
· METASTATIC BREAST CANCER ·

14 www.ajho.com  SEPTEMBER  2016

The Prognostic Impact of Determining Treatment Plans Based 
on Discordant Metastatic Tumor Receptors on Relapse

 
 

T. Allen Pannell, Jr, PhD, Timothy J. Panella, MD, and R. L. Zaretzki, PhD

Introduction
In the recurrent metastatic breast cancer (MBC) setting, a 
growing consensus encourages retesting the receptor status 
of metastatic tumors. However, there is scant evidence to 
suggest that changing first-line treatment plans based on the 
status improves clinical outcomes. In fact, evidence exists 
that changes to first-line treatment plans can harm patient 
outcomes.1-3 Decades of research surrounding this topic ex-
ists, yet the most important question has not yet been ad-
dressed:

When receptors are discordant, should first-line treatment plans 
rely on the receptor status of the primary tumor or on the receptor 
status of the metastatic tumor?

Approximately 6000 US women a year are diagnosed 
with discordant receptor results. These patients and their 
physicians must choose between disparate treatment plans 
indicated by the discordance.3 Currently, insufficient re-
search-based evidence exists to inform guidelines for nation-
al and international standards when discordance occurs.

The purpose of this research was to determine the im-
pact on patient outcomes in recurrent MBC diagnoses with 
discordant receptors when the first-line treatment plan was 
based on the receptor status of metastatic tumors instead of 
the receptor status of the primary tumors.

Methods
Overview
A thorough review of research published prior to Novem-
ber 2014 on MBC tumor retesting was performed. From 
that analysis, a hypothesis was formed: In discordant cases, if 
the first-line treatment plan is based on the receptor status of the 
primary tumor, the median life expectancy of patients with MBC 
will be longer than those whose first-line treatment plan is based 
on the receptor status of the metastatic tumor. We designed 
a retrospective observational study testing this hypothesis. 
This study queried the Tumor Registry at the University 
of Tennessee Cancer Center. All patients in the registry 
with recurrent MBC from January 1, 2000, to September 
30, 2014, were considered. Proven endocrine and target-
ed therapies were available by 2000 for all patients in the 
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study.4 Institutional Review Board permission was granted 
by the Graduate School of Medicine and the University of 
Tennessee. 

Study Decision Flow
Figure 1 outlines the study protocol. This study screened 
patients with a recurrence of MBC and determined whether 
they needed receptor status retesting (cohorts A and B in 
Figure 1). 

Retested patients were grouped by whether their primary 
and metastatic tumor receptor statuses were concordant or 
not (C and D). Discordant patients were further parsed by 
whether their first-line medical treatment plan was based on 

the primary or the metastatic tumor receptor sta-
tus. These 2 groups are represented as cohorts E 
and F in Figure 1. 

The study’s main objective was to compare the 
treatment plan impact of cohorts E and F. The lit-
erature review revealed multiple studies that com-
pared cohorts C and D,1,2,5-14 and 1 study compar-
ing groups A and B,6 as depicted in Figure 1. No 
research explicitly had a protocol to compare the 
survival rates of cohorts E and F.  

 The literature that evaluated the clinical impact 
of discordance did so by comparing the survival 
of patients with concordant versus discordant tu-
mors (cohorts C and D). These studies revealed 
that cohort D patients are always, to some degree, 
confounded with cohort F. Our analysis is unique 
because this confounding effect is removed by spe-
cifically comparing the survival curves of groups 
E and F. 

Patient Outcomes
In this study, patient outcomes were measured 
by: (1) 5-year postrecurrence survival (PRS) time 
curves, calculated as the time from metastatic re-
currence to death or censoring, and (2) the first-
line follow-up scan results using the Response 
Evaluation Criteria in Solid Tumors, version 1.1 
(RECIST v1.1) standard.15 

Phenotypes and Discordance
The term “discordance” was strictly defined as a 
difference in the primary tumor receptor status 
(phenotype) and the metastatic tumor phenotype 
that warranted a change in treatment plan based 
on current National Comprehensive Cancer Net-
work standards.16 The 4 phenotypes in this study 
were triple-negative breast cancer (TNBC), hor-
mone receptor positive (HR+ and HER2-negative), 

HER2-positive (HER2/neu+ and HR-negative), and posi-
tive breast cancer (PBC) (Table 1). Dieci et al8 also used 
these 4 phenotypes in their research. 

