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Chinese expert consensus on the diagnosis and treatment
of HER2-altered non-small cell lung cancer
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with poor prognosis and are one of the major drivers in non-small cell lung cancer
(NSCLC). Several clinical trials had been investigating on the treatments of
HER2-altered NSCLC, including conventional chemotherapy, programmed death
1 (PD-1) inhibitors, tyrosine kinase inhibitors (TKIs) and antibody-drug conjugates
(ADCs), however, the results were either disappointing or encouraging, but inconsis-
tent. Trastuzumab deruxtecan (T-DXd) was recently approved by the Food and Drug
Administration as the first targeted agent for treating HER2-mutant NSCLC. Effective
screening of patients is the key to the clinical application of HER2-targeted agents
such as TKIs and ADCs. Various testing methods are nowadays available, including
polymerase chain reaction (PCR), next-generation sequencing (NGS), fluorescence in
situ hybridization (FISH), immunohistochemistry (IHC), etc. Each method has its
pros and cons and should be reasonably assigned to appropriate patients for diagnosis
and guiding treatment decisions. To help standardize the clinical workflow, our expert
group reached a consensus on the clinical management of HER2-altered NSCLC,
focusing on the diagnosis and treatment strategies.
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antibody-drug conjugate, non-small cell lung cancer, precision medicine, targeted therapy, tyrosine receptor

kinase

INTRODUCTION

Non-small cell lung cancer (NSCLC) with human epidermal
growth factor receptor 2 (HER2) alterations that mainly
include mutations, amplifications, and overexpression is
considered to be a unique molecular subtype and tends to
have poor prognosis. Up to now, conventional chemother-
apy has shown limited efficacy in HER2-mutant NSCLC.
Combining angiogenesis inhibitors may be superior to che-
motherapy alone, whereas combining programmed death
1 (PD-1) inhibitors may be inferior to chemotherapy alone.!
Non-selective tyrosine kinase inhibitors (TKIs) have shown
moderate antitumor activity, but are less effective against
the most common HER2 exon 20 insertion mutations. In
contrast, novel selective TKIs (e.g., poziotinib and pyrotinib)
have shown promising activity in NSCLC patients with
HER2 mutations or amplifications.> The most encouraging
data came from the phase II clinical trials of two antibody-
drug conjugates (ADCs): ado-trastuzumab emtansine
(T-DM1) and trastuzumab deruxtecan (T-DXd).*> Based on
the excellent data from DESTINY-Lung02, T-DXd has been
approved under accelerated approval from the Food and
Drug Administration (FDA) and becomes the first targeted
agent approved for treating HER2-mutant NSCLC.® More-
over, there is still a lack of effective treatments targeting
HER?2 amplifications and overexpression in NSCLC.

Considering the diversity of the currently available test-
ing platforms and the complexity of the testing processes, it
is important to standardize the detection workflow of HER2
alterations and the application of targeted agents. In this
expert consensus, we (1) summarized the types of HER2
alterations and their treatment options in NSCLC, (2) sug-
gested recommendations on the choice of methods and plat-
forms in performing genetic testing, and (3) developed a
universal strategy for the diagnosis and treatment of
HER2-altered NSCLC patients.

HER2 ALTERATIONS AND THEIR
MECHANISMS OF PATHOGENESIS

HER2 gene locating on the long arm of chromosome
17 (17q21) is a member of the ERBB family and has tyrosine
kinase activity. It consists of three parts: an extracellular
ligand-binding region, a single-stranded transmembrane
region, and an intra-cellular protein tyrosine kinase region.”
HER2 protein mainly activates the RAS/RAF/MAPK
pathway, phosphoinositide 3-kinase/protein kinase B
(PI3K/AKT) and several other signaling pathways through
forming heterodimers with other members of the family
including epidermal growth factor receptor (EGFR) (HER1/
ERBB1), EGFR3 (HER3/ERBB3), and EGFR4 (HER4/
ERBB4).*'° HER2 abnormalities are closely associated with
the development of various malignancies, such as breast can-
cer, gastric cancer, and lung cancer.'"'> HER2 mutations and
amplifications are also one of the mechanisms of acquired
resistance in NSCLC patients receiving EGFR-TKIs.'>'* HER2
mutations, HER2 amplifications and HER2 overexpression are
the main types of HER2 alterations observed in NSCLC. As
shown in Figure 1, most of the HER2 mutation types are
present in ~2%-4% of Chinese NSCLC patients.'>'¢
HER2 exon 20 insertions, including A772_G775dup
(55.0%), G776delinsVC (8.3%), G776delinsLC (2.1%), and
G778_P780dup (5.6%), are the most common mutation
type, accounting for ~71% of HER2 mutations. Other HER2
mutations include L755P (1.9%) in exon 19, V8421 (0.7%) in
exon 21, V659E (4.1%), and G660D (0.9%) in the trans-
membrane domain and D277Y (1.9%), S310F (7.7%), S310Y
(1.9%), and A466V (1.4%) in the extracellular domain.'” A
list of real-world HER2 hotspots in NSCLC is shown in
Table S1. The frequency of HER2 amplification varies
between populations (1.4%-22%; 1.7% in Chinese)."® The
frequency of HER2 overexpression also varies between
populations (7.7%-23%; 15.4% in Chinese)."® In addition,
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FIGURE 1 Frequency and location of HER2 hotspots in non-small cell lung cancer.

