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ABSTRACT 
 

Purpose: 

In stage IV breast cancer, the efficacy of human epidermal growth factor receptor 2 (HER2) targeted therapies in 

cases with discordance in HER2 expression between primary and metastatic site is not well known. We studied 

progression free (PFS) and overall survival (OS) by HER2 concordance when treating women with taxane-

trastuzumab (+/-pertuzumab) in first or second line and trastuzumab-emtansine (T-DM1) or capecitabine-lapatinib 

in later lines.  
 

Patients and Methods: 

Retrospective monocentric study including all breast cancer patients receiving trastuzumab between January 2002 

and September 2017 at the University Hospital in Leuven; we selected metastatic patients with an available HER2 

status in primary and metastatic site. The Kaplan-Meier method was used for estimating PFS/OS and log-rank test 

for analyzing between group differences. A Cox model is used for testing difference between groups while 

correcting for Pertuzumab. Multivariable Cox regression is used to model overall survival as a function group, 

correcting for possible confounders. 

 

Results:  

We included 74 patients; 46 had an unchanged HER2 status (positive/positive), 9 lost HER2 (positive/negative), 

while 19 acquired HER2 amplification (negative/positive). 25 out of 28 cases with a discordant HER2 status were 

positive for ER and/or PgR in the primary site. HER2 positive/negative cases had a significantly lower PFS for 

taxane-trastuzumab-(pertuzumab) (PFS = 5.5 months), compared to HER2 positive/positive (PFS 9 months, p = 

0.01) and HER2 negative/positive (PFS 14 months, p = 0.01) patients. PFS for later line T-DM1 (n= 30) was 

significantly higher for the HER2 positive/positive group (PFS 6.0 months) than for the discordant groups HER2 

negative/positive (PFS 1.0 month, p=0.04) and HER2 positive/negative (PFS 1.5 month, p = 0.01). After correcting 

for possible confounders, the HER2 positive/negative group had a significantly worse OS compared to HER2 

positive/positive (HR 0.19, 95% CI 0.08 – 0.44) and negative/positive (HR 0.15, 95% 0.06-0.38).  

 

Conclusion: 

Conversion of HER2 status was seen in 28 out of 74 cases and was mostly observed in hormone receptor-

positive tumors. In contrast to patients with HER2 loss, patients with a positive conversion of HER2 status 

derived substantial benefit from first line treatment with taxane-trastuzumab-(pertuzumab).  This study 

highlights the importance of re-biopsying the metastatic lesion and changing treatment according to the last 

HER2 result.   
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Abbreviations 

BC  Breast cancer     ER  Estrogen receptor 

PgR  Progesterone receptor    OS  Overall survival    

CEP17  Centromere enumerator probe 17   PFS  Progression free survival   

TTM  Time to metastasis    HER2  Human epidermal growth factor receptor 2 

NPI  Nottingham Prognostic Index   CI  Confidence intervals 

ASCO/CAP American Society of Clinical Oncology/College of American Pathologist  

 

 

 

Introduction 

The Human Epidermal Growth factor receptor 2 gene (HER2) is an oncogene encoding for a 

transmembrane receptor kinase of the epidermal growth factor family. HER2 amplification leads usually 

to protein overexpression which is observed in about 15% of primary breast cancers and is historically 

associated to higher metastatic potential, and an adverse prognosis with a decreased overall survival. (1-

3) The currently approved anti-HER2 therapies (trastuzumab, pertuzumab, T-DM1, and HER2 kinase 
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inhibitors) have profoundly improved the survival outcome of HER2 positive breast cancers. (4) In 

current practice, the receptor status of the biopsy of the primary breast cancer is mainly used to direct 

the therapeutic management of patients with metastatic breast cancer. However, biomarker 

characteristics of the primary tumor may change throughout tumor progression from the primary breast 

cancer to the metastatic lesions. (3,5–7)  A meta-analysis of Aurilio et al., including 48 studies from the 

last two decades, reported pooled discordance rates of 20% for estrogen receptor (ER), 33% for 

progesterone receptor (PgR) and 8% for HER2 receptor. (8) A meta-analysis of Schrijver et al., including 

39 studies, found positive to negative conversion for HER2 status in 21.3 % and negative to positive 

conversion in 9.5%. (9)  

Therefore, the American Society of Clinical Oncology/College of American Pathologist (ASCO/CAP) 

guidelines of 2015 recommended that in patients with accessible metastases, biopsy for confirmation 

and retesting of ER, PgR and HER2 should be offered. However, if discordances are found, evidence 

is still lacking to determine whether outcomes are better with treatment based on receptor status in the 

metastases or the primary tumor. (10) Notably, a pooled analysis of Amir et al., has shown that biopsy 

of recurrent disease was associated with a reported change in choice of therapy in 14% of women; 

suggesting clinicians would modify their choice of therapy only once for every seven biopsies of 

recurrent disease performed. (5,6,11)     

