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PURPOSE Human epidermal growth factor receptor 2 (HER2) is an effective therapeutic target in breast and
gastric and gastroesophageal junction cancers. However, less is known about the prevalence of ERBB2 (HER?2)
amplification and the efficacy of HER2-targeted treatment in other tumors.

PATIENTS AND METHODS We assessed HERZ amplification status among 5,002 patients with advanced disease
(excluding breast cancer) who underwent next-generation sequencing. We evaluated the clinical benefit of
HER2-targeted therapy by measuring the time-dependent overall survival (OS) from the genomic testing results,
progression-free survival (PFS), and PFS during HER2-targeted therapy (PFS2) compared with PFS during prior
therapy (PFS1).

RESULTS Overall, 122 patients (2.4%) had HER2 amplification, including patients with endometrial (5.3%),
bladder (5.2%), biliary or gallbladder (4.9%), salivary (4.7%), and colorectal cancer (3.6%). Forty patients
(38%) with nongastric, nongastroesophageal junction, or nonesophageal cancers received at least one line of
HER2-targeted therapy. Patients receiving HER2-targeted therapy had a median OS of 18.6 months, compared
with 10.9 months for patients who did not receive HER2-targeted therapy (P =.070). On multivariable analysis,
HER2-targeted therapy was significantly associated with increased OS (hazard ratio, 0.5; 95% Cl, 0.27 to 0.93;
P=.029), regardless of sex, age, or number of prior lines of treatment. The PFS2-to-PFS1 ratio was 1.3 or greater
in 21 (57%) of 37 patients who received HER2-targeted therapy not in the first line of systemic treatment, and
the median PFS2 and PFS1 times were 24 and 13 weeks, respectively (P < .001).

CONCLUSION HERZ2 amplifications using next-generation sequencing can be identified in a variety of tumor
types. HER2-targeted therapy may confer clinical benefit in tumor types other than those for which HER2
inhibitors are approved.

JCO Precis Oncol. © 2019 by American Society of Clinical Oncology
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INTRODUCTION

Personalized cancer therapy is becoming more his-
tology agnostic as treatments are chosen based on
tumor genomics rather than tumor type.*? Human
epidermal growth factor receptor 2 (HER2) is
a transmembrane tyrosine kinase receptor that be-
longs to the epidermal growth factor receptor family
and is encoded by the ERBB2 (HER2) gene (chro-
mosome 17qg12). Overexpression of HER2 protein
occurs through HER2 gene amplification or through
other transcriptional or translational mechanisms®
and can result in the formation of spontaneous re-
ceptor homodimers, resulting in the initiation of
downstream signaling cascades and malignant
transformation.*®> HER2 amplification is a prognostic

biomarker for worse survival in the absence of anti-
HER2 therapy.®’

HER2 is a compelling therapeutic target in patients
with breast®®1° and gastric or gastroesophageal
junction (GEJ) cancers.'* For HER2-overexpressing or
HER2-amplified breast cancer, several HER2-targeted
therapies are approved for use in the adjuvant and
metastatic settings, including trastuzumab (metastatic
and adjuvant), pertuzumab (metastatic and adjuvant),
lapatinib (metastatic), ado-trastuzumab emtansine
(metastatic), and neratinib (adjuvant). Trastuzumab is
also approved, in combination with cisplatin and
a fluoropyrimidine (capecitabine or fluorouracil), for
the treatment of metastatic gastric or GEJ cancers.
Furthermore, several promising novel HER2-targeted
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CONTEXT

Key Objective

Our study focused on assessment of ERBB2 (HERZ2) amplification in patients with solid tumors, excluding breast cancer, who
underwent next-generation sequencing. We evaluated the clinical benefit of HER2-targeted therapy by measuring the time-
dependent overall survival from the genomic testing results, progression-free survival (PFS), and PFS during HER2-targeted
therapy compared with PFS during prior therapy.

Knowledge Generated

We showed that HER2 amplification is present in a clinically relevant proportion of tumors and in a variety of tumor types and
that HER2-targeted therapy may confer clinical benefit, with increased survival in patients with tumor types other than those
for which HER?2 inhibitors are approved.

