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Abstract
BACKGROUND Diagnosis of endometriosis is a challenge. The recent development of a 
saliva-based micro–ribonucleic acid (miRNA) signature for the diagnosis of endometriosis 
may enable a timelier and less invasive approach, but this requires external validation.

METHODS The prospective, multicenter validation of the salivary miRNA signature of 
endometriosis (ENDOmiRNA) study aimed to assess the diagnostic accuracy, validate the 
biological reproducibility, and evaluate the clinical utility of a saliva miRNA signature of 
endometriosis. The study population comprised patients 18 to 43 years of age with signs and 
symptoms suggestive of endometriosis, who were recruited from diverse medical settings. 
Patients received a diagnosis of endometriosis by imaging, laparoscopic procedure, or both. 
All patients who were determined to not have endometriosis were classified as controls (and 
all underwent laparoscopy). Assessment of endometriosis status based on the saliva miRNA 
signature was established blinded to patients’ endometriosis status, as determined by imag-
ing and/or laparoscopy and/or histology.

RESULTS The external validation population was composed of 971 patients, including 
patients from a prior interim analysis, with an overall endometriosis prevalence of 77%. 
The saliva miRNA signature had an accuracy (defined as the probability of correct classifi-
cation for both positive and negative results) of 96.6% (95% confidence interval [CI], 95.2 
to 97.6%), a sensitivity of 97.3% (95% CI, 96.4 to 98.0%), a specificity of 94.1% (95% CI, 
91.0 to 96.4%), a positive predictive value of 98.2% (95% CI, 97.3 to 98.9%), a negative 
predictive value of 91.3% (95% CI, 88.3 to 93.4%), a positive likelihood ratio of 16.6 (95% 
CI, 10.8 to 26.9), and a negative likelihood ratio of 0.03 (95% CI, 0.02 to 0.04). Among 
patients with surgical confirmation of the diagnosis, misclassification, underestimation, and 
overestimation rates were 4.6%, 2.4%, and 2.2%, respectively, for the saliva miRNA sig-
nature and 27.2%, 15.1%, and 12.2%, respectively, for imaging (either transvaginal ultra-
sound, magnetic resonance imaging, or both).

CONCLUSIONS This prospective, multicenter external validation study demonstrated the 
accurate performance of a saliva-based miRNA signature for the diagnosis of endometriosis 
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in this cohort. (Funded by Ziwig; ClinicalTrials.gov num-
ber, NCT05244668.)

Introduction

D iagnosis is one of the primary challenges of 
endometriosis, a disorder defined by the pres-
ence of endometrium-like tissue outside the 

uterus that affects about 190 million women worldwide.1,2 
Multiple factors, including the absence of pathognomonic 
symptoms, a lack of awareness among both practitioners 
and patients, the low accuracy of diagnostic tools, and the 
limited value of imaging techniques, especially for superfi-
cial peritoneal endometriosis, contribute to the difficulty of 
diagnosis. These same challenges often result in a lengthy 
diagnostic delay: across health care systems worldwide, 
it takes, on average, 7 years from symptom onset to the 
diagnosis of endometriosis, resulting in prolonged pain, 
impaired fertility, psychological stress, and an overall 
reduced quality of life for patients.3-5

When faced with a nonconclusive imaging examination, 
current guidelines suggest considering diagnosis and 
empirical treatment of endometriosis based on symp-
toms.6-8 However, this approach exposes patients to the 
risk of overdiagnosis and inadequate management, espe-
cially considering the high failure rate of empirical treat-
ment.9-11 Furthermore, a Cochrane review of the diagnostic 
accuracy of any combination of noninvasive tests for pelvic 
endometriosis compared with surgical diagnosis stated: 
“None of the biomarkers evaluated could be evaluated in 
a meaningful way and there was insufficient or poor-qual-
ity evidence.”12 National and international guidelines — 
including those of the American College of Obstetricians 
and Gynecologists, the European Society of Human 
Reproduction and Embryology, and the National College of 
French Gynecologists and Obstetricians — have, until now, 
not recommended any biological test for the diagnosis of 
endometriosis.

