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Percentage of Hormone Receptor Positivity in Breast
Cancer Provides Prognostic Value: A
Single-Institute Study
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Abstract

Background: A majority of breast cancer tumors express estrogen
receptor (ER) and/or progesterone receptor (PR); however, the per-
centage of cancer cells expressing these receptors can range from
0-100%. The prognostic and therapeutic impact of the percentage of
cells expressing hormone receptors in breast cancer is not fully un-
derstood.

Methods: A retrospective analysis of 411 breast cancer patients who
were treated at the University of Nebraska Medical Center between
2010 and 2017 was performed. Patient tumors were evaluated for per-
centage of cells expressing ER and PR in conjunction with clinical
outcomes.

Results: Patient tumors demonstrated a highly bimodal pattern of ER
and PR staining with a majority of tumors demonstrating either a high
percentage (> 80% of cells) or lack of cells (0%) staining for ER or
PR. An increase in the percentage of ER positivity correlated with de-
creased local recurrence and improved overall survival. An increase
in the percentage of PR positivity demonstrated a trend towards de-
creased local recurrence and improved overall survival, but was not
statistically significant.

Conclusions: Results based on both continuous and categorical eval-
uation of ER expression revealed that increasing expression correlat-
ed with improved patient outcomes. Similar evaluation of PR expres-
sion demonstrated a trend towards improved patient outcomes though
not statistically significant. These findings suggest that the degree of
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hormone receptor positivity and not a Boolean representation of posi-
tivity could provide additional prognostic value in the treatment and
management of breast cancer.
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Introduction

Breast cancer is the most common cancer in women worldwide
[1, 2]. In the majority of breast cancer patients, estrogen recep-
tor (ER) and/or progesterone receptor (PR) are overexpressed
and promote the development of breast cancer [3, 4]. Thus, mul-
tiple endocrine-targeted therapies such as selective ER modu-
lator (e.g., tamoxifen), aromatase inhibitors (e.g., anastrozole,
letrozole), and selective ER degraders (e.g., fulvestrant) have
been developed to interfere with ER signaling, block estrogen
synthesis, or promote estrogen degradation, respectively [5].
Given that these therapies are effective in hormone receptor-
positive breast cancers, the ER and PR status of breast cancers
is vital information for predicting patient prognosis and guiding
patient management in invasive breast cancer.
Immunohistochemistry (IHC) is now used by most clinical
laboratories as the “gold standard” to evaluate the expression
of ER and PR in patient samples [6, 7]. In this assay, a cut-off
point is needed to define the level at which a tumor is consid-
ered positive for hormone receptor expression. The American
Society of Clinical Oncology and the College of American Pa-
thologists recommend samples be considered hormone recep-
tor positive if as little as 1% of tumor nuclei stain positively by
IHC [8]. This is supported by evidence that patients with low
level of receptor positivity (1-10%) still may benefit consider-
ably from endocrine-based therapies, and have a significantly
better response than those with ER-negative tumors [9, 10].
However, several other studies support a higher cut-off point,
and in clinical practice a range of thresholds are used to estab-
lish hormone receptor positivity, which may be dependent on
the pathologic method utilized to measure hormone receptor
positivity [11, 12]. Additionally, multiple groups have ques-
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tioned the therapeutic benefits of hormonal therapy in patients
with a low percentage of cells staining positive for ER [10].
Evidence suggests that in the adjuvant setting, up to 50% of
patients with ER-positive breast cancer may relapse despite
hormonal inhibition therapy suggesting the quantification of
the positivity or other factors are likely to also be contributing.
As such, using 1% as a cutoff for ER positivity has been chal-
lenged and an alternate cutoff for positivity set at 10% positiv-
ity has been commonly suggested [13]. In several comprehen-
sive studies, tumors with a low level of ER-staining (1-10%)
share more clinical and pathologic characteristics with ER-
negative than to ER-positive tumors, which show little benefit
from endocrine therapy [13-16]. Therefore, further evaluation
on the characteristics, patient prognoses, and treatment effi-
cacy in low-ER-staining tumors is warranted.

