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Abstract

Abnormalities of chromosome 17, recognised over two decades ago to be important in 

tumorigenesis, often occur in breast cancer. Changes of specific loci on chromosome 17 including 

ERBB2 amplification, P53 loss, BRCA1 loss, and TOP2A amplification or deletion are known to 

have important roles in breast-cancer pathophysiology. Numerical aberrations of chromosome 17 

are linked to breast-cancer initiation and progression, and possibly to treatment response. 

However, the clinical importance of chromosome 17 anomalies, in particular the effect on ERBB2 

protein expression, is unknown. Reports are conflicting regarding the association of copy gain of 

chromosome 17 (polysomy 17) with strong ERBB2 protein expression in the absence of true 

ERBB2 gene amplification. Copy-number anomalies in chromosome 17 seem to be common in 

tumours that show discrepant ERBB2 expression and in tumours with discordant ERBB2-protein 

and ERBB2 gene copy number measurements. The mechanisms of ERBB2 dosage changes—gene 

amplification versus chromosome gain and loss—probably differ in primary and metastatic 

disease; however, a correction for chromosome 17 copy-number is necessary to completely 

distinguish between these mechanisms. A better understanding of how polysomy 17 affects gene-

copy number and protein expression will help to select patients who will respond to therapies 

targeting ERBB2 and other protein products of chromosome 17 loci.
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Introduction

Changes in the number of individual whole chromosomes (aneusomy) seems to indicate 

genetic instability and was first proposed to cause tumorigenesis in 1902.1 Gains 

(polysomy) and losses (aneusomy) of specific chromosomes are common in breast cancer 

and are respectively associated with activation of oncogenes and inactivation of tumour-

suppressor genes.2–4 Abnormalities in chromosome 17 are common in breast cancer,5 

including whole chromosome and gene-copy-number anomalies, allelic losses, and 

structural rearrangements shown by conventional cytogenetic and molecular cytogenetic 

techniques.2,3,6,7 These chromosome abnormalities have been linked to mechanisms of 

breast-cancer pathophysiology including reduced apoptosis, unchecked proliferation, 

increased motility, and increased angiogenesis.4,8,9 Up to 93% of breast tumours have 

whole chromosome 17 copy-number changes.10 Analytical approaches with comparative 

genomic hybridisation and gene-expression profiling confirm the high proportion of whole 

and regional chromosome 17 changes in breast cancer.4,5,8,9 Distinct patterns of changes 

are associated with different clinicopathological features and gene-expression subtypes of 

breast cancer.11

Researchers debate the clinical importance of gain in copy number of chromosome 17 

(polysomy 17) in breast cancer. The effect of polysomy 17 on expression of human 

epidermal-growth-factor receptor 2 (ERBB2) in ERBB2 non-amplified breast tumours is of 

particular interest (figure 1), as is its effect on treatment response to ERBB2-targeted 

therapies (eg, trastuzumab, lapatinib). Figures 1 and 2 show fluorescence in-situ (FISH) 

staining for ERBB2 (red signals) and chromosome 17 (green signals) in invasive breast 

cancer. The tumour in figure 1 is defined as ERBB2 non-amplified with chromosome 17 

polysomy. A gain of signal is seen for the probe against the centromere of chromosome 17 

(centromere enumerator probe 17 [CEP 17]). Although there seems to be a gain of signal for 

the probe against ERBB2, the ERBB2 signal is not increased with respect to the number of 

CEP 17 signals. About 97% of cells displayed three or more CEP17 signals with a resultant 

ERBB2:CEP17 ratio of 1·10. Figure 2 shows a gain of signal for ERBB2 and typically two 

signals per nuclei for chromosome 17. Thus, this figure shows a breast tumour with ERBB2 
amplification and chromosome 17 disomy (about 5% of cells displayed 3 or more CEP17 

signals with a resultant ERBB2:CEP17 ratio of 12·23).

In addition to ERBB2, genes involved in breast-cancer pathophysiology that are located on 

chromosome 17 include tumour-suppressor genes P53 and BRCA1, and the gene for 

topoisomerase IIα (TOP2A; figure 3). These key genes are located in regions that are often 

deleted (P53, BRCA1, TOP2A) or amplified (ERBB2, TOP2A). Therefore, elucidating the 

effects of aneuploidy 17 copy-number changes will provide a better understanding of the 

role of genetic instability in breast cancer. For example, P53 is deleted in more than 50% of 

primary breast carcinomas,12–14 leading to inactivation of cellular tumour antigen P53 and 

genetic instability. Increased numbers of chromosome 17 and abnormal P53 expression have 

been observed simultaneously in breast-cancer cells, further evidence of an association 

between loss of P53 and genetic instability of chromosome 17.15 Additionally, about 40% 

of breast cancers have loss-of-heterozygosity (LOH) on the long arm of chromosome 17:12–

14 the location of possible tumour-suppressor genes, including BRCA1, prohibition (PHB), 
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non-metastatic cells 1 (NME1), and wingless-type MMTV integration site family member 3 

(WNT3) (figure 3).

ERBB2 and TOP2A are in close proximity on chromosome 17 (figure 3) and copy number 

changes together in many tumours. TOP2A is either amplified or deleted, with equal 

probability, in nearly 90% of ERBB2-amplified primary breast tumours.16–18 By contrast, 

TOP2A copy-number anomalies are rare in ERBB2 non-amplified tumours (<7%).19,20 

TOP2A deletion also affects tumours with polysomy 17, and so TOP2A deletion probably 

happens before polysomy.18,19 Furthermore, the presence of abnormalities in both ERBB2 
and TOP2A might help to identify patients best suited to trastuzumab and anthracycline 

therapies.21–24 Preliminary findings suggest that polysomy 17 affects response to 

trastuzumab.25–28 Therefore, whole chromosome 17 copy-number anomalies might affect 

the clinical assessment and importance of ERBB2 and TOP2A amplification and protein 

expression.

Although polysomy in chromosome 17 is associated with several diseases and cancers, in 

this Review we focus on breast cancer. Because FISH is the prevailing technique to visualise 

and quantify chromosomal anomalies, we have primarily such data. FISH methods maintain 

tumour architecture and spatial relationships between cells, enabling investigation of the 

genetic heterogeneity of anomalies. We discuss the relevance of different cut-off points used 

to define chromosome 17 aneusomy and the implications of copy-number changes in breast 

carcinogenesis. Reports of the prevalence of aneusomy 17 and its association with 

prognostic factors in breast cancer are summarised. Finally, we discuss the emerging 

relevance of chromosome 17 aneusomy in response to anti-ERBB2 therapies.