We previously developed a salivary micro–ribonucleic 
acid (miRNA) signature for endometriosis composed of 
109 miRNAs (NCT04728152) with a sensitivity, spec-
ificity, and area under the receiver-operator curve of 
96.7%, 100%, and 0.98, respectively, in the development 
cohort.13

We subsequently designed the Multicenter Validation 
of the Salivary miRNA Signature of Endometriosis 
(ENDOmiRNA) study (NCT05244668) to provide external 

validation of the saliva miRNA signature for endometri-
osis. Results of a previously published interim analysis of 
ENDOmiRNA were consistent with the diagnostic perfor-
mance of the development cohort, with a sensitivity, speci-
ficity, and area under the receiver-operator curve of 96.2%, 
95.1%, and 0.96, respectively.14

We now present the full results of the multicenter 
ENDOmiRNA study, including those of the patients pre-
viously described in the interim analysis.14 The aim of this 
prospective external validation cohort study was to assess 
the diagnostic accuracy of the saliva miRNA signature, 
validate the biological reproducibility of miRNA quantifi-
cation (temporal and geographic), and evaluate clinical 
utility in a real-life setting with a prospective comparison 
of the saliva miRNA signature with routine imaging by 
transvaginal ultrasound (TVUS) and magnetic resonance 
imaging (MRI).

Materials and Methods

STUDY DESIGN AND OVERSIGHT

The study protocol was approved by the French Regional 
Health Research Ethics Committee. It was further approved 
by the French data protection agency (ID-RCB 2021-
A02357-34) and was registered with ClinicalTrials.gov 
(NCT05244668). Details of the rationale and design of the 
ENDOmiRNA study have previously been published with 
the protocol.14 We conducted a prospective, multicenter 
cohort study and present in this article the epidemiologic, 
medical treatment–related, surgical, imaging, and bio-
logic (saliva) data collected between November 2021 and 
January 2023.

Enrolled patients underwent either a laparoscopic proce-
dure, an imaging examination, or both. All patients in the 
control group underwent laparoscopy. Among the patients 
diagnosed with endometriosis who did not have a laparo-
scopic evaluation, all patients had an MRI or ultrasound 
examination showing endometrioma and/or deep endome-
triosis with colorectal involvement, which was confirmed 
by a multidisciplinary committee using established criteria. 
The rationale to include patients with a diagnosis of endo-
metrioma and/or colorectal endometriosis via an imaging 
examination was based on findings of the Cochrane review 
by Nisenblat et al.12

The study design and data analysis followed the 
Standards for Reporting of Diagnostic Accuracy 

https://clinicaltrials.gov/ct2/show/NCT05244668)
https://clinicaltrials.gov/ct2/show/NCT05244668)
https://clinicaltrials.gov/ct2/show/NCT05244668)
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reporting guidelines. The independent review was based 
on imaging reports for pelvic ultrasound and MRI, as well 
as on surgery reports and anatomic pathology reports. 
The sponsor mandated Monitoring Force (https://www​
.monitoringforcegroup​.com​/en​/) as an independent 
entity to ensure data integrity. The final statistical analysis 
report was submitted to the French regulatory authorities 
(Haute Autorité de Santé).

STUDY POPULATION AND GROUP DETERMINATION

The study population was comprised of women 18 to 
43 years of age with signs and symptoms suggestive of 
endometriosis in accordance with guidelines.6 Inclusion 
and exclusion criteria have been previously reported14 
and are additionally detailed in the Supplementary 
Appendix, Section 1. Patients with a history of surgery for 
endometriosis were not eligible for this study. Patients 
whose data were reported in the previously published 
interim study were included in the external validation 
population.14

Patients received a diagnosis of endometriosis following 
an imaging examination or a laparoscopic procedure. MRI 
or TVUS examination was considered sufficiently accurate 
as a tool to diagnose endometriosis for deep endometrio-
sis with colorectal involvement and/or endometriomas 
(Section S2). Patients with these imaging results, therefore, 
did not receive laparoscopic diagnosis. For patients who 
underwent surgery, diagnosis was confirmed by laparo-
scopic visualization and/or histology.

Following imaging examination and/or laparoscopy, 
patients were classified into an endometriosis group and a 
control group. Endometriosis status (control vs. endome-
triosis), as determined using these diagnostic tools (e.g., 
imaging and/or laparoscopy and/or histology), was inde-
pendently assessed, under the supervision of Monitoring 
Force, by practitioners blinded to the miRNA signature 
results. Endometriosis status (control vs. endometriosis) 
based on the saliva miRNA signature was independently 
determined using the previously published random forest 
model,13,14 comprising 109 miRNAs, under the supervision 
of Monitoring Force, by practitioners blinded to patients’ 
endometriosis status, as determined by imaging and/or 
laparoscopy and/or histology.

The patients who underwent surgery were further included 
in a subgroup analysis. Subgroups were defined as the overall 
surgical population, surgical patients with revised American 
Society for Reproductive Medicine (rASRM) stage I and II 

endometriosis, and complex diagnostic cases. The subgroup 
of complex diagnostic cases was defined as patients with 
symptoms suggestive of endometriosis and a noncontribu-
tive imaging examination (imaging examination reported 
as normal or with a description of compatible lesions on the 
torus and/or uterosacral ligaments) preoperatively.

