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Objective: Endometriosis is a chronic, incurable condition associated with debilitating pain and subfertility affecting over 190 million
women worldwide, which has no reliable noninvasive diagnostic tool. We aimed to determine the state-of-the-art in noninvasive liquid
biopsy biomarker detection and predict the most promising biomarkers for endometriosis detection.
Evidence Review: A systematic review of the literature following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines was conducted using the PubMed, MEDLINE, Scopus, and Cochrane Library databases. Primary research studies
examining blood or urine biomarkers in humans published in English up until August 2022 were included. Studies with more than
10 patients with clear methodology and surgical staging of endometriosis were included, whereas studies that included
gynecological malignancies or who did not perform laparoscopy in the control group were excluded. The articles were assessed for
the risk of bias using the Quality Assessment of Diagnostic Accuracy Studies-2 tool. One investigator extracted the data, and 2
investigators checked the accuracy. Extracted data were analyzed descriptively, the box plots of pooled data were calculated using
RStudio, and the likelihood ratios were determined.
Results: A total of 8,244 and 3,619 manuscripts for blood and urine biomarkers were identified. After screening on the basis of the title,
abstract, full text, and quality assurance, 18 of these studies assessing blood biomarkers and 15 examining urine biomarkers were
eligible for data extraction. However, there were inconsistencies in the results indicating that standardized techniques would be essen-
tial for direct comparisons to bemade in the future. In 4 of the eligible studies, the urine biomarkers were juxtaposed with bloodmarkers;
however, in most cases, the combination of blood and urine biomarkers resulted in an increase in the area under the curve value, sensi-
tivity, and specificity. One study presented biomarkers with a likelihood ratio of>10. However, currently, none of the biomarkers have
been shown to be clinically useful, and further research is necessary to determine their utility in clinical practice.
Conclusion: Multiple biomarkers described here provide exciting avenues for further study particularly as part of diagnostic panels,
including the endometrial antigens tropomyosin 3, stomatin-like protein 2, and tropomodulin 3, microribonucleic acids, and
interleukins. There is a need for standardized protocols to be used to achieve consistent, reproducible results that will facilitate the
development of a clinically applicable noninvasive test for endometriosis. (Fertil Steril Rev� 2023;4:116–30. �2023 by American
Society for Reproductive Medicine.)
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ESSENTIAL POINTS

� There are currently no noninvasive biomarkers for the detection of endometriosis with adequate sensitivity and specificity to be
used in clinical practice.

� A number of blood and urine biomarkers provide exciting avenues for further study, such as micro–ribonucleic acids, tropomyosin
3, stomatin-like protein 2, tropomodulin 3, and interleukins, that could be useful alone or in combination.

� There is a need for collaborative research using standardized protocols in endometriosis research to achieve consistent, reproducible
results that are clinically applicable.
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E ndometriosis is a chronic, incurable condition associ-
ated with debilitating pain and subfertility affecting
over 190 million women worldwide (1). Endometriosis

is estimated to affect up to 1 in 10 women (2), increasing to
50% of women seeking treatment for fertility (3) and 75%
of adolescents with pelvic pain (4). It is an inflammatory con-
dition (recently reviewed in the study by Machairiotis et al.
(5)) characterized by the growth of endometrial tissue, glands,
and stroma outside of the endometrial cavity. Endometriotic
lesions are most commonly found within the pelvis but can
be found in distant locations (6), such as the pleural cavity
and nervous system. Symptoms are typically dependent on
the extent, location, degree of invasion, and associated adhe-
sions. These typically include pelvic pain, dysmenorrhea,
dysuria, dyspareunia, infertility, dyschezia, cyclical hematu-
ria, and gastrointestinal disturbance (7) as well as depression
and anxiety (8). However, there is no reliable correlation be-
tween the extent of disease and severity of symptoms (9).
Despite extensive research, the precise mechanisms of the
development of endometriosis remain controversial (10).

Endometriosis can be broadly divided into 3 categories:
superficial (peritoneal); ovarian; and deep endometrioses
(11), with ongoing debates as to how to classify, stage, and
report the disease (12). Recently, recommendations on best
practice diagnosis and management have been published
(11). However, laparoscopy and biopsy for histology remain
the gold standard for diagnosing endometriosis. Although
these are routinely performed procedures, these are not
without risk with 2 per 1,000 women experiencing a serious
complication, such as visceral injury (13). Notwithstanding
the psychological benefits of providing photographic and his-
tologic proof of diagnosis, surgery remains expensive with a
burden of morbidity and even mortality (14). There is also
no proven superiority of surgically treating superficial endo-
metriosis, suggesting that several women undergo diagnostic
laparoscopy with no clear therapeutic benefit (11). Although
there are little robust data, it is conceivable that receiving a
timely diagnosis of endometriosis, and appropriate treatment,
may help to avoid the far-reaching consequences that delayed
diagnosis has on women and their families (15). Considering
the knowledge that we have already acquired, an increased
understanding of the pathophysiology of endometriosis (16,
17) and the difficulty in its diagnosis (reviewed in the study
by Chapron et al. (18), the detection of noninvasive
biomarkers has been of increasing interest to a number of
stakeholders. These include gynecologists, the US Food and
Drug Administration, the World Endometriosis Research
VOL. 4 NO. 2 / APRIL 2023
Foundation, biomedical scientists, family physicians, insur-
ance providers, and patients and their families.

Urine and blood are excellent sources for noninvasive
and minimally invasive biomarkers. Both types of liquid bi-
opsy show a high abundance of endogenous metabolites, ge-
netic products, peptides/proteins, and secreted organelles
(19). Additionally, the urine proteome is less complex and
more stable, allowing the detection of changes in low-
abundance proteins (20). It is sensitive to internal changes,
giving a chance to identify a biomarker at an early stage of
disease (21). Blood and urine samples are safe, easily acces-
sible, acceptable, and less expensive than laparoscopy, and
sample processing and storage are also relatively simple
(19). Previous systematic literature reviews (SLRs) identified
noninvasive biomarkers of endometriosis in urine (22), men-
strual fluid (23), blood (24), and serum, urine, and blood (25).
Each stated that although biomarkers were identified, none
consistently met the criteria needed to replace or triage a diag-
nostic test. Laparoscopy remains the gold standard but not the
only indication for a diagnosis of endometriosis (18). This SLR
focuses on the evaluation of studies that have identified urine
and blood biomarkers in literature data sets from their incep-
tion to August 2022 to determine the clinical potential of the
biomarkers identified to date to be used for the noninvasive
detection of endometriosis. By performing this review, we
hoped to determine the state-of-the-art in noninvasive liquid
biopsy biomarker detection and predict the future of bio-
markers for endometriosis detection.
MATERIALS AND METHODS
Literature Search and Study Selection

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines for systematic reviews were
adhered to (26, 27). The search strategy was developed on
the basis of index terms found in 3–6 sentinel articles that
were identified in an initial screen of the literature using
PubMed. We started with the key terms (endometriosis)
AND (blood biomarkers) OR (urine biomarkers) and then
searched the Medical Subject Headings (MeSH) database to
further develop a targeted string of terms.