Some investigation into ER expression has been previously
performed. Hill et al found the intensity, rather than percent cel-
lular expression was correlated to survival, though progester-
one expression was not taken into consideration [17]. Others
have shown that PR expression in the absence of estrogen re-
mains correlated to clinical outcomes [18]. Further studies have
shown co-expression of androgen receptors with ER, suggest-
ing crosstalk may play an important role in treatment response
and outcomes [19]. Nevertheless, studies on the association
between the degree of both ER and PR positivity and the level
of response to endocrine therapies are still lacking. Therefore,
we sought to evaluate the relationships between the hormone
receptor relative positivity (percentage of positive cells) and
patient outcomes in the context of standard of care therapy.

Materials and Methods

A retrospective analysis was performed on breast cancer pa-
tients who were consulted for radiation therapy (RT) at the Uni-
versity of Nebraska Medical Center (UNMC) between 2010 and
2017. This study was approved by and conducted in compliance
with all ethical standards of UNMC on human subjects includ-
ing UNMC’s Institutional Review Board as well as the Helsinki
Declaration. Patients had to have pathologically confirmed dis-
ease and received RT as part of their initial treatment plan at
time of diagnosis. Those who elected not to undergo RT, did not
finish their planned course, or received intraoperative radiation
or brachytherapy were also excluded from the present study.

A comprehensive evaluation was performed evaluating
the demographics (age, sex, year of diagnosis and treatment,
histology, stage, etc.), tumor pathology, treatment (surgical in-
tervention, chemotherapy, etc.), details of their radiation treat-
ment (dose, fractionation pattern, tumor cavity boost, etc.), and
progression and survival outcomes of our cohort. Percentage
of ER and PR staining was established by a board-certified
pathologist for all samples.

All data were analyzed using SAS (version 9.4, SAS/STAT
14.3). Patient and cancer characteristics were reported in Table
1. Continuous variables, e.g., age, were compared between the
two groups using a two-tailed student’s #-test. Chi-squared test-
ing was used to compare all dichotomous variables between
groups. Progression-free survival was defined as months from

10 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

the date of diagnosis until radiological or pathological evidence
of recurrence, last follow-up visit, or date of death. Time to lo-
cal-regional recurrence and distant recurrence was assessed both
as disease-specific recurrence, treating death without the iden-
tification of disease recurrence as censored. Similarly, survival
was defined as months from the date of diagnosis until date of
death or last date of follow-up. Patients who were alive at the
end of the study or lost to follow-up were treated as censored.
Progression free survival and survival were estimated using the
Kaplan-Meier (KM) method, and the logrank test was used to
evaluate statistically significant differences in progression free
survival or overall survival between cohorts. Further use of Cox
proportional hazard (PH) regression was applied to control for
variables known to influence survival, i.e., age, stage, etc., and
assess any difference between treatment cohorts.

All statistical tests were conducted in a two-sided manner,
and statistical results with P < 0.05 were considered statisti-
cally significant. Review of all medical records and the subse-
quent analyses were approved by the appropriate institutional
review committee and met the guidelines of their responsible
governmental agency.

Results

Overall, 411 patients were included in the cohort. Median pa-
tient age was 58 and median overall follow-up time was 36.6
months. Median year of diagnosis was 2014. Additional gen-
eral demographic and tumor characteristics can be found in
Table 1.

Effects of stage on local, distant, and overall survival in
breast cancer

No significant association was found between stage and local
recurrence (P = 0.1957) (Fig. 1a); however, increased stage
was significantly correlated with both distant recurrence (P <
0.001) and overall survival (P =0.003) (Fig. 1b, c).