SALIVA SAMPLE ANALYSIS
Sample Collection
We collected saliva samples at the time of a patient’s enroll-
ment in the study or on the day before their surgery. We 
obtained samples irrespective of the patient’s menstrual 
cycle stage and whether patients took hormonal or analge-
sic medical treatment.

The miRNAs were extracted from saliva samples under the 
supervision of a health care professional, using a dedicated 
sampling kit: the OME-505 OMNIgene-ORAL kit from 
DNA Genotek Inc. (Ottawa, ON, Canada) (https://www​
.dnagenotek​.com​/row​/products​/collection​-microbiome​/
omnigene​-oral​/OME​-505​.html). All samples were stored 
at collection sites at room temperature prior to shipping.

Sample Extraction and Preparation
Saliva extraction, library preparation, and sequencing were 
all performed in a single university laboratory by a dedi-
cated team. The saliva sample analysis workflow was sim-
ilar to the one previously published.14,15

STATISTICAL ANALYSIS

It was estimated that approximately 1150 patients would 
be included over the study period and that 10 to 13% of 
the patients would not meet all study criteria. The preva-
lence of endometriosis in this study cohort was estimated 
to be approximately 70%. Based on the data collected 
and the results of the ENDOmiRNA study, the sensitiv-
ity and the specificity of the saliva miRNA signature were 
each expected to be at least 90%. With 1000 evaluable 
patients, and depending on the prevalence of endometri-
osis, the width of the two-sided 95% confidence intervals 
(CIs) for sensitivity and specificity were expected to fall 
within the intervals of 0.025 to 0.048 and 0.00 to 0.068, 
respectively.

Validation of the Saliva Micro-Ribonucleic Acid 
Signature Accuracy
The primary outcome measure of the saliva miRNA sig-
nature (previously published random forest model) was 

https://www.monitoringforcegroup.com/en/
https://www.monitoringforcegroup.com/en/
https://www.dnagenotek.com/row/products/collection-microbiome/omnigene-oral/OME-505.html
https://www.dnagenotek.com/row/products/collection-microbiome/omnigene-oral/OME-505.html
https://www.dnagenotek.com/row/products/collection-microbiome/omnigene-oral/OME-505.html
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analyzed blinded to both the imaging examination and sur-
gical findings. Primary outcome measures for diagnostic 
performance were accuracy (defined as the probability of 
correct classification for both positive and negative results), 
sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), positive likelihood ratio, and 
negative likelihood ratio. For the estimated parameters, 
95% CIs were computed based on constant chi-square 
boundaries.

Temporal and Geographic Validation of the 
Biological Reproducibility of Micro–Ribonucleic 
Acid Quantification
Samples were indexed in batches with a targeted sequenc-
ing depth of 16 to 20 million reads per sample. Sequencing 
was performed using 75-base single-end reads. miRNA 
quantification for temporal and geographic reproducibility 
was done using count per million, defined as the relative 
abundance of miRNAs among the total quantity of ribonu-
cleic acids (RNAs).

Evaluation of the Clinical Utility of the Saliva 
Micro–Ribonucleic Acid Signature
Outcome measures for the clinical utility of the saliva 
miRNA signature were the overall misclassification rate, 
the underestimation rate, and the overestimation rate. The 
underestimation and overestimation rates are the clinical 
translation of false-negative and false-positive results.

Other Statistical Analyses
Statistical analysis was based on chi-square tests as appro-
priate for categorical variables. No multiplicity adjustments 
were defined. Therefore, only point estimates and 95% CIs 
are provided. The CIs have not been adjusted for multiple 
comparisons and should not be used in place of hypothe-
sis testing. Data were managed using an Excel database 
(Microsoft, Redmond, WA).

Results

CHARACTERISTICS OF THE MULTICENTER 
VALIDATION OF THE SALIVARY MICRO-RIBONUCLEIC 
ACID SIGNATURE OF ENDOMETRIOSIS EXTERNAL 
VALIDATION COHORT

A total of 1000 patients fulfilled the eligibility criteria. No 
signature output was attempted for 29 (2.9%) samples due 

to inadequate sample quality. All patient inclusions and 
exclusions are detailed in Figure 1. The external validation 
population was composed of 971 patients; 23% (n=222) 
were not diagnosed with endometriosis (control group), 
and 77% (n=749) were diagnosed with endometriosis 
(endometriosis group). A total of 58 (26%) patients in the 
control group and 230 (31%) patients in the endometriosis 
group reported taking hormonal therapy.