Four databases, PubMed, MEDLINE, Scopus, and Cochrane
Library, were used to screen for blood biomarkers with the
following MeSH terms: (endometriosis*) AND (detection*) (by
C.T.) and (endometriosis*) AND (blood*) AND (detection*)
AND (biomarker*) (by W.D.), identifying articles published up
to August 17, 2022.
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TABLE 1

Inclusion and exclusion criteria used for screening articles that
focused on blood and/or urine biomarkers.

Inclusion criteria Exclusion criteria

English-language articles Studies of less than 10
participants

Noninvasive biomarkers of
any kind

Studies not directly
associated with blood
biomarkers for
endometriosis

Primary research articles Studies that involved animal
models/cell lines

Adult females Pediatrics, pubescent
females and males

Human studies with more
than 10 participants

Unrelated gynecological
diseases

Patients with endometriosis Biomarkers retrieved
invasively

Studies with a description of
the methodology used
for the measurement of
changes in blood/urine
composition

Gynecological malignancies
included in the control
group

Only 1 type of endometriosis
considered

Different grading system
than that of the ASRM or
rAFS

Lack of laparoscopy in the
control group

Blood biomarkers only: most
cases (>80%) were
diagnosed with stage I-II

SYSTEMATIC REVIEW
We screened 6 databases for urine biomarkers—PubMed,
MEDLINE, Embase, Scopus, Cochrane Library, and Web of
Science—with the following MeSH terms: (endometriosis*)
AND (urine*), identifying articles published up until August
17, 2022.

Articles were exported into Excel files, 1 for blood and
1 for urine (Supplemental Tables 1 and 2, available online).
Subsequently, duplicates were removed, and articles were
screened on the basis of the title and abstract, and if cho-
sen for further assessment, the article was read fully. For
the purpose of these literature searches, we used prespeci-
fied inclusion/exclusion criteria (Table 1). At the stage of
abstract reading, our search excluded books, systematic re-
views, meta-analyses, and conference articles. The assess-
ment of whether an article met the inclusion/exclusion
criteria was performed by 2 independent researchers for
urine (W.D., L.O.) and blood (W.D., C.T). Any disparities
in chosen articles were discussed between the reviewers,
and a consensus was achieved. However, when disagree-
ments remained, they were resolved by a third reviewer
(B.G.). A fourth researcher (H.D.) provided the quality
assurance of the articles.

Review articles were only removed once the cited articles
in all selected manuscripts had been screened against the in-
clusion/exclusion criteria as detailed earlier. This ‘‘reverse
snowballing’’ step helps ensure that relevant literature is suc-
cessfully found as part of a systematic review (28).
OR stage III–IV
endometriosis in
accordance with the
ASRM or rAFS grading
system OR lack of stage
specification

Note: ASRM ¼ American Society for Reproductive Medicine; rAFS ¼ revised American
Fertility Society.

Doli�nska. Noninvasive biomarkers of endometriosis. Fertil Steril Rev 2023.
Data Extraction and Quality Assessment

Quality assurance was performed using the Quality Assess-
ment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool
(29) (Supplemental Table 3), giving the reviewers a chance
to determine whether there are any applicability concerns
and risks of bias across the selected articles.

All studies that were used for data extraction
(Supplemental Table 4) had a case-control design and focused
on the measurement and comparison of the level of a specific
blood or urine biomarker, with comparisons between patients
with endometriosis and a control group. Across all of the
studies, the participants, in both the control and case groups,
were of reproductive age, and the number of women included
in the studies ranged from 39 (30) to 1,931 (31). We used the
QUADAS-2 tool to assess whether studies considered the role
of the menstrual cycle on biomarker expression in either
blood or urine through noting that sample collection occurred
at a particular phase of the menstrual cycle, collecting multi-
ple samples at different phases, or performing subgroup
analyses.
Statistical Analysis and Meta-Analysis

Collated data were imported into RStudio using readr. The
‘‘NA’’ values were removed, and the remaining data were
visualized using the geom_boxplot function of ggplot2.

The likelihood ratios (LRs) were calculated for all studies
that presented their sensitivity and specificity. Values above
10 were considered to have strong evidence to rule in
endometriosis (32, 33).
118
RESULTS
Study Selection, Quality Assurance, and Study
Characteristics

The searches amassed 8,244 and 3,619 manuscripts for blood
and urine biomarkers, respectively, of which 1,981 and 641
were duplicates (Fig. 1). Manuscripts were then screened on
the basis of the title and abstract. The full-text versions of
141 studies on blood biomarkers were assessed for eligibility,
and 18 articles were included in this review (Supplemental
Table 1). Quality assurance was performed using the
QUADAS-2 tool (Table 2 and Supplemental Table 3), and
none of them were excluded considering the risk of bias
and applicability. Of the 38 full-text studies on urine bio-
markers considered, 19 were suitable for quality assurance af-
ter which 4 were excluded (Table 3).

We excluded studies that had not performed laparoscopy
on their control groups. This was because the most clinically
relevant control group would be those patients who are symp-
tomatic of endometriosis because this is the population a test
to exclude ‘‘true negatives’’ would be applied to. However,
performing laparoscopy on asymptomatic women is not
possible in the absence of any indication for surgery, and
VOL. 4 NO. 2 / APRIL 2023



FIGURE 1
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123 excluded as follows:- n=1 male sample; n=1 no laparoscopy used; n=1 control with 
benign ovarian cancer; n=5 cell line studies; n=1 changes in sample collecƟon; n=11 

cases with other gynaecological abnormaliƟes; n=9 not available; n=1 risk factors; n=2 
endometriosis paƟents only; n=2 less than 10 parƟcipants in the study; n=6 parƟcipants 
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram showing the process of study selection at each stage of the
systematic literature review. (A) Blood and (B) urine biomarkers. CA ¼ cancer antigen; IL ¼ interleukin.
Doli�nska. Noninvasive biomarkers of endometriosis. Fertil Steril Rev 2023.

