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ABSTRACT

Background. The impact of HER2 somatic mutations in colo-
rectal carcinoma (CRC) has not been well studied and its
relationship with microsatellite instability-high (MSI-H) is
yet to be fully elucidated.
Materials and Methods. From February 2017 to February
2020, the data of patients with CRC who underwent next-
generation sequencing and had detailed record of clinico-
pathological information were investigated. HER2 alteration
and its relationship with MSI-H were analyzed.
Results. Among 731 patients who underwent sequencing,
55 patients (7.5%) had HER2 alteration, including 29 (4.0%)
with HER2 somatic mutations, 24 (3.3%) with HER2 gene
amplification, and 2 patients (0.2%) with both HER2 muta-
tions and amplification. R678Q was the most common

mutated kinase domain, and no HER2 kinase domain in-
frame insertions/deletions were found in HER2 mutated
cases. MSI-H was found in 5.2% of our cohort and 36.8% of
MSI-H patients had HER2 mutation. For HER2 mutated
cases, 48.3% were MSI-H, whereas none of the HER2 ampli-
fication cases were MSI-H. MSI-H patients with HER2 muta-
tion had significantly worse median progression-free
survival for programmed death-1 (PD-1) antibody than
those without HER2 alteration (p = .036).
Conclusion. High MSI-H rate was found in HER2 mutated
cases, but no MSI-H was found in HER2 amplification cases.
MSI-H patients with HER2 mutated had worse progression-
free survival for PD-1 antibody than those without. The
Oncologist 2021;26:e1161–e1170

Implications for Practice: This study highlights the high microsatellite instability-high (MSI-H) rate in HER2 mutated cases
but no MSI-H in HER2 amplification cases. Moreover MSI-H patients with HER2 mutated had worse progression-free survival
for programmed death-1 antibody than those without. Further research to explore the internal relationship between HER2
alteration and MSI-H is needed.

INTRODUCTION

Colorectal cancer (CRC) was identified as the third most
common malignancy worldwide in 2018 [1]. In China, CRC
was the fourth most commonly diagnosed cancer and the
fifth leading cause of cancer-related mortality [2, 3].
The incidence of CRC can be largely attributed to cancer-

related genes, such as Kirsten rat sarcoma viral oncogene
homolog (KRAS), v-raf murine sarcoma viral oncogene
homolog B (BRAF), microsatellite instability (MSI), Erythro-
blastic leukemia viral oncogene homolog 2 (ERBB2), and
more [4].
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ERBB2, also known as the human epidermal growth fac-
tor receptor 2 (HER2), is a confirmed therapeutic target for
patients with breast and gastric cancers [5–7]. It has been
reported to be amplified or overexpressed in 3%–5% of
genetically unselected metastatic CRC (mCRC) [8–12] and
could also serve as potential therapeutic targets in patients
with mCRC [11, 13]. The HERACLES and MyPathway clinical
trials assessed the feasibility of anti-HER2 therapy in HER2
overexpressed/amplified patients with mCRC and observed
an objective response rate (ORR) of 30% when using
trastuzumab and lapatinib [11] or 38% with pertuzumab
and trastuzumab [13]. MyPathway is a phase IIa, multiple
basket study [13]. Patients with treatment-refractory, histo-
logically confirmed HER2-amplified metastatic colorectal
cancer received the combination therapy with pertuzumab
and trastuzumab. In regard to treatment-related resistance,
HER2 amplifications/overexpressions have been shown to
be predictive of resistance to epidermal growth factor
receptor (EGFR)-target therapy [14, 15]. It is therefore rec-
ommended to test HER2 amplification for patients with
mCRC for better therapeutic selection and outcomes.

HER2 amplification can be assessed using a variety of
tissue-based approaches, including fluorescence in situ hybridi-
zation, polymerase chain reaction (PCR), or next-generation
sequencing (NGS). In the MyPathway study, HER2 amplification
was defined as HER2 to chromosome 17 ratio > 2.0 or HER2
copy number > 6.0 based on NGS copy number gain [13].