Identification of aneusomy 17

Definitions of aneusomy 17 differ with the threshold criteria for monosomy and polysomy 

(tables 1 and 2).29–50 Setting of these thresholds is complicated not only by genomic 

heterogeneity and proliferative activity of tumours, but also by the substantial nuclear 

truncation resulting from tissue sectioning. Control specimens used to set these thresholds 

have included human lymphocytes,29,31,33,50 cholangiocarcinoma cell-line controls,

31,51,52 benign breast-lesions or biopsies (eg, fibroadenomas, sclerosing adenosis),38,53 

healthy breast tissue,30,32,36,40,54,55 and paired healthy breast tissue.36 Typically, 5–30% 

of cells displayed monosomy and less than 5% displayed polysomy in healthy (control) 

epithelium.10,56–58

Chromosome 17 aneusomy is typically identified with one of two methods. The first method 

finds the mean number of centromere-17 signals per control cell and defines aneuploidy as 

more than 3 standard deviations (SD) from this value. In the second method, the abnormal 

range is determined by a pre-specified proportion of nuclei displaying a prespecified number 

of abnormal centromeric signal counts. For each method, different signal counts have been 

used as cut-offs, leading to large differences in the reported incidences of chromosome 17 

aneusomy (tables 1 and 2).29–50
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Because the definition of chromosome-17 aneusomy is controversial, we analysed FISH data 

from about 11000 breast tumours (7400 ERBB2 non-amplified and 3200 ERBB2 amplified 

specimens) from the clinical ERBB2 database maintained by the cytogenetics laboratory at 

Mayo Clinic, Rochester, MN, USA (Schroeder MJ, Jenkins RB, unpublished data). We 

classified specimens by either the proportion of nuclei with three or more centromere-17 

signals (to validate our polysomy 17 cutoff) or with 1 centromere-17 signal (to validate our 

monosomy 17 cut-off). We compared the distribution of specimens with these classifications 

with the distribution of specimens classified by the average number of centromere-17 

signals. For both ERBB2-non-amplified and ERBB2-amplified specimens, we observed two 

populations separated at threshold of either greater than 30% nuclei with three or more 

centromere-17 signals or an average of 2·2 centromere-17 copies per cell, thus, 

distinguishing normal and polysomic cases. We also observed that two populations were 

separated at thresholds of either greater than 60% nuclei with one or more centromere-17 

signals or an average of 1·4 centromere-17 copies per cell, thus, distinguishing normal and 

monosomic cases. These cut-offs should be investigated and validated in other clinical trials 

with ERBB2-targeted therapies.

Aneusomy 17 and breast cancer

Several studies have examined the prevalence of changes in copy number of chromosome 17 

in invasive breast cancer (tables 1 and 2).29–50 Monosomy 17 is observed less often than 

polysomy 17 (typically less than 15% and greater than 35%, respectively), but the 

prevalence for both types of aneusomy vary greatly between studies. Reported incidences 

range from 0–38% for monosomy 17 and 8–68% for polysomy 17 (tables 1 and 2).29–50 

Several studies further divided polysomy 17 into low-level and high-level polysomy and 

observed that low-level polysomy 17 was the more common of the two (26–43% vs 5–7%; 

table 1).25,35–38,40,44 The range in prevalence values is a result of different types of 

material examined, different selection criteria (eg, ERBB2 immunohistochemical scores), 

and the varying methods used to define thresholds of disomy, monosomy, and polysomy as 

discussed above.

Aneusomy 17 in breast-cancer progression

The understanding that genetic instability can drive tumorigenesis prompted descriptive 

studies that investigated genetic changes associated with early breast-neoplasia progression. 

Both gains and losses of chromosome 17 happen in all stages of breast cancer, including 

non-invasive (proliferative lesions), preinvasive (ductal carcinoma in situ [DCIS] and lobular 

carcinoma in situ [LCIS]), and invasive breast disease (invasive ductal carcinomas [IDC]; 

table 3).43,51,55–58,60 Proliferative lesions were characterised mainly by borderline 

chromosome losses, whereas advanced lesions (LCIS, DCIS, and IDC) were characterised 

by unequivocal losses and gains. The role of aneusomy 17 in non-invasive disease is 

supported by a study that found copy-number changes of chromosome 17 in 25 of 32 

women with non-proliferative epithelium or hyperplasia with no evidence of invasive 

disease.59
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The presence and extent of chromosome aneuploidy differed substantially between 

neoplastic cells from the invasive component of a breast carcinoma and cells of the residual 

preinvasive population.51,58 Furthermore, intraductal carcinomas associated with invasive 

neoplasms showed a greater extent of chromosomal aneusomies than did DCIS without an 

invasive component.51 Chromosomal instability might correlate (perhaps causally) with 

progression of DCIS to invasive growth, suggesting that genetic instability is a pattern that 

affects the likelihood of progression of early breast carcinoma.51 Paired DCIS and invasive 

specimens have common and unique genetic changes, suggesting clonal diversity within the 

same tumours.54,60 Indeed, distinctive, but overlapping patterns of genetic instability are 

found in primary breast-tumours and adjacent uninvolved parenchyma.10

Monosomy 17 seems to be more widespread than polysomy 17 in non-invasive and low 

grade in-situ carcinomas (tables 3 and 4).43,51,55–58,60 Loss of chromosome 17 has been 

observed in hyperplasia and malignant lesions but not in corresponding healthy tissue, 

suggesting that hyperplasia might be clinically relevant in breast-cancer development.56 

Additionally, monosomy is more common than polysomy in LCIS, suggesting that subsets 

of preinvasive breast neoplasia have divergent patterns of genetic instability.56,57 

Monosomy of chromosomes 7, 8, 16, and 17 is more common in grade I DCIS than in grade 

III DCIS tumours (29% [9/31 hybridisations] vs 4% [2/49 hybridisations]).51

Polysomy 17 is often seen in DCIS (tables 3 and 4),43,51,54,57,58,60 and the pattern of 

chromosomal gain differs between healthy and DCIS tissues.60 Visscher and colleagues51 

noted polysomy 17 in 88% (43/49 hybridisations) of grade III DCIS compared with none in 

grade I DCIS. However, neoplasms of grade II DCIS had varied chromosome aneuploidy: 

disomy in 38% (24/63 hybridisations), monosomy in 26% (16/63 hybridisations), and 

polysomy in 36% (19/63 hybridisations) of specimens. The presence of multiple aneuploidy 

patterns in DCIS supports the notion that diverse mechanisms of genetic alteration are 

involved in the development of breast cancer.

The identification of copy-number changes in lesions that are potentially premalignant 

supports the classification of these lesions as biologically premalignant. Moreover, 

aneusomy 17 might be an intermediate biomarker of breast tumorigenesis and help to detect 

patients at high risk who might gain from preventive action. The overall goal is to elucidate 

the multistep mechanism of breast carcinogenesis. In specimens of preinvasive and early 

invasive breast-cancer lesions, associating tumour subtype and allelotype with specific 

chromosome copy-number changes, gene mutations, and gene expression will help.

Aneusomy 17 in invasive breast cancer

Polysomy 17 and ERBB2 amplification

The development of trastuzumab, an ERBB2-targeted antibody, and findings that ERBB2 

overexpression and gene amplification often predict its benefit, prompted numerous 

investigations of the relation between chromosome 17 monosomy and polysomy, ERBB2 
amplification and non-amplification, and ERBB2 expression in invasive breast cancer (table 

2).19,28,38,41–50 Reported prevalences for chromosome 17 monosomy were typically less 

than 15%, irrespective of ERBB2 amplification. Two studies did not find monosomy in any 
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ERBB2 amplified tumours,19,44 whereas another group reported a prevalence of 49% 

(49/101).38 Chromosome 17 polysomy was usually more prevalent in tumours with ERBB2 
amplification (10% [1/10]–88% [7/8]) than in tumours without ERBB2 amplification (3·6% 

[1/28]–55% [33/60]). In our N9831 clinical trial,28 we observed polysomy 17 in 58% 

(865/1488) of ERBB2 amplified tumours and in 36% (70/156) of ERBB2 non-amplified 

tumours.

Polysomy 17 and ERBB2 expression in the absence of ERBB2 amplification

Because ERBB2 overexpression without gene amplification has been observed in up to 10% 

of breast tumours, several studies assessed the association between chromosome 17 

polysomy and ERBB2 expression in tumours without ERBB2 amplification (tables 1 and 2).

