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Abstract 

Aim: A contralateral breast cancer (CBC) is today treated as an independent primary tumor, 

although recent data suggest risk and prognosis of CBC to be influenced by characteristics of 

and treatment given for the first tumor (BC1). We hereby investigate phenotypical and 

prognostic features of the second tumor (BC2) in relation to prior endocrine treatment and 

radiotherapy. 

Methods: From a well-defined population-based cohort of CBC-patients, we have 

constructed a unique tissue-microarray including 600 pairs of primary tumors and CBCs. 

Breast cancer mortality was primary end-point for prognosis. 

Results: Both estrogen receptor (ER) status and stage was strongly correlated between BC1 

and BC2 within CBC-pairs. Although BC2 had the highest prognostic impact, BC1 continued 

to influence prognosis after diagnosis of CBC. Patients diagnosed with two high stage tumors 

within a short time-interval had a particularly bad prognosis. Prior endocrine therapy and 

radiotherapy both correlated to ER-negativity of BC2. An ER-negative BC2 was associated 

with an inferior prognosis compared to an ER-positive BC2 regardless of ER-status of BC1 or 

prior endocrine therapy. 

Conclusions: Our results suggest that both the residual prognostic impact of BC1, the 

possibility of contralateral metastasis, as well as prior treatment given, need to be considered 

when determining appropriate diagnostic work-up and treatment of CBC. In addition, 

radiation to the contralateral breast and risk of inducing CBC with an aggressive ER-negative 

phenotype should be considered when establishing new radiation treatment techniques. This 

study indicates loss of ER-expression as an important “endocrine treatment escape 

mechanism”, although further studies are warranted. 
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Highlights 

We investigate contralateral breast cancer (CBC) in relation to prior treatment 

Two high stage tumors within a short time-interval indicate a bad prognosis 

CBC developed after prior endocrine therapy is to a higher percentage ER-negative 

Loss of ER-dependence seems to be an important “endocrine treatment escape mechanism” 

CBC after prior radiotherapy is often of an ER-negative more aggressive phenotype 

 

Keywords 

Breast Neoplasms, Humans, Neoplasm Staging, Prognosis, Estrogen Receptor, Progesterone 

Receptor, Tissue Microarray Analysis, Radiotherapy, Hormonal Antineoplastic Agents, 

Tamoxifen. 
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Introduction 

Prior breast cancer patients have a life-time risk of 2-20% of developing a contralateral breast 

cancer (CBC) (1-3). A CBC is today treated as a new independent primary tumor, although 

recent data suggest that the second tumor (BC2) may in some cases be a metastasis of the first 

(BC1) (4, 5). In addition, CBC diagnosed in close connection to prior adjuvant treatment is 

presumably resistant to the treatment given. Indeed, prior endocrine therapy, chemotherapy 

and radiotherapy have all been associated with a worse prognosis once diagnosed with CBC 

(4, 6, 7). CBC may hence be used as an in vivo model for studies of adjuvant treatment 

resistance. In addition, with new radiotherapy techniques becoming clinically available, 

importance of scattered dose to the contralateral breast and risk of radiation induced CBC 

need to be further evaluated. 

We have hereby studied TNM-stage, estrogen (ER) and progesterone receptor (PR) status of 

BC2 in relation to characteristics of BC1 and prior treatment, using a unique tissue-

microarray (TMA) including >700 CBC-patients. This is to our knowledge the largest cohort 

of CBC-patients with access to detailed patient, tumor and treatment information as well as 

tumor tissue ever studied. We hereby wish to clarify the biological relationship between CBC-

pairs, and find indications as to when contralateral metastasis should be suspected and clonal 

relationship further investigated. We also want to investigate phenotypical and prognostic 

features of BC2 in relation to prior treatment. This could not only give us important 

information on how to optimize treatment for patients with CBC, but also increase our 

knowledge on treatment escape mechanisms in vivo.  
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Patients and Methods 