Relevance

HER?2 is an established effective therapeutic target in breast, gastric, and gastroesophageal junction cancers; however, less is
known about the prevalence of HER2 amplification and efficacy of HER2-targeted treatment in other tumors. The results
showed HER2 amplifications in patients with various tumor types, including endometrial (5.3%), bladder (5.2%), biliary or
gallbladder (4.9%), salivary (4.7%), and colorectal cancer (3.6%). Patients who received matched HER2-targeted
therapies had significantly increased PFS on HER2-targeted therapy compared with previous treatment and increased
overall survival. Validation of these results in a larger study could focus on determining the associations of copy number,
simultaneous HERZ2 mutations, and other coalterations with response to HER2-targeted therapies.

agents are in development, such as the bispecific
HER?2 antibody ZW25 and the antibody-drug conjugate
DS-8201.1213

The main mechanism of HER2 overexpression is HERZ2
gene amplification, which occurs in 18% to 20% of patients
with breast cancer'*'® and 7% to 34% of patients with
gastric or GEJ cancers.'*'®7 ASCO and the College of
American Pathologists recommended testing in breast and
gastric or GEJ cancers using immunohistochemistry (IHC)
for HER2 protein expression or in situ hybridization (fluo-
rescence in situ hybridization [FISH], chromogenic in situ
hybridization, or silver in situ hybridization) for HERZ gene
amplification.'**® Other techniques, such as comparative
genomic hybridization, can also be used to detect copy
number variations.'92! However, with the development and
integration of next-generation sequencing (NGS) in cancer
care and the increasing capacity of NGS to determine copy
number variations concurrently with other alterations such
as mutations, NGS has become a more cost-effective and
tissue-efficient alternative to current single-gene assess-
ment methods.??

HER2 amplification also occurs in other carcinomas at
differing frequency.?32° Although relatively little is known
about the role of HER2 in other tumor types, emerging data
indicate that HER2-targeted therapy may have efficacy in
other HER2-positive tumors.?®

We hypothesized that HER2-targeted therapy could be
associated with clinical benefit in tumor types other than
breast and gastric or GEJ cancers. To test this hypothesis,
we determined the prevalence of HER2 amplification de-
termined by NGS in different tumor types and compared
progression-free survival (PFS) during matched HER2-
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targeted therapy with PFS during prior therapy. We also
compared the overall survival (OS) of patients who received
HER2-targeted therapy with the OS of patients who did not.

PATIENTS AND METHODS
Selection of Patients

Patients with advanced or metastatic solid tumors (ex-
cluding breast cancer and lymphoma) underwent NGS in
Clinical Laboratory Improvement Amendments—certified
laboratories using multiple platforms to facilitate person-
alized cancer therapy between January 2011 and June
2017. For the current study, the NGS analysis was per-
formed using four platforms, including the Oncomine
Comprehensive Assay (ThermoFisher, Waltham, MA) or lon
AmpliSeq Comprehensive Cancer Panels (ThermoFisher)
performed at The University of Texas MD Anderson Cancer
Center Molecular Diagnostic Laboratory,?” FoundationOne
or FoundationOne Heme (Foundation Medicine, Cam-
bridge, MA) tumor testing, or Guardant360 (Guardant
Health, Redwood City, CA) circulating cell-free DNA
(cfDNA) testing. We excluded patients in whom HER2
amplification was detected by NGS on platforms that do not
systematically report copy number variation. The genomic
testing results were annotated by the Precision Oncology
Decision Support System at The University of Texas MD
Anderson Cancer Center.?®

The patients’ relevant clinical and molecular characteristics
were collected from electronic medical records and pro-
spectively maintained institutional databases (Table 1). The
diagnosis was obtained from the pathology reports that had
been verified by board-certified pathologists at The Uni-
versity of Texas MD Anderson Cancer Center. Other pro-
filing, such as IHC for HER2 protein expression and FISH
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TABLE 1. Patient Characteristics
Patients With HER2 Amplification

Study Characteristic (N=122)
Age at diagnosis, years

Median 59

Mean (SD) 57 (11)

Range 29-79
Sex, No. (%)

Female 64 (52)

Male 58 (48)
IHC testing, No. (%)

Yes 42 (34)

No 80 (66)
FISH testing, No. (%)

Yes 15 (12)

No 107 (88)
No. of genomic tests, No. (%)*

1 98 (80)

2 17 (14)

>3 7 (6)
No. of prior lines of treatment

Median

Range 0-7

Abbreviations: FISH, fluorescent in situ hybridization; HER2, human
epidermal growth factor receptor 2; IHC, immunohistochemistry; SD,
standard deviation.

