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Purpose: Human epidermal growth factor receptor 2 (HER2) is an emerging therapeutic

target in colorectal cancer (CRC). Currently, immunohistochemistry (IHC) and fluorescence

in situ hybridization (FISH) have been used to determine HER2-positive CRCs; however, the

clinical utility of next-generation sequencing (NGS)-based techniques for determining HER2

status in CRC has been limited. Here, we detail our experience regarding the assessment of

HER2 alterations in a CRC cohort.

Materials and methods: We prospectively enrolled 73 CRC patients who underwent

surgery and received adjuvant oxaliplatin treatment. We then examined HER2 alterations

using the Oncomine Comprehensive Assay version 1, as well as clinical outcomes, in this

cohort.

Results: Using the NGS-based assay, HER2 copy number gains in 12 of 73 CRCs were

determined to range from 2.74 to 92.62. Of these 12 tumors, 6 had HER2 high-level copy

number gain (92.6, 57.9, 57.0, 52.0, 35.2, and 8.42) and were all defined as HER2-positive

CRC using HERACLES Diagnostic Criteria. Nevertheless, other 6 patients with low-level

copy number gain (ranging from 2.74 to 3.04) and the remaining 61 patients without increase

in HER2 copy number were all HER2-negative. Among the 6 HER2-positive CRCs, KRAS

and PIK3CA mutations were detected in 1 (17%; G13D) and 2 (33.3%; 1 Q546R and 1

H1047R) patients, respectively. Moreover, 2 of the 6 (33.3%) HER2-positive patients had

recurrent disease, while one patient had a partial response after anti-HER2 therapy.

Conclusion: NGS-based tools could assist in the simultaneous detection of HER2 and other

genomic alterations in patients with CRC. Only CRCs with HER2 high-level copy number

gain were HER2-postive by current diagnostic criteria.
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Introduction
Colorectal cancer (CRC) still remains a major cause of cancer-related death world-

wide with approximately 1.2 million new cases diagnosed yearly and 600,000

deaths attributed to the disease.1 Around 25% of patients with CRC develop distant

metastases at diagnosis, while 10–30% of patients with stage I–III disease develop

recurrence after curative surgery. Despite aggressive surgical resection for limited

metastases and recent advances in chemotherapy and targeted therapy, survival

rates of patients with metastatic CRC have remained poor with a 5-year survival

rate of approximately 12% among patients with stage IV CRC. Large-scale sequen-

cing analyses have been performed to uncover important genetic alterations and
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potential therapeutic targets.2,3 Clinical trials testing such

novel treatment targets, such as the anti-PD1 antibody for

mismatch repair deficient CRC,4 the combination of an

anti-EGFR antibody, MEK inhibitor, and BRAF inhibitor

for CRC with BRAF mutations,5 and a Trk inhibitor for

CRC with NTRK gene fusions,6 have shown promising

results. Human epidermal growth factor receptor 2

(HER2), a well-established and standard therapeutic target

in breast and gastric cancer, has also been one of the

emerging therapeutic targets in CRC.

Immunohistochemical (IHC) staining, fluorescent in

situ hybridization (FISH) and chromogenic in situ hybri-

dization have been the standard methods used for identify-

ing patients with HER2 overexpression. Accordingly, the

HERACLES Diagnostic Criteria, which integrates IHC

and FISH analyses, has been proposed to determine

HER2-postive CRCs.7 A phase II trial revealed that 5%

of KRAS wild-type metastatic CRCs were found to be

HER2-positive by the HERACLES Diagnostic Criteria.

Dual HER2 blockade therapy with trastuzumab and lapa-

tinib has demonstrated an overall response rate of 30% in

treatment-refractory HER2-positive metastatic CRCs.8 The

MyPathway trial has also reported similar response rates in

patients with HER2-amplified/overexpressed metastatic

CRC who received anti-HER2 therapy with trastuzumab

and pertuzumab.9 Based on these results, HER2 testing, as

well as integration of HER2-directed therapy into the

treatment algorithm, has been recommended in patients

with metastatic KRAS exon 2 wild-type CRC.9

Recent advances in next-generation sequencing (NGS)

have led to the identification of numerous somatically

mutated genes, including single nucleotide variations

(SNVs), copy number alterations (CNAs), small inser-

tion/deletions (Indels), and fusion genes, in a single

assay. Several NGS approaches have been successfully

implemented in clinical practice.10–12 Accordingly, NGS-

based techniques have been a practical tool for detecting

various genomic alterations that can offer treatment

options in patients with CRC. However, the studies corre-

lating NGS-based HER2 CNAs with IHC and FISH results

in patients with CRC have been limited.13 Therefore, the

present study utilized a targeted NGS assay to analyze

HER2 CNAs in 73 primary tumor tissues from patients

with high-risk CRC receiving oxaliplatin treatment after

surgery. HER2 expression levels were determined using

the HERACLES Diagnostic Criteria. The correlations

between HER2 overexpression and CNAs, as well as

clinical outcomes in patients with HER2-positive CRC,

were also examined.

