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Abstract

Aim Screening amplified genes for targeted therapy with

high-throughput technology is very important. The Nano-

String nCounter system allows multiplexed digital quan-

tification of target molecules through the use of color-

coded barcodes with the great advantage that formalin-

fixed, paraffin-embedded (FFPE) tissue can be utilized.

Methods We tested nCounter custom copy number varia-

tion (CNV) panels in 220 gastric cancer samples and

evaluated the utility of this method as a screening tool for

the detection of CNV using HER2. For the validation of

results, we compared the nCounter results with immuno-

histochemistry (IHC), and we further performed in situ

hybridization (ISH) in discrepant cases.

Results The average HER2 gene copy numbers (CNs) by

nCounter were 17.25, 2.0 and 2.61 for the HER2 IHC

positive (3?), equivocal (2?), and negative cases,

respectively. Out of the 16 IHC 3? cases, 13 (81.3 %)

were reported as HER2 CN gain (C4). Gastric cancers with

homogeneous HER2 overexpression or high tumor purity

showed HER2 CN C10. Among the 192 cases with HER2

IHC negative and without HER2 gene amplification, 29

showed a HER2 CN C4 with the nCounter assay. The

nCounter assay had a concordance rate of 83.4 % (kappa

value, 0.35), a sensitivity of 66.7 %, a specificity of

85.2 %, a negative predictive value of 96 %, and a positive

predictive value of 32.6 % compared with HER2 IHC/ISH

results. Fresh frozen (FF) samples revealed a higher con-

cordance rate (91.5 %, kappa value, 0.59) than FFPE

samples (78.5 %, kappa value 0.27) and showed a high

specificity (97.2 %).

Conclusion The nCounter CNV assay is a reliable and

practical method to detect high CN variations. Given the

intra-tumoral HER2 heterogeneity and normal cell con-

tamination, additional IHC and/or FISH is necessary and

needs caution in interpretation, especially in FFPE tissue

samples.
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Key Points

With nCounter CNV assay, we analyzed 220 gastric

cancer samples to detect HER2 amplifications.

To evaluate the utility of this method as a screening

tool, we validated the results with IHC, FISH and

SISH and found a high concordance rate.

The nCounter assay is able to detect all cancers with

high CN gains. Given the intra-tumoral

heterogeneity and normal cell contamination,

additional IHC is needed to detect all tumors with

low HER2 CN gains.

1 Introduction

Amplification of oncogenes is a major mechanism for gene

overexpression and contributes to development and pro-

gression of cancer [1–3]. Recent hierarchical stratification

of genomic data from a diverse sample of 3000 tumors has

subdivided them into two major groups: tumors with

somatic mutations, and tumors with copy number (CN)

alterations [4]. Beyond the mechanism of tumor develop-

ment, functional events within a tumor class can suggest a

class-specific target therapy [4]. Amplified oncogenes have

been given much attention in recent years as they hold

much potential for directed therapeutic targets.

Human epidermal growth factor receptor 2 (HER2)-

amplified cancer treated with monoclonal antibodies is one

of the most successful examples of cancer targeted therapy

and has become standard therapy for HER2-positive breast

cancer and gastric cancer [5, 6]. Recently, several pre-

clinical data have shown promising therapeutic potential

for targeting other amplified oncogenes such as MET,

epidermal growth factor receptor (EGFR), and fibroblast

growth factor receptors 2 (FGFR2) [7–9], and, in fact, there

are current ongoing clinical trials evaluating the efficacy of

these drugs across various cancers [10]. Therefore, it is

crucial to detect targetable copy number variation (CNV)

of oncogenes in order to provide patients with potential

treatment options.

