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Abstract Discordance in estrogen (ER), progesterone (PR),
and HER2/neu status between primary breast tumours and
metastatic disease is well recognized. In this review, we high-
light how receptor discordance between primary tumours and
paired metastasis can help elucidate the mechanism of metas-
tasis but can also effect patient management and the design of
future trials. Discordance rates and ranges were available from
47 studies (3384 matched primary and metastatic pairs)
reporting ER, PR, and HER2/neu expression for both primary
andmetastatic sites. Median discordance rates for ER, PR, and
HER2/neu were 14 % (range 0–67 %, IQR 9–25 %), 21 %
(range 0–62%, IQR 15–41%), and 10% (range 0–44%, IQR
4–17 %), respectively. Loss of receptor expression was more
common (9.17 %) than gain (4.51 %). Discordance rates var-
ied amongst site of metastasis with ER discordance being
highest in bone metastases suggesting that discordance is a
true biological phenomenon. Discordance rates vary for both
the biomarker and the metastatic site. Loss of expression is
more common than gain. This can affect patient management
as it can lead to a reduction in both the efficacy and availability

of potential therapeutic agents. Future studies are recommend-
ed to explore both the mechanisms of discordance as well as
its impact on patient outcome and management.
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1 Introduction

Systemic treatment choices for metastatic breast cancer are
based, in part, on the estrogen (ER), progesterone (PR), and
HER2/neu status of the primary cancer. Biopsy of first recur-
rence is recommended in some but not all guidelines [1–3]
and, outside of the clinical trial setting, it is difficult to tell how
often biopsies are performed. Biopsies may not routinely of-
fered for a number of reasons: physicians may assume that
patients will be inconvenienced by a biopsy, that the receptor
profile of the metastasis will be the same as the primary tu-
mour, or that the results of the biopsy will not change patient
management [4]. There is, however, an increasing body of
literature challenges these assumptions.

1.1 Mechanisms of receptor discordance

Discordance of ER, PR, and Her2/neu status between the pri-
mary tumour and subsequent metastases is well recognized [5];
however, these can have both biological and therapeutic impli-
cations.Mechanisms of discordance remain unknown and could
have both biologic and therapeutic implications. There are sev-
eral potential explanations for these changes reported in the
literature, including variability in assay performance (i.e. tech-
nical issues), tumour heterogeneity, and biologic evolution of
the tumour (i.e. biological mechanisms)[6]. The accuracy and
reliability of immunohistochemical testing is based on multiple
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factors, such as the method of tissue fixation, method of staining
methods, antigen retrieval, and subjective scoring; all of which
can have an effect in the final interpretation of the result affect
[7–11]. In addition, it is well recognized that even when the
same analytic method is used, the reproducibility is sub-optimal,
especially for ER [38] and HER2/neu [3], again adding to pos-
sibly misleading discordance reporting. A recent publication
was able to identify 15 pre-analytical variables that had the
ability to affect immunohistochemical accuracy on formalin-
fixed paraffin-embedded tissue [11]. There is also heterogeneity
with respect to sampling methods. In addition, the differences in
sampling methods such as fine-needle aspiration (FNA) or core
biopsy versus surgical excision in the primary tumour and the
differences in analysis of samples from different tissues are pos-
sible technical caveats that could cause a false concordance or
discrepancy [12–15].

In addition to the technical issues described above, both
inter- and intra-tumoural heterogeneity are emerging to be of
greater incidence than previously appreciated. Recent studies
based on next generation sequencing have shed new light on
tumour heterogeneity, reinforcing the hypothesis that variation
in biomarkers may actually reflect clonal genome evolution
[5, 16–19]. Tumour heterogeneity may also be due to biolog-
ical drift, selective pressures of therapy leading to clonal se-
lection with development of a novel cell clone [20]. In addi-
tion, it is possible that there are small routinely undetected
subclones in the primary that only become evident with met-
astatic progression [5, 19]. Along this line, as prospectively
reported by Hilton and colleagues [21], a significant ER dis-
cordance rate between primary tumour and metastatic deposits
occurred, and a full concordance amongst metastases arising
in multiple bone sites, suggesting the occurrence of a domi-
nant clone diverging in terms of ER immunoreactivity from
the primary tumour. The clinical consequences of all these
findings are as yet unknown, as well as the optimal timing
for retesting a tumour.

