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Background: Trastuzumab is a HER2-trargeted humanized monoclonal antibody that
has been studied as a first-line treatment for patients with HER2-positive advanced gastric
cancer (AGC). The effect of anti-HER2 therapy according to tumor mutational burden
(TMB) in HER2-positive AGC remains unclear.

Methods: We performed next-generation sequencing (NGS), including TMB analysis, in
31 HER2-positive AGC patients with trastuzumab plus chemotherapy as first-line therapy
for recurrent (n=8) or metastatic (n=23) tumors. The TruSight Oncology 500 Assay from
Illumina (San Diego, CA, USA) was used to evaluate TMB.

Results: Among 31 patients, 30 had tumors with immunohistochemistry (IHC) 3+, and
one was IHC 2+ and silver in situ hybridization (SISH) positive. The median age was 57.0
years old (range, 35-76), and the majority had tumors with low TMB (87.1%, n=27/31).
Only four (12.9%) had tumors with high TMB. Of these four, three achieved complete
response (CR) or partial response (PR) to treatment, and the remaining patient was not
evaluable for tumor response. Objective response rate (ORR) to trastuzumab plus
chemotherapy showed a favorable trend in patients with high TMB (75.0%, n=3/4)
compared to patients with low TMB (59.3%, n=16/27) (P=0.546). The median
progression-free survival (PFS) was not reached in the TMB-high group but was 8.0
months (95% CI, 7.6-8.5) in the TMB-low group (P=0.019)

Conclusion: The status of TMB could be a novel biomarker in predicting the efficacy of
trastuzumab plus chemotherapy in HER2-positive AGCs.
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INTRODUCTION

Gastric cancer (GC) is the sixth most common cancer and has
the third-highest global mortality rate in 2018 (1). In Korea, the
stomach is the second most common site of cancer following
lung, and GC is the fifth-highest mortality following lung, liver,
colorectal, and pancreas cancers (2). The frequency of human
epidermal growth factor receptor 2 (HER2) overexpression in
gastric and gastroesophageal cancer varies by study, with a mean
of 18%, and is a significant predictor of poor survival (3–5).
Trastuzumab, a monoclonal antibody targeting HER2, inhibits
HER2-mediated signaling and prevents cleavage of the
extracellular domain of HER2 (6). In a previous study,
trastuzumab plus chemotherapy showed a survival advantage
in HER2-positive advanced gastric and gastroesophageal
junction cancers (7). However, the overall response rate (ORR)
was 47%, with a complete response (CR) of only 5%, and the
available data demonstrated that high dose trastuzumab is not
associated with efficacy improvement (7, 8). Thus, there is a need
for potential biomarkers regarding the efficacy of anti-
HER2 therapy.

Tumor mutational burden (TMB) means the total number of
mutations per coding area of a tumor genome. There is a strong
relationship between the TMB and the activity of immune
checkpoint inhibitors (ICIs) across multiple cancers (9–12).
Hu et al. suggested that TMB could predict the response to
trastuzumab rather than HER2 status in patients with advanced
gastric cancer (AGC) (13). However, few studies have been
performed on the relationship between TMB and the efficacy
of anti-HER2 therapies.

Herein, we analyzed the efficacy of anti-HER2 therapy in
patients with HER2-positive AGC according to TMB.
PATIENTS AND METHODS

Patients
Patients, who had started trastuzumab plus chemotherapy for
metastatic or recurrent HER2-positive AGC at Samsung Medical
Center between April 2019 and June 2021, were retrospectively
analyzed. The patients had to be tested prospectively for
molecular aberrations, including TMB, with the TruSight
Oncology 500 assay. Either metastatic or recurrent tumor
tissues had to show HER2 positivity as IHC 3+ or IHC 2+
with ERBB2 gene amplification by silver in situ hybridization
(SISH). The prior palliative systemic chemotherapy was not
allowed, but adjuvant chemotherapy was allowed. The patients
received trastuzumab, capecitabine, and cisplatin (HXP) as
first-line therapy. This study was reviewed and approved
by our institutional review board (IRB number: 2021-08-
123-001).