HER?2 fusions (0.29%)*° and tyrosine kinase domain dupli-
cation (KDD) (0.01%) are also observed in Chinese, which
may benefit from HER2 inhibitors.”" It has been well docu-
mented that HER2 amplification is poorly correlated with
HER2 overexpression in NSCLC. Only rare cases harbor
HER2 mutation, HER2 amplification, and/or HER2 overex-
pression simultaneously, suggesting that different alterations
may be associated with different clinicopathological charac-
teristics and are unique drug targets.”” >> At present, clinical
studies of HER2-targeted ADCs and TKIs mainly focus on
patients with HER2 mutations and amplifications, and the
evidence on treating NSCLC patients with HER2 overex-
pression is insufficient.

HER2 ALTERATION TESTING METHODS

Currently, common methods for testing HER2 alterations
(Table 1) include next-generation sequencing (NGS), immu-
nohistochemistry (IHC), fluorescence in situ hybridization
(FISH), and amplification refractory mutation system-
polymerase chain reaction (ARMS-PCR). Other platforms
such as droplet digital PCR (ddPCR) are also under develop-
ment and supporting clinical data need to be accumulated.
Different testing methods have different limitations
(e.g., types and quantities of gene alterations capable of
detection), requirements (e.g., specimen types, quantity and
quality of specimens, and laboratory conditions) and perfor-
mance (e.g., sensitivity/specificity). Appropriate testing
methods should be selected based on the clinical scenario.
When necessary, multi-platform testing should be per-
formed to obtain complementary and validated results.”®~*’

HER2 mutations

Methods for HER2 mutation testing mainly include NGS,
ARMS-PCR, and Sanger sequencing. Because the differences
in sensitivity, specificity, sample requirements, test turn-
around time, and technical complexity among different
methods, it is recommended to select appropriate testing

methods based on laboratory conditions, sample types, sam-
ple size, and clinical needs. Sanger sequencing can directly
identify known and unknown HER2 mutations, but requires
high tumor cell content in samples.”””' ARMS-PCR has
high sensitivity and specificity and is simple to perform, but
only allows the testing of known mutations. When simulta-
neously detecting various mutation loci, a higher DNA input
is required and the probability of non-specific binding
increases.”> NGS platforms are capable of testing both
known and unknown alterations, including clinically action-
able mutations such as exon 20 insertions, missense muta-
tions, and gene amplifications, with high sensitivity and
specificity and a relatively lower requirement of DNA
input.”>> Therefore, NGS is recommended for HER2
mutation testing.

HER?2 amplification

Both NGS, quantitative real-time PCR (qRT-PCR) and FISH
can be used to test HER2 amplifications. NGS is a more
commonly used test in clinical practice for NSCLC. NGS
possesses advantages in classifying focal gene amplifications
and alterations in chromosomal ploidy because it can simul-
taneously test alterations in several hundred genes. Although
qRT-PCR has also been used to test HER2 amplification, the
threshold for defining HER2 amplification remains unclear.
The mechanism of FISH is to hybridize fluorescent-labeled
nucleic acid probes with DNA target sequences in the
nucleus. Fluorescence signals emitting from the probes
hybridized to DNA target sequences in the nucleus are ana-
lyzed under fluorescence microscope and gene copy number
is calculated by counting signals and ratios. Generally, dual
probes is used to test HER2 amplifications, which contains
both the HER2 gene sequence and the centromere sequence
of chromosome 17 (CEP17) where the gene is located. A
single probe containing only the HER2 gene can also be
used.”® HER2 copy number can be judged by calculating the
mean HER2 gene copy number or the HER2 to CEP17 sig-
nal count ratio. Adding CEP17 probe to the HER2 FISH sys-
tem allows the detection of the number of chromosome
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Comparison of HER2 alteration testing methods and recommendation level in NSCLC