HER2 somatic mutations are found in a wide range of
solid tumors, including 9% of bladder cancer cases, 7%
of glioblastoma cases, 5% of gastric cancer cases, 4% of lung
adenocarcinoma, 3% of esophageal cancer, and 1.5%–2% of
breast cancer cases [16]. Little is known about HER2 muta-
tion in patients with CRC. The Cancer Genome Atlas (TCGA)
project identified HER2 alterations in 7% (14/212) of CRC
cases, including six HER2 somatic mutations (2.8%), five
HER2 gene amplification (2.4%), and three cases with both
HER2 mutations and HER2 amplification (1.4%) [17]. HER2
activating mutations demonstrated resistance to cetuximab
and panitumumab by sustaining MAPK phosphorylation
both in vitro and in patient-derived xenograft model [18]
but were responsive to HER2 target drugs [18].

Microsatellite instability-high (MSI-H) occurred for less
than 5% in patients with metastatic CRC and it is found to be
more common in patients with BRAFV600E mutation [19]. A
previous study showed that MSI and PIK3CA mutations were
associated with ERBB2/ERBB3 mutations [12]. Until now, the
clinical significance of HER2 somatic mutations in CRC has
not been fully studied and the relationship between HER2
mutation and MSI status is still undetermined.

In the present study, we retrospectively collected
patients with CRC who had HER2 alteration or MSI-H by
NGS and analyzed their relationship with clinic-pathologic
features and response to treatment.

MATERIALS AND METHODS

Patients
This protocol was approved by the Ethics Committee of Sun
Yat-Sen University Cancer Center (Guangzhou, China).

Written informed consent was obtained from patients at
their first visit.

All the patients with CRC whose tumor specimens
underwent NGS from February 2017 to February 2020 were
screened from our institution database using the following
inclusion criteria: (a) had a known or confirmed diagnosis of
colorectal adenocarcinoma, and (b) had complete records
of clinicopathological data. In total, 731 patients with CRC
were enrolled into this study. All the tumor samples were
reviewed by pathologists prior to DNA extraction for
sequencing. Paired nontumor tissues or peripheral blood
white cells were used for exclusion of germline mutations.

DNA isolation and sequencing were processed using a
customized analysis pipeline as described in our previous
study [20, 21]. Sequencing of tumor tissues was performed
with an average sequencing depth > 500�, with >50� of
99% exons. This method of sequencing allowed detections
of copy number variations, gene rearrangement, and
somatic mutations. For this study, the sequenced CRC
tumors were queried for alterations of HER2, coaberrant
genes, and MSI status. In brief, DNA from the tissues and
peripheral blood cells were isolated using the QIAamp DNA
FFPE Tissue Kit or QIAamp DNA Blood kit (Qiagen, Hilden,
Germany). DNA concentration was detected in a Qubit Fluo-
rometer 3.0 (Life Technologies, Carlsbad, CA). Two hundred
nanograms of genomic DNA was used to perform hybridiza-
tion, hybrid selection, and PCR amplification using commer-
cial NGS assays targeting 295 or 1021 cancer-related genes.
The 295 and 1,021 cancer-related genes were provided as
supplementary tables. As of August 2019, the 1,021-gene
panel of cancer-related genes replaced the 295-gene panel.
Both panels included HER2 and microsatellite stability
(MSS) genes. Thirty-three patients were assessed by the
295-gene panel and 22 by the 1,021-gene panel. A DNA
library was then constructed using the Illumina NextSeq500
sequencer with pair-end reads (Illumina, Inc., San Diego,
CA), according to the commercial protocol, and the indexed
samples were sequenced. A minimal median unique
sequencing depth of 500� was necessary and sufficient to
assess low-frequency mutations for each tumor sample.

Analysis of Sequencing Data
Quality control checks of the sequence data were carried
out using the FastQC v0.11.7 software (Babraham Bioinfor-
matics, Cambridge, U.K.), on sequencing data in the FASTQ
format. Low-quality reads were filtered using the
Trimmomatic-0.36 software (http://www.usadellab.org/
cms/?page = trimmomatic, Germany). The filtered data
were mapped to the human genome (hg19) using Burrows-
Wheeler Aligner 0.7.10 (http://bio-bwa.sourceforge.net/).
The alignments were processed using Samtools 0.1.19
(http://www.htslib.org/) and picard-tools-1.138 (https://
sourceforge.net/projects/picard/). Local alignment optimi-
zation and variant (single nucleotide variant [SNV] and
insertion-deletion (INDEL)) calling were performed using
the GATK 3.2 (https://software.broadinstitute.org/gatk/),
VarDict (https://github.com/AstraZeneca-NGS/VarDict), and
VarScan 2.4.3 software programs (http://varscan.
sourceforge.net/), respectively. Genetic variations were fil-
tered with the VarScan fpfilter pipeline. The remaining
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genetic variations were annotated using the ANNOVAR
(http://annovar.openbioinformatics.org/), SnpEff v3.6 (http://
snpeff.sourceforge.net/) and InterVar (https://github.com/
WGLab/InterVar) software programs.