Fertil Steril Rev®
therefore, these individuals would not be a truly healthy
group. The studies included in this review approached this
dilemma in different ways: 24 used symptomatic controls; 7
used asymptomatic women undergoing laparoscopy for other
indications, such as sterilization; and 2 used symptomatic pa-
tients who had undergone a laparoscopic evaluation and self-
reported healthy volunteers (Supplemental Table 5).
Meta-Analysis

Fifty-eight potential biomarkers were investigated across 33
studies; however, only 7 biomarkers were assessed in more
than 1 study. Cancer antigen (CA)125 was the most widely
investigated biomarker and was analyzed in 6 studies
(34, 35, 36, 37, 38, 39); however, the sensitivity and specificity
were only presented in 5 of these studies. The blood bio-
markers CA19-9 (36, 39) and Interleukin (IL)-6 (36, 40) were
assessed in 2 studies each. The urine biomarkers
cytokeratin-19 (CK19) (41, 42), E-selectin (43, 44), and P-se-
lectin (43, 44) were presented in 2 studies each; however, there
were nonsignificant differences in 1 (CK19) or both (E- and
VOL. 4 NO. 2 / APRIL 2023
P-selectin) markers, resulting in enolase-1 (ENO1) being the
only urine biomarker where meta-analysis was possible. The
box plots demonstrating the pooled data are presented in
Figure 2A, which showed the lack of reproducibility between
cohorts with differing patient selection criteria.

The LRs were calculated for 35 single or combined bio-
markers retrieved from 19 studies that presented the sensi-
tivity and specificity with a range of 1–19.5 (Fig. 2B). Only
1 study presented biomarkers with an LR of >10, suggesting
strong evidence of the presence of endometriosis (34):
stomatin-like protein (SLP)2a; tropomodulin (TMOD)3b;
TOMD3c; and TMOD3d, with positive LRs of 12.5 15.5, 11.1,
and 19.4, respectively. Among the least useful were cytoker-
atin (LR, 1.1) and ENO1 (LR, 1.1).
Blood Biomarkers

Cancer antigen 125 is a well-established marker of epithelial
cell ovarian cancer; however, its level is also increased in
serum samples from patients with endometriosis due to the
stimulation of the coelomic epithelia (35). The predictive
119



FIGURE 1 Continued
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potential of CA125 was assessed in 5 studies alone and in
conjunction with other markers (34, 35, 36, 38, 39) (Fig. 2).
Four studies had comparable numbers of participants (30,
45,42–44,46–62), with the study by Mihalyi et al. (36)
having 294. There were a broad range of results with an
overall sensitivity reported as 32% (34) to 87.5% (39). It
should be noted that different cutoffs were used during area
under the curve (AUC) calculations because these are
determined by the data generated and the statistical
approach used. The differences in the cutoffs used may
account, at least in part, for the differences in diagnostic
accuracy observed in the study by Hirsch et al. (35)
improving the specificity by using a higher cutoff of 30 U/
mL than that in the study by Szubert et al. (38) who used 11
U/mL with improved sensitivity, although neither identified
a biomarker suitable for clinical use currently.

One source of variation between these studies was the use
of exogenous hormones and the stage in the menstrual cycle
when samples were taken. Although 2 studies did exclude
participants who had used hormonal treatments in the past
3 months (34, 39), only Mihalyi et al. (36) investigated the
120
effect of the menstrual cycle. Mihalyi et al. (36) noted signif-
icant differences across the menstrual cycle and with stages of
endometriosis with sensitivity varying from 100% for stage
III/IV during the menstrual phase to as low as 65.1% for all
stages during the proliferative phase. A less extreme variation
was noted for specificity (71.1%–73.7%). Studies that did not
account for the phase of the menstrual cycle through either
taking samples in the same phase or performing subgroup
analysis may underestimate the clinical utility.

Micro–ribonucleic acids (miRNAs) control gene expres-
sion posttranscriptionally by inhibiting miRNA translation
or promoting mRNA degradation in the cytoplasm. Most are
localized in the cells but have been detected in extracellular
body fluids, such as serum, plasma, spinal fluid, follicular
fluid, saliva, and urine, making them attractive potential bio-
markers. Micro–ribonucleic acids have been shown to be
involved in endometriosis with differential expression demon-
strated between eutopic and ectopic endometrial tissues (52).
They are also known to regulate pathways involved in prolif-
eration, inflammation, and angiogenesis (63), all relevant to
endometriosis pathogenesis. Four of the SLR selected studies
VOL. 4 NO. 2 / APRIL 2023



TABLE 2

Outcome of the quality assurance performed using the QUADAS-2 tool for blood and urine biomarkers.

Study QUADAS-2 criteria

1 2 3 4 5 6 7 8 9 10

Blood O et al., 2018 (69)
Fassbender et al., 2009 (76)
Gajbhiye et al., 2012 (69)
Hirsch et al., 2017 (35)
Karakus et al., 2016 (68) a

Mbarik et al., 2015 (66)
Mihalyi et al., 2010 (36) b

Misir et al., 2021 (37)
Mosbah et al., 2016 (40)
Othman et al., 2016 (77)
Pateisky et al., 2018 (63)
Rekker et al., 2015 (65) c

Santulli et al., 2012 (67)
Szubert et al., 2012 (38)
Tuten et al., 2014 (39)
Vanhie et al., 2019 (64) d

Vodolazkaia et al., 2016 (31)
Webster et al., 2013 (70) c

Urine Becker et al., 2010 (92)
Bostanci Durmus et al., 2019 (75) e

Chen et al., 2019 (73)
Cho et al., 2007 (74)
Cho et al., 2012 (71)
Draj et al., 2020 (93)
El-Kasti et al., 2011 (30)
Gjavotchanoff, 2015 (94)
Kuessel et al., 2014 (41)
Lessey et al., 2015 (45)
Othman et al., 2021 (42)
Potlog-Nahari et al., 2004 (43)
Proestling et al., 2020 (44)
Rokhgireh et al., 2020 (46)
Tokushige et al., 2011 (47)
Vicente-Mu~noz et al., 2015 (48)
Wang et al., 2014 (49)
Williams et al., 2015 (50)
Yun et al., 2014 (51)

Note: Quality Assessment of Diagnostic Accuracy Studies-2.
a The control group did not have symptoms associated with endometriosis.
b Infertility with or without pain.
c Two control groups.
d Validation cohort well described.
e The control group underwent laparoscopy for a variety of indications.

Doli�nska. Noninvasive biomarkers of endometriosis. Fertil Steril Rev 2023.
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assessedmiRNAs. Vanhie et al. (64) used amultivariate logistic
regression with stepwise feature selection to build 3 diagnostic
models for endometriosis. The minimal-mild endometriosis
model had a sensitivity, specificity, and AUC of 78%, 37%,
and 60% (LR, 1.2), respectively. The other models did not reach
significance, although this may, in part, be due to the homo-
geneous nature of the patient group being almost entirely su-
perficial peritoneal endometriosis, whereas moderate-severe
included extensive adhesions, endometriomas, and endo-
metriotic nodules. Pateisky et al. (63) assessed miRNA-154-
5p and demonstrated an AUC, sensitivity, and specificity of
0.72, 67%, and 69% (LR, 2), respectively, in their validation
cohort of 64 cases and controls.