*Some patients had multiple genomic testing.

for HERZ2 amplification, was performed in some patients
and was also reviewed in this study.

The HER2-targeted clinical trials had been individually
approved and conducted at The University of Texas MD
Anderson Cancer Center in accordance with institutional
review board guidelines, and this reported analysis was
conducted under an institutional review board-approved
protocol.

HER2 Amplification and Overexpression Analysis

HERZ2 amplification determined by NGS was defined
according to each platform’s analytic pipeline, was based
on the resulting reports and validation, and varied between
greater than five to greater than seven estimated copy
numbers for reporting high-confidence amplification.?%*°
For patients who underwent cfDNA analysis, digital se-
quencing was performed by Guardant Health, using a 54-
gene panel (Guardant360). HER2 plasma copy numbers of
2.5 to 4.0 are reported as ++ amplification, and greater
than 4.0 copy numbers are reported as +++ amplification,
representing the 50th to 90th and greater than 90th per-
centiles, respectively, of all copy number alteration calls in
the Guardant360 database.®! IHC staining for HER2-neu
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and HERZ2 FISH analysis were performed on specimens
from some patients with HER2 amplification (Appendix).

Clinical Benefit on HER2-Targeted Therapy

We investigated the anticancer treatments received by
patients with HER2 amplifications. To determine the clin-
ical benefit of HER2-targeted therapy, we measured PFS
during matched HER2-targeted therapy (PFS2) and
compared it with PFS during prior therapy (PFS1).3232 PFS
was defined as the time from the start of treatment until
disease progression or death. Response to treatment and
progression were determined using Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1, as measured
by radiologists or investigators.3* Patients who received
HER2-targeted therapy as the first systemic treatment were
excluded from the PFS2-to-PFS1 analysis.

We also evaluated the OS of patients who received HER2-
targeted therapy and compared it with the OS of patients
who did not receive HER2-targeted therapy. OS was cal-
culated as a time-dependent indicator variable in both the
Kaplan-Meier and Cox proportional hazards analyses from
the genomic testing result until death from any cause. Last
news and death date were determined based on the
electronic medical records, and survival follow-up was
updated in March 2019. The Royal Marsden Hospital
prognostic score for predicting survival in phase | trials®®
(including albumin, lactate dehydrogenase [LDHI, and
number of metastatic sites), number of prior lines of
treatment, disease stage, and Eastern Cooperative Oncol-
ogy Group (ECOG) performance status at the time of ge-
nomic testing were also analyzed.

Statistical Analysis

We used descriptive statistics to summarize the charac-
teristics of patients with HER2 ampilifications. Concordance
between NGS and IHC and between NGS and FISH tests
was calculated by dividing the number of samples that had
concordant results by the total number of samples.

Univariable and multivariable Cox proportional hazards
models were fit to assess the association between prog-
nostic factors and OS, in which the prognostic factors in-
cluded HER2-targeted therapy, sex, age, histology, ECOG
performance status, number of prior therapies, number of
metastatic sites, disease stage, LDH, albumin, and number
of metastatic sites at time of genomic testing. All statistical
analyses were carried out using SPSS version 24 (SPSS,
Chicago, IL), Prism 7 (Graphpad, San Diego, CA), or
RStudio (https://www.rstudio.com/).

RESULTS
Prevalence of HER2 Amplification

A total of 5,002 patients with advanced solid tumors met
our eligibility criteria. HER2 amplification was found by
NGS in 122 patients (2.4%). All patients with HER2 am-
plifications had advanced or metastatic solid tumors and
had received an average of two prior lines of treatment
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before the genomic testing. One hundred six patients were
found to have HER2 amplification on tumor tissue analysis
on the FoundationOne, Oncomine Comprehensive Assay,
or lon Torrent AmpliSeq Comprehensive Cancer platforms,
and 24 patients were found to have HERZ amplifications on
cfDNA analysis using Guardant360 technology (Fig 1). Ten
patients had testing on more than one panel.