Gene-level copy number variations (CNV) was assessed
for significant changes compared with control using a
t statistic after normalizing read depth in each region by
the total read number and region size and correcting any
GC-bias using a LOESS algorithm as previously described
[21, 22]. DNA translocation analysis for fusion genes was
performed using both Tophat2 (http://ccb.jhu.edu/
software/tophat/index.shtml) and Factera 1.4.3 (https://
factera.stanford.edu/). The tumor mutation burden (TMB)

value was calculated by dividing the total number of tissue
SNVs and INDEL variations by the size of the 295-gene panel
(Burning Rock Biotech Ltd., Guangdong, China) or
1,021-gene panel (Geneplus-Beijing Institute, Beijing,
China).

Statistical Analysis
All statistical analyses were performed using the R and
Intercooled Stata 13.0 (Stata Corporation, College Station,
TX). Significance was defined as p values <.05. Mutation
profiles were performed using the maftools packages to
explore the mutual relationships between genes such as co-
occurrence and exclusiveness [23]. TCGA Colon and Rectal

Figure 1. Mutation locations of ERBB2 in the MSI-H (A), and MSS (B) subgroups. The comparison of ERBB2 alteration between the
MSI-H and MSS subgroups (C).
Abbreviations: MSI-H, microsatellite instability-high; MSS, microsatellite stability.
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Adenocarcinoma data were downloaded from the University
of California Santa Cruz Xena [1] database exploration
program (https://xena.ucsc.edu/). Kaplan-Meier curves with
log-rank analysis were used for prognosis analyses. The last
date of follow-up was May 31, 2020.

RESULTS

HER2 Alteration
There were a total of 55 (7.5%) patients with HER2 alter-
ation, including 29 (4.0%) cases with HER2 somatic

Table 1. Comparison of clinic-pathologic features between patients with colorectal cancer with HER2 mutation and
amplification

Characteristics
Whole cohort (n = 55),
n (%)

HER2 mutation (n = 29),
n (%)

HER2 amplification (n = 26),
n (%)

p
value

Sex

Female 23 (41.8) 12 (41.4) 11 (42.3)

Male 32 (58.2) 17 (58.6) 15 (57.7) .94

Age, yr

Median 54 52 55

Mean � SD 50.5 � 14.5 50.4 � 15.2 50.6 � 13.9 .97

Family history

Yes 19 (34.6) 11 (37.9) 8 (30.8)

No 36 (65.4) 18 (62.1) 18 (69.2) .58

Location

Right-sided 17 (30.9) 10 (34.5) 7 (26.9)

Left-sided 25 (45.5) 12 (41.4) 13 (50.0)

Rectum 13 (23.6) 7 (24.2) 6 (23.1) .79

Grade

Moderate + high
differentiated

36 (65.5) 18 (62.1) 20 (76.9)

Poorly + undifferentiated 19 (34.5) 11 (38.9) 6 (23.1) .23

HER2 expression

Negative 11 (45.8) 28 (96.6) 7 (26.9)

Positive 13 (54.2) 1 (3.4) 19 (73.1) <.001

RAS

Wild type 35 (63.6) 15 (51.7) 20 (76.9) .052

Mutation 20 (36.4) 14 (48.3) 6 (23.1)

MSS

MSI-H 14 (25.5) 14 (48.3) 0 (0)

MSS 41 (74.5) 15 (51.7) 26 (100) <.001

TMB

Median 11.22 15.8 8.2

Mean � SD 31.0 � 56.8 48.6 � 71.0 8.0 � 3.7 .0098

TNM stage n = 54a n = 28a n = 26

I 1 (1.8) 1 (3.6) 0 (0)

II 3 (5.6) 2 (7.1) 1 (3.8)