Tissue microarray and immunohistochemistry 

Inclusion criteria and data abstraction have been described before (4). Briefly all patients 

within the Southern Swedish Healthcare Region with two breast cancers reported in the 

Swedish Cancer Registry, and BC2 diagnosed between 1977 and 2007 were included. Clinical 

data was abstracted from individual charts and paraffin-embedded tissue collected. We 

focused on patients with metachronous CBC (≥3 months between tumors), excluding patients 

with synchronous CBC, patients with distant metastasis or another malignancy diagnosed 

before BC2, and patients with BC2 found only in the axilla. For the remaining 764 patients, 

paraffin blocks were available for 643 BC1 and 685 BC2, giving a total of 728 patients 

included in the TMA (Figure 1). After exclusion according to predefined criteria 688 patients 

were considered in the main statistical analysis. From representative areas of the invasive 

breast cancers, tissue-core-biopsies (diameter 1.0 mm) were punched out and mounted into 

the recipient block using a tissue-array-machine (Beecher Instruments, USA). 

ER and PR were reevaluated by a pathologist (AE), using immunohistochemistry (Ventana 

Benchmark system, 790-4324 clone SP1 and 790-2223 clone 1E2) (8). In line with Swedish 

clinical standard during this period, tumors with ≥10% stained nuclei were considered 

positive. The project was approved by the Regional Ethical Review Board of Lund University 

(LU240-01) and carried out in accordance with the code of ethics of the World Medical 

Association. All data was handled confidentially according to Sweden’s Personal-Data-Act. 

 

Statistical analysis 

Survival-data and cause of death was retrieved from the Swedish National Board of Health 

and Welfare (March 2014), and breast cancer mortality (BCM) chosen as primary end-point. 
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BCM includes breast cancer death or death after metastasis as a primary event. Event-free 

survival was measured from diagnosis of CBC.  

For statistical calculations, the software package Stata 11.2 (StataCorp. 2009. TX, USA) was 

used. General comparisons between groups of BC1 and BC2 were done with McNemar’s test, 

Wilcoxon matched-pairs signed-ranks test or McNemar-Bowker’s test of symmetry (Table 1). 

Associations between tumor-pairs or treatment groups were evaluated with χ2-test or χ2-test 

for trend (Table 2). Prognosis after BC2 was summarized graphically as cumulative BCM and 

cause-specific Cox-regression, treating competing events (death not related to breast cancer) 

as censoring, was used to estimate hazard ratios (HR). Plots were curtailed when ≤5 

individuals remained at risk. When relating stage of BC1 and BC2 to prognosis after BC2 

(Table 3), a full factorial Cox-model with 8 parameters was fitted.  

Assumptions of proportional hazards were checked graphically. Risk factors for ER-

negativity of BC2 were determined with logistic-regression. The Wilcoxon rank-sum test 

evaluated the relationship between time-interval and ER-status. Age at BC1 was categorized 

as <50 vs. ≥50 years. To adjust for calendar period, the material was divided in thirds by 

diagnosis-date of BC1. P-values correspond to two-sided tests and values <0.05 were 

considered significant.  

Approximately 90% of patients with endocrine therapy for BC1 received tamoxifen (Table 1) 

(remaining 16 patients: 14 oophorectomy, 1 oophorectomy+tamoxifen, 1 tamoxifen-

aromatase inhibitor). Initially, patients with endocrine treatment for BC1 were compared with 

those without. Other prior adjuvant treatment did not significantly differ between groups 

(Among patients with endocrine therapy for BC1, 64% received radiotherapy and 6% 

chemotherapy for BC1. Among patients without endocrine therapy for BC1, 61% received 

radiotherapy and 11% chemotherapy for BC1). Analyses were repeated comparing prior 
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tamoxifen vs. no prior endocrine therapy, and only prior tamoxifen vs. no prior adjuvant 

treatment (data not shown). 

Patients with only prior radiotherapy were compared with patients without any prior adjuvant 

treatment, and analyses repeated for all patients with prior radiotherapy vs. all other patients 

(data not shown). 