Materials and methods
Study population
This study was approved by the institutional review board

of National Cheng Kung University Hospital (NCKUH)

and conducted in accordance with the Declaration of

Helsinki. Written informed consent to review the medical

records and use tissue samples was obtained from all

patients. The confidentiality of patient data was confirmed.

A total of 73 patients with pathologically confirmed stage

III or high-risk stage II CRC who underwent standard

surgical resection and received post-operative adjuvant

chemotherapy with mFOLFOX6 (oxaliplatin, 5-fluoroura-

cil, and leucovorin) at NCKUH were enrolled. All patients

had adequate primary tumor tissues for genomic analysis.

Clinicopathological characteristics, including age, gender,

primary tumor location, stage at diagnosis, treatment

courses, and clinical outcomes, were obtained from med-

ical records.

HER2 immunohistochemical staining
Colon cancer specimens were fixed in 10% formalin solu-

tion and embedded in paraffin according to routine proce-

dures at the Department of Clinical Pathology, NCKUH.

Tissue sections were cut from the paraffin block, depar-

affinized, and rehydrated with decreasing ethanol grades.

HER2 IHC staining was performed using anti-HER2/neu

monoclonal antibody (VENTANA 4B5) on an automatic

immunostainer (BenchMark XT, Ventana Medical

Systems) according to the manufacturer’s instruction.

According to the HERACLES Diagnostic Criteria,7 the

HER2 status of IHC staining was defined as follows:

Positive, intense (3+) in >10% of the tumor cells; equivo-

cal, moderate (2+) in ≥50% of the tumor cells; and nega-

tive, intense (3+) ≤10% of the tumor cells, moderate (2+)

in <50%, faint (1+) in any cellularity, or no staining.

HER2 FISH
The HER2 FISH assay was performed using PathVysion

HER2 DNA Probe Kit II (Abbott Laboratories, Des

Plaines, IL, USA). In brief, tumor specimen slides were

deparaffinized, dehydrated using 100% ethanol, and then

pretreated with Vysis Paraffin Pretreatment Reagent Kit

(Abbot Molecular, Des Plaines, IL, USA) according the

manufacturer’s instructions. After slide pretreatment, the
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specimen DNA was denatured, dehydrated in serial etha-

nol solutions, and then hybridized with probe mixture at

37 °C overnight. After hybridization, a series of washes

were performed to remove unbound probes, and nuclei

were counterstained with 4′,6 diamidino-2-phenylindole.

A fluorescence microscope was used to detect hybridiza-

tion of HER2/neu (orange) and CEP 17 DNA (green)

probes. HER2/neu and CEN17 signals from 100 nuclei

per case were counted with a HER2/CEP17 ratio ≥2.0
indicating amplification.

Next-generation sequencing
The use of Oncomine™ Comprehensive Assay version 1,

a targeted NGS assay, to detect relevant SNVs, CNAs,

fusion genes, and Indels from 143 genes has been pre-

viously described and validated.10 Genomic analysis using

Oncomine™ Comprehensive Assay was performed on

formalin-fixed, paraffin-embedded primary colon tumor

samples obtained through surgical resection. Sequencing

was performed on the Ion Torrent NGS platform with the

average sequencing depth of 500×. Germline DNA was

isolated from peripheral blood. The entire genome was

sequenced using NGS on the Illumina HiSeq® 2500 sys-

tem to analyze germline genetic variants used to determine

somatic mutations. Genomic data were processed and ana-

lyzed using several different bioinformatics platforms as

described.10

Statistical analysis
Kaplan–Meier survival analysis was used to estimate sur-

vival among patients with HER2-positive and HER2-nega-

tive CRC. A log-rank test was performed to compare the

difference between both groups. A p-value <0.05 was

considered statistically significant.

