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Background: ERBB2 aberrations are oncogenic alterations in lung cancer. However, the reported 
therapeutic efficacy of ado-trastuzumab emtansine (T-DM1) varied. We therefore evaluated the efficacy and 
safety of T-DM1 in treating different types of ERBB2 aberrations. 
Methods: We conducted a systematic search for original articles and meeting abstracts about ERBB2-
aberrant lung cancer treating with T-DM1 in PubMed and EMBASE databases from inception to June, 
2020. Statistical analysis was carried out in R software.
Results: A total of 120 patients with various ERBB2 aberrations were identified in five studies. ERBB2 
upregulation (gene amplification and/or protein overexpression) was more common in smokers with 
adenocarcinoma, whereas mutations were more common in female non-smokers with adenocarcinoma. The 
overall objective response rate (ORR) for ERBB2 aberrations was 29% [95% confidence interval (CI): 15–
56%]. Subgroup analysis showed an ORR of 41% (95% CI: 11–70%) for ERBB2 gene mutation, 66% (95% 
CI: 11–100%) for ERBB2 gene amplification, and 3% (95% CI: 0–9%) for ERBB2 protein overexpression. 
Notably, the ORR was 44% (95% CI: 25–63%) upon concomitant ERBB2 upregulation and mutation. 
Furthermore, the ORR was 26% (95% CI: 0–54%) for protein overexpression plus gene mutation but up 
to 80% (95% CI: 50–100%) for triple aberrations: gene amplification plus protein overexpression and gene 
mutation. 
Conclusions: Collectively, T-DM1 might be a critical agent targeting ERBB2 mutated or/and amplified 
lung cancers. 
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Introduction

Non-small cell lung cancer (NSCLC) accounts for 85% of 
all lung cancer cases and is associated with a 5-year survival 
rate of 15% (1). ERBB2, as a known proto-oncogene, was 
originally observed during oncogenic activation in breast 
cancer. Trastuzumab, a monoclonal antibody against 
ERBB2, has been recommended as the first-line treatment 
combined with pertuzumab plus docetaxel for ERBB2-
positive metastatic breast cancer (2). ERBB2 is also a 
potential oncogenic cause of NSCLC. Recent literatures 
revealed that the frequency of ERBB2 gene mutation, gene 
amplification, protein overexpression in NSCLC were 
1–4% (3-7), 2–5% (8-10) and 10–15% (11,12), respectively. 
However, the exact efficacy of trastuzumab monotherapy 
was disappointing with an overall response rate (ORR) of 
0% (0/10), in patients with diverse ERBB2 alterations (13).  
Trials of trastuzumab combined with chemotherapy in 
patients with ERBB2-mutated lung cancer resulted in a 
response rate up to 50% (14-16). For ERBB2-overexpressed 
and EGFR-mutant NSCLC, trastuzumab combined with 
chemotherapy exhibited an ORR of 67% in those with an 
ERBB2 immunohistochemistry (IHC) status of 3+ (17). 
ERBB2 pathway activation might contribute differently 
to the pathogenesis of lung cancer, and in turn, therapies 
targeting ERBB2 could lead to distinct outcomes (18). As a 
novel ERBB2-targeted agent, ado-trastuzumab emtansine 
(T-DM1) is an antibody-drug conjugate composed of 
trastuzumab and the cytotoxic agent mertansine. T-DM1 
binds to ERBB2-aberrant cancer cells and elicits an anti-
microtubule response resulting in internalization. T-DM1 is 
recommended as the second-line treatment in patients with 
ERBB2-positive metastatic breast cancer who previously 
received treatment with trastuzumab and taxane (19). And 
breast cancer patients with ERBB2 protein and mRNA 
overexpression achieved a better response to T-DM1 (20-23).