III 17 (31.5) 9 (32.1) 8 (30.8)

IV 33 (61.1) 16 (57.2) 17 (65.4) .72

Metastatic sites n = 48 n = 24 n = 24

Liver 26 (54.2) 10 (41.7) 16 (66.7) .082

Lung 20 (41.7) 6 (25.0) 14 (58.3) .019

Distant lymph nodes 20 (41.7) 10 (41.7) 10 (41.7) .99

Peritoneum 17 (35.4) 10 (41.7) 7 (29.2) .37
aOne MSI-H patient got pathologic complete response after neoadjuvant chemotherapy with PD-1 antibody. This patient is not included for
TNM stage analysis.
Abbreviations: HER2, human epidermal growth factor receptor-2; MSI-H, microsatellite instability high; MSS, microsatellite stability; RAS, rat sar-
coma viral oncogene homolog; TMB, tumor mutation burden; TNM, tumor-node-metastasis.
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mutations, 24 (3.3%) with HER2 gene amplification, and
2 (0.2%) with both HER2 mutations and amplification. One
patient had HER2 amplification and fusion (IKZF3-ERBB2).
The median copy number for HER2 amplification was 11.32
(mean � SD, 33.9 � 39.2), ranging from 2.93 to 134.

No HER2 kinase domain in-frame insertions/deletions
were found. Besides the common identification of previ-
ously reported mutation kinases in our cohort [18, 24, 25],
we also identified 25 new HER2 mutations. Some HER2
mutations were seen in multiple patients, for example,

R678Q was found in eight patients (Fig. 1). Some patients
had multiple mutations. Two patients had three HER2
mutation domains and six patients had two HER2 mutation
domains. The comparison of mutation locations of ERBB2 in
the MSI-H and MSS subgroups is listed in Figure 1.

The comparison of clinicopathological features between
HER2 mutated and amplification cases is shown in Table 1.
Ratsarcoma viral oncogene homolog (RAS) mutation was
more common in HER2 mutated cases than in HER2 amplifi-
cation cases (48.3% vs. 23.1%; p = .052). The only co-

Table 2. Comparison of clinic-pathologic features among patients with colorectal cancer with different MSS and HER2
mutation status

Clinic-pathologic features

HER2 mutation

MSI-H without HER2 alteration
(n = 2), n (%)

p
valuea

P
valueb

MSS (n = 15),
n (%)

MSI-H (n = 14),
n (%)

Sex

Female 9 (60.0) 3 (21.4) 7 (29.2)

Male 6 (40.0) 11 (78.6) 17 (70.8) .035 .60

Age, yr

Median 56 47 42

Mean � SD 52.5 � 13.9 44.7 � 14.9 42.8 � 14.7 .048 .71

Family history

Yes 3 (20.0) 8 (57.1) 12 (50.0)

No 12 (80.0) 6 (42.9) 12 (50.0) .039 .67

Location

Right-sided 4 (26.7) 6 (42.9) 11 (45.8)

Left-sided 6 (40.0) 6 (42.9) 7 (29.2)

Rectum 5 (33.3) 2 (14.2) 6 (25.0) .44 .61

Grade

Moderate + high
differentiated

10 (66.7) 7 (50.0) 11 (45.8)

Poorly + undifferentiated 5 (33.3) 7 (50.0) 13 (54.2) .36 .80

RAS

Wild type 8 (53.3) 7 (50.0) 11 (45.8)

Mutation 7 (46.7) 7 (50.0) 13 (54.2) .86 .80

TMB

Median 8.16 73.9 77.28

Mean � SD 9.9 � 4.7 99.3 � 85.2 103.7 � 114.8 .0002 .90

TNM stage

0 0 (0) 1 (7.1) 5 (20.8)

I 1 (6.7) 0 (0) 1 (4.2)

II 0 (0) 2 (14.3) 6 (25.0)

III 6 (40.0) 3 (21.4) 4 (16.7)