Misir et al. (37) assessed miR-34a, a tumor suppressor
miRNA that has roles in cell cycle, proliferation, apoptosis,
and metastasis and is transcriptionally regulated by p53.
VOL. 4 NO. 2 / APRIL 2023
They also evaluated miR-200c, which is part of the family
that regulates cellular transformation and expression of
several genes, including epithelial-mesenchymal transition.
These molecules play an important role in angiogenesis, tu-
mor development, and metastasis. miR-34a-5p was signifi-
cantly down-regulated in all stages of endometriosis with
an AUC of 0.686–0.826, whereas miR-200c was up-
regulated in endometriosis compared with the control group
with an AUC of 1.00. This is a promising preliminary study
in a carefully selected population with predominantly super-
ficial disease although no power calculation was performed.

Rekker et al. (65) evaluated miRNAs 200a, 200b, and 141
in 61 participants with endometriosis. Of note, they assessed
whether the time of day affected miRNA expression and
found that the levels were lower in the morning than in the
evening; therefore, for their final analysis of a combined
121
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signature of 3 miRNAs, they used evening samples only (n ¼
32) and achieved a sensitivity, specificity, and AUC of 84.4%,
66.7%, and 0.76, respectively. The LRs were improved by
combining the panel but remained insufficient to gain a clin-
ical diagnosis at 2.5. However, the study demonstrated the po-
tential of combined markers to improve precision. All 3
miRNAs evaluated within this study demonstrated variation
with sampling time and emphasize the need to take blood
sampling time into account when studying circulating miR-
NAs as biomarkers.

Pateisky et al. (63) evaluatedmiRNA expression in plasma
samples and found that 2 miRNAs, miRNA-326 and miRNA-
485-3p, showed menstrual cycle–specific regulation in
healthy individuals, with lower levels observed during the
secretory phase. However, this regulation was lost in patients
with endometriosis. Other miRNAs, such as miRNA-154-5p,
were independent of menstrual cycle and hormonal intake.
Vanhie et al. (64) considered the effect of the menstrual cycle
on 41 miRNAs in the luteal, menstrual, and follicular phases
as assessed by endometrial biopsy histology. They demon-
strated that 16 miRNAs had significant differences in levels
during at least 1 phase in the menstrual cycle in the discovery
cohort and 4 in the validation cohort. However, no miRNA
was significantly affected by cycle in both the discovery
and validation cohorts, leading to the conclusion that this is
likely due to biologic variability rather than a true menstrual
effect. Rekker et al. (65) also noted no difference in miRNA
expression with menstrual phase although they did note a dif-
ference between morning and evening samples. They also
noted that not all healthy volunteer samples were taken at
the same time of day, which may impact the interpretation
of their results.

These studies support a possible biologic link between
miRNAs and endometriosis. There are several factors that
may limit the clinical utility of miRNAs, including high nat-
ural variation in circulating levels and significant differences
in levels depending on the time of day and menstrual phase.
Future studies will need to carefully consider their design
with rigorous methodology required, sufficient statistical po-
wer, and independent validation steps to establish whether
miRNAs are clinically useful markers.

Immunologic factors and angiogenesis are likely to play
key roles in the pathogenesis of endometriosis (66). The
immunologic aberrations observed in endometriosis are
both local and systemic with chronic inflammation activating
host immune responses leading to humoral and cell-mediated
inflammation. Mbarik et al. (66) and Santulli et al. (67) exam-
ined the IL-33 expression, a member of the IL-1 family that
induces the synthesis of cytokines and can trigger the fibrotic
process. Santulli et al. (67) found no difference between pa-
tients with endometriosis (n¼ 510) and symptomatic controls
(n ¼ 132). A post hoc analysis showed significant differences
in the IL-33 levels between patients with deep endometriosis
and the control group (P¼ .022) and patients with deep endo-
metriosis and those with superficial endometriosis (P< .001).
This is in contrast to Mbarik et al. (66) who found high levels
of IL-33 expression in patients (2.48 ng/mL) compared with
those in controls (P ¼ .0068), with a significant stepwise in-
crease between stage I–II and III–IV endometrioses albeit in
122
a much smaller sample size. Furthermore, they also investi-
gated ST2, which mediates the effects of IL-33 on the inflam-
matory process by suppressing IL-33 activity; however, there
was no difference in serum ST2 expression between the endo-
metriosis and control groups. Both used commercial enzyme-
linked immunosorbent assay (ELISA) kits but found a factor
difference in the mean IL-33 levels (2.48 ng/nL (36) and 7.5
pg/mL (67)). Interleukin-33 may act as a profibrotic mediator
involved in the pathogenesis of the disease because it is asso-
ciated with deep disease (38), and it could be hypothesized
that IL-33 activates endometrium cells in vivo to recruit in-
flammatory cells (66) and, therefore, may be implicated in
the etiology of endometriosis but is unlikely to be a diagnostic
marker.

Mosbah et al. (40) investigated IL-7 and glycodelin A,
which is a secretory phase protein produced by endometrial
epithelial cells as a response to progesterone exposure and
is thought to have both an immunosuppressive effect and a
role in glandular morphogenesis. The IL-7 levels were signif-
icantly higher in patients with endometriosis (n¼ 48) than in
the control group (n ¼ 20) of patients undergoing laparo-
scopic tubal ligation (P < .001; AUC, 0.88; specificity, 80%;
and sensitivity, 93%). Similarly, glycodelin A had an AUC,
specificity, and sensitivity of 0.96, 75%, and 91%, respec-
tively. Interleukin-7 and glycodelin A were both correlated
with disease stage although the LRs were 4.6 and 3.6, respec-
tively, which remained below the threshold of clinical utility.
However, further investigation with a broader, more clinically
relevant cohort would be justified.

Interleukin-6, IL-8, CA125, CA19-9, high-sensitivity
C-reactive protein, and tumor necrosis factor-alpha (TNF-a)
have been assessed in patients with endometriosis (n ¼ 201)
and controls (n ¼ 93) (36). Using stepwise logistic regression,
moderate-severe endometriosis could be diagnosed with a
sensitivity and specificity of 100% and 74%, respectively,
whereas minimal-mild endometriosis could be diagnosed
with a sensitivity and specificity of 87% and 71%, respec-
tively. The least-squares support vector machine model
gained slightly superior results compared with logistic regres-
sion for minimal-mild endometriosis. They noted that the
greatest sensitivity was observed during the secretory phase
and the least sensitivity was observed during the proliferative
phase regardless of disease stage, and when considered in the
secretory phase, the LR increased to 6.11. The sensitivity and
specificity increased in all disease stages when the discrete
menstrual cycle phases were considered separately compared
with those when pooled.