In the control group, all patients underwent laparoscopy, 
which did not detect any abnormality in 50% (n=112) of 
patients; all major gynecologic diagnoses (i.e., leiomyoma/
fibroma, ovarian cystadenoma, adenomyosis only, n=87) 
were established following anatomic pathology, and the 
remaining other gynecologic disorders (n=23) included 
chronic inflammation, polycystic ovary syndrome, pro-
lapse, and hydrosalpinx. Among the patients with surgically 
confirmed endometriosis, 61% (n=224) had rASRM stage I 
or II disease, and 39% (n=145) had rASRM stage III or IV 
disease. Patient demographic and clinical characteristics 
are presented in Table 1.

Using a visual analog scale, patients without and with 
endometriosis, respectively, rated the intensity of pain 
they experienced as follows (mean±SD): dysmenorrhea, 
6.8±3.2 versus 6.4±3.3; dyspareunia, 5.7±3.6 versus 
5.0±3.4; painful defecation, 4.1±3.2 versus 4.2±3.4; 
and urinary pain during menstruation, 2.3±2.9 versus 
1.7±2.6. 

CHARACTERISTICS OF THE PARTICIPATING 
CENTERS

The 971 saliva samples were from patients across 17 cen-
ters, including 9 university hospitals, 5 general hospitals 
and clinics, 2 medical imaging centers, and 1 gynecology 
practice. Eight of these centers are expert endometrio-
sis centers. Disease prevalence per center is reported in 
Section S3.

SALIVA MICRO–RIBONUCLEIC ACID SIGNATURE 
ACCURACY

With an overall population prevalence of 77%, the saliva 
miRNA signature, composed of 109 miRNAs, demon-
strated an accuracy of 96.6% (95% CI, 95.2 to 97.6%), a 
sensitivity of 97.3% (95% CI, 96.4 to 98.0%), a specificity 
of 94.1% (95% CI, 91.0 to 96.4%), a PPV of 98.2% (95% 
CI, 97.3 to 98.9%), an NPV of 91.3% (95% CI, 88.3 to 
93.4%), a positive likelihood ratio of 16.6 (95% CI, 10.8 
to 26.9) and a negative likelihood ratio of 0.03 (95% CI, 
0.02 to 0.04).



NEJM EVIDENCE� 5

BIOLOGICAL REPRODUCIBILITY OF MICRO–
RIBONUCLEIC ACID QUANTIFICATION
Quantification of Micro–Ribonucleic Acid According 
to Geographic and Temporal Factors
The total quantification of miRNAs per million reads is 
reported by the inclusion center (Fig. 2A), shipping delay (time 
between saliva sample collection and arrival at the central lab-
oratory) (Fig. 2B), and time to RNA sequencing (time between 
saliva sample collection and RNA sequencing) (Fig. 2C).

Quantification of Micro–Ribonucleic Acid According 
to Demographic and Medical Factors
No apparent difference in the total quantification of miR-
NAs per million reads was observed in relation to age 
(Section S4, Fig. SA), endometriosis status (Section S4, 

Fig. SB), endometriosis stage (rASRM stage I and II vs. III 
and IV) (Section S4, Fig. SC), hormonal treatment status 
(yes/no) (Section S4, Fig. SD), or analgesia treatment status 
(yes/no) (Section S4, Fig. SE).

CLINICAL UTILITY
Diagnostic Performance of the Saliva Micro–Ribonucleic 
Acid Signature and of Ultrasound and/or Magnetic 
Resonance Imaging
The accuracies of the saliva miRNA signature and imaging 
examination by TVUS and/or MRI, as calculated from the 
study data, are reported for the overall surgical population 
(n=591), for a subgroup with rASRM stage I and II (n=446), 
and for a subgroup of complex diagnostic cases (n=284) 
(Tables 2, 3, and 4).

Eligible patients
(N=1140)

Study population
(N=1000)

Excluded for Inadequate Sample (N=29)
• 4 Samples were contaminated by food
• 25 Samples with insufficient miRNA expression

Collected samples available for analysis
(N=971)

Patients with endometriosis
(N=749)

Patients without endometriosis
(controls)
(N=222)

Excluded Patients (N=140)
Patients not fulfilling the inclusion criteria (N=135)

63 Patients with suspicion of endometriosis
(without endometrioma nor colorectal
endometriosis) on imaging without surgical
evaluation
37 Patients did not have imaging examination
17 Patients were outside of the age group
11 Patients had prior surgery for endometriosis
5 Patients with abdominal wall endometriosis
2 Patients without health care insurance

Patients with exclusion criteria (N=5)
2 Patients with a history of cancer
1 Patient with HIV infection
1 Pregnant patient
1 Patient enrolled in an other study

•

•
•
•
•
•

•
•
•
•

Figure 1.  Flowchart of the Multicenter Validation of the Salivary miRNA 
Signature of Endometriosis Study.