To find CNVs in cancers, fluorescent in situ hybridiza-

tion (FISH) is considered the current standard method used

for the detection of gene amplification. However, FISH is

expensive and time-consuming as each FISH test can

detect the amplification of only one gene [11]. As a

screening tool, high-throughput assay seems to be a more

practical and reasonable approach to simultaneously detect

amplification of target genes. CNVs have been routinely

detected by genome-wide comparative hybridization

(CGH), array-based CGH, and single nucleotide polymor-

phism (SNP) arrays [12–14]. Recently, next-generation

sequencing (NGS) has made a marked improvement in the

detection of CNV [15]. However, accurate CNV calling in

FFPE (formalin-fixed, paraffin-embedded) samples by

these methods represent many major challenges [15]. One

of the high-throughput systems, NanoString nCounter is a

DNA-based technology, which allows digital quantification

of multiplexed target molecules through the use of color-

coded barcodes. It can provide discrete counts of target

DNA using low amounts of total DNA without an ampli-

fication process, making this method highly suitable for use

with FFPE tissue specimens.

Here we tested nCounter custom CNV panels in 220

gastric cancer samples and evaluated the efficacy as a

screening tool to detect CNV. We chose to use HER2 for

validation since the correlation between HER2 immuno-

histochemistry (IHC) and in situ hybridization (ISH) is well

established [16]. We correlated HER2 results in nCounter

CNV analysis with HER2 IHC. For discordant cases, HER2

ISH was performed for confirmation of HER2 amplification

status.

2 Materials and Methods

2.1 Patient Selection

Between November 2013 and July 2015, 550 patients were

enrolled in the NEXT-1 trial (NCT#02141152) and VIK-

TORY trial (NCT#02299648), which were based on meta-

static or advanced solid cancer patients. We performed NGS

(Ion Torrent or Illumina HiSeq) and nCounter CNV analysis

to detect molecular alterations for trial enrollment. From

them, we selected gastric cancer patients with available

NanoString nCounter CNV results (n = 220). Eighty-five

samples (38.6 %) were fresh frozen (FF) tissue and 135

samples (61.4 %) were submitted as FFPE blocks. HER2

IHC results were available for all 220 patients. The study

was approved by the institutional review board (IRB) at

Samsung Medical Center (2014-1-136).

2.2 Genomic DNA Isolation

A pathologist (M.H) evaluated hematoxylin and eosin

stained slides of samples to determine the tumor cell

population. Manual microdissection was performed if

tumor cell percentages were less than 70 % in surgical

samples. For biopsy samples, manual microdissection was

not available due to small tissue size. Genomic DNA was

extracted using Qiagen DNA FFPE Tissue Kit (Qiagen,

Hilden, Germany) or QIAamp DNA Mini Kit (Qiagen,

Hilden, Germany) according to the manufacturer’s
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instructions as previously described [3]. RNase A (Qiagen

#19101) was used for all samples. Before fragmentation

step, we measured concentration as well as 260/280 and

260/230 nm ratios (ND1000, Nanodrop Technologies,

Thermo-Fisher Scientific, MA, USA).

2.3 NanoString nCounter Assay

For detection of CNVs, a panel of 20 gene probes including

AURKA, CCND1, CCNE1, CDK4, CDK6, CDKN1A,

CDKN2A, EGFR, ERBB2, ERBB3, FGFR1, FGFR2,

IGF1R, KLF5, KRAS, MDM2, MITF, MYC, PIK3CA, and

TNIK were designed using NanoString nCounter technol-

ogy and subsequently analyzed on the NanoString

nCounter platform [17]. For custom CodeSets, nCounter

Standard chemistry in which the biotin label and molecular

barcode are covalently attached to the target specific probe

was used. Three probes were designed for each gene. Each

assay contained six positive dsDNA control probes, 8

negative control probes, and 10 invariant control probes

(INVs) designed for autosomal genomic regions predicted

not to contain common CNVs.

