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A B S T R A C T

Purpose
Decisions about treatment for women with metastatic breast cancer are usually based on the estrogen
(ER), progesterone (PgR), and human epidermal growth factor receptor 2 (HER2) status of the primary
tumor. Retrospective data suggest that discordance between primary and metastatic lesions leads to
detrimental outcome. This prospective study investigated receptor status of primary tumors and metasta-
ses in the same patient and assessed the impact of discordance on patient management and survival.

Patients and Methods
Biopsies of suspected metastases were analyzed for ER, PgR, and HER2. Primary tumors and
metastases were analyzed using similar methodology. The treating oncologist indicated a
treatment plan before and after biopsy to determine whether the result influenced management.
Patients were followed up for progression or death.

Results
Of 121 women undergoing biopsy, 80% could be analyzed for receptor status. Discordance in ER,
PgR, and HER2 between the primary and the metastasis was 16%, 40%, and 10%, respectively.
Biopsy led to a reported change of management in 14% of women (95% CI, 8.4% to 21.5%).
Fine-needle aspiration and biopsy of bone led to reduced ability to analyze receptors. After a
median follow-up of 12 months, there were no trends for an association between receptor
discordance and either time to treatment failure or overall survival.

Conclusion
Biopsy of metastases is technically feasible. Clinicians alter immediate management in one of
seven patients on the basis of results of the biopsy, and discordance is not then associated with
detrimental effects on outcome. Tissue confirmation should be considered in women with breast
cancer and suspected metastatic recurrence.

J Clin Oncol 30:587-592. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Discordance in tumor characteristics between pri-
mary and metastatic breast cancer has been de-
scribed for more than 30 years,1,2 but data describing
such discordance have been considered unreliable.3

Therefore, practice guidelines recommend that de-
cisions regarding systemic therapy for women with
metastatic disease be based on the properties of the
primary breast cancer,4 and confirmatory biopsy of
suspected metastatic lesions is not recom-
mended consistently.

When compared with the primary tumor, ex-
pression of the estrogen (ER) and progesterone
(PgR) receptors in metastatic breast cancer can be

discordant in up to 40% of women.5 Lower rates of
discordance are described for human epidermal
growth factor receptor 2 (HER2).6 Most studies de-
scribing such discordance are retrospective and have
limitations, including selection bias and use of dif-
ferent techniques to evaluate receptors in the pri-
mary tumor and metastatic tissue. Such studies
cannot evaluate success rates of biopsy of metastatic
lesions and cannot accurately inform the impact of
receptor discordance on clinical management.

Our group undertook a pilot prospective study
in which 35 women with suspected new metastases
underwent biopsy; we found that 40% had discor-
dance of receptors, and this led to a change in man-
agement in 20% of patients.7 Other prospective
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studies include high proportions of women with operable, locore-
gional recurrences and have not evaluated the effects of discordance
on patient survival.8 Retrospective analyses of primary and recurrent
breast cancers suggest that receptor discordance is associated with
poorer survival,9-11 perhaps as a result of the use of inappropriate
targeted therapy or the selection of tumors with a more unstable
phenotype and therefore more aggressive behavior.

The present study builds on our pilot to address prospectively the
success rates of biopsy of metastatic lesions in women with distant meta-
static disease when a change in treatment is contemplated. We evaluated
whether such biopsies altered management and examined the impact of
receptor discordance on disease progression and survival in a prospective
cohortofpatients.Wehypothesizedthat in thepresenceofdiscordance, if
treatment is modified according to results of the metastatic biopsy, no
detrimental effect of outcome would be observed.

PATIENTS AND METHODS

Study Population

This prospective cohort study took place at a single large cancer hospital.
Women with recurrent or progressive metastatic breast cancer were eligible.
Availability of archival primary tumor was mandatory. There were no restric-
tions relating to the number of prior lines of systemic therapy. Exclusion
criteria included operable locoregional recurrence with no evidence of meta-
static disease, clotting disorder precluding biopsy, rapidly progressive disease,
or history of nonbreast second malignancies. The study was approved by the
local research ethics board.

