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A B S T R A C T 

Background: Endometriosis is a chronic, estrogen-dependent gynecological disor-

der affecting 10–15% of reproductive-aged women worldwide. Unlike rodents, Old 

World non-human primates (NHPs) menstruate spontaneously and develop lesions 

that are histologically indistinguishable from human disease. 

Objective: To evaluate NHP evidence on the pathogenesis, molecular and imaging 

biomarkers, and targeted therapeutics of endometriosis. 

Methods: This review followed PRISMA 2020 and Synthesis Without Meta-analysis 

(SWiM) guidelines. Four databases were searched through July 2026 for original 

NHP endometriosis studies. Risk of bias (five domains) and certainty (GRADE nar-

rative) were appraised. 

Results: Of 426 records, 20 studies (N = 299 NHPs: 132 olive baboons, 96 rhesus 

macaques, 55 cynomolgus macaques, and 16 mixed macaques) were synthesized in 

four clusters. In Cluster 1 (k = 5, N = 85), rosiglitazone (−51.8% lesion area), letro-

zole, the 17β-HSD1 inhibitor PBRM (−67% red lesions), and dienogest reduced le-

sion burden or central pain sensitization; testosterone with a Western-style diet ac-

celerated Stage III/IV endometrioma. In Cluster 2 (k = 4, N = 61; Low certainty), 

bentamapimod and rhTNFbp-1 regressed active lesions, anti-TNF-α mAb c5N did 

not improve fecundity (18% vs. 30% placebo), and intraperitoneal mesenchymal 

stem cells worsened endometriosis scores (P = 0.02). Cluster 3 (k = 8, N = 109) de-

scribed collective invasion, mitochondrial depletion, Treg:Th17 dysbiosis, 92.9% in-

duction by intrauterine puncture, and oviductal Anoctamin-1 attenuation. Cluster 4 

(k = 3, N = 44) reported serum miRNAs, CXCL13, and PET/CT imaging. 

Conclusion: NHP models offer high translational fidelity for developing fertility-

sparing therapeutics and biomarkers; small, short-term studies limit certainty. 

The authors have reviewed and approved the final version of the manuscript. 
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1. Introduction 

Endometriosis is a chronic, painful gynecological disor-
der that depends on estrogen. Endometrial-like glands and 
stroma become established outside the uterine cavity, ac-
quire a blood and nerve supply, and remodel with each cy-
cle 1–3. About 10% to 15% of women of reproductive age 
are affected worldwide. Among women with chronic pelvic 
pain or unexplained subfertility the figure rises to 35% to 
50%. The clinical, psychological, and socioeconomic bur-
den is heavy 4–7. Patients often report severe 

dysmenorrhea, deep dyspareunia, dyschezia, and chronic 
pelvic pain outside menses. Monthly fecundity is only 2% 
to 10%, against 15% to 20% in unaffected women of the 
same age 8,9. Severe ovarian and deep infiltrating disease 
has also been linked, in epidemiological and propensity 
score-adjusted clinical studies, to a higher risk of clear-cell 
and endometrioid ovarian cancer, to systemic chronic in-
flammation, and to fibrotic pelvic adhesions that often re-
turn after surgical excision 1,3,10. More than a century has 
passed since Sampson proposed retrograde menstruation. 
Over 90% of menstruating women have retrograde tubal 
reflux, yet only 10% to 14% develop progressive 
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peritoneal, ovarian, or deep nodular disease. The molecu-
lar and immunological reasons for this gap are still incom-
pletely understood 4,11,12. 

Current treatment relies mainly on laparoscopic cytore-
duction or on systemic hormonal suppression. The drugs 
used are combined oral contraceptives, oral or intrauterine 
progestins, gonadotropin-releasing hormone (GnRH) ago-
nists or antagonists, and aromatase inhibitors 13,14. Hormo-
nal therapy induces temporary amenorrhea and relieves 
pain in a subset of patients. It also inhibits ovulation, pre-
vents spontaneous conception in women who want a preg-
nancy, causes hypo-estrogenic vasomotor symptoms and 
bone mineral density loss, and does not eradicate deep fi-
brotic lesions. Symptoms recur in more than 40% to 50% 
of patients within five years of stopping treatment 13,15. At 
the cellular level, ectopic implants survive, escape immune 
clearance, and invade the host pelvic peritoneum. Several 
processes interact to allow this: local intracrine estradiol 
synthesis by aromatase (CYP19A1) and 17β-hydroxyster-
oid dehydrogenase type 1 (17β-HSD1), an imbalance of 
progesterone receptor isoforms (PR-A/PR-B), activation of 
steroid receptor coactivator-2 (SRC-2), secretion of inter-
leukin-1α (IL-1α), IL-6, IL-12, and tumor necrosis factor-α 
(TNF-α) by macrophages, epigenetic N6-methyladenosine 
(m6A) RNA methylation, resistance to ferroptosis, and an-
giogenesis driven by extracellular vesicles 2,15–21. Non-hor-
monal, fertility-sparing drugs and accurate non-invasive 
diagnostic biomarkers will require these networks to be 
studied in physiologically relevant longitudinal preclinical 
systems 22–26. 

Biological differences between laboratory rodents and 
menstruating primates are a major barrier to translation 
11,12,27. Rodent models are made by suturing or injecting 
uterine horn fragments, or human menstrual blood-de-
rived stromal cells, into the peritoneal cavity of immuno-
competent or immunodeficient mice and rats. They are 
cheap, scale to large samples, and allow genetic manipula-
tion 4,11,12,28. But rodents have a short four-to-five-day es-
trous cycle without luteal decidualization. They show no 
spontaneous spiral arteriolar vasoconstriction or men-
strual shedding, lack a conserved functionalis-basalis in-
terface in the endometrium, and never develop endometri-
osis spontaneously 27,29,30. Old World non-human primates 
differ on each point. The olive baboon (Papio anubis), the 
rhesus macaque (Macaca mulatta), and the cynomolgus 
macaque (Macaca fascicularis) share >93% genomic se-
quence identity with humans. They have a 28-to-32-day 
menstrual cycle with cyclic progesterone withdrawal 
bleeding. They also develop spontaneous endometriosis, in 
up to 27% of captive baboons, 28.7% of cynomolgus ma-
caques, and 36% of rhesus macaques in aged colonies. The 
lesions include red vesicular, powder-burn, white fibrotic, 
ovarian endometrioma (chocolate cyst), and deep nodular 
types, and they look the same as human disease macro-
scopically and histologically 27,31–35. Disease can also be 
started on a known date. Autologous menstrual endome-
trium can be seeded surgically into the pelvis of baboons, 
and trans-myometrial intrauterine puncture can be used in 
macaques, so that onset and treatment stage are controlled 
precisely 36–38. Primate studies have nevertheless reported 
results that seem to conflict. TNF-α blockade affects lesion 
regression and cycle fecundity differently. Aromatase inhi-
bition causes bilateral ovarian cysts. Intraperitoneal deliv-
ery of mesenchymal stem cells worsens endometriosis, de-
pending on the route. Steroid receptor positron emission 
tomography has limited spatial resolution. These findings 
need a rigorous systematic synthesis 39–43. 

This systematic review provides a synthesis of 20 pri-
mary experimental and observational NHP studies (299 
primates of the species Papio anubis, Macaca mulatta, and 
Macaca fascicularis) that complies with PRISMA 2020 and 
the Synthesis Without Meta-analysis (SWiM) guideline. 
The studies are mapped to four translational clusters. The 
first covers endocrine and metabolic pharmacotherapy. 
The second covers immunomodulatory and cell-based in-
terventions. The third covers spontaneous and induced 
pathophysiology, including collective cell invasion, mito-
chondrial bioenergetics, mucosal microbiome dynamics, 
central fMRI pain sensitization, and oviductal pacemaker 
channel attenuation. The fourth covers non-invasive liquid 
biopsy and molecular imaging biomarkers 44–48. The aim 
was to evaluate and synthesize the preclinical evidence 
from NHP models of endometriosis systematically. We 
wished to clarify disease pathogenesis, validate emerging 
diagnostic biomarkers, and appraise the efficacy and re-
productive safety of targeted therapies for clinical transla-
tion. 