29–50 Findings were contradictory. Many studies suggest that, at least in a subset of breast 

carcinoma, increases in ERBB2 copy number that result from polysomy 17 can lead to 

protein overexpression in the absence of ERBB2 amplification.37,38,40,44,46,47,61 

Polysomy 17 is more common in non-amplified tumours with overexpression of ERBB2 

(immunohistochemical [IHC] scores of 3+) than in tumours with no or low ERBB2 

expression (IHC scores of 0–1+).37,46,61 In our N9831 study,28 among 156 patients with 

ERBB2 non-amplified tumours, there is an association between polysomy 17 and ERBB2 

expression. Breast tumours scored as IHC 2–3+ were more likely to be polysomic for 

chromosome 17 than tumours scored as 0–1+ (p<0·001). High polysomy (four or more 

chromosome 17 signals per nucleus) seems to be more strongly associated between ERBB2 

overexpression (immunohistochemical score of 3+) and chromosome 17 copy-number than 

low polysomy (fewer than four chromosome 17 signals per nucleus).35

Conversely, weak associations between ERBB2 expression and ERBB2 copy number have 

been observed in other studies of non-amplified tumours.62,63 Several studies have found 

that in the absence of ERBB2 gene amplification, high polysomy 17 was not associated with 

ERBB2 protein or mRNA overexpression.12,36,42,43,49,64 Molecular detection techniques 

(eg, reverse transcription PCR and isotopic in-situ hybridisation) showed that ERBB2 

mRNA expression was not increased in nonamplified breast tumours with polysomy 17, and 

that amplification of ERBB2 resulted in increased ERBB2 expression, independent of 

chromosome 17 polysomy.48,50,64–66 Therefore, in the absence of amplification, 

polysomy 17 does not seems to result in increased expression of ERBB2 mRNA. In 

summary, whether chromosome 17 polysomy can cause of ERBB2 overexpression in the 

absence of true ERBB2 amplification is unclear.

Polysomy 17 might cause slight ERBB2 expression (IHC 2+) in instances of gene 

amplification with FISH ratio 2–4 or 4–6 ERBB2 copies.38,44,47 An additive effect on gene 

dosage and protein expression has been seen in scenarios of high polysomy 17 (≥4 

chromosome 17 signals per nuclei) with gene duplication or modest gene amplification 

(ERBB2/CEP17 ratio 2–3).35,43 Furthermore, many patients with IHC 2+ did not have gene 

amplification but had chromosome 17 polysomy.35,67,68 Polysomy 17 has been reported in 

41–86% of ERBB2 non-amplified tumours scored as IHC 2+ or 3+.37,38,40,42,44,46
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Association of polysomy 17 with prognostic factors

Genomic aberrations recurrent in a specific type of cancer can be important prognostic 

markers for tumour progression. Because chromosome 17 copy-number alterations have 

been repeatedly identified in preinvasive and invasive lesions (table 3),43,51,55–58,60 

aneusomy 17 is a predictor of cancer aggressiveness.

Table 5 lists studies of associations between common pathological characteristics and 

aneusomy of chromosome 17. Commonly examined characteristics were tumour grade, 

nodal metastasis, and hormone receptor status. In general, high tumour grade was associated 

with polysomy 17.10,12,31,36,39,40,51,69 However, other reports did not find this relation.

29,33,34,47,50,64 Many investigations have shown a link between polysomy 17 and lymph 

node metastasis,32,47,69 although this is not always true.10,36,31,50 Monosomy 17 also 

has been associated with nodal metastasis.34 The association between aneusomy 17 and 

hormone-receptor status is controversial. Studies have shown that both monosomy and 

polysomy were associated with oestrogen-receptor negativity.32,34,36 Results are also 

inconsistent regarding links between polysomy 17 and oestrogen-receptor 

positivity12,39,47,50 and tumour size.12,29,31,33,50,64 Polysomy 17 was found more often 

in invasive ductal carcinomas than in invasive lobular carcinomas by use of chromogenic in-

situ hybridisation.70 Overall, it seems that aberrations of chromosome 17 copy-number are 

associated with indicators of poor prognosis in certain groups of patients with breast cancer, 

and that these associations might be related to differences in the ERBB2 amplification status 

of the tumour.

Chromosome 17 copy-number correction

Clinicians are interested in aneusomy 17 because of its possible effect on classification of 

ERBB2 status (ie, interpretation of ERBB2 testing), especially for tumours with differing 

protein and gene measurements. Results from several studies show that polysomy 17 is 

regularly seen in tumours with discrepant ERBB2 protein and gene copy number 

measurements.28,35,45,46,50,61,62 Polysomy 17 (especially highly polysomic cases) seems 

to cause the inconsistency in ERBB2 amplification defined by gene-copy number versus 

amplification defined by the ratio of gene-copy number to chromosome-copy number.37,50 

Furthermore, in most ERBB2-positive examples (positive by either ERBB2 protein 

overexpression [immunohistochemical score of 3+] or ERBB2 gene amplification [ERBB2/

CEP17 ratio ≥2]), ERBB2 overexpression results from gene amplification independent of 

polysomy 17—although polysomy 17 is often found with ERBB2 amplification. However, 

in another class of ERBB2-positive tumours ERBB2 overexpression happens in the absence 

of ERBB2 amplification, and in this instance protein overexpression might result from 

deregulated gene transcription and not from extra copies of chromosome 17.50,68,71 

Chromosome correction is necessary to accurately identify these rare tumours that likely 

have different biological characteristics than tumours with ERBB2 amplification.50

Reports indicate chromosome correction (chromosome copy number normalisation) as the 

best method to adjust for ERBB2/neu pseudoamplification due to chromosome 17 polysomy.

45,50,71 Inclusion of the probe for the centromere gives reassurance that the chromosome 
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bearing the aberrant gene is still being detected in truncated nuclei (during tissue 

sectioning), and the probe serves as an independent positive control for hybridisation 

reaction.45 Therefore, the copy number of chromosome 17 should be routinely examined to 

show technical validity and to help distinguish between low and high ERBB2 amplification. 

Chromosome correction will then help differentiate a subgroup of patients that probably 

have genetic and clinical differences.50,71 These differences will affect patient selection for 

ERBB2-targeted therapies and the efficacy of therapy.

Chromosome 17 and prediction of therapeutic response

In the last 3 years, investigations have begun on associations between aneusomy of 

chromosome 17 and trastuzumab benefit.25–28 Preliminary findings suggest that patients 

with metastatic breast cancer with ERBB2 amplification and chromosome 17 monosomy did 

not respond to trastuzumab.27 Our results from N9831 further suggest that patients with 

primary breast cancer with ERBB2/CEP17 ratios greater than 15, most of whom displayed 

monosomy 17, did not benefit from adjuvant trastuzumab (hazard ratio 1·01).28 This implies 

that aneusomy 17 might be more important in tumours with ERBB2 amplification (ratio 

greater than or equal to 2) and monosomy 17 (although rare), if gene dosage is the main 

mechanism of protein overexpression. For patients with high ERBB2/CEP17 ratios and 

monosomy 17, precautions should be taken and absolute gene copy number might be 

unimportant because ratio alone might not be a reliable indicator of ERBB2 status.

Conflicting results have come from studies that addressed the question: in tumours with 

ERBB2 overexpression but without ERBB2 amplification, does polysomy 17 predict 

trastuzumab responsiveness?25,26,28 Some researchers hypothesised that polysomy 17 

might not have predictive value for trastuzumab therapy and only tumours with true gene 

amplification respond to trastuzumab therapy.71 Findings from two studies25,26 suggested 

that that polysomy of chromosome 17 was associated with ERBB2 overexpression in 

absence of ERBB2 amplification, indicating that polysomy 17 possibly can be used in 

clinical assessment of ERBB2 status and treatment prediction for anti-ERBB2 therapies. 

