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Abstract

Background To examine influences on the receptor status of a local cohort of patients with recurrent breast cancer after
primary diagnosis of hormone receptor positive breast cancer.

Methods We retrospectively analyzed 2078 female patients with primary hormone receptor positive breast cancer treated
at the university hospital of Wuerzburg between 2000 and 2013. Main focus was on discordance in receptor status in recur-
rent disease.

Results 196 patients with the primary diagnosis of hormone receptor positive breast cancer developed recurrent disease.
29.1% of patients revealed discordance in estrogen receptor (ER), progesterone receptor (PgR) or HER2 receptor (ER*to ~:
33.3%; PgR"to ~: 59.6%; HER2*to : 8.8%; HER2 to *: 17.5%). Aggressive tumor biology such as low grading or involve-
ment of axillary lymph nodes showed increased risk of receptor conversion in relapse. Premenopausal patients with adju-
vant application of tamoxifen and the application of chemotherapy had a significantly lower risk for the development of ER
negative recurrent disease. Receptor changes to ER and PgR negativity in recurrent disease showed a trend to worse overall
survival (OS).

Conclusions Histological analysis of recurrent disease is indispensable, since one-third of patients with hormone receptor
positive breast cancer develop change in the receptor status.
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Introduction 2012 [2]. Even though the incidence of women with breast

cancer is rising, we notice a decrease in tumor-associated

Breast cancer is the most common cancer among women
worldwide with a life-time risk of about 12.9% in Germany
[1] and an international incidence of 1.67 million women in
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mortality. This might be based on earlier detection due to
improved screening programs and innovative therapeutic
options. Nevertheless, there are around 30% of women with
breast cancer who eventually develop distant metastases.
In 1896, Beatson et al. recognized the link between hor-
mone receptor status and breast cancer growth [3]. Ever-
since, immense effort has been made to optimize detection
of receptor status and to develop efficient endocrine thera-
pies. Standardized histological examination of the hormone
receptor status plays a crucial role in therapy planning of
early as well as of advanced breast cancer. In general, hor-
mone receptor status is evaluated by immunohistochemistry
(IHC) and a tumor with> 1% of positive cells is defined
as ER or PgR positive. HER2 receptor status is often ana-
lyzed by IHC, fluorescence, chromogenic, or silver in situ
hybridization (FISH/CISH/SISH) besides of different other
techniques such as PCR, ELISA, or western blot.
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Patients with hormone receptor positive primary breast
cancer receive adjuvant endocrine treatment depending on
their menopausal status.

On condition of sufficient therapy compliance, the appli-
cation of tamoxifen (TAM), aromatase inhibitors, or a com-
bination of both in the adjuvant setting lead to a relative risk
reduction for recurrent disease of about 40%, independent
of age or tumor size [4]. In addition to the recommendation
for an adjuvant initial endocrine therapy of at least 5 years,
there is evidence that the extended endocrine therapy for up
to 10 years can improve progression free survival (PFS) as
well as overall survival (OS) [5].

However, when it comes to distant metastases, reevalu-
ation of the receptor status is crucial to identify changes in
the sensitivity of the cancer to endocrine or otherwise tar-
geted therapeutic strategies. There are multiple clinical and
preclinical data describing intrinsic and acquired resistance
against previous therapeutics. Intrinsic resistance occurs
directly after the initiation of the therapy, while acquired
resistance develops after initial response. Possible expla-
nations for a loss of expression of ER on the tumor cells
include splicing variants, decreased sensitivity and acti-
vation of proliferating pathways (EGFR, PI3K/AKT, Ras/
MAPK) [6].

The aim of this analysis is to characterize receptor dis-
cordances between primary diagnosis and recurrent disease
and to evaluate possible influencing factors especially focus-
ing on adjuvant treatments.