Tumor necrosis factor-alpha is a proinflammatory cyto-
kine that is implicated in endometriosis pathogenesis and
works through 2 types of transmembrane receptors that
have soluble forms (soluble tumor necrosis factor receptor
[sTNFR]-I and sTNFR-II). Othman et al. (42) assessed sTNFR-
I and sTNFR-II in 62 patients with endometriosis and 55 con-
trols. Soluble tumor necrosis factor receptor-I achieved a
moderate predictive value (AUC, 0.62) in all stages of endo-
metriosis, whereas sTNFR-II did not. When early-stage dis-
ease was considered alone, this marginally improved (AUC,
0.68). There was no difference between patients with
advanced endometriosis and the control group, which could
VOL. 4 NO. 2 / APRIL 2023
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limit its clinical utility as a diagnostic biomarker. Contrary to
Mihalyi et al. (36), Othman et al. (42) found no difference be-
tween the expression levels in the proliferative and secretory
phases. C3a induces a broad variety of inflammatory reac-
tions, such as IL-1 and TNF release. Fassbender et al. (53) as-
sessed the C3a levels in 109 patients with endometriosis and
51 controls during the follicular and luteal menstrual phases
but found no difference. The investigators suggest consid-
ering complement activation in the cervix and endometrium;
however, this would represent a more invasive screening tool.

Other biomarkers that have been assessed for their suit-
ability include copeptin, the more stable C terminal portion
of the antidiuretic hormone. It is produced in the hypothala-
mus, secreted by the pituitary, and elevated in critical acute
and chronic inflammatory conditions. Tuten et al. (64) found
that the copeptin, CA125, CA15-3, and CA19-9 levels were
higher in patients with endometriosis (n ¼ 50) than in the
control group (n ¼ 36) (P ¼ .002, P ¼ .001, P ¼ .017, and P
¼ .015, respectively), whereas the copeptin and CA19-9 levels
were significantly higher in stage III–IV patients than in the
stage I–II group (P ¼ .004 and P ¼ .036, respectively).
Although the serum copeptin levels were associated with dis-
ease severity, the LR was only 1.5, attributing little clinical
utility even in a study with a relatively homogeneous popula-
tion. A study of soluble Fas ligand, CD95/FAS, and hypoxia-
inducible factor 1-alpha serum levels showed that the CD95/
FAS and hypoxia-inducible factor 1-alpha levels (P < .05)
were higher in patients with endometriosis (n ¼ 30) than in
healthy controls (n ¼ 30) in the follicular phase of the men-
strual cycle (68). In addition, the serum levels of these proteins
were higher in stage III/IV endometriosis than in I/II endome-
triosis (P < .05) (68).

Gajbhiye et al. (34) presented the only biomarkers with
LRs greater than 10 suggesting strong evidence to rule in
endometriosis. They evaluated whether tropomyosin 3,
SLP2, and TMOD3 could be biomarkers for the early detec-
tion of minimal-mild endometriosis (comparing 50 patients
with endometriosis with 27 secretory-phase controls).
Stomatin-like protein 2a, TMOD3b, TOMD3c, and TMOD3d
had positive LRs of 12.5, 15.5, 11.1, and 19.4, respectively
(Supplemental Table 4). This was a well-designed trial con-
sisting of 2 independently recruited cohorts for biomarker
identification and validation. Women in the control group
were excluded if they had received hormonal medication
or had any relevant pathology or autoimmune diseases.
They were also screened for immunologic factors, such as
antithyroid, antinuclear, antiphospholipid, antihistone, or
antilupus antibodies. This resulted in a homogeneous con-
trol group that could lose significance when applied to a
wider population but would warrant further investigation.

Vodolazkaia et al. (31) assessed single nucleotide poly-
morphisms involved in the angiogenesis (vascular endothelial
growth factor [VEGF] pathway) in serum samples from a large
cohort of patients with endometriosis, symptomatic controls,
and healthy volunteers. They found the placental growth fac-
tor (PLGF) levels to be elevated in endometriosis (mild-mod-
erate disease in the menstrual phase) with moderate
diagnostic performance (AUC, 0.73; sensitivity, 74%; and
specificity, 80%; LR, 3). They note cyclical variation in
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expression during the menstrual cycle and a possible link be-
tween genetic variants in the PLGF rs2268613 gene influ-
encing the PLGF plasma levels in Caucasian women. The
myeloperoxidase enzyme, a proinflammatory enzyme and
marker for neutrophil activation and oxidative stress, was
investigated in 212 patients with endometriosis and 121 con-
trols, patients undergoing laparoscopy for infertility and/or
pain but with no evidence of endometriosis (69). A significant
difference was only observed between women with endome-
triosis and benign disorders; therefore, myeloperoxidase is
not suitable as a single biomarker, and it is likely to be
involved in many other pathological processes, making it un-
suitable as an endometriosis biomarker. Circulating angio-
genic cells (CACs) are a diverse group of cells that have a
role in enhancing neovascularization and have been impli-
cated in a murine model of endometriosis. Webster et al.
(70) measured the CAC levels in 47 patients with endometri-
osis and 30 controls in the 4 phases of the menstrual cycle.
The CAC levels varied considerably between individuals;
however, there were no consistent fluctuations during the
menstrual cycle, suggesting that CACs were unaffected by
it. There were no statistically significant differences in
the levels between controls and patients with endometriosis
at any stage, limiting their potential as a biomarker of
endometriosis, although it remains plausible that they
participate in angiogenesis within endometriotic lesions
and, therefore, the pathogenesis of endometriosis.
Urine Biomarkers

Of all eligible studies that examined urine biomarkers, 5
investigated multiple protein targets. El-Kasti et al. (30) deter-
mined 13 statistically significant urinary peptides between
the control group and patients with moderate/severe endome-
triosis using matrix-assisted laser desorption/ionization–
time-of-flight mass spectrometry. The peaks with a molecular
mass of 1,767.1 Da (P¼ .019) differentiated between the con-
trol group and patients with severe endometriosis at the peri-
ovulatory phase of the menstrual cycle, resulting in a
sensitivity and specificity of 75% and 84.6%, respectively,
whereas during the luteal phase, a peptide of 1,824.3 Da
(P ¼ .045) distinguished between both groups with a sensi-
tivity and specificity of 75% and 71.4%, respectively. The
comparison of the urinary peptide profiles between the con-
trol group and patients with endometriosis with stage I–II
disease did not indicate any significant difference; however,
a difference was observed when comparing the patients
with endometriosis at stages I–II and III–IV.

In the study by Cho et al. (71), the number of significantly
different urinary protein spots between patients with endo-
metriosis and controls was higher than that in the study by
El-Kasti et al. (30). They defined the protein with the greatest
difference in the level as vitamin D binding protein (VDBP),
and the ELISA analysis revealed that the VDBP level was
significantly higher in urine from patients with endometriosis
than in the control group (P ¼ .001 and P ¼ .001 after the
creatinine [Cr] correction). Nevertheless, the median VDBP-
Cr level between the patients with and without endometriosis
was statistically significant only in the secretory phase of the
123



TABLE 3

Reasons that articles on urine biomarkers were excluded after quality assurance assessment.