In addition to these prospective studies, a meta-analysis has
also been published [5]. To date, no studies have been able to
elucidate the exact mechanism of observed this discordance. It
is thought that these observations are either due to technical
issues, such as poor reproducibility of immunohistochemistry,
or actually a true biological manifestation. If discordance is a
true biologic phenomenon, then we should expect similar dis-
cordance rates between metastatic sites as the biologic drivers
of discordance (biological drift, selective pressure of therapy
leading to clonal selection, or the presence of subclones un-
detectable in the primary tumour) [5] should be the same in all
sites of metastatic disease. In contrast, differing rates of dis-
cordance between metastatic sites may reflect a technical issue
as biopsies from different tissues require different preparation
efforts, leading to significant technical variations.

In the absence of this data, we felt it would be useful to
update a systematic review [5] and primarily focus on

discordance rate variability between different sites of metas-
tasis. The results of the systematic review have been presented
elsewhere [22] and were conducted according to the guide-
lines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) Statement [23] and registered
(CRD42013004564) in PROSPERO [24]. Studies that evalu-
ated ER, PR, or HER2/neu receptor status in patient-matched
primary breast and metastatic sites were included. Studies
with a non-matched specimen between primary and metastatic
site, undifferentiated data from different metastatic site, male
breast cancer, non-original research, case reports of <5, and
an a l y s i s c o ndu c t e d w i t h me t h od s o t h e r t h a n
immunohistochemistry/fluorescent in situ hybridization
(IHC/FISH) were excluded. Studies comparing the primary
site with concurrent axillary lymph nodes at the time of pri-
mary diagnosis were also excluded. We included studies of
various analytical IHC or FISH techniques in receptor
assessment.

Of the 7359 citations identified from the initial literature
search, 47 met the eligibility criteria (Appendix 1). The de-
tailed characteristics of the 47 studies (n = 3384 paired sam-
ples from primary tumours and corresponding metastases) are
presented in Table 1. Only seven studies used prospectively
collected data [21, 23–28]. For all 47 studies, the
mean/median age of study subjects ranged from45 to 64 years.
Thirty-four studies reported on ER, 25 on PR, and 41 on
HER2/neu. The number of studies including data for different
sites of metastases was as follows: lymph nodes (n = 25), bone
(n = 9), brain (n = 9), liver (n = 8), lung (n = 6), and GI tract
(n = 1). Unfortunately, the quality of the studies was on the
whole low (Supplemental Table 1 and 2). Of the 47 included
studies, only five studies were judged to be of low risk of bias
or applicability [27, 29–32]. It was often unclear from the
studies whether the test results were interpreted without
knowledge of the results from the primary disease or if the
same tests were used to test the primary breast tumour and
metastatic site or if all eligible patients were included in the
analysis.

Total receptor discordance rate between primary tumour
and metastatic site was assessed in 47 studies (3384 paired
samples). Of these, 34 studies (1894 paired samples) assessed
ER status, 25 studies (1213 paired samples) assessed PR sta-
tus, and 41 studies (1828 paired samples) assessed HER2/neu
receptor status. Total discordance rates are presented by met-
astatic site and all sites combined for each of three receptors in
Fig. 1. Median discordance rates between primary and paired
metastasis for ER, PR, and HER2/neu expressions were 14 %
(range 0–67 %, IQR 9–25 %), 21 % (range 0–62 %, IQR 15–
41 %), and 10 % (range 0–44 %, IQR 4–17 %), respectively.