TABLE 1

Recommendation level

Advantages and disadvantages

Specificity TAT

Sensitivity

Sample type

Types of alteration

Alterations

Methods

Recommended

High requirement for sample input and

Moderate 4-5 days

Moderate

Known/unknown FFPE cytology

Point mutation, small

Sanger

low testing throughput

alterations

insertions/deletions

Recommended

Widely used platform, relatively fast

2-3 days

High

High

Known alterations FFPE cytology liquid

Point mutation, small

qRT-PCR

turnaround time, but unable to detect

insertions/deletions,
unknown alterations

amplification

ZHANG ET AL.

Recommended

Intuitive results, high requirement for

Moderate 2-3 days

Moderate

FFPE cytology

Known/unknown

Amplification

FISH

sample quality, complicated testing

alterations

and analysis procedures

Recommended

Cheap, fast, and highly accessible

Moderate 1-2 days

FFPE Moderate

Protein level

Overexpression

IHC

platform, but poor antibody

accessibility and risk of false negatives

and false positives

Strongly recommended

High throughput, cover multiple alteration

5-7 days

High

High

FFPE cytology liquid

Known/unknown

Point mutation, small

NGS

types, high sensitivity and specificity,

alterations, dependent
on panel coverage

insertions/deletions,

but highly dependent on probe design

and bioinformatic analysis

fusion, amplification

Abbreviations: HER2, human epidermal growth factor receptor 2; FFPE, formalin-fixed paraffin-embedded; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing; NSCLC, non-small cell

lung cancer; qRT-PCR, quantitative real time PCR; TAT, turnaround time.

17, which ensure the distinguishment of aneuploidy of chro-
mosome 17 from pure HER2 gene amplification, especially
in cases of low-level amplification.

The judgment criteria for HER2 amplification testing in
NSCLC by two-probe in situ hybridization can be referred
to the guidelines for HER2 testing in breast cancer,”” as
detailed in Figure 2.

HER?2 overexpression

IHC is the standard method to measure HER2 overexpres-
sion levels. It is widely used in breast and gastric cancers, in
which well-established testing and outcome interpretation
guidelines are available. The level of HER2 overexpression
by IHC is not a routine test in NSCLC, and the judgment
criteria can refer to the guidelines for HER2 testing in breast
cancer.”” THC scores of 0, 1+, 2+, or 3+ were determined
according to the degree of cell membrane staining. As
shown in Figure 3, cases that are 0/1+ and 3+ will be diag-
nosed as HER2 overexpression negative and positive, respec-
tively. Cases that are 24 should be further tested with in situ
hybridization or retested with another specimen. Notably,
HER2 low expression (HER2 14 or 2+) is important for
selecting patients for HER2 ADC drugs.

CONTENT REQUIREMENTS OF HER2
TESTING REPORT

It is recommended to include the following contents in
NGS or RT-PCR report of HER2 testing, (1) patient’s
information: including name, gender, age, outpatient/
inpatient identification number, name of the responsible
physician, and clinical indications; (2) sample informa-
tion: including sample type, date and site of sample col-
lection, sample identification number, date of submission
and report generation, and key quality control
(QC) parameters such as tumor cell content, DNA quality
assessment, as well as sequencing quality assessment;
(3) test details: including instruments and reagents used,
detection methods, panel coverage, limit of detection
(LoD), etc.; (4) test results and interpretations: including
the genotype, details of alteration, related drug informa-
tion, and supporting evidence of each alteration detected;
and (5) description of the testing limitations.

It is recommended to include the following contents in
FISH report of HER2 testing: patient’s information (includ-
ing name, gender, age, outpatient/inpatient identification
number), name of the responsible physician, date of submis-
sion, pathology report identification number, site of sample
collection, specimen type, probe information, detection
method, whether image analysis is used, control setting,
whether the sample size is sufficient for evaluation, interpre-
tation of results (including the number of cells assessed,
mean HER2 copies/cell, mean CEP17 copies/cell, and ratio
of mean HER2 copies/mean CEP17 copies), and test results
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FIGURE 2 Judgment criteria of HER2
dual probe in situ hybridization testing.