2. Methods 

2.1. Study design and reporting guidelines 

This systematic literature review follows the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) 2020 statement 44. It also follows the Syn-
thesis Without Meta-analysis (SWiM) reporting guideline 
for systematic reviews of heterogeneous preclinical and 
translational interventions 45. A quantitative meta-analysis 
was not appropriate. Pooled standardized mean differ-
ences, odds ratios, risk ratios, forest plots, and funnel plots 
would have been misleading, because the primate evidence 
is heterogeneous along four axes: (i) three Old World pri-
mate species differ in evolution and anatomy: olive ba-
boons (Papio anubis), rhesus macaques (Macaca mulatta), 
and cynomolgus macaques (Macaca fascicularis); (ii) dis-
ease arises in different ways, from multi-year spontaneous 
colony endometriosis to surgical induction by transcervi-
cal endometrial curettage with intrapelvic seeding or by 
laparoscopic intrauterine fundal puncture; (iii) the phar-
macological, dietary, surgical, and cell-based exposures do 
not overlap, and follow-up ranges from 25 days to 7 years; 
and (iv) primary outcomes are measured on incommen-
surable scales. These include macroscopic lesion surface 
area (mm²), three-dimensional nodule volume (mm³), re-
vised American Society for Reproductive Medicine 
(rASRM) scores, mitochondrial oxygen consumption rates 
(OCR), positron emission tomography standardized uptake 
values (SUVs), and functional magnetic resonance imaging 
(fMRI) blood-oxygen-level-dependent (BOLD) signals 44,45. 
A structured qualitative SWiM synthesis was used instead, 
with a Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) narrative certainty profile. 

2.2. Search strategy and information sources 

Four major electronic bibliographic databases were 
searched systematically: PubMed/MEDLINE (n = 148 rec-
ords), Scopus (n = 134), Web of Science Core Collection (n 
= 82), and ScienceDirect (n = 48). The search covered peer-
reviewed studies published from January 2007 through 
July 2026. Backward and forward citation tracking of pri-
mate reproductive medicine publications added n = 14 rec-
ords. Controlled vocabulary (Medical Subject Headings 
[MeSH]) and free-text terms were combined with Boolean 
operators (AND, OR, NOT) in titles, abstracts, and key-
words. The exact PubMed/MEDLINE string was: (("Endo-
metriosis"[Mesh] OR "endometriosis"[Title/Abstract] OR 
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"endometriotic"[Title/Abstract] OR "ectopic endome-
trium"[Title/Abstract] OR "deep nodular endometrio-
sis"[Title/Abstract]) AND ("Primates"[Mesh] OR 
"Papio"[Mesh] OR "Macaca"[Mesh] OR "Macaca mu-
latta"[Mesh] OR "Macaca fascicularis"[Mesh] OR "Models, 
Animal"[Mesh] OR "non-human primate*"[Title/Abstract] 
OR "nonhuman primate*"[Title/Abstract] OR "ba-
boon*"[Title/Abstract] OR "Papio anubis"[Title/Abstract] 
OR "rhesus macaque*"[Title/Abstract] OR "Macaca mu-
latta"[Title/Abstract] OR "cynomolgus"[Title/Abstract] OR 
"Macaca fascicularis"[Title/Abstract]) AND ("pathogene-
sis"[Title/Abstract] OR "etiology"[Title/Abstract] OR "bi-
omarker*"[Title/Abstract] OR "microRNA*"[Title/Ab-
stract] OR "miRNA"[Title/Abstract] OR "positron emission 
tomography"[Title/Abstract] OR "therapeutic*"[Title/Ab-
stract] OR "treatment"[Title/Abstract] OR "lapa-
roscop*"[Title/Abstract] OR "lesion*"[Title/Abstract] OR 
"immun*"[Title/Abstract] OR "mitochondria*"[Title/Ab-
stract])) NOT ("Review"[Publication Type] OR "Systematic 
Review"[Publication Type] OR "Meta-Analysis"[Publica-
tion Type] OR "Editorial"[Publication Type] OR 

"Comment"[Publication Type]). The same Boolean logic 
was adapted to the field tags of the other databases (TITLE-
ABS-KEY in Scopus and TS= in Web of Science). 

2.3. Eligibility criteria 

Eligibility was defined with a structured Population, In-
tervention/Exposure, Comparator, Outcome, and Study 
Design (PICOS/PECOS) framework, shown in Table 1. Peer-
reviewed original articles in English were eligible. They 
had to study female non-human primates with spontane-
ous or experimentally induced endometriosis, and to re-
port quantitative or semi-quantitative data on macroscopic 
lesion burden, pathophysiological or molecular pathways, 
diagnostic biomarkers, or reproductive and safety end-
points. We excluded narrative reviews, systematic reviews, 
meta-analyses, editorials, and conference abstracts with-
out full text. We also excluded purely in vitro studies that 
used no NHP tissue or peritoneal fluid, and studies of non-
primate species only (mice, rats, rabbits, or swine) without 
a primary NHP cohort. 

Table 1. Structured PICOS/PECOS inclusion and exclusion criteria for study selection. 

PICOS Domain Inclusion Criteria Exclusion Criteria 
Population (P) Female non-human primates (olive baboons [Papio anubis], rhe-

sus macaques [Macaca mulatta], and cynomolgus macaques 
[Macaca fascicularis]) with spontaneous or surgically induced en-
dometriosis. 

Rodent models (mice, rats, hamsters), lagomorphs, swine, or 
purely in vitro cell culture lines without primary NHP tissues/flu-
ids. 

Intervention / Exposure 
(I/E) 

Pharmacological agents (PPAR-γ agonists, aromatase inhibitors, 
17β-HSD1 inhibitors, progestins, JNK inhibitors, anti-TNF-α bio-
logics, statins, stem cells), surgical induction protocols, meta-
bolic/dietary exposures, or pathophysiological/biomarker profil-
ing. 

Interventions unrelated to endometriosis or general primate hus-
bandry studies lacking endometriosis-specific analyses. 

Comparator (C) Placebo or vehicle-treated endometriotic NHP controls, sham-op-
erated primates, healthy non-endometriotic NHP controls, active 
hormonal controls (GnRH antagonists), or paired baseline eutopic 
endometrium. 

Studies lacking an internal baseline, control group, or defined his-
tological comparator. 

Outcomes (O) Quantitative or semi-quantitative macroscopic lesion burden 
(surface area, volume, rASRM score), cellular/molecular pathway 
dynamics, non-invasive biomarkers (miRNAs, CXCL13, PET/CT 
SUVs), pain behaviour/fMRI, or fertility/safety outcomes. 

Studies reporting purely anecdotal observations without measur-
able pathophysiological, diagnostic, or therapeutic endpoints. 

Study Design (S) Original peer-reviewed experimental in vivo/ex vivo studies, ran-
domized controlled preclinical trials, and prospective/retrospec-
tive cohort or case-control studies published in English. 

Narrative reviews, systematic reviews, meta-analyses, editorials, 
letters, conference abstracts, or non-English articles. 

Notes: Abbreviations: 17β-HSD1, 17β-hydroxysteroid dehydrogenase type 1; fMRI, functional magnetic resonance imaging; GnRH, gonadotropin-releasing hor-

mone; JNK, c-Jun NH₂-terminal kinase; miRNA, microRNA; NHP, non-human primate; PET/CT, positron emission tomography/computed tomography; PPAR-γ, 

peroxisome proliferator-activated receptor-γ; rASRM, revised American Society for Reproductive Medicine; SUV, standardized uptake value; TNF-α, tumor ne-

crosis factor-α. 

2.4. Study selection and data extraction 

The 426 bibliographic records came from the databases 
(n = 412) and from citation searches (n = 14). They were 
imported into a reference manager, and duplicates (n = 
168) were removed. The 258 unique titles and abstracts 
were then screened independently against the pre-speci-
fied PICOS criteria. Full texts of 62 potentially eligible arti-
cles were assessed. Data were extracted independently 
with a standardized 24-column matrix. The columns were: 
(1) author and publication year; (2) country and primate 
research center; (3) study design; (4–6) total, exposed, and 
control sample sizes; (7–8) NHP species, diagnostic confir-
mation, and age and weight; (9–11) dosing protocol, com-
parator regimen, and follow-up timing; (12–14) primary 
outcome instruments, exact quantitative results (mean ± 
SD, median [IQR], percentage change, R², and P values), and 
secondary or safety endpoints; (15–17) biological mecha-
nism, direction of effect, and SWiM thematic cluster; and 
(18–24) domain-specific risk-of-bias ratings and study lim-
itations. Every extracted number was checked against the 
primary article. No statistical imputation was used.  