TruSight Oncology 500 Assay
Forty (40) ng of DNA was quantified with the Qubit dsDNA HS
Assay (Thermo Fisher Scientific, Inc., Waltham, MA, USA) on
the Qubit 2.0 Fluorometer (Thermo Fisher Scientific) and then
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sheared using a Coraris E220 focused-ultrasonicator (Woburn,
MA, USA) and the 8 microTUBE–50 Strip AFA Fiber V2
following the manufacturer’s instructions. The treatment time
was optimized for formalin fixed paraffin embedded (FFPE)
material. The treatment settings were as follows: peak incident
power (W): 75; duty factor: 15%; cycles per burst: 500; treatment
time (s): 360; temperature (°C): 7; water level: 6. For DNA library
preparation and enrichment, the TruSight Oncology 500 Kit
(Illumina) was used following the manufacturer’s instructions.
Post-enriched libraries were quantified, pooled, and sequenced
on a NextSeq 500 (Illumina Inc., San Diego, CA, USA). The
quality of the NextSeq 500 (Illumina) sequencing runs was
assessed with the Illumina Sequencing Analysis Viewer
(Illumina). Sequencing data were analyzed with the TruSight
Oncology 500 Local App Version 1.3.0.39 (Illumina), a
comprehensive tumor profiling assay designed to identify
known and emerging tumor biomarkers, including small
variants, splice variants, and fusions. Importantly, the TruSight
Oncology 500 measures tumor mutational burden (TMB) and
microsatellite instability (MSI), features that are potential key
biomarkers for immunotherapy. TMB was reported as mutations
per megabase (Mb) sequenced, and high TMB was defined as
more than 10 mutations per Mb (≥10Mut/Mb).

Statistics
Descriptive statistics are reported as proportion and median.
Data are presented as numbers (%) for categorical variables.
Response categories were assessed according to Response
Evaluation Criteria In Solid Tumors (RECIST) 1.1. Duration of
response (DOR) was analyzed in patients who achieved CR or PR
and was calculated from the date of CR or PR to the date of
progression or death. Progression-free survival (PFS) was
defined as the time from the date of anti-HER2 treatment to
the date of disease progression. Overall survival (OS) was defined
as the time from the date of anti-HER2 treatment and the date of
death from any cause. Analyses of PFS and OS were censored at
the date of the last follow-up visit. The survival analysis was
performed using the Kaplan-Meier method and comparative
analysis was performed by the log-rank test and Fisher’s exact
test. A P value of less than 0.05 was considered statistically
significant. Statistical analysis was performed using IBM SPSS
statistics version 27 (Armonk, NY, USA).
RESULTS

Patients
A total of 31 patients were analyzed retrospectively in this study.
The median age was 57.0 years old (range, 35-76), and the
number of males and females was 25 (80.6%) and six (19.4%),
respectively. Twenty-four (77.4%) patients were diagnosed with
tubular adenocarcinoma, and the degree of differentiation was
moderate in 16 (51.6%). All patients had microsatellite stable
disease (MSS). Thirty (96.8%) patients had IHC 3+ tumors, and
only one patient had IHC 2+ and SISH positive tumors. Twenty-
seven (87.1%) and four (12.9%) patients had low and high TMB
December 2021 | Volume 11 | Article 792340
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disease, respectively. Only one patient in the TMB-low group was
positive for Epstein-Barr virus (EBV)-status. Fifteen (48.4%) had
programmed death-ligand 1 (PD-L1) positivity, one in the TMB-
high group and 14 in the TMB-low group. Twenty-three (74.2%)
patients were first diagnosed with metastatic AGC, and eight
(25.8%) patients had the recurrent disease at the time of HXP
administration. Among eight with the recurred disease, one
patient had locally recurred TMB-high tumor, and seven with
systemic recurrence (Table 1).

Efficacy and Survival
The median follow-up duration was 10.8 months (range, 1.7-
20.9). The median number of treatment cycles was 7.0 (range, 2-
20), and the median treatment duration was 4.7 months (range,
0.7-14.2). In all patients, the ORR was 61.3%, including 1 (3.2%)
CR and 18 (58.1%) of PR. Four (12.9%) patients had stable
disease (SD), and the other four (12.9%) had progressive disease
(PD). In four patients with TMB-high tumor, three achieved CR
Frontiers in Oncology | www.frontiersin.org 3
or PR, and the other patient was not evaluated for tumor
response due to short treatment duration. In 27 patients with
TMB-low tumor, ORR was 59.3%, and four (14.8%) patients had
PD. The ORR to trastuzumab plus chemotherapy showed a
favorable trend in patients with TMB-high tumor (75%, n=3/4)
compared to patients with TMB-low tumor (59.3%, n=16/27)
(P=0.546) (Table 2).