Trial End Points

The primary end point of this study was the proportion of patients in
whom results of the metastatic biopsy led to a change in management. The
secondary goals were to define the discordance rates in ER, PgR, and HER2
between primary and metastatic tissue; assess procedural success rate, risks,
and patient satisfaction with performing a metastatic biopsy; and evaluate time
to treatment failure (TTF) and overall survival (OS).

Trial Design

Eligibility was assessed and consent obtained. The treating oncologist com-
pleted a questionnaire, before obtaining a biopsy from a metastatic lesion, to
determine their treatment plan and the proposed start date. Once biopsy results
were available, oncologists were again surveyed to determine whether their treat-
ment plan had changed based on the biopsy results and to determine the actual
start date of treatment. Procedural success rate was assessed as the number of
matched histopathologic examinations of primary and metastasis as a proportion
ofbiopsiesundertaken.Delayoftherapywasevaluatedasthedurationbetweenthe
proposed and actual treatment start dates. Patient satisfaction was assessed using
questionnaires, which were administered to all consenting women at the time of
clinic follow-up; these evaluated adverse effects resulting from the biopsy proce-
dureandwillingness torecommendmetastaticbiopsytootherwomen(Appendix
FigA1,onlineonly).Womenwerefollowedup,andinvestigationswerecarriedout
at the clinician’s discretion; the protocol did not stipulate frequency of assessment.
TTFwascalculatedas thedurationbetweenbiopsyandfirstdocumentedevidence
of progressive disease or death as a result of any cause. OS was defined as the
duration from biopsy to death as a result of any cause. A post hoc, exploratory
analysis of the effect of discordance on survival after diagnosis of metastatic disease
was also conducted.

Biopsy Procedures

For superficial metastases, fine-needle aspiration (FNA), core, punch, or
excisional biopsy was performed using palpation guidance only. For internal le-
sions, the most amenable site of biopsy was determined in consultation with an
interventional radiologist, and FNA, core biopsy, or aspiration of fluid was carried
outunderradiologicguidance.Whenaspirationwasundertaken,smearsof tumor
cells were prepared. Samples were fixed in 10% formalin within 20 minutes of the

biopsy and processed using the same protocol as for other tissues (including
formalin fixation for �8 hours). To optimize analysis of receptor expression,
biopsies of metastatic bone lesions were not decalcified whenever possible.12

Tissue Processing

A single pathologist (N.M.) and a single cytopathologist (W.G.) evalu-
ated all biopsies. Confirmation of malignancy and evaluation of hormone
receptor and HER2 expression were analyzed from all available samples and
compared with corresponding results for the primary tumor. All primary and
metastatic tissues were analyzed using the same standardized methodology.
Primary tumor tissue that was not reported in a central, university-affiliated
laboratory or that did not use the latest antibodies and/or hybridization tech-
niques was reanalyzed. Pathologists were not systematically blinded to the
receptor status of the primary tumor.

Approached
(N = 151)

Fear of delay in treatment
Fear of biopsy

Withdrew consent
   Fear of biopsy
   Fear of delay in treatment
   Urgent need for radiation to biopsy site
Lesion inaccessible
Lesion no longer visible on imaging

Benign disease
Second malignancy

Insufficient cells
Crushing artifact

Failed hybridization

(n = 8)
(n = 6)

(n = 10)
(n = 6)

 (n = 3)
(n = 1)
(n = 5)
(n = 1)

(n = 3)
(n = 1)

(n = 22)
(n = 1)

(n = 11)

Consented
(n = 137; 91%)

Biopsies completed
(n = 121; 88%)

Recurrent breast cancer
(n = 117; 97%)

Sufficient for
immunohistochemistry

(n = 94; 80%)

Sufficient for HER2 FISH
(n = 83; 88%)