2.5. Methodological quality and risk of bias assessment 

Each study's methodological quality and internal valid-
ity were assessed with one five-domain risk-of-bias (RoB) 
framework. It was adapted from the Systematic Review 
Center for Laboratory Animal Experimentation (SYRCLE) 
Risk of Bias tool for experimental animal studies and from 
the Joanna Briggs Institute (JBI) critical appraisal check-
lists for longitudinal and case-control primate investiga-
tions. Domain 1 (D1: Selection and Randomization Bias) 
covered sequence generation, baseline staging laparos-
copy equivalence, allocation concealment, and case-control 
age and cycle matching. Domain 2 (D2: Confounding and 
Deviations from Intended Interventions) covered housing 
parity, synchronization of menstrual cycle phase, and pro-
tocol adherence. Domain 3 (D3: Missing Outcome Data and 
Attrition Bias) covered animal mortality, biopsy adequacy, 
and completeness of longitudinal follow-up. Domain 4 (D4: 
Outcome Measurement and Detection Bias) covered blind-
ing during videolaparoscopic rASRM scoring, histomor-
phometry, qRT-PCR, respirometry, and neuroimaging. Do-
main 5 (D5: Selective Reporting Bias) checked that stated 
methods matched the reported quantitative outcomes. 
Each domain, and overall study quality, was rated 'Low' 
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(+), 'Moderate / Some Concerns' (?), or 'High' (-) risk of 
bias. Results were shown in a high-resolution (300 DPI) 
traffic-light plot.  

2.6. Qualitative data synthesis and certainty of evi-

dence 

Following the SWiM guideline 45, the included studies 
were assigned to four thematic outcome clusters that are 
coherent biologically and clinically. Cluster 1 was Endo-
crine & Metabolic Pharmacotherapy. Cluster 2 was Im-
munomodulatory, Kinase & Cell-Based Therapies. Cluster 3 
was Spontaneous & Induced Pathogenesis, Microbiome & 
Neuro-Oviductal Mechanics. Cluster 4 was Non-Invasive 
Molecular Biomarkers, Epigenetics & Receptor Imaging. 
Direction of effect was classified in the same way for every 
cluster. 'Favors Intervention' meant one of three things: a 
statistically significant regression of endometriotic lesions 
or pain in a pharmacological trial; a statistically confirmed 
activation of a pathophysiological pathway, or efficacy of a 
surgical induction model, in a mechanistic study; or bi-
omarker discrimination against healthy or baseline con-
trols in a diagnostic study. 'Neutral' meant an equivocal or 
non-significant difference from the comparator. 'Favors 
Control' meant that the intervention significantly wors-
ened endometriosis compared with control. For mechanis-
tic, exposure, and diagnostic studies, this category denotes 
confirmation of the examined effect and not a therapeutic 
benefit. Within-cluster consistency was the percentage of 
studies with a consistent positive direction of effect. It was 
read together with the weighting of aggregate NHP sample 
size and study design hierarchy. Overall certainty in each 
cluster was rated with the GRADE narrative framework 
across five domains. Risk of bias was Serious if ≥50% of 
studies had Moderate RoB or >30% had High RoB. 

Inconsistency was Serious if directional consistency fell be-
tween 25% and 75%. Imprecision was Serious if cluster k 
was < 3. The other two domains were indirectness and 
publication bias. Cluster certainty was classified as High, 
Moderate, Low, or Very Low.  

2.7. Ethical considerations 

This systematic review analyzed published data only, 
and ethics approval was not required.  

3. Results 

3.1. Literature search and study selection 

The database searches yielded 412 records (Pub-
Med/MEDLINE: n = 148; Scopus: n = 134; Web of Science 
Core Collection: n = 82; ScienceDirect: n = 48). Citation 
tracking of primate research center publications added 14 
records, giving 426 identified records (Figure 1). After 168 
duplicates were removed, 258 unique records were 
screened by title and abstract. Of these, 196 were excluded 
as irrelevant to NHP endometriosis models or as a second-
ary publication type. Sixty-two full-text articles were re-
trieved and assessed for eligibility. Of these 62, 42 were ex-
cluded for specific methodological reasons. 18 were narra-
tive reviews, systematic reviews, editorials, or commen-
taries. 14 used only non-primate animal models (murine, 
rat, rabbit, or porcine transplant models) or in vitro cell 
lines with no NHP arm. 6 lacked relevant diagnostic, path-
ophysiological, or therapeutic endometriosis outcomes. 4 
were duplicate cohorts or overlapping secondary sub-anal-
yses without distinct primary endpoints. In the end, 20 
original studies with a combined sample of N = 299 non-
human primates met all criteria and entered the qualitative 
synthesis 36,37,39–43,48–60. 

 

Figure 1. PRISMA 2020 flow diagram illustrating the systematic literature search, deduplication, screening, full-text eligibility assess-

ment, and inclusion of 20 non-human primate endometriosis studies (N = 299 primates).  
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3.2. Characteristics of included studies 

Table 2 gives the demographic, methodological, and ex-
perimental characteristics of the 20 included primary stud-
ies, published between 2007 and 2025. The cohort com-
prised N = 299 female non-human primates. By cluster, the 
numbers were: Cluster 1, N = 85; Cluster 2, N = 61; Cluster 
3, N = 109; and Cluster 4, N = 44. Three Old World species 
were represented. Ten studies investigated olive baboons 
(Papio anubis, n = 132 animals; 44.1% of total primates), 
mainly at the Institute of Primate Research in Nairobi, 
Kenya, with European and North American academic part-
ners 36,39–41,49,51,52,55,58,59. Five studies examined rhesus ma-
caques (Macaca mulatta, n = 96 animals; 32.1%), mainly at 
the Oregon National Primate Research Center 37,43,48,50,60. 
Four studies used cynomolgus macaques (Macaca fascicu-
laris, n = 55 animals; 18.4%) at Japanese primate research 

facilities in Tsukuba, Hamamatsu, and Shiga 42,53,56,57. One 
bioenergetic case-control study evaluated a combined co-
hort of rhesus and cynomolgus macaques (n = 16 animals; 
5.4%) at Wake Forest School of Medicine 54. As for disease 
origin, 11 studies used surgically induced endometriosis. 
Ten were in olive baboons, by laparoscopic intrapelvic 
seeding of autologous curetted menstrual endometrium or 
nodular grafting 36,39–41,49,51,52,55,58,59. One was in rhesus ma-
caques, by laparoscopic intrauterine fundal puncture and 
peritoneal transfer 37. Nine studies investigated spontane-
ous endometriosis, or long-term endocrine or metabolic 
promotion of spontaneous disease, in captive macaque col-
onies 42,43,48,50,53,54,56,57,60. Sample sizes ranged from N = 6 52 
to N = 39 60. Follow-up ranged from acute assessments at 
25 to 30 days after induction 36,39 to monitoring over 15 
months in baboons 52,58, 24 months in cynomolgus mon-
keys 57, and 7 years from menarche in rhesus macaques 60. 

Table 2. Baseline methodological, population, intervention, and outcome characteristics of the included non-human primate studies (n 

= 20; N = 299 primates). 