Retrospective studies of primary and metastatic breast cancer suggested that receptor discordance is 

associated with a poorer outcome, presumably due to use of inappropriate therapy or the selection of 

tumors with a more unstable phenotype and therefore more aggressive behavior. (5,7,12,13) However, 

the DESTINY study showed that discordance between primary and metastatic lesion was not 

associated with apparent differences in overall survival if treatment was modified accordingly. (5)  

 

In this retrospective study, we hypothesized that patients benefit less of anti-HER2 therapy if HER2 

amplification was lost in the metastatic lesion. We therefore determined the concordance rate in HER2 

status between primary and metastatic breast cancer in consecutive women with stage IV breast cancer 

who received trastuzumab and had a meta-/synchronous biopsy of primary breast and metastatic lesion. 

The primary objective was to evaluate efficacy of HER2 inhibitors dependent on HER2 concordance 

between primary and metastatic breast cancer tissue.  

 

Methods 

 

Study population and materials 

We retrospectively selected all consecutive cases from our institutional database who received 

trastuzumab for breast cancer in a (neo-) adjuvant or metastatic setting between January 2002 and 

October 2017. Women with a synchronous (primary) and with a metachronous (secondary) metastatic 

breast cancer were included. Only patients with biopsy of primary and metastatic lesion and 
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determination of HER2 status on both biopsies were selected for our study. The timing of the biopsy of 

the metastatic disease was not taken into account. We excluded women with a non-metastatic disease, 

patients with a bilateral breast carcinoma with a discordant HER2 status, patients without biopsy of the 

metastatic disease and without determination of the HER2 status on the primary and metastatic lesion. 

We annotated the exact moment that the biopsy of the metastatic lesion was taken, and the location of 

the biopsy of the metastasis was reported.  

 

The HER 2 status was derived from the pathological report and not centrally reassessed. Pathological 

reports were collected from five different centers, but in most cases from our own hospital. HER2 

analysis was performed using either standard immunohistochemistry (IHC) and fluorescent in situ 

hybridization (FISH). In Belgium, all IHC 2+ and 3+ receive FISH testing since trastuzumab is only 

reimbursed in case of confirmed HER2 amplification by in situ hybridization (ISH). In the past, many 

centers were used to perform ISH on all cases, because ISH testing was always reimbursed. 

For interpretation of HER2 testing the most recent ASCO/CAP guidelines at the time of diagnosis were 

used. During the period between 2011 and 2017 there have been two updates. A positive ISH test was 

considered as a HER2/CEP17 above 2.0 or more than 6 HER2 signals per cell. In case of heterogeneity 

samples analysed in University Hospital UZ Leuven reported the percentage of tumor cells with 

enhanced number of HER2 signals by ISH or the proportion of tumor cells with a ratio above 2. 

Heterogeneity in staining pattern by IHC was reported as well and annotated.   

In the University Hospital UZ Leuven, treatment with trastuzumab was introduced in 2007, cases 

diagnosed before this time had no treatment with trastuzumab in (neo-)adjuvant setting.  

 

The most common reasons to perform a biopsy were a poor therapeutic response and inclusion in clinical 

trials. In patients with a metachronous metastatic breast cancer the second biopsy was mostly taken 

before the start of the therapy in metastatic setting. In cases with a synchronous metastatic disease the 

second biopsy was mostly taken after at least one therapeutic line, in a few cases it was taken before the 

start of treatment. 

 

We collected the start and stop date of different treatment lines. In patients with metachronous metastatic 

disease we annotated the time to metastasis (TTM) and Nottingham prognostic index (NPI) score. For 

all cases status of hormone receptors and TNM classification of the primary breast tumor was noted. 

For calculating the progression free survival of taxane and trastuzumab (+/- pertuzumab) we only 

included patients who received this treatment in first or second line. No restriction was made on number 

of previous lines for T-DM1 and lapatinib with capecitabine. 

 

Objective and end points  
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The primary objective of this retrospective study was to evaluate the predictive value of change of HER2 

status for progression free survival using HER2 inhibitors (concomitant with chemotherapy) in the 

metastatic setting. The following therapies for stage IV disease were examined for PFS: a taxane with 

trastuzumab (+/- pertuzumab), T-DM1 or capecitabine with lapatinib.  The secondary objective was to 

make a descriptive analysis of the general characteristics of patients with a HER2 switch. 

The primary endpoint of this study was the progression free survival (PFS). PFS was considered as the 

period elapsing from the initiation of therapy to the end of therapy because of progressive disease or 

death. Not all patients that received taxane and trastuzumab had concomitant therapy with pertuzumab, 

therefore we corrected for pertuzumab use. Furthermore, we compared OS in patients dependent on the 

dynamic HER2 status. We corrected OS for possible confounders like presence of primary metastatic 

disease, negative sex-steroid receptor in the primary tumor, a high NPI score (> 5.4) and a short TTM 

( 12 months). OS was defined as the duration between the start of therapy in metastatic setting to death 

as result of any cause.  

