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ABSTRACT

Background. In estrogen receptor-positive (ER+), human
epidermal growth factor receptor 2 (HER-2) negative breast
cancers, the progesterone receptor (PR) is an independent
prognostic marker. Little is known about the prognostic
value of PR by tumor grade. We assessed this in two inde-
pendent datasets.
Patients and Methods. Women with primary operable,
invasive ER+ HER-2 negative breast cancer diagnosed
between 2000 and 2012, treated at University Hospitals Leu-
ven, were included. We assessed the association of PR sta-
tus and subtype (grade 1–2 vs. grade 3) with distant
recurrence-free interval (DRFI) and breast cancer-specific
survival. The interaction between PR status and subtype was
investigated, and associations of PR status by subtype were
calculated. The BIG 1-98 data set was used for validation.
Results. In total, 4,228 patients from Leuven and 5,419 from
BIG 1-98 were analyzed. In the Leuven cohort, the adjusted
hazard ratio (HR) of PR-positive versus PR-negative tumors for

DRFI was 0.66 (95% confidence interval [CI], 0.50–0.89). For
the interaction with subtype (p = .34), the HR of PR status
was 0.79 (95% CI, 0.61–1.01) in luminal A-like and 0.59 (95%
CI, 0.46–0.76) in luminal B-like tumors. In luminal A-like
tumors, observed 5-year cumulative incidences of distant
recurrence were 4.1% for PR-negative and 2.8% for PR-
positive tumors, and in luminal B-like 18.7% and 9.2%, respec-
tively. In the BIG 1-98 cohort, similar results were observed;
for the interaction with subtype (p = .12), the adjusted HR of
PR status for DRFI was 0.88 (95% CI, 0.57–1.35) in luminal
A-like and 0.58 (95% CI, 0.43–0.77) in luminal B-like tumors.
Observed 5-year cumulative incidences were similar.
Conclusion. PR positivity may be more protective against
metastatic relapse in luminal B-like versus luminal A-like
breast cancer, but no strong conclusions can be made. In
absolute risk, results suggest an absent PR is clinically more
important in high compared with low proliferative ER+
HER-2 negative tumors. The Oncologist 2019;24:165–171

Implications for Practice: An absent progesterone receptor (PR) predicts a worse outcome in women treated for an estro-
gen receptor-positive, human epidermal growth factor receptor 2 negative breast cancer. As low proliferative tumors lack-
ing PR are now also classified high risk, the prognostic value of PR across risk groups was studied. Despite a negative test
for interaction of the prognostic value of PR by tumor grade, the magnitude of an absent PR on breast cancer relapse is
much larger in high than in low proliferative breast cancers.
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INTRODUCTION

Worldwide, breast cancer is the most common malignancy
among women [1]. The prognosis depends on demographic
and pathologic factors such as age at diagnosis, tumor type
and grade, mitotic activity, tumor size, vascular space inva-
sion, and the number of lymph nodes involved. In addition,
expression of the estrogen receptor (ER), the progesterone
receptor (PR) and human epidermal growth factor receptor
2 (HER-2) are also prognostic [2]. In ER+ HER-2 negative
breast cancers, an absent PR is an independent prognostic
marker for poor prognosis [3–8].

According to the 2015 St. Gallen guidelines, both PR
and Ki-67 need to be favorable to classify ER+ HER-2 nega-
tive breast cancers low risk. Administration of adjuvant
chemotherapy can then be omitted, at least if ER is
strongly positive with a low tumor burden and no more
than three lymph nodes are involved [9]. Other guidelines,
such as those of the American Society of Clinical Oncology
and the National Comprehensive Cancer Network, have dif-
ferent recommendations in which chemotherapy is almost
always recommended in tumors with positive lymph nodes;
the European Society for Medical Oncology guidelines also
refer to the St. Gallen guidelines [10–12]. Patients carrying
ER+ HER-2 negative tumors with low or no PR expression
or with high Ki-67 expression are considered to have a high
risk of relapse and therefore often receive adjuvant chemo-
therapy. However, very often, PR is high with low Ki-67
expression or, vice versa, PR is low or absent with high Ki-
67 expression. In these situations, chemotherapy is often
administered, as St. Gallen classifies these tumors as high
risk. PR expression in ER+ HER-2 negative breast cancer is
dependent on age and menopausal status, with lower
expression rates in postmenopausal and older women
[13–15]. Prat and collaborators have also recently shown
that low proliferating luminal A-like tumors with a low PR
expression carry a poor prognosis [16].