Study (Author, 
Year) 

Country & Set-
ting 

Study Design Species & Sample Size 
(N) 

Intervention / Exposure & 
Comparator 

Follow-Up Tim-
ing 

Key Quantitative Findings Over
all 
RoB 

Lebovic et al., 
2007 

Kenya / USA (In-
stitute of Primate 
Research, Nairobi) 

Prospective Ran-
domized Placebo- 
& Drug-Controlled 
Preclinical Trial 

N = 12 (Exposed/Treated: 
8 [4 rosiglitazone; 4 ga-
nirelix active control]; 
Control: 4 [oral PBS pla-
cebo]) 

Oral rosiglitazone 2 mg/day for 
30 days, starting 34–68 days 
post-induction staging laparos-
copy | Comparator: Active con-
trol: subcutaneous ganirelix ac-
etate 125 µg/day for 30 days (n 
= 4); Placebo control: oral PBS 
tablets once daily for 30 days (n 
= 4) 

Baseline staging 
laparoscopy at 
34–68 days post-
induction; final as-
sessment laparos-
copy after 30 days 
of treatment 

Endometriotic lesion surface area 
was significantly lower in rosig-
litazone-treated (−51.8% relative 
change, P < 0.05) and ganirelix-
treated (−59.4% relative change, 
P < 0.05) baboons vs. placebo 
(+16.2% increase); fewer new red 
lesions developed in the rosiglita-
zone group 

Low 

Kyama et al., 
2008 

Kenya / Belgium 
(Institute of Pri-
mate Research, 
Nairobi & KU Leu-
ven) 

Prospective Ran-
domized In Vivo 
and Ex Vivo Exper-
imental Study 

N = 18 baboons (in vivo, n 
= 14 randomized to PBS, 
GnRH antagonist or 
rhTNFbp-1; ex vivo, n = 4). 
Biopsy sets analyzed in 
vivo: rhTNFbp-1, 8; GnRH 
antagonist, 8; PBS placebo, 
5. 

Subcutaneous rhTNFbp-1 or 
GnRH antagonist administered 
at induction (in vivo, n = 14) or 
ex vivo incubation of menstrual 
endometrium with rhTNFbp-1 
prior to intrapelvic seeding (n = 
4) | Comparator: Subcutaneous 
phosphate-buffered saline 
(PBS) vehicle control (in vivo n 
= 5 biopsies) or ex vivo PBS in-
cubation 

Endometrial (n = 
11 in vivo, n = 2 ex 
vivo) and endo-
metriotic lesion 
biopsies (n = 10 in 
vivo, n = 4 ex vivo) 
harvested at post-
treatment lapa-
roscopy (day 25–
30) 

TGF-β mRNA expression was sig-
nificantly decreased in endome-
triotic lesions from rhTNFbp-1-
treated baboons compared with 
PBS placebo (P < 0.05); mRNA 
levels of TNF-α, IL-8, IL-6, VEGF, 
ICAM-1, MMP-1, and RANTES did 
not differ significantly at harvest-
ing 

Low 

Falconer et al., 
2008 

Kenya / Sweden 
(Institute of Pri-
mate Research, 
Nairobi & Karolin-
ska Institutet) 

Prospective Pla-
cebo-Controlled 
Preclinical Fertility 
Trial 

N = 16 (Exposed/Treated: 
9 [intravenous anti-TNF-α 
mAb c5N]; Control: 7 [in-
travenous saline placebo]) 

Single intravenous doses of 
anti-TNF-α mAb c5N adminis-
tered at 4 scheduled timepoints, 
followed by timed mating for up 
to 9 completed menstrual cycles 
| Comparator: Intravenous pla-
cebo infusions at the same 4 
timepoints followed by identical 
timed mating protocol (n = 7) 

Followed across 
up to 9 completed 
ovulatory men-
strual cycles or 
until clinical preg-
nancy was 
achieved 

No significant improvement in fe-
cundity: PR was 100% (c5N) vs. 
86% (placebo, P > 0.05); CFR was 
18% (c5N) vs. 30% (placebo, P > 
0.05); median TTP was 5 cycles 
(c5N) vs. 2 cycles (placebo); CPR 
was 100% vs. 80% 

Mod-
erate 

Langoi et al., 
2013 

Kenya / USA (In-
stitute of Primate 
Research, Nairobi 
& Northwestern 
University) 

Prospective Con-
trolled Preclinical 
Intervention Study 

N = 16 (Exposed/Treated: 
10 [oral letrozole 1.25 
mg/day]; Control: 6 [oral 
placebo]) 

Oral letrozole (aromatase inhib-
itor) 1.25 mg/day administered 
daily for 6 months starting 10 
months after disease induction | 
Comparator: Oral placebo tab-
lets administered daily for 6 
months (n = 6) 

Evaluated by se-
rial laparoscopy at 
baseline (10 
months post-inoc-
ulation) and every 
2 months for 6 
months (total 16 
months post-in-
duction) 

Letrozole significantly decreased 
mean lesion volume from base-
line (P < 0.05), whereas placebo 
animals showed progressive le-
sion volume expansion (P < 0.05); 
lesional aromatase mRNA was 
significantly suppressed in letro-
zole vs. placebo (P < 0.01) 

Low 

Donnez et al., 
2015 

Belgium (Univer-
sité Catholique de 
Louvain, Brussels) 

Experimental Path-
ophysiological & 
Immunohisto-
chemical Study 

N = 10 (Exposed/Treated: 
10 [induced deep nodular 
endometriotic lesions; in-
vasive vs. non-invasive re-
gions]; Control: Internal 
comparator: non-invasive 
lesions and lesion center 
vs. invasion front) 

Surgical grafting of autologous 
endometrium to induce deep 
nodular endometriosis; excision 
and histological/immunohisto-
chemical profiling of invasion 
front vs. lesion center | Compar-
ator: Non-invasive deep nodular 
lesions and central glands of in-
vasive lesions within the same 
cohort 

Lesion recovery 
and histopatho-
logical assessment 
following nodular 
induction 

Glands at the invasion front ex-
hibited a significantly lower thick-
ness coefficient (P < 0.05), signifi-
cantly higher Ki67 mitotic index 
(P < 0.01), and significantly re-
duced E-cadherin and β-catenin 
expression (P < 0.05) compared 
with non-invasive lesions and le-
sion centers 

Low 

Franasiak et al., 
2015 

USA (Oregon Na-
tional Primate Re-
search Center & 
UNC Chapel Hill) 

Cross-Sectional 
Translational Case-
Control Study 

N = 18 (Exposed/Treated: 
11 [rhesus macaques with 
spontaneous advanced 
stage IV endometriosis]; 
Control: 7 [healthy control 
rhesus macaques]) 

Spontaneous advanced endo-
metriosis; eutopic endometrial 
biopsy profiling across prolifer-
ative and secretory menstrual 
phases via qRT-PCR and im-
munohistochemistry | Compar-
ator: Healthy disease-free cy-
cling female rhesus macaques 
(n = 7) 

Cross-sectional 
tissue sampling 
stratified by men-
strual cycle phase 
(proliferative vs. 
secretory) 

In normal controls, CXCL13 
mRNA was minimal in the prolif-
erative phase and maximal in the 
secretory phase; in macaques 
with endometriosis, proliferative-
phase eutopic endometrial 
CXCL13 expression was markedly 
increased compared with healthy 
controls (P < 0.05), mirroring hu-
man endometriosis (P < 0.05) 

Low 

Hussein et al., 
2016 

Kenya / Belgium 
(Institute of Pri-
mate Research, 
Nairobi & KU Leu-
ven) 

Assessor-Blind 
Randomized Pla-
cebo- & Active-
Controlled Trial 

N = 20 (Exposed/Treated: 
15 [5 bentamapimod 20 
mg/kg; 5 bentamapimod 
20 mg/kg + MPA 10 mg; 5 
cetrorelix 3 mg SC]; Con-
trol: 5 [daily oral placebo]) 

60-day oral treatment with ben-
tamapimod (JNKI) 20 
mg/kg/day alone (n = 5) or 
combined with oral medroxy-
progesterone acetate (MPA) 10 
mg/day (n = 5) | Comparator: 
Placebo control: daily oral vehi-
cle (n = 5); Active hormonal 
control: subcutaneous ce-
trorelix 3 mg every 3 days for 
60 days (n = 5) 

60 days of active 
treatment; post-
treatment staging 
laparoscopy (L4) 
performed 110 
days after induc-
tion 

Treatment with JNKI alone, JNKI + 
MPA, or cetrorelix resulted in sig-
nificantly lower total lesion sur-
face area (P < 0.05) and lesion 
volume (P < 0.05) vs. placebo; 
red-to-white lesion remodeling 
was highest in JNKI + MPA vs. 
JNKI alone (P < 0.05) 