Distribution of ER and PR percent positivity in breast can-
cer

The distribution of both ER and PR percent positivity had a
bimodal distribution with a substantial portion of patients be-
ing either negative or having a high level (> 80%) of ER and/
or PR staining. Based on these bimodal distributions, in order
to establish similar sized groups, three subgroups were estab-
lished based on the level of ER or PR positivity: 0%, 1-79%,
and > 80%. In regards to ER positivity, more than 20% of the
cohort was negative while approximately 66% of the cohort
had > 80% ER positivity (mean: 93%, median: 95%) and 10%
of the cohort had values between 1-79% (mean: 49%, median:
60%) (Supplementary Material 1, www.jocmr.org). In regards
to PR positivity, approximately 33% of the cohort was nega-
tive while just 38% of the cohort had > 80% positivity (mean:
91%, median: 90%) (Supplementary Material 1, www.jocmr.
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Table 1. Demographics and Tumor Characteristics of Breast Cancer Patients

Entire cohort (n = 411)

Age, median (range) 58.0(19.8 - 88.1)
Sex

Female 411 (100%)
BMI, median (interquartile range) 28.7(25.2-34.1)
Smoking status, # at diagnosis (%) 49 (15.0%)
Year of diagnosis (median) 2014
Follow-up (months), median (mean)/(range) 36.6 (44.1)/(4.7 - 304.9)
Histology

Invasive ductal carcinoma 350

Invasive lobular carcinoma 48

Inflammatory 2

Metaplastic carcinoma 2

Mixed 7

Unknown 2
Grade

I 83

11 154

1 168

Unknown 6
T stage

TO 2

Tla 32

T1b 65

Tlc 127

T2 132

T3 41

T4 1

T4b 3

T4c 1

T4d 5

Unknown 2

Overall stage

1 184

1I 159

11T 68
org). The remaining 29% fell into the 1-79% cohort (mean: pared between these subgroups (Supplementary Material 2,
42%, median: 50%). www.jocmr.org). This analysis revealed that age, year of di-

agnosis, length of follow-up, histological subtype, grade and
T stage, but not overall stage, were significantly different be-
tween subgroups. Additionally, the use of hormone inhibition
therapy (selective ER modulators or aromatase inhibitors) was
Prior to evaluating the effects on outcomes based on the level significantly different between subgroups. It was nearly ubiq-
of ER positivity, patient and tumor characteristics were com- uitously used in ER-positive patients, such that more than 90%

Outcomes relative to ER percent positivity in breast cancer
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of patients with > 1% positivity received hormonal therapy,
while less than 10% of patients that were ER negative received
hormonal therapy (Supplementary Material 2, www.jocmr.org).

Evaluating the effect of ER positivity on local and distant
recurrence as well as overall survival revealed tumors with 0%
ER staining tended to have worse outcomes in local recurrence
(P = 0.001) and overall survival (P = 0.002), while patients
with 1-79% positivity and those with > 80% positivity demon-
strated nearly identical trends (Fig. 2a, ¢). However, there was
no difference between subgroups in the rate of distant recur-
rences (P =0.292, Fig. 2b).

Outcomes relative to PR percent positivity in breast can-
cer

Prior to evaluating the effects on outcomes based on the level of
PR positivity, patient and tumor characteristics were compared
between these subgroups (Supplementary Material 2, www.
jocmr.org). This analysis revealed that grade, T stage, and use
of hormonal therapy, but not age, year of diagnosis, length of
follow-up, histological subtype, or overall stage, were signifi-
cantly different between subgroups. The use of hormone inhi-
bition therapy (selective ER modulators or aromatase inhibi-
tors) was even more ubiquitously used in PR-positive patients
with more than 95% of patients with > 1% positivity having
received hormonal therapy, while approximately 35% of pa-
tients that were ER negative received hormonal therapy.

Evaluating the effect of PR positivity on local and distant
recurrence as well as overall survival failed to reveal any sta-
tistically significant relationships; however, there was a trend
to decreased distant recurrence and improved overall survival
with higher levels of PR percent positivity. No association was
identified between PR percent positivity in the context of local
recurrence (P =0.533, Fig. 3a). A trend towards decreased dis-
tant recurrence was seen with increased PR percent positivity
(P =0.064), though not statistically significant (Fig. 3b). Simi-
larly, a non-statistically significant trend towards improved
overall survival was demonstrated with increased PR positiv-
ity (P =0.105) (Fig. 3c).