Reference Title Reason for exclusion

Becker et al., 2010 (92) Matrix metalloproteinases are elevated in the urine
of patients with endometriosis

Lack of an appropriate diagnosis—had a group
where clinical diagnosis of endometriosis
without surgery was included

Draj et al., 2020 (93) Serum and urine levels of cytokeratin-19 in
endometriosis

Lack of an appropriate diagnosis—the control
group was based on being asymptomatic with
a regular menstrual cycle and being fertile

Gjavotchanoff, 2015 (94) CYFRA 21-1 in urine: a diagnostic marker for
endometriosis?

Lack of a reference standard being used, lack
information about how the diagnosis had been
obtained in case of patients with endometriosis

Tokushige et al., 2011 (47) Discovery of a novel biomarker in the urine in
women with endometriosis

No statistical analysis was performed to show the
significance of the difference in the
cytokeratin-19 levels between patients with
endometriosis and controls

Doli�nska. Noninvasive biomarkers of endometriosis. Fertil Steril Rev 2023.
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menstrual cycle. The sensitivity and specificity for VDBP-Cr
were not higher than those for the peptides detected by El-
Kasti et al. (30), which were 57.9% and 76.3%, respectively.
Furthermore, the comparison of matrix-assisted laser desorp-
tion/ionization–time-of-flight mass spectrometry sample
spectra generated by Wang et al. (49) identified 36 peptides
that were significantly different between patients with endo-
metriosis and the control group. Two of them, 2,052.3 and
3,393.9 Da, were down-regulated, showing the greatest dif-
ference in the peptide peaks with P < 10�5 and sensitivity
levels of 83.2% and 84.6%, whereas the specificity levels
were 68.9% and 71.3%, respectively. In contrast to Cho
et al. (71) and El-Kasti et al. (30), Wang et al. (72) found
that the menstrual cycle phases did not alter the peptide pat-
terns. In an independent blinded investigation, Wang et al.
(72) also found 2 other peptides that differed in patients
with endometriosis when compared with healthy donor con-
trols. The peak with a molecular mass of 1,579.2 Da decreased
in patients with endometriosis and was defined as a fragment
of the collagen alpha-6 (IV) chain precursor, whereas the peak
with a mass of 891.6 Da increased and was identified as a
fragment of the type VIII, IX, and XV collagen a1 chain pre-
cursor. Williams et al. (50) did not find any association be-
tween urinary peptide/protein and endometriosis. Chen
et al. (73) showed that there were 127 differentially expressed
proteins between patients with endometriosis and the unex-
plained infertility control group, of which 99 were up-
regulated and 28 were down-regulated. The first study by
Chen et al. (73) used tandemmass tag–parallel reaction moni-
toring for endometriosis biomarker detection and identified
histone 4 with equally high levels of sensitivity and specificity
of 70% and 80%, respectively. This was marginally improved
through the use of combined multiple markers giving a com-
bined AUC of 0.863.

Two of the studies chosen for further analysis focused on
CK19. Kuessel et al. (41) found no difference in the urinary
CK19 levels between patients diagnosed with endometriosis
and controls (ELISA, P¼ .51). In their study, the classification
of samples to the proliferative or secretory menstrual cycle
phase did not decrease the P values, (P ¼ .42 and P ¼ .92,
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respectively). After the exclusion of patients who received
hormonal therapy up to 3 months before laparoscopy, there
was still no significant difference between the case and con-
trol groups (P ¼ .51). Additionally, no significant difference
was observed after the classification of the remaining partic-
ipants to the proliferative phase (P ¼ .57) or the secretory
phase (P ¼ .77). Similarly, Lessey et al. (45) revealed the
absence of any significant difference in the CK19 levels be-
tween patients with endometriosis and controls using chemi-
luminescent microparticle immunoassays (P ¼ .59). Kuessel
et al. (41) did not give a power calculation and used fewer pa-
tients than Lessey et al. (45) who found no clinical difference
in an adequately powered study. Although the latter did not
analyze the effect of the menstrual cycle, Kuessel et al. (45)
found no benefit in performing such method, and overall, it
appears unlikely that CK19 has a future role in the diagnosis
of endometriosis.

The urinary level of nonneuronal ENO1 was significantly
higher in patients with endometriosis than in the control
group after Cr correction (ELISA, P ¼ .026) (51). The ENO1
level increased during the secretory phase compared with
that during the follicular phase of the menstrual cycle in pa-
tients with endometriosis (P ¼ .043); however, the difference
in the ENO1 levels was not significant after correcting for Cr
(P ¼ .909; sensitivity, 56.4%; specificity, 72.2%) (Fig. 2A).
Rokhgireh et al. (46) also showed that there was no difference
in the ENO1 levels when corrected for Cr between patients
with endometriosis and the control group (ELISA, P ¼ .
106; sensitivity, 97.8%; specificity, 13.5%) (Fig. 2A). The LR
was 1.1, which currently demonstrates very little clinical util-
ity. Further analysis (46) showed that women with confirmed
endometriosis have higher ENO1 levels when corrected for Cr
in the luteal phase than in the follicular phase (P ¼ .039) and
that the ENO1 levels increased in patients with advanced
endometriosis in the later stages (III–IV). This observation
together with combining ENO1 with CA125 (46, 51) showed
improvements in the diagnostic value that warrants further
investigation.

Potlog-Nahari et al. (43) observed no significant differ-
ence in the VEGF-A levels between patients with confirmed
VOL. 4 NO. 2 / APRIL 2023



FIGURE 2

Sensitivity and specificity of each biomarker in selected articles. (A) The box and whisker graphs show the interquartile (box) and range (whisker) of
sensitivities (upper section) and specificities (lower section) for pooled data on each biomarker and (B) likelihood ratios with standard error of the
mean (SEM), for blood (pink) and urine (yellow) biomarkers on the selected studies. Numerical marker points indicate study reference. CA ¼
cancer antigen; CK19 ¼ cytokeratin-19; hs-CRP ¼ high-sensitivity C-reactive protein; ICAM-1 ¼ intracellular adhesion molecule-1; IL ¼
interleukin; SLP ¼ stomatin-like protein; sTNFR ¼ soluble tumor necrosis factor receptor; TMOD ¼ tropomodulin; TMP ¼ tropomyosin; TNF-alpha
¼ tumor necrosis factor-alpha; VDBP ¼ vitamin D binding protein; VEGF ¼ vascular endothelial growth factor.
Doli�nska. Noninvasive biomarkers of endometriosis. Fertil Steril Rev 2023.
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endometriosis and the control group (P ¼ .70) after correc-
tion for Cr (P¼ .77) or when different menstrual cycle phases
were considered (P ¼ .31–.51) (43). The urinary VEGF levels
were also not found to be significantly increased between
patients with endometriosis and the control group by Cho
et al. (74). Although any menstrual effect could be investi-
gated, there appears to be little clinical utility of these
markers. The group also analyzed other angiogenic struc-
tures, including TNF-a and fms-like tyrosine kinase (sFlt-
1); however, only the urinary sFlt-1 level was significantly
higher in patients with endometriosis than in the control
group after correction for Cr (P ¼ .011). The sFlt-1 level
was significantly elevated when comparing patients with
stage I-II endometriosis with those with stage III–IV
endometriosis (P ¼ .015) as well as between patients with
VOL. 4 NO. 2 / APRIL 2023
endometriosis and the control group in the secretory phase
of the menstrual cycle (P ¼ .021).