We hypothesized that a high-grade lesion might do well
if PR is positive. Our research objective was to study the
prognostic value of PR by tumor proliferation using tumor
grade as a surrogate for the proliferative activity of ER+
HER-2 negative breast cancer [17].

PATIENTS AND METHODS

Patient and Tumor Characteristics
Records of women with primary operable, invasive ER+
HER-2 negative breast cancer diagnosed between January
1, 2000, and December 31, 2012, and treated at the Uni-
versity Hospitals Leuven were retrieved from our prospec-
tively managed Multidisciplinary Breast Centre database.
Follow-up was provided until November 2015. All patients
were treated according to standard of care. Patients with
primary metastatic breast cancer were excluded from
the analysis. We further excluded patients who received
neoadjuvant therapy, as the number of patients with ER+,
HER-2 negative breast cancer who received neoadjuvant
treatment was rather small (n = 393). Also, the exact TNM
stage of these patients was not known. This was important

as we adjusted for tumor size and lymph node status in
the multivariable analysis. We also excluded patients with
ER-negative PR-positive breast cancer, as this group was
very small [18]. ER+ HER-2 negative breast cancer subtypes
were defined based on the definition by Brouckaert et al.
[19]: luminal A-like if the tumor was ER+ HER-2 negative
with tumor grade 1 or 2; luminal B-like if the tumor was
ER+ HER-2 negative with tumor grade 3.

The expression of molecular markers was measured by
immunohistochemistry. ER and PR were classified positive if
the receptor was expressed in 1% or more of the tumor cells.
HER-2 expression was considered negative when the immu-
nohistochemistry score was 0 or 1 or when fluorescent in situ
hybridization was negative following an immunohistochemis-
try score equal to or more than 2. Tumor grade was mea-
sured using the Nottingham grading system [6].

The primary endpoint was distant recurrence-free inter-
val (DRFI), and the secondary endpoint was breast cancer-
specific survival (BCSS). DRFI was defined as the time from
breast cancer diagnosis to the first recording of a distant
recurrence. Patient follow-up continued after a local or
regional breast cancer recurrence or a second, nonbreast
primary cancer; therefore, it was possible to assess directly
time to metastatic disease. BCSS was based on the cause
of death as recorded in the database.

The BIG 1-98 data set was used to validate our findings.
Details of the BIG 1-98 cohort can be found elsewhere [20,
21]. The BIG 1-98 data set only included postmenopausal
women. The primary endpoint in this cohort was disease-
free survival, defined as the time from random assignment
to the earliest time of invasive recurrence in local, regional,
or distant sites; a new invasive breast cancer in the contra-
lateral breast; any second (nonbreast) malignancy; or death
from any cause. The secondary endpoints were overall sur-
vival, time to distant recurrence, and safety. Luminal A-
and B-like were defined based on the criteria of Cheang
et al. [22]: luminal A- if the tumor was ER+ HER-2 negative
and Ki-67 less than 14%, and luminal B-like if the tumor
was ER+ HER-2 negative and Ki-67 equal to or more than
14%. ER, PR, and HER-2 expressions were defined as in the
Leuven cohort. This study was approved by the ethics com-
mittee of the University Hospitals Leuven.

Statistical Analysis
To investigate the differential prognostic effects of PR by
subtype, we looked at DRFI and BCSS. For patients who
were alive and free from distant metastases at the time of
the database lock (November 2015 and December 2010 for
Leuven and the BIG 1-98, respectively), follow-up was cen-
sored at the last follow-up visit. Information about BCSS was
based on the cause of death recorded in the follow-up data
in the database. In data from the BIG 1-98, this information
was based on the primary cause of death data recorded on
the follow-up data collection forms. Follow-up of patients
who were alive at the time of the database lock was cen-
sored at the time of the last follow-up visit. DRFI was mod-
eled using Cox proportional hazards regression. BCSS was
modeled using Fine & Gray proportional subdistribution
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hazards regression, with death before metastasis or breast
cancer-unrelated death as a competing event.