HIV denotes human immunodeficiency virus; and miRNA, micro–ribonucleic acid.
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Clinical Utility of the Saliva Micro–Ribonucleic 
Acid Signature and of Ultrasound and/or Magnetic 
Resonance Imaging
The misclassification, underestimation, and overesti-
mation rates of the saliva miRNA signature and imaging 
examination by TVUS and/or MRI are reported for the 
overall surgical confirmation population (n=591), for the 
subgroup with rASRM stage I and II (n=446), and for the 

subgroup of complex diagnostic cases (n=284) (Figs. 3A, 
3B, and 3C).

Discussion
This prospective study, which included patients from a 
previously published interim analysis, provides validation 

Table 1.  Demographic and Clinical Characteristics of the Multicenter Validation of the Salivary miRNA Signature of Endometriosis Study Cohort.

Characteristic
Control Group

(N=222)
Endometriosis Group

(N=749)

Age (years±SD) 30.3 7.5 31.7 6.2

BMI* (number±SD) 25.6 6.2 24.4 4.7

Gravidity 1.3 1.7 0.6 1.1

Parity 0.8 1.2 0.3 0.7

Menarche age (years±SD) 12.4 1.8 12.6 1.7

Tobacco use 42 19% 136 18%

Alcohol consumption 64 29% 263 35%

Socioprofessional category

Employed 114 51% 501 67%

Unemployed 16 7% 41 5%

Student/homemaker/retired 20 9% 44 6%

Unable to work 2 1% 1 0.1%

N/A 70 32% 162 22%

Surgical rASRM stage

I and II — — 224 61%

III and IV — — 145 39%

Control diagnosis

No abnormality 112 50% — —

  Leiomyoma/fibroma 26 12% — —

Ovarian cystadenoma 37 17% — —

Adenomyosis only 24 11% — —

Other gynecologic disorders 23 10% — —

Symptom

  Dysmenorrhea 132 59% 506 68%

Abdominal pain outside menstruation 123 55% 440 59%

Pain suggesting sciatica 87 39% 307 41%

  Dyspareunia 121 55% 469 63%

Lower back pain 128 58% 465 62%

Painful defecation 108 49% 413 55%

Right shoulder pain near or during menstruation 42 19% 128 17%

Pain when urinating during menstruation 70 32% 227 30%

Blood in stool during menstruation 22 10% 122 16%

Blood in urine during menstruation 42 19% 92 12%

Mode of diagnosis

  Surgery 222 100% 369 49%

  Imaging — — 380 51%

*�Body mass index is the weight in kilograms divided by the square of height in meters. N/A denotes not available; rASRM, revised American Society for 
Reproductive Medicine; and SD, standard deviation.
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Figure 2.  Quantification of Micro–Ribonucleic Acid According to Geographic and Temporal Factors.
(A) Total quantification of micro–ribonucleic acids per million reads by center. (B) Total quantification of micro–ribonucleic acids
per million reads by shipping delay. (C) Total quantification of micro–ribonucleic acids per million reads by time to ribonucleic acid
sequencing. miRNA denotes micro–ribonucleic acid. In Panel A, Clinical Center A denotes CHU d’Angers; B, Hôpital Tenon–APHP; C,
CHU Lyon Sud–HCL; D, CHU de Rennes–Site Hôpital Sud; E, Hôpital de Hautepierre–CHU Strasbourg; F, Centre Hospitalier de Bastia;
G, Groupe Hospitalier Paris Saint Joseph; H, Clinique TIVOLI; I, Centre d’imagerie Manin Crimée; J, Centre médical des Pyramides;
K, Cabinet de Gynécologie Médicale; L, CHU de Caen; M, Hôpital Bicêtre–APHP; N, Clinique Mutualiste La Sagesse; O, CHU Rouen,
Hôpital de Bois-Guillaume; P, Clinique Pasteur; and Q, CHU de Toulouse.
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of the diagnostic performance and biological reproduc-
ibility of a saliva miRNA signature for the diagnosis of 
endometriosis.