Fig 1. Flow diagram for the study. FISH, fluorescent in situ hybridization.
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ER staining was carried out using the Ventana SP1 antibody (Ventana
Medical Systems, Tucson, AZ), and PgR staining was carried out using Novo-
castra Clone 16 (Novocastra, Newcastle upon Tyne, United Kingdom). A
positive result was defined as �1% of tumor cell nuclei staining positively with
any intensity.13,14 HER2 expression was assessed exclusively by fluorescent in
situ hybridization (FISH) using the PathVysion HER-2 DNA Probe Kit (Vysis,
Downers Grove, IL). HER2 and CEP17 signals were enumerated from 60
tumor nuclei. In borderline cases, an additional 60 nuclei were enumerated.
The threshold for overexpression was an HER2/CEP17 ratio of more than 2.2.
To allow consistent comparison with FISH performed on primary tumors,
HER2 FISH on cytology specimens was performed on paraffin sections of
pelleted cells. For bone metastases, material not requiring decalcification was
used for FISH. To assess receptor discordance, all results were dichotomized
into either positive or negative using the methods described previously. Quan-
titative changes in receptor expression were analyzed descriptively.

Statistical Analyses

Pilot data suggested that biopsy was associated with a change in therapy
in approximately 20% of patients.7 Assuming this estimate, 121 patients were
required to obtain an accuracy of �7.5% in the proportion of patients having
a change in management. All data were presented descriptively as medians or
proportions. Two subgroup analyses were prespecified: the assessment of
receptor discordance by number of lines of prior therapy and duration be-
tween initial assessment of the primary breast tumor and biopsy of a metasta-
sis. Differences between subgroups were tested by an interaction test.15 Two
post hoc subgroup analyses assessed whether the site of metastatic biopsy or
the receptor profile of the original tumor influenced receptor discordance.
TTF and OS were estimated using the Kaplan-Meier product limit method,
and subgroups were compared using the log-rank statistic. Hazard ratios (HR)
and their CIs were computed using the Mantel-Haenszel method. Two-sided
tests with P values less than .05 were considered statistically significant. Cor-
rections were not made for multiple comparisons.

RESULTS

Patient Characteristics

Over a 2-year period, 151 women were approached, 137 consented,
and 121 underwent biopsy. A flow diagram is shown in Figure 1, and
patient demographics are shown in Table 1.

Procedural Success Rate

The sites of biopsy and the analyzable yield for determination of
receptorstatusareshownintheAppendixTableA1(onlineonly).Intotal,
117 (96.7%) of the 121 biopsies confirmed recurrent breast cancer. In
threewomen(2.5%),biopsiesshowedbenigndisease,andtheirfollow-up
imaging showed either resolution or stability of the index lesion. In one
participant (0.8%), a second malignancy (basal cell carcinoma) was dis-
covered.DeterminationofERandPgRbyimmunohistochemistry(IHC)
was possible in 94 women (80.3%). Reasons for inability to perform IHC
are shown in Figure 1. FNA, paracentesis, and thoracocentesis were less
likely to provide sufficient cells for cytologic examination (13 [59.1%] of
22 insufficient samples) than core biopsies. Core biopsies from bone and
bone marrow trephines were also less likely to yield adequate tissue (eight
[36.4%] of 22 insufficient samples). Of the 94 biopsies in which IHC was
undertaken, HER2 FISH analysis was successful in 83 (88.3%).

Potential Risks

Biopsy was associated with a median delay to commencing treat-
ment of 15 days (range, 2 to 56 days). There was one serious adverse
event related to biopsy: bleeding from a punch biopsy of the skin
leading to admission. This resolved with conservative measures, and
the patient was discharged the next day.

Receptor Discordance

Discordance in one or more receptors between the original pa-
thology report of the primary and the metastatic biopsy was found in
37.6% of women (Fig 2). The most common change was loss of PgR.
Quantitative changes in ER and PgR are shown in Figure 3.