Specific information regarding the direction of change in
receptor expression (i.e. loss or gain of receptor) was available
for a total of 1396 of the 3384 paired samples, respectively.
Table 2 summarizes median percent change in the expression
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Table 1 Main characteristics of studies included in the systematic review

Author Design Setting Year Biomarker(s) tested Site of distant metastasis Age of diagnosis, years

Cho (2008) [25] R Korea 2008 Lymph nodes Mean, 47.77
Range, 28–70

Welter (2008) [14] R Germany 1998–2007 ER, HER2 Lung Range, 37.4–80.6
Amir (2008) [26] P Canada 2008 ER, PR Bone Mean, 58.4

Range, 48–67
Yonemori (2008) [15] R Japan 1999–2006 ER, PR, HER2 Brain Median, 53

Range, 39–78
Santinelli (2008) [27] P Italy 2001–2006 HER2 Lung, bone, GI, liver Mean, 50.4

Range, 31–76
Tapia (2007) [32] R Switzerland 1999–2006 HER2 Lymph nodes Mean, 57.5

Range, 26–85
Gaedcke (2007) [63] R Germany 2007 HER2 Brain n/a
Vincent-Salomon (2007) [64] P France 2007 HER2 Bone Mean, 55.6

Range, 36–75
Martinez (2006) [65] R USA 1995–2004 ER, PR, HER2 Liver Mean, 55

Range, n/a
D’Andrea (2007) [66] R Italy 2007 ER, PR, HER2 Lymph nodes Median, 60.5

Range, 30–85
Lorincz (2006) [67] R Hungary 2006 HER2 Bone Median, 59

Range, n/a
Solomayer (2006) [23] P Germany 2006 HER2 Bone n/a
Dikicioglu (2006) [24] P Turkey 2005 ER, PR Lymph nodes Median, 54

Range, 36–71
Gong (2005) [68] R USA 1996–2003 HER2 Liver Mean, 52

Range, 26–79
Davidson (2004) [69] R Norway 1998–2002 ER, PR, Lymph nodes Range, 35–85
Schwarz (2004) [70] R Germany 1991–1996 ER, PR Lung Median age, 64

Range, 40–86
Bozzetti (2003) [71] R Italy 2003 HER2 Liver, n/a
Tsutsui (2002) [72] R Japan 1992–1998 ER, PR, HER2 Lymph nodes Mean, 52

Range, 25–83
Zheng (2001) [73] R China 2001 ER Lymph nodes n/a
Cardoso (2001) [29] R Belgium 2001 HER2 Lymph nodes n/a
Kamby (1989) [28] P Denmark 1989 ER Lymph nodes, bone, liver Mean, 53

Range, 30–74
Omoto (2010) [74] R Japan 1984–2004 ER, PR, HER2 Brain Median, 47

Range, 33–69
Nedergaard (1995) [75] R Denmark 1989–1991 ER Lymph nodes n/a
Shao (2011) [76] R Singapore 2011 ER, PR, HER2 Brain Mean, 49.8

Range, 35–61
Sari (2010) [77] R Turkey 1997–2008 HER2 Bone, liver Median, 44.5

Range, 21–76
Falck (2010) [78] R Sweden 1985–1994 ER, PR Lymph nodes Median, 63

Range, 26–81
Ditsch (2003) [79] R Germany 2003 ER Bone n/a
Van Agthoven (1995) [30] R Netherland 1995 ER, PR, HER2 Lymph nodes n/a
De La Haba-Rodriguez (2004) [80] R Spain 2004 ER, PR, HER2 Lymph nodes n/a
McCann (1991) [81] R Ireland 1979–1986 ER, HER2 Lymph nodes Median, 54

Range, 23–82
Hoefnagel (2010) [31] R Netherland 1985–2009 ER, PR, HER2 Brain, liver, lymph nodes, GI Mean, 53.9

Range, 25–93
Botteri (2012) [82] R Italy 1999–2009 ER, HER2 Liver Median, 50

Range, 29–78
Hilton (2011) [21] P Canada 2011 ER, PR Bone Median, 55.3

Range, 34–76
Jensen (2011) [83] R Denmark 1999–2009 ER, HER2 Lymph nodes n/a
Brogi (2011) [84] R USA 1986–2006 ER, PR, HER2 Brain Median, 45

Range, 26–83
Curigliano (2011) [85] R Italy 1999–2009 ER, PR, HER2 Liver Median, 45