 

 

Statistical analysis 

The Kaplan-Meier method was used for estimating PFS and OS. For calculation of PFS, subgroups were 

compared using the log-rank statistic. We used a cox model for testing the difference between groups 

while correcting for pertuzumab. Cox regression was used to model OS as a function group, correcting 

for possible confounders (presence of primary metastatic disease, negative sex-steroid receptor in the 

primary tumor, a high NPI score (> 5.4) and a short TTM ( 12 months)), and to model PFS as a function 

of the HER2/CEP17 ratio at the biopsy of the primary lesion and of the metastatic lesion. 

Results were presented as hazard ratios (HR) with a 95% confidence interval. Two-sided tests with P-

values less than 0.05 were considered statistically significant. Analysis has been performed using SAS 

software (version 9.4 of the SAS System for Windows).  

 

 

Results 

In the University Hospital of Leuven, 1100 patients had a treatment with trastuzumab for breast cancer 

in the period between January 2002 and September 2017. Out of this population, 74 patients had a 

synchronous or metachronous metastatic disease and a HER2 status performed on the biopsy of the 

primary and metastatic breast cancer. Metastatic disease was synchronous in 22 patients and 

metachronous in 52 patients. (Table 1) A CONSORT flow diagram is shown in figure 1. 

 

 

Patient characteristics  

Patients demographics and tumor characteristics are summarised in table 1. 
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In our population of 74 selected patients, 9 out of 55 cases with a positive HER2 status in the primary 

breast tumor had a negative HER2 status in the metastatic tumor, a conversion rate of 16.4%. The 

remaining 19 cases had a positive conversion of the HER2 status between the primary breast and 

metastatic lesions. In the 52 patients with metachronous metastatic disease, 19 patients had a discordance 

in HER2 status. Six patients switched from HER2 positive in the primary tumor to HER2 negative status 

in the metastatic lesion (a negative conversion), while 13 had a positive conversion of HER 2 status. In 

the 22 patients with a synchronous metastatic disease, 9 patients had a discordance in HER2 status. Six 

of these patients had a positive conversion, while three patients had a loss of HER2 amplification in the 

biopsy of the metastatic lesion.  (Table 1) 

 

25 of 28 with a discordant HER2 status were positive for ER and/or PgR in the primary tumor; 

respectively 8 of 9 in HER2 positive/negative and 17 of 19 in HER2 negative/positive cases. This was 

only in 20 of 46 patients in the HER2 concordant group. The median HER2/CEP17 ratios of the primary 

breast tumors were 2.5, 1.2 and 5.8 for respectively the HER2 positive/negative, HER2 negative/positive 

and HER2 positive/positive group. These median ratios of the metastatic tumors were 1.2, 2.5 and 5.5. 

(Table 2) In the group with a negative conversion, three patients had heterogeneity (globally interpreted 

as positive) on the FISH test of the primary lesion and two patients had also a metastasis with a positive 

HER2 status. (Appendix Table 1) 

 

38 of the 46 cases received treatment with a taxane and trastuzumab in first or second line in the HER2 

positive/positive group, of whom 13 received pertuzumab. In the HER2 positive/positive group 21 out 

of the 46 cases had a treatment with T-DM1; in the HER2 positive/negative group only 2 out of the 9 

cases and in the HER2 negative/positive 7 out of the 19 cases. In the HER2 positive/positive group 27 

out of the 46 cases had a treatment with capecitabine and lapatinib; in the HER2 positive/negative group 

only 2 out of 9 cases, and in the HER2 negative/positive group 7 out of the 19. (Table 2)  

 

In patients with metachronous metastatic disease, the median global NPI score was 4.8; for HER2 

positive/positive, HER2 positive/negative and HER2 negative/positive, respectively 5.0, 4.8 and 4.7.  

The median TTM was 45 months overall; with 35.50, 35.50 and 67 months, respectively for HER2 

positive/positive, HER2 positive/negative and HER2 negative/positive cases. In the HER2 

positive/positive group, 21 of the 33 cases with metachronous metastatic disease had a treatment with 

trastuzumab in the (neo-) adjuvant setting, while 5 of the 6 cases in the HER2 positive/negative group. 

