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Abstract. Lung cancer is one of the most common malignant tumors in the world and one of the main 
causes of cancer death. In lung cancer, metastatic stage accounted for a large percentage. It is a global 
disease affecting human health, with high incidence rate, low malignant degree and other characteristics. 
After decades of exploration, anti-HER2 targeted therapy in breast has made breakthrough progress, 
obtained encouraging clinical efficacy, and fully improved the quality of the life of patients. Because of this, 
more and more researchers are focusing on anti-HER2 in metastatic lung cancer targeting research. For the 
past few years, new targeted drugs have been constantly developed for anti-HER2 in metastatic lung cancer, 
and promising data results have been obtained in clinical trials and cohort study. This article provides a 
review of the clinical research progress of anti-HER2 targeted therapy in metastatic lung cancer in recent 
years, with a view to further guiding clinical treatment and providing more treatment options for patients. 

1 Introduction 
Among all diagnosed tumors, lung cancer is the largest 
contributor with 18.4% mortality [1]. However, despite a 
number of new technologies coming out in lung cancer’s 
diagnosis, identification and treatment, lung cancer is 
still characterized by high mortality rate. It is estimated 
that, in 2019, the 5-year survival rate for lung cancer is 
only 19%, which is in sharp contrast to other causes of 
cancer death in the United States [2]. Further, over the 
past decade, the 5-year overall survival rate for patients 
with metastatic non-small cell lung cancer is less than 5% 
[3].  

Because of the characteristics of poor prognosis and 
limited treatment on lung cancer, intensive and continued 
clinical research of new combination and therapies are 
still called for. In the last 20 years, there have been a 
variety of anti-Human Epidermal Growth Factor 
Receptor 2 (anti-HER2) agents used to treat breast 
cancer stepping into clinical practice [4]. The anti-HER2 
treatment for early or metastatic HER-2 positive breast 
cancer, which achieves notable achievements, can led to 
a positive increasement in disease-free survival (DFS) 
and overall survival (OS). [5] A growing number of 
patients potentially benefit from the HER2-targeted 
therapies which have become an indispensable method in 
present breast cancer treatment. Besides, HER2-targeted 
therapies also develop in other tumors such as gastric, 
colon or biliary malignant cancer [6]. Regarding lung 
cancer, HER-2 mutations and HER-2 amplification have 
been considered as carcinogenic factors and potential 
therapeutic targets [7]. Despite that the mechanism of 
using HER-2 targeting drugs as monotherapy or 
combining it with chemotherapy are poorly understood 
[6], it is worth noting that the HER2-targeted 

antibody-drug ado-trastuzumab emtansine (TDM-1) 
shows an activity signal in the treatment with 
HER2-overexpressing (IHC 3+) metastatic Non-Small 
Cell Lung Cancer (NSCLC) [8]. For the last few years, 
an increasing number of clinical trials of anti-HER2 
targeted therapy in metastatic lung cancer have emerged. 
This may open up new possibilities for future metastatic 
lung cancer treatment.  

Therefore, in this review, we will focus on anti-HER2 
targeted therapy of metastatic lung cancer in recent years, 
especially the mechanism and clinical data of different 
treatments, to offer more therapeutic schedule for clinical 
treatment. 

2 Mechanism of anti-HER2 targeted 
therapy 
Epidermal growth factor receptor 2(HER2), also known 
as ERBB2, is one of the EGFR family members of 
receptor tyrosine kinases. Basic experimental studies 
have confirmed the expression of HER2 in various cell 
lines including multiple adenocarcinoma and squamous 
cell carcinoma cell lines [9] The binding of ligand and 
HER3/HER4 leads to the formation of catalytically 
active homo and heterodimers, thus activating several 
downstream pathways, including PI3K/AKT/mTOR and 
MEK/ERK, participating in the progress of cellular 
proliferation, differentiation, migration and apoptosis 
[10-13]. Despite there is no clear direct ligand for HER2., 
in fact, it is all other ERBB families’ preferred 
dimerization bonder [13-14]. In addition, HER2 has a 
unique basal tyrosine kinase activity. Consequently, 
HER2 plays a significant role in signal transduction and 
when it loses, its function tumor will progress. The 
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alterations of HER2 has been recognized as a driving 
factor in the development and progression of lung cancer 
and a potential therapeutic target. HER2 gene mutations, 
HER2 gene amplification, HER2 protein overexpression 
are three main forms of HER2 alteration which have 
been proven [15]. HER2 mutations are reported to 
happen in up to 4% of NSCLC patients and the most 
commonly encountered mutation is in-frame insertions in 
exon 20 [16-17]. HER2 gene amplification is observed in 
approximately 10–20% of NCSLC patients, while the 
proportion of HER2 protein overexpression in NSCLC is 
about 30%-50% according to the statistics [18]. There 
are different targeted drug therapies for different HER2 
alterations, and they are summarized as follows. 