Cox PH multivariable analysis of factors contributing to
patient outcomes in breast cancer

Percent positivity of ER and PR (continuous and categorical)
as well as stage were analyzed for their relationship to patient
outcomes based on local and distant recurrence as well as over-
all survival via univariate and multivariable analyses using the
Cox PH model. On univariate analysis, only percent of ER pos-
itivity was associated with local recurrence as either a categori-
cal or continuous variable (Table 2), and after controlling for
the effects of each variable, multivariable analysis of local re-
currence showed that increasing ER positivity (categorical and
continuous) had a decreased hazard ratio for recurrence (Table
2). Increased stage was associated with increased distant recur-
rence (Table 3). Additionally, stage remained statistically sig-
nificantly associated with increased distant recurrence on mul-
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tivariable analysis. Lastly, on univariate analysis, stage 3 vs. 1,
and ER percent positivity of > 80% vs. 0% (P = 0.004) when
evaluated as a categorical variable or as a continuous variable
(P = 0.0026) were associated with improved overall survival
(Table 4), but on multivariable analysis, increasing stage and
ER percent positivity as a categorical variable were associated
with improved overall survival, while a PR percent positivity of
1-79% was associated with decreased overall survival.

Discussion

Consistent with previous literature, stage was a significant
prognostic factor, and increasing stage was associated with
an increased likelihood of local and distant recurrence and de-
creased overall survival (Fig. 1).

When evaluating the influence of the percentage of ER
positivity or PR positivity, one first must consider the distribu-
tion of the percentages of positivity. Interestingly, the distribu-
tion of ER positivity was more highly bimodal with a large
majority of tumors demonstrating either no ER positivity or
greater than 80% of cells demonstrating positivity. In contrast,
while there were a large proportion of tumors that lacked PR
staining, a significant number of tumors also demonstrated in-
termediate as well as high percentages of cells that were PR
positive. It is possible this differential distribution may be
caused by technical differences between ER versus PR stain-
ing; however, it is also likely that there may be true biological
differences between their expression leading to the variable
proportion of tumors with various percentages of ER vs. PR
positivity. However, the prognostic and clinical significance of
recognizing this differential pattern in percentage of cells posi-
tive for these markers remains unknown.

The patient demographics stratified by percent ER positivity
demonstrate differences in nearly every category including age,
year of diagnosis, length of follow-up, histology, grade, T stage,
with overall stage having borderline significant differences (Sup-
plementary Material 2, www.jocmr.org). Tumors that lacked ER
positivity were more likely to be of higher grade, while those
with > 80% ER positivity were likely to be of low grade and
T stage. Particularly the year of diagnosis (and therefore length
of follow-up), could be misleading due to technical advance-
ments allowing for more accurate and precise quantification of
the percentage of cells expressing ER. Specifically, older diag-
noses were more likely to have intermediate levels of staining,
opening the possibility that all cells within the tumor could have
expressed ER, but only a subset were being recognized. It will be
interesting to continue to evaluate how, if at all, the distribution of
percentage of cells expressing ER changes in the future as tech-
nical advances continue to improve the accuracy and precision of
ER positivity quantification in breast cancer. More importantly,
though, a lack of ER-positive cells was associated with increased
locoregional recurrence (Fig. 2a, Table 2) and shorter survival
(Fig. 2c, Table 4) suggesting the possibility that the quantitative
percentage of ER positive cells within a tumor may be a favora-
ble prognostic factor. This is consistent with previous reports that
have demonstrated the percentage of ER-positive cells as well
as the ER H-score (% staining positive X intensity) is inversely