Results
Clinical characteristics of patients with

CRCs
The clinical characteristics of the patients included herein

are shown in Table 1. The mean age of all 73 patients was

58 years (range 30–78) among whom 30 (41.1%) were

males and 43 (58.9%) were females. All patients under-

went standard surgical resection followed by adjuvant

chemotherapy with mFOLFOX6. Among the 73 patients,

68 (93.2%) were diagnosed with pathological stage III

disease and 5 (6.8%) with high-risk stage II disease. The

primary tumor sites analyzed included the ascending colon

(12.3%), transverse colon (4.1%), descending colon

(12.3%), and rectal and sigmoid colon (69.9%). One

(1.4%) patient simultaneously developed primary lesions

over the cecum, descending colon, and rectum. KRAS,

Table 1 Clinical characteristics of the 73 patients with colorectal

cancer

Clinical

characteristic

HER2 (−)

CRC

N (%)

HER2 (+)

CRC

N (%)

Total

N (%)

Age

Mean ± SD 57.5±11.1 59.4±9.8 57.7±10.9

Gender

Male 29 (43.3) 1 (16.7) 30 (41.1)

Female 38 (56.7) 5 (80.3) 43 (58.9)

Stage

II 5 (7.5) 0 5 (6.8)

IIIA 8 (11.9) 0 8 (11.0)

IIIB 40 (59.7) 5 (83.3) 45 (61.6)

IIIC 14 (20.9) 1 (16.7) 15 (20.6)

Location

Ascending 9 (13.4) 0 9 (12.3)

Transverse 3 (4.5) 0 3 (4.1)

Descending 7 (10.4) 2 (33.3) 9 (12.3)

Rectosigmoid 47 (70.2) 4 (66.7) 51 (69.9)

Multiple 1 (1.5) 0 1 (1.4)

KRAS

Wild type 37 (55.2) 5 (83.3) 42 (57.5)

Mutant 30 (44.8) 1 (16.7) 31 (42.5)

G12D 9 (13.4) 0 (0) 9 (12.3)

G13D 5 (7.5) 1 (16.7) 6 (8.2)

G12V 3 (4.5) 0 (0) 3 (4.1)

Others* 13 (19.4) 0 (0) 13 (17.8)

NRAS

Wild type 65 (97.0) 6 (100) 71 (97.3)

Mutant 2 (3.0) 0 (0) 2 (2.7)

G12D 1 (1.5) 0 (0) 0 (0)

G12V 1 (1.5) 0 (0) 0 (0)

BRAF V600E

Wild type 61 (91.0) 6 (100) 67 (91.8)

Mutant 6 (9.0) 0 (0) 6 (8.2)

PIK3CA

Wild type 55 (82.1) 4 (66.7) 59 (80.8)

Mutant 12 (17.9) 2 (33.3) 14 (19.2)

E545K 4 (6.0) 0 (0) 4 (5.5)

Others+ 8 (11.9) 2 (33.3) 10 (13.7)

Notes: *Including 2 A146T, 2 Q61H, 2 G12C, 2 G12S, 1 D132N, 1 Q61L, 1 G15D,

1 G12W and 1 G13C mutation; +Including 1 N345I, 1 N345K, 1 G363R, 1 C420R, 1

E542K, 1 E545D, 1 E689K and 1 E726K mutation.

Abbreviations: CRC, colorectal cancer; SD, standard deviation.
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NRAS, BRAF, and PIK3CA mutations were detected in

43%, 3%, 8%, and 19% of the 73 patients with CRC,

respectively.

Correlation between HER2 expression

levels and copy number alterations in

CRCs
Through the Oncomine Comprehensive Assay, HER2 copy

number gains (>2) were identified in 12 of the 73 CRCs

(16.4%) with copy numbers ranging from 2.74 to 92.62

(Table 2 and Figure 1A). Among these 12 patients, 6 had

high-level copy number gains (92.6, 57.9, 57.0, 52.0, 35.2,

and 8.42). All of them had intense (3+) HER2 IHC staining

in >50% tumor cells, which can be categorized as HER2-

positive CRC according to the HERACLES Diagnostic

Criteria as shown in Figure 1B. For cases with copy num-

bers of 92.62 and 8.42, the HER2/CEP17 ratio using FISH

was 6.26 and 4.51, respectively, which confirmed the HER2

amplification status. The mean age of the 6 patients with

HER2-postive CRC was 59 years, among whom 5 (80%)

were female. All primary tumors were located within the

distal colon (Table 1). Six cases with low-level copy num-

ber gain (ranging from 2.74–3.03) and the remaining 61

patients without increased HER2 copy number all showed

negative (0+) HER2 IHC staining, which can be categorized

as HER2-negative CRC using the HERACLES Diagnostic

Criteria (Figure 1A and C). No HER2 mutation was

detected using the Oncomine Comprehensive Assay in our

CRC cohort.

