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Background: To assess the prognostic value of progesterone receptor (PR) expression in
patients with hormone receptor-positive and human epidermal growth factor receptor 2 (HER2)-
negative breast cancer subgroups.

Methods: A retrospective review of breast cancer patients who underwent mastectomy or
breast-conserving surgery between January 1998 and December 2007 was performed. The
prognostic impact of PR status on disease-free survival (DFS) was analyzed.

Results: Of'the 1,301 patients included in this study, the median follow-up time was 64 months,
and the median age was 46 years. There were 18.4% of patients (n=219) with PR negative (PR-)
cancer. Women with PR— breast cancer were more likely to be postmenopausal (P<<0.001)
and have pN3 stage (P=0.031) and Stage III (P=0.049) cancer. Cox regression univariate and
multivariate analysis showed that PR status was a significant prognostic factor for DFS. Patients
with PR— status had poorer DFS (hazard ratio =1.626, 95% confidence interval =1.060-2.497,
P=0.026). The 5-year DFS for patients with PR— and PR+ breast cancer was 79.4% and 86.2%,
respectively, and the 8-year DFS for patients with PR— and PR+ breast cancer was 69.6% and
78.1%, respectively (P=0.012). A significant difference in DFS was observed between PR—
and PR+ disease in patients with node-negative cancer, but was not for patients with lymph
node metastasis (P=0.242). In premenopausal patients, DFS varied significantly by PR status
(P=0.049). A marginally significant difference in DFS between the PR— and PR+ disease was
seen in postmenopausal patients (log rank P=0.065).

Conclusion: Lack of PR expression is associated with worse survival in patients with hormone
receptor-positive and HER2-negative breast cancer subgroups.

Keywords: breast cancer, breast cancer subtype, progesterone receptor, prognosis,

recurrence

Introduction

Breast cancer can be divided into at least four subtypes based on gene expression
profile; there are different breast cancer subtypes with distinct prognosis, and these
subtypes can predict therapeutic efficacy.' Hormone receptor-positive and human
epidermal growth factor receptor 2-negative (HER2—) breast cancer subgroup is a
subtype of breast cancer that is estrogen receptor-positive (ER+) and/or progesterone
receptor-positive (PR+), and HER2—. Nearly 20% of invasive breast cancers have a
mixed hormone receptor status as either ER+/PR— or ER—/PR+. ER+/PR— is the most
common mixed hormone receptor subtype. Studies have confirmed that the risk factors
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associated with ER+/PR— breast cancer are similar to those
for ER+/PR+ disease.®’

The role of the PR in breast cancer remains controversial.
While the rate of ER+ breast cancer increases with age, no
such pattern is seen with the PR, and the PR+ rate is constant
in all age-groups.® PR gene expression is dependent on estro-
gen, and consequently, PR expression has been considered
to indicate an intact estrogen—ER response pathway. This
raises the question as to whether ER+/PR— breast cancers
are a heterogeneous disease in the hormone receptor-positive
and HER2- subtype. Therefore, in this study, we evaluated
the prognostic value of PR expression in hormone receptor-
positive and HER2—- breast cancer patients and also inves-
tigated whether it is necessary to further subtype hormone
receptor-positive and HER2— breast cancer.

Patients and methods

Patients

The records of patients with breast cancer who were treated
at Sun Yat-sen University Cancer Center (SYSUCC) from
January 1998 to December 2007 were retrospectively ana-
lyzed. Criteria for inclusion in the analysis were: 1) females
with pathologically confirmed unilateral invasive breast
cancer; 2) underwent mastectomy or breast-conserving
surgery, and axillary lymph node dissection; 3) cancer stage
was T1-4N1-3M0 according to the (2009) 7th edition of the
American Joint Committee on Cancer/Union for International
Cancer Control Tumor—Node—Metastasis (TNM) staging
system; 4) the tumor was completely resected with no positive
margins; 5) complete immunohistochemistry results including
ER, PR, and HER2 (patients who were ER+ and/or PR+, and
HER2- were included in the analysis); and 6) correspond-
ing therapies (chemotherapy, radiotherapy, or endocrine
therapy) were given after surgery according to TNM stage
and hormone receptor status. The study was approved by the
Ethics Committee of SYSUCC. All patients provided written
consent for storage of their medical information in the hospital
database and for research use of this information.

Patient characteristics and lymph node

status

Patients’ clinicopathological and immunohistochemical fac-
tors, including age, menstrual status, pathologic tumor (pT)
stage, pathologic node (pN) stage, ER status, PR status, Ki-67,
and lymphovascular invasion were used to assess the risks of
relapse. ER+ and PR+ were defined as >1% positive cells on
immunohistochemical staining. Breast cancer subtypes were not
determined according to the criteria developed at the St Gallen

International Breast Cancer Conference, because some patients
did not have immunohistochemistry testing for Ki-67.° The
expression of Ki-67 was determined according to our previous
report, and 25% positivity was used as the cutoff point.'