Range, 26–75
Park (2010) [86] R Korea 2001–2008 HER2 Brain Median, 48.5

Range, 34–65
Aoyama (2010) [87] R Japan 1999–2008 HER2 Lymph Nodes Mean, 53

Range, 37–80
Aitken (2010) [39] R Scotland 1999–2002 ER, PR, HER2 Lymph nodes n/a
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of ER, PR, and/or HER2/neu status by metastatic and all sites
combined. From the available data, overall, 128/1396
(9.17 %) pairs had a loss of receptor status, while 63/1396

(4.51 %) match pairs had a gain of receptor status in the me-
tastasis compared with primary tumour. For ER, 63/565
matched pairs (11.15 %) had a loss of receptor status while

Table 1 (continued)

Author Design Setting Year Biomarker(s) tested Site of distant metastasis Age of diagnosis, years

Strein (2010) [88] R Finland 2001–2005 HER2 Lymph nodes n/a
Azam (2009) [89] R Pakistan 2004–2006 ER, PR, HER2 Lymph nodes Median, 45

Range, 23–84
Duchnowska (2012) [90] R Poland 1996–2011 ER, PR, HER2 Brain Mean, 52

Range, 29–83
Lear-Kaul (2003) [91] R USA 1980–2002 HER2 Brain Mean, 45

Range, 25–62
Xu (2002) [92] P USA 1996–1999 HER2 Lymph nodes Median, 53

Range, 30–81
Liu (2012) [40] R China 2002–2011 ER, PR, HER2 Liver Mean, 55.6

Range, 50–68
Umekita (1998) [93] R Japan n/a ER, PR Lymph nodes n/a
Andersen (1988) [94] R Denmark 1988 ER Lymph nodes Median, 62

Range, 33–84

R retrospective, P prospective

a 
Summary of Total Discordance Rates, Estrogen (Median, Minimum, Maximum), IQR

b
Summary of Total Discordance Rates, Progesterone (Median, Minimum, Maximum), IQR

c 
Summary of Total Discordance Rates, HER2 (Median, Minimum, Maximum), IQR

Fig. 1 Summary of total discordance rates, estrogen, progesterone, and HER2/neu (median, minimum, maximum)
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15/565 matched pairs had a gain of receptor status. For PR,
24/267 (8.99 %) matched pairs had a loss of receptor status
while 9/267 (2.62 %) had a gain of receptor status. For
HER2/neu protein, 41/564 (7.27 %) matched pairs had a loss
of receptor status, while 39/564 (6.91 %) have a gain of re-
ceptor status.

Discordance rates were highest for bone metastases [ER:
48 % (range 0–67 %), IQR (32–57 %); PR: 50 % (range 36),
IQR (29–43 %); HER2/neu: 16 % (range 9–38), IQR (11–
25 %)] when compared to all other sites (lymph node, lung,
liver, brain, and gastrointestinal tract). At all sites, HER2/neu
was less likely to show discordance than either ER or PR.
Given that bone has unique technical issues that do not apply
to other sites of metastases and the small number of samples
for which data is available, a large amount of change observed
from this site of disease may be spurious in nature. Thus given
the high reproducibility of Her2/neu testing and the similar
discordance rates between different sites of metastasis, where
tissue processing is less variable, this data would therefore
suggest that the mechanism of discordance is truly biological
in nature at all sites, HER2/neu was less likely to show dis-
cordance than either ER or PR.

1.2 Impact of discordance on patient clinical
and treatment outcomes

Prior to the BRITand DESTINY studies, the majority of stud-
ies investigating biomarker discordance were small and retro-
spective in nature, with variable discordance ranges (mini-
mum to maximum) for ER (7–32 %), PR (24–54 %), and
HER2/neu (9–34 %), respectively [31, 33–40]. For a number
of reasons, it is a major challenge to interpret the effects of
receptor discordance on actual patient management. These
reasons include the following: the recruitment of heteroge-
neous patient populations (from newly recurrent patients to
patients with multiple previous metastasis), variability in the
site of metastasis (e.g. bone vs. liver metastasis as outlined
above), variations in the treatment the patient is receiving at
the time of biopsy, variability in the assay used to measure the
receptor, and lack of central pathology review [41].