Vicente-Mu~noz et al. (48) showed a difference between
the metabolomic profiles of patients with endometriosis and
healthy controls. Seventy-nine of the 653 variables were sta-
tistically significant between the groups (P< .05). Those with
the greatest statistically significant difference included N1-
methyl-4-pyridone-5-carboxamide (4-Py), guanidinosucci-
nate, Cr, taurine, valine, 2-hydroxyisovalerate, and an
unknown metabolite U2 that were each increased in level in
patients with endometriosis, whereas the levels of lysine
and 2 other unknown metabolites, U1 and U6, decreased. A
power calculation was not provided; however, further inves-
tigation with a larger sample size particularly in early-stage
disease would be of interest. Bostanci Durmus et al. (75)
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FIGURE 2 Continued
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demonstrated a lack of a significant difference in the immune
response as indicated by the urinary neutrophil gelatinase-
associated lipocalin levels between patients with endometri-
osis and controls and between patients with mild and severe
endometrioses. Previous suggestions that the serum soluble
vascular adhesion molecule-1 was a promising biomarker
for endometriosis (54) encouraged Proestling et al. (44) to
investigate adhesion molecules including urinary soluble
vascular adhesion molecule-1, soluble intracellular adhesion
molecule-1, E-selectin, and P-selectin; however, they found
no significant difference in levels between patients with
endometriosis and controls. Othman et al. (42) studied estro-
gen metabolites and found that only 2OH1 was significantly
higher in womenwith endometriosis than in the control group
126
(P¼ 043). Only the investigation by Vicente-Mu~noz et al. (48)
showed that the stage of the menstrual cycle led to the detec-
tion of a difference in the level of a single urine biomarker,
pseudouridine, whereas other studies failed to consider the
menstrual cycle or did not show a significant difference in
levels after urinalysis.
DISCUSSION
The reasons behind the delay in diagnosing endometriosis are
complex andmultifaceted with contributing factors including
the absence of pathognomonic symptoms, limitations of im-
aging and the need for invasive testing, and an ongoing
requirement for more menstrual health education for patients
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and health care professionals. The implications of this should
not be underestimated. Beyond the immediate impact on the
physical and mental health of patients, this condition can
have broad-reaching influences on relationships, work, edu-
cation, and the ability of women to function on a daily basis.
Simoens et al. (55) performed a multicenter, prospective,
questionnaire-based survey to measure the costs and
health-related quality of life of women with endometriosis-
associated symptoms treated in referral centers. They demon-
strated that the mean cost per woman was V9,579, of which
two thirds of that cost was in productivity loss and the
remainder was in health care costs.

Despite a substantial body of clinical research, there has
not been an imaging modality (60) or biomarker (22–24, 57)
that can replace laparoscopy in the diagnosis of
endometriosis, and this remains the gold standard for
several clinicians. Although there are undeniably
advantages to diagnostic laparoscopy, such as the ability to
obtain histology, offer concurrent surgical treatment, and
provide photographic proof to patients, it is an invasive and
expensive procedure with an inherent risk of complications
that may account for part of the delay between symptom
onset, diagnosis, and subsequent treatment (58). In several
health care systems, the cost and availability remain
barriers or present delays to diagnosis. It is plausible that
obtaining a timely diagnosis and appropriate treatment will
improve outcomes and patient quality of life. A noninvasive
biomarker would reduce the requirement for surgery
allowing for detection in earlier disease stages, enabling
improvements in treatment outcomes and patient quality of
life (24).

The studies identified here all had objectives and diag-
nosis and participant recruitment practices that were hetero-
geneous. The search yielded multiple possible biomarkers
with diagnostic potential; however, none has been shown to
be clinically useful yet, and thus, these require further
research to investigate their potential to be used in clinical
practice.

One biomarker that has been extensively investigated is
CA125, which has widely been used in clinical practice as
part of assessment tools in ovarian cancer (53). The results
presented in 6 studies reviewed here demonstrate notable dif-
ferences in both sensitivity and specificity (Fig. 2A). Mihalyi
et al. (36) described differences in diagnostic performance be-
tween the secretory, proliferative, andmenstrual phases of the
cycle. Although 1 study excluded patients using exogenous
hormones (34), Szubert et al. (38) excluded patients in the
luteal phase, and a number of studies (34, 35, 36, 37, 39)
did not consider the menstrual cycle in their analysis, which
is likely to be a significant confounder. Furthermore, because
CA125 is not endometriosis-specific, being a tumor marker
whose level is also elevated in ovarian cancer (59), it has
reduced specificity for endometriosis diagnosis.

Eighteen studies considered the menstrual cycle phase
(30, 76, 68, 36, 40,77,63, 64, 70, 74, 71, 41, 43,44,46, 48,
49, 51). Although some studies showed that this had little
impact on the level of measured biomarker (73, 71, 41, 43,
44, 50, 51), multiple studies noted cyclical differences that
could adversely affect test efficacy. Mihalyi et al. (36) noted
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significant differences across the menstrual cycle and stages
of endometriosis with sensitivity levels varying from 100%
for stage III/IV during the menstrual phase to as low as
65.1% for all stages during the proliferative phase. Further
prospective testing would be required to determine which
cycle phase significantly outperforms the others and to
assess its efficacy in a clinically applicable population.

Pateisky et al. (63) noted that miRNA-154-5p was regu-
lated by the menstrual cycle in the control group but that
this regulation was lost in endometriosis. Given this complex
picture, it is likely that any menstrual and/or exogenous hor-
mone effect needs to be addressed on an individual biomarker
basis. It is possible that particularly in studies with small sam-
ple sizes, their limited ability to account for factors such as
menstrual cycle and exogenous hormone use may obscure
the interpretation of the results.

Single biomarkers can often provide useful information
about a disease process but may not be specific or sensitive
enough to be used in isolation. In the case of endometriosis,
it is likely that more than 1 protein will be necessary to
accurately predict its presence. Mihalyi et al. (36) investigated
a variety of models and noted that multivariate methods, such
as logistic regression and least-squares support vector
machine, were significantly more effective than single protein
models in predicting early-stage endometriosis. A diagnostic
panel could combine multiple biomarkers or include clinical
data that have been demonstrated in other conditions
(63, 60–62).