Considering the limited sample size included herein,

the available TCGA database2 was used to study the

association between HER2 expression and copy number

alteration. HER2 mRNA expression levels and putative

copy number alterations estimated using the Genomic

Identification of Significant Targets in Cancer (GISTIC)

algorithm were available in 193 CRCs. Using the GISTIC

algorithm, 7, 29, 144, and 13 of the 193 cases were

categorized under HER2 amplification, gain, diploid,

and shallow deletion, respectively. As shown in

Figure 1D, HER2-amplified CRCs had around 18.1–

32.7-fold higher HER2 mRNA expression levels than

CRCs with HER2 gain, diploid, or shallow deletion.

Compared to CRCs with diploid HER2, those with

HER2 gain had 1.3-fold higher HER2 mRNA expression

level. CRCs with HER2 shallow deletion had the lowest

HER2 mRNA expression levels. These results imply that

CRCs with increased HER2 amplification estimated using

the GISTIC algorithm or high-level copy number gains

are correlated with higher HER2 transcripts or protein

overexpression. HER2 expression levels of CRCs should

however be interpreted judiciously in patients with mod-

est copy number gains.

KRAS, NRAS, BRAF, and PIK3CA mutations

in HER2-positive CRCs
The 143 genes analyzed by the Oncomine Comprehensive

Assay, including TP53, APC, KRAS, NRAS, BRAF, and

PIK3CA, were all crucial oncogenes reported for CRC

tumorigenesis. TP53 mutations were detected in nearly

100% of the 73 CRCs (Figure 2A). The frequency of

APC mutations was 82% and 83% in HER2-negative and

-positive CRCs, respectively. Among the 67 HER2-nega-

tive CRCs, KRAS, NRAS, and BRAF mutations were iden-

tified in 45%, 3%, and 9%, respectively (Table 1 and

Figure 2A). Although previous studies reported that

HER2 amplification and KRAS, NRAS, and BRAF muta-

tions were mutually exclusive in advanced CRCs,2 KRAS

G13D (p.Gly13Asp) mutations was detected in one of six

HER2-postive CRCs (Figure 2B). No HER2-positive

CRCs carrying NRAS or BRAF mutations were observed.

PIK3CA mutations have been reported in around 25–30%

of CRCs.14 In the present study, 14 (19%) of the 73 CRCs

carried PIK3CA mutations (Table 1). PIK3CA mutations

were detected in 12 (18%) of the 67 HER2-negative cases.

In contrast, 2 (33%) of 6 HER2-positive CRCs harbored

PIK3CA mutations, including p.Gln546Arg and p.

His1047Arg (Figure 2C).

Table 2 Patients with colorectal cancer having increased HER2
copy number

Case No. CNA FISH IHC staining HER2 status*

1 92.62 6.26 3+, >50% Positive

2 57.86 ND 3+, >50% Positive

3 57.04 ND 3+, >50% Positive

4 52.04 ND 3+, >50% Positive

5 35.16 ND 3+, >50% Positive

6 8.42 4.51 3+, >50% Positive

7 3.04 1.45 0+ Negative

8 2.98 ND 0+ Negative

9 2.86 ND 0+ Negative

10 2.82 ND 0+ Negative

11 2.76 ND 0+ Negative

12 2.74 ND 0+ Negative

Note: *Determined using the HERACLES Diagnostic Criteria.

Abbreviations: CRC, colorectal cancer; HER2, human epidermal growth factor

receptor 2; CNA, copy number alteration; FISH, fluorescence in situ hybridization;

IHC, immunohistochemical; ND, not done.
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Clinical impact of HER2 amplification on

CRC
Among the 73 CRC patients, 2 (33%) of the 6 HER2-positive

and 20 (29.9%) of the 67 HER2-negative cases developed

recurrence. In the 20 HER2-negative cases with recurrence,

15 cases had no HER2 copy number alteration (copy num-

ber =2) and the remaining 5 cases had copy number loss

(copy number <2). For 6 cases with low-level HER2 copy

number gain, there was no recurrence detected. Although a

small increase in the recurrence rate was observed in HER2-

positive cases, HER2 positivity was not significantly asso-

ciated with shorter recurrence-free survival [hazard ratio

(HR) 1.18, 95% CI 0.25–5.53; p=0.8226], as shown in

Figure 3A. Among the two HER2-positive patients who

had recurrent disease, one had peritoneal seeding and needed

surgical intervention to relieve the obstruction related to

small-bowel ileus. This patient subsequently received

FOLFIRI regimen in combination with bevacizumab as

first-line treatment followed by salvage chemotherapy with

irinotecan plus cetuximab when disease progressed. In the

other patient, liver metastases developed 2 years after resec-

tion of the primary sigmoid colon cancer (Figure 3B) for

which the patient underwent curative surgical resection with-

out perioperative chemotherapy. HER2 IHC staining

Figure 1 HER2 expression and copy number alterations in colorectal cancer (CRC). (A) Copy number (CN) alterations in the 73 CRCs included herein were analyzed using