Those patients had the diagnosis of the primary tumour before 2007. (Table 2)   

 

Progression-free survival  

Taxane with trastuzumab (+/- pertuzumab)  
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The HER2 positive/positive group had a median PFS on taxane and trastuzumab (+/- pertuzumab) of 

9.0 months (95% CI 7.0 – 12.0), HER2 positive/negative 5.5 months (95% CI 1.0 – 7.0) and the HER2 

negative/positive of 14.0 months (95% CI 2.0- not estimable). The log-rank analysis showed a 

significant effect of the different groups (uncorrected p=0.02 and corrected p=0.02). PFS for taxane and 

trastuzumab (and pertuzumab) was significantly better for HER2 negative/positive cases compared 

HER2 positive/negative (uncorrected P=0.02 and corrected p=0.01), and better for HER2 

positive/positive compared to the HER2 positive/negative group (uncorrected p= 0.03 and corrected 

p=0.01). There was no significant difference in PFS between the HER2 negative/positive and HER2 

positive/positive group (uncorrected p=0.23 and corrected p=0.43). (Figure 2) 

 

Trastuzumab – emtansine (T-DM1)  

The median PFS on T-DM1 was 6.0 months (95% CI 4.0 – 8.0) in the HER2 positive/positive group, 

1.5 months (95% CI 1.0 – 2.0) in the HER2 positive/negative group and 1 month (95% CI 1.0 – 5.0) in 

the HER2 negative/positive group. There was a significant difference in PFS between groups (p-value 

global test=0.02). The HER2 positive/positive had a significantly better PFS compared to the HER2 

positive/negative (p=0.01 and HER2 negative/positive group (p=0.04). There was no significant 

difference between HER2 positive/negative and HER2 negative/positive (p=0.63). (Figure 2) 

           

Capecitabine and lapatinib  

The HER2 positive/positive group had a median PFS for a treatment with capecitabine and lapatinib of 

4 months (95% CI 2.0 – 7.0), the HER2 positive/negative group 1.5 months (95% CI 1.0 – 2.0) and the 

HER2 negative/positive group 2.0 months (95% CI 1.0 – 5.0). There was no significant global effect on 

PFS. But pairwise comparisons showed a significant p-value for HER2 positive/negative group versus 

HER2 positive/positive group however, this should be interpreted very carefully in the presence of a 

non-significant global p-value. (Figure 2) 

 

 

Overall survival  

After correcting for possible confounders (presence of primary metastatic disease, negative sex-steroid 

receptor in the primary tumor, a high NPI score (> 5.4) and a short TTM ( 12 months)), there was a 

significant association between the different groups and the OS (HR 0.79, 95% CI 0.356 – 1.738). The 

HER2 positive/negative group had a significantly worse survival rate, compared to the HER2 

negative/positive (HR 0.15, 95% CI 0.06– 0.38) and HER2 positive/positive groups (HR 0.19, 95% CI 

0.08 – 0.44). There was no significant difference in OS between the HER2 negative/positive group and 

HER2 positive/positive group. (Figure 3) 

 

Discussion 
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This study showed a total discordance rate in HER2 status of paired biopsies (negative and positive 

conversion), in patients treated with trastuzumab, in a (neo-) adjuvant or metastatic setting, of 37.8%. 

Discordance in receptor status between primary biopsy and metastatic lesion is well documented in the 

current literature, with a reported HER2 discordance rate between 3% and 30 %. (7,8,11,14–17) Our 

results are from a highly selected group of trastuzumab treated patients with stage IV disease but the 

negative conversion rate in 16% of the patients is therefore compatible with existing literature. Possible 

explanations for discordance in both directions are given in Yang et al., such as presence of small sub-

clones in primary tumor, genetic drift or clonal selection and changes in receptor status as a survival 

mechanism. (18–21)  

In the population with metachronous metastatic disease the majority of cases with conversion to a 

negative HER2 status (5 out of 6 patients) had a prior treatment with trastuzumab in (neo-) adjuvant 

setting. This suggest that treatment with trastuzumab may contribute to the biological mechanisms of 

loss of HER2 amplification. A large trial with 549 cases of Wang et al. has already provided new 

evidence that anti-HER2 treatment has a significant impact on HER2 loss, more over HER2 loss was 

more frequently shown in patients treated with paclitaxel, carboplatin, and trastuzumab 

 (19.8%), compared to patients treated with paclitaxel, carboplatin only (9.4%). (22)  

 

In the present literature, there is no data available supporting the choice of therapy in cases with HER2 

discordance between primary and metastatic tumor. The ESMO guidelines recommend considering the 

use of targeted therapy, if hormone receptors or HER2 status were positive at least once. (23) Amir et 

al. evaluated whether results of biopsy of metastatic lesion altered management in patients with 

discordant receptor status; gain of HER2 amplification in biopsy of metastatic disease with addition of 

trastuzumab was seen in 6 of the 73 cases. (5)  The ASCO guidelines also recommended that in 

patients with discordance of results between primary and metastatic tissues, the Panel consensus is to 

use preferentially the ER, PgR, and HER2 status of the metastasis to direct therapy if supported by the 

clinical scenario and patient's goals for care. Although the Panel recognizes that there is sufficient 

evidence for biomarker change from primary to metastasis, there is no evidence to demonstrate that 

systemic therapy choices affect health outcomes when biomarker change occurs. (24) 