Three of seven patients with non-amplified tumours and ERBB2 IHC 3+ scores responded in 

the WO16229 trastuzumab trial,25 and two of these patients had polysomy 17. A subset 

analysis of the CALGB 9840 trial26 suggested that patients who were FISH-negative and 

had polysomy 17 (defined as greater than or equal to 2·2 centromere 17 signals) possibly 

responded to trastuzumab (p=0·048) but did not have significantly longer progression-free 

and overall survival. However, a preliminary report from EGF3000172 found that polysomy 

17 did not predict response to lapatinib; the median progression-free survival was not 

significantly different between and within treatment arms based on polysomy 17.73 These 

results could be interpreted to mean that polysomy 17 does not predict anti-ERBB2 

treatment response, or that polysomy 17 is clinically important in the metastatic setting, but 

not in the adjuvant setting. In our N9831 adjuvant trastuzumab trial,28 we reported a benefit 

from trastuzumab for patients with ERBB2 amplified tumours (ratio ≥2·0) with either 

polysomy 17 (hazard ratio 0·52) or normal chromosome 17 copy-number (0·37). Also, the 

423 patients who received chemotherapy alone and had ERBB2 amplified and polysomy 17 

tumours had a longer 5-year disease-free survival rate (78%) than the 282 patients who 

received chemotherapy alone and had ERBB2 amplified and disomy 17 tumours (68%; 
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p=0.04). Furthermore, our exploratory analyses showed that 5-year disease-free survival rate 

for patients treated with trastuzumab with ERBB2 normal (non-amplified and IHC 0–2+) 

tumours was 66% for those with polysomy 17 and 84% for disomy backgrounds.28 Because 

there are so few patients with polysomy 17 in reported studies, the response of polysomic, 

ERBB2-non amplified but IHC-positive tumours to trastuzumab therapy needs further 

investigation. Gains and losses of chromosome 17 (and other chromosomes or regions) 

might be biologically and clinically relevant for reasons other than responsiveness to anti-

ERBB2 therapy, warranting further subset studies of large trials. At this time, we do not 

recommend using polysomy 17 in treatment decisions for ERBB2-directed therapies.

Conclusion

Aneuploidy is an indication of genetic instability and might deregulate global gene 

transcription in cancer cells, either by driving or inhibiting tumorigenesis.74 Accumulation 

of genomic and epigenomic aberrations enables the development of breast cancer 

pathophysiology. Discovery of recurrent aberrations and the genes that are deregulated by 

these aberrations will aid in understanding the mechanisms of cancer formation and 

progression and guide improvements in cancer diagnosis and treatment.

Abnormalities of chromosome 17 result in key changes in genes including ERBB2, BRCA1, 

P53, and TOP2A. These changes are known to have an important role in breast-cancer 

pathophysiology. Whole chromosome 17 copy-number alterations are also common in breast 

cancer, but their clinical relevance is much less defined. This is partly because of the 

different criteria used for classifying aneusomy (monosomy and polysomy) of chromosome 

17. Non-standardised criteria also explains the wide range of incidences of aneusomy 17 

reported and why conflicting evidence exists for the role of polysomy 17 in ERBB2 

expression in ERBB2 non-amplified breast tumours.

Aneusomy of chromosome 17 is observed in all stages of breast carcinogenesis and is an 

indicator of poor prognosis. Chromosome 17 monosomy is more common in non-invasive 

and preinvasive cancers than in invasive breast lesions. By contrast, chromosome 17 

polysomy is more common in invasive than in non-invasive and preinvasive breast lesions. 

Polysomy of chromosome 17 is also common in cases with equivocal ERBB2 protein 

expression and ERBB2 gene amplification as well as in cases with discrepant ERBB2 

protein and gene copy number measurements.

Furthermore, ERBB2 overexpression in invasive breast cancer typically results from ERBB2 
amplification independent of polysomy 17. Polysomy 17 should be distinguished from true 

ERBB2 amplification by use of chromosome correction. Tumours with polysomy 17 seem to 

be more similar to ERBB2-negative than to ERBB2-positive tumours.50 Polysomy 17 in the 

absence of ERBB2 amplification has not been associated with clinical characteristics of 

ERBB2-positive breast cancer.50,71 Chromosome 17 aneusomy might have different roles 

in prediction of anti-ERBB2 treatment response for primary versus metastatic breast cancers. 

Identification of chromosome 17 polysomy might be important when planning treatment 

approaches targeting other amplicons or genes located on chromosome 17. Finally, it is 

essential to optimise staining, normalise for chromosome 17 copy-number, and standardise 
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criteria for clinical assessment and interpretation of ERBB2 amplification. Investigators who 

do FISH should be aware of aneusomy and do careful studies to validate criteria for 

chromosome 17 gain and loss,75 including comparison with healthy breast specimens from 

the same sample if available. Wide ranges exist in ERBB2 expression using different 

analytes (ie, DNA, RNA, and protein), suggesting the importance of other factors such as 

transcription and translation regulation, tumour-cell heterogeneity, preanalytic variability, or 

assay variability. Overall, the integration of molecular cytogenetics, whole-genome 

screening, and gene-expression profiling will allow for more detailed investigation of the 

mechanisms of chromosome aneusomy in protein expression, gene amplification, and 

breast-cancer pathophysiology. This approach, combined with a review of existing clinical 

trial data, will lead to improved assessment of ERBB2 status, more accurate selection of 

patients for targeted therapy, and better outcomes.76

Search strategy and selection criteria

Data for this Review were identified by searches of Medline, Current Contents, and 

PubMed using the search terms (alone and in combination): “polysomy 17”, “breast 

cancer”, “polysomy 17 and trastuzumab”, and “therapy response”. References from 

relevant articles, abstracts and reports from meetings were included only when they 

related directly to the scope of this Review. Articles published in English between 

January, 1980, and November, 2008, were included.
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Figure 1. Fluorescent in-situ hybridisation (FISH) detection of ERBB2 non-amplification and 
chromosome 17 polysomy in invasive breast cancer
Red signals represent the detection of the ERBB2 gene and the green signals represent the 

detection of the centromere enumerator probe (CEP) for chromosome 17. Arrows indicate 

ERBB2 non-amplified, polysomic chromosome 17 nuclei.
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Figure 2. FISH detection of ERBB2 amplification and chromosome 17 disomy in invasive breast 
cancer
Red signals represent the detection of the ERBB2 gene and the green signals represent the 

detection of the centromere enumerator probe (CEP) for chromosome 17. Arrows indicate 

ERBB2 amplified, disomic chromosome 17 nuclei.
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Figure 3. Ideogram of chromosome 17
Genes important in breast cancer are indicated.

Reinholz et al. Page 17

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reinholz et al. Page 18

Ta
b

le
 1

Pr
ev

al
en

ce
 o

f 
ch

ro
m

os
om

e 
17

 a
ne

us
om

y 
in

 in
va

si
ve

 b
re

as
t c

an
ce

r 
es

tim
at

ed
 b

y 
FI

SH
 a

na
ly

si
s

B
re

as
t 

m
at

er
ia

l
N

um
be

r 
of

 s
pe

ci
m

en
s

N
um

be
r 

of
 n

uc
le

i 
co

un
te

d
D

is
om

y
M

on
os

om
y

P
ol

ys
om

y

C
ut

of
f

%
C

ut
of

f
%

C
ut

of
f

%
A

ss
oc

ia
ti

on
 w

it
h 

E
R

B
B

2 
pr

ot
ei

n 
ex

pr
es

si
on

*

H
er

ri
ng

to
n 

et
 a

l (
19

95
)2

9
FN

A
49

≥1
00

M
S=

2
40

M
S<

2
5.