The NanoString nCounter assay was perfor med

according to NanoString’s standard protocol. Briefly, after

quantification, 100–200 ng of gDNAs were fragmented

with 1 lL of 5 U/lL AluI Fragmentation Enzyme. After-

wards, fragmented DNAs were denatured to produce single

strands. The custom CNV CodeSet was then hybridized

with the capture and reporter probes in 30 lL total volume

and incubated overnight at 65 �C for at least 16 h (average

17 h). Hybridized DNA-CodeSet complexes were purified

using the fully automated nCounter Prep station, and

reporters were counted using the nCounter Digital Ana-

lyzer. For normalization of results obtained from FF tissue

sample, we used results obtained from human gDNA

(Promega #G3041, Madison, WI, USA). For normalization

of DNAs from FFPE tissue block, combinations of DNAs

extracted from 20 randomly selected normal gastric

mucosae from FFPE gastrectomy specimens were used.

Final data analysis was performed using nSolver software

version 2.5.

CN was determined by averaging over three probes per

region according to the manufacturer’s protocol. If the

average CN was below 1.4, the gene was considered to

have one copy; if it was between 1.5 and 2.4, it was con-

sidered to have two copies; and if it was between 2.5 and

3.4, it was considered to have three copies.

2.4 IHC for HER2

We performed IHC for HER2 in all cases with FFPE tissue

blocks. After deparaffinization and rehydration, 4 lm
unstained slides were stained for HER2. IHC for HER2

(PATHWAY HER-2/neu (4B5) rabbit monoclonal anti-

body, Ventana Medical Systems, Inc., Tucson, AZ) were

performed in all cases with a BenchMarkXT automated

stainer (Ventana Medical Systems, Inc., Tucson, AZ, USA)

as previously described [18]. For FFPE samples, we tried to

use the same blocks for both nCounter assay and HER2

IHC/ISH. However, different tumor blocks were used in 8

out of 135 FFPE samples because of inappropriate amounts

of remaining tissue. Two pathologists (KMK, MEH)

evaluated the results.

2.5 FISH and SISH for HER2

FISH or silver in situ hybridization (SISH) was performed

in all available HER2 2? cases on IHC with FFPE tissue

blocks. In HER2 IHC negative group, ISH was performed

in 11 discordant cases. In HER2 IHC positive group, ISH

was performed in 2 discordant and 7 concordant cases.

FISH was performed using dual-color DNA-specific probes

from PathVisionTM (Abbott/Vysis: LSI HER2 Spec-

trumOrangeTM and CEP 17 SpectrumGreenTM) as previ-

ously described [19]. We counted the hybridization signals

in 20 nuclei per sample under a fluorescent microscope

(Zeiss Axioskop) using filter sets recommended by Vysis

(DAPI/Spectrum Orange dual bandpass, DAPI/Spectrum

Green dual bandpass). Automated SISH was performed on

the Ventana Benchmark XT (Ventana Medical Systems,

Inc., Tucson, AZ) according to the manufacturer’s proto-

cols for the INFORM HER2 DNA and Chromosome 17

probes as previously described [18].

All overlapping nuclei were excluded, and only nuclei

with a distinct nuclear border were evaluated. HER2 gene

was considered amplified when the ISH signal ratio of

HER2/CEP17 was greater than or equal to 2.0 [20].

Polysomy of chromosome 17 was defined as more than 3

CEP17 signals on average.

2.6 Statistical Analysis

Statistical analysis was performed using SAS version 9.4

(SAS Institute, Cary, NC). Utilizing IHC as the reference

standard, sensitivity was defined as the ratio of HER2 IHC

positive cases among HER2 amplified cases by nCounter

assay. The specificity was defined as the ratio of HER2

IHC negative cases among HER2 non-amplified cases. The

positive predictive value (PPV) was defined as the ratio of

HER2 amplified cases among HER2 IHC positive patients.

The negative predictive value (NPV) was defined as the

ratio of HER2 non-amplified cases among HER2 IHC

negative patients. The cut-off of amplification by nCounter

CNV assay was defined as 4 and the ratio of HER2

amplification by FISH is [2.0. For IHC equivocal (2?)

cases, ISH results were used for the final results. Cohen’s
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kappa test was also performed. Association between the

results of IHC and nCounter assay was determined by

Fisher’s exact test.