www.jocmr.org 13



o "J0)daoai uabouisa :y3 “Ajanisod Y3 jo abejussiad Aq paiiiess syusned Jaoued jsealq ul (9) [BAIAINS
1
[ se ||am se alnjie} (q) Juelsip pue (e) |euoibaliodo] Jo saAInd Jaid|-uejdey Alanisod ¥ Ag paniels sjuaned Jaoued jsealq abe)s Alzea ul sawooino juaijied g ainbi4
—_~
=
B € og 88 kL 281 192 LT %08=<
e €L o 1z =14 e I v %08>
(o] L Lz 8z pI 1L L8 -8 %0
&
P %08=< %08> %0 Aunysod ¥3
V]
2 (on) |ennng
o
Me _uw m__ c,m m. .
o 0z00°0=d yuesbo | 00
= palosual +
@)
- 20
w
c
yo 2
o
e
=l
o
90 &
S
80
o) Lo
A4S 18 $)28(Gng Jo 18quIny YIM
SaJewIs 3 [EAIAINS JW|T-39npold J
e L se orL ECL [a}- -4 SiT %09=< e s B8 ol ol -4 ST
11 oL 14 e e -3 2 %08> ElL Si oz &z L 134 s
4 (1% sT %] -] 1] L] %0 £l 174 8z " ] B8 +o
%08=< %08> %0 Kunysod 33 %08=< %08> %0 Kywpsod y3
.w/ (‘o) Binjie Jraauaunasy Juelsig (o) @2uaunaay [euoiBalode
3 09 09 oz 0 09 0% 0z 0
‘n L 1 . 1 1 L L
L £262 0=d yuesboq |~ 00 Z100°0=0 uei6o7
C pelosual + PRICSUBD +
8 .
3 -zo
)
=
m vo :
e
£ 3
— o
s} 90 8
I =
=
he
c
~ ~80
—
m + ¥ £ ¥ s = 4
= e TR 14‘_|t.T..J+r. J bty
s ) v " fIa:JT..lclT,l.
O ol f
b NS1Y 1B S12alqNS JO JAaquInp UM %S1H 1B s)afqng Jo JaquinN Ui
S S@JeWRsST [SAIAINS JWIT-32Npoid ﬁ S8JEWNST [BAIAINS JWIT-3aNpold
[
[a)

%08=<

%08>
%0

~00

o

-r0

90

80

oL

kngeqold [eawing

| www.jocmr.org

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

14



13(1):9-19

’

J Clin Med Res. 2021

Sleightholm et al

"10)deoal auols)saboud 1yd ‘Ajanisod Hd jo abejusoiad Aq paiijel)s syuaijed Jeoued jsealq ul () [BAIAINS SE [|9M Se
ainjie} (q) juejsip pue (e) |euoibaio20] Jo seAInd JalaN-ueldey “Ajanisod Jusdlad Hd Aq payiels sjuaned Jaoued jsealq abeys Alea ul Sawooino juaijed "¢ ainbi4

Z 14 re 8 LhL &l 51 %08=<
1z 14 8t 89 88 FLi 6L %08>
ol sz LE =] LOL o€l SEL %0
%08=< %08> fumpsod yd
(‘o) jeaming
09 or 0z 0
r 1 .|
av0L 0=dyuesbon |~ 00
paIoSUBY +
Z0
w
[
] M
o
o
[=1
=3
90 &
=
=
80
TR AT R T
rgg%l 0L
AS|H 1B $128[0NS JO JBqUINN LIM Q
SaJewisy [eAlAINS JwiT-39npodd
1z o€ €S z8 1 okl 251 %0B=< \z e ve 18 m el 51
4 0E tt 9 98 ZLi 8Ll %08> oz 8z o 50 8 bLL 8Ll
¥l £2 ¥e 8 %8 821 sel %0 o sz e ve o5 2z sEl
%0G=< %08> %0 Lwmiysod ¥d %08=< %08> %0 Apansod ¥d
(‘o) ainjie yreousunaey uelsiq (‘op) 8auannaay [euciBainson
09 or 0z 0 09 oy 0z 0
I 1 § 1 1 1
ppo00=dyuesson 00 zees 0=d yuelbo
palosual + palosua) +
-0
w
c
Lvo 2
o
o
=]
o
F80 &
=
=
80
;ig D.F — . V- T u# Ay i ‘?[