Candidate predictors for the multivariate model in the
data set from Leuven were age at diagnosis, tumor size, sub-
type (luminal A- versus luminal B-like, i.e., grade 1/2 versus
grade 3), PR status (positive if the receptor was expressed in
1% or more of the tumor cells measured by immunohisto-
chemistry), nodal status (lymph node status unknown or
negative, one to three positive nodes, or four or more posi-
tive nodes), adjuvant endocrine therapy, radiotherapy, and
adjuvant chemotherapy. Vascular invasion was not included
in the analysis, as this was underreported in the Leuven
database. Patients with missing data were excluded from
the analysis. There was specific interest in the interaction
between PR status and subtype. This interaction was investi-
gated with a single likelihood ratio test [23].

In the BIG 1-98 analysis, covariates in the multivariable
models were age at study enrolment, PR status (positive or
negative), subtype (luminal A- or luminal B-like), tumor size
(≤2 cm, 2–5 cm, or ≥5 cm), local therapy received, use of
(neo)adjuvant chemotherapy, nodal status (lymph node sta-
tus unknown or negative, one to three positive nodes, or
four or more positive nodes), and peritumoral vascular
invasion (yes or no). Regression models for BIG 1-98 were
stratified by randomization option (2-arm or 4-arm), che-
motherapy use, and randomized treatment assignment.

The probability of distant recurrence was displayed using
Kaplan-Meier curves; the probability of death from breast
cancer was displayed using cumulative incidence functions.

Hazard ratios (HR) for Cox models and subdistribution
hazard ratios (sHR) for Fine-Gray models were calculated with
95% confidence intervals (CIs). Statistical analysis of the

Leuven data was performed using SAS University Edition (SAS
Institute, Cary, NC, USA) and R version 3.3 (www.
r-project.org).

RESULTS

Patient and Tumor Characteristics
In this retrospective study, 5,609 patients were diagnosed
with primary operable breast cancer at the University Hos-
pitals Leuven between 2000 and 2012, and 4,282 patients
(76%) were luminal HER-2 negative. These variables were
not available for 77 (1%) patients. Only 54 patients (1.3%)
had missing covariate data, leaving 4,228 patients eligible
for statistical analysis (Fig. 1). Patient and tumor character-
istics can be found in Table 1. The median age at diagnosis
was 58 years with ages ranging from 22 to 95 years; 3,062
patients (72%) were aged above 50 years at diagnosis. The
cohort consisted of 3,093 patients (73%) with luminal A-like
subtype and 1,135 patients (27%) with luminal B-like sub-
type. Lymph node status was predominantly negative
(62%). Median tumor size was 21 mm with a range from

Figure 1. Patient inclusion diagram.
Abbreviations: BC, breast cancer; ER+, estrogen receptor positive;
HER2−, human epidermal growth factor receptor 2 negative.

Table 1. Patient and tumor characteristics

Characteristics
Leuven,
n (%)

BIG 1-98,
n (%)

Age, y, median (range) 58 (22–95) 62 (38–89)

PR status

Positive 2,889 (87.7) 4,939
(91.1)

Negative 405 (12.3) 480 (8.9)

Subtype

Luminal A-like 2,370 (71.9) 3,137
(57.9)

Luminal B-like 924 (28.1) 2,282
(42.1)

Tumor size, mm, median
(range)

20 (0.1–160) 18 (1–260)

Nodal status

pNx/pN0 2028 (61.6) 3,170
(58.5)

pN1 928 (28.2) 1,587
(29.3)

pN>1 338 (10.3) 662 (12.2)

Adjuvant hormone therapy

Yes 3,140 (95.3) 5,419 (100.0)