3 Trastuzumab 
Trastuzumab is a monoclonal antibody against HER2, 
which has been shown to be effective in the treatment of 
HER2-positive breast cancer. In recent years, with the 
continuous application of targeted therapy in the field of 
lung cancer treatment, trastuzumab, a the brief 
Her2-targeted drug, was on of the first used in clinical 
trials to treat patients with HER2-altered NSCLC.Studies 
have confirmed that trastuzumab plays a role mainly 
through promoting HER2 receptor down-regulation and 
degradation. Meanwhile, trastuzumab also can activate 
antibody-dependent cellular cytotoxicity to achieve the 
purpose of preventing the tumor’s proliferation, 
differentiation, migration and apoptosis [19]. For now, 
preclinical data have demonstrated that trastuzumab is 
effective in NSCLC. However, the vast majority of 
trastuzumab clinical trial have not shown a demonstrable 
advantage for the NSCLC patients as monotherapy or 
combined with chemo-therapy [20]. In spite of this, there 
are still some clinical records showing trastuzumab to be 
effective, which suggests a potential and new direction. 

The European EUHER2 cohort study identified 101 
eligible metastatic NSCLC patients with a known HER2 
exon-20 insertion, from 38 centers, and five-seventh of 
them received trastuzumab treatment. Subset analysis 
revealed that five-seventh trastuzumab-treated patients 
had a higher overall response rate (ORR) of 50.9% 
compared with conventional chemotherapy-treated 
patients, with an ORR of 43.5% [21]. This study shows 
the promise of trastuzumab HER2-targeted therapy in 
metastatic HER2-mutation NSCLC. 

Corey J. Langer et al. reported a randomized phase II 
in patients with metastatic NSCLC that were positive for 
HER-2/neu by immunohistochemistry 1+ to 3+, 
evaluating the curative effect of combination carboplatin, 
paclitaxel, and trastuzumab [22]. Final results showed 
early acticivity with a median survival of 10.1 months 
(1-year survival rate ,42%). In terms of toxic side effects, 
anemia has primary interim toxicity, and neutropenia has 
the most primary interim toxicity. Other toxicological 
reactions were not soginificantly different from those of 
carboplatin and paclitaxel alone. Thus, the cytotoxicity 
of the combination therapy is not worse than that of 
chemotherapy alone. Combination treatment is feasible. 

At the same time, several seminal cases of 
HER2-positive NSCLC trearted with trastuzumab 
combined with chemotherapy have been constantly 
reported. Cappuzzo F. et al. treated a metastatic lung 
adenocarcinoma patient who was detected a HER2 exon 
20 mutation with weekly trastuzumab and paclitaxel. 
After a four-month therapy, the level of 
carcinoembryonic antigen (CEA) went from 44 ng per 
milliliter to 1.4 ng per milliliter, and chest CT showed 
almost complete disappearance of lung metastases [20]. 

Although there have also been some clinical trials 
with negative results [23-24], trastuzumab combined 
with chemotherapy is still potentially beneficial. The 
efficacy of trastuzumab combined with chemotherapy in 
the treatment of patients with HER-2 positive NSCLC 
still needs to be demonstrated by further 
muli-center,large-sample prospective or cohort studies to 
prove its efficacy and safety. Trastuzumab in combined 
with chemotherapy may offer new hope for patients who 
have no other treatment options. 