Data Parameters
Based on our protocol, we identified the variables neces-
sary to conduct the research. Variable information was ex-
tracted from The University of Tennessee Cancer Center 
Tumor Registry and the electronic medical records and 
paper charts of the study’s patients. Patients having MBC 
with recurrences between January 1, 2000, and November 
1, 2014, were reviewed. HER2 testing was not common un-
til 2000. 
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Figure 1. Study decision flow. 
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Statistical Methods
Statistical methods were determined a priori. To compare 
the survival data of cohorts E and F, the log-rank test for Ka-
plan-Meier survival curves was used. Cox regression analysis 
was utilized for multivariate analyses. Chi-square analyses 
were completed on the RECIST v1.1 data. Univariate tests 
were reported on available covariates using t-tests and chi-
square analysis. SAS JMP Pro version 10.0 was used for all 
analyses.

Results  
Patient Characteristics
Of 317 patient records evaluated, 124 met the study proto-
cols established and provided complete information. Many 
records included in the search were not recurrences of MBC 
and/or had extensive missing data.3 Out of 124 patients, 92 
had tumor retesting, with 14 receptor status results discor-
dant with their primary tumors. Eight patients had their 
first-line treatment plan based on their primary tumor re-
ceptor status and, 6 had the plan based on the tumor recep-
tor status of their metastatic tumors. The sampling break-
down is shown in Figure 1. 

Treatment Strategy Survival and First-Scan Results 
Our study compared clinical outcomes of patients with 
MBC with discordant results on whether their first-line 
treatment plans were based on the primary or metastatic tu-
mor receptor status. The results of this comparison showed 
that survival rates for patients whose first-line treatment 
plans were based on the receptor status of their primary 
tumors (n = 8) were better than patients whose plans were 
based on the metastatic tumor receptor status (n = 6; 48 vs 
8.4 months, respectively; P = .049; Figure 2).

Our findings demonstrated that patients with recurrent 
MBC with treatment plans using the receptor status of their 
primary tumors had a median survival of 48 months versus 
8 months for patients whose plans were based on the meta-
static receptor status. This sample difference of a 40-month 
life expectancy was consistent with the results of Liedtke et 
al,1 who evaluated the impact of discordance only. 

Chi-square analysis based on the RECIST v1.1 standard 
was not statistically significant (P = .164). However, the re-
sults are consistent with our hypothesis, given that: (1) of 
the 5 patients who had progressive disease at the first re-
scan, 4 were treated based on their metastatic tumor recep-
tors; (2) 5 of the 7 patients with stable disease were treated 
based on their primary tumors; and (3) the only patient 
with a partial response was treated based on primary tumor 
receptor status.

Univariate Analysis
A 2-sample univariate analysis was performed on each avail-
able covariate for the 14 discordant patients. This tested 
whether statistically significant differences existed between 
patients with treatment plans based on their primary tu-
mor receptor status and those with treatment plans based 
on the metastatic tumor (Table 2). Multivariate analyses of 
124 patients yielded 6 statistically significant covariates.3 
(see asterisks in Table 2). The fact that no univariate results 
were statistically significant was not unexpected, given the 
combined sample size of 14.
 The visceral nature (location) of the metastatic disease 
did present some concerns in the univariate analysis. All 
patients with treatment plans based on their metastatic 
tumor receptor status had metastatic tumors rated as vis-
ceral, while only 4 of 8 patients with first-line treatment 
plans based on their primary tumor were rated visceral. 
Thus, visceral and metastatic treatment plans were statis-
tically confounded. None of the 14 patients were deemed 
to be in visceral crisis at the time of metastatic diagnosis. 
Two evaluations were performed to assess the confounding 
impact: (1) Cox regression analysis on the 14 discordant 
patients and (2) Kaplan-Meier survival analysis on visceral 
patients only. Both tests compared the impact of first-line 
treatment plans on survival outcomes. Each analysis yield-
ed results consistent with the overall findings of our study.3 
The univariate and multivariate analyses provided evidence 
that the covariate confounding did not impact our study 
conclusions. 