No 154 (4.7) 0 (0.0)

(Neo)adjuvant chemotherapy

Yes 959 (29.1) 1,180 (21.8)

No 2,335 (70.9) 4,239 (78.2)

Radiotherapy

Yes 2,822 (85.7) 3,985 (73.5)

No 472 (14.3) 1,434 (26.5)

Abbreviations: pN0, pathologic lymph node status negative; pN1,
one to three lymph nodes involved according to pathologic data;
pN>1, more than three lymph nodes involved according to patho-
logic data; pNx, pathologic lymph node status unknown; PR, pro-
gesterone receptor.
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0.1 to 160 mm. Most of the patients received adjuvant
endocrine therapy (96%) and/or radiotherapy (87%). Adju-
vant chemotherapy was administered to 29% of the
patients. The median follow-up period was 8.6 years with a
5-year overall survival probability of 93.5% (95% CI,
92.7–94.2%). In 3,753 cases (89%), PR was positive.

The BIG 1-98 cohort consisted of 5,538 postmenopausal
patients with central pathology data. One hundred nineteen
(2.1%) patients were removed from the analysis because of
missing covariate data or lack of ER or PR positivity in cen-
tral review. Consequently, 5,419 patients were analyzed.
Patient and tumor characteristics are shown in Table 1. The
luminal A-like and luminal B-like groups consisted of 3,137
(57.9%) and 2,282 (42.1%) patients, respectively. Median
age at diagnosis and enrolment was 62 years, with a range
of 38–89 years. Most patients were lymph node-negative
(58.5%). Median tumor size was 18 mm, ranging from 1 to
260 mm. All patients received endocrine therapy, 73.5% of
the patients were treated with radiotherapy, and 21.8%
received chemotherapy. The median follow-up in this cohort
was 8.1 years. The 5-year overall survival probability was
93.0% (95% CI, 92.3%–93.7%).

Distant Recurrence-Free Interval
The cumulative probability of distant recurrence by PR and
subtype is shown in Figure 2. In the Leuven cohort, 329 of
4,228 patients experienced metastases (7.8%). Among
patients with luminal A-like breast cancer, the 5-year proba-
bility of distant recurrence was 2.8% among PR-positive
tumors (based on 135 events in 2,783 patients) and 4.1%
among PR-negative tumors (based on 20 events in 310
patients). For luminal B-like breast cancer, the 5-year probabil-
ity of distant recurrence was 9.0% among PR-positive tumors
(based on 137 events in 970 patients) and 18.7% among PR-
negative tumors (based on 37 events in 165 patients). In the
multivariable analysis, the likelihood ratio test for the interac-
tion between PR status and subtype did not provide strong
statistical evidence that the prognostic effect of PR varied
with subtype (p = .34). Table 2 shows that positive versus
negative PR status was associated with a reduced risk of dis-
tant recurrence by 34% (HR, 0.66; 95% CI, 0.50–0.89). The risk
of distant recurrence was associated with an increased risk by

184% (HR, 2.84; 95% CI, 2.27–3.56) in patients with luminal
B-like versus luminal A-like breast cancer. When the inter-
action between PR status and subtype was added, the esti-
mated HR of PR positivity was 0.79 (95% CI, 0.62–1.01) in
luminal A-like and 0.59 (95% CI, 0.46–0.76) in luminal B-like
breast cancer. The interactions suggest a stronger relation-
ship of PR with DRFI in luminal B-like breast cancer, but
based on the likelihood ratio test, no strong conclusions
can be drawn. There was an indication that the effect of
subtype was not proportional but decreased with time
from diagnosis. This, however, did not influence the result
of the interaction with PR.