The frequency of HERZ amplifications identified by NGS (in
tumor types with > 10 patients) ranged from 0.3% in
melanoma to 11.9% in gastric or GEJ cancers. The most
frequent HER2-amplified tumor types included gastric or
GEJ, esophageal, endometrial, bladder, biliary or gall-
bladder, salivary gland, colorectal, and cervical tumors
(Fig 2). In contrast, no HERZ2 amplification was detected by
NGS in 382 patients with sarcomas, 224 patients with
glioblastomas, 132 patients with thyroid cancers, 97 pa-
tients with renal cell carcinomas, 66 patients with neuro-
endocrine tumors, 50 patients with lymphoma, and 37
patients with appendiceal carcinoma.

Concordance of HERZ2 Amplification Between NGS, IHC,
and FISH

NGS was performed on two or more platforms in 24 patients
(20%), with seven patients having three or more NGS tests.
We compared the concordance of the results of HERZ2
amplification and HER2 protein expression.

Forty-two (34%) of 122 patients with HER2 amplifications
on NGS also underwent HER2 IHC testing. Of these 42
patients, 31 (74%) had HER2 protein overexpression (3+),
four (9%) had equivocal expression (2+), two (5%) had low
expression (14), and five (12%) had no HER2 expression.

Among the seven patients who were found to have low or no
HER?2 expression on IHC, three had equivocal HERZ2
amplification on NGS and two had 1+ HERZ amplification
on cfDNA testing

Sixteen patients had testing by FISH in addition to NGS.
Fourteen FISH results (88%) were concordant with the
NGS result for HER2 amplification. Of the two patients with
discordant results, one had low-level (1+) HERZ2 amplifi-
cation on cfDNA, and the other had equivocal amplification
on FoundationOne.

Twenty-four patients had positive HER2 amplification on
the Guardant360 platform for cfDNA. Of these, 11 patients
(46%) had a strong (2+, n = 6) or very strong (3+, n = 5)
positive result. Among these 11 patients, five also had IHC
testing, all with concordant positive HERZ2 protein ex-
pression, and HERZ2 amplification was confirmed in all
three patients who had FISH testing (Appendix Table Al).

Clinical Benefit of HER2-Targeted Therapy

We studied the clinical actionability of HER2 ampilification
and clinical benefit of HER2-targeted therapy in 122
evaluable patients who had the molecular testing done
more than 6 weeks from the current analysis. Response to
treatment was determined by RECIST version 1.1, exceptin
three patients who had clinical progression without radio-
logic documentation of progressive disease.

Forty patients with other tumor types than the ones for
which HER2 inhibitors are approved (38%) received at
least one line of HER2-targeted therapy, with eight patients
receiving more than one line of HER2-targeted therapy.
Most patients (93%) received trastuzumab in combination

(N =5,002)
Patients
FoundationOne Oncomine lon AmpliSeq
or FoundationOne Comprehensive Comprehensive Guar(::;r;tl R
Heme panels Assay panel Cancer panel (np_ 269)
(n =2,086) (n =2,494) (n =153) -
FIG 1. CONSORT diagram for patient se- | |
lection by next-generation sequencing re- |
sults. (*) Some patients had multiple
genomic testing. HER2, human epidermal Any positive HER2 amplification
growth factor receptor 2. |
(n =56) (n =42) (n=5) (n = 24)
(2.7%) (1.7%) (3.3%) (8.9%)
(n = 122%)
(2.4%)