HER?2 testing was performed using a validated two-probe
in situ hybridization method
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[

| HER2CEPI7220 |

———

\

| HER2CEP17<20 |

WILEYL_*

Mean HER2 copy Mecan HER?2 copy Mean HER2 copy Mean HER2 copy Mean HER2 copy
number >4.0 number < 4.0 number >6.0 number >6.0 & < number < 4.0
signal/cell signal/cell signal/cell 4.0 signal/cell signal/cell
| [ \ [ [
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FIGURE 3 Judgment criteria of HER2
overexpression testing. HER2, human

HER?2 testing was performed using a validated

THC method

epidermal growth factor receptor 2.

| Controls showed correct staining I

[

\

>10% of cancer
cells showed strong,
complete and
uniform cell
membrane staining

>10% of cancer cells showed
weak-moderate intensity, intact
cell membrane staining or <10%
of cancer cells showed strong and
intact cell membrane staining

>10% of cancer
cells showed
incomplete and
weak cell membrane
staining

No staining or <10%
of cancer cells
showed incomplete
and weak cell

membrane staining

|

IHC 3+ : positive
| ||

THC 2+ : indeterminate | ’ IHC 1+ : negative | | THC 0 : negative

replacement of specimens

In situ hybridization or

(i.e., positive, negative, required to validate with ITHC, and
indeterminate).””

It is recommended to include the following contents in
IHC report of HER2 testing: patient’s information (includ-
ing name, gender, age, outpatient/inpatient identification
number), name of the responsible physician, date of submis-
sion, pathology report identification number, site of sample
collection, specimen type, antibody information, detection
method, whether image analysis is used, control setting,
whether the sample size is sufficient for evaluation, and
interpretation of results (i.e., 0, 14, 2+, 34).%

HER2 TESTING PROCEDURE

Several HER?2 testing methods have been applied in clinical
practice. Differences in sensitivities and specificities exist
between methods, and each method possesses unique
advantages and limitations. In real-world settings, physi-
cians have to select appropriate testing platform based on
the type of specimens, sample size, tumor cell content, sam-
ple quality, clinical needs, and laboratory testing capability.
Tests can be simultaneously performed in multiple plat-
forms to ensure the accuracy of results if conditions allowed.
According to the clinical experience and relevant literatures,
the following testing strategy is recommended to efficiently
and accurately detect HER?2 alterations (Figure 4). In clinical
practice, HER2 is usually not tested independently in

NSCLC. For the detection of HER2 mutations and amplifi-
cations, it is recommended to simultaneously test with
EGFR, ALK, ROSI, and other driver genes based on NGS
when NGS platform is available. When NGS platform is not
available, ARMS-PCR can be an alternative method to test
HER2 point mutations and small insertions/deletions,
whereas FISH can be used to test HER2 amplifications. For
the detection of HER2 overexpression, IHC can be used. It
should be noted that the use of FISH and IHC are restricted
to tissue samples, in contrast, NGS and PCR can be applied
to circulating tumor DNA (ctDNA) samples when tissue
samples are insufficient.

HER2 TESTING QUALITY CONTROL
Sample selection and processing method

To conserve patient’s tumor tissue specimens, we should try
our best to obtain the samples adequate for both pathologic
and molecular diagnoses with a single cut. If patients
develop resistance and require re-biopsy sampling to test
gene alterations or explore the mechanism of resistance,
NGS multi-gene testing is recommended to obtain more
gene alterations information with limited specimens. This
approach can minimize the need of invasive sampling and
guide subsequent treatment decision. Tumor cell content
assessment by experienced pathologists is required for
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| Specimens collection for HER?2 testing

I

| Whether adequate tissue are available? |

FIGURE 4 Strategy of HER2 testing in
NSCLC. HER2, human epidermal growth
factor receptor 2; NSCLC, non-small cell
lung cancer.

Yes l No
| Tissue | i ctDNA |
[ | |

[ I

| overexpression | point mutation. I amplification |
small insertion/deletion |

HC NGS NGS NGS NGS

available unavailable available unavailable
PCR FISH (tissue)

tumor tissue and cytology samples. To select appropriate
testing method, the laboratory circumstances, sample types,
sample size, and QC results should be considered. Liquid
biopsy samples such as plasma, cerebrospinal fluid (CSF)
supernatant, and thoracoabdominal effusion supernatant
can be used as a complementary test to tumor tissue and
cytology samples, but the limitations of testing with such
samples need to be clearly stated in the test report.