0
M

S>
2

55
N

R

Ic
hi

ka
w

a 
et

 a
l (

19
96

)3
0

FN
A

80
>

20
0

>
80

†
48

>
15

‡
14

>
20

§
34

N
R

M
cM

an
us

 e
t a

l (
19

99
)3

1
FN

A
69

≥1
00

2¶
26

≥2
0‡

0.
0

≥1
0§

68
N

R

T
su

ka
m

ot
o 

et
 a

l (
20

01
)3

2
FN

A
11

3
>

10
0

N
R

41
>

15
‡

22
>

20
§

37
N

R

Fe
hm

 e
t a

l (
20

02
)3

3
To

uc
h 

pr
ep

74
≥1

00
2¶

41
>

15
‡

11
>

6§
38

N
R

N
ak

op
ou

lo
u 

et
 a

l (
20

02
)3

4
FF

PE
42

20
0–

40
0

>
70

†
24

>
40

‡
38

>
15

§
38

N
R

W
an

g 
et

 a
l (

20
02

)3
5

FF
PE

18
9

≥6
0

1.
76

–2
.2

5¶
49

<
1.

76
¶

2.
6

≥2
.2

6¶
49

-

2.
26

–3
.7

5]
∥

43
-

>
3.

76
**

5
3+

††

W
at

te
rs

 e
t a

l (
20

03
)3

6
FF

PE
21

4
60

1.
35

–1
.8

5¶
46

<
1.

35
¶

7.
5

>
1.

86
¶

47
N

R

M
a 

et
 a

l (
20

05
)3

7
FF

PE
89

3
60

1.
5–

2.
25

¶
49

<
1.

5¶
8.

9
≥2

.2
6¶

42
3+

2.
26

–3
.7

5∥
35

-

>
3.

76
**

7
3+

M
er

ol
a 

et
 a

l (
20

06
)3

8
FF

PE
34

3
20

0
2¶

30
1¶

24
>

3¶
46

2+

2–
4∥

40
N

R

>
4*

*
5.

8
N

R

Ta
ke

hi
sa

 e
t a

l (
20

07
)3

9
FN

A
40

>
10

0
N

R
48

>
15

‡
10

>
20

§
43

N
R

H
of

m
an

n 
et

 a
l (

20
07

)2
5

FF
PE

95
60

N
R

N
R

N
R

N
R

≥3
¶

27
3+

H
yu

n 
et

 a
l (

20
08

)4
0

FF
PE

30
9

≥6
0

1.
25

–2
.2

5¶
N

R
<

1.
25

¶
1.

3
≥2

.2
6¶

32
3+

2.
26

–3
.7

5∥
26

N
R

>
3.

76
**

5.
8

N
R

FN
A

=
fi

ne
 n

ee
dl

e 
as

pi
ra

te
. F

FP
E

=
fo

rm
al

in
-f

ix
ed

 p
ar

af
fi

n-
em

be
dd

ed
. N

R
=

no
t e

xp
lic

itl
y 

re
po

rt
ed

 in
 r

ef
er

en
ce

. M
S=

m
od

e 
ch

ro
m

os
om

e 
17

 s
ig

na
l p

er
 n

uc
le

us
. .

.=
no

 a
ss

oc
ia

tio
n 

fo
un

d.

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reinholz et al. Page 19
* T

he
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
po

ly
so

m
y 

17
 a

nd
 E

R
B

B
2 

ex
pr

es
si

on
 (

sc
or

ed
 a

s 
0–

3+
 s

ta
in

in
g 

in
te

ns
ity

) 
in

 E
R

B
B

2 
no

n-
am

pl
if

ie
d 

tu
m

ou
rs

.

† Pe
rc

en
t o

f 
ce

lls
 d

is
pl

ay
in

g 
2 

si
gn

al
s 

pe
r 

nu
cl

eu
s.

‡ Pe
rc

en
t o

f 
nu

cl
ei

 w
ith

 lo
ss

 o
f 

ce
nt

ro
m

er
ic

 r
eg

io
n 

or
 e

nt
ir

e 
ch

ro
m

os
om

e 
(t

yp
ic

al
ly

 w
ith

 0
 o

r 
1 

ch
ro

m
os

om
e 

17
 s

ig
na

l p
er

 n
uc

le
us

).

§ Pe
rc

en
t o

f 
nu

cl
ei

 w
ith

 g
ai

n 
of

 c
en

tr
om

er
ic

 r
eg

io
n 

or
 e

nt
ir

e 
ch

ro
m

os
om

e 
(t

yp
ic

al
ly

 >
2 

or
 ≥

3 
ch

ro
m

os
om

e 
17

 s
ig

na
ls

 p
er

 n
uc

le
us

).

¶ A
ve

ra
ge

 n
um

be
r 

of
 c

hr
om

os
om

e 
17

 s
ig

na
ls

 p
er

 n
uc

le
us

.

∥ L
ow

-l
ev

el
 p

ol
ys

om
y.

**
H

ig
h-

le
ve

l p
ol

ys
om

y.

††
A

ss
oc

ia
tio

n 
w

as
 f

ou
nd

 b
et

w
ee

n 
hi

gh
 p

ol
ys

om
y 

(>
3.

76
) 

an
d 

10
 tu

m
ou

rs
 w

ith
 E

R
B

B
2 

im
m

un
oh

is
to

ch
em

ic
al

 s
co

re
s 

of
 3

+
.

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reinholz et al. Page 20

Ta
b

le
 2

Pr
ev

al
en

ce
 o

f 
ch

ro
m

os
om

e 
17

 a
ne

us
om

y 
in

 in
va

si
ve

 E
R

B
B

2 
am

pl
if

ie
d*  

an
d 

no
n-

am
pl

if
ie

d 
br

ea
st

 c
an

ce
r 

es
tim

at
ed

 b
y 

FI
SH

 a
na

ly
si

s

N
um

be
r 

of
 s

pe
ci

m
en

s
D

is
om

y
M

on
os

om
y

P
ol

ys
om

y
A

ss
oc

ia
ti

on
 

w
it

h 
E

R
B

B
2 

ex
pr

es
si

on
 

in
 E

R
B

B
2 

no
n-

am
pl

if
ie

d 
tu

m
ou

rs

To
ta

l
A

m
p*

N
on

-a
m

p
C

ut
of

f
To

ta
l N

 (
%

)
A

m
p 

N
 (

%
)*

N
on

-a
m

p 
N

 (
%

)
C

ut
of

f
To

ta
l N

 (
%

)
A

m
p 

N
 (

%
)

N
on

-a
m

p 
N

 (
%

)
C

ut
of

f
To

ta
l N

 (
%

)
A

m
p 

N
 (

%
)

N
on

-a
m

p 
N

 (
%

)

M
ez

ze
la

ni
 

et
 a

l 
(1

99
8)

41

58
24

28
2†

20
 (

35
)

15
 (

63
)

5 
(1

8)
1†

2 
(3

.4
)

1 
(4

.1
)

1 
(3

.6
)

>
2†

5(
8.