Methods

The presented study is a retrospective analysis of 2078
patients with hormone receptor positive, early breast can-
cer, who underwent surgery with an RO resection status
between 2000 and 2013 at the university hospital of Wuer-
zburg, Germany. We received the data from the national
cancer register of the lower franconian region, Wuerzburg.
The register extracts data on therapy, recurrence, metasta-
sis, survival from patients’ medical records, i.e., discharge
letters and interdisciplinary consensus meetings. The regis-
ter receives yearly survival data either from the hospital or
private gynecologist that is in charge of patients’ follow-up.
When data from this automatic extraction seemed clinically
not plausible we checked this data by reviewing the patient’s
medical records, i.e., for exact therapy regimens and location
of metastasis and histological biopsy of metastasis.
Follow-up data is available until December 2015. Due to
the low number of events, we excluded male breast cancer
patients. Analysis of the entire collective comprised meno-
pausal status and age at diagnosis, tumor size, tumor biol-
ogy, operative interventions, type and duration of endocrine
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therapy as well as chemotherapy, location and biology of
recurrent disease and time until relapse.

Considering tumor biology, following groups were
formed: ductal and/or lobular, epithelial, mucinous, tubu-
lar, inflammatory and others. Tumor size and lymph node
status are categorized according to the TNM classification
(American Joint Commission of Cancer, seventh edition).
Operative interventions included either breast conserving,
ablative therapy of the breast, sentinel node biopsy or dis-
section of axillary lymph nodes. The data does not specify
whether a lymph node resection was performed initially
or due to a positive sentinel node biopsy. Chemotherapy
regimens were grouped as follows: taxan-based, anthracy-
lin-based, a combination of both or CMF regime including
cyclophosphamide, methotrexate and 5-fluorouracil. Endo-
crine therapy included following groups: tamoxifen (TAM),
aromatase inhibitors (steroidal and non-steroidal) (Al), TAM
and AI, TAM plus GnRH analogues, Al plus GnRH ana-
logues, TAM and Al and GnRH analogues, GnRH analogues
alone or none.

Changes in receptor expression in primary tumor and
recurrent disease were analyzed by McNemar’s test. For fur-
ther examination, we divided the data into four groups: A:
any kind of receptor change (ER and/or PgR and/or HER2
receptor), B: changes in ER, C: changes in PgR and D:
changes in HER?2 receptor. Influences on receptor changes in
recurrent disease were examined using Pearson’s Chi-square
test, Fisher’s exact test and student’s ¢ tests. We calculated
relative risks with 95% confidence intervals. Overall survival
curves are demonstrated as Kaplan—Meier survival curves
and Cox-proportional hazard models. We used log-rank tests
to calculate statistical significance (p value). All statistical
analyses were performed on SPSS statistics 24 software.
Statistical significance is assumed for p <0.05.

Results

196 female patients with primary diagnosis of hormone
receptor positive (ER*and PgR™") breast cancer diagnosed
between 2000 and 2013 at the university hospital of Wuer-
zburg, Germany developed recurrent disease.

The medium follow-up time was 7.34 (range
1.15-15.73) years. Average age at primary diagnosis was
56.6 (+12.95) years and 124 (63.3%) women were post-
menopausal. Most of the patients were primarily diag-
nosed with a pT1 (47.4%) or pT2 (42.9%) tumor. Infil-
tration of lymph nodes occurred in 101 (51.5%) cases.
Histological diagnoses comprised tumors of no special
type (74.5%), lobular cancer (15.8%) and others (9.7%).
At the point of primary diagnosis 21 (10.7%) patients
expressed HER?2 receptor, while in 31 (15.8%) cases there
was no valuable data about HER?2 status. 9.2% of all cases
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had a G1, 50% a G2 and 30.1% a G3 breast cancer grad-
ing (grading according to Scarff, Bloom and Richardson).
74% (n=145) received breast conserving therapy, while
25% (n=49) had an ablative therapy of the breast. Moreo-
ver, 23% (n=45) had a sentinel node biopsy and 74.5%
(n=146) a dissection of axillary lymph nodes. Whereas,
of the initial 2078 patients 52.2% (n=1075) underwent
axillary lymph node resection. 165 (84.1%) of the hor-
mone receptor positive breast cancer collective received
endocrine therapy. 57 (29.1%) of all patients received
TAM or aromatase inhibitors only (n=35; 17.9%), while
several different adjuvant endocrine therapies were applied
to 71 patients. Concerning endocrine therapy the mean
treatment interval with any endocrine therapy was about
20.8 months. 106 (54.1%) women received adjuvant chem-
otherapy. 44 (22.4%) of those had a taxan and anthracyclin
based chemotherapy, while 55 patients (28.1%) received
anthracyclins only (Table 1).