However, existing studies concerning NSCLC patients 
with ERBB2 aberrations have resulted in different 
conclusions. A basket trial showed an ORR to T-DM1 of 
44% in patients with ERBB2 gene mutations (24) and of 
43% in patients with ERBB2-amplified lung cancer (25), 
whereas Hotta and colleagues reported ORRs for ERBB2 
gene mutations and amplification as low as 14% and 0%, 
respectively (26). Another recent study showed that only 4 
of 49 patients with ERBB2 protein overexpression showed 
a partial response (27). This discrepancy could be partly 
explained by the small sample sizes and single-arm and 
single-center designs of most studies. In addition, whether 

concomitance of different ERBB2 alternations affects 
T-DM1 efficacy is unknown. In the present study, we 
determined the therapeutic efficacy and safety of T-DM1 on 
diverse subsets of patients with ERBB2-aberrant NSCLC, 
by integrating and reanalyzing the data from currently 
available reports. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at http://dx.doi.org/10.21037/tcr-19-2759).

Methods

Search strategy and study selection

We performed a systematic search to select original articles 
and meeting abstracts in English in PubMed and EMBASE 
published through June 2020, using combinations of the 
following key words: (“Trastuzumab emtansine” or “T-
DM1”) and (“lung cancer”) and (“HER2” or “HER-2” or 
“ERBB2”). We reviewed the reference lists of all primary 
studies, meeting abstracts, and review articles for additional 
references. All eligible studies were retrieved. Case reports 
were excluded. When duplicate publications of the same 
trial were found, the most complete and recent study was 
included. The criteria for inclusion were studies involving 
that patients diagnosed with NSCLC harboring ERBB2 
aberrations who were treated with T-DM1 regardless of 
previous treatments, and studies reporting ORRs. 

ERBB2 aberrations were defined as ERBB2 gene 
mutation, gene amplification, or protein overexpression. 
In our analysis, gene mutations were detected directly by 
next-generation sequencing (NGS) or polymerase chain 
reaction (PCR). ERBB2 gene amplification was assessed 
by fluorescent in situ hybridization (FISH) and defined 
by an ERBB2/CEP17 ratio of ≥2.0. ERBB2 protein 
overexpression was assessed by IHC and defined by an IHC 
score of 2+.

Data extraction and data analysis

Two independent investigators searched and reviewed 
the articles to exclude irrelevant and overlapping studies, 
with disagreements resolved by consensus, to ensure the 
completeness and quality of the analysis. Statistical analysis 
was carried out in R software (version 3.6.1). The rate 
is converted and combined using a double inverse sine 
conversion method. Heterogeneity was assessed using 
Q test. When P<0.1, the studies were considered to be 
heterogeneous and a random effects model was adopted, 
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otherwise the fixed effect model was adopted. Publication 
bias via the Egger test and sensitivity analysis were also 
estimated.

Results

Study population

We initially identified 223 studies by full-text screening 
using the above-mentioned search strategy. However, 
174 studies not relevant to our analyses were excluded. 
After reviewing the full texts of the remaining 49 studies, 
we excluded 31 studies that were not clinical studies with 
outcome, including 17 review articles, 9 preclinical studies, 
2 study protocols and 3 studies without efficacy analysis. 
And 7 case reports and 6 duplicate reports were also 
excluded. Finally, 5 eligible studies involving a total of 120 
patients were included in the analysis (Figure 1) (24-28).  
Of note, 18 patients in study by Li in 2020 (28) were 
duplicates to those in Li’s study in 2018 (24), therefore only 
the remaining 31 patients in Li’s study 2020 were involved 
in analysis.

Among the 120 patients (mean age 62.76 years), 
ERBB2 aberrations, especially ERBB2 upregulation 
(protein overexpression and/or gene amplification), were 
found in current or former smokers (69/113, 61%) with 
adenocarcinoma (99/113, 88%). There was no significant 
difference between the sexes (male 50/113, 44% vs. female 
63/113, 56%) (Table 1).