6)
4 

(1
7)

1 
(3

.6
)

N
R

Fa
ra

be
go

li 
et

 a
l 

(1
99

9)
42

79
19

60
2‡

N
R

N
R

15
 (

25
)

1‡
N

R
N

R
12

 (
20

)
≥3

‡
N

R
N

R
33

 (
55

)
N

A

Ji
m

en
ez

 
et

 a
l 

(2
00

0)
43

34
10

§
15

§
>

80
14

 (
41

)
4 

(4
0)

9 
(6

0)
>

80
∥

3 
(8

.8
)

1 
(1

0)
1 

(6
.7

)
>

80
**

5 
(1

5)
1 

(1
0)

1 
(6

.7
)

N
A

B
os

e 
et

 a
l 

(2
00

1)
44

74
8

66
2‡

46
 (

62
)

1 
(1

3)
45

 (
68

)
0–

1‡
3 

(4
.1

)
0 

(0
)

3(
4.

5)
3–

4‡
25

 (
34

)
7 

(8
8)

18
 (

27
)

3+

T
ub

bs
 e

t 
al

 
(2

00
1)

45

14
5

29
11

6
N

R
92

 (
63

)†
†

12
 (

41
)

80
 (

69
)

N
R

N
R

N
R

N
R

N
R

53
 (

37
)

17
 (

59
)

36
 (

31
)

N
R

V
ar

sh
ne

y 
et

 a
l 

(2
00

4)
46

68
7

78
60

9
N

R
N

R
N

R
N

R
N

R
N

R
N

R
N

R
≥3

‡
71

 (
10

)
30

 (
39

)
41

 (
6.

7)
3+

Sa
lid

o 
et

 
al

 
(2

00
5)

47

17
5

80
††

95
N

R
15

3 
(8

7)
††

72
 (

90
)

81
 (

85
)

N
R

3 
(1

.7
)

N
R

N
R

≥3
‡

22
 (

13
)

14
 (

18
)

8 
(1

5)
2–

3+

D
ow

ns
-

K
el

ly
 e

t a
l 

(2
00

5)
48

72
7

13
4

59
3

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

>
2.

1‡
25

7 
(3

5)
54

 (
40

)
20

3 
(3

4)
N

A

B
es

er
 e

t a
l 

(2
00

7)
19

50
11

39
1.

35
–1

.8
5‡

35
 (

70
)

9 
(8

2)
26

 (
67

)
<

1.
35

‡
6 

(1
2)

0 
(0

)
6 

(1
5)

>
1.

86
‡

9 
(1

8)
2 

(1
8)

7 
(1

8)
N

R

To
rr

is
i e

t 
al

 
(2

00
7)

49

45
7

54
40

3
N

R
N

R
N

R
N

R
N

R
N

R
N

R
N

R
≥3

‡
77

 (
17

)
9 

(1
7)

68
 (

17
)

N
R

M
er

ol
a 

et
 

al
 

(2
00

6)
38

34
3

10
1

24
2

2‡
10

2 
(3

0)
N

R
N

R
1‡

83
 (

24
)

49
 (

49
)

34
 (

14
)

>
3‡

15
8 

(4
6)

24
 (

24
)

N
R

2+

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reinholz et al. Page 21

N
um

be
r 

of
 s

pe
ci

m
en

s
D

is
om

y
M

on
os

om
y

P
ol

ys
om

y
A

ss
oc

ia
ti

on
 

w
it

h 
E

R
B

B
2 

ex
pr

es
si

on
 

in
 E

R
B

B
2 

no
n-

am
pl

if
ie

d 
tu

m
ou

rs

To
ta

l
A

m
p*

N
on

-a
m

p
C

ut
of

f
To

ta
l N

 (
%

)
A

m
p 

N
 (

%
)*

N
on

-a
m

p 
N

 (
%

)
C

ut
of

f
To

ta
l N

 (
%

)
A

m
p 

N
 (

%
)

N
on

-a
m

p 
N

 (
%

)
C

ut
of

f
To

ta
l N

 (
%

)
A

m
p 

N
 (

%
)

N
on

-a
m

p 
N

 (
%

)

R
ei

nh
ol

z 
et

 a
l 

(2
00

7)
28

18
88

14
88

15
6

L
os

s 
≤6

0∥
62

5 
(3

3)
54

4 
(3

7)
81

 (
52

)
>

60
∥

89
 (

4.
7)

79
 (

5.
3)

5 
(3

.2
)

>
30

**
93

5 
(5

0)
86

5 
(5

8)
70

 (
36

)
N

R

G
ai

n 
≤3

0*
*

V
an

de
n 

B
em

pt
 e

t 
al

 
(2

00
8)

50

22
6

97
§§

12
6

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

>
3‡

10
4 

(4
6)

42
 (

43
)

62
 (

49
)

N
A

A
m

p=
E

R
B

B
2 

am
pl

if
ic

at
io

n.
 N

on
-a

m
p=

E
R

B
B

2 
no

n-
am

pl
if

ic
at

io
n.

 N
=

nu
m

be
r 

of
 s

pe
ci

m
en

s.
 N

R
=

no
t e

xp
lic

itl
y 

re
po

rt
ed

 in
 r

ef
er

en
ce

. N
A

=
E

R
B

B
2 

ex
pr

es
si

on
 w

as
 n

ot
 a

ss
oc

ia
te

d 
w

ith
 p

ol
ys

om
y 

17
.

‡‡
 E

R
B

B
2 

am
pl

if
ic

at
io

n 
de

fi
ne

d 
by

 m
od

e 
E

R
B

B
2 

si
gn

al
 o

r 
m

od
e 

ch
ro

m
os

om
e 

17
 s

ig
na

l ≥
2.

* E
R

B
B

2 
am

pl
if

ic
at

io
n 

de
fi

ne
d 

as
 E

R
B

B
2/

C
E

P1
7 

ra
tio

 ≥
2.

0 
un

le
ss

 o
th

er
w

is
e 

in
di

ca
te

d.

† D
is

om
y 

de
fi

ne
d 

as
 2

 E
R

B
B

2 
ge

ne
 s

ig
na

ls
 r

el
at

ed
 to

 2
 c

hr
om

os
om

e 
17

 s
ig

na
ls

 w
as

 f
ou

nd
 in

 a
ll 

ce
lls

; m
on

os
om

y 
de

fi
ne

d 
as

 E
R

B
B

2 
si

gn
al

s 
<

ch
ro

m
os

om
e 

17
 s

ig
na

ls
; p

ol
ys

om
y 

de
fi

ne
d 

as
 e

qu
al

 n
um

be
rs

 o
f 

bo
th

 s
ig

na
ls

 a
nd

 r
at

io
 >

2.

‡ A
ve

ra
ge

 n
um

be
r 

of
 c

hr
om

os
om

e 
17

 s
ig

na
ls

 p
er

 n
uc

le
us

.

§ E
R

B
B

2 
am

pl
if

ic
at

io
n 

de
fi

ne
d 

as
: >

80
%

 w
ith

 >
5 

E
R

B
B

2 
si

gn
al

s 
pe

r 
nu

cl
eu

s;
 E

R
B

B
2 

no
n-

am
pl

if
ic

at
io

n:
 >

80
%

 w
ith

 ≤
2 

si
gn

al
s 

pe
r 

nu
cl

eu
s.

 P
er

ce
nt

 o
f 

nu
cl

ei
 w

ith
 2

 c
hr

om
os

om
e 

17
 s

ig
na

ls
 p

er
 c

el
l.

∥ Pe
rc

en
t o

f 
nu

cl
ei

 w
ith

 lo
ss

 o
f 

ce
nt

ro
m

er
ic

 r
eg

io
n 

or
 e

nt
ir

e 
ch

ro
m

os
om

e 
(t

yp
ic

al
ly

 w
ith

 0
 o

r 
1 

ch
ro

m
os

om
e 

17
 s

ig
na

l p
er

 c
el

l)
.