The distribution of HER2 CN by nCounter assay

according to IHC results was evaluated by ANOVA test.

For analysis of discordant cases, the association between

IHC heterogeneity and the nCounter assay results was

evaluated by the two-sided Fisher exact test. The associa-

tion between tumor population and nCounter results was

evaluated by the two-sided Wilcoxon rank sum test. A

p value\0.05 was considered significant.

3 Results

A total of 220 gastric cancer samples were analyzed. In the

nCounter CNV assay, the estimated HER2 CN ranged from

1 to 68. When we defined amplification as CN C4 by

nCounter, 43 (20 %) cancers were amplified out of 220

total cases. The results of HER2 IHC were 3? in 16

samples (7.3 %), 2? in 12 samples (5.5 %), 1? in 47

samples (21.4 %), and 0 in 145 samples (65.9 %). Overall,

the results of HER2 CN by nCounter assay compared to

IHC/ISH results are summarized in Table 1. The distribu-

tion of HER2 CN by using nCounter assay was signifi-

cantly different (p\ 0.0001) according to IHC scores

(Fig. 1). For FFPE samples (n = 135), the average HER2

CN seen in IHC positive, equivocal, and negative cases

was 18.5 (range 3–68), 3.0 (range 2–5), and 3.0 (range

2–7), respectively. For FF samples (n = 85), the average

HER2 CN seen in IHC positive, equivocal, and negative

cases was 16.0 (range 2–52), 1.9 (range 1–2), and 1.9

(range 1–6), respectively.

Overall, the nCounter assay had a concordance rate of

83.4 % (kappa value 0.35) a sensitivity of 66.7 %, a

specificity of 85.2 %, a NPV of 96 %, and a PPV of 32.6 %

compared with HER2 IHC/ISH results (Table 2). There

was a statistically significant association between the

results of IHC and nCounter assay (p\ 0.0001). Next, the

concordance rate was also calculated according to the

sample storage type (FFPE vs. FF) and is summarized in

Table 1. FF samples revealed a higher concordance rate

(91.5 %, kappa value 0.59) than FFPE samples (78.5 %,

kappa value 0.27). While the sensitivity was lower in FF

samples (54.5 %) than in FFPE samples (80 %), the

specificity was higher in FF samples (97.2 %) than FFPE

samples (78.4 %).

Table 1 Summary of nCounter assay compared to IHC/ISH results

All samples (n = 217) FF samples (n = 82) FFPE samples (n = 135)

nCounter assay nCounter assay nCounter assay

IHC/ISH HER2 CN\4 HER2 CN C4 IHC/ISH HER2 CN\4 HER2 CN C4 IHC/ISH HER2 CN\4 HER2 CN C4

Negative 167 (76.96 %) 29 (13.36 %) Negative 69 (84.15 %) 2 (2.44 %) Negative 98 (72.59 %) 27 (20 %)

Positive 7 (3.23 %) 14 (6.45 %) Positive 5 (6.1 %) 6 (7.32 %) Positive 2 (1.48 %) 8 (5.93 %)

IHC immunohistochemistry, ISH in situ hybridization, FF fresh frozen, FFPE formalin-fixed paraffin-embedded, CN copy number

Fig. 1 The average HER2 gene copy numbers by the nCounter CNV

assay in IHC negative (score 0 and 1?), equivocal (2?), and positive

(3?) cases were 2.61, 2.0 and 17.25, respectively. The distribution of

HER2 copy number by using nCounter assay was significantly

different (p\ 0.0001) according to IHC scores

Table 2 Diagnostic values of nCounter assay compared to IHC/ISH

results

All FF samples FFPE samples

Sensitivity (%) 66.7 54.5 80

Specificity (%) 85.2 97.2 78.4

NPV (%) 96 93.2 98

PPV (%) 32.6 75 22.9

Accuracy (%) 83.4 91.5 78.5

Kappa value 0.35 0.59 0.27

FF fresh frozen, FFPE formalin-fixed paraffin-embedded, NPV

negative predictive value, PPV positive predictive value
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3.1 Analysis of the 16 HER2 IHC 31 Cases