Multivariable analyses were adjusted for characteristics and when appropriate also for 

treatment of BC1 (calendar period, age, time-interval to BC2, size, lymph-node status, ER, 

PR, endocrine treatment, chemotherapy and radiotherapy) (Table 4). No interaction terms 

were considered and the main effects were assumed to be independent. Since effect of biology 

and treatment of BC1 on BC2 was to be investigated, adjusting for characteristics of BC2 

would risk concealing such effects.  

 

Results 

Tumor characteristics 

Patient and tumor characteristics are described in Table 1. Median follow-up time was 11.4 

years for patients without breast cancer related death, and 9.1 years in the whole patient 

cohort. BC2 was generally smaller than BC1 and more often PR-negative. In addition, BC2 

was less often treated with radiotherapy, but more often with endocrine therapy. No general 

difference was seen between BC1 and BC2 in type of surgery used, lymph-node status, TNM-

stage, or ER-status. When comparing tumors within CBC-pairs, both TNM-stage, ER- and 

PR-status were significantly correlated (Table 2). 
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Prognostic significance of BC1 vs. BC2. 

As expected, BC2 had the highest impact on prognosis after diagnosis of CBC (Figure 2, 

Table 3). However, within the individual stages of BC2, stage of BC1 contributed with 

prognostic information. The additional prognostic effect of BC1 diminished with increasing 

time between tumors. Patients diagnosed with two stage III tumors within five years had a 

twelve times higher HR for breast cancer mortality than if both tumors were of stage I (17 of 

17 patients with two stage III tumors diagnosed within 5 years died from breast cancer). This 

effect seemed to be higher than what would be expected if the two tumors represented two 

independent events (HR 1.8, p=0.3). However, patients with two stage III tumors were few, 

making results more unreliable and statistical significance hard to achieve.  

An ER-positive BC2 was associated with a better prognosis compared to an ER-negative BC2 

regardless of ER-status of BC1 (Figure 2c) (multivariable Cox-regression HR 0.5, 95%CI 0.3-

0.7, p<0.001). Patients with an ER-negative BC2 had a slightly, although not significantly, 

better prognosis if BC1 was ER-positive. Similar results as above were seen for PR (data not 

shown). 

 

Characteristics of BC2 in relation to prior endocrine therapy 

Prior endocrine therapy was significantly correlated to ER- and PR-negativity of BC2 

(Supplemental Table 1). Without prior endocrine therapy 92% of patients with an ER-positive 

BC1 developed an ER-positive BC2 and 41% of patients with an ER-negative BC1 an ER-

negative BC2. The corresponding numbers after endocrine therapy was 77% vs. 59%. Without 

prior endocrine therapy 14% of CBCs were ER-negative compared to 27% when prior 

endocrine treatment had been given (p<0.001). This effect was more pronounced in older 

women (ER-negative BC2: <50 years at BC1 23% vs. 30%, ≥50 years 9% vs. 27%. Term of 
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interaction p=0.04), and non-significantly so also with a short time-interval to BC2 (<5 years 

to BC2 15% vs. 37%; ≥5 years to BC2 12% vs. 19%. Interaction p=0.1). Similar results were 

seen in regard to PR (Supplemental Table 1). 

A multivariable logistic-regression model with tumor and treatment characteristics of BC1 as 

covariates showed young age, short time-interval to BC2, ER-negativity of BC1, and 

endocrine treatment given for BC1 to be significant risk factors predicting development of an 

ER-negative BC2 (Table 4). There was also a trend for ER-negativity after prior radiotherapy. 

A similar analysis showed prior endocrine treatment (OR 3.6, 95%CI 1.7-7.7) and prior 

radiotherapy (OR 2.5, 95%CI 1.1-5.6) to be predictive of a change in receptor status from an 

ER-positive BC1 to an ER-negative BC2. 

