (exon 19, exon 20, 
amplifications) had a RECIST response to single-
agent ICI.10 Patients with a-EGFR and HER2 
alterations who received ICI with platinum dou-
blet chemotherapy had significantly improved 
PFS relative to single-agent ICI (7 versus 
2 months).10 Mazieres et  al. found that PFS to 
single-agent ICI ranged from 2 to 3.4 months 
among those with HER2 alterations.23 Guisier 
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et  al. reported in a retrospective multi-center 
study that the response rates of anti-PD-1 immu-
notherapy for BRAF-V600, BRAF-non-V600, 
HER2, MET and RET-altered NSCLC – which 
were 26%, 35%, 27%, 36% and 38%, respec-
tively – seemed close to that observed in unse-
lected patients with NSCLC.24 Four patients 
received immunotherapy of anti-PD-1 as a subse-
quent-line of therapy in our study. DCR of immu-
notherapy was 75%. PFS to single-agent ICI as a 
subsequent-line of therapy ranged from 1 to 
3.3 months in our cohort. These results suggest 
that it would be interesting to observe the clinical 
outcomes of immunotherapy in patients with 
HER2-mutant lung cancer. Large prospective 
studies are needed to reveal ICI efficacy in these 
rare patient subsets.

We note several limitations in our study. First, this 
was a retrospective and observational single-insti-
tution study and was therefore prone to selection 
bias. Additionally, collected patient information 
was not always complete. Second, the patient 
number was limited (n = 44) in our cohort. This is 
partly due to the fact that a portion of the patients 
were subjected to hot spot molecular profiling, 
which may not have included HER2, while it pre-
sented the real-world nature in the Chinese popu-
lation given the study inclusion period. Third, 
39% of the molecular testing (17/44) was per-
formed using ARMS-PCR, which was not able to 
determine the particular variant of HER2 mutation 
present and thus may have led us to miss some rare 
mutations. This also tempered our ability to draw 
strong conclusions regarding the potential differ-
ences of various HER2 mutation subtypes in their 
responses to therapies, although this is an area ripe 
for future exploration. Finally, another limitation 
is that we only have experience with afatinib, pyro-
tinib and trastuzumab (in combination with chem-
otherapy) as these are the available treatments in 
China currently. No patients received other avail-
able or experimental HER2-targeted agents. 
However, because of the rarity of HER2-mutated 
advanced lung cancer, we think that our study pro-
vides valuable real-life information about treat-
ments received and the outcomes of these patients 
in the Chinese population.

Conclusion
HER2 is a targetable driver mutation. We recom-
mend testing for HER2 mutations in addition to 
other uncommon, potentially targetable, genetic 
alterations for patients whose tumors are negative 

in EGFR, ALK and c-ros oncogene 1 receptor tyros-
ine kinase (ROS1). Pemetrexed-containing chemo-
therapy seemed to be the prior regimen for patients 
with HER2 exon 20 mutant adenocarcinomas so far. 
Currently available HER2-targeted agents may pro-
vide an additional option for those patients. Patients 
treated with HER2-TKI earlier in their disease 
course may derive more clinical benefits. Refining 
the patient population based on patterns of HER2 
variants may help to improve the efficacy of anti-
HER2 treatment in lung cancer. Developing highly 
effective and tolerable HER2-targeted agents is 
urgently needed for this population.

Acknowledgements
We thank the study participants and their families 
and are grateful for the collaboration of Zhongshan 
Hospital, Fudan University, and their staff.

Author contribution
JZ contributed to preparing and conducting this 
research. ND, XX, YZ, MY, and CL provided the 
patient information. JH designed the research. All 
authors read and approved the final manuscript.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

Ethics statement
The study protocol was approved by the ethics 
committee of Zhongshan Hospital, Fudan 
University (No. B2017-142R).

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: this work was 
supported by the National Natural Science 
Foundation of China (grant number 81500025).

Informed consent
Informed consent, covering the study back-
ground, objective, process, risk and benefit, and 
personal information safety, was obtained from 
all individual participants included in the study.

Supplemental material
Supplemental material for this article is available 
online.

Reference
 1. Siegel RL, Miller KD and Jemal A. Cancer 

statistics, 2018. CA Cancer J Clin 2018; 68: 7–30.

https://journals.sagepub.com/home/tam


J Zhou, N Ding et al.

journals.sagepub.com/home/tam 9

 2. Arcila ME, Chaft JE, Nafa K, et al. Prevalence, 
clinicopathologic associations, and molecular 
spectrum of ERBB2 (HER2) tyrosine kinase 
mutations in lung adenocarcinomas. Clin Cancer 
Res 2012; 18: 4910–4918.

 3. Mazières J, Peters S, Lepage B, et al. Lung cancer 
that harbors an HER2 mutation: epidemiologic 
characteristics and therapeutic perspectives. 
J Clin Oncol 2013; 31: 1997–2003.

 4. Pillai RN, Behera M, Berry LD, et al. HER2 
mutations in lung adenocarcinomas: a report 
from the lung cancer mutation consortium. 
Cancer 2017; 123: 4099–4105.

 5. Shigematsu H, Takahashi T, Nomura M, et al. 
Somatic mutations of the HER2 kinase domain 
in lung adenocarcinomas. Cancer Res 2005; 65: 
1642–1646.