In the BIG 1-98 cohort, 620 of 5,419 patients experi-
enced metastatic disease. The cumulative probability of dis-
tant recurrence is displayed in supplemental online Figure 1.
The probability of distant recurrence over time was very
similar to that observed in the Leuven data (Fig. 2). In the
group of patients with luminal A-like tumors, 218 of 2,862
with PR-positive disease developed distant metastasis com-
pared with 23 of 275 in PR-negative cases. In patients with
luminal B-like disease, 315 of 2,077 PR-positive cases
and 56 of 205 PR-negative cases experienced a metastatic
event. In the multivariable analysis, women with luminal
A-like disease had a 12% reduction in the risk of a meta-
static event if PR was expressed in the tumor compared
with PR-negative tumors (HR, 0.88; 95% CI, 0.57–1.35).
Patients with PR-positive luminal B-like breast cancer had a
42% reduction in the risk of metastasis formation com-
pared with patients with PR-negative breast cancer (HR,
0.58; 95% CI, 0.43–0.77). The p value of the interaction
between PR and subtype was .12.

Figure 2. Cumulative incidence of distant recurrence by PR sta-
tus and subtype.
Abbreviations: PR+, progesterone receptor positive; PR−, pro-
gesterone receptor negative.

Table 2. Multivariable analyses for the Leuven data
(n = 4,228)

Predictor
DRFI, HR
(95% CI)

BCSS, sHR
(95% CI)

Age
(per decade)

0.93 (0.84–0.1.03) 0.86 (0.76–0.99)

Size (per cm) 1.12 (1.07–1.17) 1.10 (1.04–1.15)

PR positivity 0.66 (0.50–0.89) 0.55 (0.39–0.78)

Luminal B vs. A 2.84 (2.27–3.56) 3.21 (2.40–4.29)

Nodal status

pN0/pNx Ref Ref

pN1 1.84 (1.37–2.84) 2.01 (1.39–2.92)

pN>1 5.38 (3.83–7.55) 5.72 (3.60–9.10)

Adjuvant hormone
therapy

0.59 (0.38–0.98) 0.72 (0.38–1.37)

Radiotherapy 1.11 (0.76–1.68) 1.22 (0.73–2.05)

Adjuvant
chemotherapy

0.68 (0.50–0.93) 0.60 (0.40–0.92)

Cox regression was used for DRFI and Fine and Gray regression
for BCSS.
Abbreviations: BCSS, breast cancer-specific survival; CI, confidence
interval; DRFI, distant recurrence-free interval; pN0, pathologic
lymph node status negative; pN1, 1–3 lymph nodes involved
according to pathologic data; pN>1, more than three lymph nodes
involved according to pathologic data; pNx, pathologic lymph node
status unknown; PR, progesterone receptor; sHR, subdistribution
hazard ratio.

© AlphaMed Press 2018

Prognostic Value of the Progesterone Receptor168



Breast Cancer-Specific Survival
Two hundred and ten of 4,228 patients (5%) in the Leuven
cohort died of breast cancer. The probability of death from
breast cancer by PR and subtype is shown in Figure 3. For
luminal A-like tumors, the 5-year probability of death from
breast cancer was 0.9% among PR-positive tumors (based
on 78 events in 2,783 patients) and 1.4% among PR-negative
tumors (based on 14 events in 310 patients). In the patients
with luminal B-like tumors, the 5-year probability of death
from breast cancer was 4.6% among PR-positive tumors
(based on 90 events in 970 patients) and 10.4% among PR-
negative tumors (based on 28 events in 165 patients). The
likelihood ratio test for the interaction between PR status
and subtype suggested little evidence that the prognostic
effect of PR varied with subtype (p = .21). In the main
effects model (Table 2), positive versus negative PR status
was associated with a reduced risk of breast cancer-related
death by 45% (sHR, 0.55; 95% CI, 0.39–0.78). The risk of
breast cancer-related death was increased by 221% for lumi-
nal B-like versus luminal A-like disease (sHR, 3.21; 95% CI,
2.40–4.29). When the interaction between PR status and
subtype was added, the estimated sHR of PR positivity was
0.64 (95% CI, 0.41–1.00) in luminal A-like and 0.50 (95% CI,
0.32–0.79) in luminal B-like breast cancer. Similar to DRFI,
the interactions suggest a stronger relationship of PR with
BCSS in luminal B-like breast cancer. However, strong conclu-
sions cannot be drawn. There was an indication that the
effect of subtype was not proportional but decreased with
time from diagnosis. This, however, did not influence the
result of the interaction with PR.