IV 8 (53.3) 8 (57.1) 8 (33.3) .29 .49

Metastatic sites n = 14 n = 10 n = 11

Liver 6 (42.9) 4 (40.0) 4 (36.4) .89 .86

Lung 6 (42.9) 0 (0) 2 (18.2) .017 .16

Distant lymph nodes 5 (35.7) 5 (50.0) 4 (36.4) .48 .53

Peritoneum 7 (50.0) 3 (30.0) 6 (54.5) .33 .26
ap comparison between MSI-H group and MSS-HER2 mutated group.
bp comparison between MSS-HER2 mutated group and HER2 amplification group.
Abbreviations: HER2, human epidermal growth factor receptor-2; MSI-H, microsatellite instability high; MSS, microsatellite stability; RAS, rat sar-
coma viral oncogene homolog; TMB, tumor mutation burden; TNM, tumor-node-metastasis.
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occurring BRAF mutation was found in HER2 mutated case
with BRAF V600E. Left-sided colon cases were more likely
to have HER2 alteration than right-sided colon and rectum.
The MSS or MSI status of these cancers was reported and
48.3% HER2 mutated case were MSI-H, whereas none of
the HER2 amplification cases were MSI-H. Patients with
HER2 mutation had a significantly higher TMB than patients
with HER2 amplification (p = .0098).

Approximately one third of the patients (37.9% with HER2
mutation and 30.8% with HER2 amplifications) had a family
history of cancer. HER2 overexpression was found in 3.4% of
the HER2 mutated cases and 73.1% of the HER2 amplification
cases (p < .001). Sixty percent of the patients (33/55) were
diagnosed at stage IV CRC at diagnosis and another 15 patients
developed recurrence or distant metastasis. Patients with
HER2 amplification had a significantly higher rate of lung
metastasis than HER2 mutated cases (p = .019).

MSI-H and HER2 Alteration
We found that HER2 mutated cases had a high percentage
of MSI-H, whereas no MSI-H was found in HER2 amplifica-
tion cases. Upon inspecting the 731 CRC cases who under-
went NGS, we identified 38 (5.2%) MSI-H cases including
14 HER2 mutated and 24 without HER2 alteration cases.
Next, we compared the clinicopathological features of
patients who were MSS-HER2 mutated, MSI-H HER2
mutated, and MSI-H without HER2 alteration (Table 2).

Among the HER2 mutated cases, patients with MSI-H
were predominantly men, were younger, were more likely
to have a family history of cancer, and had a higher TMB.
None of the MSI-H patients developed lung metastasis,
whereas MSS cases had a higher rate of peritoneum metas-
tasis (64.3% vs. 30%).

Among the MSI-H cases, no significant difference in clin-
icopathological features in Table 2 was found between
patients with and without HER2 alteration, although

patients without HER2 alteration comprised a numerically
lower number of stage IV cases and higher rate of lung and
peritoneum metastasis.

Mutation Type Analysis
HER2 amplification and intron mutation were only found in
MSS cases, whereas Frame_Shift_Ins and Splice_Site were
only seen in MSI-H cases (Fig. 1C). The mutation domain of
HER2 was quite different between MSI-H and MSS cases.
Only R678Q and D277Y were shared in these two groups
(Fig. 2). The rate of A622T was double in MSI-H patients
and was not reported in previous HER2 mutated CRC stud-
ies [18, 24, 25]. MSI-H cases had more mutation than MSS-
HER2 mutated cases and HER2 amplification cases, espe-
cially missense mutations, and the mutations were not con-
centrated in certain genes. For MSS-HER2 mutated cases,
except HER2 mutation, the more frequently mutated genes
were APC and KRAS. We found that ERBB2 amplification
was accompanied by amplification of CDK12 (57.7%) and
RARA (34.6%), and most mutations of the APC gene were
frameshift deletion or nonsense mutations (Fig. 3).

Next, we compared MSI-H patients with and without
HER2 mutation. Patients with HER2 mutation had more mis-
sense mutations and SNV, whereas patients without HER2
mutation had more frameshift mutation (indel; p < .001).
Except for ERBB2, there were another two genes whose
mutation rates were significantly different between these
two groups. CTNNA1 mutation was only found in patients
without HER2 alteration, whereas PPM1D was more com-
mon in patients with HER2 mutation. HER2 mutation
ranked 42nd among all the mutations genes in MSI-H
patients.