Therapeutic efficacy of T-DM1

We further analyzed the therapeutic efficacy of T-DM1 

on ERBB2 aberrations (Table 2 and Figure 2). The ORR of 
ERBB2 aberrations in response to T-DM1 was 29% [95% 
confidence interval (CI): 15–56%]. The ORR was 41% 
(95% CI: 11–70%) for ERBB2 mutations, 66% (95% CI: 
11–100%) for ERBB2 gene amplification, and 3% (95% 
CI: 0–9%) for ERBB2 protein overexpression. Notably, the 
ORR for ERBB2 gene mutation was significantly higher 
than that for ERBB2 upregulation [41% (95% CI: 11–70%) 
vs. 21% (95% CI: 0–42%)]. The ORR for ERBB2 gene 
amplification was dramatically greater than that for ERBB2 
protein overexpression (66% vs. 3%). These results suggest 
that T-DM1 is effective for ERBB2-mutated or -amplified 
lung cancer but has limited efficacy for lung cancer with 
ERBB2 protein overexpression alone.

To investigate the interactions among ERBB2 mutations, 
amplification, and protein overexpression, we conducted 
subgroup analyses according to different combinations 
of ERBB2 aberrations (Table 2). ERBB2 gene mutations 
combined with upregulation (amplification and/or 
overexpression) was associated with an ORR of 44% (95% 
CI: 25–63%), which was identical to that for ERBB2 gene 
mutations alone (44% vs. 41%). Patients with ERBB2 
protein overexpression combined with mutations showed a 
lower ORR to that for ERBB2 mutations alone [27% (95% 
CI: 0–54%) vs. 41% (95% CI: 11–70%)], suggesting that 
ERBB2 overexpression may have a negative interaction 
effect on ERBB2 mutations in terms of the responsiveness 
to T-DM1. Notably, patients with triple ERBB2 aberrations 
showed a higher ORR than that for ERBB2 mutations 
alone or ERBB2 overexpression combined with mutations 
[80% (95% CI: 50–100%) vs. 41% (95% CI: 11–70%) vs. 
27% (95% CI: 0–54%), respectively]. Collectively, these 

Figure 1 Flow chart of the literature search and trial selection process.

Records identified through 
database searching (n=223)

Records screened 
(n=49)

Records irrelevant excluded  
(n=174)

Studies excluded (n=44)
31 not clinical studies with outcome
(including 17 reviews
	 9 preclinical studies
	 2 study protocols
	 3 studies without efficacy analysis) 
7 case reports
6 duplicate reports

Full-text articles assessed for 
eligibility (n=5)

Studies included in systematic 
review (n=5)

Identification

Screening

Eligibility

Included



4510 Huang et al. T-DM1 in ERBB2-aberrant NSCLC

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(8):4507-4516 | http://dx.doi.org/10.21037/tcr-19-2759

data suggest the crosstalk between ERBB2 mutations 
and amplification, eventually resulting in improved 
responsiveness to T-DM1.

In addition, the effect of various ERBB2 mutations on 
the efficacy of T-DM1 was assessed (Table 2). ERBB2 exon 
20 insertion was the most commonly reported mutation, 
associated with an ORR of 40% (95% CI: 18–61%). More 
specifically, the ORR for exon 20 p. A775_G776insYVMA 
was 43% (95% CI: 22–65%) (Figure 3). However, no 
meaningful conclusions regarding which mutation was 
associated with the best T-DM1 efficacy could be reached 
due to the small sample size. 

Safety of T-DM1

All adverse events (AEs) available for analysis are listed in 
Figure 4. Among 120 patients from three studies, there are 
primarily hepatotoxicity (n=39, 35%), thrombocytopenia 
(n=26, 23%), nausea (n=16, 14%), infusion reaction/
hypersensitivity (n=14, 12%), fatigue (n=10, 9%), 
hemorrhage (n=9, 8%), peripheral neuropathy (n=7, 6%). 
Totally 37 events (33%) with grade ≥3 AEs are reported. 
Four patients experienced drug withdrawal due to AEs, one 
for grade 2 interstitial pneumonia, one for grade 2 infusion 
reaction, one for grade 3 influenza and one for grade 3 

febrile neutropenia. No treatment-related death occurred.

Publication bias and sensitivity analysis

The Egger test showed no publication bias in ORR of 
ERBB2 aberrations (P=0.08958) in response to T-DM1. 
The sensitivity analyses demonstrated that almost all 
estimated values were between the lower and upper 
confident interval limits (Tables 3,4), hence, the analysis was 
considered to be stable and the included studies reliable.