To the best of our knowledge, our study is the first evaluating PFS using HER2 inhibitors and 

chemotherapy in metastatic breast cancer by HER2 concordance. Our results show that patients with a 

negative conversion of the HER2 status had a significantly shorter PFS using HER2 inhibitors and 

chemotherapy, compared to patients with concordant HER2 status. These findings are significant for the 

combined therapy taxane/trastuzumab (+/- pertuzumab) and T-DM1, but insignificant for a treatment 

with lapatinib and capecitabine. Although there is a significant difference with a treatment with T-DM1, 

we have to take into account that the sample size was very small. We can conclude that loss of 

amplification seems to have a negative predictive value for PFS using taxane/trastuzumab (+/- 
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pertuzumab) and T-DM1. For cases with a positive conversion of the HER2 status on the biopsy of the 

metastatic lesion, the efficacy of HER2 inhibitors was similar for PFS using taxane/trastuzumab (+/- 

pertuzumab) compared to the concordant group. However, the median PFS in the HER2 

negative/positive group was 14 months compared to 9 months in the concordant group. These results 

clearly do suggest that cases with positive HER2 conversion in a biopsy of metastatic breast cancer do 

benefit from taxane/trastuzumab (+/- pertuzumab).  Nevertheless, these data need to be confirmed in 

larger series. Remarkably, PFS using T-DM1 was significantly lower for cases with a positive HER2 

conversion compared to the concordant group. Five of the seven cases had no benefit at all.  So, in our 

small series it seems that gain of HER2 amplification was not predictive for benefit on T-DM1. Although 

our data suggests that cases with a positive conversion of HER2 status might predict for T-DM1 

resistance, data from larger series are needed and, to our knowledge, aren’t reported as such in the 

available T-DM1 literature.  

In the group with a negative conversion, three patients have a heterogeneity (globally interpreted as 

positive) on the FISH test of the primary lesion and two patients had also a metastasis with a positive 

HER2 status. Tumor heterogeneity is already known for a longer time, although the exact role in 

tumor progression and therapeutic response stays unclear. (25) Since the introduction of 89Zr-

Trastuzumab PET/CT heterogeneity in HER2 status is increasingly being recognized. The ZEPHIR 

clinical trial showed that pretreatment imaging of HER2 withHER2–PET/CT is a promising tool for 

studying interlesion heterogeneity in advanced disease stages. When combined with early FDG–

PET/CT after one cycle of T-DM1, it was powerful in predicting which patients will or will not benefit 

from T-DM1. (26) Our study highlighted the importance of the role of knowledge of the HER2 status 

in the metastatic lesion. It can be discussed whether it is best performed by taking biopsy of the 

metastatic lesion, or by doing a HER2 PET/CT scan. Nowadays, we advise to take a biopsy of the 

metastatic lesion, although it is only a small sample of the tissue, furthermore lesions are not always 

accessible. In the future the introduction of the HER2 PET/CT has a great potential to play a major 

role to determine HER2 status. 

 

In literature, some contradiction about OS in HER2 discordant groups exists. Most analyses suggested 

that discordance in hormone or HER2 receptor status is associated with a poorer survival rate. 

(5,7,12,13) However, the study of Amir et al. showed no difference in OS if treatment was modified 

according to the biopsy of metastatic lesion. After correcting for hormone receptor status, NPI score, 

primary metastasis and TTM, our results showed that patients with a negative HER2 conversion had a 

significantly shorter OS compared to the concordant group and the cases with positive HER2 

conversion. The significantly shorter PFS using HER2 inhibitors in the HER2 positive/negative cases 

could contribute to this result. The group with a positive conversion of the HER2 status had a similar 

OS compared to the concordant group. 
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Our study has some limitations. First of all, its small sample size and retrospective nature. Larger series 

and prospective studies should be performed to confirm our findings. Secondly, it would also be 

interesting to have a HER2 positive/negative control group that did not receive anti-HER2 directed 

therapy. Not all primary samples, taken in other centres, no central pathology review was performed, 

therefore difference in the interpretation of the HER2 IHC might have occurred being a source of inter-

observer variability. In addition, there may have been some selection bias because second biopsies may 

have been collected more often in patients not responding well to anti-HER2 therapy in general. Finally, 

there was no correction for possible confounders for determination of PFS for different treatments due 

to the small simple size.  

 

Given that HER2 discordance in stage IV breast cancer had an impact on PFS and OS, we stress the 

importance of taking a biopsy of the metastatic lesion; HER2 PET/CT imaging has potentials. In the 

meantime, we suggest trastuzumab and taxane (+/- pertuzumab) in cases with a positive conversion of 

the HER2 status in the metastatic lesion. A possible solution is a prospective trial to confirm our data 

and determine whether adapting targeted therapy based on the new receptor status of the metastatic 

lesion might improve patient outcome.   