ASIY 18 $198[aNS Jo Jaquuny YiIMm
SeIRWNST [EAIAINS JWIT-30NPOId

%08=:
%08>
%0

- 00

~T0

- 0

90

FO

A1 18 SPAMANS JO JAGLUNN UIAL
S@JeWs] [EAIAINS JW|T-39npolid

<

Augeqoid jeaming

15

| www.jocmr.org

| Journal compilation © ] Clin Med Res and Elmer Press Inc™

Articles © The authors



Breast Cancer and Hormone Receptor Positivity J Clin Med Res. 2021;13(1):9-19

Table 2. Cox PH Univariate and Multivariate Analysis for Percentage of ER Positivity, Percentage of PR Positivity, and Stage for
Local Failure

Univariate Multivariate

Parameter Hazard ratio 95:{;);:;:‘1?1;322’ Pr > ChiSq Hazard ratio 95::;’;:;:?3;;2:’ Pr > ChiSq
ER group?

0% Reference

1-79% 0.24 0.04 0.88 0.063 0.09 0.01 0.46 0.009

> 80% 0.20 0.07 0.55 0.003 0.09 0.02 0.37 <0.001
PR group?®

0% Reference

1-79% 0.69 0.23 2.02 0.507 3.96 0.90 15.17 0.060

> 80% 0.53 0.15 1.69 0.317 3.10 0.61 14.16 0.168
Stage?

1 Reference

2vs. 1 0.57 0.16 1.82 0.375 0.61 0.16 2.00 0.443

3vs. 1 1.76 0.57 5.29 0.333 1.65 0.53 4.93 0.390
ER% increase® 0.98 0.97 0.99 0.004 0.98 0.96 0.99 0.007
PR% increase® 0.99 0.98 1.00 0.225 1.01 0.99 1.02 0.387
Stage® 2 vs. 1 0.57 0.16 1.82 0.375 0.55 0.15 1.78 0.872
Stage® 3 vs. 1 1.76 0.57 5.29 0.333 1.57 0.52 4.64 0.613

This evaluation was performed considering ER and PR positivity as both 2categorical (top) and Pcontinuous variables (bottom). ER: estrogen recep-
tor; PR: progesterone receptor.

Table 3. Cox PH Univariate and Multivariate Analysis for Percentage of ER Positivity, Percentage of PR Positivity, and Stage for
Distant Failure

Univariate Multivariate

Parameter Hazard ratio 95:?;;1?12%:23:’ Pr > ChiSq Hazard ratio 95:?;:;:1?:;232’ Pr > ChiSq
ER group?®

0% Reference

1-79% 1.14 0.38 3.23 0.813 1.01 0.27 3.34 0.988

> 80% 0.56 0.24 1.37 0.194 0.97 0.27 3.31 0.960
PR group?

0% Reference

1-79% 1.02 0.45 2.31 0.973 1.01 0.35 332 0.987

> 80% 0.33 0.10 0.92 0.051 0.36 0.08 1.48 0.161
Stage®

1 Reference

2vs. 1 4.23 1.44 16.40 0.020 422 1.44 16.34 0.020

3vs. 1 7.85 2.57 30.00 0.001 7.00 2.27 27.90 0.002
ER% increase® 0.99 0.98 1.00 0.090 1.00 0.99 1.01 0.951
PR% increase® 0.99 0.98 0.99 0.030 0.99 0.98 1.00 0.119
Stage® 2 vs. 1 4.23 1.44 16.40 0.020 4.24 1.44 16.45 0.019
Stage® 3 vs. 1 7.85 2.57 30.99 0.001 7.00 2.29 27.72 0.002

This evaluation was performed considering ER and PR positivity as both acategorical (top) and Pcontinuous variables (bottom). ER: estrogen recep-
tor; PR: progesterone receptor.
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Table 4. Cox PH Univariate and Multivariate Analysis for Percentage of ER Positivity, Percentage of PR Positivity, and Stage for

Survival
Univariate Multivariate

Parameter Hazard ratio gfsfﬁl(liiﬁidhﬁﬂ: Pr>ChiSq  Hazard ratio 95:{;’;(‘;:1‘:111‘;33‘5’ Pr> ChiSq
ER group?®

0% Reference

1-79% 0.30 0.06 1.07 0.107 0.08 0.01 0.48 0.008

> 80% 0.20 0.07 0.56 0.004 0.10 0.03 0.51 0.003
PR group?®

0% Reference

1-79% 0.73 0.26 2.00 0.556 4.60 0.92 18.33 0.046

> 80% 0.25 0.05 0.90 0.064 1.13 0.17 5.45 0.890
Stage?