In most of the cases, recurrent disease affected the chest
wall (45.4%), bone (14.8%) or lymphatic tissue (13.8%)
(Table 2). Of all patients with initially hormone receptor
positive breast cancer with recurrent disease, 57 (29.1%)
showed a conversion of any receptor based on biopsy results
in metastatic sites. Regarding the 57 cases with a receptor
change, this change occurred in PgR in 43 cases, in 21 cases
in ER and in 15 cases in the HER2 receptor. 16 patients
had a complete change in hormone receptors only, while
26 patients presented a complete change in both hormone
receptors and HER?2 receptor. In 19 (33.3%) cases ER recep-
tor conversion altered from positive to negative and in 2
(3.5%) cases from ER negative to ER positive (McNemar’s
test p=0<0.01). In 34 (59.6%) cases PgR receptor altered
from initially PgR positive to PgR negative in metastatic
site, whereas in 9 (15.8%) cases the change occurred in
the opposite direction (McNemar’s test p <0.01). Changes
in HER?2 receptor occurred from positive to negative in 5
(8.8%) cases and from negative to positive in 10 (17.5%)
cases (McNemar’s test p=0.302) (Fig. 1, Table 3). The
occurrence of a receptor discordance was independent of
the localization of recurrent breast cancer, such as recurrent
locoregional disease or metastasis (p =0.57).

There is a trend to a higher risk for receptor changes in
patients with low-grade primary tumors (p=0.51) and small
tumors (p=0.91), but no significance was detected. There
is also no significant correlation between menopausal status
and any receptor change. Patients with familial predisposi-
tion do not have a higher risk for receptor changes in recur-
rent disease (p =0.46). Concerning the correlation of tumor
grading in recurrent disease and the occurrence of a receptor
change we found a relative risk of 6.04 when comparing
G3 and G1 tumors (p=0.081), whereas the relative risk of
developing a receptor change is only 4.01 when comparing
G2 to G1 tumors.

Table 1 Characteristics of patients when primarily diagnosed with
hormone receptor positive breast cancer

Variable All patients n=196
Age (years) 56.6 (12.95)
Menopausal status
Premenopausal 72 (36.7%)
Postmenopausal 124 (63.3%)
pT status
Imic-1 93 (47.4%)
2a—c 84 (42.9%)
3a—c 11 (5.6%)
4a—d 8 (4.1%)
pN
0 92 (46.9%)
1 66 (33.7%)
2 25 (12.8%)
3 10 (5.1%)
X 3(1.5%)
Grading
Gl 18 (9.2%)
G2 98 (50%)
G3 59 (30.1%)
Primary surgery
Breast conserving 145 (74%)
Ablative 49 (25%)
Axillary surgery
Sentinel biopsy 45 (23%)
Axilla dissection 146 (74.5%)
No operation 4 (2%)
Endocrine therapy
Tamoxifen 57 (29.1%)
Aromatase inhibitor 35 (17.9%)
Aromatase inhibitor + tamoxifen 34 (17.3%)
Tamoxifen + GnRH 29 (14.8%)
Tamoxifen + aromatase inhibitor + GnRH 5 (2.6%)
Aromatase inhibitor] + GnRH 3 (1.5%)
GnRH mono 2 (1%)
Time to relapse (months) 59.4 (x£37.9)