The number of patients in the BIG 1-98 cohort with
death due to breast cancer was 418 (7.7%). The probability
of death from breast cancer is displayed in supplemental
online Figure 2. This was also remarkably similar to what was
observed in the Leuven data (Fig. 3). In patients with PR-
positive luminal A-like breast cancer, 125 of 2,862 patients
died of breast cancer compared with 15 of 275 of PR-
negative cases. Two hundred thirty-nine of 2,077 PR-positive
luminal B-like breast cancer patients and 39 of 205 PR-
negative patients died of breast cancer. PR-positive luminal
A-like breast cancer patients had a 22% lower risk of dying
from breast cancer compared with patients with PR-negative

breast cancer (sHR, 0.78; 95% CI, 0.46–1.34). Patients with
PR-positive luminal B-like disease had a 30% reduction in the
hazard of death due to breast cancer compared with PR-
negative patients (sHR, 0.70; 95% CI, 0.50–0.99). The p value
for the interaction between PR and subtype was .74.

DISCUSSION

Although PR is prognostic in all ER+ HER-2 negative breast
cancers using relative risk HR, our findings in this retro-
spective study suggest that PR-positive lesions are more
strongly associated with better prognosis in luminal B-like
than in luminal A-like breast cancer. When PR (and/or ER)
is less expressed, other tumor growth mechanisms pre-
dominate. Our original hypothesis that a high-grade lesion
might do well if PR is positive has not been completely
confirmed. The interaction between PR and subtype was
not significant. Therefore, we cannot provide clear statisti-
cal evidence that the prognostic effect of PR in ER+ HER-2
negative breast cancers is subtype dependent. However, a
clear trend is visible indicating that PR is more prognostic
in luminal B-like versus luminal A-like tumors.

The different effect of PR for high versus low proliferative
tumors was observed more for DRFI than for BCSS. Interest-
ingly, the observed cumulative probabilities of distant metas-
tases and death from breast cancer are very similar and are
also similar for the Leuven and BIG 1-98 cohort. The BIG
1-98 cohort consisted of only postmenopausal patients,
whereas the Leuven cohort included patients of all ages.

Despite the large overall sample sizes, some groups
were very small such that tests for an interaction between
PR status and phenotype were not sufficiently powered.
Most notably, the number of patients with PR-negative BC
from Leuven who developed metastasis or died from BC
was small. In the Leuven cohort, there were 20 metastases
and 14 deaths among 310 patients with luminal A-like
breast cancer and 37 metastases and 28 deaths among
165 patients with luminal B-like breast cancer. In the BIG
1-98 cohort, the respective numbers were 23 and 15 (lumi-
nal A-like) and 56 and 39 (luminal B-like). However, the val-
idation analysis on the larger BIG 1-98 cohort yielded high
similar results for the development of metastasis. For BCSS,
the results of the validation analysis went in the same
direction but were not of the same magnitude.

Our findings on the prognostic importance of PR
expression in patients with hormone receptor-positive
breast cancer is clinically relevant considering current and
previous St. Gallen guidelines [9, 24], in which PR is consid-
ered an important prognostic as well as surrogate marker
for subtyping ER+ HER-2 negative breast cancers into lumi-
nal A- or luminal B-like. We agree PR is important in all ER+
HER-2 negative lesions; its effect in absolute figures is clearly
more obvious in high proliferative disease.

Nowadays, many physicians prefer to discriminate low-
risk from high-risk tumors by using multigene assays rather
than through the use of surrogate histopathological-based
classification [24, 25]. These tests provide prognostic infor-
mation, and some of them are approved to guide treat-
ment decisions [24–26]. In many countries, however, these