The performance of the saliva miRNA signature did not 
appear to be influenced by age, hormonal treatment, or 

analgesia treatment. Moreover, our results suggest the 
reproducibility and the stability of miRNA quantification 
and sequencing over time and across different medical 
structures. These results are in keeping with those of previ-
ous studies on saliva RNA expression in various conditions 
and diseases.16,17 In addition, in comparison with other 

Table 2.  Diagnostic Performance of the Saliva Micro–Ribonucleic Acid Signature and of Ultrasound and/or Magnetic Resonance Imaging.*

Indicator

Surgical Confirmation 
(N=591)

Surgical rASRM Stages I and II 
(N=446)

Complex Cases 
(N=284)

Salivary miRNA 
Signature

Imaging 
Examination, US 

and/or MRI
Salivary miRNA 

Signature

Imaging 
Examination, US 

and/or MRI
Salivary miRNA 

Signature

Imaging 
Examination, US 

and/or MRI

Accuracy 95.4% 93.2 to 
97.0%

72.8% 68.9 to 
76.3%

94.6% 91.9 to 
96.5%

65.7% 60.9 to 
70.2%

94.7% 91.1 to 
97.0%

60.2% 54.7 to 
65.3%

Sensitivity 96.2% 94.5 to 
97.4%

75.9% 72.8 to 
78.7%

95.1% 92.3 to 
97.0%

63.8% 59.1 to 
68.3%

93.8% 89.7 to 
96.3%

35.2% 29.1 to 
40.8%

Specificity 94.1% 91.2 to 
96.2%

67.6% 62.5 to 
72.3%

94.1% 91.4 to 
96.1%

67.6% 62.8 to 
72.1%

95.5% 92.2 to 
97.6%

80.8% 75.8 to 
85.4%

Prevalence 62.4% 58.5 to 
66.2%

62.4% 58.5 to 
66.2%

50.2% 45.6 to 
54.8%

50.2% 45.6 to 
54.8%

45.1% 39.4 to 
50.9%

45.1% 39.4 to 
50.9%

Positive 
predictive 
value

96.5% 94.7 to 
97.7%

79.5% 76.3 to 
82.5%

94.2% 91.5 to 
96.1%

66.5% 61.6 to 
71.1%

94.5% 90.4 to 
97.1%

60.0% 49.6 to 
69.7%

Negative 
predictive 
value

93.7% 90.8 to 
95.8%

62.8% 58.0 to 
67.1%

95.0% 92.2 to 
96.9%

64.9% 60.4 to 
69.2%

94.9% 91.6 to 
97.0%

60.3% 56.6 to 
63.8%

Positive 
likelihood 
ratio

16.429 10.774 to 
25.656

2.340 1.941 to 
2.840

16.238 10.704 to 
24.630

1.968 1.589 to 
2.443

20.893 11.460 to 
40.429

1.828 1.202 to 
2.803

Negative 
likelihood 
ratio

0.040 0.027 to 
0.061

0.357 0.294 to 
0.435

0.052 0.031 to 
0.084

0.535 0.440 to 
0.651

0.065 0.038 to 
0.112

0.803 0.693 to 
0.936

*�The intervals listed to the right of each number represent the 95% confidence interval. miRNA denotes micro–ribonucleic acid; MRI, magnetic resonance imaging; rASRM, 
revised American Society for Reproductive Medicine; and US, ultrasound.

Table 3.  Diagnostic Performance of the Saliva Micro–Ribonucleic Acid Signature and of Magnetic Resonance Imaging.*

Indicator

Surgical Confirmation 
(N=508)

Surgical rASRM Stages I and II 
(N=379)

Complex Cases 
(N=225)

