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Context: Progestin-based therapy is the first-line treatment for managing endometriosis-associated
pain. However, response to progestins is currently variable and unpredictable. Predictive markers
for response to progestin-based therapy would allow for a personalized approach to endometriosis
treatment.

Objective: We hypothesize that progesterone receptor (PR) levels in endometriotic lesions de-
termine response to progestin-based therapy.

Design: Retrospective cohort study.

Setting: Academic center.

Patients: Fifty-two subjects with histologically confirmed endometriosis and a previous documented
response to hormonal therapy were included.

Interventions: Immunohistochemistry was performed on sections of endometriotic lesions using a
rabbit polyclonal IgG for detection of PR-A/B.

Main Outcome Measures: The Histo (H)-score was used for quantifying PR status. Response to
progestin-based therapies was determined from review of the electronic medical record.

Results: H-score was higher in responders compared with nonresponders. Subjects were categorized
into three groups: high (H-score. 80, n = 7), medium (H-score 6 to 80, n = 28), and low (H-score# 5,
n = 17) PR status. The threshold of PR. 80 was associated with a 100% positive predictive value. The
threshold of PR , 5 was associated with a 94% negative predictive value.

Conclusion: PR status is strongly associated with response to progestin-based therapy. Receptor
status in endometriosis could be used to tailor hormonal-based regimens after surgery, and negate
trialing progestin-based therapy to determine resistance. Ascertainment of PR status may allow
for a novel, targeted, precision-based approach to treating endometriosis. (J Clin Endocrinol Metab
103: 4561–4568, 2018)

Endometriosis is a chronic gynecologic disease af-
fecting approximately one in 10 reproductive-aged

women and up to 50% to 60% of women with pelvic
pain or unexplained infertility (1). It is characterized
by endometrial-like tissue outside of the uterus, most
frequently on the pelvic viscera and peritoneum (1).

Endometriosis varies in appearance, from few minimal
lesions on otherwise intact pelvic organs to large ovar-
ian endometriotic cysts and deep infiltrating nodules
(2). Women with endometriosis suffer from pelvic pain,
dysmenorrhea, dyspareunia, and infertility (1). Endo-
metriotic lesions undergo cycles of growth and bleeding
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in tandemwith themenstrual cycle, explaining the typical
cyclic exacerbation of symptoms. These debilitating
symptoms severely impact the quality of life of women
with endometriosis (3).

Although the etiology of endometriosis remains largely
unknown, estrogen’s role in promoting the growth and
progression of the disease is well characterized and
demonstrated by several clinical observations (4). Endo-
metriosis predominantly affects women during the re-
productive phase of life and regresses after menopause,
and the administration of estrogen-containing replacement
therapy may cause relapse of the disease (2). In pre-
menopausal women, the suppression of estradiol levels
causes regression of endometriotic lesions and improve-
ment of pain symptoms (5, 6). The recovery of estradiol
levels after discontinuation of therapy is associated
with relapse of the disease, underscoring the estrogen-
dependent nature of endometriosis (5, 7).

Progesterone acts by regulating endometrial decidu-
alization and inhibition of estrogen-driven endome-
trial proliferation (8, 9). Although serum levels of
progesterone in women with endometriosis are similar
to those of women without the disease, endometriotic
lesions (ectopic endometrium) do not respond appro-
priately to progesterone (10, 11). The inappropriate
response to progesterone (i.e., progesterone resistance) in
endometriotic lesions explains the impaired efficacy of
progestin-based therapies for endometriosis management
(8, 12). Endometriotic lesions have altered expression of
the progesterone receptor (PR) (12, 13). Specifically, it
has been postulated that progesterone resistance is me-
diated by lower levels of PR (8, 14). Low PRmay explain
why progestin-containing agents [including combined
oral contraceptives (OCs)] are associated with treatment
failure in some patients (8, 14).

Developing an individualized approach to not only
treat endometriosis, but also predict response, is needed.
As such, the aim of our study was to first characterize PR
status in endometriotic lesions. Secondly, we aimed to
develop a scoring system based on PR levels for pre-
diction of response to progestin-based therapy. We hy-
pothesized that expression levels of PR in endometriotic
lesions can be used to predict response to progestin-based
agents. The development of a scoring system based on PR
levels for prediction of response to progestin-based
therapy could allow for an individualized, precision-
based approach to the treatment of endometriosis.

Methods

We conducted a retrospective cohort study utilizing endo-
metriotic lesions obtained from women undergoing surgical
evaluation for endometriosis at Yale New Haven Hospital. The

study was approved by Yale University’s Institutional Review
Board. Inclusion criteria were: women with histologically
confirmed endometriosis, available information regarding
endometriosis-associated pain symptoms, and information re-
garding response to progestin-based therapy. Subjects were
excluded if data regarding response to progestin-based therapy
were missing or insufficient. Data regarding subject charac-
teristics and response to progestin-based therapies were deter-
mined from the electronic medical record. Fifty-seven subjects
met the inclusion criteria. Five subjects were excluded due to
insufficient data on response to progestin-based therapy.
As such, 52 subjects were included in the analysis. Of the
52 subjects, 21 had more than one lesion collected at the time of
surgery. In 17 subjects, eutopic endometrium was also collected
at the time of surgery. Each subject was considered the biologic
variable using the lesion with the highest Histo (H)-score for
further analysis.

Immunohistochemistry
Tissue was embedded in paraffin, cut into 5-mm sections,

and mounted onto slides. Immunohistochemical analysis of PR
expression was performed as previously described (15–17).
Briefly, slides were deparaffinized and dehydrated through a
series of xylene and ethanol washes. After a 5-minute rinse in
distilled water, slides were steamed in 0.01 M sodium citrate
buffer for 15 minutes and cooled for 45 minutes. Slides were
rinsed for 5 minutes in PBS with 0.1% Tween 20 (PBST), and
sections were circumscribed with a hydrophobic pen. Endog-
enous peroxidase was quenched with 3% hydrogen peroxide
for 5 minutes followed by a 5-minute PBST wash. Nonspecific
binding was blocked with 5% normal goat serum in PBST for
1 hour at room temperature. The primary antibody used was
PR H-190 (sc _7208; 1:800) and was purchased from Santa
Cruz Biotechnology (Santa Cruz, CA). Slides were incubated
with the primary antibody overnight at 4°C. Normal goat
IgG (Santa Cruz Biotechnology) was used as a negative control;
normal day-14 endometrium was used as a positive control.
Goat antirabbit biotinylated secondary antibody was used for
PR (Vector Laboratories, Burlingame, CA) and applied for
1 hour at room temperature. Slides were washed in 13 PBS,
incubated in ABC Elite (Vector Laboratories) for 30 minutes at
room temperature, washed in 13 PBS, and incubated for
41 seconds with diaminobenzidine (Vector Laboratories). A
30-second exposure to hematoxylin was used as a counterstain.
Slides were rehydrated through 5-minute ethanol and xylene
washes and mounted with Permount (Thermo Fisher Scientific,
Waltham, MA).

An H-score for immunohistochemical staining was deter-
mined for each slide. Each slide was scored independently by
two investigators blinded to subject response, and H-scores
were averaged. The H-score was calculated using a modified
H-score: the percentage of negative (score 0), weakly positive
(score 1), positive (score 2), and strongly positive (score 3) cells
were estimated, and the percentages were multiplied with the
scores and summed (18).

Statistical analysis
Subject characteristics from the response and no response

group were compared with an unpaired Student t test (con-
tinuous variables), Fisher exact test, or x2 test (categorical
variables). H-scores were compared using an unpaired Student t
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test. R Programming version 3.5.1 and prebuilt irr (Various
Coefficients of Interrater Reliability and Agreement) pack-
age (https://cran.r-project.org/web/packages/irr/index.html) were
used to calculate the intraclass correlation coefficient between
the two blinded investigators. Thresholds for categorization of
PR status were based on receiver operating characteristic
(ROC) curve analysis. A x2 test was used for analysis of the
final contingency table for prediction of response to progestin
therapy. Spearman rank correlation coefficient was used for
analysis of matched eutopic and ectopic lesions. All analyses
were two-sided, and a P value of # 0.05 was considered
significant.

Results

We identified 57 subjects who fulfilled the inclusion criteria
of our study (histological confirmation of endometriosis,
minimum one lesion available for immunohistochemistry,
previous use of medical treatment of endometriosis). The
electronic medical record of subjects was analyzed for in-
formation on the response tomedical therapy. Five subjects
were excluded because of missing or insufficient data. Out
of 52 subjects included for analysis, 14 had responded to a
progestin-based medical therapy, most commonly an OC,
in the past, and 38 had inadequate or no response to
therapy. No subject had used dienogest, as this study was
conducted entirely in the United States, where dienogest is
not available. Of the 52 included subjects, 21 had more
than one lesion collected at the time of surgery, and 17 had
eutopic endometrium collected at the time of laparoscopy.
Demographic and clinical data of the 52 subjects included
for analysis are shown in Table 1. The demographics,
medical history, and characteristics of endometriosis were
similar for the response and no response group except for
current use of medication (Table 1).

Representative images of immunohistochemical staining
for PR expression, as calculated by H-score, are shown in
Fig. 1. For all H-scores, the intraclass correlation coefficient
score between the two blinded investigators was 0.985 (P,

0.0001; 95% CI: 0.978 , intraclass correlation co-
efficient , 0.99).

The H-score was significantly higher in responders
compared with nonresponders (P , 0.0001, Fig. 2). The
ROC curve for prediction of response based on H-score
showed an area under the curve of 84% (95%CI: 71% to
96%; P = 0.002).

Based on ROC curve analysis with a two-threshold
strategy, subjects were categorized into three groups:
high (H-score $ 80, n = 7), medium (H-score 6 to 80,
n = 28), and low (H-score# 5, n = 17) PR status (Fig. 1).
The threshold of H-score . 5 was selected because of
its high sensitivity (93%, 95% CI: 69% to 100%) and
negative predictive value (94%, 95% CI: 73% to
100%). The threshold of H-score $ 80 was selected
because of its high specificity (100%, 95% CI: 91% to

100%) and positive predictive value (100%, 95% CI:
65% to 100%).

Contingency table analysis showed that PR status
was significantly associated with response to progestin
therapy (P , 0.0001; Table 2). All subjects with high
PR responded to progestin therapy (100%). Ninety-four
percent of subjects in the low PR group did not respond
to progestin therapy. The medium PR group had a re-
sponse rate of 21%, in line with the overall response rate
of 27%.

In subjects with more than one lesion collected at the
time of surgery, the number of additional lesions ranged
from 1 to 6, with a mean of 2.8 lesions per subject. There

Table 1. Subject Characteristics

Response No Response P Value

Demographics
Age (mean 6 SD) 34 6 6 30 6 8 0.05
BMI (mean 6 SD) 24 6 4 26 6 7 0.24
Smoking 0/14 (0%) 2/38 (5%) 0.99
Family history of
endometriosis

4/14 (29%) 9/38 (24%) 0.73

Ethnicity 0.94
White 12/14 (86%) 31/38 (82%)
Hispanic 1/14 (7%) 3/38 (8%)
African-American 1/14 (7%) 3/38 (8%)
Asian 0/14 (0%) 1/38 (3%)

Medical history
Nulligravids 9/14 (64%) 25/38 (66%) 0.99
Caesarean section 1/14 (7%) 5/38 (13%) 0.99
Previous surgery for
endometriosis

4/14 (29%) 19/38 (50%) 0.22

Comorbidities
Depression 3/14 (21%) 7/38 (18%) 0.99
Anxiety 1/14 (7%) 8/38 (21%) 0.42
Adenomyosis 1/14 (7%) 4/38 (11%) 0.99
PCOS 0/14 (0%) 4/38 (11%) 0.56
Fibroids 2/14 (14%) 3/38 (8%) 0.60
IBS 3/14 (21%) 2/38 (5%) 0.11

Endometriosis
Pain 14/14 (100%) 38/38 (100%) 0.99
Currently on
medication

4/14 (29%) 35/38 (92%) 0.0001

Progestins 0/4 (0%) 10/35 (29%)
COC 3/4 (75%) 22/35 (63%)
GnRHa + add back 1/4 (25%) 2/35 (6%)
AI 0/4 (0%) 1/35 (3%)

ASRM stagea 0.25
Stage 1 5/14 (36%) 20/38 (53%)
Stage 2 1/14 (7%) 6/38 (16%)
Stage 3 7/14 (50%) 8/38 (21%)
Stage 4 1/14 (7%) 3/38 (8%)

Phenotype
Peritoneal 14/14 (100%) 36/38 (95%) 0.99
Endometrioma 7/14 (54%) 9/38 (24%) 0.09
Deep endometriosis 1/14 (8%) 6/38 (15%) 0.66

Abbreviations: AI, aromatase inhibitor; ASRM, American Society for
Reproductive Medicine; COC, combined oral contraceptive; GnRHa +
add back, leuprolide acetate plus norethindrone or conjugated estro-
gens/medroxyprogesterone; IBS, irritable bowel syndrome; PCOS,
polycystic ovary syndrome.
aOne subject could not be staged as she did not have laparoscopy at time
of cesarean section scar removal.
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was intrasubject variation between lesions, however with
only two subjects in the responder group having a lesion
with both a high and low H-score value.

Of the 17 subjects with eutopic endometrium collected
at time of laparoscopy, 5 subjects were responders, while
12 were nonresponders. The eutopic endometrium in all
5 responders had H- scores . 80. In 5 of 12 non-
responders, the H-scores in the eutopic endometrium
were also .80, compared with H-scores , 80 in the
ectopic lesions (P = 0.17, r = 0.4). High PR expression in
eutopic endometrium does not assure high PR in the
ectopic lesion or response to therapy.

The proportion of subjects on hormonal medication at
the time of surgery was different in the response vs the no
response group (Table 1). In the no response group, more

subjects were using hormonal medication at the time of
surgery, while in the response group, more subjects were
not using medication at the time of surgery. Therefore,
we performed a subgroup analysis for this possible
confounder using a Mann-Whitney U test. In both the
response and no response group, there was no significant
difference inH-scores between subjects using or not using
hormonal medication (respective P values: 0.84 and 0.45;
Fig. 3).

Discussion

In this study, we have shown that PR status is strongly
associated with response of endometriosis to progestin-
based therapies (including combined OCs). Subjects
who did not respond to progestin-based therapies had
significantly lower PR levels than subjects who did re-
spond. These data support the notion that PR levels are
an important modulator of progesterone resistance in
endometriosis.

Our data confirm previous findings that PR levels are
altered in endometriotic lesions (19–21). Attia et al. (12)
were the first to report lower expression of PR in ectopic
endometrium compared with paired eutopic endome-
trium. When comparing ectopic endometrium of women
with endometriosis to the eutopic endometrium of
controls, PR has also been found to be lower in endo-
metriotic lesions (14, 22). Utilizing endometriosis
tissue microarray and immunohistochemistry, Colon-
Caraballo et al. (23) found that there were differences in
PR expression levels in endometriotic lesions across
different subjects’ samples. Similarly, PR levels in deep

Figure 1. PR immunohistochemistry. A to C, Representative images of PR expression in endometriotic lesions. PR expression quantified using
H-score: A, high PR staining; B, medium PR staining; C, low PR staining. Arrows denote glandular epithelium (magnification 320).

Figure 2. H-scores in the response and no response subjects.
Comparison of H-scores in responders and nonresponders. Data are
shown as box plots (median and interquartile range 25th to 75th
percentiles) and whisker plots (minimum to maximum). H-scores
were higher in the response group (*P , 0.0001).

Table 2. Prediction of Response Using PR Status

High PR Medium PR Low PR

No Response 0 22 16
Response 7 6 1
Response Rate 100% 21% 6%
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infiltrating endometriosis is variable among different
subjects’ samples (24). In our subject cohort, we found
important intersubject and intrasubject variation in the
PR levels of endometriotic lesions. Given the role of PR
levels in progesterone resistance, and variation of PR
levels in endometriotic lesions, this raises the possibility
of using PR levels for individual tailoring of hormonal
therapy.

Unlike our study, prior work has not assessed the
ability of PR status to predict response to progestin-based
therapy. We previously demonstrated that PR levels in
the eutopic endometrium of endometriosis subjects differ
and predicted that PR status would also be variable in
ectopic lesions (25). We have further built upon our pre-
vious work by using ectopic endometrium and comparing
PR status in lesions to subjects’ response to progestin-
containing agents.

A major strength of our study is that, for a subset of
subjects (n = 21), we included multiple endometriotic
lesions in the development of the classification thresh-
olds. In subjects with multiple lesions, we observed
variation in PR levels, with values in the high, medium,
and low range. In responders with H-scores . 80, only
two had an additional lesion with an H-score, 6, which
would have resulted in misclassification of these two
subjects had analysis been limited to a single sample. As
we had a binary outcome for response/no response, in
responders we would expect improvement in symptoms
in the presence of some PR-expressing lesions. Because all
subjects with at least one lesion in the high PR group
responded to progestin-based therapies, we found the
H-score threshold of $80 to be a very strong positive

predictor of response to progestin-based therapy. Thus,
we chose to use the highest H-score in our model, to
avoid the potential for misclassification. We did find that
one subject in the clinical response group was classified
as a nonresponder by H-score. As this patient had only
one lesion removed at the time of laparoscopy, there may
have been an unbiopsied lesion with high PR, explaining
her prior response to progestin-based therapy despite an
H-score , 6. Given this variability and at times discrep-
ancy in H-score and response, we recommend sampling
several lesions per patient, as having multiple lesions
available for analysis will help prevent inappropriate
categorization of patients. Sampling multiple lesions and
utilizing the highest H-score avoids any subject being
incorrectly classified.

One novelty of our study lies in the double threshold
approach to classify PR levels, allowing identification of
subjects very likely to respond (high H-score group) and
very unlikely to respond (lowH-score group) to progestin
based-therapy. As such, in nearly half of subjects, a clear
prediction of response (negative or positive) to therapy
can be made, and management can be adjusted appro-
priately. In addition, given an intraclass correlation
coefficient of 0.985 between the two blinded investiga-
tors, the H-score holds potential as a reliable scoring
system for determining PR expression levels. As this
scoring system will be used exclusively after surgery, the
existing clinical paradigm of trialing patients on OCs
preoperatively remains. In patients not responding to
progestins, options include undergoing surgical eval-
uation, or alternative hormonal therapy. Utilizing
PR expression of excised lesions allows the provider to
determine the reason for failed response to OCs. For
example, lesions may be predominantly adhesions/
fibrosis, which are unlikely to respond to progestin-
based therapy. Conversely, lesions can have some PR
expression, suggesting that lack of response may be due
to insufficient progestin dose or noncompliance with
therapy (i.e., inability to tolerate side effects). Post-
operatively, this scoring system may have utility in that
it would help identify patients in whom progestin ther-
apy is unlikely to be successful. In patients who are found
to be PR resistant (i.e., low H-score), it may be prudent
to avoid progestin-containing agents in favor of alter-
native therapeutic options—GnRH analogs, danazol,
or aromatase inhibitors (5, 26). In patients with medium
PR expression, and/or multiple lesions with variable
PR expression, OCs or high-dose progestins can be
trialed, yet with a low threshold to adjust therapy if
endometriosis-associated pain recurs.

It is plausible that the presence of varying levels of PR
in lesions from the same subject may ultimately lead
to selective growth of PR-resistant lesions while on

Figure 3. H-scores in responders and nonresponders by medication
use. Subgroup analysis of current medication use at time of surgery,
represented as a scatter plot. Error bars represent the group mean
6 SD. There was no significant difference in H-scores in the
response and no response group with respect to medication use at
time of surgery. NR-M, no response on medication; NR-NM, no
response not on medication; R-M, response on medication; R-NM,
response not on medication.
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progestin treatment. We will continue to follow these
subjects to understand how the heterogeneity of PR
expression in endometriotic lesions affects PR resistance.
As it can take years for endometriosis to recur following
surgery, this will be a long-term endeavor (27). Future
studies will allow us to determine if the presence of PR
heterogeneity may result in more PR-resistant disease
after progestin treatment. If so, then patients with PR
heterogeneity may benefit from treatment options other
than long-term progestin-based regiments.

One of the limitations of our study is that the sample
size of the response group is substantially lower than the
no response group, with an overall response rate to
medical therapy of 27%. This can be explained by our
selection process. Only subjects with histologic confir-
mation of endometriosis and biopsies to assess were
included. Hence the cohort was composed of women
undergoing surgery for endometriosis. Subjects not
responding to medical therapy are more likely to undergo
surgery. As use of hormonal therapy could be a con-
founder, we performed a subgroup analysis for this
using a Mann-Whitney U test. In both the response and
no response group, there was no significant difference in
H-scores between subjects using or not using hormonal
medication.

Subjects who respond well to current medical treat-
ment are less likely to undergo surgery. However, we did
have a subset of subjects not on hormonal therapy at the
time of surgery classified as responders. These subjects
had responded to progestin-based therapy in the past, but
stopped medication to conceive. Given recurrence of pain
while off therapy, they underwent surgery. The majority
of these subjects had H-scores placing them in the high or
medium PR group. Although the study did not include
subjects currently using and responding to progestin-
based therapy, it would be interesting to study this
population in the future.

We did have 17 subjects with eutopic endometrium
collected at time of surgery, which was used to assess the
correlation between H-scores in ectopic and eutopic
endometrium. There was poor correlation between
matched eutopic and ectopic lesions in responders or
nonresponders. Thus H-scores in eutopic endometrium
cannot be used to predict response to progestin-based
therapy. Given the lack of correlation, ectopic lesions will
be needed for prediction of response to progestin-based
therapy.

Although hormonal therapy is aimed at reducing
disease burden, it is important to recognize that en-
dometriosis is a systemic disorder with effects on the
brain and metabolic and inflammatory processes
(28–30). Women with endometriosis have altered pain
sensitization and an increased incidence of anxiety and

depression (28). Endometriosis modulates gene expres-
sion in regions of the brain controlling pain response, as
well as emotional and behavioral changes (28). Similarly,
women with endometriosis have a lower body mass in-
dex (BMI), which may be explained by the effects of
endometriosis on gene expression in the liver (29). In a
murine model of endometriosis, a lower BMI was re-
capitulated, and it was demonstrated that the lower BMI
was due to changes in hepatic gene expression in met-
abolic pathways (29). Endometriosis is also considered a
proinflammatory state (31). Although inflammation in
endometriosis has been well established, the mechanism
by which endometriosis results in increased systemic
inflammation is not clear. We have previously demon-
strated that differential expression of miRNAs 125b-5p
and let7b-5p can influence cytokine expression of mac-
rophages, contributing to increased inflammation (30).
As miRNAs are stable circulating markers in the blood
stream, this provides further support of endometriosis
having systemic effects distant from ectopic endometrium
in the pelvis. Although surgical therapy may treat local
disease in the pelvis, it is also important to identify ap-
propriate treatments that will also affect the systemic
aspects of this disease.

Taken together, we have shown that PR status can be
used to predict response to progestin-based therapy.
Although endometriosis is not a malignant condition, it
is a chronic, debilitating disorder with adverse effects on
quality of life, including substantial cost burden (3, 32).
Delays not only in diagnosis, but also finding the most
effective treatment, further contribute to reduced quality
of life (1). The goal of hormonal therapy is to induce
atrophy of endometriotic lesions. Yet the ability to
predict which medication each individual patient will
respond to has not been established. Similarly, as existing
medical therapies allow for suppression (as opposed to
regression) of endometriotic lesions, patients require
long-term treatment (33). Hormonal therapy and surgery
are the two cornerstones of endometriosis management.
Recurrence rates are high even following surgery. Yet it is
not known if surgery itself was incomplete (i.e., micro-
scopic disease) or if other factors, such as aberrant PR
expression, influence recurrence. Although this is a ret-
rospective study, we were able to propose a scoring
system/clinical algorithm that can be used in practice to
help guide hormonal therapy choice following surgical
management of endometriosis. Our proposed algorithm
can be used postoperatively to provide insight into the
reason for lack of response to preoperative hormonal
therapy and determine the ideal postsurgical hormonal
therapy. Following surgery, it is routine to place patients
on hormonal therapy in an effort to reduce risk of re-
currence, and including our model may further reduce
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this risk by choosing therapy based on PR expression/H-
scores. PR status in endometriosis could be used in a
manner analogous to the use of estrogen receptor/PR
status in breast cancer for tailoring hormonal-based
regimens after obtaining tissue. In summary, although
our scoring system/clinical algorithm requires validation
in prospective clinical trials, we anticipate that utilization
of patients’ PR status will allow for a novel, targeted
approach to treating endometriosis.
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