 

Conclusion  

 

Conversion of HER2 status was seen in 28 out of 74 cases and was mostly observed in hormone receptor-

positive tumors. Patients with a positive conversion of HER2 derive substantial benefit from first line 

treatment including HER2 inhibitors. In this series, loss of HER2 amplification was predictive for poor 

treatment response using anti-HER2 therapies. This retrospective study underlines the importance of 

taking a biopsy of the metastatic lesion and adapt therapy based on the result of the HER2 receptor status 

of the metastasis.  
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 Table 1 Absolute numbers of cases with concordance and discordance in HER2 status 

HER2 status primary biopsy/biopsy metastatic 

lesion 

Synchronous 

 metastatic disease 

(n=22) 

Metachronous 

metastatic disease 

(n= 52) 

HER2 positive/positive 13 33 

HER2 positive/negative 3 6 

HER2 negative/positive 6 13 

 

 

 

Table 2 General patients’ characteristics    

Subgroup  HER2 pos./pos. HER2 pos./neg. HER2 neg./pos. 

                 No  

  46 9 19 

Median Age diagnosis 

metastatic disease 

(years)  

 53.5 (36-90) 57 (23-77) 53 (43-11) 

Synchronous metastatic 

disease 

 

 28.2 % (n=13) 27.2% (n=3) 31.6 % (n=6) 

Metachronous 

metastatic disease 

 

 33 6 13 

 - Median TTM (months) 35.5 35.5 67.0 

 - Median NPI score 5 4.8 4.7 

 - Trastuzumab in a (neo-) 

adjuvant setting 

21 5 0 

Positive ER or/and PgR 

(%) 

 43.4 % (n=20) 88.8 % (n=8) 94.7 % (n=17) 

Type of tumor  - Ductal 5.5 % (n=43) 100 % (n=9) 79.9 % (n=14) 
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 - Lobular 93.4 % (n=3) / 26.3 % (n=5) 

Grade - Grade 2 37% (n=17) 66.7 % (n=6) 31.6 % (n=6) 

 - Grade 3 60.8 % (n=28) 33.3 % (n=3) 86.4 % (n=13) 

Median HER2/CEP17 

ratio 

- Breast 5.8 2.5 1.2 

 - Metastatic lesion 5.5 1.2 2.5 

Anti-HER2 therapy  

 

- Taxane and trastuzumab 

(+ pertuzumab) 

(in 1st or 2th line) 

38 (12) 8 (4) 10 (7) 

 - T-DM1 21 2 7 

 - Capecitabine and 

lapatinib 

27 2 7 
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Appendix 

 
Table 1 patients’ characteristics 

      

N° Prim 

Mx 

Age  

(years)  

Characteristics primary biopsy   Characteristics secondary 

biopsy  

 

N° of treatment lines 

     

  PBC MD ER/PgR 

status 

TNM 

Class. 

 Grade Type of 

tumor 

HER2 

status 

IHC 

 HER2/CEP17 

ratio 

HER2 

status  

IHC  

HER2/CEP17 

ratio 

Location of 

biopsy 

Timing  

2th biopsy 

Taxane 

+ trast. 

(+ 

pert.?) 

T-DM1 Cap. 

+ 

lap. 

      

        HER2 neg./pos.         
1 No 46 50 +/+ 

pT2N3aM0 

3 Ductal 

1+ 
/ 

3+ 
4.26 

Liver Start 

treatment 2 (no) 3 4 
     

2 Yes  40 +/+ 
cT2N1M1 

3 Ductal 
2+ 1.45 2+ 2.85 Liver After 5 lines 

/ / /      
3 Yes  49 +/+ 

cT2N1M1 
2-3 Ductal 

1+ 1 3+ 8.33 Skin After 8 lines 
9 (yes) / /      

4 No 47 52 +/+ 
pT2N1aM0 

3 Lobular 
2+ 1.1 3+ 1.99 Liver After 2 lines 

3 (yes) 4 /      
5 No 63 58 +/+ 

pT1N2AM0 

3 Ductal 

1+ 
/ 

2+ 
4 

Lung Start 

treatment 1 (no) 3 4 
     

6 No 51 53 -/- 

cT4dN3M0 

3 Ductal 

1+/2+ 
1.2 

2+ 
2.58 

Node Start 

treatment 1 (no) 2 3 
     

7 No 52 55 +/- 
pT2N2aM0 

2 Lobular 
1+ 

/ 
2+ 

2.84 
Liver Start 

treatment 1 (yes) / / 
     

8 No 47 53 +/- 
pT2N2aM0 

3 Ductal 
2+ 1.06 3+ 3.83 Skin After 5 lines 

6 (no) / /      
9 No 54 55 -/- 

pT1c(m)N0M0 

3 Ductal 

2+ 
1.25 

3+ 
2.05 

Pleura Start 

treatment 1 (yes) / / 
     

10 Yes  46 +/- 
cT3N1M1 

2 Ductal 
2+ 1.0 3+ 6,85 Liver After 1 line 

2 (yes) / /      
11 Yes  55 +/+ 

cT4dn3M1 
3 Ductal 

2+ 1.24 2+ 2.21 Liver After 1 line 
2 (yes) 3 3       

12 Yes  63 +/+ 
cT2N1M1 

3 Ductal 
1+ / 2+ 2.35 Liver After 1 line 

4 (no) / 3      
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13 No 55 71 +/+ 

