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Abstract

Purpose: Adjuvant therapy decisions may in part be based on results of Oncotype DX Breast 

Recurrence Score® (RS) testing of primary tumors. When necessary, lymph node metastases may 

be considered as a surrogate. Here we evaluate the concordance in gene expression between 

primary breast cancers and synchronous lymph node metastases, based on results from quantitative 

RT-PCR-based RS testing between matched primary tumors and synchronous nodal metastases.

Methods: This retrospective, exploratory study included patients (≥18 years old) treated at our 

center (2005–2009) who had ER+, HER2-negative invasive breast cancer and synchronous nodal 

metastases with available tumor blocks from both sites. Paired tissue blocks underwent RS testing, 

and RS and single-gene results for ER, PR, and HER2 were explored between paired samples.

Results: A wide distribution of RS results in tumors and in synchronous nodal metastases were 

modestly correlated between 84 paired samples analyzed (Pearson correlation 0.69 [95% CI 0.55–

0.78]). Overall concordance in RS group classification between samples was 63%. ER, PR, and 

HER2 by RT-PCR between the primary tumor and lymph node were also modestly correlated 

(Pearson correlation [95% CI]: 0.64 [0.50–0.75], 0.64 [0.49–0.75], and 0.51 [0.33–0.65], 

respectively). Categorical concordance (positive or negative) was 100% for ER, 77% for PR, and 

100% for HER2.

Conclusions: There is modest correlation in continuous gene expression, as measured by the RS 

and single-gene results for ER, PR, and HER2 between paired primary tumors and synchronous 

nodal metastases. RS testing for ER+ breast cancer should continue to be based on analysis of 

primary tumors.
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BACKGROUND

Breast cancer is the leading cause of death in women aged 35 to 55 and the second leading 

cause of death among women of all ages. In 2017, there were an estimated 255,180 new 

cases of invasive breast cancer in the United States[1]. About one third of new diagnoses 

have metastasized to the axillary lymph nodes[2], and a small proportion of new diagnoses 
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(<1%) present as regional nodal disease without clinical evidence of tumor in the breast 

[3,4]. At least 20% of women with early-stage breast cancer will later develop metastatic 

disease [5,6]. Many patients with nodal involvement will be recommended adjuvant 

chemotherapy treatment [7].

Estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 

receptor 2 (HER2) are critical biomarkers used to subgroup and subsequently guide adjuvant 

treatment decisions in the management of breast cancer [8]. Additionally, the Oncotype DX 

Breast Recurrence Score® (RS) assay, which uses quantitative RT-PCR to measure RNA 

expression from archival breast carcinoma tissue, provides prognostic and predictive 

information regarding chemotherapy benefit in early stage, hormone-receptor-positive (HR

+), node-negative, or node-positive breast cancer [9–12]. Quantitative single-gene results for 

ER, PR, and HER2 are also assessed and reported as part of the Recurrence Score assay. 

These results have been shown to be highly concordant with immunohistochemistry (IHC) 

and fluorescent in situ hybridization (FISH) assays (ER concordance: 96%; PR concordance: 

90%; HER2 concordance: 95% [IHC] and 97% [FISH]) [13,14].

Comparisons of primary breast carcinomas and their metastases may be performed with 

either synchronous metastases, most commonly axillary lymph nodes, or asynchronous 

metastases. In asynchronous metastases, standard IHC markers are frequently discordant 

between the primary and the asynchronous metastasis [15]. This variability is multifactorial, 

and includes primary tumor molecular diversity and differential escape of clones [16,17], 

biological evolution caused by clonal selection following treatment [18], and pre-analytic 

differences such as delay to fixation, duration of fixation, or fixative differences. The most 

common difference between primary tumors and metastases is the loss of receptor 

expression, with the loss of positivity in either or both ER and PR in luminal breast cancer 

following adjuvant endocrine therapy alone or in combination with chemotherapy [18], and 

loss of HER2-positivity following trastuzumab therapy [19]. Loss of hormone or HER2 

receptors is associated with a worse prognosis [18,19]. Because of such discordances 

between the primary tumors and the metastases, the American Society of Clinical Oncology 

(ASCO) recommends biopsy of all metastatic sites after any disease-free interval in order to 

assure appropriate management based on the biology of the metastasis [20]. Conversely, 

synchronous metastases show less receptor-discordance between the primary and 

synchronous distant metastasis [15]. Using more sensitive molecular techniques, a high 

degree of concordance has been noted in patients with synchronous metastases, although 

detailed computational analysis reveal that a small number of genes are consistently 

differentially expressed between tumors and metastases [21,15,22,23].