We found 16 HER2 IHC 3? cases in which CN values

detected by the nCounter CNV analyses varied from 2 to 68

(CN2, n = 1; CN3, n = 2, CN4, n = 4; CN5, n = 2; CN

C10, n = 7) and 13 of them (81.3 %) were reported as

HER2 CN gains (C4). Three cases harboring a CN less than

4 (low) by nCounter were interpreted as discordant, and they

are highlighted in gray in Table 3. Two of the three dis-

cordant cases were from FF biopsy samples. The remaining

one was from a FFPE tumor in which HER2 IHC was

performed in different tumor block other than used for

nCounter analyses. For gastric cancer cases with CN equal

to 4 or 5 by nCounter (highlighted by green in Table 2;

Fig. 2), HER2 IHC showed heterogeneous overexpression,

and the tumor purity was relatively low. In cancers with CN

[10 by nCounter, all cases showed HER2 overexpression

mostly with high percentage of positivity on IHC. However,

there were no statistically significant associations between

tumor percentage or IHC heterogeneity and CN detection by

nCounter (p[ 0.13) due to the small number of discordant

cases.

3.2 Analysis of the 12 HER2 IHC 21 Equivocal

Cases

We found 12 HER2 IHC 2? equivocal cases, in which 9

cases were available for FISH or SISH. Five cases (55.6 %)

showed HER2 amplification while 4 cases (44.4 %)

showed no amplification. Interestingly, we found four 2?

cases with chromosome 17 polysomy without (n = 2) or

with (n = 2) HER2 amplification (Fig. 3). The precise

results of all nCounter CNV assay, IHC, and FISH results

in HER2 IHC 2? cases are summarized in Table 4.

In the nCounter CNV assay, one case with C4 HER2

CN was confirmed to have HER2 amplification by in ISH

(HER2/CEP17 ratio 3.0). Three cases with CN 2 by

nCounter assay showed low-grade gene amplification

(HER2/CEP17 ratio 2.4, 2.17 and 2.25) by ISH. All but one

case showed heterogeneous expression of HER2 on IHC.

Table 3 Results of HER2 IHC, nCounter assay, and ISH in HER2 IHC 3? group

Specimen 260/

280

260/

230

HER2

IHC

score

HER2 copies

in nanostring

HER2

ISH

HER2/CEP17

ratio in ISH

HER2 IHC

heterogeneity

Tumor

population (%)

1 FF Biopsy 1.86 2.20 3? 2 NA 3?: 80 %, 1?: 20 % 45

2 FF Biopsy 1.90 1.16 3? 3 AMP 3.62 3?: 80 %, 1?: 20 % 60

3 FFPE Surgical

specimen

1.89 2.14 3? 3 AMP 6.89 3?: 60 %, 2?: 40 %

4 FFPE Surgical

specimen

1.92 2.12 3? 4 AMP 3.5 3?: 50 %, 2?: 50 % 50

5 FFPE Biopsy 1.91 2.18 3? 4 AMP 2.4 3?: 10 %, 2?: 80 %, 0: 10 % 65

6 FF Biopsy 1.91 2.89 3? 4 AMP 4.44 3?: 100 % 40

7 FFPE Surgical

specimen

1.90 2.23 3? 4 AMP 2.5 3?: 30 %, 2?: 30 %, 1?: 40 %

8 FFPE Biopsy 1.97 1.86 3? 5 AMP 2.7 3?: 60 %, 1?: 40 % 60

9 FF Surgical

specimen

1.94 1.57 3? 5 NA 3?: 40 %, 2?: 60 % 60

10 FF Biopsy 1.94 2.09 3? 10 3?: 100 % 80

11 FF Surgical

specimen

1.92 2.14 3? 26 3?: 70 %, 1?: 20 %, 0: 10 % 60

12 FF Biopsy 1.87 1.43 3? 26 AMP 6.89 3?: 100 % 80

13 FFPE Surgical

specimen

1.92 2.24 3? 26 3?: 100 %

14 FFPE Biopsy 1.93 2.40 3? 34 3?: 70 %, 0: 30 %

15 FF Biopsy 1.91 2.01 3? 52 3?: 100 % 50

16 FFPE Biopsy 2.05 1.15 3? 68 AMP 13.19 3?: 100 % 75

IHC immunohistochemistry, ISH in situ hybridization, FF fresh frozen, FFPE formalin-fixed paraffin-embedded, NA not applicable, AMP