Tumor tissue samples

Tumor tissue samples include fresh tissue samples and
formalin-fixed paraffin-embedded (FFPE) samples. The cel-
lular content of tumor tissue samples should be evaluated by
pathologists before proceeding with HER2 testing. A tumor
cell content of at least 20% is recommended.*® If the tumor
tissue sample has <20% tumor cell content, tumor cell
enrichment is recommended before testing and the sample
limitations should be clearly stated in the report.

FFPE samples should be processed according to the
pathological specifications. It is recommended to fix the
tumor tissue through immersion in neutral buffered forma-
lin as soon as possible after tissue isolation (within 1 hour)
or removal from liquid nitrogen (within 10 minutes).***°
Surgical tissue samples require 12-48 hours to be fixed, but
not more than 72 hours; biopsy tissue samples require
6-12 hours to be fixed. The duration of preservation of FFPE
samples is recommended to be no more than 24 months.

Cytology samples

For advanced lung cancer patients whose tumor tissues
cannot be retrieved, sputum, alveolar lavage fluid, thora-
coabdominal effusion, endobronchial ultrasound-guided
fine-needle aspiration (EBUS-FNA) biopsy can be used for
testing. For these sample types, wax block should be

prepared according to the standard protocols before testing.
Tumor cell content should meet the testing criteria.

Liquid biopsy

For advanced lung cancer patients whose tumor tissue or
cytology samples cannot be obtained, blood ctDNA, CSF
supernatant, and thoracoabdominal effusion supernatant
can be used for testing. However, the rareness of tumor cells
in these sample types may lead to false-negative results.
Therefore, more sensitive testing method is recommended.

If disposable ethylene-diamine-tetraacetic acid vacutai-
ners are used to collect patient’s peripheral blood, it is
recommended to perform plasma isolation within 2 to
4 hours. If immediate extraction is not possible, samples
should be stored at —20°C £ 5°C for no longer than
12 months, or long-term storage below —70°C (avoiding
repeated freeze thawing). It is recommended to perform
testing immediately after DNA extraction; if not, samples
should be stored at —20°C £ 5°C for no longer than
12 months.

Internal and external quality control of HER2
testing

In clinical practice, a standard QC system is crucial to the
reliability of pathological diagnosis and evaluation. To
ensure the accuracy of HER2 testing results, laboratories
should establish their own standard operating procedure
(SOP) and QC system. For internal QC, HER2 testing SOP
should be established and optimized before clinical test,
through comparing between different methods and different
technicians. Negative and positive control samples should be
applied. The performance of new reagents should be vali-
dated. Regular sampling inspection should be performed. If
NGS is used to test HER2 alterations, the NGS laboratories
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should meet the national and international quality stan-
dards. Special attention should be paid to the possible cross
contamination between different samples during the NGS
experiment operation. For example, when automated instru-
ment is used, library construction of single sample under
sealed condition can be considered to reduce the risk of
cross contamination. In addition, laboratory technicians
should be regularly trained for experimental skills, and test
results should be regularly summarized and analyzed. Labo-
ratories should participate in annual quality control pro-
grams such as the Pathology Quality Control Center
(PQCC), College of American Pathologists (CAP), or Clini-
cal Laboratory Improvement Amendments (CLIA) or other
inter-laboratory quality assessment. The reliability of test
results can also be determined by comparing the results with
those from qualified laboratories applying the same testing
methods. For inconsistent results, it is necessary to ensure
that alternative methods are available for verification and
review.

TREATMENTS FOR NSCLC PATIENTS WITH
HER2 ALTERATIONS

Before the advent of targeted therapy, the standard treat-
ment option for HER2-altered patients is chemotherapy.
Results from early clinical trials are listed in Table 2.
EUHER2, a retrospective study investigating conventional
chemotherapy in advanced NSCLC patients with HER2
mutations, demonstrated an objective response rate (ORR)
of 43.5% and a median progression-free survival (mPFS) of
6.0 months in first-line setting, and an ORR of 10% and an
mPFS of 4.3 months in second-line setting.*' Wang et al.**
showed that HER2-mutant NSCLC patients receiving
pemetrexed-based first-line chemotherapy had poor efficacy
compared to those with ALK/ROSI rearrangement, with an
mPFS of only 5.1 months. POLISH, a retrospective real-
world study performed in China, showed that first-line che-
motherapy plus angiogenesis inhibitors might have greater
survival benefits than chemotherapy alone (mPFS, 5.63
vs. 4.03 months, p = 0.006) in HER2-altered NSCLC,
whereas combining immunotherapy might not be superior
to chemotherapy alone (mPFS, 520 vs. 4.03 months,
p=0.20)."