Discussion

The role of ERBB2 as a target of lung-cancer-biomarker-
based precision therapies remains poorly understood. In 
the present analysis, we focused on patients with ERBB2 
aberrations treated with T-DM1. ERBB2 aberrations, 
especially ERBB2 upregulation, tended to occur in 
current or former smokers with adenocarcinoma, with no 
significant difference between the sexes. Notably, ERBB2 
mutations tended to occur in female nonsmokers with 
adenocarcinoma. These observations suggest that ERBB2 
upregulation, including ERBB2 protein overexpression 
and gene amplification, is distinctly distributed compared 
with ERBB2 mutations in NSCLC patients. We further 

Table 1 Demographic characteristics of HER-2 aberrant patients

Study
Number  

of  
patients

Median  
age [range], 

year

Female,  
n [%]

Current  
and former  

smoker,  
n [%]

Adenocarcinoma, 
n [%]

Stage  
IV/recurrence, 

n [%]

Median  
follow-up 

time, months

ORR, %  
[n/N, 95% CI]

Median PFS, 
month [95% CI]

Hotta 2018 
(26)

15 67 [45–77] 8 [53] 5 [33] 15 [100] 15 [100] 9.2 6.67  
[1/15, 0.2–32.0]

2.0 [1.4–4.0]

Li 2018 (24) 18 64 [47–74] 13 [72] 11 [61] 18 [100] 18 [100] 10 44.44  
[8/18, 22–69]

5 [3–9]

Li 2018 (25) 7 – – – – – – 42.86  
[3/7, 10–82]

7 [3–13]

Peters 2019 
(27)

49 61 [36–80] 20 [41] 39 [80] 37 [76] 49 [100] 23.1 in  
IHC 2+ group

8.16  
[4/49, 3–20]

2.6 [1.4–2.8] in  
IHC 2+ group; 

18.4 in  
IHC 3+ group

2.7 [1.4–8.3] in  
IHC 3+ group

Li 2020 (28) 31 – 22 [71] 14 [45] 29 [94] 31 [100] – 54.84  
[17/31, 36–73]

–

Total 120 62.76  
(mean age)

63 [56] 69 [61] 99 [88] 113 [100] – 21 [4–45] 3.4 [mean PFS]

ORR, overall response rate; PFS, progression-free survival; IHC, immunohistochemistry.
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Table 2 HER-2 aberration subgroup analysis

Subgroup ORR, % (95% CI)

Aberration type

M 40.78 (11.15–70.41)

O 2.99 (0.00–8.98)

A 66.29 (11.20–100.00)

MO 26.51 (0.00–54.08)

MA 33.33 (4.33–77.72)

AO 29.01 (0.00–72.30)

MAO 80.28 (50.42–100.00)

O+A+AO 20.80 (0.00–41.89)

MO+MA+MAO 43.87 (24.51–63.24)

Total 28.93 (14.89–56.22)

Mutant exon

Exon 20 39.52 (18.13–60.91)

Exon 19 50.00 (0.00–1.00)

Exon 17 50.00

Exon 8 18.62 (0.00–58.49)

HER2 rearrangement 100.00

HER2 SHC-1 fusion 0

PR, partially response; CR, complete response; ORR, overall 
response rate; M, mutation; O, overexpression; A, amplification;  
MO, mutation plus overexpression; MA, mutation plus  
amplification; AO, amplification plus overexpression; MAO,  
mutation plus amplification plus overexpression.

determined whether the specific distribution resulted in 
diverse responses to T-DM1. By reanalyzing the available 
data, we concluded that T-DM1 may be an effective 
agent for lung cancer harboring ERBB2 gene mutations 
or amplification alone, with limited efficacy for lung 
cancer harboring ERBB2 protein overexpression alone. 
However, the question concerning low response rate of 
T-DM1 in NSCLC harboring ERBB2 overexpression 
remains unresolved. Study regarding ERBB2 mutation 
and T-DM1 also found ERBB2 protein expression was 
low to undetectable levels among ERBB2 mutants and 
responders (24). Overexpression of ERBB3 protein may 
serve as an alternative approach of trastuzumab binding and 
internalization of the antibody-drug conjugate other than 
through ERBB2 protein overexpression (29). Furthermore, 
there was no additional effect in cancers harboring ERBB2 
protein overexpression combined with other ERBB2 
aberrations. However, crosstalk between ERBB2 gene 
mutations and amplification may have accounted for the 
additional response to T-DM1 in cancers harboring both of 
these ERBB2 aberrations. 