Receptor 

Combination
 Description  Phenotype

ER-, PR-, HER2- TNBC  TNBC

ER+, PR+, HER2- HR+  HR+

ER+, PR-, HER2- ER+, PR-  HR+

ER-, PR+, HER2- ER-, PR+  HR+

ER-, PR-, HER2+   HER2+, HR- HER2+

ER+, PR+, HER2+ PBC  PBC

ER-, PR+, HER2+ HR+, HER2+  PBC

ER+, PR-, HER2+ HR+, HER2+ PBC

TABLE 1. Receptor Phenotypes

ER- indicates estrogen receptor—negative; ER+, estrogen recep-
tor—positive; HER2+, HER2-positive; HR-, hormone receptor—
negative; HR+, hormone receptor—positive; PBC, positive breast 
cancer; PR-, progesterone receptor—negative; PR+, progesterone 
receptor—positive; TNBC, triple-negative breast cancer.
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Discussion 
Clinical practice guideline recommendations are provided 
by 3 standards organizations regarding treatment of meta-
static patients with discordant tumor receptor status.16,18,19 
Although each standard contains slight variations in ver-
biage and caveats, all suggest considering the metastatic tu-
mor receptor status to assist in determining first-line treat-
ment plans for recurrent MBC. No references to published 
research are provided to support the guidelines. Two stan-
dards clearly indicate that no data are available to support 
their recommendations. Both our analysis and literature 
review contradict these guidelines, instead advocating that 
MBC treatment decisions be based on the receptor status of 
the primary tumor.

Retesting Metastatic Tumors
The literature review consistently supported the importance  

 
of retesting metastatic tumors for confirmation of diagnosis 
of MBC20-23 and to assess discordance between the receptor 
status of the primary and metastatic tumors.2,8,24-26 A recent 
meta-analysis by Aurilio et al25 summarized 48 articles that 
involved 3000 to 4000 tumors. They found discordance 
rates of 20%, 33%, and 8% for estrogen receptor, progester-
one receptor, and HER2, respectively.

Several authors, directly or indirectly, explored the im-
pact that retesting tumor receptors had on first-line treat-
ment plan determination, estimating the percentage of 
treatment plan decisions based upon the metastatic tumor 
status when it was discordant with the primary tumor. Five 
articles8,24,27-29 found that first-line treatment plan decisions 
were influenced 50% to 70% of the time by the existence 
of discordance, with the more recent studies trending to a 
higher percentage. 

TABLE 2. Univariate Analysis

Statistically significant variable in one of various multivariate analyses.
AJCC indicates American Joint Committee on Cancer; HER2+, HER2-positive; HR+, hormone receptor positive; PBC, positive breast cancer; 
S1, Stage 1; S2, Stage 2; S3, Stage 3; TNBC, triple-negative breast cancer.

 Variable

 First-Line Treatment Based on 

Metastatic Tumor Receptors  

(n = 6)

 First-Line Treatment Based on 

Primary Tumor Receptors 

 (n = 8)

 Statistical Significance 

 (P value)

Age at time of recurrence, 
years 56.1  55.3  .890

Time to recurrence in days 1596.5  1390.9  .729

Primary tumor size* 35.8  27.0  .463

Number of positive lymph 
nodes at primary diagnosis* 7.0  8.0  .832

Age at initial diagnosis, years   51.7  51.5  .975

Primary tumor phenotype* HER2+ (1), HR+ (2), PBC (3), 
TNBC (0)

 HER2+ (1), HR+ (6), PBC 
(1), TNBC (0)  .450

Metastatic tumor phenotype HER2+ (1), HR+ (1), PBC (0), 
TNBC (4)

 HER2+ (0), HR+ (1), PBC 
(2), TNBC (5)  .723

AJCC Sample17 S1 (0), S2 (3), S3 (3)  S1 (2), S2 (3), S3 (3)  .600

Location of recurrence* Distant (6), 
 Regional (0)  Distant (6), Regional (2)  .473