Additionally, we evaluated the association between surgi-
cal interventions for primary breast cancer and receptor dis-
cordance in recurrent disease. Neither breast conserving, nor
mastectomy was associated with any receptor discordance.
Women receiving axillary dissection for primary therapy
of breast cancer had a significantly higher risk for receptor
changes in relapse (RR 2.51; p=0.01). In the case of initial
HER?2 positivity, patients received anti-HER?2 directed thera-
pies according to the recommended guidelines. We could not
detect any significant correlation between the application
of anti-HER?2 directed therapies and any receptor change
in case of recurrent disease (p=1). Moreover, the amount
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Table 2 Site of relapse

Table 3 Frequencies of receptor changes in recurrent disease

Site of relapse N=196 Receptor status N=57
Chest wall/locoregional 89 (45.4%) ER

Bone 29 (14.8%) ER"to~ 19 (33.3%)
Lymphatic tissue 27 (13.8%) ERto* 2 (3.5%)
Liver 15 (7.7%) PgR

Pleura 13 (6.6%) PgR*to~ 34 (59.6%)
Lung 5(2.6%) PgR™to* 9 (15.8%)
Skin 3 (1.5%) ER*/PgR* to ER"/PgR"~ 16 (28.1%)
Contralateral breast 3(1.5%) HER2

Brain 1(0.5%) HER2"to~ 5(8.8%)
Bone marrow 1(0.5%) HER2 to* 10 (17.5%)
Peritoneum 1(0.5%) ER*/PgR*/HER2*to ER"/PgR /HER2 26 (13.3%)
Others 8 (4.1%)

Distribution of histologically confirmed recurrent disease according
to the site

196 females
with diagnosis of ER+/PgR+ breast
cancer relapsed in 2000-2013

!

57 cases
developed receptor discordance in
metastases

21 cases 43 cases 15 cases
with a receptor change with a receptor change with a receptor change
in ER in PgR in HER2 receptor
16 cases 26 cases

with a complete change in
hormone receptors and
HER?2 recentor

with a complete
change in hormone

receptors from
positive to negative

Fig. 1 Flowchart

of lines of endocrine treatment in the adjuvant setting had
no significant influence on any receptor change (p =0.16).
Especially the duration of any application of endocrine ther-
apy did not have significant influences (p =0.21). Solely,
when analyzing the subgroup of premenopausal women who
received TAM we saw a trend to consistent receptor status
(RR=0.72; p=0.66). When analyzing the individual recep-
tors we even found a significant correlation between the
application of TAM in premenopausal women and a consist-
ent ER status in recurrent disease (p=0.02). The adjuvant
application of chemotherapy showed a trend to a higher con-
sistence of receptor status in primary and recurrent disease
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Frequencies of receptor changes between primary diagnosis and
recurrent disease are shown for estrogen receptor (ER), progesterone
receptor (PgR) and HER?2 receptor. ‘~’means no receptor expression,
**’ means receptor expression verifiable

(RR=0.67; p=0.08). For the ER status the application of
chemotherapy was significantly associated with lower risk
for receptor discordance (p=0.01) (Table 4).

152 patients with ER™ primary breast cancer without a
change in recurrent disease had a higher OS in comparison
to those 19 patients that developed ER™ recurrent disease.
Anyway, this result was not significant (p =0.38; HR1.37).
129 patients with PgR* primary breast cancer without a
receptor change had a higher OS when compared to those 34
patients with a change to PgR™ recurrent disease; however,
this result was not significant (p =0.14; HR1.52). Patients
with a change of HER2 positivity to HER2 negativity in
recurrent disease showed worse OS (p=0.77; HR1.23),
when compared to those without a receptor change or
patients with a switch to HER2 positive recurrent disease
(p=0.97; HR1.02) (Fig. 2).

Discussion

Changes in the receptor status (ER, PgR, and HER2) in
recurrent breast cancer are of fundamental relevance for
clinical decision-making. Most of the therapies such as
combinations of new CDK4/6 inhibitors or mTOR-inhibi-
tors with endocrine approaches or the variety of anti-HER2
directed therapies are often accompanied by relevant mor-
bidity and partially by economic issues. Actually meeting
the target is, therefore, of central interest.