Low 
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ing 

Key Quantitative Findings Over
all 
RoB 

Drury et al., 2018 UK / USA (Univer-
sity of Liverpool & 
Michigan State 
University) 

Longitudinal Ex-
perimental Preclin-
ical Study 

N = 6 (Exposed/Treated: 6 
[baboons followed longi-
tudinally at 3, 12, and 15 
months post-induction]; 
Control: 6 [paired pre-in-
duction baseline control 
endometrium])  

Laparoscopic intrapelvic inocu-
lation of autologous menstrual 
endometrium; serial harvesting 
of eutopic and ectopic endome-
trial tissues | Comparator: 
Matched pre-inoculation base-
line eutopic endometrium from 
the same animals 

Longitudinal tis-
sue sampling at 
baseline (0 
months) and at 3, 
12, and 15 months 
post-induction 

Ectopic endometriotic lesions ex-
hibited persistently scant/absent 
CD56+ uNK cell infiltration com-
pared with eutopic functionalis 
layer (P < 0.01); eutopic endome-
trial uNK numbers showed cyclic 
and temporal modulation post-in-
duction 

Low 

Nishimoto-Ka-
kiuchi et al., 2018 

Japan (Tsukuba 
Primate Research 
Center & Jichi 
Medical Univer-
sity) 

Prospective Colony 
Screening & Longi-
tudinal Observa-
tional Cohort Study 

N = 29 (Exposed/Treated: 
15 [cynomolgus monkeys 
confirmed with spontane-
ous endometriosis; 8 lon-
gitudinally monitored via 
laparoscopy/MRI]; Con-
trol: 14 [screened mon-
keys without confirmed 
endometriosis]) 

Multi-modal screening (serum 
CA125, abdominal palpation, fe-
cal abnormalities) followed by 
diagnostic laparoscopy, MRI, 
and longitudinal disease moni-
toring | Comparator: Colony fe-
males without endometriosis 
and inter-stage rASRM compari-
sons 

Longitudinal lapa-
roscopy and pel-
vic MRI monitor-
ing over 2–7 
months 

Endometriosis was confirmed in 
15/29 suspect animals (overall 
colony detection 15/614 [2.4%], 
enriched in ages 11–20 years); 
menstrual decrease in food con-
sumption strongly correlated 
with modified rAFS adhesion 
score (R² = 0.8239, P < 0.001); se-
rum CA125 was significantly ele-
vated in animals with ovarian en-
dometriomas (chocolate cysts) 

Low 

Atkins et al., 
2019 

USA (Wake Forest 
School of Medi-
cine, Winston-Sa-
lem, NC) 

Case-Control Bio-
energetic & Tar-
geted Metabolom-
ics Study 

N = 16 (Exposed/Treated: 
8 [rhesus and cynomolgus 
macaques with spontane-
ous endometriosis]; Con-
trol: 8 [clinically healthy 
control macaques without 
endometriosis]) 

High-resolution mitochondrial 
respirometry (Complex I and 
Complex II oxygen consumption 
rates [OCR]) and LC-MS/MS tar-
geted metabolomics of eutopic 
endometrium and ectopic endo-
metriotic tissue | Comparator: 
Normal eutopic endometrium 
from clinically healthy NHP con-
trols (n = 8) 

Ex vivo bioener-
getic and metabo-
lomic profiling im-
mediately upon 
tissue harvest 

Eutopic endometrium from endo-
metriotic NHPs had significantly 
reduced Complex II OCR across all 
states (basal P = 0.01; state 3 P = 
0.02; state 3u P = 0.04; state 4o P 
= 0.008); ectopic tissue had re-
duced state 3 Complex I OCR (P = 
0.02) and RCR (P = 0.01). Car-
nitine (P = 0.001), creatine phos-
phate (P = 0.01), NADH (P = 
0.0001), FAD (P = 0.001), trypto-
phan (P = 0.0009), and malic acid 
(P = 0.005) were depleted in en-
dometriotic lesions 

Low 

Cosar et al., 2019 USA / Kenya (Yale 
School of Medi-
cine, UC San Diego 
& Institute of Pri-
mate Research) 

Prospective Con-
trolled Preclinical 
Biomarker & Inter-
vention Trial 

N = 16 (Exposed/Treated: 
8 [oral simvastatin for 90 
days]; Control: 8 [vehicle 
control for 90 days]) 

Oral simvastatin daily for 90 
days post-induction vs. vehicle 
control; serum qRT-PCR profil-
ing of 9 candidate circulating 
miRNAs | Comparator: Vehicle-
treated baboons with induced 
endometriosis (n = 8) and pre-
induction baseline levels 

Laparoscopic dis-
ease evaluation 
and serum collec-
tion at 3 months 
(90 days) post-in-
duction 

In the simvastatin-treated group, 
serum miR-150-5p (P < 0.05) and 
miR-451a (P < 0.05) were signifi-
cantly decreased while miR-3613-
5p was significantly increased (P 
< 0.05) compared with untreated 
endometriotic controls, reverting 
toward healthy baseline levels 

Low 

Yano et al., 2019 Japan (Hamama-
tsu Pharma Re-
search, Inc., Ha-
mamatsu) 

Controlled Preclin-
ical Neuroimaging 
& Pharmacological 
Intervention Study 

N = 8 (Exposed/Treated: 5 
[cynomolgus macaques 
with naturally occurring 
endometriosis treated 
with morphine and 2-
month dienogest]; Con-
trol: 3 [healthy disease-
free female cynomolgus 
macaques]) 

Abdominopelvic mechanical 
force algometry and block-de-
sign fMRI before and after sin-
gle-dose morphine and 2-month 
oral progestin dienogest treat-
ment | Comparator: Healthy 
control female macaques (n = 3) 
and pre-treatment baseline 
fMRI/algometry values 

Baseline assess-
ment, acute post-
morphine assess-
ment, and longitu-
dinal evaluation 
across 2 months 
of daily dienogest 
therapy 

Abdominopelvic pain thresholds 
in endometriotic macaques were 
significantly lower than in healthy 
controls (P = 0.0003); non-nox-
ious abdominal force triggered 
robust insula and thalamus BOLD 
activation in endometriotic ani-
mals, which was significantly at-
tenuated by both acute morphine 
and 2-month dienogest treatment 
(P < 0.05) 

Low 

Hayashi et al., 
2020 

Japan (Shiga Uni-
versity of Medical 
Science, Otsu) 

Prospective Longi-
tudinal Natural 
History Cohort 
Study 

N = 11 (Exposed/Treated: 
11 [female cynomolgus 
monkeys with spontane-
ous endometriosis fol-
lowed monthly for 24 
months]; Control: Internal 
longitudinal baseline [ini-
tial laparoscopy at month 
0]) 

Monthly diagnostic videolapa-
roscopies for up to 24 consecu-
tive months to map anatomical 
distribution, de novo appear-
ance, and regression of lesions 
and adhesions | Comparator: 
Baseline anatomical lesion map 
at initial laparoscopy (month 0) 
and inter-individual progres-
sion kinetics 

Monthly laparo-
scopic assess-
ments for 24 
months (2 years) 

At initial laparoscopy, lesions 
were localized exclusively to the 
vesicouterine pouch in 45.4% 
(5/11) of monkeys and subse-
quently spread to the pouch of 
Douglas over time; de novo small 
lesions appeared in 100% 
(11/11) of animals, while focal 
disappearance of small lesions oc-
curred in 18.2% (2/11); overall 
disease progressed in 100% 
(11/11) of monkeys 

Low 

Le et al., 2022 USA (Southern Il-
linois University & 
Michigan State 
University) 

Prospective Longi-
tudinal Pre-Post 
Experimental Co-
hort Study 

N = 8 (Exposed/Treated: 8 
[female olive baboons 
evaluated at 3, 6, 9, and 15 
months post-induction]; 
Control: 8 [paired pre-in-
oculation baseline sam-
ples from the same ani-
mals]) 

Laparoscopic induction of peri-
toneal endometriosis; serial pe-
ripheral blood, eutopic/ectopic 
endometrium, fecal, and uro-
genital/vaginal swab collection 
| Comparator: Matched pre-in-
oculation baseline immune and 
microbial profiles (month 0) 