4 © 2019 by American Society of Clinical Oncology



HERZ2 Amplification Identified by NGS

Cancer Type %

No. of Patients
15 20 25 30 35

Ovarian 1.6
Pancreatic 2.3
Salivary gland 4.7
HNSCC 2.8

Liver 1.7

Cervical 29
Urachal
Melanoma 0.3
Peritoneal 2.6
Prostate 0.5

Small intestine 2.8
Unknown primary 1.7
Vulvar

10/559

0 5 10
Colorectal 3.6
Biliary 4.9
Gastric  11.9
Lung 1.8

Endometrial 5.3 8/151
Bladder 5.2
Esophageal 9.4

30/842
21/426
12/101

No./Total No. of Patients

M FoundationOne

Il Oncomine

Il CMS400
Guardant360

FIG 2. Prevalence of HER2 amplification. CMS400, lon AmpliSeq Comprehensive Cancer panel; HER2, human
epidermal growth factor receptor 2; HNSCC, head and neck squamous cell carcinoma; Oncomine, Oncomine

Comprehensive Assay panel.

with chemotherapy or other targeted therapies. Across
different lines of treatment, 27 patients received trastu-
zumab with other targeted therapies such as pertuzumab,
14 patients received trastuzumab and chemotherapy, three
patients received small-molecule inhibitors targeting HER 2,
three patients received antibody-drug conjugates or bis-
pecific antibodies against HER2, and two patients received
trastuzumab alone. For three patients with nongastric or
non-GEJ cancers, the HER2-targeted therapy was the first
line of treatment.

After the exclusion of patients with gastric, GEJ, or
esophageal cancers, patients receiving HER2-targeted
therapy had a longer median OS than patients who did
not receive such therapy (18.6 and 10.9 months, re-
spectively; hazard ratio, 0.60; 95% Cl, 0.34 to 1.06; P =
.07; Fig 3). Receiving HER2-targeted therapy was asso-
ciated with improved OS in multivariable Cox proportional
hazards analysis in patients without gastric, GEJ, or
esophageal cancers (hazard ratio, 0.50; 95% ClI, 0.27 to
0.93). Other factors associated with a longer OS were ECOG
performance status of O or 1, a Royal Marsden Hospital
prognostic score of O or 1 (normal albumin and LDH levels
and two or fewer metastatic sites), and colorectal cancer
tumor type as compared with other histologies (Table 2).

Among 37 patients with cancers other than gastric, GEJ, or
esophageal cancers in whom HER2-targeted treatment
was given in the second line or later and for whom previous
treatment information was available, the PFS2-to-PFS1
ratio was 1.3 or greater in 21 patients (57%), and the
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median PFS2 and PFSI times were 24 and 13 weeks,
respectively (P < .001; Fig 4).

Twelve (30%) of 40 patients with tumor types other than
gastric cancer achieved an objective response as defined
by complete or partial response per RECIST version 1.1,
with seven patients receiving trastuzumab and pertuzu-
mab, four patients receiving trastuzumab with chemo-
therapy, and one patient receiving an HER2 antibody-drug
conjugate. In addition, nine patients had stable disease per
RECIST version 1.1 for at least 24 weeks.

E 1.00 —+— Without HER2 Treatment
= —+— With HER2 Treatment
g 0.75
o
—
2 0.50 A
©
.= 0.25
<
>
w T T T T
0 10 20 30 40
Time After Genomic Testing (months)
No. at risk:
Without HER2
Treatment 0 31 10 1 0
With HER2
Treatment 0 22 19 12 6

FIG 3. Overall survival (OS) of patients with human epidermal growth
factor receptor 2 (HER2) amplification, excluding patients with gastric
or gastroesophageal junction cancers. HR, hazard ratio.
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TABLE 2. Multivariable Analysis of Prognostic Factors in Overall Survival in Patients With HER2 Amplifications

Factor

Patients With Nongastric, Non-GEJ, or
Nonesophageal Cancers

P Hazard Ratio (95% Cl)

Received HER?2 targeted therapy: yes v no

.029 0.50 (0.27 to 0.93)

ECOG performance status: 0-1 v 2-3 < .001 3.16 (1.77 to 5.64)
RMS (albumin level, LDH level, No. of metastatic sites): 0-1 v 2-3 < .001 1.81 (1.36 to 2.43)
Sex: female v male 24 0.75 (0.46 to 1.22)
Age: < 60 years v > 60 years .15 1.59 (0.99 to 2.56)
Tumor type: colorectal v other tumor types .0063 0.44 (0.25 t0 0.79)
No. of prior lines of treatment: 0-2 v 3-7 .63 0.88 (0.53 to 1.47)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GEJ, gastroesophageal junction; HER2, human epidermal growth factor
receptor 2; LDH, lactate dehydrogenase; RMS, Royal Marsden Hospital prognostic score.