**
Pe

rc
en

t o
f 

nu
cl

ei
 w

ith
 g

ai
n 

of
 c

en
tr

om
er

ic
 r

eg
io

n 
or

 e
nt

ir
e 

ch
ro

m
os

om
e 

(t
yp

ic
al

ly
 >

2 
or

 ≥
3 

ch
ro

m
os

om
e 

17
 s

ig
na

ls
 p

er
 c

el
l)

.

††
In

fe
rr

ed
 f

ro
m

 li
te

ra
tu

re
 to

 b
e 

di
so

m
ic

.

§§
E

R
B

B
2 

am
pl

if
ic

at
io

n 
de

fi
ne

d 
as

 E
R

B
B

2/
C

E
P1

7 
ra

tio
 >

2.
2.

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reinholz et al. Page 22

Ta
b

le
 3

Pr
ev

al
en

ce
 o

f 
an

eu
so

m
y 

17
 in

 b
re

as
t-

ca
nc

er
 p

ro
gr

es
si

on
 e

st
im

at
ed

 b
y 

FI
SH

 a
na

ly
si

s

B
re

as
t 

ti
ss

ue
N

um
be

r 
of

 s
pe

ci
m

en
s

N
um

be
r 

of
 n

uc
le

i c
ou

nt
ed

D
is

om
y

M
on

os
om

y
P

ol
ys

om
y

C
ut

-o
ff

%
N

C
ut

-o
ff

%
N

C
ut

-o
ff

%
N

M
ic

al
e 

et
 a

l (
19

94
)5

6
Pr

ol
if

er
at

iv
e 

le
si

on
8

20
0–

40
0

L
os

s 
≤4

5*
50

4
>

45
*

50
4

>
10

†
0

0

D
uc

ta
l c

ar
ci

no
m

a 
in

 s
itu

1
G

ai
n 

≤1
0†

0
0

0
0

10
0

1

L
ob

ul
ar

 c
ar

ci
no

m
a 

in
 s

itu
1

0
0

0
0

0
0

In
va

si
ve

 d
uc

ta
l c

ar
ci

no
m

a
1

0
0

0
0

10
0

1

T
ub

ul
ar

 c
ar

ci
no

m
a

1
0

0
10

0
1

0
0

M
ur

ph
y 

et
 a

l (
19

95
)6

0
D

uc
ta

l c
ar

ci
no

m
a 

in
 s

itu
3

20
0

≥6
0‡

N
R

<
2§

N
R

>
10

†
10

0
3

In
va

si
ve

 d
uc

ta
l c

ar
ci

no
m

a
3

N
R

N
R

N
R

V
is

sc
he

r 
et

 a
l (

19
96

)5
7

Pr
ol

if
er

at
iv

e 
le

si
on

6
20

0–
30

0
L

os
s 

≤4
0*

N
R

>
40

*
17

1
>

10
†

0
0

D
uc

ta
l c

ar
ci

no
m

a 
in

 s
itu

10
G

ai
n 

≤1
0†

N
R

50
5

20
2

L
ob

ul
ar

 c
ar

ci
no

m
a 

in
 s

itu
9

N
R

67
3

0
0

M
en

de
lin

 e
t a

l (
19

99
)5

8
D

uc
ta

l c
ar

ci
no

m
a 

in
 s

itu
12

20
0–

30
0

L
os

s 
≤4

0*
34

¶
17

¶
>

40
*

16
¶

8¶
>

20
†

50
¶

25
¶

Pa
ir

ed
 in

va
si

ve
 c

om
po

ne
nt

g
12

 (
50

 h
yb

ri
di

sa
tio

ns
)¶

G
ai

n 
≤1

0†
12

¶
6¶

10
¶

5¶
78

¶
39

¶

V
is

sc
he

r 
et

 a
l (

20
00

)5
1

D
uc

ta
l c

ar
ci

no
m

a 
in

 s
itu

28
 (

14
3 

hy
br

id
is

at
io

ns
)¶

20
0–

30
0

L
os

s 
≤4

0*
35

¶
50

¶
≥4

0*
19

¶
27

¶
>

20
†

46
¶

66
¶

G
ai

n 
≤1

0†

Ji
m

en
ez

 e
t a

l (
20

00
)4

3
D

uc
ta

l c
ar

ci
no

m
a 

in
 s

itu
7

10
0–

30
0

>
80

‡
29

2
>

80
*

0
0

>
80

‡
14

1

57
∥

4∥

M
ar

in
ho

 e
t a

l (
20

00
)5

5
Pr

ol
if

er
at

iv
e 

le
si

on
9

≥2
00

N
R

10
0

9
>

37
.5

*
0

0
>

10
†

0
0

D
uc

ta
l c

ar
ci

no
m

a 
in

 s
itu

11
N

R
N

R
46

5
46

In
va

si
ve

 d
uc

ta
l c

ar
ci

no
m

a
16

38
6

50
8

N
=

nu
m

be
r 

of
 s

pe
ci

m
en

s.
 N

R
=

N
ot

 e
xp

lic
itl

y 
re

po
rt

ed
 in

 r
ef

er
en

ce
.

**
 I

nv
ad

in
g 

ce
lls

 w
er

e 
co

m
pa

re
d 

to
 r

es
id

ua
l i

n-
si

tu
 p

op
ul

at
io

n 
in

 th
e 

12
 b

re
as

t c
ar

ci
no

m
as

 s
tu

di
ed

.

* Pe
rc

en
t o

f 
nu

cl
ei

 w
ith

 lo
ss

 o
f 

ce
nt

ro
m

er
ic

 r
eg

io
n 

or
 e

nt
ir

e 
ch

ro
m

os
om

e 
(t

yp
ic

al
ly

 w
ith

 0
 o

r 
1 

ch
ro

m
os

om
e 

17
 s

ig
na

ls
 p

er
 c

el
l)

.

† Pe
rc

en
t o

f 
nu

cl
ei

 w
ith

 g
ai

n 
of

 c
en

tr
om

er
ic

 r
eg

io
n 

or
 e

nt
ir

e 
ch

ro
m

os
om

e 
(t

yp
ic

al
ly

 >
2 

or
 ≥

3 
ch

ro
m

os
om

e 
17

 s
ig

na
ls

 p
er

 c
el

l)
.

‡ Pe
rc

en
t o

f 
ce

lls
 d

is
pl

ay
in

g 
2 

si
gn

al
s 

pe
r 

nu
cl

eu
s.

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reinholz et al. Page 23
§ A

ve
ra

ge
 n

um
be

r 
of

 c
hr

om
os

om
e 

17
 s

ig
na

ls
 p

er
 n

uc
le

us
.

¶ Pr
ev

al
en

ce
 b

as
ed

 o
n 

hy
br

id
is

at
io

ns
.

∥ H
et

er
og

en
eo

us
 c

hr
om

os
om

e 
17

 c
op

y 
nu

m
be

r 
(t

um
ou

r 
ce

lls
 c

on
ta

in
ed

 v
ar

ia
bl

e 
nu

m
be

r 
of

 c
hr

om
os

om
e 

17
 c

op
ie

s 
pe

r 
nu

cl
eu

s)
.