In patients with CR or PR, the median DOR was 6.1 months
(IQR, 3.4-9.6). The median PFS was 9.0 months (95% confidence
interval [CI], 7.1-10.8), and the median OS was not achieved in
all populations (Figures 1A, B). According to TMB status, the
median PFS was not reached in patients with TMB-high tumor
but was 8.0 months (95% CI, 7.6-8.5) in patients with TMB-low
tumor (P=0.019) (hazard ratio [HR], 0.122; 95% CI, 0.016-
0.954). The median OS was not achieved in patients with
TMB-high tumor but was 14.5 months (95% CI, 10.3-18.7) in
patients with TMB-low tumor (P=0.117) (HR, 0.034; 95% CI, 0-
31.208) (Figures 2A, B). The computed tomography (CT)
TABLE 1 | Patient characteristics.

Variables Total (n = 31) TMB-high (n = 4) TMB-low (n = 27)

Median age (y) (range) 57.0 (35-76) 60.5 (42-76) 57.0 (35-76)
Sex
Male 25 (80.6%) 4 (100%) 21 (77.8%)
Female 6 (19.4%) – 6 (22.2%)

Disease classification
Metastatic 23 (74.2%) 2 (50.0%) 21 (77.8%)
Recurrent 8 (25.8%) 2 (50.0%)† 6 (22.2%)

Histologic subtype
Adenocarcinoma 5 (16.1%) 2 (50.0%) 3 (11.1%)
Tubular adenocarcinoma 24 (77.4%) 2 (50.0%) 22 (81.5%)
Signet ring cell carcinoma 2 (6.5%) – 2 (7.4%)

Differentiation
Well 2 (6.5%) – 2 (7.4%)
Moderately 16 (51.6%) 2 (50.0%) 14 (51.9%)
Poorly 12 (38.7%) 2 (50.0%) 10 (37.0%)
Unknown 1 (3.2%)* – 1 (3.7%)

HER2
IHC 3+ 30 (96.8%) 4 (100%) 26 (96.3%)
IHC 2+, SISH positive 1 (3.2%) – 1 (3.7%)

EBV
Positive 1 (3.2%) – 1 (3.7%)
Negative 19 (61.3%) 2 (50.0%) 17 (63.0%)
Unknown 11 (35.5%) 2 (50.0%) 9 (33.3%)

PD-L1
<1% 4 (12.9%) – 4 (14.8%)
1-20% 15 (48.4%) 1 (25.0%) 14 (51.9%)
Unknown 12 (38.7%) 3 (75.0%) 9 (33.3%)

MSI
MSI-high – – –

MSS 31 (100%) 4 (100%) 27 (100%)
Previous treatment
Gastrectomy 10 (32.3%) 2 (50.0%) 8 (29.6%)‡

Adjuvant chemotherapy 4 (12.9%) – 4 (14.8%)
Palliative radiotherapy 2 (6.5%) 4 (100%) 2 (7.4%)
December 2021 | Volume 1
*The patient was diagnosed with gastric cancer by biopsy of a metastatic brain lesion from the stomach. †In the TMB-high group, two patients had recurrent disease, including one with
local recurrence. ‡Among eight patients who had received gastrectomy, six patients received radical gastrectomy at the first diagnosis, one received radical gastrectomy after second lines
of chemotherapy, and one received palliative surgery. ₮Adjuvant chemotherapy was completed more than 6 months before the treatment started.
TMB, tumor mutational burden; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; SISH, silver in-situ hybridization; EBV, Epstein-Barr virus; PD-L1,
programmed death-ligand 1; MSI, microsatellite instability; MSS, microsatellite stable.
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imaging before and after HXP treatment of the patient who
achieved CR was presented in Figure 3.
DISCUSSION

In this study, we retrospectively analyzed the relationship
between TMB and response to trastuzumab plus chemotherapy
as first-line treatment in metastatic or recurrent GC. There was
no difference in ORR and OS between the TMB-high and low
groups (P=0.546 and 0.117, respectively). However, PFS in the
Frontiers in Oncology | www.frontiersin.org 4
TMB-high group was longer than that in the TMB-low group
with statistically a significant difference (P=0.019).

GC has amolecular heterogeneity and has been classified to diffuse
and intestinal subtypes according to Lauren classification (14). In
2014, The Cancer Genome Atlas (TCGA) genomically separated
GC into four subtypes, such as EBV-associated tumors,
microsatellite instability-high (MSI-H) tumors, genomically stable
tumors, and tumors with chromosomal instability (15). In the era of
immunotherapy, pembrolizumab, PD-L1 monoclonal antibody,
showed a durable response rate in patients with advanced gastric or
gastroesophageal cancer that had progressed after second-line
A B

FIGURE 1 | The Kaplan-Meier curves showing PFS (A) and OS (B) in all patients. PFS, progression-free survival; OS, overall survival.
TABLE 2 | Best response – No. of patients (%).