Non-selective TKIs are the first attempt of targeted ther-
apy in treating NSCLC patients with HER2 mutations. In a
global named patient use program, 28 patients with HER2
mutations were treated with afatinib, with an ORR of 18.8%
and a disease control rate (DCR) of 68.8%.*> In contrast,
another observational study revealed that patients with
G778_P780dup and G776delinsVC mutations were the most
responsive to afatinib (ORR, 40%; mPFS, 7.6 months),
whereas patients with A775_G776insYVMA mutation did
not respond.** A recently published study showed that
YVMA insertion of the HER2 kinase domain changes the
secondary structure of HER2 protein, forming a steric block
that binds to afatinib, therefore, causing resistance.*’

Dacomitinib is an irreversible pan-HER2 TKI. A phase II
trial showed that the ORR of dacomitinib in treating NSCLC
patients with HER2 mutations was 12%. The median PFS
and overall survival (OS) were 3 and 9 months, respectively.
No response was observed in G776insYVMA mutated
patients, indicating that YVMA insertion may also be a
potential mechanism of drug resistance to dacomitinib.*®
SUMMIT, a phase II basket study evaluating the efficacy of
neratinib, had only one patient with partial response.
Although the ORR (3.8%) was low, the mPFS was
5.5 months, and the treatment duration of six patients
exceeded 1 year.” At present, non-selective TKIs have
shown moderate antitumor activity, but poor efficacy in
exon 20 insertions, the most common type of HER2
mutations.

Recently, novel TKIs with advantages in selectivity and
structure have been developed. Based on the initial results of
the ZENITH20 study (ORR of 27.8%, DCR of 70.0%, and
mPFS of 5.5 months),*® the FDA granted a fast track desig-
nation for poziotinib in March 2021 for previously treated
NSCLC patients with HER2 exon 20 mutations. Updated
results from cohort 4 of ZENITH20 further demonstrated
promising antitumor activity of poziotinib in treatment-
naive patients, with an ORR of 43.8%, a DCR of 75.0%, and
an mPFS of 5.6 months.> In Chinese, a phase II study of pyr-
otinib in treating patients with HER2-mutant NSCLC
showed an ORR of 30%, a median duration of response
(mDOR) of 6.9 months, and median PFS and OS of 6.9 and
14.4 months, respectively.’ In another phase II prospective
study, the ORR was 19.2%, the mDOR was 9.9 months, and
the median PFS and OS were 5.6 and 10.5 months, respec-
tively. In patients with disease progression, HER2 copy
number alteration (CNA) and EGFR CNA co-existence and
HER?2 deletions were found, as well as EGFR E330K, KRAS
G12D, MET CNA, and BRAF CNA. Further studies revealed
that genetic alterations in the RAS/RAF pathway may be a
potential mechanism of pyrotinib resistance.*” Another
study that enrolled 27 NSCLC patients with HER2 amplifi-
cation showed an ORR of 22.2%, an mPFS of 6.3 months,
and a median OS of 12.5 months with pyrotinib.>® Recently,
the first phase II study exploring the combination of
HER2-TKI with antiangiogenic agent in the treatment of
NSCLC patients with HER2 mutations or amplifications has
reached the primary endpoint, with an ORR of 51.5% and a
median PFS and OS of 6.9 and 14.8 months, respectively,
suggesting that the feasibility of combining pyrotinib with
apatinib.”’ Mobocertinib is an EGFR/HER?2 inhibitor target-
ing exon 20 insertions with preclinical data comparable to
that of pyrotinib. The results of a preliminary study showed
objective responses in 21.4% (3/14) patients with HER2 exon
20 insertions.”® Further efficacy data of mobocertinib in
HER2-mutant subtypes is still waiting.