Of the 94 patients in whom metastases could be analyzed for
receptor status, 52 primary tumors (55%) were reanalyzed and com-
pared with the original pathology report. The median time from initial
analysis of the primary to metastatic biopsy was 81 months (range, 9 to
182 months) in those reanalyzed, whereas it was 20 months (range, 0.5
to 35 months) in those not reanalyzed. For three tumors (5.8%), the
initial report suggested ER-negative disease, and the reanalysis found

Table 1. Patient Demographics and Clinical Characteristics

Characteristic

All Biopsied
Patients (n � 121)

Concordant Group�

(n � 53)
Discordant Group�

(n � 41)

PNo. % No. % No. %

Age, years
Median 59 58.5 59 .20
Range 29-83 35-83 36-72

Adjuvant treatment
Chemotherapy 63 52.1 20 36.4 21 51.2 .19
Endocrine therapy 90 75 28 50.9 17 41.5 .50
Trastuzumab 5 4.1 2 3.6 2 4.9 .85

Advanced disease status
Newly diagnosed metastatic 56 46.3 11 20.0 7 17.1
1 prior line of treatment in metastatic setting 21 17.4 15 27.3 10 24.4 .65
�2 lines of treatment in metastatic setting 44 36.4 29 52.7 24 58.5

Duration of metastatic disease, months
Median 35 18 24 .35
Range 0-274 0.5-79 0.5-108

Palliative treatment
Median lines of endocrine therapy 2 1 1 .10
Median lines of chemotherapy 1 1 0 .26

�Includes only those patients with availability of matched primary and metastatic tissue.

Biopsy Confirmation of Metastatic Breast Cancer
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ER-positive disease. For six tumors (11.5%), there was discordance in
PgR (four negative-positive and two positive-negative pairs). For two
tumors (3.8%), there was discordance in HER2, with one changing
from positive to negative and the other from negative to positive.
These findings are similar to those reported in large studies comparing
local and central reports of receptor status.16,17

True receptor discordance was not seen in any patients with
triple-negative breast cancer: two of 23 women reported to have triple-
negative tumors on the basis of their original pathology showed ap-
parent receptor discordance in one or more receptors, but reanalysis
of the primary tumor of these women confirmed ER-positive disease
consistent with that in the metastasis.

Change in Therapy

Seventeen women (14%; 95% CI, 8.4% to 21.5%) had a change in
treatment as compared with the prebiopsy therapeutic plan. Changes
in management included the addition of trastuzumab in women with
gain of HER2 overexpression (n � 6), the use of chemotherapy in
place of endocrine therapy in those with loss of ER (n � 5), no change
to previous treatment in those with benign disease or second
primary (n � 4), and provision of endocrine therapy in place of
chemotherapy for those gaining ER (n � 2). When loss of ER led to
use of chemotherapy, clinical factors such as response to prior lines of
endocrine therapy were considered in conjunction with results of the
biopsy.Therewasnoevidencethatprobabilityofchangeintreatmentwas
influenced by the number of prior lines of treatment received or the time
interval between evaluation of primary breast cancer and metastasis (Ta-
ble 2). There was no evident difference in the likelihood of change in
therapy between different sites of metastatic biopsy.

Patient Satisfaction

Nine women had deteriorated clinically and were unable to com-
plete questionnaires, four women could not be contacted, and 18 women
declined to complete the questionnaire. Of 90 women completing the
questionnaire, 31 (34%) described anxiety prebiopsy and 53 (59%) de-
scribed pain postbiopsy; 29 women (32%) described mild, 17 (19%)
moderate, and seven (8%) severe pain. Seventy-nine women (87.8%)
recommended metastatic biopsy to others with breast cancer.