Salivary miRNA 
Signature

Imaging 
Examination MRI

Salivary miRNA 
Signature

Imaging 
Examination MRI

Salivary miRNA 
Signature

Imaging 
Examination MRI

Accuracy 95.5% 93.1 to 
97.1%

71.9% 67.7 to 
75.7%

94.7% 91.7 to 
96.7%

64.4% 59.2 to 
69.3%

94.2% 89.8 to 
96.9%

56.9% 50.4 to 
63.1%

Sensitivity 96.4% 94.5 to 
97.6%

77.9% 74.7 to 
80.8%

95.5% 92.7 to 
97.4%

67.7% 62.8 to 
72.3%

93.5% 88.9 to 
96.3%

38.0% 31.2 to 
44.4%

Specificity 93.8% 90.4 to 
96.2%

60.7% 54.8 to 
66.2%

93.8% 90.6 to 
96.0%

60.7% 55.1 to 
65.9%

94.9% 90.7 to 
97.5%

74.4% 68.1 to 
80.3%

Prevalence 65.0% 60.7 to 
69.0%

65.0% 60.7 to 
69.0%

53.0% 48.0 to 
58.0%

53.0% 48.0 to 
58.0%

48.0% 41.6 to 
54.5%

48.0% 41.6 to 
54.5%

Positive predictive 
value

96.7% 94.8 to 
97.9%

78.6% 75.4 to 
81.6%

94.6% 91.7 to 
96.5%

66.0% 61.2 to 
70.5%

94.4% 89.8 to 
97.2%

57.7% 47.4 to 
67.6%

Negative predictive 
value

93.3% 89.9 to 
95.6%

59.7% 53.9 to 
65.1%

94.9% 91.6 to 
97.1%

62.4% 56.7 to 
67.8%

94.1% 89.9 to 
96.6%

56.5% 51.7 to 
61.0%

Positive likelihood 
ratio

15.593 9.849 to 
25.485

1.980 1.653 to 
2.389

15.457 9.843 to 
24.221

1.721 1.399 to 
2.119

18.236 9.514 to 
37.809

1.481 0.977 to 
2.257

Negative likelihood 
ratio

0.039 0.025 to 
0.061

0.365 0.290 to 
0.462

0.048 0.027 to 
0.081

0.533 0.421 to 
0.675

6.8% 3.8 to 
12.2%

0.834 0.692 to 
1.011

*�The intervals listed to the right of each number represent the 95% confidence interval. miRNA denotes micro–ribonucleic acid; MRI, magnetic resonance imaging; and 
rASRM, revised American Society for Reproductive Medicine.
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body fluids, saliva offers several advantages, including easy 
collection as it is performed without medical intervention 
or invasive procedures. Finally, the saliva miRNA signa-
ture demonstrated lower misclassification, underestima-
tion, and overestimation rates in comparison with imaging 
(TVUS, MRI, or both).

The diagnostic accuracy of the salivary miRNA signature 
reported herein is among the highest of any questionnaire 
(including those using machine learning),18-20 clinical exam-
ination,21,22 imaging technique,23,24 or other biological test25 
currently available for the diagnosis of endometriosis.26,27 
The saliva miRNA signature has the potential to reduce 
diagnostic delay and, thus, medical wandering. Moreover, 
up to 60% of patients with suspected endometriosis do not 
respond to empirical medical treatment,9,28,29 while other 
pathologies sharing the signs and symptoms of endome-
triosis may respond to empirical treatments (for example, 
polycystic ovary syndrome).30

The saliva miRNA signature has the potential to bring greater 
diagnostic certitude to patients while avoiding invasive diag-
nostic techniques, such as laparoscopy, especially among 
patients with rASRM stage I and II and complex disease. 
This aligns with recent findings by Spiers et al., who highlight 
the need to revise the conventional diagnostic algorithm for 
endometriosis. Their work underscores the growing impor-
tance of biomarkers in the diagnostic process, offering a 
noninvasive and accurate method to complement existing 

tools.11 Furthermore, biomarkers may offer potential advan-
tages for the rationalization of health care resources.31 In 
areas where access to specialist practitioners and imaging 
examination resources is scarce,32 the saliva miRNA signa-
ture could be feasible as a first-intention triage test.11

Our study has several limitations. First, although the prev-
alence of endometriosis is thought to be about 10% in the 
general population, our population, recruited from expert 
centers and restricted to symptomatic patients, had an over-
all disease prevalence of 77%, in line with previous stud-
ies among patients with chronic pelvic pain.1 Prevalence 
impacts the PPV and NPV of diagnostic tests. However, 
sensitivity and specificity are intrinsic qualities of diagnos-
tic tests that are not affected by the prevalence of a condi-
tion.33 Moreover, the prevalence of endometriosis varies 
widely across centers, from 20 to 100%, reflecting the dif-
ferent types of medical structures (Section S3). However, all 
surgeries were performed in expert endometriosis centers 
and/or expert surgical centers.

Second, among the 112 patients of the control group with 
“no abnormality,” 53 patients had nonspecific lesions for 
which the biopsy excluded the diagnosis of endometriosis. 
Among the remaining 59 patients without visualization 
of lesions, no biopsy was performed. This could introduce 
potential bias, as previous studies report that endometrio-
sis is, in fact, present among 11.3% of patients on random 
biopsy of normal peritoneum.34

Table 4.  Diagnostic Performance of the Saliva Micro–Ribonucleic Acid Signature and of Ultrasound.*

Indicator

Surgical Confirmation 
(N=143)

Surgical rASRM Stages I and II 
(N=115)

Complex Cases 
(N=91)