Visceral nature of recurrence Nonvisceral (0), Visceral (6)  Nonvisceral (4), Visceral (4)  .085

 Adjuvant hormone therapy  Yes (3), No (3)  Yes (4), No (3) Missing (1)  .999

 Adjuvant chemotherapy*  Yes (5), No (1)  Yes (5), No (3)  .580

 Adjuvant radiation  Yes (5), No (1)  Yes (5), No (3)  .580

 Adjuvant trastuzumab*  Yes (4), No (2)  Yes (2), No (6)  .242
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Clinical Outcomes of Discordance
Researchers investigated the clinical outcomes of patients 
with discordant receptors focusing on life expectancy with-
out directly testing the effect of changing treatment plans 
based on discordance.7,9,10,12-14 Our careful analysis of several 
Discussion sections yielded evidence that changing treat-
ment plans based on the metastatic tumor receptor status 
was more harmful than helpful.3 A strong illustration of 
this evidence is found in Liedtke et al,1 where the inappro-
priate use of targeted therapies due to discordance was dis-
cussed as a potential cause of poor survival. The authors 
implied that patients with discordant receptor status were 
often treated contrary to what the primary tumor status 
would indicate and that this change likely contributed to 
poor life expectancy. The authors reported that the median 
PRS rate for patients with TNBC with concordant receptors 
was 43 months. Patients with TNBC (primary tumor) whose 
metastatic tumor receptors were discordant experienced a 
15.6-month median PRS.1 The complete evidence in the lit-
erature and a discussion of potentially contradictory data 
can be found in Pannell.3

The challenge of evaluating research on discordance, its 
impact on treatment decisions, and the subsequent effect 
on survival outcomes was that discordance and treatment 
plan determinations were confounded. This was highlight-
ed in Turner and Di Leo’s23  literature review of the prog-
nostic impact of discordance. Our study is the first designed 
to address this confounding and to estimate the impact that 
first-line treatment plan decisions have on the clinical out-
comes. 

Research Limitations
Our sample size is statistically small. Although several pub-
lications investigating discordance had small sample siz-
es,1,2,7,14 our study’s requirement to further divide discordant 
cases impacts the statistical precision of our analysis. In 
retrospective observational studies, evaluating the potential 
effect of covariates is important. While our covariate analy-
sis found no evidence for potential bias, it remains possible 
that unknown confounding effects exist. 

Future Research
Future research should increase the sample size and breadth 
of this study, engaging additional researchers and cancer 
centers. Additionally, the exact causes of discordance have 
been speculated about but not definitively determined.21 
The ultimate question of interest is: Why would determining 
first-line treatment plans based on the primary tumor receptor sta-
tus, as opposed to the metastatic tumor, result in better patient 
outcomes? The only answer proposed in our literature review 
was by Liedtke et al,1 who provided a discussion of the po-

tential impact of measurement error in testing metastatic 
tumor receptor status in patients with MBC. Foukakis et 
al21 further discussed measurement error; Sighoko et al30 
attempted to measure the impact of measurement error on 
discordance; and Heofnagel et al31 discussed the variation 
of receptor measurements between different metastases in 
the same patient.

Conclusions and Recommendations 
The evidence in this research is consistent with our hypoth-
esis. Ultimately, the study showed that patients with MBC 
who had discordant results and first-line treatment plans 
based on their primary tumors rather than their metastatic 
tumors had a longer median life expectancy of 40 months. 
This evidence is supported by: a thorough literature review 
of historical data, a log-rank test with a P value of .049, a 
covariate analysis, and a sensitivity analysis.3 

Since 1989, the clinical impact of testing metastatic tu-
mors for receptor status to inform first-line treatment plans 
has been studied.32 Prior to our research, no definitive con-
clusions regarding the impact of retesting receptor status 
on the clinical outcomes of patients with MBC had been 
drawn. Our research goal is to influence changes in inter-
national and national standards regarding determination of 
first-line treatment plans in discordant cases of MBC and 
to provide a higher level of evidence for those standards. 
Based on our research, we propose the following:

Where discordance between the primary and metastatic 
tumor receptor status would indicate different treatments, 
the status of the primary tumor should take precedence 
when developing the first-line treatment plan for a patient 
with newly diagnosed, recurrent metastatic breast cancer. 
Strong clinical evidence to the contrary must be present to 
warrant basing the treatment plan on the metastatic tumor 
receptor status. 