ADCs are emerging antitumor agents that covalently
couple cytotoxic drugs and monoclonal antibodies to specif-
ically target and kill tumor cells. T-DM1 is an ADC that
consists of the anti-HER2 antibody trastuzumab and the
microtubule-targeted cytotoxic agent. A small-scale phase II
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TABLE 3 Expert consensus on the diagnosis and treatment of NSCLC patients with HER2 alterations in China.

Consensus number

Key points

Recommendation level

Detection time point

Detection method

Detection strategy

Detection quality control

Consensus1

Consensus2

Consensus3

Consensus4

Consensus5

Consensus6

Consensus?7

Consensus8

Consensus9
Consensus10

Consensusl1

Consensus12

Consensus13

Consensus14

Consensus15

Consensusl6

HER2 mutation testing is reccommended in patients
with stage ITI/IV lung adenocarcinoma or squamous
cell carcinoma, with or without a smoking history,
especially in women

HER?2 amplification testing is recommended in patients
with EGFR-TKI resistance

HER2 mutations are recommended to be tested
simultaneously with other driver genes including
EGFR, ALK, ROS1, RET, NTRK, etc.

EGFR, ALK, and ROS1 should be tested first; when
negative, HER2 mutations should be tested

Patients with HER2 mutations, amplifications, and
overexpression are recommended to participate in
clinical trials

HER?2 mutations or amplifications should be tested
independently

HER2 mutation testing is preferentially performed by
NGS

When NGS is unavailable, HER2 mutation testing can
be performed by other methods (ARMS-PCR,
ddPCR, and Sanger sequencing)

HER?2 amplifications can be tested by NGS and FISH
HER2 protein expression can be tested by IHC

HER? testing is preferentially performed in tumor tissue
samples (surgical, biopsy, etc.)

HER?2 testing can be performed in cytology samples
(fine needle aspiration, pleural effusion, alveolar
lavage fluid, EBUS-FNA, etc.)

HER?2 testing can be performed in liquid biopsy samples
(blood, thoracoabdominal effusion supernatant,
cerebrospinal fluid supernatant, etc.)

Pathologists should try their best to obtain the samples
adequate for both pathologic and molecular
diagnoses with a single cut

For tumor tissue and cytology samples, the tumor cell
content should be assessed by experienced
pathologists. When testing amplifications by NGS,
the tumor cell content of tissue and cytology
samples should be above 20%. Appropriate testing
method should be selected based on the laboratory
circumstances, sample types, sample size and QC
results; liquid biopsy samples such as plasma,
cerebrospinal fluid supernatant and
thoracoabdominal effusion supernatant can be used
as a complementary test to tumor tissue and
cytology samples, but the limitations of testing with
such samples need to be clearly stated in the test
report

For internal QC, HER?2 testing SOP should be
established and optimized before clinical test,
through comparing between different methods and
different technicians; negative and positive control
samples should be applied; the performance of new
reagents should be validated; regular sampling
inspection should be performed; laboratory
technicians should be regularly trained for
experimental skills, and test results should be
regularly summarized and analyzed

Strongly recommended

Strongly recommended

Strongly recommended

Recommended

Recommended

Not recommended
Strongly recommended

Recommended

Recommended
Recommended

Strongly recommended

Recommended

Recommended

Strongly recommended

Strongly recommended

Strongly recommended

(Continues)
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TABLE 3 (Continued)

Consensus number

Key points

Recommendation level

Consensus17

Laboratories should participate in annual quality
control programs, such as the PQCC, CAP, CLIA or

Strongly
recommended

other inter-laboratory quality assessment; the
reliability of test results can also be determined by
comparing the results with those from qualified
laboratories applying the same testing methods; for
inconsistent results, it is necessary to ensure that
alternative methods are available for verification and

review

Treatment suggestion Consensus18

For patients with HER2 mutations, T-DXd (an ADC)

Recommended

has been approved by the FDA and is currently
under clinical trials in China

Consensus19

For patients with HER2 mutations or amplifications,

Recommended

pyrotinib (a TKI) can be a novel treatment option

Consensus20

For patients developed resistance to EGFR-TKI, if

Recommended

T790M is not detected, resistance mechanisms such
as HER? alternations can be tested to guide
subsequent treatment