In cases of untreated patients presenting with occult breast carcinoma and axillary lymph 

node metastases, a high degree of concordance between these tumor tissues might be 

clinically valuable, if validated, in order to employ molecular assays that have been 

developed previously and validated using only primary breast cancer tissue [4]. Using the 

standardized, quantitative RT-PCR-based RS assay, this exploratory study was undertaken 

with the objective of comparing the RS result and quantitative single-gene results for ER, 

PR, and HER2 between primary breast carcinomas and their matched synchronous lymph 

node metastases.
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STUDY DESIGN

This was a retrospective study of 100 patients who underwent axillary lymph node 

dissection based on a positive sentinel lymph node biopsy or presurgical biopsy for breast 

cancer at Beth Israel Medical Center between January 1, 2005 and January 1, 2009. Patients 

were identified chronologically through review of pathology reports. Study candidates were 

deemed eligible if they were 18 years of age or older with ER+ invasive breast cancer, had 

macrometastatic disease (>2.0 mm) in an axillary lymph node, and had available tumor 

blocks from both the primary tumor and the positive axillary lymph node(s). Patients with a 

prior history of breast cancer or who received neoadjuvant chemotherapy or hormonal 

therapy were excluded from the study.

Tissue blocks from matched primary breast cancer tumor and synchronous lymph node 

metastases were sent to the Genomic Health Clinical Laboratory for analysis using the 

Oncotype DX Breast Recurrence Score assay, as previously described [9]. Single-gene ER, 

PR, and HER2 expression were assessed by RT-PCR for the paired samples. RS groups were 

predefined as low (RS <18), intermediate (RS 18–30), and high (RS ≥31). ER and PR 

expression were predefined as negative if <6.5 and <5.5, respectively; HER2 expression was 

predefined as negative if <10.7, positive if ≥11.5, and equivocal otherwise.

STATISTICAL METHODS

Analyses were performed on all patients with reportable results from the Oncotype DX 

Breast Recurrence Score assay for both the primary tumor and the metastatic node. Patient 

characteristics were summarized using descriptive statistics. Scatterplots of RS results, and 

ER, PR, and HER2 expression from the primary and metastatic tumors were constructed. 

Pearson’s correlation coefficient and 95% confidence intervals (CI) were calculated to 

compare RS results and single gene expression between primary tumors and lymph node 

metastases, and Lin’s concordance statistic was evaluated for agreement. Discordance in RS 

groups was also measured, with one-level discordance defined as low ↔ intermediate or 

intermediate ↔ high, and two-level discordance as low ↔ high. General linear models were 

fit to the difference between the RS result from primary tumor and lymph node metastases to 

explore potential associations between the difference and pathology measurements. All 

analyses were performed in SAS 9.2 (SAS Institute, Inc.; Cary, NC).

RESULTS

Tumor specimens from 84 patients with median age 58 years (range 33 to 90 years) were 

included in the analysis. Most patients had 1–3 positive nodes (36%, 21%, and 14% with 1, 

2, and 3 positive nodes, respectively), 24% had 4–9 positive nodes, and 5% had ≥10 positive 

nodes. Most tumors were grade 2 (61%), and 22% were known to be multicentric. Median 

tumor size was 2.0 cm (range 0.7 to 7.0 cm) (Table 1).

There was a wide distribution of RS results for both the primary tumors and the lymph node 

metastases, and a modest correlation between the paired samples (Pearson correlation [95% 

CI] 0.69 [0.55–0.78]) (Figure 1). Differences between primary tumor and lymph node RS 

results varied in magnitude, but with no obvious predictive pattern.
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RS grouping differed between primary tumor and lymph node for 37% of the patients, with 

35% displaying one-level discordance, and 2% two-level discordance. Overall concordance 

in RS classification between samples was 63% (Table 2). The differences in RS groups 

between primary tumor and lymph node metastases were not associated with histologic 

subtypes, tumor grade, presence of extracapsular extension, multicentricity, lymphovascular 

invasion, or the number of positive lymph nodes (Table 3). RS results were not always 

higher in the lymph node metastases.