4 Pyrotinib 
Pyrotinib is a new targeted drug for anti-HER2 therapy, 
which has achieved good efficacy in clinical trials in 
recent years. Pyrotinib is an oral drug, the irreversible 
pan-HER receptor tyrosine kinase inhibitor (TKI), which 
can target effectively against epidermal growth factor 
receptor (EGFR)/HER1 and HER2 [25]. Phase I study 
and biomarker analysis of pyrotinib showed that the 
inhibition of pyrotinib on multiple HER receptors was 
irreversible, and the proliferation of 
HER2-overexpressed cells was effectively inhibited by 
pyrotinib in vitro and in vivo [26-27]. The combination 
of pyrotinib and capecitabine has shown good results in 
the treatment of HER2-positive metastatic breast cancer 
and has been approved for use in China. For metastatic 
lung cancer, pyrotinib has shown great potential, and has 
attracted the attention of many clinical researchers. 
Recent studies have indicated that pyrotinib mainly 
shows positive effects in HER2 mutation lung cancer 
patients. Reports are as follows. 

In 2019, Y. Wang et al. reported for the first time the 
efficacy and safety of pytotinib in the treatment of HER2 
mutated NSCLC [25]. In Y. Wang’s vitro research, 
compared with afatinib and TDM-1, pyrotinib had a 
more obvious inhibitory effect on tumor growth. 
Moreover, the data showed that pHER2, pERK and pAkt 
were strongly inhibited by pyrotinib. A phase II clinical 
trial enrolling 15 patients with HER2-mutant NSCLC, 
found that pyrotinib led to median PFS of 6.4 months 
with an objective response rate (ORR)of 53.3%. 

Caicun Zhou et al. reported a multicenter, open-Label, 
single-Arm, phase II study on pyrotinib in HER2-mutant 
metastatic lung adenocarcinoma after platinum-based 
chemotherapy [25]. They enrolled 60 patients who had 
different types of Her2 mutations, and 44 (73.3%) 
patients were detected with 12-bp exon 20. 

Insertion.The results showed that pyrotinib had 
strong anti-tumor activity and low toxicity against 
different types of HER2 mutation patients. IRC-assessed 
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ORR was 30.0%. The 12-bp exon 20 Her2-mution 
patient objective response rate was 27.3%. At the same 
time, the data suggest that pyrotinib is not less effective 
in patients with brain metastases. Meanwhile, the 
incidence of treatment-related grade 3 or 4 adverse 
reactions was 28.3%, among which diarrhea was the 
most common. Thus, it can be seen that pyrotinib has 
good anti-tumor efficacy and high safety in patients with 
HER2 mutation NSCLC during chemotherapy. 

5 T-DM1(Trastuzumab-Emtansin) 
Trastuzumab emtansine(also known as T-DM1) is a 
HER2-targeted antibody-drug combination that connects 
trastuzumab with the anti-microtubule drug emtansine 
[28].T-DM1 can effectively target and deliver DM1 to 
HER2-positive cancer cells, maximizing the therapeutic 
index of DM1 and effectively reducing the off-target 
effect. T-DM1 has been approved for the treatment of 
advanced breast cancer patients with HER2 amplification 
and overexpression [8]. In preclinical studies, T-DM1 is 
demonstrated available in vitro growth suppression of 
HER2-mutation NSCLC cells [29]. Meanwhile, the vitro 
animal experimental data showed that T-DM1 inhibited 
the growth of SBC-3/SN-38 xenografts more obviously 
compared with trastuzumab, showing better potential 
against small cell lung cancer (SCLC) [30]. T-DM1 has 
also shown vital antitumor effects in clinical trials. 

A multicenter, single-arm clinical trial enrolled 49 
patients with metastatic NSCLC with HER 2 
overexpression (29 IHC 2+, 20 IHC 3+) [8]. No 
significant treatment response was observed in the 
IHC2+ cohort. However, there were four partial 
responses observed in the IHC 3+ cohort with an ORR 
of ,20% (95% CI, 5.7% to 3.7%). In the IHC2+and 
3+cohorts, clinical benefit rates were 7% and 30%, 
respectively. The results revealed that the T-DM1 
showed significant anti-tumor activity in metastatic 
NSCLC with HER2-overexpressing (IHC3+). Due to the 
limitations of the trial, the data cannot demonstrate that 
T-DM1 was absolutely effective against 
HER2-overexpressing metastatic NSCLC. Further basic 
and clinical experiments are needed to identify changes 
in the HER2 pathway to further optimize the adaptation 
of TDM1 in NSCLC populations.  