Salivary miRNA 
Signature

Imaging 
Examination US

Salivary miRNA 
Signature

Imaging Examination 
US

Salivary miRNA 
Signature

Imaging 
Examination US

Accuracy 97.2% 92.1 to 
99.3%

67.8% 59.8 to 
73.7%

96.5% 90.2 to 
99.1%

62.6% 54.5 to 
69.6%

97.8% 90.8 to 
99.8%

59.3% 54.6 to 
65.6%

Sensitivity 97.4% 92.5 to 
99.3%

51.3% 43.8 to 
56.9%

95.8% 88.3 to 
98.9%

29.2% 19.5 to 
37.6%

97.1% 88.0 to 
99.7%

8.6% 2.4 to 
16.7%

Specificity 97.0% 91.5 to 
99.2%

86.6% 78.0 to 
92.9%

97.0% 91.6 to 
99.2%

86.6% 79.7% to 
92.6%

98.2% 92.5 to 
99.8%

91.1% 87.2 to 
96.2%

Prevalence 53.1% 45.0 to 
61.1%

53.1% 45.0 to 
61.1%

41.7% 33.1 to 
50.9%

41.7% 33.1 to 
50.9%

38.5% 29.1 to 
48.7%

38.5% 29.1 to 
48.7%

Positive predictive 
value

97.4% 92.5 to 
99.3%

81.3% 69.3 to 
90.0%

95.8% 88.3 to 
98.9%

60.9% 40.7 to 
78.4%

97.1% 88.0 to 
99.7%

37.5% 10.4 to 
73.2%

Negative 
predictive value

97.0% 91.5 to 
99.2%

61.1% 55.0 to 
65.5%

97.0% 91.6 to 
99.2%

63.0% 58.0 to 
67.4%

98.2% 92.5 to 
99.8%

61.4% 58.8 to 
64.9%

Positive likelihood 
ratio

32.618 10.946 to 
129.991

3.820 1.991 to 
7.958

32.104 10.538 to 
129.349

2.171 0.959 to 
5.077

54.400 11.745 to 
631.960

0.960 0.187 to 
4.377

Negative 
likelihood ratio

0.027 0.007 to 
0.081

0.562 0.465 to 
0.721

0.043 0.011 to 
0.128

0.818 0.674 to 
1.011

0.029 0.003 to 
0.130

1.004 0.866 to 
1.119

*�The intervals listed to the right of each number represent the 95% confidence interval. miRNA denotes micro–ribonucleic acid; rASRM, revised American Society for 
Reproductive Medicine; and US, ultrasound.
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Misclassification Underestimation
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18.2%
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A   Surgical Confirmation (N=591)

B   rASRM Stages I to II (N=446)

C   Complex Diagnostic Cases (N=284)
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39.8%
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Figure 3.  Comparison of Saliva miRNA to Ultrasound and MRI.
(A) Misclassification, underestimation, and overestimation rates of the saliva miRNA signature and of imaging examination by
transvaginal ultrasound and/or magnetic resonance imaging for the overall surgical confirmation population. (B) Misclassification,
underestimation, and overestimation rates of the saliva miRNA signature and of imaging examination by transvaginal ultrasound
and/or magnetic resonance imaging for a subgroup with Revised American Society for Reproductive Medicine Stages I and II.
(C) Misclassification, underestimation, and overestimation rates of the saliva miRNA signature and of imaging examination by
transvaginal ultrasound and/or magnetic resonance imaging for a subgroup of complex diagnostic cases. miRNA denotes micro–
ribonucleic acid; MRI, magnetic resonance imaging; rASRM, revised American Society for Reproductive Medicine; and US, ultrasound.
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Third, from a methodological standpoint, to define the dis-
ease status and stage of endometriosis, all conventional 
diagnostic tools, including laparoscopy with histology, are 
questionable. Indeed, previous studies report the limits of 
imaging (especially concerning deep endometriosis with 
uterosacral ligament and/or torus involvement), laparo-
scopic visualization, and histology.25,26,35

Fourth, the reasons behind the false-positive and false-neg-
ative results of the miRNA signature are not all well eluci-
dated. The principal identified cause of false-positive cases 
was the presence of fibrosis on histology, but without a 
glandular component. Some pathologists suggest that an 
endometriosis diagnosis can be asserted by the presence 
of only one of these two components.36 Regarding the 20 
false-negative cases, we identified that seven corresponded 
to patients with deep endometriosis involving the torus or 
uterosacral ligaments, and one was a misclassified case.

Fifth, no extrapolation of our results to the adolescent popu-
lation should be made. To address this population, we await 
the results of the ongoing Interest of Salivary Signature of 
Endometriosis in the Healthcare Pathway of Adolescents 
study (NCT05928442), which is evaluating the accuracy 
of the saliva miRNA signature in adolescents.

Finally, no attempt was made to present ethnic and racial 
data in accordance with French and European law, as stip-
ulated since May 25, 2018, under the European Union’s 
General Data Protection Regulation.

In conclusion, this prospective, multicenter external vali-
dation demonstrated the accurate performance and biolog-
ical reproducibility of a saliva-based miRNA signature for 
endometriosis.
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