Our recommendation is made with a suggested level of 
evidence of 2B.
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Introduction
Epithelial ovarian cancer (EOC) is the leading cause of 
death from gynecological malignancies in the Western 
world.1-3 The strongest known risk factors are mutations 
in either the BRCA1 or BRCA2 gene, which account for 
approximately 10% of EOC cases.3-5

BRCA1 and BRCA2 are tumor suppressor genes involved 
in the regulation of cellular proliferation, chromosomal 
stability, and DNA repair by homologous recombination 
(HR).5 Cells that cannot repair DNA double-strand breaks 
due to deficiencies in the HR pathway are more suscep-
tible to malignant transformation.5 Homologous recombi-
nation–deficient cells also cannot repair DNA damage in-
duced by platinum adducts; therefore, they are particularly 
platinum-sensitive.6  

BRCA mutation carriers represent a unique group of pa-
tients who are commonly diagnosed at a younger age, have 
improved sensitivity to platinum-based chemotherapy, and 
have an overall improved prognosis.4,6  

Variation in the worldwide prevalence of BRCA1 and 
BRCA2 mutations is well recognized.7-9 In the Ashkenazi 
Jewish (AJ) population, the BRCA1/2 mutation spectrum is 
represented mainly by 185delAG and 5382insC in BRCA1 
and 6174delT in BRCA2.10 Other populations display a 
large variety of BRCA mutations, so that ethnicity-specific 
prevalences of BRCA1/2 mutations are less clearly defined.

We previously described BRCA mutation type vari-
ability in a retrospective cohort comprising 190 stage IV 
BRCA-tested patients with EOC from New York City, Is-
rael, and Italy diagnosed between 1995 and 2009.11 The 
present paper is an update of that study; the analysis was 
extended to include 585 BRCA-tested patients with EOC 
from the same medical centers diagnosed between 1995 
and 2014. The study objectives were to describe BRCA mu-
tation type variability in different ethnic populations, and 
to compare progression-free survival (PFS) and overall sur-
vival (OS) among patients with nonhereditary EOC, BRCA 
mutation carriers, and subtypes of BRCA mutations.

Materials and Methods
We reviewed medical records of 1200 patients diagnosed 
with EOC between 1995 and 2014 at New York University 
(NYU) Cancer Institute, Tel Aviv Sourasky Medical Cen-
ter (Israel), and Padova Clinical Cancer Centers (Italy). 
Patients with EOC or histologically confirmed extra-uter-
ine Müllerian carcinoma (ovarian, tubal, and primary peri-
toneal) who were tested for BRCA mutation status were 
included in the analysis. Clinical data retrieved included 
institution, patient age at diagnosis, ethnicity, comorbidi-
ties, stage of disease, tumor histology, tumor grade, patient 
and family cancer history, BRCA mutation status, BRCA 
mutation type, prior surgical management, first-line che-
motherapy, chemotherapy for recurrent disease, date of 
first relapse, platinum sensitivity, PFS, OS, and status at 
the most recent follow-up.

Statistical Methods
The characteristics of BRCA carriers were compared with 
those of the noncarriers (NCs). Progression-free survival 
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Variation in the worldwide prevalence of BRCA1 and 
BRCA2 mutations is well recognized. We analyzed BRCA 
mutation type variability in 585 BRCA-tested epithelial 
ovarian cancer patients from different ethnic popula-
tions. Of these patients, 98 (16.8%) were carriers of the 
BRCA1 mutation, and 34 (5.8%) were carriers of BRCA2. 
Among the BRCA1/2 carriers, there were 29 mutation 
types. The widest variation in mutation types was in 
non-Jewish Caucasians. Our analysis showed statisti-
cally improved overall survival and a tendency towards 
improved first progression-free survival across all BRCA 
mutation subtypes, compared to non-carriers.
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