A phase basket II trial researched NSCLC patients 
with HER2 overexpression, application, or mutation 
treated with T-DM1[28]. Among the 15 enrolled patients 
who met the criteria, there were 5 IHC 3+, 3 IHC 
2+/FISH-positive, 7 with HER2 mutations NSCLC. All 
enrolled patients received 3.6 mg/kg of T-DM1 
intravenously every 3 weeks until disease progression. 
The final data showed a partial response rate of 44% in 
patients with HER2 mutations. (95% CI, 22% to 69%), 
with a median PFS of 5 months (95% CI, 3 to 9 months). 
Collectively, T-DM1 has a good anti-tumor effect in 
HER2-mutant lung cancers. Further study on the T-DM1 
is warranted. Based on this clinical trial, the NCCN has 
included T-DM1 in its Clinical Practice Guidelines for 
the treatment of metastatic HER2-mutation NSCLC 
patients.  

However, what deserves our attention is T-DM1, 
which also has related side effects in clinical application. 
In a clinical trial, thrombocytopenia occurred in 40% of 
the enrolled patients. Thus, platelet count monitoring is a 
necessary measure during the use of T-DM1.Beyond that, 
T-DM1 can also affect liver metabolism, kidney 
metabolism, gastrointestinal function, etc. [31] 

T-DM1 has initially shown clinical value in lung 
cancer, but it is worth noting that the related toxic and 
side effects in clinical application deserve 
comprehensive management. It is hoped that there will 
be more clinical trials of T-DM1 and greater 
breakthroughs in the treatment of lung cancer. 

6 Trastuzumab deruxtecan (DS8201) 
Trastuzumab deruxtecan (known as T-DXd; DS-8201a) 
is a HER2-directed antibody and DNA topoisomerase I 
inhibitor conjugate. Basic experimental studies have 
shown that DS8201 has about twice the drug-antibody 
ratio of T-DM1 [32]. At present, DS8201 is used for the 
treatment of a variety of HER2-expressing tumors, 
including HER2-expressing metastatic colorectal cancer, 
HER2-positive metastatic breast cancer and so on [33]. 
Recent studies have shown encouraging efficacy of 
DS8201 in the treatment of NSCLC. In the 2021 NCCN 
Clinical Practice Guidelines for NSCLC, DS8201 was 
first recommended for the treatment of HER2 mutant 
NSCLC. 

Recently, an ongoing phase II clinical cohort study of 
DS8201 has yielded encouraging interim results. 
DESTINY-Lung01 is a cohort study evaluating the 
anti-tumor efficacy of DS8201 in HER2 overexpression 
and HER2 mutation NSCLC. A total of 65 patients with 
HER2 mutation and 49 patients with HER2 
overexpression NSCLC were enrolled in the cohort. 
Among the HER2 overexpression NSCLC patients, the 
statistical found the ORR of 24.5% (95% 
CI:13.3%-38.9%), with a e disease control rate (DCR) 
was 69.4% (95% CI:54.6%-81.8%). All patients had at 
least one treatment acute adverse event, mainly 
gastrointestinal adverse reaction (59.2%). The ORR in 
patients with the HER2 mutation was 61.9% (95% 
CI:45.6%-76.4%), and the DCR was 90.5% (95% CI: 
77.4%-97.3%). Third -level adverse drug reactions 
occurred in 64% of the patients, including neutrophils 
decline (26.2%) and anemia (16.7%) [34-35]. 

At present, there are a few results of cohort studies on 
DS8201, but it can be seen from current results that 
DS8201 initially shows anti-tumor activity. However, 
interstitial pneumonia may be a more serious side effect 
of DS8201, where prompt detection and intervention are 
required. 

7 Other 
In addition to the above drugs, there are a number of 
small-molecule anti-tumor agents targeting HER2 that 
have achieved initial efficacy in the treatment of 
HER2-mutated, HER2-amplified and 
HER2-overexpressed NSCLC. However, because of their 
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limited efficacy, they have not been used in clinical 
practice. 