We show that around 12% of patients with ER* breast
cancer develop ER™ recurrent disease, while about 22% are
diagnosed with a conversion to PgR™ recurrent disease. One
of ten patients with recurrent disease showed a discordance
in HER?2 receptor. These results are in line with the litera-
ture. Lindstrom et al. characterized a subgroup of one-third
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Table 4 Correlations with receptor discordances in recurrent breast cancer

Factors No receptor Receptor change Change in any receptor ER discordance PR discordance HER?2 discordance
change
N (%) N (%) p value RR OR (95% CI) p value p value p value
Grading n=155 0.51 0.867 0.53 0.91
(79%)
Gl 12 (6.12) 4(2.0)
G2 62 (31.6) 28 (14.3) 1.24*
G3 32 (16.3) 17 (8.7) 1.39*
pT status n=175 0.91 0.85 0.23 0.60
(89.3%)
pT1 mic-c 55 (28.1) 28 (14.3)
pT2 53 (27.0) 23 (11.7) 0.90°
pT3 6(3.1) 4(2.0) 1.19°
pT4 4(2.0) 2(1.0) 0.99°
pN status n=175 0.20 0.69 0.34 0.93
(89.3%)
pNO 51 (26.0) 30 (15.3)
pN1 48 (24.5) 15 (7.7) 0.64¢
pN2 14 (7.1) 8(4.1) 0.98°
pN3 3(1.5) 4(2.0) 1.54¢
pNx 2 (1.0) 0(0) X
Menopausal 0.62 1.00 0.53 0.76
status n=175
(89.3%)
Premenopausal 42 (21.4) 23 (11.7) 1.159 0.74-1.76
Postmenopausal 76 (38.8) 34 (17.3)
Familial risk 52 (26.5) 25 (12.8) 0.46 1.24  0.74-2.10 0.35 0.41 1.00
n=177 (39.3%)
Kind of breast 0.80 1.00 0.16 0.05
surgery n=174
(88.8%)
Breast conserv- 89 (45.4) 42 (21.4)
ing therapy
Mastectomy 27 (13.8) 15 (7.7) 0.90° 0.56-1.45
No surgery 1(0.5) 0(0) X X
Operative inter- 0.01* 1.00 0.32 1.00
vention axilla
n=171 (87.2%)
Sentinel node 33 (16.8) 6(3.1)
biopsy
Lymphonodec-  81(41.3) 51 (26.0) 2517 1.17-5.41
tomy
Endocrine ther- 103 (52.6)/15 45 (23.0)/12 0.18 146  0.99-2.38 0.33 0.14 1.00
apy (ET) any/ (7.7) 6.1)
none n=175
(89.3%)
Difterent lines 0.16
of ETn=175
(89.3%)
0 15 (7.7) 12 (6.1)
1 61 (31.1) 21(10.7) 1.748
2 39 (19.9) 21 (10.7) 1.27
3 3(1.5) 2 (1.0 1.1%
4 0(0) 1(0.5) X
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Table 4 (continued)

Factors No receptor Receptor change Change in any receptor ER discordance PR discordance HER?2 discordance
change
N (%) N (%) p value RR OR (95% CI) p value p value p value
Duration of 20.2 25.85 0.21 0.57 0.53
ET (months)
Aromatase 44 (22.4) 16 (8.2) 0.58 121" 0.72-2.03 1.00 1.00 0.56
inhibitor
application
n=58 (30.6%)
Tamoxifen 79 (40.3) 33 (16.8) 0.84 1.06'  0.61-1.88 0.20 0.64 1.00
applica-
tionn=112
(571%)
Tamoxifen in 32(16.3) 18 (9.2) 0.66 0.72"  0.30-1.74 0.02* 0.65 0.57
premenopau-