Determinants of Enrollment on HER2-Targeted Therapy

The median time between NGS showing an HER2 ampli-
fication and start of HER2-targeted therapy was 16 weeks.
We investigated the reasons why 68 patients did not receive
HER2-targeted therapy after their NGS results showed
HER2 amplification. The leading cause was noneligibility
foran HER2-targeted clinical trial (n = 28; 41 %) because of
equivocal HERZ2 amplification results, insurance denial, or
clinical issues such as poor performance status, chronic
tumor-related bleeding, or inadequate organ function
(Appendix Fig Al).

DISCUSSION

In a large cohort of patients who underwent targeted NGS to
facilitate personalized cancer treatment, we found HERZ2
amplification in tumor types other than breast and gastric or
GEJ cancers. HER2-matched targeted therapy in patients
with tumor types other than those for which HER2 inhibitors
are approved was associated with a clinically significant

Patients (%)

100 + —L— PFS1 (previous line of treatment)
—i— PFS2 (HER2 targeted therapy)
50 - HR, 0.44 (95% Cl, 0.26 to 0.77)
Log-rank P=.0006
T T T T T
0 50 100 150 200 250
Time (weeks)

FIG 4. Progression-free survival (PFS) of patients with human epi-
dermal growth factor receptor 2 (HER2)-amplification, excluding
patients with gastric or gastroesophageal junction cancers. PFS during
HER2-targeted therapy (PFS2) compared with PFS during prior
therapy (PFS1). HR, hazard ratio.
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increase in OS but with only a trend toward a statistically
significant increase (P = .070).

Until recently, almost all studies of HER2 status focused on
one type of malignancy, making it difficult to compare the
rate of HER2 positivity across studies and tumor types.36-4°
Furthermore, HER2 overexpression or amplification is most
often evaluated by IHC or FISH, rather than NGS.442
However, in the current era of personalized cancer ther-
apy, NGS is becoming more widely used. NGS has been
shown to meet the sensitivity of detection for mutations
used in clinical trials, permitting simultaneous testing of
copy number variations in hundreds of genes.284043

Currently, there are several ongoing clinical trials evaluating
prevalence of HERZ alterations and the benefit of targeting
HERZ2 in different tumor types (eg, ClinicalTrials.gov iden-
tifiers: NCT02465060, NCT02675829, NCT02091141,
NCT02693535). The recently published results from the
MyPathway trial®®*® studying treatment with trastuzumab
and pertuzumab in colorectal cancer showed an overall
response rate of 40% in patients without KRAS mutations,
confirming preliminary data that HER2 testing could be
integrated in future guidelines for biomarker testing in other
tumor types, such as colorectal,**“¢ salivary, bladder, and
biliary cancers. On the basis of these findings, the National
Comprehensive Cancer Network colorectal cancer guide-
lines were updated recently to include pertuzumab plus
trastuzumab and trastuzumab plus lapatinib as category 2B
recommendations for HER2-positive colorectal cancer.*’

In this study, NGS identified HER2 amplification in 2.4% of
patients across 20 tumor types. Although HERZ amplifi-
cations were found in many different epithelial cancers,
positive results were rare, and often nonexistent, in ma-
lignancies of nonepithelial origin. This finding was con-
sistent with the HER2 overexpression results reported by
Yan et al*? in 37,992 patients. Furthermore, our frequency
of HER2 amplification in colorectal cancer (3.6%) is
consistent with a previously reported prevalence between
2% and 6%.®
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In contrast with breast cancer, for which HER2-targeted
therapies have been established for a long time with five
treatment options approved by the US Food and Drug Ad-
ministration, for gastric, GEJ, or esophageal cancers, less is
known about the prognostic role of HER2, and therapeutic
options are limited to trastuzumab in combination with
chemotherapy.?® Our results suggest there is a clinical benefit
in patients with indications beyond gastric or GEJ cancers.