Afatinib, is a non-reversible pan-HER inhibitor. 
Afatinib has shown positive efficacy and been approved 
to treat of patients with EGFR mutation in NSCLC. 
Basic research data showed that afatinib could restrain 
both HER2-amplified and HER2-mutant NSCLC cells 
through G1 arrest and apoptosis [36]. Li Zhang et al. 
enrolled 118 patients with stage IV/recurrent HER2 
mutations and divided them into two cohorts to evaluate 
the association between different mutant subtypes and 
clinical outcomes. The results of cohort study showed 
that HER2 mutated NSCLC had significant 
heterogeneity, and different HER2 mutated subtypes 
have different sensitivity to HER2 therapy. Among them, 
patients with G778_P780DUP and G776DELINSVC 
mutant subtypes continued to benefit from afatinib 
therapy [37]. However, up to now, except for a few cases, 
most clinical studies on afatinib have had negative 
results. The OS, ORR and DFS of afatinib in the 
treatment of HER2 abnormal NSCLC are not ideal. 
NCCN was also removed as a recommended drug for the 
treatment of HER2 mutated NSCLC due to its poor 
efficacy and insufficient clinical trials. 

Poziotinib is a novel targeted drug targeting rare 
EGFR and HER2 exon 20 insertion mutations. The 
ESMO 2020 Annual Meeting presented the results of a 
cohort study of poziotinib in patients with HER2-20 
exon insertion mutation (ZENITH20-2). Among the 74 
evaluable patients enrolled, the statistical data showed 
that the ORR and DCR were 35.1% and 70%, and 
responsive diazepam was observed in most subgroups. 
However, compared with DS8201, poziotinib has poor 
efficacy and tolerability, and more patients need to 
reduce or discontinue medication due to adverse reaction. 
In the ZENITH20-2 cohort study, 88% of the patients 
were suspended, and 68% of the patients were reduced, 
and 10% of patients were permanently discontinued, 
which was regrettable. The FBA therefore did not 
approve it listing. 

Neratinib (known as HKI-272), is an oral, 
non-reversible dual restrainer of EGFR and HER2 [38]. 
At the World Conference on Lung Cancer 2020, two 
cohort studies were reported in patients with metastatic 
HER2 mutated NSCLC treated with neratinib + 
tamrolimus or neratinib + trastuzumab. Results showed 
that neratinib as a monotherapy had limited activity in 
HER2-mutated NSCLC, and that neratinib combined 
with tamrolimus or trastuzumab produced greater 
efficacy and long-lasting remission in patients with 
HER2-mutated NSCLC. 

Dacomitinib, developed by Pfizer, is a pan-HER 
inhibitor that irreversibly binds to HER2, HER1 (EGFR), 
and HER4 tyrosine kinases [39]. It is also one of the first 
targeted drugs to start clinical trials against the HER2 
variant of lung cancer. Data from a cohort study showed 
that dacomitinib did not respond well to NSCLC patients 
with specific HER2 exon 20 insertions [40]. The clinical 
series reported only 3 of 26 patients with 
HER2-activated mutations responded, and the ORR was 
only 12%. None of the four patients with HER2 
amplification achieved objective response. Meanwhile, 

the incidence of treatment-related toxicity was high, in 
which diarrhea accounted for 90%. 

8 Conclusion 
HER2 has been identified as a driving factor in the 
development and progression of lung cancer. This article 
summarized the research progress of anti-HER2 in the 
treatment of metastatic lung cancer in recent years. These 
HER2-targeted clinical studies have made some 
breakthroughs, providing more options for patients and 
improving the quality of life, but clinical studies on 
HER2 generally have fewer patients enrolled, and 
clinical trial results need to be verified in larger 
multi-center clinical trials. HER2-targeted therapy also 
has different degrees of treatment-related toxic and side 
effects, and close monitoring of adverse reactions is 
needed in clinical treatment. With regard to these novel 
treatments, we expect that more mechanism-related 
studies will be conducted to find molecular markers that 
can predict their efficacy, thus further guiding clinical 
treatment. A multi-center clinical cohort study with a 
larger sample size is expected to provide new directions 
and possibilities for clinical anti-HER2 targeted therapy. 
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