saone women
n=50 (25.5%)
Tamoxifen in 47 (24.0) 15(7.7) 0.80 1.14"  0.55-2.38 0.71 0.57 1.00
postmenopau-
sal women
n=62 (31.6%)
Chemotherapy 71 (36.2)/47 26 (13.3)/31 0.08 0.671  0.44-1.03 0.01* 0.48 1.00
any/none (24.0) (15.8)
n=175
(89.3%)
Substance 0.52 0.86 0.51 0.75
dependance
Anti-HER2 3(1.5) 2 (1.0) 1.00 0.54 1.00 0.58
therapy n=35
2.6%)
Locus of relapse 0.57 0.60 0.60 1.00
n=175 (89.3%)
Local recur- 57 (29.1) 25 (12.8)
rance
Distant metas- 59 (30.1) 32 (16.3) 1.15%  0.75-1.77
tasis
Contralateral 0(0) 2(1.0) X
breast
Grading of 0.08 0.45 0.385 0.06

metastatic site
n=110 (56.1%)

Gl 7(3.6) 0 (0)
G2 48 (24.5) 17 (8.7) 4.01™
G3 23 (11.7) 15 (7.7) 6.04™

Correlations between several diagnostic factors or adjuvant therapies and the occurrence of receptor changes were analyzed. Data was not fully
(n=196=100%) available for each factor but percentage according to n=196=100% is displayed in brackets. 95% confidence intervals were
added in case of twofold tables. x incalculable

pT tumor size, pN affection of lymph nodes, ET endocrine therapy
*Statistically significant difference (p <0.05)

aRelative Risk (RR) for any receptor discordance was calculated in relation to patients with G1 tumors. PRR for any receptor change in com-
parison to patients with pT1 tumors. °RR for any receptor change in comparison to patients without lymph node affection. “RR for any receptor
change for premenopausal women in comparison to postmenopausal women. “RR for any receptor change in comparison to patients who had
breast conserving therapy. 'RR for any receptor change in comparison to patients who had sentinel biopsy only. RR for any receptor change
in relation to women not having received any endocrine treatment. "RR for any receptor change in relation to patients who did not receive aro-
matase inhibitor. 'RR for any receptor change in accordance to patients who did not receive tamoxifen. JRR for any receptor change in relation
to not having been treated with chemotherapy. RR for any receptor change in relation to presented distant metastasis. "RR for any receptor dis-
cordance was calculated in relation to patients with G1 in metastatic lesion
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of patients changing receptor status from ER*to ER™ and
one of ten revealed discordance of HER?2 status in recurrent
disease [7, 8].

Furthermore, we observed that patients with more aggres-
sive tumor biology in primary breast cancer showed a trend
to a loss of hormone receptor expression in recurrent dis-
ease. Patients with a less differentiated or undifferentiated
tumor (G2, G3) similarly presented a receptor conversion
in recurrent disease more often although this result could
not reach statistical significance. Even if these patients with
undifferentiated tumors showed no conversion of their recep-
tor status in relapse, they were nevertheless more often also
diagnosed with undifferentiated recurrent disease. To match
these, women with initial lymph node involvement who thus
received axillary dissection had a higher relative risk for
receptor discordance than those patients with sentinel node
biopsy only.

The adjuvant application of TAM for premenopausal
women showed a trend to a decreased relative risk for ER
changes, even though the duration of endocrine therapy had
no influence on the receptor status. Schrijver et al. stated
in 2017 that adjuvant endocrine therapy leads to a signifi-
cantly increased frequency of ER conversion in malignant
peritoneal or pleural effusion. Anyway, they also analyzed
that anti-HER?2 directed therapies lead to a significantly
increased incidence of receptor switch [9]. Timmer et al.
analyzed in 2017 that all breast cancer patients receiving
endocrine therapy were diagnosed with hormone receptor
negative brain metastases, while anti-HER2-directed thera-
pies had no influence on the conversion of HER2 recep-
tor status in brain metastases [10]. We also did not detect
influences of anti-HER?2 directed therapies on a receptor
expression change. This might be biased by the compara-
tively low rate of application due to contraindications to
chemotherapy and thus anti-HER?2 therapies or patient’s own
therapy choices. Moreover, in some cases trastuzumab was
not applied either based on small tumors or since diagnosis
was before 2006 thus prior to approval of trastuzumab as an
anti-HER2-directed therapy.