In tissue samples, the thresholds for reporting are higher for
NGS than for FISH; therefore, the tissue-based NGS test
used in our study may have underestimated the rate of
HERZ2 amplification. In contrast, we also included cfDNA
testing, in which amplification of 1+ corresponds to less
than 2.4 copy numbers. Furthermore, the patient pop-
ulation referred for genomic testing and consideration for
participation in clinical trials might be different from the
overall population. Our results on testing for HER2 status by
NGS compared with IHC and FISH are consistent with
a previous report of high concordance between IHC and
FISH in colorectal cancer.***°

Many patients were not eligible for HER2-targeted thera-
pies, highlighting the importance of patient selection for
genomic testing. However, as evidence for actionability of
HER?2 increases, HER2 testing should be considered
earlier in the treatment course for tumor types in which
HERZ is more frequently amplified (eg, colorectal cancer).

Sequential testing by IHC and FISH and further mutation
analyses may lead to tissue exhaustion before the completion
of all necessary testing. Thus, early incorporation of NGS into
clinical practice for diseases with frequent actionable ge-
nomic alterations has the advantage of screening for multiple
therapeutic options simultaneously while sparing tissue.
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APPENDIX

ERBB2 Amplification by Circulating Cell-Free DNA
Analysis (Guardant360)

HERZ2 Amplification Identified by NGS

or faint or barely perceptible membranous staining (score, 1+) in less
than 10% of the invasive tumor cells. Equivocal results were defined as
those with weak to moderate complete, basolateral, or lateral mem-
branous reactivity in at least 10% of invasive tumor cells (score, 2+).

Human epidermal growth factor receptor 2 (HER2) plasma copy

numbers of 2.5 to 4.0 are reported as ++ amplification, and copy
numbers greater than 4.0 are reported as +++ amplification, repre-
senting the 50th to 90th and greater than 90th percentiles, re-
spectively, of all copy number alteration calls in the Guardant360
(Guardant Health, Redwood City, CA) database.

HER2 Overexpression by Immunohistochemistry

HER?2 overexpression was defined as strong, complete, homogenous
membrane staining in more than 30% of invasive tumor cells (score,

3+). Negative results were defined as those with no staining (score, 0)  per cell.

JCO Precision Oncology

Insurance denial

The patient died before 2%

return of results
5%

Patient elected to
receive a different
treatment

6%

Not eligible to enroll in
The patient was not seen HER2-targeted clinical trials
back at MDACC after 40%
genomic testing
16%

Possible future
option
5%
Equivocal result

24%

FIG A1. Determinants of enroliment in human epidermal growth
factor receptor (HER2)-targeted therapy trials. MDACC, MD Anderson
Cancer Center.

HERZ2 Amplification by Fluorescent In Situ Hybridization

HER?Z2 fluorescent in situ hybridization was also performed in some
patients, and HERZ2 amplification was defined as an overall ratio of
2.0 or greater with an average HER2 copy number of greater than
4.0 signals per cell; an overall ratio of 2.0 or greater with an average
HER2 copy number of less than 4.0 signals per cell; an average
ratio of 2.0 or greater with an average HERZ2 copy number of 4.0
or more but less than 6 signals per cell; or an average ratio of less
than 2.0 with an average HERZ2 copy number of 6.0 or more signals



Dumbrava et al

TABLE A1. Concordance cfDNA With Other Platforms

Level of No. of Patients With  No. of Patients No. of No. of Patients  Concordance of IHC/FISH
Amplification HER2 Amplification on ~ With Multiple Discordant Who Had IHC or/ and cfDNA HER2
(Guardant Health) cfDNA NGS Tests Results Comments and FISH Testing Amplification (%)
3+ 5 3 1 Increased CN; however, 2 100

did not meet the test
threshold for
amplification

2+ 6 3 2 Tissue and cfDNA testing 3 100
was done 1 and 3 years
apart, respectively, and
patients received
targeted therapy in
between

1+ 13 4 E E 0

Abbreviations: cfDNA, circulating cell-free DNA; CN, copy number; FISH, fluorescent in situ hybridization; HER2, human epidermal growth factor receptor
2; IHC, immunohistochemistry; NGS, next-generation sequencing.
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