Follow-up and survival end points

Follow-up was performed every 3—6 months. Because all
patients in this study received adjuvant treatment accord-
ing to stage and hormone receptor status, the end point
was disease-free survival (DFS). DFS was defined as the
absence of locoregional or distant recurrence. For patients
with recurrence, survival time was determined from the
date of surgery to the date of locoregional recurrence and/
or distant metastasis.

Statistical analysis

All data were analyzed using the SPSS statistical software
package (version 16.0; SPSS Inc., Chicago, IL, USA). The
x* and Fisher’s exact probability tests were used to ana-
lyze the differences between qualitative data. Survival rates
were determined and plotted by the Kaplan—Meier method,
and compared using the log-rank test. Univariate and mul-
tivariate Cox regression model analyses were performed. A
value of P<<0.05 was considered statistically significant.

Results
Clinicopathological factors and
relationship with PR status

A total of 1,301 patients with hormone receptor-positive and
HER2- breast cancer who met the inclusion criteria were
included in this study, and their characteristics are summa-
rized in Table 1. The median age was 46 years (range: 21-92
years); 66.6% of patients (866/1,301) were premenopausal,
52.3% of patients (681/1,301) were node-negative, and 18.4%
of patients (219/1,301) were PR—. PR status was associated
with menopausal status (P<<0.001), pN stage (P=0.031),
TNM stage (P=0.049), and ER status (P<<0.001; Table 1).
Women with PR— breast cancer were more likely to be post-
menopausal and have pN3 stage and Stage III cancer.

Prognosis
Results of the univariate and multivariate analysis are listed
in Table 2. In the univariate Cox analysis, age, tumor stage,
node stage, TNM stage, and PR status were prognostic fac-
tors for DFS (all, P<<0.05).

Multivariate Cox analysis adjusted for significant fac-
tors from the univariate analysis was used to examine DFS.
Age, tumor stage, node stage, and PR status were significant
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Table | Correlation between PR and clinicopathologic char-

acteristics
Characteristic N (%) PR- PR- P-value
negative positive
(%) (%)
Age (years)
=35 132 (10.1) 10 (9.1) 122 (10.2) 0.702
>35 1,169 (89.9) 100 (90.1) 1,069 (89.8)
Menopausal status
Premenopausal 866 (66.6) 51 (46.3) 815 (68.4) <0.001
Postmenopausal 435 (33.4) 59 (53.7) 376 (31.6)
Tumor stage
pTI 496 (38.1) 38 (34.5) 458 (384) 0.193
pT2 703 (54.0) 58 (52.7) 645 (54.2)
pT3 59 (4.5) 7 (6.4) 52 (4.4)
pT4 43 (3.4) 7 (6.4) 36 (3.0)
Node status
Negative 681 (52.3) 55 (50.0) 626 (52.6) 0.607
Positive 620 (47.7) 55 (50.0) 565 (47.4)
Nodal stage
pNO 681 (52.3) 55 (50.0) 626 (52.6) 0.031
pNI 417 (32.1) 30 (27.3) 387 (32.5)
pN2 113 (8.7) 10 (9.1) 103 (8.6)
pN3 90 (6.9) I15(13.6) 75(6.3)
TNM stage
[ 327 (25.1) 23 (20.9) 304 (25.5) 0.049
Il 731 (56.2) 57 (51.8) 674 (56.6)
1] 243 (18.7) 30 (27.3) 213 (17.9)
ER status
Negative 219 (16.8) 0 (0) 219 (18.4) <0.001
Positive 1,082 (83.2) 110 (100) 972 (81.6)
Ki-67 (n=834)
=25% 586 (70.3) 48 (64.9) 538 (70.8) 0.287
>25% 248 (29.7) 26 (35.1) 222 (29.2)
Lymphovascular invasion
Negative 1,264 (97.2) 107 (97.3) 1,157 (97.1) 0.939
Positive 37 (2.8) 3(27) 34 (29)

Abbreviations: ER, estrogen receptor; pN, pathologic node; PR, progesterone
receptor; pT, pathologic tumor; TNM, tumor-node-metastasis.

prognostic factors for DFS (all, P<<0.05). Patients with
PR- disease had poorer DFS (hazard ratio [HR] =1.626,
95% confidence interval [CI] =1.060-2.497, P=0.026) than
patients with PR+ disease.