Interestingly, the application of any adjuvant chemother-
apy was significantly associated with a persistence of ER
positivity. When set in the context of the literature we found
that Hirata et al. described a low level of hormone recep-
tor discordance after neoadjuvant chemotherapy (NAC) of
14.9% and state to determine receptor status even before and
after NAC [11]. Further data even showed that 25% of triple
negative breast cancer patients are diagnosed with hormone
receptor positive breast cancer after completion of NACT
[12]. Concerning influences of adjuvant chemotherapy on
receptor changes, Curtit et al. stated that anthracycline-based
regimens were significantly associated with ER discordance.
They did not detect any significant associations between
endocrine therapy and receptor changes [13].

Regarding survival rates, the occurrence of any receptor
conversion showed a trend to worse survival. It is obvious
and well known that ER positivity and PgR positivity in
recurrent disease is associated with better survival. Moreo-
ver, we showed that the receptor changes to HER2 negativ-
ity in recurrent disease tends to a lower OS, when com-
pared to those patients without receptor discordances or
with a change to a HER?2 positive relapse. Dieci et al. were
also able to show this effect and confirmed the relevance
of ER loss and PgR loss on the outcome [8]. Moreover,
Bogina et al. already stated that the loss of PgR in recur-
rent disease leads to worse survival [14] and HER2 loss
in recurrent disease has been shown to be associated with
impaired survival rates [15, 16].

Tremendous scientific effort has been made to explain
the controversies of divergent tumor behavior between pri-
mary and recurrent disease. Klein elucidates his opinion
on the two basic models “linear progression” and “par-
allel progression” by comparing data from growth rates,
molecular genetic analyses and clinical studies. In case
of linear progression, cancer cells pass several rounds of
mutation, becoming increasingly malignant until a shower
of metastasis leads to death of the patient. In contrast,
parallel progression includes early dissemination of tumor
cells that seed in different organs and grow in dependence
of the microenvironment [17]. Moreover, tumor’s genetic
variability in the case of aggressive tumor biology raises
issues. Intra-tumor heterogeneity has been investigated
recently and two concepts try to explain morphological
and behavioral variability of tumor cells. One focuses
on cancer stem cells as the basis for hierarchically aber-
rant differentiations, while the clonal evolution theory
describes heterogeneity as a result of natural selection.
However, selective pressure such as different therapeutic
treatments, microenvironment or endocrine stimuli as well
as genomic instability may lead to heterogeneity within a
tumor [18].

Finally, the variance of receptor conversion in patients
with recurrent breast cancer leads to the recommendation
for the conduction of standardized biopsies and histologi-
cal examinations of metastatic sites. Since a conversion in
receptors might lead to ineffectiveness of therapies, that
might have avoidable relevant side effects. This recom-
mendation has also been drafted in the updated version
of the German national guideline for breast cancer [19].

Focusing on limitations, one should note that the pre-
sented study is limited by the retrospective and single-
center design and, therefore, lacks the advantages of a
big prospective randomized controlled multicenter study
design. On the other hand, we characterized a relatively
high number of a local cohort of breast cancer patients and
considered a variety of influencing factors in correlation
to receptor switches.
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«Fig. 2 Survival of breast cancer patients with ER or PgR discord-
ance in recurrent disease. Cumulative survival is shown in forms of
Kaplan—Meier-curve (left) or Cox-regression (right) for patients with
a a total change in hormone receptors, b a change in estrogen recep-
tor, ¢ a change in progesterone receptor, d a conversion in HER2
receptor status. No conversion of the receptor status between primary
diagnosis and recurrent disease is displayed in blue, while a loss of
receptor expression in recurrent disease is displayed in green

Conclusion

The histological characterization of hormone and HER2
receptor are relevant in any stage of breast cancer, since sev-
eral factors may have influence on receptor changes. These
changes may then lead to amendments in therapeutic recom-
mendation and in some cases to worse outcome.
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