It has been well-documented that ERBB2 overexpression 
or gene amplification confers sensitivity to ERBB2-
targeting drugs such as trastuzumab, lapatinib, pertuzumab, 
and T-DM1 in breast cancer patients. T-DM1 was 
approved for adjuvant treatment of patients with ERBB2-
positive early breast cancer who have residual invasive 
disease after neoadjuvant taxane and trastuzumab-based 
treatment (30). Even in patients with locally advanced 

Figure 2 Pooled ORR of ERBB2 aberrations in response to T-DM1. Forest plot shows ORR (boxes) with 95% CI (bars). Pooled ORR is 
represented as rhombus. ORR, overall response rate; T-DM1, ado-trastuzumab emtansine; 95% CI, 95% confidence interval.
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or metastatic breast cancer treated previously with 
trastuzumab, T-DM1 showed increased survival benefits in 
those with ERBB2 amplification and overexpression (19). 
With the exception of breast cancer, ERBB2 overexpression 
and gene amplification are rare in lung cancer. Moreover, 
early studies evaluated trastuzumab monotherapy and 
trastuzumab in combination with various chemotherapeutic 
agents, including cisplatin, gemcitabine, docetaxel, and 
paclitaxel, in patients with ERBB2-positive NSCLC  
(16,31-35). A lack of trastuzumab activity was consistently 
observed regardless of the ERBB2 expression status 
(determined by IHC). The success of trastuzumab in 
patients with ERBB2-positive breast cancer could not be 
duplicated in lung cancer patients. However, our findings 
provide clear evidence confirming that ERBB2 protein 
overexpression (IHC score of 2+/3+) alone, without gene 
amplification (FISH negative), did not confer sensitivity 
to T-DM1 in NSCLC patients. T-DM1 failed to exhibit 
additional benefits for cancers with concomitant ERBB2 
overexpression and mutation compared with those with 
ERBB2 mutation alone. Although the study from Peters 
reported a relatively high ORR (20%) for lung cancer 
patients with ERBB2 overexpression (IHC score of 3+) 
treated with T-DM1, further evaluation showed that 
80% of these patients were also positive for ERBB2 gene 
amplification by FISH (27). The concordance between 
FISH and IHC results in lung cancer patients requires 
extensive validation. In contrast to ERBB2 overexpression, 
patients with ERBB2 amplification or mutation may 
benefit from T-DM1 treatment, with a 40–65% ORR and 
a progression-free survival of approximately 5 months. 
Notably, the effect of T-DM1 is likely to be synergistic in 

cases with concomitant ERBB2 amplification and mutation. 
These data unequivocally support a central role for 
ERBB2 gene amplification and mutation, but not protein 
overexpression, as critical biomarkers in predicting the 
response to T-DM1 in NSCLC patients. Considering the 
limited value of ERBB2 IHC in NSCLC patients, genomic-
based approaches such as NGS should be used routinely 
to identify ERBB2 gene amplification and mutations. 
However, the prognoses determined by these laboratory 
assays require validation in a larger cohort. 