Modest correlations were also observed in ER and PR by RT-PCR between the primary 

tumor and lymph node metastasis (Pearson correlation [95% CI] 0.64 [0.50–0.75] and 0.64 

[0.49–0.75], respectively). Like RS results, differences in ER and PR between primary 

tumor and lymph node varied in magnitude without any obvious patterns (Figure 2). There 

was no discordance in categorization of ER-positivity within the samples; all samples were 

classified as ER-positive (Table 4). By contrast, PR status of the primary tumor differed 

from that of the lymph node in 23% of cases; 14 cases converted from PR-positive in the 

primary breast carcinoma to PR-negative in the lymph node metastases, and 5 cases 

converted from PR-negative in the primary tumor to PR-positive in the metastases. HER2 

expression by RT-PCR in the primary tumor was moderately correlated with that in the 

lymph node metastases (Pearson correlation [95% CI] 0.51 [0.33–0.65]). As there were no 

HER2-positive primary breast cancer samples included in the study, concordance in HER2 

status cannot be fully assessed. (Figure 2, Table 4). Gene expression for ER, PR, and HER2 

were not consistently lower in the lymph node metastases.

DISCUSSION

In this study of ER+, HER2-negative primary breast carcinomas and paired synchronous 

lymph node metastases, we found a modest correlation in continuous gene expression, as 

measured by the RS result and single-gene results for ER, PR, and HER2, between primary 

carcinoma and synchronous nodal metastasis. These exploratory findings add to the body of 

literature that has shown concordance of receptor status using IHC between primary breast 

tumors and paired synchronous nodal metastases. These findings suggest that gene 

expression results are different between the two sites and that use of lymph node metastases 

for clinical molecular testing would need validation before implementation. Thus, primary 

tumor tissue remains the preferred input material for Recurrence Score testing.

Although there is a wide body of literature showing concordance between breast primary 

and asynchronous metastases (nodal or distant), the literature is quite limited with respect to 

studies that examine specifically the concordance between breast primary and synchronous 

lymph nodes metastases. Ba et al evaluated the concordance of ER, PR, and HER2 

expression, as measured by IHC, in 209 patients with paired breast primary tumors and 

synchronous lymph node metastases [24]. They found the rate of discordance in ER status to 

be 25.0%, PR status 28.9%, and HER2 status 14.0%. A similar study by Falck et al found 

the concordance rate of ER expression to be 93% (n=262 paired samples), PR expression 

84% (n=257 paired samples), and HER2 expression 97% (n=104 paired samples) [25]. A 

study by Aitken et al involving 211 patients with paired specimens demonstrated the overall 

risk of discordance to be as high as 46.9% in at least one receptor [26].
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This present study found a modest correlation in continuous gene expression, as measured 

by the RS result and single gene scores for ER, PR, and HER2, between primary carcinoma 

and synchronous nodal metastasis. Concordance by RS group (<18, 18–30, ≥31) was 63%. 

Discordance in RS group was not associated with histologic subtype, tumor grade, 

multicentricity, presence of extracapsular extension, lymphovascular invasion, or the number 

of positive nodes. With respect to quantitative gene expression for ER, PR and HER2, there 

were no differences in ER or HER2 status when they were assessed categorically as positive 

or negative between the primary tumor and the nodal metastasis, despite differences in 

continuous gene expression. As in prior studies, PR status of the primary tumor differed 

from that of the metastatic lymph nodes in 23% of cases. Notably, there were no matched 

patient samples that converted from ER+ primary breast carcinoma to ER-negative lymph 

node metastasis or from HER2-negative primary breast carcinoma to HER2+ lymph node 

metastasis, changes that might prompt reconsideration of patient treatment. Also noteworthy 

is that RS results were not always higher nor single-gene expression levels lower in the 

lymph node metastases, suggesting that associated lymphocytes do not dilute gene 

expression as assessed in the lymph node compared to the primary breast carcinoma [27].

The strengths of our study include the use of a rigorously, analytically validated quantitative 

RT-PCR assay rather than IHC, allowing exploration of the wide dynamic range of 

quantitative evaluation of gene expression. Inclusion criteria prespecified macrometastatic 

disease that could be microdissected to enrich for tumor tissue in a central laboratory with 

expertise in such dissection. Also, synchronous tumors without intervening treatment effect 

were intentionally chosen. The limitations of this study were that clinical endpoints were not 

examined, e.g., time to distant recurrence, precluding assessments of which tumor would be 

most informative regarding the risk of recurrence. Additionally, ER and HER2 expression 

discordance cannot be fully assessed as patients with ER-negative or HER2+ primary breast 

cancer were excluded from the study.