Pre-inoculation 
(baseline) and 3, 
6, 9, and 15 
months post-in-
duction 

Endometriosis induction signifi-
cantly decreased peripheral and 
endometrial FOXP3+ Tregs while 
elevating inflammatory Th17 cells 
across all post-induction 
timepoints (3, 6, 9, and 15 
months; P < 0.05), markedly re-
ducing the Treg:Th17 ratio; mu-
cosal microbial alpha-diversity 
and taxonomic abundance were 
significantly altered at fecal and 
urogenital sites post-induction (P 
< 0.05) 

Low 

Poirier et al., 
2022 

Canada / Kenya / 
Netherlands (Uni-
versité Laval, In-
stitute of Primate 
Research Nairobi 
& Maastricht Uni-
versity) 

Prospective Pla-
cebo-Controlled 
Preclinical Efficacy 
Trial 

N = 10 (Exposed/Treated: 
5 [oral PBRM 15 
mg/kg/day for 2 months]; 
Control: 5 [oral placebo 
vehicle for 2 months]) 

Oral gavage of PBRM (irreversi-
ble non-estrogenic 17β-HSD1 
inhibitor) at 15 mg/kg/day for 
60 days (achieving plasma 
Cmax up to 125 ng/mL) | Com-
parator: Oral vehicle placebo 
daily for 60 days (n = 5) 

Baseline pre-
treatment lapa-
roscopy and post-
treatment lapa-
roscopy after 2 
months (60 days) 
of daily therapy 

Lesion/adhesion counts de-
creased in 60% (3/5) of PBRM-
treated baboons (−6.5% overall; 
−19% excluding 1 outlier) vs. an 
increase in 60% (3/5) of placebo 
animals (+11% overall). PBRM 
markedly reduced active red le-
sions by −67% (8/12 resorbed) 
and white lesions by −35% 
(11/31 resorbed), and decreased 
dense and filmy adhesion surface 
areas vs. placebo 

Low 

Bishop et al., 
2023 

USA (Oregon Na-
tional Primate Re-
search Center, 
OHSU, Beaverton, 
OR) 

Longitudinal 2x2 
Factorial Con-
trolled Exposure 
Study 

N = 39 (Exposed/Treated: 
29 [Testosterone [T] 
alone, Western-style diet 
[WSD] alone, or combined 
T + WSD from menarche 
for ~7 years]; Control: 10 
[Cholesterol control im-
plants + standard monkey 
chow [16% fat calories]]) 

Subcutaneous testosterone im-
plants maintaining serum T 
~1.35 ng/mL (3–5x control) 
and/or high-fat Western-style 
diet (36% calories from fat vs. 
16% in standard chow) for ~7 
years | Comparator: Control fe-
males receiving cholesterol 
sham implants and standard 
monkey chow (16% calories 
from fat) 

Continuous longi-
tudinal metabolic, 
ultrasonographic, 
and laparo-
scopic/necropsy 
evaluation over 
~7 years 

Combined T + WSD exposure re-
sulted in significantly earlier on-
set of endometriosis and higher 
prevalence of severe Stage III/IV 
disease with large chocolate cysts 
compared with control, T alone, 
or WSD alone (P < 0.05). Presence 
of chocolate cysts strongly corre-
lated with impaired glucose clear-
ance, elevated HOMA-IR, and total 
body fat percentage (P < 0.05) 

Low 
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Slayden et al., 
2023 

USA (Oregon Na-
tional Primate Re-
search Center, 
OHSU, Beaverton, 
OR) 

Controlled Experi-
mental Surgical 
Model Validation 
Study 

N = 17 (Exposed/Treated: 
14 [laparoscopic intrau-
terine puncture and peri-
toneal endometrial seed-
ing across 3 menses]; Con-
trol: 3 [sham surgery con-
trol macaques]) 

Menstrual endometrium aspi-
rated via laparoscopic intrau-
terine fundal puncture and 
seeded into the peritoneal cav-
ity across 3 consecutive men-
strual cycles | Comparator: 
Sham-operated female rhesus 
macaques undergoing laparo-
scopic manipulation without 
endometrial transfer (n = 3) 

Laparoscopic 
staging, biopsy, 
and immunohisto-
chemical charac-
terization follow-
ing 3 induction cy-
cles 

Macroscopic and histologically 
confirmed red, powder-burn, and 
white endometriotic lesions de-
veloped in 92.9% (13/14) of inoc-
ulated macaques compared with 
0% (0/3) of sham controls (P < 
0.01); ectopic red lesion stroma 
stained strongly positive for ER 
and PR 

Low 

Tsuji et al., 2023 Japan (Shiga Uni-
versity of Medical 
Science & Univer-
sity of Tokyo) 

Controlled Sequen-
tial-Route Preclini-
cal Intervention 
Study 

N = 7 (Exposed/Treated: 5 
[cynomolgus monkeys 
treated with UC-MSCs at 2 
× 10⁶ cells/kg across IV, 
IV+IP, and IP phases]; 
Control: 2 [saline vehicle 
control monkeys]) 

Phase 1 (3 months): intrave-
nous UC-MSCs (2 × 10⁶ 
cells/kg); Phase 2 (3 months): 
weekly IV + monthly intraperi-
toneal (IP) UC-MSCs; Phase 3 (3 
months): weekly IP UC-MSCs (2 
× 10⁶ cells/kg) | Comparator: 
Saline-treated control cynomol-
gus monkeys with endometrio-
sis (n = 2) and intra-animal 
route comparisons (IV vs. IP) 

Serial laparosco-
pies and serum 
CA125 assays at 
baseline, 3 
months, 6 months, 
and 9 months 

Intravenous UC-MSC administra-
tion reduced serum CA125 in all 5 
treated monkeys (non-significant 
trend, P > 0.05); however, intra-
peritoneal UC-MSC administra-
tion significantly exacerbated lap-
aroscopic rASRM endometriosis 
scores compared with intrave-
nous administration (P = 0.02), 
whereas controls showed no 
change 

Mod-
erate 

Wilson et al., 
2024 

USA (Oregon Na-
tional Primate Re-
search Center & 
UNC Chapel Hill) 

Prospective Case-
Control Molecular 
Imaging Study 

N = 10 (Exposed/Treated: 
6 [rhesus macaques with 
clinically diagnosed endo-
metriosis]; Control: 4 
[healthy control rhesus 
macaques without endo-
metriosis]) 

Dynamic abdominopelvic 
PET/CT scanning following in-
travenous injection of 16α-
[18F]fluorestradiol ([18F]FES) 
and 12-[18F]fluoro-furanyl-nor-
progesterone ([18F]FFNP) dur-
ing proliferative and secretory 
phases | Comparator: Disease-
free cycling female rhesus ma-
caques (n = 4) and background 
intestinal tissue uptake 

Repeated-
measures dy-
namic PET/CT 
scans across scan 
timepoints and 
menstrual cycle 
phases (prolifera-
tive vs. secretory) 

Macaques with endometriosis 
displayed significantly higher 
uterine SUV uptake of both radio-
tracers compared with healthy 
controls (P < 0.05), with signifi-
cantly higher uterine uptake dur-
ing the proliferative phase vs. se-
cretory phase (P < 0.05); small in-
dividual peritoneal lesions could 
not be spatially resolved due to 
background intestinal [18F]FFNP 
uptake 

Low 

Luo & Slayden, 
2025 

USA (Oregon Na-
tional Primate Re-
search Center, 
OHSU, Beaverton, 
OR) 

Combined In Vivo 
Case-Control and 
Ex Vivo Organ Cul-
ture Experimental 
Study 

N = 12 (Exposed/Treated: 
6 [rhesus macaques with 
spontaneous endometrio-
sis; plus ampullary ex-
plants exposed to endo-
metriotic peritoneal fluid]; 
Control: 6 [healthy control 
rhesus macaques without 
endometriosis; explants 
exposed to control perito-
neal fluid]) 

In vivo profiling of fallopian 
tube ampullary segments and in 
vitro exposure of normal am-
pullary explants to peritoneal 
fluid harvested from macaques 
with and without endometriosis 
| Comparator: Oviductal ampul-
lary tissues and peritoneal fluid 
from healthy control rhesus ma-
caques (n = 6) 