There was no significant difference in time to development of an ER-positive or an ER-

negative BC2 in patients without any prior adjuvant therapy (ER-positive 6.6 years, ER-

negative 6.3 years), or in patients without prior endocrine treatment (ER-positive 8.6 years, 

ER-negative 9.1 years). With prior endocrine therapy, on the other hand, there was a shorter 

mean time-interval to development of an ER-negative (6.1 years) than an ER-positive BC2 

(7.9 years) (p=0.05). However, this difference in time-interval to BC2 in relation to ER-status 

and endocrine treatment was not significant (p=0.2 for the interaction term in a linear-

regression model). 

With or without prior endocrine treatment an ER-positive BC2 was associated with a better 

prognosis than an ER-negative BC2 (Figure 2d). Patients developing ER-positive CBC within 

5 years of BC1 had a higher BCM if they had received endocrine treatment for BC1 (Prior 

endocrine treatment vs. no prior endocrine treatment: HR 1.5, 95% CI 0.94-2.6, p=0.09. Only 

prior endocrine treatment vs. no prior adjuvant treatment: HR 2.9, 95% CI 1.5-5.5, p=0.001). 

However, significance did not remain in multivariable analysis. 
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All analyses were repeated for prior tamoxifen vs. no prior endocrine treatment and only prior 

tamoxifen vs. no prior adjuvant treatment, with similar results (data not shown). 

 

Characteristics of BC2 in relation to prior radiotherapy 

Interestingly, also prior radiotherapy was significantly correlated to ER- and PR-negativity of 

BC2 (Supplemental Table 1). In patients without any prior adjuvant therapy 9% of CBCs 

were ER-negative compared to 16% in patients having received radiotherapy as only adjuvant 

treatment for BC1 (p=0.04). This effect was non-significantly more pronounced with a short 

time-interval to BC2 (<5 years 8% vs. 19%, ≥5 years 10% vs. 14%). No difference in time-

interval to development of an ER-positive vs. ER-negative CBC in relation to prior 

radiotherapy was found (ER-positive 9.7 years, ER-negative 8.9 years). No relation was seen 

between ER-status of BC1 and if radiotherapy was given. Hence, these results are not 

explained by a selection bias of patients with an ER-negative BC1 more often receiving 

radiotherapy. 

Previously published results of a worse prognosis for CBC-patients after prior radiotherapy 

(4) was confirmed in this subgroup with more detailed information on TNM-stage and 

hormone-receptor status (multivariable Cox-regression of only prior radiotherapy vs. no prior 

adjuvant treatment adjusted for characteristics of BC1 as described above. HR 1.9, 95%CI 

1.2-3.0, p=0.006).  

Analyses were repeated comparing all patients with prior radiotherapy vs. all other patients 

with similar results. 
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Discussion 

To our knowledge, this is the largest cohort of CBC-patients with access to detailed patient 

information, a long follow-up period, as well as tumor-tissue, ever studied. As previously 

suggested, we found hormone-receptor status within tumor-pairs to be highly correlated (9, 

10). In addition, TNM-stage was correlated between tumors. This may in part be explained by 

individual patient’s delay in reporting symptoms and compliance to follow-up. Other 

explanations are genetic and environmental factors inducing a specific tumor-type. However, 

recently the possibility of BC2 representing a metastasis of BC1 has also been suggested. 

Supporting this are studies showing lymph-node-status of BC1 to influence risk of CBC and 

the time-interval between tumors to affect prognosis (4, 5). In addition, genetic comparisons 

show some CBC to have features similar enough to BC1 that a metastatic spread is possible 

(11-15).  

We found that although prognosis after CBC is mainly determined by BC2, BC1 continues to 

have an impact. Patients developing two high stage tumors within a short time-interval 

seemed to have a worse prognosis than expected if these tumors represented two independent 

events. This may hence be a patient-group where contralateral metastasis could be more 

common and further investigation of clonal relationship warranted.  