pT2N1M0 

2 Lobular 

1+ 
/ 

3+ 
9.92 

Lung Start 

treamtent 1 (yes) / / 
     

14 Yes  40 +/+ 
cT3N1M1 

3 Ductal 
2+ 1.25 2+ 2.1 Liver After 6 lines 

7 (yes) 8 9      
15 No 42 45 +/+ 

pT2n1mi 
2 Ductal 

0/2+ 1.14 2+ 1.34 Skin After 3 lines 
4 ((yes) / /      

16 No 36 43 +/+ 
pT2N1 

3 Ductal 
0 / 2+ 2.12 Liver After 6 lines 

/ / /      
17 No 53 55 +/+ 

pT2N1a 
2 Lobular 

2+ 1.6 2+ 2.22 Liver After 1 line 
2 (yes) 4 5      

18 No 38 54 +/+ 
pT1N0M0 

2 Ductal 
2+ 0.92 3+ 2.46 Liver After 7 lines 

6 (yes) / /      
19 No 45 53 +/+ 

pT2N0M0 

3 Ductal 

1+/2+ 
1.34 

3+ / 

Pleura Start 

treament 2 (yes) / / 
     

HER2 pos./neg.      
1 

Yes  24 
+/- 

cT4NM1 
2 Ductal 

3+ 4.19 1+ 1.16 Liver After 1 line 
1 (yes) / / 

     
2 

No 61 64 

-/- 

cT4dN3M0 

3 Ductal 

3+ 
2.34 

2+ 
1.34 

L. cereb. Start 

treament 2 (no) / 1 

     
3* 

No 51 59 
+/+ 

cT1cN0M0 
2 Ductal 

2+ 
2.39 

1+ 
1.42 

Pleura Start 
treatment 1 (yes) 3 / 

     
4$ 

Yes  77 
+/- 

cT2N1M1 
2 Ductal 

2+ 2.48 1+ 1.06 Liver After 2 lines 
1 (yes) / / 

     
5** 

No 49 54 

+/+ 

pT1cN0M0 

2 Ductal 

2+ 
2.67 

1+ 
/ 

Liver Start 

treatment 2 (no) 3 / 

     
6$$ 

Yes  44 
+/+ 

cT3N1M1 
2 Ductal 

3+ 2.21 0 / Liver After 2 lines 
1 (no) / 3 

     
7 

No 51 54 

+/+ 

pT2N0M0 

3 Ductal 

3+ 
5.0 

1+ 
/ 

Pleura Start 

treatment 3 (no) / / 

     
8*** 

No 65 68 

+/+ 

pT2N1M0 

2 Ductal 

3+ 
3.4 

1+ 
/ 

Liver Start 

treatment 1 (yes) / / 

     
9 

No 73 76 
+/- 

pT2N0M0 
3 Ductal 

2+ 
2.5 

2+ 
1 

Lung Start 
treatment 1 (no) / / 

     