amplification
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3.3 Analysis of the 192 HER2 IHC Negative Cases

Among the 192 IHC negative (0 or 1?) gastric cancer

cases, 29 showed a HER2 CN C4 with the nCounter assay.

For 29 cases with C4 HER2 CN, 27 (93.1 %) were from

FFPE tumor blocks and only two cases (6.9 %) were from

FF sample. By types of acquisition, 19 were from operation

specimens and 10 were from biopsy samples. ISH was

performed in all but two available cases and all of them

showed no amplification of HER2 gene (Table 5).

4 Discussion

The purpose of this study was to test whether the nCounter

CNV analysis could be used as a screening tool for CNV

detection in a clinical setting. Previously, we tested the

nCounter CNV analysis in 96 FFPE gastric cancer samples

and validated HER2, MET, and KRAS results using IHC,

FISH and real time PCR [3]. In the present study, we chose

HER2 because IHC results represent gene amplification

[16, 18] and further extended to a larger scaled cohort with

Fig. 2 The

immunohistochemistry (IHC)

and fluorescent in situ

hybridization (FISH) images of

two HER2 IHC 3? cases.

a Regional heterogeneity was

not identified on IHC, and the

tumor cell percentage was

75 %. In this case, estimated

number of HER2 copies was 68

in nCounter assay, b and the

HER2/CEP17 ratio was 35 by

FISH. c Regional heterogeneity

was observed on IHC with 60 %

of the tumor being 3? and 40 %

being 1?. Tumor cell

percentage was 60 % of the

whole specimen. Estimated

number of HER2 copies was 5

in nCounter assay, d and the

HER2/CEP17 ratio was 2.7 by

FISH

Fig. 3 The

immunohistochemistry (IHC)

and silver in situ hybridization

(SISH) images of one HER2 2?

case. a IHC score 2? (940

magnification). b HER2

amplification (HER2/CEP17

ratio = 3) with polysomy of

chromosome 17 (average

CEP17 signals/nucleus = 3.1).

NA not applicable, AMP

amplification
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diverse samples in terms of storage status and sizes of the

tissue specimen. In 220 advanced gastric cancer patients, we

compared the nCounter CNV analysis and IHC results and

explored discordant cases thoroughly. Overall, we found a

fair level of concordance (concordance rate 83.4 %, kappa

value 0.35), with a sensitivity of 66.7 %, a specificity of

85.2 %, a NPV of 96 %, and a PPV of 32.6 %.

Based on sample acquisition types, FFPE samples showed

a concordance rate of 78.5 % with a sensitivity of 80 % and a

specificity of 78.4 %. FF samples showed a higher concor-

dance rate (91.5 %; kappa value 0.59) with a lower sensitivity

(54.5 %) and a higher specificity (97.2 %) compared to FFPE

samples (78.5 %; kappa value 0.27). Interestingly, although

we found high specificity in FF samples, the sensitivity was

relatively low (54.5 %). This would be caused by different

tissue samples used for IHC and nCounter CNV assay and the

underlying intra-tumoral heterogeneity present in those dis-

crepant cases. In this study, the cut-off of nCounterCNVassay

was set as 4 as the ratio of HER2 amplification by FISH

was[2.0. HER2 CN by nCounter CNV assay in most false-

positive cases was 4 or 5 especially in FFPE samples. Given

the strict cut-off, the concordance ratewas relatively low in the

present study. However, all 7 samples with high HER2 CN

(C10) showed a 100 % correlationwith IHC results. Based on

these observations, we concluded that nCounter CNV assay is

a reliable method to detect high levels of amplification.