1 Reference

2vs. 1 5.28 1.18 49.76 0.072 5.60 1.23 53.12 0.065

3vs. 1 11.59 2.58 109.54 0.009 11.77 2.59 111.77 0.008
ER% increase® 0.98 0.97 0.99 0.003 0.99 0.97 1.00 0.119
PR% increase® 0.98 0.97 0.99 0.014 0.99 0.97 1.01 0.336
Stage® 2 vs. 1 5.28 1.18 49.76 0.073 4.97 1.11 46.88 0.085
Stage® 3 vs. 1 11.59 2.58 109.54 0.008 10.22 2.29 96.30 0.012

This evaluation was performed considering ER and PR positivity as both 2categorical (top) and Pcontinuous variables (bottom). ER: estrogen recep-

tor; PR: progesterone receptor.

correlated with cancer-specific mortality [20].

Other groups have demonstrated that individuals with <
6% ER staining often act similar to triple negative tumors [10,
21]; however, ours is one of the first studies to demonstrate
a trend towards a difference between a moderate-high levels
of staining (1-79%) compared to nearly ubiquitous staining (>
80%). Of note, these tumors would all be classified as luminal
subtype which carries a favorable prognosis. This may be mis-
leading; however, there appears to be a difference in prognosis
with decreasing ER positivity. Using a continuous model to
evaluate the effects of increasing ER positivity reveals a sta-
tistically significant decrease in local recurrence and overall
survival with a trend towards a decrease in distant recurrence.
This suggests that the degree of ER staining can be prognostic
despite the typical clinical Boolean description of either posi-
tive or negative. Instead, our results suggest that even using the
simple percentage of cell staining positive for ER may have
prognostic distinguishing power and should not be overlooked.

Evaluating the patient demographics stratified by percent
cells with PR positivity failed to reveal differences in age, year
of diagnosis, follow-up, histology, or overall stage; however,
grade and T stage were significantly different between groups.
The relationship demonstrated that a lack of PR staining was
associated with higher grade tumors, while > 80% PR positiv-
ity was associated with smaller tumors and lower T staging.
While not statistically significant, a trend towards increased
distant recurrence and shorter survival was also seen with pro-
gressively smaller percentages of cells staining positive for

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

PR (Fig. 3), suggesting that ubiquitous PR positivity may also
be a positive prognostic factor. This may be a confounded ef-
fect secondary to increased ER receptor expression and intact
downstream pathways as PR is increased with ER pathway
activation or may represent an independent factor. Several
groups have evaluated both the effect of PR positivity as well
as downstream ER effects secondarily to ER positivity in an at-
tempt to more robustly predict outcomes for hormone receptor
positivity patients, and found that an intact ER pathway was
associated with improved outcomes [22-24].

Limitations of this study include its retrospective nature
and the relatively small number of patients in each of the strati-
fied groups. Additionally, the long period of time over which
data were collected (2010 - 2017) and the constant evolution
and technological advances of quantifying biological markers
could have allowed for significant improvements in the accu-
racy and precision of assessing the percentage of cells demon-
strating ER or PR positivity leading to differential assessments
of positivity over time. Continued evaluation and considera-
tion of the possibility that not only the overall “positive” or
“negative” status of a tumor, but also the percentage of cells
expressing ER or PR may be valuable prognostic and thera-
peutic factors that should be considered.

Supplementary Material

Suppl 1. Distribution of percent of cells that were ER and/or
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Suppl 2. Demographics and tumor characteristics of breast
cancer patients stratified by percentage ER and PR positivity.
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