Survival Analysis

Follow-up was available for all 94 women for whom primary and
metastatic tissue could be compared. At a median follow-up of 12

Breast cancer
recurrence
(N = 117)

PgR
discordance

(40.4%)

ER
discordance

(16.0%)

HER2
discordance

(9.6%)

Receptors
concordant with

primary
(62.4%)

Receptors
discordant with

primary
(37.6%)

Gain 4/25 (16.0%)
Loss 11/69 (15.9%)

Gain 4/48 (8.3%)
Loss 34/36 73.9%

Gain 6/73 (8.2%)
Loss 2/10 (20.0%)

Fig 2. Changes in estrogen receptor (ER), progesterone receptor (PgR), and
HER2 between the original pathology report of the primary tumor and
the metastasis.
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Fig 3. Waterfall plot showing absolute change in hormone receptor expression.
A positive score confirms increased expression of receptor from the primary to
the metastasis; a negative score confirms reduced expression. (A) Estrogen
receptor; (B) progesterone receptor. Blue, concordance with primary; gold,
discordance with primary.

Table 2. Proportion of Women With a Change in Originally Planned Therapy
by Subgroup

Subgroup No. %
Test of

Interaction P

All patients 17 14.0
Lines of therapy

Newly metastatic 7 12.5 .72
1 prior line of therapy in

metastatic setting
2 9.5

� 2 prior lines of therapy in
metastatic setting

8 18.2

2 lines (n � 14) 2 14.3
3 lines (n � 8) 1 12.5
4 lines (n � 4) 1 25
5 lines (n � 4) 1 25
�6 lines (n � 14) 3 21.4

Duration from primary breast cancer
diagnosis and biopsy

First quartile (�35 months) 4 11.4 .15
Second quartile (36-67 months) 4 15.4
Third quartile (68-118 months) 7 24.1
Fourth quartile (�118 months) 2 6.5
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months, 77 patients (80%) had experienced disease progression, and 38
patients (40%) had died. Discordance in receptors between metastases
and the primary tumor was not associated with differences in either TTF
or OS (Fig 4). Median TTF was 6.3 and 6.5 months for the concordant
and discordant groups, respectively. The HR for the discordant group
was 0.88 (95% CI, 0.55 to 1.41; P � .59). Median OS was 27.6 and 30.2
months for the concordant and discordant groups, respectively
(HR � 0.94; 95% CI,0.49 to ; P � .85). Post hoc analysis also showed
that receptor discordance was associated with a numerically shorter,
but nonsignificant difference in duration between diagnosis of meta-
static disease and death (period encompassing both pre- and postbi-
opsy, median 50.6 v 57.8 months, HR � 1.36; 95% CI, 0.67 to 2.78;
P � .40). Statistical power to detect differences in these analyses is low.
In patients with primary tumors that were ER and PgR positive, loss of
PgR expression in the metastasis (n � 15) was associated with worse
TTF on endocrine therapy compared with those that maintained PgR
expression (n � 15; 12-month treatment failure rates 73% and
53%, respectively).

DISCUSSION

Thechoiceof systemic therapy inadvancedbreastcancer isdependenton
the appropriate targeting of ER, PgR, and HER2 receptors. The receptor
status of metastatic disease is usually assumed to be the same as that of the
primary tumor, but there is evidence for discordance in receptor status
between primary and metastatic tumor (reviewed in Lindstrom et al18).
Few studies have determined the success rates of biopsy of metastatic
lesions or the impact of discordance on patient management or survival.
Therefore, the use of metastatic biopsy is contentious.3,19

Our results show that biopsy of metastatic sites is technically feasible
and that hormone receptors and HER2 expression can be determined
from most biopsies. Receptor discordance was more common with hor-
mone receptors than with HER2. Loss of PgR expression was the most
common change, but this rarely had any impact on choice of therapy.
Changes in therapy were reported in approximately 14% of women.
These findings are similar to those published previously.7,8,20,21 No base-
line factors were identified that increased the likelihood of change in
therapy, although triple-negative tumors tended not to be discordant.
Therewasalsosomediscordancebetweentheinitialpathologyreportand
the reanalysis of archival primary tissue, and in two women, change in
therapy could have been guided by re-evaluation of the primary tumor.