Relationship between PR status and

survival

The median follow-up time was 64 months (range:
6—-144 months), recurrence occurred in 198 patients, and
the 5- and 8-year DFS were 85.6% and 77.3%, respectively.
PR- status correlated with disease recurrence. The 5-year
DFS for patients who were PR— and PR+ was 79.4% and
86.2%, respectively; the 8-year DFS for patients who were
PR- and PR+ was 69.6% and 78.1%, respectively (log rank
P=0.012; Figure 1).

The prognostic effect of PR status in patients with and
without lymph node metastasis was examined. A signifi-
cant difference in DFS based on PR status was observed in
patients with lymph-node-negative disease; the 5-year DFS
for patients with PR—and PR+ disease was 81.1% and 91.8%,
respectively, and the 8-year DFS for patients with PR— and
PR+ disease was 75.3% and 84.9%, respectively (log rank
P=0.015; Figure 2A). However, for patients with lymph node
metastasis, PR status was not associated with DFS (log rank
P=0.242; Figure 2B).

In premenopausal patients, a significant difference in
DFS based on PR status was observed; the 5-year DFS for
patients with PR— and PR+ disease was 75.0% and 85.6%,
respectively, and the 8-year DFS for patients with PR— and
PR+ disease was 70.8% and 74.8%, respectively (log rank
P=0.049; Figure 3A). A marginally significant difference
in DFS between the PR— and PR+ disease was seen (5-year
DFS 83.4% vs 87.6%, 8-year DFS 67.7% vs 80.7%, log rank
P=0.065; Figure 3B).

Discussion

In this study, the prognostic value of PR status was evalu-
ated in hormone receptor-positive and HER2— breast cancer
patients, and the results showed that PR status was associated
with survival of patients with hormone receptor-positive and
HER2- breast cancer.

The molecular biological and clinical significance of
PR in hormone receptor-positive and HER2— breast cancer
are still controversial. The 14th St Gallen Breast Cancer
Conference defined hormone receptor-positive breast can-
cer as ER+ and/or PR+ cells of >1%.!" However, there is
evidence showing that the prognosis of ER+ breast can-
cer patients is different between those who are PR+ and
PR-.'*"'5 Bae et al'? investigated ER+ and HER2- breast
cancer patients and found that PR— patients had poorer DFS
(HR =2.123, 95% CI =1.201-3.755, P=0.010) and overall
survival (OS) (HR =4.779, 95% CI =1.874-12.189, P=0.001)
as compared to PR+ patients. Prat et al'* also found that
luminal A breast cancer patients with <20% PR+ cells had
a significantly poorer prognosis when compared with those
with >20% PR+ cells. Bal et al'* found that the OS (8.7 vs
15.3 years, P=0.032) and DFS (5.7 vs 10.5 years, P=0.022)
in ER4+/PR—/HER2- patients were significantly shorter
than in patients with ER+/PR+/HER2- breast cancer. Our
results showed that ER+/PR— patients had poorer DFS as
compared to ER+/PR+ patients, which is consistent with
the aforementioned findings. It was also found that the PR
negativity was a prognostic factor in patients with luminal
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Table 2 Cox regression analysis of prognostic factors influencing the disease-free survival of breast cancer patients

Characteristic Univariate Multivariate
HR 95% CI P-value HR 95% ClI P-value

Age (continuous variable) 0.980 0.967-0.994 0.004 0.984 0.971-0.998 0.022
Menopausal status

Premenopausal vs postmenopausal 0.869 0.640-1.178 0.364 - - -
Tumor stage

pT2vs pTlI 2211 1.569-3.114 <0.001 1.855 1.306-2.635 0.001

pT3vspTl 3.097 1.722-5.560 <0.001 1.944 1.047-3.612 0.035

pT4 vs pTlI 3.804 1.964-7.367 <0.001 2.893 1.464-5.719 0.002
Node stage

pN1 vs pNO 2.020 1.459-2.797 <0.001 1.861 1.341-2.583 <0.001

pN2 vs pNO 2.543 1.607—4.024 <0.001 1.953 1.213-3.144 0.006

pN3 vs pNO 3.783 2.420-5.914 <0.001 2.646 1.653—4.234 <0.001
TNM stage

s | 2436 1.558-3.811 <0.001 0.955 0.476—-1.913 0.896

s | 4214 2.602-6.826 <0.001 0.628 0.192-2.051 0.441
ER status

Negative vs positive 1.373 0.982-1.921 0.064 - - -
PR

Negative vs positive 1.700 1.118-2.586 0.013 1.626 1.060-2.497 0.026
Ki-67

=25% vs >25% I.146 0.753-1.744 0.525 - - -
Lymphovascular invasion

Negative vs positive 1.518 0.903-2.551 0.115 - - -

Abbreviations: HR, hazard ratio; Cl, confidence interval; ER, estrogen receptor; pN, pathologic node; PR, progesterone receptor; pT, pathologic tumor; TNM, tumor—-node—

metastasis.