However, caution is needed in cases with low CN alteration,

especially in FFPE tissue samples.

The discordant cases were analyzed in detail. For the 16

HER2 IHC positive (3?) cases, we found 3 false-negative

cases by nCounter CNV assay, of which two were FF biopsy

samples and one was a FFPE tissue. For all the cases, dif-

ferent tumor blocks or tissue fragments were used for IHC

and are likely caused by intra-tumoral heterogeneity. We

also speculate that false-negative cases may be caused by a

small population ofHER2 amplified cells within tumors and

normal cell contamination. Reviewof IHC slides of the false-

negative cases by the nCounter CNV assay showed intra-

tumoral heterogeneity in most cases.

Heterogeneous HER2 staining is a common biologic

feature in gastric cancer and is estimated to be present in up

to 30 % of HER2-positive gastric cancer cases [21]. Given

the intra-tumoral HER2 heterogeneity and normal cell

contamination, in cases that show low CN alterations by

the nCounter assay, an additional IHC and/or ISH is nec-

essary for confirmation.

For IHC equivocal (2?) cases, FISH or SISH confir-

mation is required according to the current treatment

guideline [20]. Five out of nine available cases showed

low-grade HER2 gene amplification. In addition, four cases

revealed chromosome 17 polysomy consistent with the

previous finding that polysomy of chromosome 17 is an

important underlying cause of weak HER2 overexpression

(2?) in non-amplified cases [18].

Finally, the nCounter assay was positive in 29 IHC-

negative cases when defining amplification as C4 HER2

CN. In particular, FFPE samples often showed a higher CN

compared to FF samples. The PPV in FFPE samples was

22.9 %. Not only does formaldehyde lead to cross linkages

between DNA or RNA and proteins, but it also results in

Table 4 Results of HER2 IHC, nCounter assay, and ISH in HER2 IHC 2? group

Specimen 260/

280

260/

230

HER2

IHC score

HER2 copies

in nanostring

HER2

ISH

HER2/CEP17

ratio in ISH

Polysomy of ch17 (average

CEP17 signals/nucleus)

1 FF Biopsy 1.87 2.14 2? 1 No AMP 1.73 No polysomy

2 FFPE Biopsy 1.88 2.22 2? 2 No AMP 1.6 No polysomy

3 FFPE Biopsy 1.89 1.86 2? 2 No AMP 1.71 Polysomy of ch17 (3.2)

4 FF Biopsy 1.90 2.20 2? 2 No AMP 1.48 Polysomy of ch17 (3.3)

5 FF Biopsy 1.90 2.21 2? 2 AMP 2.4 No polysomy

6 FF Surgical

specimen

1.85 1.49 2? 2 AMP 2.25 No polysomy

7 FFPE Biopsy 2 1.81 2? 3 AMP 2.79 No polysomy

8 FF Biopsy 1.88 2.28 2? 2 AMP 2.17 Polysomy of ch17 (3.2)

9 FFPE Surgical

specimen

1.90 2.25 2? 5 AMP 3 Polysomy of ch17 (3.1)

10 FF Surgical

specimen

1.89 2.02 2? 2 NA NA NA

11 FF Surgical

specimen

1.90 2.30 2? 2 NA NA NA

12 FF Biopsy 1.89 2.40 2? 2 NA NA NA

IHC immunohistochemistry, ISH in situ hybridization, FF fresh frozen, FFPE formalin-fixed paraffin-embedded, NA not applicable, AMP

amplification
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fragmentation of DNA [22]. The background signal on the

FFPE samples was higher compared to the FF samples.

Fragmentation of DNA is influenced by the fixation pro-

cedure and AluI can be negatively affected by remaining

contaminations of the extraction method or formalin. This

is a plausible explanation for the increased false-positive

results in this FFPE cohort. The 260/280 ratio and 260/230

ratio of discordant cases were acceptable in most of the

tested samples. We did not measure the fragment size of

samples because the measurement of fragment size was not

mandatory in the manual. However, measurement of

fragment size in future study can elucidate the causes of

discordance in FFPE samples.