Abbreviations: ADC, antibody—drug conjugates; ARMS-PCR, amplification refractory mutation system-polymerase chain reaction; CAP, College of American Pathologists; CLIA,
Clinical Laboratory Improvement Amendments; ddPCR, droplet digital polymerase chain reaction; EBUS-FNA, endobronchial ultrasound-guided fine-needle aspiration; EGFR-
TKI, epidermal growth factor receptor tyrosine kinase inhibitors; FDA, Food and Drug Administration; FISH, fluorescence in situ hybridization; HER2, human epidermal growth
factor receptor 2; IHC, immunohistochemistry; NGS, next-generation sequencing; NSCLC, non-small cell lung cancer; PQCC, Pathology Quality Control Center QC, quality
control; SOP, standard operating procedure; T-DXd, trastuzumab deruxtecan; TKI, tyrosine kinase inhibitors.

trial with 15 patients showed limited efficacy of T-DM1
monotherapy, with an ORR of 6.7%, median PFS and OS of
2.0 and 109 months, respectively. No remission was
achieved in the HER2 amplified or overexpressed subgroup.
The study was terminated early because of limited efficacy.”
However, in another phase II basket trial, T-DMI treatment
achieved ORR of 44% and mPFS of 5 months, with
responses seen across all subtypes.* Peters et al.** studied
the efficacy of T-DMI in treating HER2 overexpressing
NSCLC. The ORR was 0% in the IHC 24 subgroup and
20% in the IHC 3+ subgroup. The two subgroups showed
comparable median PFS (2.6 vs. 2.7 months) and OS
(12.2 vs. 15.3 months),™ suggesting that HER2 IHC alone is
not enough to serve as predictive biomarker. Compared to
T-DM1, T-DXd, as a third-generation ADC drug, has higher
membrane permeability and higher drug antibody ratio, and
allows stable delivery of topoisomerase I inhibitors under
conditions of low HER2 expression. The first-in-human
phase I trial of T-DXd showed an ORR of 72.7%, an mDOR
of 9.9 months, and an mPFS of 11.3 months in 11 previously
treated NSCLC patients with HER2 mutations.” The multi-
center trial: DESTINY-Lung01 showed an ORR of 24.5% and
an mPFS of 5.4 months in the HER2 overexpressing cohort. In
subgroups of patients with IHC3+ and IHC2+, the ORR was
comparable (20.0% and 25.6%, respectively).”® In the
HER2-mutant cohort, the ORR was 54.9%, and the median
PFS and OS were 8.2 and 17.8 months, respectively.” The latest
data from the DESTINY-Lung02 phase II trial showed an
ORR of 58% and a mDOR of 8.7 months in the primary effi-
cacy cohort (n = 52).° Based on this results, the FDA has
granted accelerated approval to T-DXd for HER2-mutant
NSCLC, which was the first agent approved for HER2-mutant

NSCLC. Ongoing clinical trials of anti-HER2 agents in NSCLC
patients are shown in Table S2. The quick development of
HER2-altered NSCLC treatments further raises the importance
of standardizing HER2 testing in advanced NSCLC.

SUMMARY AND PROSPECT

Based on the currently available evidence, several clinical
guidelines including National Comprehensive Cancer Net-
work and Chinese Society of Clinical Oncology are already
recommending HER?2 testing in clinical diagnosis and treat-
ment or clinical trials. We established this expert consensus
and suggested practical guidelines for the management of
HER2-altered NSCLC (Table 3). We systematically summa-
rized the prevalence of different types of HER2 alterations
(including mutations, amplifications, overexpression,
fusions, and tyrosine kinase domain duplications), testing
methods, QC criteria, testing report requirements, and treat-
ment regimens. Notably, HER2 ADCs, especially the third
generation ADC: T-DXd, have led to a revolutionary change
in the diagnosis and treatment of HER2-related tumors. In
principle, HER2 ADCs are “biological bullets” with HER2
protein as target. T-DXd has reported great success in treat-
ing breast cancer with HER2 low expression. However, that
was not the case in NSCLC, no matter in subgroups with
high or low HER2 expression. The mechanisms needs to be
further investigated in clinical trials. Meanwhile, it is worth
noting that the absence of HER2 expression is not an abso-
lute contraindication to T-DXd. The vast majority of
NSCLC patients with HER2 mutations, but without THC
expression and gene amplification, showed a response to
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T-DXd treatment. This phenomenon may possibly be
explained by the enhancement of the receptor internaliza-
tion and the endocytosis of HER2 receptor-ADC complexes
by HER2 mutations.” Additionally, based on data from pre-
vious studies, pyrotinib (a HER2-TKI) could be recom-
mended as a new treatment option in patients with HER2
mutations and amplifications.”***°
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