The British BRIT study and the Canadian DESTINY study
attempted to control for many of these limitations [42]. In
order to increase the available data, the two studies were re-
ported both individually and as a pooled analysis. For this
pooled analysis, receptor discordance was defined as a change
in ER, PR, or HER2 status (in any direction) between the
primary tumour and the metastasis. This study reported recep-
tor discordance rates for each biomarker as follows: ER 12 %,
PR 31 %, and HER2/neu 5 %. In 14.2 % of cases, patients
enrolled in the study had their management changed based on
these biopsy results. Although the pooled analysis provided
significant insights into receptor discordance in breast cancer,
there were some important limitations to the work.

First, physicians enrolling patients in the biopsy study may
be biased towards making treatment changes and therefore the
effect of receptor discordance on treatment selection may be
overstated. Second, switching therapies based on discordance
may not actually have an effect on patient outcomes and only
the DESTINY study explored this question. Seventeen wom-
an (14 %; 95 % CI, 8.4 to 21.5 %) had a change in treatment
compared with the pre-biopsy therapeutic plan. Changes in
management included the addition of trastuzumab in women
with gain of HER2 overexpression (n = 6), the use of chemo-
therapy in place of endocrine therapy in whosewith 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).

Despite these findings, in the DESTINY study, discordance
in receptors between the primary tumour and metastases was
not associated with a difference in OS (median OS 27.6 and
30.2months for the concordant and discordant groups, respec-
tively; HR 0.94; 95 % CI, 0.49 to 0.85) [15]. Although, the
evaluation was limited by the relatively small study numbers.
Five other studies reported shorter survival for those with
specific discordances [2, 31, 43–45]. Very few of the studies
reported on treatments used for metastatic disease in these
patients, and there was limited information on available base-
line characteristics of the patients and their tumours from the
reports. Interestingly, there have been reports that when there
was a gain in the receptor status, 12–14.2 % of patients had a
change in their treatment plan [36–38].

However, none compared outcomes for patients with re-
ceptor discordances whose systemic therapy for metastatic
disease was guided by results from the metastases versus re-
sults from the primary tumour. Thus, evidence is lacking to
determine the optimal basis for selecting a treatment regimen
when discordances are found.

1.3 Impact of discordance on clinical trial design

Irrespective of the mechanism behind these changes, the im-
pact on actual patient outcomes requires ongoing and future
studies, particularly if we are to continue to individualize and
improve treatment modalities in breast cancer. To help oncol-
ogists manage the clinical implications of biomarker discor-
dance between the primary and metastatic sites, the American
Society of Clinical Oncology (ASCO) Expert Panel recently
published guidelines [6] on this specific topic. ASCO recom-
mends that in patients with accessible metastases, biopsy for
confirmation of malignancy and retesting of ER, PR, and
HER2/neu status should be offered. With discordance of re-
sults between primary and metastatic tissues, the Panel con-
sensus is to use preferentially the ER, PR, and HER2 status of
the metastasis to direct therapy if supported by the clinical
scenario and patient’s goals for care. The strength of these
recommendations was noted to be Bmoderate^, as the
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evidence quality was Binsufficient^. Although the Panel rec-
ognizes that there is sufficient evidence for biomarker change
from primary to metastasis, there is no evidence to demon-
strate that systemic therapy choices affect health outcomes
when biomarker change occurs.

Interestingly, the ASCO guidelines specifically mention
careful attention to assay performance in the retesting of bio-
markers of bone metastases. The decalcification of bone biop-
symaterial for the analysis of ER, PR, and HER2may alter the
outcome of the tumour analysis [46, 47]. Whenever possible,
testing of bone metastases should be performed using a vali-
dated assay with a sample that has not been decalcified during
preanalytic processing. Use of ethylenediaminetetraacetic
acid-based decalcification solutions may help, as well as the
ability to physically separate viable tumour from skeletal tis-
sue, so that at least some of the tumour can be processed
without having to undergo decalcification, although this may
not be feasible for small biopsy specimens. A calcified spec-
imen may yield a false negative result, and the Panel recom-
mends that consideration should be given to an additional and
more suitable biopsy sample for testing.