Cross-sectional in 
vivo tissue har-
vest plus con-
trolled in vitro 
peritoneal fluid 
co-culture assay 

Ampullary ANO1 expression was 
significantly downregulated both 
in vivo in macaques with sponta-
neous endometriosis (P < 0.05) 
and in vitro in ampullary seg-
ments exposed to endometriotic 
peritoneal fluid (P < 0.05); AK7 
and FOXJ1 expression did not dif-
fer significantly between groups 
(P > 0.05) 

Low 

Notes: Abbreviations: ANO1, Anoctamin-1; CA125, cancer antigen 125; CFR, cycle fecundity rate; CPR, cumulative pregnancy rate; ER, estrogen receptor; 

[¹⁸F]FES, 16α-[¹⁸F]fluorestradiol; [¹⁸F]FFNP, 12-[¹⁸F]fluoro-furanyl-nor-progesterone; fMRI, functional magnetic resonance imaging; HOMA-IR, homeostatic 

model assessment for insulin resistance; IHC, immunohistochemistry; IP, intraperitoneal; IV, intravenous; JNKI, c-Jun NH₂-terminal kinase inhibitor; MPA, 

medroxyprogesterone acetate; OCR, oxygen consumption rate; PBS, phosphate-buffered saline; PR, progesterone receptor; rhTNFbp-1, recombinant human TNF-

binding protein-1; RoB, risk of bias; Treg, regulatory T cell; UC-MSC, umbilical cord-derived mesenchymal stem cell; WSD, Western-style diet. 

 
 

3.3. Methodological quality and risk of bias 

The domain-specific methodological quality and risk-of-
bias ratings for all 20 studies are summarized in Figure 2. 
Overall, 18 studies (90.0%) had a 'Low' overall risk of bias 
36,37,39,41,43,48–60. Two studies (10.0%) were rated 'Moderate' 
40,42, and none (0.0%) had a 'High' overall risk of bias. In 
Domain 1 (Selection and Randomization Bias), 14 studies 
(70.0%) were rated Low risk. They used explicit randomi-
zation after baseline staging laparoscopy, or selected age-
matched and menstrual-phase-matched cohorts rigor-
ously. Six studies (30.0%) were rated Moderate 40–42,49,52,56. 
These six Moderate D1 ratings arose in two settings. In in-
duced baboon studies 40,41,49,52, formal computer-generated 
randomization or allocation concealment before baseline 
laparoscopy was not explicitly reported. In spontaneous 
cynomolgus macaque studies 42,56, only rare naturally 

affected primates (N = 7 to N = 8) were available. They 
were allocated to experimental and control arms in small 
unequal numbers (5 vs. 3 in Yano et al. 56 and 5 vs. 2 in Tsuji 
et al. 42). In Domain 2 (Confounding and Protocol Devia-
tions) and Domain 3 (Missing Outcome Data), 19 of 20 
studies (95.0%) were rated Low. Only Kyama et al. 39 raised 
Moderate concern in D2, because in vivo and ex vivo biop-
sies were pooled. Only Falconer et al. 40 raised Moderate 
concern in D3, because two non-pregnant baboons in the 
c5N antibody arm died of intercurrent causes. In Domain 4 
(Outcome Measurement), 19 studies (95.0%) used objec-
tive quantitative assays (qRT-PCR, LC-MS/MS respirome-
try, PET/CT SUVs, fMRI BOLD, or assessor-blinded video-
laparoscopy 51). Only Lebovic et al. 36 was rated Moderate, 
because surgeon blinding was not stated. All 20 studies 
(100.0%) had Low risk of selective reporting in Domain 5. 



Elsoin Sriwijaya Journal of Obstetrics and Gynecology 

SJOG  ·  e-ISSN 2986-9838  63 

 

Figure 2. Methodological quality and risk-of-bias traffic-light plot across the 20 included non-human primate studies evaluated across 

five domains (D1: Selection/Randomization; D2: Confounding/Deviations; D3: Missing Outcome Data; D4: Outcome Measurement; D5: 

Selective Reporting; and Overall Risk of Bias). 

3.4. Qualitative synthesis of primary outcomes across 

thematic clusters 

The structured SWiM synthesis across the four thematic 
outcome clusters is detailed in Table 3. In Cluster 1 (Endo-
crine & Metabolic Pharmacotherapy; k = 5 studies, N = 85 
NHPs) had a consistent positive direction of effect in 
100.0% (5/5) of studies 36,41,56,59,60. One of them, Bishop et 
al. 60, describes promotion of disease by an adverse expo-
sure and was classified as confirming the examined effect. 
Lebovic et al. 36 ran a prospective randomized trial in 12 
olive baboons. In a 30-day course, oral rosiglitazone (2 
mg/day), a peroxisome proliferator-activated receptor-γ 
(PPAR-γ) agonist, significantly reduced peritoneal endo-
metriotic lesion surface area (−51.8% relative change, P < 
0.05). The reduction was comparable to that with the GnRH 
antagonist ganirelix (−59.4%, P < 0.05). Oral placebo con-
trols had a +16.2% lesion expansion. Langoi et al. 41 tested 
long-term intracrine estrogen blockade in 16 olive baboons 
with established endometriosis (10 months after inocula-
tion). 10 received the aromatase inhibitor letrozole (1.25 
mg/day for 6 months) and 6 received placebo. Mean lesion 
volume fell significantly from baseline (P < 0.05), and le-
sional CYP19A1 aromatase mRNA was strongly 

suppressed (P < 0.01). Placebo lesions kept enlarging. Poir-
ier et al. 59 gave PBRM (15 mg/kg/day orally for 60 days, 
Cmax up to 125 ng/mL), an irreversible covalent inhibitor 
of 17β-HSD1, to 10 baboons (5 PBRM, 5 placebo). It acts 
more selectively on the intracrine pathway. Total lesion 
and adhesion counts fell in 60% (3/5) of treated primates 
(−6.5% overall; −19% excluding one outlier), against a 
+11% rise in placebo animals. PBRM resorbed 67% (8/12) 
of active red vascular lesions and 35% (11/31) of white le-
sions. In spontaneous cynomolgus macaque endometriosis 
(N = 8), Yano et al. 56 found much lower abdominopelvic 
mechanical pain thresholds in endometriotic macaques (n 
= 5) than in healthy controls (n = 3, P = 0.0003). Non-nox-
ious stimulation produced abnormal fMRI BOLD activation 
of the insula and thalamus. Both findings were significantly 
attenuated by a 2-month course of oral dienogest, a proges-
tin, or by acute morphine (P < 0.05). Bishop et al. 60 looked 
at the opposite question, metabolic and endocrine promo-
tion of disease, in 39 female rhesus macaques followed for 
7 years from menarche. Hyperandrogenemia (serum tes-
tosterone ~1.35 ng/mL) combined with a high-fat West-
ern-style diet (36% fat calories vs. 16% in control chow) 
accelerated the onset of endometriosis and drove severe 
Stage III/IV pathology with large chocolate cysts (P < 0.05). 
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The severity correlated strongly with HOMA-IR insulin re-
sistance, impaired glucose clearance, total body fat per-
centage, and omental adipose inflammatory transcrip-
tomes. 