ERBB2 gene mutations may be more relevant in lung 
cancer carcinogenesis compared with ERBB2 upregulation, 
and several tyrosine kinase inhibitors (TKIs), targeting both 
EGFR and ERBB2 have been assessed for the treatment 
of lung cancer harboring ERBB2 aberrations. Afatinib, 
an EGFR/ERBB1, ERBB2, and ERBB4 inhibitor, was 
evaluated in our meta-analysis recently. We reported the 
pooled ORR of 21% and the pooled DCR of 66% in 
treating ERBB2 mutations. The patients harboring A775-
G776ins YVMA mutation, the most common subtype 
of HER2 exon 20 mutation, derived greater clinical 
benefit (36). Dacomitinib, another pan-ERBB TKI, was 
investigated in patients with ERBB2-mutated and ERBB2-
amplified lung cancer, with an ORR of 12% (3/26) for 
ERBB2-mutated cancers but of 0% (0/4) for ERBB2-
amplified cancers (37). Neratinib, a TKI targeting EGFR 
and ERBB2 receptors, showed an ORR of 3.8% (1/26) in 
patients with ERBB2 mutations (38). Studies of lapatinib, 
an inhibitor of EGFR and ERBB2, failed to elicit a positive 
response in patients with ERBB2 gene amplification 
or mutations. None of five patients with ERBB2 gene 
mutations achieved a partial response (15), and one of two 

Figure 3 Pooled ORR of ERBB2 exon 20 p. A775_G776insYVMA in response to T-DM1. Forest plot shows ORR (boxes) with 95% 
confidence interval (bars). Pooled ORR is represented as rhombus. ORR, overall response rate; T-DM1, ado-trastuzumab emtansine; 95% 
CI, 95% confidence interval.
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Figure 4 Safety summary. Data are shown as n (%). AE, adverse event.

Hotta 2018 (26) (N=15) Li 2018 (24) (N=18) Peters 2019 (27) (N=49) Li 2020 (28) (N=31)
Total 

(N=113)

Grade ≥3 AEs 16 1 19 1 37

AEs leading to death 0 0 0 0 0

AEs leading to drug  

withdrawal
1 0 2 1 4

AEs Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4

Hepatotoxicity 0 3 (20.00) 0 8 (44.44) 0 0 5 (10.20) 0 0 23 (74.19) 0 0 39 (34.51)

Thrombocytopenia 0 5 (33.33) 1 (6.67) 6 (33.33) 0 0 4 (8.16) 1 (2.04) 0 8 (25.81) 1 (3.23) 0 26 (23.01)

Nausea 0 1 (6.67) 0 6 (33.33) 0 0 0 1 (2.04) 0 8 (25.81) 0 0 16 (14.16)

Infusion  

reaction/hypersensitivity
0 0 0 5 (27.78) 0 0 6 (12.24) 1 (2.04) 0 2 (6.45) 0 0 14 (12.39)

Fatigue 0 0 0 6 (33.33) 0 0 0 2 (4.08) 0 2 (6.45) 0 0 10 (8.85)

Hemorrhage 0 0 0 2 (11.11) 0 0 7 (14.29) 0 0 0 0 0 9 (7.96)

Peripheral neuropathy 0 0 0 0 0 0 7 (14.29) 0 0 0 0 0 7 (6.19)

Anorexia 0 1 (6.67) 0 2 (11.11) 0 0 0 1 (2.04) 0 3 (9.68) 0 0 7 (6.19)

Anemia 0 0 0 1 (5.56) 1 (5.56) 0 0 1 (2.04) 0 3 (9.78) 0 0 6 (5.31)

Lung infection/ 

pneumonia/bronchitis
0 1 (6.67) 0 0 0 0 0 3 (6.12) 0 0 0 0 4 (3.54)

Rash 0 0 0 3 (16.67) 0 0 0 0 0 0 0 0 3 (2.65)

Weight loss 0 0 0 3 (16.67) 0 0 0 0 0 0 0 0 3 (2.65)

Cardiac dysfunction 0 0 0 0 0 0 2 (4.08) 0 0 0 0 0 2 (1.77)

Acute renal failure 0 1 (6.67) 0 0 0 0 0 0 0 0 0 0 1 (0.88)

Gingivitis 0 1 (6.67) 0 0 0 0 0 0 0 0 0 0 1 (0.88)

Hyperuricemia 0 0 1 (6.67) 0 0 0 0 0 0 0 0 0 1 (0.88)

Hypokalemia 0 1 (6.67) 0 0 0 0 0 0 0 0 0 0 1 (0.88)