CONCLUSION

This exploratory study adds meaningful information to the limited body of knowledge 

regarding the concordance in biomarkers between a primary breast carcinoma and 

synchronous lymph node metastases. In most cases, the gene expression profiles of the 

primary tumor and lymph node were similar; in cases where there was variability, there may 

be actual biological differences. Confirmation of these data in larger, controlled studies 

would be necessary before gene expression from lymph node metastases could be used 

instead of results derived from breast primaries to make adjuvant treatment decisions. We 

recommend that Recurrence Score testing should continue to be based on analysis of the 

primary tumor, as is the current standard practice.
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LIST OF ABBREVIATIONS

ASCO American Society of Clinical Oncology

Cl confidence interval

ER estrogen receptor

FISH fluorescent in situ hybridization

HER2 human epidermal growth factor receptor 2

IHC immunohistochemistry

PR progesterone receptor

RS Recurrence Score®

RT-PCR reverse transcriptase-polymerase chain reaction

transATAC translational study of the Arimidex, Tamoxifen, Alone or in 

Combination trial
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Fig. 1. 
Comparison of Gene Expression Results Measured in the Primary Tumor and the Lymph 

Node. Scatterplots of (a) Recurrence Score result; (b) ER by RT-PCR; (c) PR by RT-PCR; 

(d) HER2 by RT-PCR measured in the primary tumor and the lymph node
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Table 1.

Baseline patient demographics and disease characteristics.

Variable N=84

Median age, years (range) 58 (33 to 90)

Median size,
a
 cm (range)

2.0 (0.7 to 7.0)

Histology, n (%)
b

 Invasive ductal carcinoma 56 (67%)

 Invasive lobular carcinoma 17 (20%)

 Mixed 10 (12%)

 Invasive ductal carcinoma, papillary 1 (1%)

Grade, n (%)
b

 1 8 (11%)

 2 46 (61%)

 3 22 (29%)

 Unknown 8

Extracapsular extension,
c
 n (%)

b

 No 58 (71%)

 Yes 24 (29%)

 Unknown 2

Multicentric, n (%)
b

 No 63 (78%)

 Yes 18 (22%)

 Unknown 3

Lymphovascular invasion, n (%)
b

 No 44 (54%)

 Yes 38 (46%)

 Unknown 2

No. of positive nodes, n (%)
b

 1 30 (36%)

 2 18 (21%)

 3 12 (14%)

 4 to 9 20 (24%)

 ≥10 4 (5%)

ER by IHC, n (%)
b

 1–2+ 1 (1%)

 2+ 17 (20%)

 2–3+ 2 (2%)
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Variable N=84

 3+ 64 (76%)

PR by IHC, n (%)
b

 0 5 (6%)

 1+ 7 (9%)

 1–2+ 3 (4%)

 2+ 16 (20%)

 2–3+ 3 (4%)

 3+ 47 (58%)

 Unknown 3

HER2 by IHC, n (%)
b

 0 38 (45%)

 1+ 22 (26%)

 2+ 24 (29%)

a
Tumor size information was available for 82 patients only.

b
Percentages are reported in non-missing data only.

c
Extracapsular extension, as detected by lymph node pathology.

Breast Cancer Res Treat. Author manuscript; available in PMC 2020 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Boolbol et al. Page 13

Table 2.

Concordance in classification by Recurrence Score group between primary tumor and lymph node.

Status from primary tumor

Status from lymph node

Recurrence Score group RS <18 RS 18–30 RS ≥31 Concordance

 RS <18 35 (42%) 10 (12%) 0 63%

 RS 18–30 11 (13%) 14 (17%) 8 (10%)

 RS ≥31 2 (2%) 0 4 (5%)

ER status by RT-PCR Negative Positive Concordance

 Negative 0 0 100%

 Positive 0 84 (100%)

PR status by RT-PCR Negative Positive Concordance

 Negative 3 (4%) 5 (6%) 77%

 Positive 14 (17%) 62 (74%)

HER2 status by RT-PCR Negative
Equivocal

a Positive Concordance

 Negative 75 (89%) 6 (7%) 0 100%

 Equivocal
a 1 (1%) 2 (2%) 0

 Positive 0 0 0

a
HER2 equivocal (italics) excluded per ASCO/CAP guidelines [28].
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Table 3.

Univariable analysis of difference between Recurrence Score results by primary tumor and lymph node.

Pathology variable n
a p-value

Histologic subtype 84 0.57

Tumor grade 76 0.56

Extracapsular extension 82 0.60

Multicentric 81 0.37

Lymphovascular invasion 82 0.62

No. positive lymph nodes 84 0.85

a
Includes only patients with available data for a given variable.
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