Figure 3. Cumulative incidence of breast cancer-related death
by PR status and subtype.
Abbreviations: PR+, progesterone receptor positive; PR−, pro-
gesterone receptor negative.
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tests are still too expensive to be implemented. Conse-
quently, in settings where patients would benefit from mul-
tigene testing, access is only possible through large
personal payments. The histopathological surrogate defini-
tions, on the other hand, are widely applicable for women
with luminal-like breast cancer, which makes further opti-
mization of these histopathological-based definitions
increasingly relevant. Furthermore, it remains to be proven
whether PGR gene expression (RNA) will show the same
prognostic value as PR expression by immunohistochemis-
try in the Leuven and BIG 1-98 cohorts. There are some
inexpensive statistical prognostic models that are based on
histopathological characteristics, such as ER, PR, HER2, and
Ki-67. Examples include the Breast Cancer Recurrence
Score Estimator, Memorial Sloan Kettering Simplified Score,
the Magee equations, and IHC4 [27–31]. Our study reaf-
firms the importance of PR.

The definitions of luminal A-like and luminal B-like are
different in the training and validation cohorts. In this
study, we used tumor grade as a surrogate marker for pro-
liferation activity, whereas in the validation cohort the
Ki-67 was used. Ki-67 is the most widely used method to
compare proliferation between tumor specimens. However,
international guidelines for the assessment of Ki-67 and
cutoff values for the interpretation of Ki-67 are lacking as
yet [10]. As a result, in our center, we consider the tumor
grade a more robust and more standardized procedure
that, moreover, provides indirect information about prolif-
eration activity of breast cancer. Grade remains important
for prognosis, even when gene signatures are used to clas-
sify tumors and recommend for or against chemotherapy
in ER+ HER-2 negative cases. PR and grade showed highest
prediction for low or high recurrence score [32]; even with
available recurrence score, grade remains important when
added to the recurrence score [33] and PR [34].

Maisonneuve et al. evaluated distant metastasis-free
interval for patients with low (<14%), intermediate (14%–
19%), and high (≥20%) Ki-67 positivity by PR expression
[35]. Based on these results, the authors proposed new
surrogate definitions to distinguish luminal A-like from
luminal B-like breast cancers. Lesions with low Ki-67
expression, irrespective of PR status, and tumors with
intermediate Ki-67 expression and high PR expression
(≥20%) had comparably good outcomes. The authors sug-
gested that all such tumors be classified as luminal A-like.
Consequently, an important number of patients were
reclassified from the high-risk into the low-risk group. The
authors thus suggested the use of quantitative PR expres-
sion and Ki-67 for subtyping in ER+ HER-2 negative breast
cancers. We do not have quantitative PR levels to validate
these findings. In our series, grade 3, PR-positive cases do
well but still worse than grade 1–2, PR-negative tumors, so
we can agree with a more aggressive approach. In future
work, we will include this quantitative analysis of the PR,
as it might provide further interesting insight.

Recently, Pan et al. published data regarding late breast
cancer recurrence; they investigated the influence of vari-
ous characteristics of the original tumor on the 20-year
incidence of breast cancer outcomes in women with ER+,
early-stage breast cancer who were scheduled to receive

adjuvant endocrine therapy for 5 years. They observed that
the PR status was independently prognostic during the first
5 years after diagnosis but not thereafter [36].

Based on our results, no conclusions on the predictive
value of PR could be made, as this was not investigated in
our study. In the multivariable analysis, adjustments were
made for endocrine therapy, chemotherapy, and radiother-
apy, but not for type of treatment (tamoxifen vs. aromatase
inhibitor vs. switch; type of chemotherapy). All patients
were treated according to standard of care. Most patients
received 5 years of treatment, and many patients were
included in clinical trials. Whether patients received chemo-
therapy or not was based on their risk of relapse. We
assumed that the patients were compliant with endocrine
therapy, although there was a possibility that they were not.

CONCLUSION

Our results suggest that PR expression is prognostic in ER+
HER-2 negative breast cancer but depends on tumor prolif-
eration. However, the interaction between PR and subtype
was not significant, and therefore we cannot provide strong
statistical evidence. Our data also suggest that PR status
mainly adds prognostic value in high proliferative tumors.
Based on these findings, we conclude that the prognostic
value of PR in absolute figures is more important in high
proliferative lesions and that the relative prognostic effect
of an absent PR is independent of any other risk factor.
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