Overall, the sensitivity of the biomarkers across the
eligible studies ranged from 21% to 100%, and the specificity
ranged from 11.1% to 100%, showing the heterogeneity be-
tween sensitivity and specificity for individual biomarkers.
The only study that presented biomarkers with an LR suggest-
ing strong evidence of indicating endometriosis was the study
by Gajbhiye et al. (34) with SLP2a, TMOD3b, TOMD3c, and
TMOD3d. The investigators acknowledge the need for further
validation in a larger number of patients. In 4 of the eligible
studies, the urine biomarkers were combined with blood
markers, and in most cases, the combination resulted in an in-
crease in the AUC, sensitivity, and specificity values. Consid-
ering these observations, there is a chance that the combined
use of urinary and blood markers could facilitate the earlier
detection of endometriosis.

One prominent finding in this review is that multiple
studies had results that were not confirmed by other studies.
The positive outcome of the investigation reported by To-
kushige et al. (47) on CK19 was not supported either by Kues-
sel et al. (41) who revealed that the CK19 levels were not
significantly elevated compared with those in controls or by
Lessey et al. (45) who calculated a specificity below reason-
able cutoff levels, which was corroborated by an LR of 1.
Overall, the results of Kuessel et al. (41) and Lessey et al.
(45) emphasize that CK19 has limited usefulness as an endo-
metriosis biomarker in primary care. Another example was
noted with ENO1 where Yun et al. (51) showed significant dif-
ferences in the ENO1 levels between patients with endometri-
osis and their control groups; however, the outcomes of these
studies were not supported by Rokhgireh et al. (46) who
showed that the difference was not significant after Cr
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correction. The inconsistencies of these results, especially in
sensitivity and specificity, suggest that standardized tech-
niques are essential for the direct comparisons of results.
Some studies had a significant factor of difference, such as
IL-33, where 2 studies independently reported mean serum
levels of 2.48 ng/mL (66) and 7.5 pg/mL (67). This may, in
part, be due to researchers choosing very specific patient pop-
ulations to control confounders but makes the study both less
reproducible and not a clinically representative population.

Choosing an appropriate control group for a clinically
feasible diagnostic biomarker for endometriosis is chal-
lenging. It is tempting to choose a healthy population, such
as women undergoing laparoscopic sterilization; however, it
is likely that this may overestimate the efficacy of any test.
The most clinically relevant control group would be those
who are symptomatic of endometriosis because this is the
population a test would be applied to; however, this would
include a very heterogeneous group of conditions, such as
several patients for whom their symptoms have no identifi-
able cause. Some studies circumvented this issue by including
2 control groups: those symptomatic of endometriosis with
infertility and/or pelvic pain and self-reported healthy volun-
teers (63, 70). Because we know that some women may be
asymptomatic of endometriosis and, therefore, remain undi-
agnosed, this approach is not infallible but aims to limit
bias. Overall, these studies need careful interpretation within
their current settings, and none represents a sufficient sample
size to be generalized to a wider population.

One of the overarching themes of this SLR was the need to
standardize methodology and study design. It was note-
worthy that some investigators interrogated 1 variable in
depth, such as time of day (65) or menstrual phase (30, 31,
76, 68, 36, 63, 64, 70, 45, 46, 48, 49, 78) while not appearing
to consider others. A general limitation noted in all publica-
tions was the moderate number of samples used because of
the substantial volume of potentially confounding variables
including type of endometriosis, menstrual cycle stage, use
of hormone treatment, and comorbidities. Only 5 of the
included studies described their power calculations (76, 35,
68, 70, 45). Collaborative working is likely to be instrumental
in any future biomarker development and will require cooper-
ation between centers to facilitate studies on the basis of
larger cohorts (63). The Endometriosis Phenome (and Bio-
banking) Harmonisation Project (79) aims to facilitate
large-scale collaborative research by standardizing both
data and sample collection and processing, and future studies
should consider using such publicly available resources.

In conclusion, currently, there are no biomarkers with
adequate sensitivity and specificity to be used in disease
screening, highlighting the need for research into potential
biomarkers either alone or in a panel for the rapid detection
of endometriosis, decreasing diagnostic delay, and the
requirement for invasive surgical procedures that have asso-
ciated risks and costs. Gajbhiye et al. (34) presented 4 bio-
markers—SLP2a, TMOD3b, TOMD3c, and TMOD3d—with
promising LRs. There are multiple biomarkers described here
that provide exciting avenues for further study particularly
as part of diagnostic panels including microRNAs (37) and
ILs (40, 67).
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The diagnostic delay for women with endometriosis has
not improved in a decade (80), which is often rationalized
by describing endometriosis as a uniquely complicated dis-
ease rather than considering the factors that have contributed
to this. One primary example is chronic underinvestment in
research (81), with only 0.038% of the National Institutes of
Health funding budget allocated to endometriosis in 2022,
significantly less than other comparable diseases, such as
Crohn’s disease, receive (82). Despite having a significant so-
cial and economic disease burden, endometriosis has not been
recognized as a public health priority in several countries (83).
These political, social, and economic factors have hampered
endometriosis research and have contributed to the cycle of
small studies that do not translate well into clinical practice.

Endometriosis research andmanagement have been char-
acterized by a lack of consensus on even the classification of
the disease and its subtypes. Professional bodies, such as the
American College of Obstetricians and Gynecologists (84),
Coll�ege National des Gyn�ecologues et Obst�etriciens Français
(85), European Society of Human Reproduction and Embry-
ology (11), National Institute for Health and Care Excellence
(86), Royal Australian and New Zealand College of Obstetri-
cians and Gynaecologists (87), and Society of Obstetricians
and Gynaecologists of Canada (88), have produced
evidence-based guidelines for best clinical practice to stan-
dardize patient care. However, by their nature, they are de-
signed to work within their own national health care
systems. There is little doubt of the desire from professionals
worldwide to attempt to resolve this long-standing problem.
A recently published report shows strong support for a new
unified descriptive system for the classification of endometri-
osis (89) to replace the currently available systems; however,
the design and implementation of such a system will have its
own challenges. TheWorld Endometriosis Society convened a
global consortium to address the issue of the classification of
endometriosis, and a unanimous consensus could only be
achieved in 10 of 28 statements (90). There is optimism to
be found, and concerted efforts for international collabora-
tion have resulted in guidelines such as the World Endometri-
osis Research Foundation that span the collection of detailed
surgical, clinical, and epidemiologic phenotyping data
together with standard operating procedures for collection,
processing, and storage of biologic samples (91). This initia-
tive provides a framework for future robust, epidemiologi-
cally sound, globally collaborative research. Only when we
address these issues can we truly transform the diagnostic
landscape for women with endometriosis.
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