        HER2 pos./pos.              
1 

No 81 82 
-/- 

cT4dN2M0 
3 Ductal 

3+ 7.43 3+ 7.34 Skin 
After 3 lines 1 (no) 3 2      

2 Yes  36 +/+ cT4N1M+ 3 Ductal 3+ 4.6 3+ 9.26 Brain After 2 lines 1 (yes)  / /   

3 
Yes  51 

-/- 
cT4dN1M+ 

2 Ductal 
3+ 7.9 3+ 6.9 Breast 

After 1 line 1 (yes) / /      
4 

Yes  44 
-/- 

cT4dN3M1 
2 Ductal 

3+ 5.62 3+ / Liver 
Start treatment 1 (no) / 2      

5 
Yes  69 

-/- 
cT3NN2M+ 

2 Ductal 
3+ 4.46 3+ 3.89 Liver 

Start treatment 1 (yes) / /      
6 

No 43 47 
+/- 

cT4bN1M0 
3 Ductal 

3+ 10 3+ 10 Skin 
After 1 line 1 (yes)  2 3      

7 
No 41 46 

-/- 
pT2N0M0 

3 Ductal 
3+ 4.42 3+ 2.92 Liver 

After 1 line 1 (yes) 2 3      
8 

No 38 39 
-/- 

cT4bN2M0 
2 Ductal 

3+ / 3+ 5.6 Skin 
After 1 line 1 (no) 2 /      

9 
Yes  60 

-/- 
cT4dN1M1 

2 Ductal 
3+ / 3+ 4.62 Breast 

After 1 line 1 (no) / 2      
10 

No 51 55 
-/- 

pT1n1aM0 
3 Ductal 

3 + / 3+ 7.13 Node 
Start treatment 1 (no) 2 /      

11 
No 49 53 

-/- 
pT2N3M0 

3 Ductal 
3+ / 3+ 3.27 Skin 

After 1 line 1 (no) / 2      
12 

No 45 47 
-/- 

pT2mN2aM0 
3 Ductal 

3+ 9.17 3+ 10 Cerebellum 
Start treatment 2 (no) 4 1      

13 
No 72 78 

-/- 
pT2N1Mx 

3 Ductal 
3+ 10 3+ 15.15 Bone 

Start treatment 1 (yes) / /      
14 

Yes  41 
+/+ 

cT2mN1M1 
2 Ductal 

3+ 5.6 3+ 3.6 Liver 
After 1 line 1 (no) 2 4      

15 
No 58 65 

+/- 
pT2N1aM0 

3 Ductal 
3+ 6.06 3+ 6.8 Liver 

Start treatment 1 (yes) / /      
16 

No 54 56 
-/- 

pT3N2aM0 
2 Lobular 

3+ 2.84 2+ 3.67 Breast 
Start treatment 1 (no) 2 /      

17 
No 65 67 

-/- 
pT2N0M0 

3 Ductal 
3+ 8.0 3+ / Skin 

Start treatment / / 1      
18 

No 48 53 
+/+ 

cT4dN1M0 
3 Ductal 

3+ 15.0 3+ 5.31 Liver 
Start treatment 1 (no) 4 3      

19 
No 50 52 

-/- 
cT2N1M0 

3 Ductal 
3+ 5.5 3+ 5.1 Cerebellum 

Start treatment / / /      
20 

No 52 55 
-/- 

pT1CN0M0 
2 Ductal 

3+ 10.0 3+ / Bone 
Start treatment 1 (no) / 3      

21 
No 47 48 

-/- 
pT1cN2aM0 

3 Ductal 
3 + 5.50 3+ 5.94 Lung 

After 1 line 1 (no) 4 2      
22 

No 33 36 
-/- 

pT2N2aM0 
3 Ductal 

3+ 6.67 3+ 5.96 Skin 
Start treatment / / 1      

23 
Yes  61 

+/+ 
cT4N3M1 

3 Ductal 
3+ 4 2+ 4.52 Skin 

Start treatment 1 (yes) 2 /      
24 

Non 52 54 
-/- 

cT2N2M0 
2 Ductal 

3+ 10 2+ 2.23 Skin 
After 4 lines / / 5      

25 
Yes  64 

+/+ 
cT2N1M1 

2 Ductal 
3+ 6.73 3+ 3.86 Liver 

Start treatment 2 (no) / /      
26 

No 57 64 
-/- 

cT4dN1M0 
2 Ductal 

3+ 6.46 3+ / Pleura 
Start treatment 1 (yes) 2 /      

27 
No 40 42 

-/- 
pT2N2aM0 

2 Ductal 
3+ 4.0 3+ / Bronchus 

Start treatment 1 (no) 4 2      
28 

No 49 61 
+/+ 

pT?N0M0 
3 Ductal 

2+ 15.0 3+ 4.86 Skin 
Start treatment 2 (no) / 3      

29 
No 53 75 

+/- 
pT?N2aM0 

? Ductal 
3+ 5.8 3+ 3.9 Liver 

Start treatment 1 (no) 5 2      
30 

No 44 52 
+/+ 

cT4dN2aM0 
2 Ductal 

3+ 12.5 3+ 10 Lung 
Start treatment 3 (no) / 6      
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PBC: primary breastcancer, MD: metastatic disease, Prim Mx: primary metastatic disease, pert: pertuzumab, trast: trastuzumab, cap: 

capecitabine and lap: lapatinib.  

* Heterogeneity: biopsy of skin metastasis was positive. 

$ Heterogeneity: heterogeneity on the FISH test of the primary lesion. Majority of the cells 5-6 HER2 signals or ratio > 2, globally interpreted 

as FISH positive.  

** Heterogeneity: metastasis on the rib was IHC 3+. 

$$ Heterogeneity on the FISH test of the primary lesion. Majority of the cells 5-6 HER2 signals or ratio > 2, globally interpreted as FISH 

positive.  

*** Heterogeneity on the FISH test of the primary lesion. Majority of the cells 5-6 HER2 signals or ratio > 2, globally interpreted as FISH 

positive.  
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