the Oncomine Comprehensive Assay. Red and blue circles represent HER2-positive and -negative CRCs, respectively, as determined using the HERACLES Diagnostic

Criteria. (B) A representative histologic section of HER2-positive CRC showed moderately differentiated adenocarcinoma with a disoriented arrangement and confluent

glandular structures (left). IHC staining with anti-HER2 antibody revealed intense (3+) HER2 expression (middle), while FISH analysis showed HER2 amplification with a

HER2/CEN17 ratio of 6.26 (right). (C) A representative Hematoxylin and Eosin staining of HER2-negative CRC (left) with 0+ HER2 IHC staining (middle) and a non-

amplified HER2/CEN17 ratio of 1.45 (right). (D) HER2 mRNA expression in 193 CRCs obtained from the TCGA database was analyzed. Putative copy number alterations

were estimated using the Genomic Identification of Significant Targets In Cancer (GISTIC) algorithm. Red and blue circle represent HER2-amplified and HER2-nonamplified

CRCs determined using GISTIC.
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performed on recurrent tumor tissues from these two

patients showed strong positive (3+) HER2 expression

consistent with that in primary tumors. Based on the

positive HER2 status of recurrent tumors, dual anti-

HER2 therapy with trastuzumab and lapatinib was pro-

vided as salvage treatment in the former case after treat-

ment progression with irinotecan and cetuximab.

However, the tumors did not respond to the treatment. In

the latter case, recurrent liver metastases developed 1 year

after curative surgery of liver metastases. This patient

subsequently received dual anti-HER2 therapy (trastuzu-

mab 4 mg/kg loading followed by 2 mg/kg weekly and

lapatinib 1000 mg daily) as the first-line treatment for

tumor control. Abdominal CT scanning after eight weeks

of anti-HER2 treatment showed significant regression of

liver metastases (Figure 3B).

Discussion
IHC staining and FISH analyses have currently been the

standard methods for determining HER2 status, an emerging

therapeutic target, in patients with CRC.7 Through the tar-

geted NGS assay, the presented study detected 12 CRCs with

increased HER2 copy numbers. Only CRCs with high-level

copy number gain have been identified as HER2 positive

using the HERACLES Diagnostic Criteria. Among the

HER2-positive CRCs, the lowest copy number was 8.42,

which was 4-fold greater than that of normal diploid HER2.

In contrast, tumors with low-level copy number increase did

not exhibit HER2 overexpression. The correlation between

HER2 mRNA expression and putative copy number altera-

tion analyzed using the TCGA database also supported this

finding. These results suggest that HER2 CNA data gener-

ated using the NGS assay should be carefully interpreted to

determine candidates for anti-HER2 therapy. Patients with

low-level copy number gain may not benefit from HER2-

targeted treatment. Only limited studies have reported a

correlation between HER2 CNAs and HER2 status in CRC.

Although the ROC curve cutoff value of CNAs for the

identification of HER2-positive CRC in our cohort was 5.7,

the optimal value for HER2 determination remains unclear

due to the utility of diverse platforms and tools in separate

laboratories. In a prior study, thresholds >2.5 fold have been

used to indicate HER2 amplification.13 Through such a defi-

nition, the study demonstrated 100% concordance between

HER2 status and HER2 amplification. However, the exact

HER2 copy number changes and the rationale for threshold

selection have not been reported in this study. Considering

that NGS-based genomic analyses are becoming widespread,

their clinical utility for determining HER2 amplification in

patients with CRC needs further investigation.