 6. Kris MG, Johnson BE, Berry LD, et al. Using 
multiplexed assays of oncogenic drivers in lung 
cancers to select targeted drugs. J Am Med Assoc 
2014; 311: 1998–2006.

 7. Kris MG, Camidge DR, Giaccone G, et al. 
Targeting HER2 aberrations as actionable drivers 
in lung cancers: phase II trial of the pan-HER 
tyrosine kinase inhibitor dacomitinib in patients 
with HER2-mutant or amplified tumors. Ann 
Oncol 2015; 26: 1421–1427.

 8. Ninomiya K, Hata T, Yoshioka H, et al. A 
prospective cohort study to define the clinical 
features and outcome of lung cancers harboring 
HER2 aberration in Japan (HER2-CS STUDY). 
Chest 2019; 156: 357–366.

 9. Auliac JB, Dô P, Bayle S, et al. Non-small cell 
lung cancer patients harboring HER2 mutations: 
clinical characteristics and management in a 
real-life setting. Cohort HER2 EXPLORE GFPC 
02-14. Adv Ther 2019; 36: 2161–2166.

 10. Patil T, Mushtaq R, Marsh S, et al. 
Clinicopathologic characteristics, treatment 
outcomes, and acquired resistance patterns of 
atypical EGFR mutations and HER2 alterations 
in stage IV non-small-cell lung cancer. Clin Lung 
Cancer. Epub ahead of print 21 November 2019. 
DOI : 10.1016/j.cllc.2019.11.008.

 11. Mazières J, Barlesi F, Filleron T, et al. Lung 
cancer patients with HER2 mutations treated 
with chemotherapy and HER2-targeted drugs: 
results from the European EUHER2 cohort. Ann 
Oncol 2016; 27: 281–286.

 12. Lai WV, Lebas L, Barnes TA, et al. Afatinib 
in patients with metastatic or recurrent HER2-
mutant lung cancers: a retrospective international 
multicentre study. Eur J Cancer 2019; 109: 28–35.

 13. Fang W, Zhao S, Liang Y, et al. Mutation 
variants and co-mutations as genomic modifiers 

of response to afatinib in HER2-mutant lung 
adenocarcinoma. Oncologist. Epub ahead of 
print 20 November 2019. DOI: 10.1634/
theoncologist.2019-0547.

 14. Gandhi L, Besse B, Mazieres J, et al. MA04.02 
neratinib +/– temsirolimus in HER2-mutant lung 
cancers: an international, randomized phase II 
study. J Thorac Oncol 2017; 12: S358e9.

 15. Wang Y, Jiang T, Qin Z, et al. HER2 exon 20 
insertions in non-small-cell lung cancer are 
sensitive to the irreversible pan-HER receptor 
tyrosine kinase inhibitor pyrotinib. Ann Oncol 
2019; 30: 447.

 16. Heymach JV, Negrao MV, Robichaux JP, et al. 
OA02.06 a phase II trial of poziotinib in EFR and 
HER2 exon 20 mutant non-small cell lung cancer 
(NSCLC). J Thorac Oncol 2018; 13(Suppl. 10): 
S323–S324.

 17. Gonzalvez F, Zhu X, Huang WS, et al. AP32788, 
a potent, selective inhibitor of EGFR and HER2 
oncogenic mutants, including exon 20 insertions, 
in preclinical models. Cancer Res 2016; 76(Suppl. 
14): Abstract 2644.

 18. Neal J, Doebele R, Riely G, et al. Safety, PK, 
and preliminary antitumor activity of the oral 
EGFR/HER2 exon 20 inhibitor TAK-788 in 
NSCLC. J Thorac Oncol 2018; 13S: WCLC #P1.13.

 19. Hotta K, Aoe K, Kozuki T, et al. A phase II 
study of trastuzumab emtansine in HER2-
positive non-small cell lung cancer. J Thorac 
Oncol 2018; 13: 273–279.

 20. Li BT, Shen R, Buonocore D, et al. Ado-
trastuzumab emtansine for patients with HER2-
mutant lung cancers: results from a phase II 
basket trial. J Clin Oncol 2018; 36: 2532.

 21. Ettinger DS, Aisner DL, Wood DE, et al. CCN 
guidelines insights: non-small cell lung cancer, 
version 5.2018. J Natl Compr Canc Netw 2018; 
16: 807–821.

 22. Planchard D, Li BT, Murakami H, et al. A 
phase II study of [fam–] trastuzumab deruxtecan 
(DS-8201a) in HER2-overexpressing or -mutated 
advanced non-small cell lung cancer. Ann Oncol 
2019; (Suppl. 2): ii66–ii67.

 23. Mazieres J, Drilon A, Lusque A, et al. Immune 
checkpoint inhibitors for patients with advanced 
lung cancer and oncogenic driver alterations: 
results from the IMMUNOTARGET registry. 
Ann Oncol 2019; 30: 1321–1328.

 24. Guisier F, Dubos-Arvis C, Viñas F, et al. Efficacy 
and safety of Anti-PD-1 immunotherapy in patients 
with advanced NSCLC with BRAF, HER2, or 
MET mutations or RET translocation: GFPC 
01-2018. J Thorac Oncol 2020; 15: 628–636.

Visit SAGE journals online 
journals.sagepub.com/
home/tam

SAGE journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam



