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ABSTRACT

Objective: To evaluate the positive predictive value
(PPV) of endometrial BCL-6 overexpression as a noninva-
sive screening test endometriosis in patients undergoing
in vitro fertilization (IVF).

Methods: Retrospective cohort study at a university-affiliated
private practice. Inclusion criteria were reproductive age
females currently undergoing IVF with a diagnosis of
unexplained infertility or unexplained recurrent preg-
nancy loss. Those with endometrial BCL-6 overexpres-
sion underwent laparoscopic surgery with an indication
for treatment of suspected endometriosis. The primary
outcome was the PPV of endometrial BCL-6 testing to
surgically diagnose endometriosis. Statistical analysis was
performed using SPSS v.25.0.

Results: Seventy-five patients met inclusion criteria for
our study. The PPV of BCL-6 testing for endometriosis
was 96%. Of those patients without endometriosis, 100%

had other inflammatory pelvic pathologies, which were
diagnosed and treated at the time of laparoscopy.

Conclusions: Endometrial BCL-6 overexpression has a
high PPV for diagnosing endometriosis and can help
identify a patient population that may require surgical
treatment before embryo transfer.

Key Words: Endometriosis, BCL6, Unexplained Infertility,
Recurrent Pregnancy Loss, In Vitro Fertilization.

INTRODUCTION

Endometriosis is a progressive, estrogen-dependent,
chronic inflammatory disease affecting approximately
10% of reproductive age women, and over 200 million
women worldwide.1–3 It is an ancient disease described as
early as 1855 BC by Egyptians as “suffocation of the
womb” long before the histologic diagnosis of ectopic
endometrial-like glands and stroma was described by Karl
von Rokitansky in 1860.4 Endometriosis has been
reported in every organ in the human body, with clinically
significant extragenital endometriosis leading to genitouri-
nary, gastrointestinal, thoracic, and/or nervous system
dysfunction.5–8 Patients with endometriosis have almost
double the risk of developing ovarian cancer, and endo-
metriosis treatment can decrease the risk of malignancy.9

Affected women can present with dysmenorrhea, non-
menstrual pelvic pain, ovulatory pain, dyspareunia, dys-
chezia, and/or changes to bowel or bladder function
which can be exacerbated during menses.10 Symptom se-
verity varies from debilitating to mild, with up to 25% of
women being completely asymptomatic.11 Some women
may only present with unexplained infertility, with an
increased suspicion for endometriosis arising only after
multiple failed in vitro fertilization (IVF) treatments.12 If
there is no treatable cause of infertility, which occurs after
documentation of at least one patent fallopian tube, evi-
dence of ovulation, and a normal semen analysis in the
male partner, women are given the diagnosis of unex-
plained infertility.13 In fact, endometriosis is a leading
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cause of unexplained infertility, accounting for up to 50 –

80% of women struggling to conceive.3,14 According to
2017 Society for Assisted Reproductive Technology data,
only 2.5% of IVF cycles are performed in patients diag-
nosed with endometriosis, leading us to believe that en-
dometriosis is grossly underdiagnosed in the setting of
infertility.15,16

Numerous theories exist to explain how endometriosis
can affect fertility, including distorted pelvic anatomy,
abnormal utero-tubal transport, ovulatory dysfunction,
altered cell-mediated immunity, decreased oocyte quality,
dyssynchronous oocyte maturation, and altered endome-
trial receptivity.10,17–20 Currently, progesterone resistance
and altered endometrial receptivity describe the leading
mechanisms behind endometriosis-related implantation
failure. It is well established there is altered progesterone
signaling in the endometrium of women with endometrio-
sis, with downregulation of progesterone receptors and
upregulation of estrogen receptors causing a shift from se-
cretory to proliferative endometrium.20–22 Adequate pro-
gesterone levels and endometrial receptor expression are
needed for endometrial stabilization, embryo implanta-
tion, and maintenance of pregnancy; any mechanism that
interferes with progesterone signaling can be detrimental
to this process.

Endometriosis has been associated with aberrant cellular
and humoral immunity.23 B-cell chronic lymphocytic leuke-
mia/lymphoma 6 (BCL-6) is a protein encoded by a proto-
oncogene present on chromosome 3 (3q27.3) that stimu-
lates inflammatory cytokines such as interleukin-6 (IL-6),
IL-8, and IL-17 in the peritoneal fluid of women with endo-
metriosis.10,18,19,22,24 Peritoneal cytokine upregulation leads
to a cascading effect of inflammation, neovascularization,
fibrosis, and adhesion formation characteristic of the endo-
metriosis phenotype.19,22 Additionally, IL-6 is directly
involved in upregulating endometrial transcription factor
Signal Transducer and Activator of Transcription 3 and
BCL-6 expression.22,25 In the endometrium, BCL-6 forms a
complex that binds to and inactivates regulators of the pro-
gesterone pathway, leading to progesterone resistance,
aberrant decidualization, implantation failure, and recur-
rent miscarriages in women with endometriosis.18,25

Recently, there has been a push for the development of
noninvasive screening and diagnostic tests to accurately
identify patients with endometriosis; however, a surgical di-
agnosis consisting of laparoscopy with or without histologic
confirmation remains the gold standard.26 Histologic diagno-
sis can be challenging as endometriosis can present at differ-
ent stages of disease. While it is classically defined as the

presence of ectopic endometrial-like glands and stroma,
endometriosis can also be associated with hemosiderin-
laden macrophages, foreign body giant cells, and prolifera-
tion of fibrous adhesive connective tissue.27 Additionally,
endometriosis can present solely as smooth muscle cells
and fibrosis in certain scenarios such as deep infiltrating en-
dometriosis in the rectovaginal septum, which can be chal-
lenging when counseling patients about the differences
between visual and histologic findings for endometriosis.28

Histologic diagnosis of endometriomas can also be difficult
depending on endometrioma subtype as they are treated
differently in patients desiring to preserve fertility. Type I
endometriomas arise from endometrial-like tissue implanted
on the ovarian cortex (Figure 1). They are treated by
brushing or washing off the lesions or superficially des-
iccating the capsule to minimize adverse effects on ovar-
ian reserve.29–31 Type II endometriomas arise from
functional cysts that are invaded by endometrial-like
implants. Type IIA and IIB endometriomas are associ-
ated with less than 50% invasion of endometriosis within
the cyst wall and are easier to excise while minimizing
effects on ovarian reserve. Type IIC endometriomas
have greater than 50% invasion and a greater amount of
fibrosis which makes them even more difficult to remove
during fertility-sparing surgery.29–31 Treatment of type
IIC endometriomas involves superficially desiccating the
cyst capsule to preserve ovarian reserve.30–32 In the set-
ting of infertility, we do not recommend cystectomy and
recommend aspiration, irrigation, or superficial desicca-
tion of endometriomas.30–32

An endometriosis screening test called ReceptivaDxTM

(CiceroDx, Huntington Beach, CA) has been developed to

Figure 1. Visually Diagnosed Type I Endometriomas.
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detect endometrial BCL-6 overexpression in asymptom-
atic women with unexplained infertility or recurrent preg-
nancy loss.2 It also detects beta-3 integrin expression, a
cell adhesion molecule needed for successful implanta-
tion.14,22,25 Positive endometrial BCL-6 testing, defined as
an HSCORE >1.4, has been associated with poor IVF out-
comes and recurrent miscarriage.3,18,25 By treating the
underlying cause of endometrial inflammation secondary
to endometriosis, whether medically or surgically, studies
have shown improvement in subsequent live birth rates
(LBR) (50 –76%) when compared to controls (7.4%).3,12

This landmark study reported that 93.8% of patients that
tested positive for BCL-6 had laparoscopic findings of
endometriosis.2

We sought to confirm the positive predictive value (PPV)
of endometrial BCL-6 overexpression in identifying endo-
metriosis in women with unexplained infertility. Given
that BCL-6 expression is upregulated by IL-6 and its over-
expression is a marker of inflammation, we also evaluated
the prevalence of other inflammatory pathologies includ-
ing endosalpingiosis, hydrosalpinges, and leiomyomas,
which could impact fertility.

METHODOLOGY

This is a retrospective cohort study of patients who under-
went laparoscopic surgery with or without robotic-assistance
for diagnosis and treatment of endometriosis at a univer-
sity-affiliated, high-volume gynecologic surgery referral
center. Our study was deemed to be IRB exempt by Pearl
IRB (Protocol #20-CNEZ-101). Charts were reviewed ret-
rospectively for patient demographics, diagnoses, and
clinical outcomes, and this data was extracted from our
center’s electronic medical record system. Patient data
was de-identified and stored in an encrypted database for
data analysis.

Our inclusion criteria were reproductive age females cur-
rently undergoing IVF with endometrial BCL-6 overex-
pression who underwent laparoscopic surgery for
treatment of suspected endometriosis between February
2018 through January 2020. Patients were evaluated by
their chosen reproductive endocrinology and infertility
(REI) specialist, and patients diagnosed with unexplained
infertility, history of failed IVF, or recurrent pregnancy
loss (defined by the American Society for Reproductive
Medicine [ASRM] criteria as two or more documented
pregnancy losses by ultrasound or pathology) were
offered endometrial biopsy with ReceptivaDxTM. All
women underwent endometrial biopsy to test for BCL-6

and beta-3 integrin in the secretory phase of their natural
cycle or 5 – 10 days after progesterone supplementation
in a mock cycle.2 Endometrial biopsies were considered
abnormal with BCL-6 HSCORE >1.4 per manufacturer
recommendations.2 Abnormal beta-3 integrin expression
was not considered in the clinical management of patients
with endometriosis and was not included in this study.
We documented the prevalence of endometritis in our
patient population based on the presence of plasma cells
or diagnosed endometritis on endometrial biopsy.
Women with positive BCL-6 testing desiring surgical man-
agement for suspected endometriosis were referred to our
center for surgical consultation. BCL-6 negative patients
were not included in this study.

Patients underwent operative laparoscopy with or without
robotic assistance for treatment of endometriosis by a sin-
gle surgeon, and all visible endometriosis was treated
with excision except for superficial endometriomas. All
specimens were sent to pathology to confirm the diagno-
sis of endometriosis. Pathology was deemed positive for
endometriosis when ectopic endometrial-like glands or
stroma were present. Specimens with hemosiderin-laden
macrophages were not considered diagnostic. As BCL-6
overexpression is not specific to endometriosis-related
inflammation, other potential causes of inflammation
included in pathology reports were noted, including fibro-
sis, endosalpingiosis, hydrosalpinx, and leiomyomas.

Patients were routinely seen in our office at 1 and 6
months postoperatively for endometriosis follow-up.
Statistical analysis was performed using SPSS v.25.0.

RESULTS

A total of 75 patients met inclusion criteria. Patient demo-
graphics are described in Table 1. Average age of patients
at the time of consultation was 36.9, with an average body

Table 1.
Patient Characteristics

Age (years) 36.91 6 4.18 [range 29 – 47]

Body Mass Index (kg/m2) 23.31 6 3.46 [range 17 – 36]

Nulliparous 74.67% (n = 56)

Time trying to conceive (years) 2.19 6 1.60 [range 0 – 10]

History of failed in vitro
fertilization

64.0% (n = 48)

History of recurrent pregnancy
loss

22.67% (n = 17)
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mass index of 23. In patients with endometrial BCL-6
overexpression, the PPV for histology-proven plus visu-
ally diagnosed type I and IIC endometriomas was 96%.
Three-quarters of patients (74.7%, n = 56) had a histologi-
cally confirmed diagnosis, while 21.3% were diagnosed
visually through the presence of ovarian endometriotic
implants (n = 16). At time of BCL-6 testing, 10.7% of
patients (n = 8) had endometritis on endometrial biopsy
and were subsequently treated with antibiotics. Five
patients with endometritis on BCL-6 testing had histology-
confirmed endometriosis while the other three had visu-
ally diagnosed superficial ovarian endometriosis. The
prevalence of other gynecologic pathologies found at
time of surgery is described in Table 2.

Among women who did not have visually or histologi-
cally confirmed endometriosis (n = 3), all had other path-
ologies which could result in endometrial BCL-6
overexpression. Pathologic specimens showed fibrosis or
adhesions in 100% (n = 3) and hemosiderin-laden macro-
phages in 66.7% (n = 2) of patients. Hydrosalpinx and
endosalpingiosis were both found in the same patient.
The majority of the patients included in this study were
nulliparous (74.7%) with an average of 2.2 years trying to
conceive prior to initial surgical consultation. Women
with at least 6 months of postoperative follow-up were
assessed for reproductive outcomes (n = 40), resulting in
a clinical pregnancy rate (CPR) of 90.0%.

DISCUSSION

Inflammation and aberrantly expressed inflammatory
cytokines are associated with the pathophysiology of
endometriosis. The pelvic inflammatory environment
derived from endometriosis is known to be associated

with subfecundity and recurrent pregnancy loss. While
women experiencing infertility and pregnancy loss do
not typically seek surgical diagnosis of endometriosis
for fertility alone, persistent endometriosis could affect
the success rate of advanced fertility treatment such as
IVF. Diagnosing endometriosis and other inflammatory
processes is simply the first step, with treatment ulti-
mately needed for many patients struggling to
conceive.

According to ASRM, there is a high pretest probability
(approximately 50%) of patients with unexplained infertil-
ity having endometriosis.10 Perhaps the prevalence of en-
dometriosis is much higher, and endometrial BCL-6
testing may help determine which patients are at high risk
for endometriosis and other inflammatory pathologies,
and may benefit from surgical treatment.12 In our study,
we found the PPV of BCL-6 testing to be as high as 96%
for the diagnosis of endometriosis, similar to previously
reported rates.2

Endometrioma excision has been associated with
improved conception rates, both through assisted repro-
ductive technology (ART) or spontaneous conception.20

Type IIA and IIB endometriomas can be easily separated
from the surrounding ovarian cortex without damaging
the primordial and preantral follicles.29–31 The true preva-
lence of large endometriomas are likely underrepresented
in our study as patients with ultrasound findings sugges-
tive of endometrioma were referred for surgical manage-
ment without BCL-6 testing. Overall, during laparoscopy
92% of women had a visual diagnosis of endometriomas,
which were surgically treated. We believe that the differ-
ences in surgical treatment of endometriomas account for
the discrepancy in histology-confirmed endometriosis in
our cohort.

Table 2.
Prevalence of Histology-Confirmed Gynecologic Pathology During Laparoscopic Surgery

Prevalence % (n)

Diagnosis Endometriosis (96%, n = 72) No Endometriosis (4%, n = 3) Total (n = 75)

Endometriosis 100 (72) — 96.00 (72)

Hemosiderin-laden macrophages 51.39 (37) 66.67 (2) 52.00 (39)

Endosalpingiosis 2.78 (2) 33.33 (1) 4.00 (3)

Hydrosalpinx 2.78 (2) 33.33 (1) 4.00 (3)

Uterine leiomyoma 33.33 (24) 0.00 (0) 32.00 (24)

Adenomyosis 1.39 (1) 0.00 (0) 1.33 (1)

Fibrosis/Adhesions 98.61 (71) 100.00 (3) 98.67 (74)
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Three women had BCL-6 overexpression without con-
firmed endometriosis, but all of these women had other
inflammatory pathologies that could explain their positive
test results. Chronic diseases and prior infections can
cause fibrosis and mild inflammatory states.33 As part of
the normal healing process, tissue damage recruits inflam-
matory cytokines, many of which are profibrotic. IL-6 is a
major inflammatory cytokine needed to produce perito-
neal fibrosis.33 In our study, all (100%) patients without
proven endometriosis had fibrosis or fibrous adhesions
on pathology. Although causation cannot be inferred, fi-
brosis can be a reason for the elevated BCL-6 seen in
these patients.

Leiomyomas are associated with inflammation and infer-
tility, and up to 87% of reproductive age women under-
going surgical management for symptomatic fibroids have
been found to have coexisting endometriosis at the time
of surgery.1 In our study, a total of 24 women (33.3%)
had uterine fibroids, all of which showed histological or
visual evidence of endometriosis. While it is not fully
understood how different International Federation of
Gynecology and Obstetrics (FIGO) classes of fibroids
influence inflammation and infertility, there are a few
published studies that help explain their impact. One
study found that FIGO type 0-3 fibroids can lead to
altered endometrial cytokine expression and endome-
trial receptivity.34 Leiomyomas are caused by inflamma-
tory mediators, including IL-6, and fibroblasts which
deposit extracellular matrix, leading to a state of inflam-
mation, neovascularization, tissue remodeling, and
growth.35 A study comparing myometrial progenitor
cells to fibroid progenitor cells found that fibroid cells
secrete a statistically higher level of chronic inflamma-
tory cytokines compared to myometrial cells.36 This
could describe a possible mechanism for the elevated
BCL-6 observed in these women.

Previously reported studies have shown improved CPR
and LBR following medical or surgical treatment of endo-
metriosis.3,12,37 Although not a primary endpoint of our
study, reproductive outcomes in women with at least 6
months of postoperative follow-up was assessed. A total of
40 women were included in this timeframe, with 36 docu-
mented clinical pregnancies, giving a clinical pregnancy
rate (CPR) of 90.0%. Most patients (84%) conceived
through IVF. There were ten live births (27.8%), twenty-
five ongoing pregnancies (69.4%), and one miscarriage
(2.8%). All of these pregnancies were conceived within 1
year of their surgery. It is important to note that our CPR is
not solely the result of treatment of endometriosis, as prior
studies have reported, but includes treatment of other

coexisting pelvic pathologies which were often excluded
in these studies. After a review of the literature, one
study of women undergoing surgical management after
BCL-6 testing had a CPR of 61.9%, similar to our study,
with an LBR of 52.4%; however, the study period
encompassed 7 years.3 Another study reported a 42.3%
LBR for patients who conceived within 6 months fol-
lowing laparoscopic treatment in women with primarily
stage 3 or 4 endometriosis.33 To our knowledge, the
highest reported CPR following laparoscopic surgery
was 76% in a study of 29 patients.12

To our knowledge, this report is the largest published cohort
of BCL-6 positive patients with visually and histology-proven
endometriosis. This allows for an estimation of the true
prevalence of endometriosis in patients with endometrial
BCL-6 overexpression, which may be helpful to physi-
cians counseling patients pre-operatively regarding their
risk of endometriosis. One study has evaluated the pres-
ence of hydrosalpinx at the time of laparoscopy in
patients with endometrial BCL-6 overexpression, which
was found to be 4.6%,2 similar to our reported rate.
However, ours is the first study to also review other coex-
isting inflammatory pelvic pathologies. Additionally, our
study is the first independent study to confirm the accu-
racy of the ReceptivaDxTM test as previous studies were at
least, in part, partially funded.

There are several limitations to our study. Infertility is often
a multifactorial disease, and patients presenting to an REI
specialist may be found to have various inflammatory pel-
vic pathologies that could interfere with their ability to con-
ceive. Our study is not designed to infer causation between
BCL-6 testing and individual pelvic pathologies. We are
unable to distinguish if BCL-6 overexpression was due to
endometriosis or to alternative pelvic pathology in patients
who had multiple factors for infertility. For example, 10.7%
of patients had endometritis diagnosed on biopsy which
could have also accounted for BCL-6 overexpression.
However, all patients with endometritis at time of BCL-6
testing had either histologic diagnosis of endometriosis
(n = 5) or type I/IIC endometriomas (n = 3).

There may have been selection bias in our study since
only patients who considered surgical management were
referred to our center. Other variables such as the severity
of patient symptoms or planned timing to conceive could
have affected patient decision-making to proceed with
surgery and confounded our results. Since our sample
consisted solely of patients with BCL-6 overexpression
who desired surgical management for suspected endome-
triosis, no women with negative test results were
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included. This precluded the determination of the sensi-
tivity, specificity, and negative predictive value (NPV) of
BCL-6 testing in our patient population, however these
have previously been reported in the literature.38 NPV of
BCL-6 testing would be relevant during initial diagnostic
work-up of infertility, as a high NPV could be used to
reassure patients that surgery may not be indicated. While
BCL-6 testing has a published sensitivity of 93% and speci-
ficity of 96% for visual or histological diagnosis of endo-
metriosis, determining the test’s sensitivity and specificity
for histology-confirmed endometriosis alone would also
better define the potential role of surgery.38

Pregnancy outcomes were subject to reporting bias as
patients were not routinely followed in our office for man-
agement of infertility and subsequent conception, possi-
bly underestimating the number of pregnancies that
occurred following surgical treatment. Due to the short
follow-up period at our surgical practice (mean 6.6
months), we believe that long-term studies would have a
more accurate representation of the true CPR and LBR.
We could not assess the exact number of patients trying
to conceive postoperatively, which would provide more
accurate data regarding CPR. Additionally, our current
data is only applicable in the infertility setting and may
not be representative of endometriosis patients primarily
presenting with pain symptoms.

Future studies should implement a longer follow-up pe-
riod to evaluate CPR and reproductive outcomes and
include patients with negative BCL-6 testing who opted
for surgical management to determine parameters such as
sensitivity, specificity, and NPV for histology-confirmed
endometriosis. While studies have shown that medical or
surgical treatment in BCL-6 positive patients improves
LBR, it would be interesting to compare pre-operative and
postoperative BCL-6 expression to assess if it could be
used as a marker of treatment response prior to embryo
transfer. In addition, future studies could include a cost-
benefit analysis to examine if earlier detection and treat-
ment of endometriosis results in fewer IVF cycles, quicker
time to conception, and a higher LBR.

With advances in ART, many patients are proceeding with
IVF prior to medical or surgical treatment of endometrio-
sis. Often, patients can experience numerous IVF failures
that can occur after the transfer of their highest quality
embryos, leaving them with lower quality embryos or the
need to undergo further IVF cycles to improve their chan-
ces of a successful pregnancy. When considering medical
management of endometriosis in the setting of infertility,
patients need to understand that treatment can suppress

ovulation, and many women who have been struggling to
conceive may not wish to delay conception any lon-
ger.10,40 The data regarding medical management of endo-
metriosis for infertility is also conflicting. Contrary to
previously reported data, a recent 2019 Cochrane review
examining long-term gonadotropin-releasing hormone
(GnRH) agonist therapy (3 months) prior to IVF/ICSI
showed no benefit in LBR or miscarriage rates compared
to no pretreatment in women with endometriosis.41

We recommend that patients with unexplained infertil-
ity be counseled regarding all their options to improve
reproductive outcomes, including laparoscopy for diag-
nosis and treatment of endometriosis. During laparo-
scopic treatment of peritoneal endometriosis, we
advocate for an excisional approach as opposed to
ablation. Several studies have established the role of
laparoscopy for treatment of endometriosis, showing
that pro-inflammatory cytokines in the peritoneal fluid
decrease following surgical excision of endometriotic
lesions.22,23 A study evaluating 588 fresh embryo
cycles revealed women with endometriosis had dou-
ble the rate of miscarriage when compared to normal
controls, highlighting the importance of treatment
prior to embryo transfer even in women with mild dis-
ease.39 Furthermore, treatment prior to embryo trans-
fer can improve endometrial receptivity defects in
order to optimize implantation and maintenance of
pregnancy.25

Endometrial BCL-6 testing provides a supplementary
screening test with high PPV that can assist providers
when counseling patients about all of their options
including laparoscopic treatment of endometriosis. In
our experience, couples with difficulty conceiving, his-
tory of failed IVF, and suspected endometriosis can
achieve a clinical pregnancy following surgical treat-
ment of endometriosis.37 This new information may help
guide providers and patients undergoing IVF to consider
laparoscopic evaluation for endometriosis and help
these women achieve their reproductive goals.
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