B/HER2- breast cancer.'%!” Therefore, it is better to subtype
hormone receptor-positive and HER2— breast cancer accord-
ing to PR status.

Loss of the PR is associated with an activated growth
factor pathway, such as for HER2, epidermal growth fac-
tor, and insulin-like growth factor-1, hypermethylation of
the PR promoter, loss of heterozygosity at the PR gene
locus, and resistance to tamoxifen therapy.'®?° This means

1.0
2
=2
" 0.6
[}
[}
=
30.4- e
S " PR+ | P=0012
L 024
o
0-0 T T T T T T
0 24 48 72 96 120 144
Time (months)
PR- patients (n) 110 89 73 35 10 1 0
PR+ patients (n) 1,191 1,067 811 399 164 42 2

Figure | Kaplan—Meier plot of disease-free survival by PR status.
Abbreviation: PR, progesterone receptor.

that ER+/PR— breast cancer exhibits a more aggressive
phenotype. Patients with ER+/PR— tumors had a higher
recurrence rate in the tamoxifen and combination arm of the
ATAC (Arimidex, Tamoxifen Alone or in Combination) trial,
but recurrence rates were similar in both ER+/PR+and ER+/
PR- tumors that had only been treated with anastrozole.?!
This was because of the diminished efficiency of tamoxifen
in PR— subgroup. Yu et al'® found that in ER+/PR— breast
cancer patients, the risk of recurrence in patients treated
with aromatase inhibitors was lower than in those treated
with tamoxifen.?

In our study, most of the PR— breast cancer patients
were postmenopausal, which is consistent with previous
reports.'** This is a result of ovarian shutdown in the
elderly, which causes insufficient levels of estrogen to
transcribe PRs.!” Thus, we further evaluated whether the
PR status affected the prognosis of breast cancer patients
with different menopausal status. The results indicated that
PR- premenopausal patients had a poorer prognosis, and a
negative PR status was also detrimental to the prognosis of
postmenstrual patients. Nishimukai et al** also found that
postmenstrual patients with a low PR expression (<20%)
had marginally significant differences in distant relapse-free
survival compared to patients with higher PR expression
(P=0.060). These findings suggest that PR status not only
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Figure 2 Kaplan—Meier plot of disease-free survival by PR status in (A) lymph-node-negative patients and (B) lymph-node-positive patients.

Abbreviation: PR, progesterone receptor.

affects the efficacy of endocrine therapy in postmenstrual
patients but also has prognostic value in premenopausal
patients. Thus, clinicians should emphasize PR status in both
pre- and postmenopausal patients, because PR status is able
to not only predict prognosis but is also useful for guiding
the selection of adjuvant therapy.

Whether lymph node status affects the prognostic value
of PR status in breast cancer patients is still controversial.
There is evidence showing that PR— patients have a higher
risk for lymph node metastasis.!'*** However, our results
showed that PR status had no relationship with nodal status,
but with the number of lymph node metastasis (pN3 stage).

Further analysis showed the PR status only affected the
survival of patients without lymph node metastasis and
had no influence on the prognosis of patients with positive
lymph nodes. However, a study by Park et al** revealed
that PR status affected the prognosis of luminal A breast
cancer patients with positive lymph nodes, but failed to
influence the prognosis of lymph-node-negative patients.
Purdie et al®® found that PR expression in primary breast
cancer was strongly and independently associated with
worse prognosis in all subgroups, including ER+/lymph-
node-negative patients; however, the study did not further
evaluate HER2 status.”
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Figure 3 Kaplan—Meier plot of disease-free survival by PR status in (A) premenopausal patients and (B) postmenopausal patients.

Abbreviation: PR, progesterone receptor.
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There are a few limitations of this study. First, this was
a single-center retrospective study, and the results might
not extend to all breast cancer patients. Second, we did not
stratify patients according to treatment with tamoxifen or
aromatase inhibitors. In addition, this study spans a 10-year
period, and thus there may be some methodological problems
with ER/PR assessment.

Conclusion

Our findings suggest that lack of PR expression is associ-
ated with worse survival in hormone receptor-positive and
HER2- breast cancer patients. We recommend further
subdividing hormone receptor-positive and HER2— breast
cancer subgroups according to PR status, which may be
helpful to predict prognosis and guide treatment selection.
Further prospective trials and larger studies are needed to
confirm the aforementioned results and to better define
subgroups of patients with hormone receptor-positive and
HER2- breast cancer.
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