Abdominal pain 0 0 0 0 0 0 0 1 (2.04) 0 0 0 0 1 (0.88)

Diarrhea 0 0 0 0 0 0 0 1 (2.04) 0 0 0 0 1 (0.88)

Dyspnea 0 0 0 0 0 0 0 1 (2.04) 0 0 0 0 1 (0.88)

Pulmonary embolism 0 0 0 0 0 0 0 1 (2.04) 0 0 0 0 1 (0.88)

Tumor pain 0 0 0 0 0 0 0 1 (2.04) 0 0 0 0 1 (0.88)

Hyperglycemia 0 0 0 0 0 0 0 1 (2.04) 0 0 0 0 1 (0.88)

Hypertension 0 0 0 0 0 0 0 1 (2.04) 0 0 0 0 1 (0.88)

Confusional state 0 0 0 0 0 0 0 1 (2.04) 0 0 0 0 1 (0.88)

Seizure 0 0 0 0 0 0 0 0 1 (2.04) 0 0 0 1 (0.88)

patients with ERBB2 amplification had unconfirmed tumor 
shrinkage (39). On the other hand, antibody and antibody 
drug conjugates also confer sensitivity to HER2 mutations. 
Trastuzumab and pertuzumab combination therapy was 
investigated in patients with ERBB2 overexpression plus 
amplification and mutation. The ORR was 12.5% (2/16) 
and 21.4% (3/14), respectively. Although limited sample 
size, mutant patients might benefit more from antibody 
therapy (40). Trastuzumab deruxtecan (DS-8201a) is an 
antibody-drug conjugate comprised of an ERBB2-targeting 
antibody and a topoisomerase I inhibitor. The observed 
ORR was 61.9% (26/42) in ERBB2-mutated group with 

median PFS of 14 months (41). Collectively, DS8201a 
might be a candidate agent targeting ERBB2 aberration, 
and afatinib showed some degree of efficacy for treatment 
of ERBB2-mutated lung cancer, whereas neratinib, 
dacomtinib and lapatinib had very limited therapeutic 
benefit for ERBB2-aberrant lung cancer. 

Our study had some limitations. Because of the low 
frequency of ERBB2 aberrations, only five studies involving 
120 patients were included in our analysis. However, we 
incorporated all currently available data evaluating the role 
of T-DM1 in ERBB2-aberrant NSCLC. Secondly, most 
enrolled studies were single-arm designs with incomplete 
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Table 3 Sensitivity analysis for ORR of ERBB2 aberrations in  
response to T-DM1 (omitting a single study)

Study Proportion (%)

Omitting Hotta 2018 (26) 34

Omitting Li 2018 (24) 23

Omitting Li 2018 (25) 25

Omitting Peters 2019 (27) 45

Omitting Li 2020 (28) 21

ORR, overall response rate; T-DM1, ado-trastuzumab emtansine.

Table 4 Sensitivity analysis for ORR of ERBB2 exon 20 p.A775_
G776insYVMA in response to T-DM1 (omitting a single study)

Study Proportion (1%)

Omitting Hotta 2018 (26) 47

Omitting Li 2018 (24) 32

Omitting Peters 2019 (27) 48

Omitting Li 2020 (28) 29

ORR, overall response rate; T-DM1, ado-trastuzumab emtansine.

demographic data which led to the significant heterogeneity 
between studies, so the evaluation of confounding factors 
was not definitive. In addition, we only compared ORRs, 
rather than progression-free survival or overall survival 
rates, because long-time survival outcomes were not 
available in the enrolled articles.

The demographics of patients with ERBB2 gene 
mutations were different from those of patients with gene 
amplification and protein overexpression. T-DM1 might 
be an effective and novel agent for lung cancer harboring 
ERBB2 gene mutations or amplification, with potentially 
more pronounced therapeutic efficacy for cancers with 
ERBB2 mutations combined with amplification. However, 
further clinical trials of T-DM1 treatment of ERBB2-
aberrant lung cancer are necessary to confirm our 
conclusions.
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