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reinholz et al. Page 24

Ta
b

le
 4

Su
m

m
ar

y 
of

 a
ne

us
om

y 
17

 in
 b

re
as

t-
ca

nc
er

 p
ro

gr
es

si
on

 (
co

m
bi

na
tio

n 
of

 s
tu

dy
 r

es
ul

ts
 f

ro
m

 ta
bl

e 
3)

Sp
ec

im
en

s 
(N

)*
D

is
om

y
M

on
os

om
y

P
ol

ys
om

y

N
N

R
N

%
†

N
N

R
N

%
†

N
N

R
N

%
†

Pr
ol

if
er

at
iv

e 
le

si
on

23
6

13
76

0
5

22
0

0
0

D
uc

ta
l c

ar
ci

no
m

a 
in

 s
itu

32
24

2
25

3
10

34
0

16
50

L
ob

ul
ar

 c
ar

ci
no

m
a 

in
 s

itu
10

9
0

0
0

3
30

0
0

0

In
va

si
ve

 c
ar

ci
no

m
a

21
19

0
0

3
7

39
3

9
50

N
=

nu
m

be
r 

of
 s

pe
ci

m
en

s.
 N

R
=

no
t e

xp
lic

itl
y 

re
po

rt
ed

 in
 r

ef
er

en
ce

.

* Pe
rc

en
t h

yb
ri

di
sa

tio
ns

 f
ro

m
 ta

bl
e 

3 
an

d 
as

so
ci

at
ed

 tu
m

ou
rs

 a
re

 n
ot

 in
cl

ud
ed

.

† D
oe

s 
no

t i
nc

lu
de

 N
R

 s
pe

ci
m

en
s.

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reinholz et al. Page 25

Ta
b

le
 5

A
ne

us
om

y 
17

 a
nd

 a
ss

oc
ia

tio
n 

w
ith

 c
lin

ic
op

at
ho

lo
gi

ca
l c

ha
ra

ct
er

is
tic

s

N
um

be
r 

of
 s

pe
ci

m
en

s
N

ot
ti

ng
ha

m
 p

ro
gn

os
ti

c 
in

de
x

Tu
m

ou
r 

gr
ad

e
Tu

m
ou

r 
hi

st
ol

og
y

Tu
m

ou
r 

si
ze

Tu
m

ou
r 

no
da

l s
ta

tu
s

O
es

tr
og

en
 r

ec
ep

to
r

P
ro

ge
st

er
on

e 
re

ce
pt

or
Su

rv
iv

al

H
er

ri
ng

to
n 

et
 a

l 
(1

99
5)

29

49
N

R
N

A
N

R
N

A
C

I
N

R
N

R
N

R

Pe
rs

on
s 

et
 

al
 (

19
96

)2
1

55
N

R
Y

, p
17

N
R

Y
, p

17
N

R
N

A
N

A
N

R

Ic
hi

ka
w

a 
et

 
al

 (
19

96
)3

0
10

6
N

R
*

N
R

N
R

N
R

Y
, a

17
N

R
N

R
N

R

A
de

yi
nk

a 
et

 
al

 (
19

99
)6

9
16

N
R

Y
†

N
R

N
R

Y
†

N
R

N
R

N
R

M
cM

an
us

 
et

 a
l 

(1
99

9)
31

69
N

R
Y

, p
17

Y
, p

17
N

A
N

A
N

R
N

R
N

R

B
ot

ti 
et

 a
l 

(2
00

0)
10

28
N

R
Y

, p
17

N
R

N
R

N
A

N
R

N
R

N
R

V
is

sc
he

r 
et

 
al

 (
20

00
)5

1
28

N
R

Y
, a

17
N

R
N

R
N

R
N

R
N

R
N

R

T
su

ka
m

ot
o 

et
 a

l 
(2

00
1)

32

11
3

N
R

N
R

N
R

N
R

Y
, p

17
m

17
/E

R
-

p1
7/

PR
-

N
R

Fe
hm

 e
t a

l 
(2

00
2)

33
74

N
R

N
A

N
R

Y
, p

17
N

A
N

A
m

17
/P

R
-

N
R

N
ak

op
ou

lo
u 

et
 a

l 
(2

00
2)

34

42
N

R
N

A
N

A
Y

Y
, m

17
m

17
/E

R
-

N
R

Y
, m

17

W
at

te
rs

 e
t 

al
 (

20
03

)3
6

21
4

Y
, p

17
Y

, p
17

N
R

N
R

N
A

p1
7/

E
R

-
N

R
N

A

Sa
lid

o 
et

 a
l 

(2
00

5)
47

17
5

N
R

N
A

N
R

N
R

Y
, p

17
N

A
N

A
N

R

D
al

 L
ag

o 
et

 
al

 (
20

06
)6

4
89

3
N

R
N

A
N

R
N

A
N

R
N

A
/E

R
+

N
R

N
R

Ta
ke

hi
sa

 e
t 

a 
(2

00
7)

39
42

N
R

Y
, p

17
N

R
N

R
N

R
Y

, p
17

N
R

N
R

H
yu

n 
et

 a
l 

(2
00

8)
40

30
9

N
R

Y
, p

17
N

R
N

R
N

R
N

R
N

R
N

R

V
an

de
n 

B
em

pt
 e

t a
l 

(2
00

8)
50

22
6

N
A

N
A

N
A

N
A

N
A

N
A

N
A

T
re

nd
, p

17

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reinholz et al. Page 26
N

=
nu

m
be

r 
of

 s
pe

ci
m

en
s.

 N
R

=
no

t r
ep

or
te

d 
in

 r
ef

er
en

ce
. C

I=
ch

ro
m

os
om

e 
im

ba
la

nc
e.

 N
A

=
ch

ar
ac

te
ri

st
ic

 e
xa

m
in

ed
 in

 s
tu

dy
 b

ut
 n

ot
 a

ss
oc

ia
te

d 
w

ith
 c

hr
om

os
om

e 
17

 c
op

y 
nu

m
be

r 
st

at
us

. Y
=

as
so

ci
at

io
n 

ex
is

ts
 

w
ith

 c
hr

om
os

om
e 

17
 a

ne
us

om
y 

(a
17

),
 p

ol
ys

om
y 

(p
17

),
 o

r 
m

on
os

om
y 

(m
17

) 
as

 in
di

ca
te

d.
 E

R
−

=
oe

st
ro

ge
n 

re
ce

pt
or

-n
eg

at
iv

ity
. E

R
+

=
oe

st
ro

ge
n 

re
ce

pt
or

-p
os

iti
vi

ty
. P

R
−

=
pr

og
es

te
ro

ne
 r

ec
ep

to
r 

ne
ga

tiv
ity

. P
R

+
=

pr
og

es
te

ro
ne

 r
ec

ep
to

r 
po

si
tiv

ity
.

* N
o 

co
rr

el
at

io
n 

w
ith

 tu
m

ou
r 

st
ag

e 
(u

si
ng

 T
N

M
 tu

m
ou

r 
si

ze
, n

od
al

 s
ta

tu
s,

 m
et

as
ta

si
s 

st
ag

in
g 

cr
ite

ri
a)

.

† A
ss

oc
ia

te
d 

w
ith

 p
ol

ys
om

y 
of

 m
ul

tip
le

 c
hr

om
os

om
es

.

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.


	Abstract
	Introduction
	Identification of aneusomy 17
	Aneusomy 17 and breast cancer
	Aneusomy 17 in breast-cancer progression

	Aneusomy 17 in invasive breast cancer
	Polysomy 17 and ERBB2 amplification
	Polysomy 17 and ERBB2 expression in the absence of ERBB2 amplification

	Association of polysomy 17 with prognostic factors
	Chromosome 17 copy-number correction
	Chromosome 17 and prediction of therapeutic response
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