Treatment
The median disease-free survival (mDFS) for patients with
HER2 alteration was 17.6 months. For patients with HER2

Figure 2. Association between MSI-H cases and MSS cases in our present study and previous reports.
Abbreviations: MSI-H, microsatellite instability-high; MSS, microsatellite stability.
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mutation and amplification, the mDFS was 18.4 months and
13.3 months (p = .68). The mDFS for MSS-HER2 alteration
and MSI-H patients was 16.2 months and 23.4 months
(p = .95). The mDFS was not significantly different between
MSI-H patients with and without HER2 mutation, not
reached and 23.4 months, respectively (p = .65; supple-
mental online Fig. 1).

Patients were treated with standard care based on the
decision of physicians. The median progression-free survival

(mPFS) of first-line therapy for patients with HER2 alteration
was 10.7 months (95% confidence interval [CI], 6.4–
13.8 months). The mPFS for first-line therapy was not signif-
icantly different between patients with HER2 mutation and
amplification, 10.7 months (95% CI, 4.1 months to not
applicable) and 11.5 months (95% CI, 6.3–13.8 months;
p = .83). No significant difference in mPFS using first-line
therapy was found between MSI-H patients with and with-
out HER2 mutation, 3.1 months (95% CI, 1.4–10.7 months)

Figure 3. Type of mutations among patients with MSI-H and without HER2 alteration (A), MSI-H with HER2 mutation (B), MSS with
HER2 mutation (C), and HER2 amplification (D).
Abbreviations: CN_Amp, copy number amplification; CN_Del, copy number deletion; Frame_Shift_Del, Frame_Shift_deletion;
Frame_Shift_Ins, Frame_Shift_insertion; HER2, human epidermal growth receptor 2; In_Frame_Del, In_Frame_deletion;
In_Frame_Ins, In_Frame_insertion MB, mutation burden; MSI-H, microsatellite instability-high; MSS, microsatellite stability.
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and 3.6 months (95% CI, 2.9–13.8 months; p = .66; supple-
mental online Fig. 2). Patients with MSI-H using first-line
therapy had significantly shorter mPFS than those with
MSS, 3.5 months (95% CI, 2.8–10.7 months) and
11.5 months (95% CI, 6.9–18.5 months; p = .032; Fig. 4A).

In total, 11 patients received anti-EGFR therapy includ-
ing 5 HER2 mutated cases (1 Partial response (PR), 3 stable
disease (SD), and 1 progression disease (PD)) and 6 HER2
amplification cases (1 PR, 2 SD, and 2 PD). There were three
patients in the first-line setting, four in the second-line set-
ting, and four in the third-line setting. The mPFS for anti-
EGFR therapy was 8.2 months and 4.1 months in HER2
mutated and amplification cases, respectively (p = .12;
Fig. 4B).

Twenty-five MSI-H patients received PD-1 antibody
including 9 patients with HER2 mutation and 16 without
HER2 alteration. The ORR and disease control rate (DCR)
were 55.6% and 88.9% in HER2 mutated patients and 64.3%
and 100% in patients (14 evaluable patients) without HER2
mutation (p = .68). Although mPFS to PD-1 antibody was
not reached in both groups, patients without HER2 alter-
ation had significantly better mPFS than those with HER2
mutation (p = .036; Fig. 4C).

DISCUSSION

The prevalence of HER2 somatic mutations and gene ampli-
fication in this study cohort was 7.5% in patients with colo-
rectal cancer, similar to the reported prevalence of 7.0% in
the TCGA CRC cohort [17]. Recently HER2 amplification and
mutation were reported to be 3% and 6% in a Chinese CRC
cohort [26]. We found that none of the patients with HER2
amplification were MSI-H, whereas 48.3% of patients with
HER2 mutation were MSI-H and 36.8% (14/38) of patients
who were MSI-H had HER2 mutation. MSI-H was found in
approximately 15% of unselected patients with CRC [27]. To
our knowledge, this is the first study to report the high
MSI-H rate in the HER2 mutated population. Using the
TCGA CRC cohort, we found that 33.3% (2/6) of HER2
mutated cases were MSI-H [17]. In the Chinese CRC cohort,
34.3% (12/35) HER2 mutated cases were MSI-H, and 21.8%
MSI-H cases were HER2 mutated [26]. Kloth et al. found
that 15% of patients with Lynch syndrome or Lynch-like
CRC had HER2 mutations [25]. The high MSI-H rates in
patients with CRC with HER2 mutations existed in previous
studies but it was not pointed out. The potential reason
could be that HER2 mutation is not paid enough attention.