Changes in receptor profile should be interpreted with caution, as
variations in tissue processing can lead to erroneous results. Inadequate
fixation can lead to false-negative results for ER expression.22,23 Inade-
quate sampling of a heterogeneous cancer can also lead to inaccurate
results. Clinicians should consider responses to previous therapy before
withholding targeted therapy in women with loss of receptor expression.
Failure to detect tumors changing from receptor negative to positive is
likelytohaveagreater impactontreatmentdecisionsthanfailuretodetect
tumors changing from receptor positive to negative.24

Discordance between primary and metastatic lesions was not asso-
ciated with apparent differences in TTF or OS if treatment was modified
accordingly. The power of our study to detect such differences was, how-
ever, low.Poorsurvivalassociatedwithreceptordiscordanceinretrospec-
tive studies9-11 may be due to inappropriate use of targeted therapy in
discordant cases. Biopsy of metastatic lesions may predict sensitivity to
endocrine therapy: women with ER-positive and PgR-positive prima-

ries, who were treated with endocrine therapy after their biopsy, had a
higher likelihood of being progression-free at 12 months if PgR was
maintained in the metastasis.

Delaying systemic therapy to await biopsy of a metastatic lesion and
its characterization is a concern. In this study, the median delay associated
with biopsy was 15 days (range, 2 to 56 days). This was caused partly by
batching of samples for HER2 FISH analysis. Approximately one in three
patients described prebiopsy anxiety, and nearly 60% described pain as-
sociated with their biopsy. Procedure-related complications were rare.
Acceptability of metastatic biopsy was high, with almost 90% willing to
recommend metastatic biopsy to other women with breast cancer.

Approximately 80% of biopsies from metastases could be analyzed
for ER, PgR, and HER2; FNA and biopsy of bone and bone marrow were
associated with lower yield. Higher sensitivity from FNA biopsy might
havebeenobtainedif immediatesamplepreparationandevaluationwere
available.25 Such evaluation might also allow expert triage of tumor ma-
terial for ancillary studies and rigorous standardization of specimen prep-
aration. Rebiopsy of patients in whom initial attempts did not provide
adequate tissue was not routinely carried out in the present study. Such
practice would almost certainly increase overall yield, but further delay
commencing therapy.

Biopsy of metastatic disease does have limitations. Although im-
provements in interventional radiology mean that most tissue is now
accessible by minimally invasive methods, the choice of the location
for biopsy is usually determined by the most accessible site. Such
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practice can lead to sampling bias, although postmortem data suggest
that heterogeneity of hormone receptors among different metastatic
sites is rare.26 Bone is the most common site of metastasis in breast
cancer,27 and biopsies of bone metastases provide a lower analyzable
yield for IHC than other tissues.28 These factors limit the applicability
of our results in some patients.

This study has shortcomings. It assessed the impact of biopsy on
clinicians’ choice of therapy rather than improvement in outcome. It
is very difficult to conduct a randomized trial in this setting, and this
was felt to be the most feasible design. Although strict protocols were
followed in the handling of the biopsies, the handling of the primary
specimens was generally not known. Any suboptimal fixation may
have led to incorrect receptor analysis, both for the original analysis of
the primary and at the time of reanalysis. Primary tumor samples
reported in a central laboratory were not reanalyzed, and comparison
with biopsies of metastases was therefore subject to interobserver
variability. This reflects clinical practice and should not therefore
detract from the impact of the results. Finally, follow-up imaging was
conducted at the clinician’s discretion rather than at fixed intervals.
This is pragmatic, but may lead to uncertainty in the definition of TTF.

In conclusion, this prospective study shows that biopsy of metas-
tases appears beneficial. Clinicians alter immediate management in
one of seven patients, and if treatment is modified according to results,

discordant and concordant cases have similar outcome. A decision to
biopsy a metastatic site should be based on patient and tumor-related
factors, and clinicians should consider carefully the method and site of
biopsy to maximize analyzable yield.
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