Total patients (n = 31) TMB-high (n = 4) TMB-low (n = 27)

CR 1 (3.2%) 1 (25.0%) –

PR 18 (58.1%) 2 (50.0%) 16 (59.3%)
ORR 19 (61.3%) 3 (75.0%) 16 (59.3%)
SD 4 (12.9%) – 4 (14.8%)
PD 4 (12.9%) – 4 (14.8%)
NE* 4 (12.9%) 1 (25.0%) 3 (11.1%)
December 2021 | Volume 1
*Four patients were prior to the first response assessment due to short treatment duration. TMB, tumor mutational burden; CR, complete response; PR, partial response; ORR, objective
response rate; SD, stable disease; PD, progressive disease; NE, non-evaluable.
A B

FIGURE 2 | The Kaplan-Meier curves showing PFS (A) and OS (B) according to the TMB status. PFS, progression-free survival; OS, overall survival; TMB, tumor
mutational burden.
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https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Kim et al. TMB and Trastuzumab in HER2-Positive AGCs
treatment (16). Especially in a previous study, EBV-positive and/or
MSI-high GC had a higher response to an anti-PD-L1 therapy
compared to other subtypes according to TCGA (17). A recent study
showed that nivolumab, the first programmed cell death-1 (PD-1)
inhibitor, plus chemotherapy had superior OS and PFS with tolerable
toxicity profile in patients with previously untreated advanced gastric,
gastroesophageal junction, or esophageal adenocarcinoma (18).
However, this study included only non-HER2-positive disease, and
the importance of trastuzumab is still emphasized in patients with
HER2-positive gastric or gastroesophageal cancers.

Despite the development of targeted therapy, surgical resection
is still the only curable treatment option for GC, and preoperative
chemo-radiotherapy or perioperative chemotherapy is needed to
improve the outcomes for locally advanced disease (clinically T2-4
or positive lymph node). In the metastatic setting, the first-line
chemotherapy consists of platinum-based doublet or triplet with or
without trastuzumab according to HER2 status (19). In ToGA
(Trastuzumab for Gastric Cancer) trial, trastuzumab plus
chemotherapy showed significantly longer OS (18.6 versus 17.1
months; HR 0.74 [95% CI 0.60-0.91]; P=0.0046) than the
chemotherapy a lone for HER2-pos i t ive gas t r i c or
gastroesophageal junction cancer. And the ORR and CR were
47% (n=139/294) and 5% (n=16/294), respectively (7).

Considering that high TMB correlates with a greater
probability of displaying tumor neoantigens on human
leukocyte antigen molecules on the surface of tumor cells (20,
21), it was suggested that the tumors with higher TMB are more
likely to respond to immunotherapy. In several previous studies,
the benefit of high TMB on response to immunotherapy has been
reported in many cancer types, including melanoma, non-small
cell lung cancer, and bladder cancer (9–12). Furthermore, a
previous case report suggested that TMB could be a predictor
of the response to trastuzumab in patients with HER2-positive
AGCs (13). However, as far as we know, there was no clinical
trial to evaluate the value of TMB as a predictor of efficacy of
trastuzumab in HER2-positive AGCs.

This study had several limitations. First, it had a small sample
size, was retrospective in nature, and utilized a heterogeneous
population, all conductive to bias. Second, in patients with low
Frontiers in Oncology | www.frontiersin.org 5
TMB, anti-HER2 therapy showed a useful effect. This suggests
that the status of TMB is not a sufficient biomarker for selecting
patients likely to benefit from HXP. Third, only Asian patients
with HER2-positive AGC were analyzed in the study, limiting
the generalizability because of differences in molecular profiles
and clinical features between Western and Eastern patients with
HER2-positive AGC.

Therefore, study findings for high TMB as a novel biomarker
should be interpreted with caution and make it difficult to draw
definite conclusions. Further prospective clinical trials are
required to determine whether high TMB could be a novel
predictive or prognostic biomarker for anti-HER2 therapy
in HER2-positive AGC. Furthermore, as next-generation
sequencing (NGS) is available in the biomarker-based trials are
in practice (22).
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