Figure 2 Genetic alterations of HER2-positive and -negative colorectal cancers (CRCs). (A) Mutation status of TP53, APC, KRAS, NRAS, BRAF, and PIK3CA in 6 HER2-positive

and 67 HER2-negative CRCs. Lolliplots showing the distribution of KRAS (B) and PIK3CA (C) mutations in HER2-positive CRCs.
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Previous studies have shown that HER2 amplification is

highly prevalent in distal colon cancer. Accordingly, reports

have shown that HER2-positive CRCs are mutually exclu-

sive with KRAS, NRAS, and BRAF mutations.2,15 Therefore,

patients with distal colon primary tumors and those without

KRAS, NRAS, or BRAF mutations are good candidates for

further HER2 expression examination. In the current study,

genotyping revealed wild-type NRAS and BRAF in HER2-

positive CRCs. However, 1 (20%) HER2-positive CRC

harboring a KRAS G13D mutation has been identified.

This suggested that examining HER2 expression in only

KRAS, NRAS, and BRAF wild-type CRCs might lead to the

underestimation of HER2-positive CRCs. Given that NGS

approaches can extensively identify hundreds of genomic

alterations in a single assay, HER2 copy number alterations

and other critical genetic information can be simultaneously

determined in patients with CRC.

PIK3CA is an important oncogene in the development of

human cancers. Somatic missense mutations leading to

increased PIK3CA kinase activity have been reported to

strengthen cell signaling, cell proliferation, and invasion16

in many types of cancers, including CRC.14 The present

study observed that 19 (26%) of the 73 CRCs harbored

PIK3CA mutations, consistent with results of previous

reports.14,17–20 Meanwhile, around 25% of HER2-negative

patients in our cohort carried PIK3CA mutations.

Figure 3 Clinical outcomes of HER2-positive and -negative colorectal cancers (CRCs). (A) Kaplan–Meier estimates of recurrence-free survival for HER2-positive and

-negative patients with CRC. (B) A 75-year-old lady was diagnosed with stage III sigmoid colon cancer in the end of 2015. Standard surgical resection was performed at that

time followed by adjuvant chemotherapy with mFOLFOX6. Liver metastases (white dotted circle) developed 2 years later. Despite curative surgical resection, recurrent liver

metastases (red arrow) were detected soon after the surgery for liver metastases. Dual anti-HER2 blockade was initiated based on HER2 overexpression in both primary

and recurrent tumors. Computed tomography scans obtained 2 months after anti-HER2 therapy demonstrated significant shrinkage of liver metastases (white arrow).
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Additionally, PIK3CA activating mutations have been

detected in 2 (33.3%) of 6 HER2-positive CRCs. PIK3CA

mutation has also been known as a mechanismmediating the

resistance to HER2-targeted therapy in breast cancer.21–23

The high incidence of PIK3CA mutations in HER2-positive

CRCs in our cohort highlights the impact PIK3CAmutations

have on anti-HER2 treatments in CRC. Interestingly, one of

our patients with recurrent disease who responded to anti-

HER2 treatment also carried the PIK3CA mutation.

Therefore, further studies are necessary to clarify the correla-

tion between PIK3CA mutations and effectiveness of anti-

HER2 treatments in patients with CRC.

A recent study investigating the prognostic impact of

HER2 in patients with stage III CRC from a FOLFOX-

based trial showed that HER2 overexpression was asso-

ciated with worse recurrence-free survival and overall

survival.24 However, the present study showed that patients

with HER2-positive CRCs had only slightly higher recur-

rence rate after standard surgical resection and adjuvant

mFOLFOX6 chemotherapy compared to those with

HER2-negative CRCs. This inconsistency might have

been deeply correlated with the small sample size of our

CRC cohort. In the current study, two of the HER2-positive

patients had recurrent diseases. Moreover, both recurrent

tumor samples showed strong HER2 overexpression, con-

sistent with that in primary tumors. Notably, one of the two

patients responded to dual anti-HER2 blockade treatment, a

finding comparable to the 30% anti-HER2 treatment

response rate in metastatic CRC demonstrated in the

HERACLES trial. Apart from the therapeutic value of

HER2 alterations, our findings also suggest that HER2

might be a critical molecular driver conferring metastatic

potential on CRC cells. These findings could provide the

rationale for further studies evaluating the effectiveness of

anti-HER2 therapy as an adjuvant treatment for patients

with early CRC.

Conclusion
NGS-based diagnostic tools can be useful to comprehen-

sively profile genomic alterations, including HER2, in

patients with CRC. However, judicious interpretation of

HER2 expression levels in CRC using such cancer assays

is warranted for patients with modest copy number gains.

Anti-HER2 therapies can offer clinical benefit to patients

with CRC who have this specific molecular target.

Moreover, studies investigating prognostic and therapeutic

roles of HER-2 overexpression in patients with early CRC

are warranted.
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