Figure 4. Progression-free survival (PFS) using first-line therapy in patients with MSS and MSI-H (A), PFS using anti-EGFR therapy
between HER2 mutated and amplification cases (B), and PFS using PD-1 antibody between MSI-H with and without HER2 mutation (C).
Abbreviations: EGFR, epidermal growth factor receptor; HER2, human epidermal growth receptor 2; MSI-H, microsatellite instability-high;
MSS, microsatellite stability; PD-1, programmed death-1.
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In the status of MSI-H, all kinds of mutations may happen
randomly. Is HER2 mutation just one of the high-frequency
events? However, we found that HER2 mutation was not in
the top 40 mutated genes for all the MSI-H patients. The
internal relationship between MSI-H and HER2 mutated
deserves further study. Furthermore, no MSI-H was found
in the HER2 amplification subgroup. Until now, no study
had reported the negative relationship between MSI-H and
HER2 amplification. Comparatively, we found that in the
MyPathway study, 28 patients among 57 HER2-amplified
patients with mCRC had MSI status and none of them were
MSI-H [13]. In another study, none of the 11 HER2 amplifica-
tion or overexpression patients with CRC were MSI-H [28].
Similarly, none of the 16 HER2 amplification cases were
MSI-H [26]. Although it is too early to conclude that HER2
amplification and MSI-H are exclusive, we observed that
the prevalence of MSI-H in patients with HER2 amplifica-
tion was lower than that in the unselected CRC popula-
tion. Larger sample size studies are required to validate
these findings.

Among the HER2 mutated cases, compared with MSI-H,
MSS patients were predominately women, which was dif-
ferent from the sex distribution in the Chinese CRC popula-
tion [2]. Furthermore, we found that the metastatic pattern
was different between these two groups.

Until May 31, 2020, only four patients died and there
were not enough events to analyze overall survival, and
only DFS and PFS to first-line therapy were analyzed. For
first-line therapy, MSS patients had significantly longer
mPFS than MSI-H patients. Although Kim et al. reported no
significant difference in PFS between MSI-H and MSS
patients with CRC [29], more and more data support the
concept that MSI-H patients with colon cancer could benefit
less from chemotherapy than MSS patients [30, 31].

Currently, for patients with CRC, MSI-H is the only effective
biomarker to predict response to PD-1 antibody, with a
response rate of 40% [32, 33] and a median PFS of
14.3 months [34]. In this present study, we found that MSI-H
patients with HER2 mutation had significantly worse mPFS for
PD-1 antibody than those without HER2 alteration. Further
studies are merited to explore the association of HER2 muta-
tion to PD-1 antibody response in MSI-H patients.

Several preclinical studies have suggested that HER2 ampli-
fication was a negative predictor of response to anti-EGFR ther-
apy [8, 15, 35]. To our knowledge, there is no report on the
response of HER2 mutated mCRC cases to anti-EGFR therapy.
In our present study, we found that the mPFS for anti-EGFR
therapy was 8.2 months and 4.1 months in HER2 mutated and
amplification cases. Although it is a retrospective study with a

small sample size, it seems that patients with HER2 mutation
with mCRC could benefit from anti-EGFR therapy.

The limitations of the present study include the following:
(a) not enough events for survival analysis, there were few
cases followed, all stages of disease were mixed together, and
different regimens were grouped together, so the analysis for
DFS and PFS should be considered carefully; (b) a retrospec-
tive study with small sample sizes; and (c) potential selection
bias. NGS was not a mandatory requirement for all the
patients, and physicians are prone to use NGS in recurrent or
metastatic patients. However, the alteration rate of HER2 was
comparable to the TCGA data, meaning that our patients
could be representative of patients with CRC.

CONCLUSION

To our knowledge, this is the first study to compare the clin-
icopathological features between HER2 mutated and ampli-
fication in CRC cases. We found a high MSI-H rate in HER2
mutated cases but no MSI-H in HER2 amplification cases.
Furthermore, MSI-H cases had less frequent lung metasta-
sis. Our present study also showed that MSI-H patients with
HER2 mutation could have worse PFS for PD-1 antibody
than those without HER2 mutation. Studies with larger sam-
ple sizes are still warranted to confirm our findings.
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