Prior endocrine therapy was significantly correlated to ER-negativity of BC2. This is in line 

with previous tamoxifen prevention-trials and CBC-studies, where tamoxifen reduced 

incidence of ER-positive breast cancers by half, while having less, if any, effect on 

development of ER-negative tumors (16-18). In fact, there have even been suggestions of an 

increased risk of ER-negative CBC after tamoxifen use (17, 19). We cannot from this study 

determine whether this is due to a selective eradication of ER-positive tumors or whether 

some developing tumors in fact change ER-status due to treatment given.  
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Hence, prior endocrine therapy correlates to an increased percentage of ER-negative CBC, 

which in turn has a worse prognosis. However, an inferior prognosis has also been suggested 

for patients developing an ER-positive CBC despite prior endocrine therapy (6). This is not 

instantly confirmed by our study where patients with an ER-positive BC2 had a significantly 

better prognosis, regardless of having received prior endocrine treatment or not. A possible 

explanation is differences in study design and details of statistical analysis. However, another 

possible explanation may be that development of endocrine treatment resistance most often 

includes loss of ER-expression, while a remaining ER-expression indicates a still functional 

ER-signaling system and a less aggressive phenotype. Nevertheless, ER-positive CBC 

developed in close connection to BC1 had a slightly worse prognosis if endocrine treatment 

had been given for the first tumor. Since these results were not significant in multivariate 

analysis, they may in part be due to bias by indication (i.e. more aggressive tumors receiving 

more treatment). However, further studies of these tumors are warranted. 

Recent studies have shown adjuvant radiotherapy to increased risk of CBC (20, 21). 

Interestingly, we found not only endocrine therapy but also prior radiotherapy to correlate to 

ER-negativity of BC2. This is supported by preclinical studies showing radiotherapy to reduce 

ER-expression in breast cancer cell-lines and rat mammary-tumors (22-25), as well as to 

induce ER-negative breast cancer in premenopausal mice (26). Potential explanations could 

be: Activation of DNA-repair pathways influencing ER-expression (23); Disturbance of ER-

autoregulation involving micoRNA (27, 28); Microenvironmental changes inducing an ER-

negative stem-cell-enriched phenotype (29); and promoter-hypermethylation reducing 

estrogen binding-affinity and signaling (25, 28). 

Clinical studies are few, but data from the SEER-database suggest an increased risk of ER-

negative CBC after adjuvant radiotherapy (30), and preoperative radiotherapy reduce ER-

concentration in human breast cancers (31). Induced breast carcinomas after radiation of 
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Hodgkin’s lymphoma are also often of an aggressive ER-negative subtype (32, 33). Risk of 

inducing CBC with an aggressive phenotype should hence be considered when choosing an 

optimal radiation technique. For example, the modern techniques IMRT (intense modulated 

radiotherapy) and VMAT (volumetric modulated arc therapy) have been shown to increase 

dose and second cancer risk in the contralateral breast compared to conventional 3D-

conformal radiotherapy (34). 

Although radiation induced second malignancies generally develop first after several years 

(35), we found prior radiation to affect ER-status of BC2 already within five years of 

treatment. One possible explanation could be not only an induction of new tumors, but also an 

effect on preexisting lesions. Indeed, preclinical and clinical studies cited above suggest 

radiotherapy to induce both intratumoral and microenvironmental changes promoting a shift 

towards a more ER-negative phenotype. Since ER-negative breast cancer cells are more radio-

resistant (36), another possibility may also be low doses to the contralateral breast to eradicate 

mainly ER-positive cancer cells present, while ER-negative cells are left unaffected. 

In conclusion, our results suggest that both the residual prognostic impact of BC1, the 

possibility of contralateral metastasis, as well as prior treatment given need to be considered 

when determining appropriate diagnostic work-up and treatment of CBC. Diagnosis of two 

tumors of a high TNM-stage within a short time-interval is associated with a bad prognosis 

and may indicate risk of contralateral metastasis. In addition, both prior endocrine treatment 

and radiotherapy correlate to an increased percentage of CBC with an aggressive ER/PR-

negative phenotype.  
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