What are the downsides for performing an additional biop-
sy routinely in metastatic patients? A biopsy, even though it is
often carried out by a percutaneous image guided technique,
cannot always be performed safely for the patients.
Complications do occur in the form of bleeding, infection,
patient discomfort, perforation, and unintended organ injury
[19]. The Society of Interventional Radiology reports a thresh-
old of 2 % for major complications [48]. At the 2013 ASCO
annual meeting, Dr. Andre reported that biopsy was compli-
cated by a serious adverse event in 9 out of 423 patients within
the SAFIR01 trial [49]. In addition, although it may be tech-
nically feasible to conduct biopsies at metastatic sites, approx-
imately 20% of biopsies cannot be analyse due to poor quality
or insufficient cells, especially biopsies done with a fine nee-
dle aspirate or core biopsies of the bone or bone marrow [50].
Finally, it has to be acknowledged that routine additional bi-
opsies may be financially costly for the health care system,
especially when the clinical implications for treatment are not
that clear.

2 Discussion

In this current review, we will summarize the state of the
literature plus present data from a previously performed sys-
tematic review to highlight how the direction (i.e. gain or loss
of receptor expression), extent of discordance in ER, PR, and
HER2/neu status between primary breast cancers, and their
paired metastasis can effect patient management. In addition,
we evaluate how discordance could impact on the design of
future clinical trials.

Receptor discordance between primary and metastasis is a
recognized phenomenon in a number of tumour types [12] and
can present a challenge to patient management. It is important
to understand patient attitudes towards having biopsies per-
formed for receptor analysis. A frequently cited reason for not
performing biopsies is that patients will not accept them; how-
ever, this is not borne out by the literature. One study reported
that up to 82 % of patients with suspected metastatic lesion
agreed to undergo a biopsy [13]. In general, the morbidity and
complication rate associated with the procedure are minimal
in experienced centres. In the DESTINY trial, patient satisfac-
tion was assessed, and while 34 % of patients reported pre-
biopsy anxiety, and 59 % post-biopsy pain, the vast majority
(89 %) would recommended metastatic biopsy to other pa-
tients [42]. In theory, there are two main ways in which dis-
cordance will affect future trial design. Firstly, is to design
trials that will elucidate the mechanism of discordance and
the second is how this discordance will itself affect the design
of future trials.

3 Future trials to further elucidate mechanisms
of receptor discordance

Given that so many studies have now shown that receptor
discordance is a true biological phenomenon, prospective tri-
als are needed to evaluate whether or not this discordance has
any impact on patient outcomes in terms of either progression
free or overall survival.

In conclusion, the present analysis shows broad rates of
discordance across both sites and biomarkers. To further ex-
plore the clinical implications of biomarker conversion in
breast cancer patients, randomized clinical trial in metastatic
breast cancer patients are needed. It is based on receptor ex-
pression of the primary tumour versus that of the metastasis.
Studies are also needed whereby biopsies of multiple sites of
metastasis are performed in the same patient at the same time,
as this will help elucidate the mechanism of metastasis in
different disease sites. In addition, prospective studies are
needed to look at biopsies of different sites of metastatic dis-
ease at different time intervals to elucidate the effects of treat-
ment on tumour behaviour. In addition, the creation of meta-
static tissue bio-repository is of great importance in the area of
understanding the biological mechanisms of mixed responses.
In this setting, patients may well be responding at multiple
metastatic sites while progressing at others. Biopsies in this
setting could provide a unique insight into the mechanism of
sensitivity and resistance.

While these types of study may not be feasible at all cen-
tres, the creation of metastatic tissue bio-repositories could
potentially facilitate further translational research on the clin-
ical and treatment implications of biomarker discordance. An
essential component of these is ensuring that all patients are
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appropriately consented to allow their tissues to be subjected
to multiple types of analysis in situations where patients are
receiving novel treatments [51–55].