Somatic CN alteration is the hallmark of many cancers.

An efficient screening test to help illuminate the CN alter-

ations seen within a particular cancer has great potential

clinical utility, particularly in this era of targeted therapy.

Although FISH has become the gold standard for detecting

many of these CN alterations, it is time consuming and

inefficient, especially when looking at multiple different

genes. On the other hand, IHC is available in most pathology

laboratories and offers more advantages in terms of cost

effectiveness. Furthermore, IHC and ISH are able to detect

tumor heterogeneity and amplified tumor cells with low

percentage, which allows for accurate results. However,

there are not many available IHC antibodies with proven

quality and high-throughput technologies that make it pos-

sible to detect a large number of DNA alterations simulta-

neously, hence facilitating genome-wide screening. So, there

have been several new attempts to detect CNV including

NGS and droplet digital PCR [15, 23]. Compared with these

methods, the nCounter CNV assay offers many advantages,

including a low required volume, the utilization of FFPE

tissue blocks, and no amplification step is needed.

Table 5 Results of HER2 IHC, nCounter assay, and FISH of discordant cases in HER2 IHC negative group

Specimen 260/280 260/230 HER2 IHC score HER2 copies in nanostring HER2 ISH

1 FFPE Surgical specimen 1.86 2.13 0 7 No AMP

2 FFPE Biopsy 1.92 2.02 0 7 NA

3 FFPE Surgical specimen 1.81 2.01 0 7 No AMP

4 FFPE Surgical specimen 1.87 2.14 0 6 No AMP

5 FFPE Surgical specimen 1.82 2.24 1? 6 No AMP

6 FF Biopsy 1.92 1.85 0 6 NA

7 FFPE Surgical specimen 1.82 1.99 0 5 No AMP

8 FFPE Surgical specimen 1.85 2.20 0 5 No AMP

9 FFPE Surgical specimen 1.83 2.22 0 5 No AMP

10 FFPE Surgical specimen 1.84 2.23 0 5 No AMP

11 FFPE Surgical specimen 1.86 2.16 0 4 NA

12 FFPE Surgical specimen 1.91 2.10 0 4 NA

13 FFPE Biopsy 1.96 1.54 0 4 NA

14 FFPE Biopsy 1.87 2.12 0 4 NA

15 FFPE Biopsy 1.93 1.97 0 4 NA

16 FFPE Surgical specimen 1.88 2.05 0 4 No AMP

17 FFPE Biopsy 1.89 2.22 0 4 NA

18 FFPE Biopsy 1.99 1.90 0 4 NA

19 FFPE Surgical specimen 1.83 2.34 0 4 NA

20 FFPE Biopsy 1.90 2.38 0 4 NA

21 FFPE Biopsy 1.96 2.12 0 4 NA

22 FFPE Surgical specimen 1.84 2.25 0 4 NA

23 FFPE Surgical specimen 1.85 2.23 0 4 NA

24 FFPE Surgical specimen 1.88 2.25 0 4 NA

25 FFPE Surgical specimen 1.84 2.22 0 4 NA

26 FF Biopsy 1.93 1.58 0 4 NA

27 FFPE Surgical specimen 1.89 2.27 1? 4 NA

28 FFPE Surgical specimen 1.83 2.22 1? 4 No AMP

29 FFPE Surgical specimen 1.90 2.25 1? 4 No AMP

IHC immunohistochemistry, ISH in situ hybridization, FF fresh frozen, FFPE formalin-fixed paraffin-embedded, NA not applicable, AMP

amplification
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In conclusion, we observed a fair level of concordance

between the custom nCounter CNV assay and IHC for the

detection of HER2 amplification. For CNV screening,

nCounter CNV assay seems a reliable method; however,

caution should be taken in the interpretation of results.
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