4 How receptor discordance could impact design
of future clinical trials

In addition to learning why receptor discordance occurs as
discussed above, we also want to see how discordance can
be used to improve clinical trial design. Given the increased
interest in the mechanisms of endocrine resistance, and the
very low event rates being observed [56], future trials may
well wish to identify patients’ greatest risk of relapse or pro-
gression be it through demonstration of discordance and loss
of progesterone expression. Currently, trials of patients with
early stage ER/PR positive disease have such low event rates
that these trials need to be enormous and take many years to
complete [57]. While many centres are evaluating the use of
sequential biopsies in the neoadjuvant and window of oppor-
tunity settings [58–62], these brief studies will be more valu-
able for assessing the brief effects of novel agents on the
tumour rather than long-term effects such as receptor discor-
dance and its mechanisms. A greater understanding of the
mechanisms of discordance could also would lead to more
rational clinical trial design where, for example, progression
of disease may not actually reflect drug failure but rather a
change in the receptor profile that the action of the drug was
supposed to mediated through. Similar to the challenge facing
investigators of trials in ER positive populations, the low
event rates in patients with ER positive Her2/neu positive also
make trials design challenging, so a better appreciation of
receptor discordance upon recurrence could allow for more
rationale trial design too.

5 Conclusion

In order to plan future studies, it is important to realize
the limitations of the current literature. The main
strength of this review is with its systematic and ex-
haustive nature of included articles for receptor discor-
dance in different metastatic sites. This data would ap-
pear to confirm that while there were significant techni-
cal issues with respect to tissue processing in the past;
it is most likely that receptor discordance is a true bio-
logical phenomenon. This being so it is important that
we all strive to perform studies to not only explore the
mechanism of this discordance but also to use this in-
formation to develop more rational clinical trials to ul-
timately allow the delivery of truly personalized care.
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Appendix 2: Quality assessment and statistical
analysis of included studies

Quality assessment Once the final group of articles was agreed
upon, two of three authors (CY, FH, IK) independently examined the
quality of each article using the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) tool [95]. QUADAS-2 is the current ver-
sion of the QUADAS, the tool used to evaluate the risk of bias and appli-
cability of diagnostic accuracy studies in systematic reviews. It consists of
four key domains: patient selection, index test, reference standard, and flow
and timing. Each is assessed in terms of risk of bias and the first three in
terms of concerns regarding applicability. Signalling questions are included
to assist in judgments about the risk of bias (Supplemental Table 2). Risk of
bias was judged as Blow^ if the answers to all signal questions for a domain
were Byes^; it was judged as Bhigh^ if any signal question in a domain was
answered Bno^, or as Bunclear^ if insufficient information was provided.
Concern for applicability is assessed in three key areas: patient selection,
index test, and reference standard. Concern for applicability was assigned
as Blow ,̂ Bhigh^, or Bunclear^with criteria analogous to those used for risk
of bias. If a study is judged as Blow^ on all domains relating to bias or
applicability, then it is considered appropriate to have an overall judgement
of Blow risk of bias^ or Blow concern regarding applicability^ for that study
[95]. If a study is judged Bhigh^ or Bunclear^ on one or more domains, then
it may be judged Bat risk of bias^ or as having Bconcerns regarding
applicability.^

Statistical analysis To generate summary estimates of the rates of
loss of receptor status, gain of receptor status, and total discordance rate, we
had planned to pursue random effects meta-analyses of each of these pro-
portions of interest, summarizing findings with pooled proportions and
corresponding 95 % confidence intervals if studies were considered clini-
cally homogeneous and if summary estimates were not associated with
significant statistical heterogeneity (i.e. an I2 value of >50 %). Following
collection of study level data, we noted that a majority of included studies
failed to report the raw data required for meta-analysis (i.e. numbers of
events and sample size) and were instead reporting only percentages of each
outcome observed. Given this limitation, we decided to provide summary
medians and ranges of the proportions of each outcome instead. We ex-
plored these quantities both overall and within individual sites of metastasis.
For each summary estimate reported, we conservatively report the median
and range to be based on the total number of samples that are clear from the
individual studies contributing to these estimates.
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