In Cluster 2 (Immunomodulatory, Kinase & Cell-Based 
Therapies; k = 4 studies, N = 61 NHPs), direction con-
sistency was 50.0%. Two studies favored intervention, one 
was neutral, and one favored control (2/4, 1/4, and 1/4). 
The cluster shows a sharp divergence between lesion cy-
toreduction, restoration of fertility, and the route of stem 
cell delivery 39,40,42,51. Kyama et al. 39 compared subcutane-
ous recombinant human TNF-binding protein-1 (rhTNFbp-
1) with a GnRH antagonist and PBS placebo in 18 olive ba-
boons (14 in vivo, 4 ex vivo). rhTNFbp-1 significantly re-
duced lesional transforming growth factor-β (TGF-β) 
mRNA expression against placebo (P < 0.05). Late-harvest 
transcript levels of TNF-α, IL-8, IL-6, VEGF, ICAM-1, MMP-
1, and RANTES did not change. Falconer et al. 40 gave four 
intravenous infusions of the anti-TNF-α monoclonal anti-
body c5N (n = 9) or placebo (n = 7) in a prospective timed-
mating fertility trial. The 16 baboons had induced endome-
triosis and were followed for up to nine ovulatory cycles. 
TNF-α neutralization did not significantly improve preg-
nancy rate (100% c5N vs. 86% placebo, P > 0.05), cycle fe-
cundity rate (18% c5N vs. 30% placebo, P > 0.05), median 
time to pregnancy (5 cycles c5N vs. 2 cycles placebo), or 
cumulative pregnancy rate (100% vs. 80%). Hussein et al. 
51 targeted intracellular stress kinase signaling in an asses-
sor-blind, 4-arm randomized trial in 20 baboons across 
four sequential laparoscopies. The arms were 60 days of 
oral c-Jun NH₂-terminal kinase (JNK) inhibitor bentamapi-
mod (AS602801, 20 mg/kg/day, n = 5), bentamapimod 20 
mg/kg/day plus medroxyprogesterone acetate (MPA 10 
mg/day, n = 5), subcutaneous cetrorelix (3 mg every 3 
days, n = 5), and placebo (n = 5). Bentamapimod alone and 
in combination significantly reduced total lesion surface 
area and volume against placebo (P < 0.05). They also sped 
the remodeling of red lesions into white fibrotic lesions, 
most in JNKI + MPA (P < 0.05). Tsuji et al. 42 gave human 
umbilical cord-derived mesenchymal stem cells (UC-MSCs, 
2 × 10⁶ cells/kg) to cynomolgus monkeys with spontane-
ous endometriosis (N = 7: 5 treated, 2 saline control). Three 
sequential 3-month phases were intravenous (IV), com-
bined IV and intraperitoneal (IP), and weekly IP. IV UC-
MSCs modestly lowered serum CA125 in all five monkeys 
(P > 0.05). Switching to IP delivery significantly worsened 
laparoscopic rASRM endometriosis scores compared with 
IV administration (P = 0.02). 

In Cluster 3 (Spontaneous & Induced Pathogenesis, Mi-
crobiome & Neuro-Oviductal Mechanics; k = 8 studies, N = 
109 NHPs), 100.0% (8/8) of studies consistently defined 
key pathophysiological mechanisms 37,48,49,52–54,57,58. 
Donnez et al. 49 studied deep nodular lesions induced in 10 
olive baboons. Glands at the invasion front had a signifi-
cantly lower thickness coefficient (P < 0.05), a higher Ki67 
mitotic index (P < 0.01), and lower E-cadherin and β-
catenin expression (P < 0.05) than non-invasive lesions 
and lesion centers. This confirms collective cell migration. 
Drury et al. 52 followed six baboons for 15 months after in-
duction. Ectopic lesions lacked the normal recruitment of 
CD56⁺ uterine natural killer (uNK) cells seen in matched 
eutopic functionalis (P < 0.01). Le et al. 58 sampled eight ol-
ive baboons at baseline, 3, 6, 9, and 15 months after induc-
tion. Lesion establishment caused a progressive fall in pe-
ripheral and endometrial FOXP3⁺ regulatory T cells 
(Tregs) and a surge in pro-inflammatory IL-17⁺ Th17 cells, 

which reduced the Treg:Th17 ratio (P < 0.05). Fecal and 
urogenital microbial diversity also changed significantly (P 
< 0.05). At the bioenergetic level, Atkins et al. 54 did mito-
chondrial respirometry and targeted metabolomics in 16 
macaques (8 endometriotic, 8 controls). Complex II oxygen 
consumption rates (OCR) were lower in all four respiratory 
energy states in eutopic endometrium (basal P = 0.01; state 
3 P = 0.02; state 3u P = 0.04; state 4o P = 0.008). State 3 
Complex I OCR (P = 0.02) and respiratory control rates (P 
= 0.01) were lower in ectopic tissue. Tissue levels of car-
nitine (P = 0.001), creatine phosphate (P = 0.01), NADH (P 
= 0.0001), FAD (P = 0.001), tryptophan (P = 0.0009), and 
malic acid (P = 0.005) were severely depleted. Nishimoto-
Kakiuchi et al. 53 characterized spontaneous colony disease 
by screening 614 female cynomolgus macaques. They eval-
uated 29 suspected animals and confirmed 15 cases, en-
riched at ages 11–20 years. Reduced food consumption 
during menstruation correlated strongly with modified 
rAFS adhesion scores (R² = 0.8239, P < 0.001). Hayashi et 
al. 57 did 24 consecutive monthly laparoscopies in 11 cyno-
molgus monkeys with spontaneous endometriosis. At first, 
lesions were found only in the vesicouterine pouch in 
45.4% (5/11) of monkeys and later spread posteriorly to 
the pouch of Douglas. De novo lesions emerged in 100% 
(11/11), lesions disappeared focally in 18.2% (2/11), and 
disease progressed overall in 100% (11/11). On the meth-
ods side, Slayden et al. 37 validated a protocol of laparo-
scopic intrauterine fundal puncture and peritoneal seeding 
across three menses in 17 rhesus macaques (14 induced, 3 
sham). ER/PR-positive red, powder-burn, and white le-
sions were established in 92.9% (13/14) of treated ma-
caques versus 0% (0/3) of sham controls (P < 0.01). Most 
recently, Luo and Slayden 48 studied 12 rhesus macaques 
(6 with spontaneous endometriosis, 6 controls). Expres-
sion of the calcium-activated chloride channel Anoctamin-
1 (ANO1), which governs oviductal smooth muscle peri-
stalsis, was significantly lower in the fallopian tube am-
pulla in vivo and after ex vivo exposure to endometriotic 
peritoneal fluid (P < 0.05). The ciliary markers AK7 and 
FOXJ1 were unaffected. 

In Cluster 4 (Non-Invasive Molecular Biomarkers, Epi-
genetics & Receptor Imaging; k = 3 studies, N = 44 NHPs), 
100.0% (3/3) of studies validated new diagnostic and 
treatment-monitoring tools 43,50,55. Franasiak et al. 50 pro-
filed eutopic endometrium from 18 rhesus macaques (11 
with advanced stage IV endometriosis, 7 healthy controls). 
Endometriotic macaques showed abnormal proliferative-
phase upregulation of the B-cell homeostatic chemokine 
CXCL13 compared with controls (P < 0.05), as in human 
stage I–IV disease. Cosar et al. 55 randomized 16 olive ba-
boons with induced endometriosis to 90 days of oral 
simvastatin (n = 8) or vehicle (n = 8). Simvastatin signifi-
cantly lowered serum circulating miR-150-5p (P < 0.05) 
and miR-451a (P < 0.05) and raised miR-3613-5p (P < 
0.05). The pathological circulating microRNA signature 
normalized in parallel with lesion regression. Wilson et al. 
43 did dynamic abdominopelvic PET/CT in 10 rhesus ma-
caques (6 with endometriosis, 4 controls). The ER-targeted 
radiotracer was 16α-[¹⁸F]fluorestradiol ([¹⁸F]FES) and the 
PR-targeted tracer was 12-[¹⁸F]fluoro-furanyl-nor-proges-
terone ([¹⁸F]FFNP). Uterine SUV uptake was significantly 
higher in endometriotic macaques than in controls (P < 
0.05), and proliferative-phase uptake was higher (P < 
0.05). High background intestinal clearance of [¹⁸F]FFNP 
prevented spatial resolution of small individual peritoneal 
implants. 
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Table 3. Synthesis Without Meta-analysis (SWiM) summary matrix by thematic outcome cluster. 

Thematic Outcome 
Cluster 

Included 
Studies k 

Total Par-
ticipants N 

Favors In-
tervention k 

Neutral 
Equivocal k 

Favors 
Control k 

Direction 
Consistency 
Pct 

Predominant Study De-
signs 

Key Studies 

Cluster 1: Endocrine & 
Metabolic Pharma-
cotherapy 

5 85 5 0 0 100.0% Prospective Randomized 
Placebo- & Drug-Controlled 
Preclinical Trial, Prospective 
Controlled Preclinical Inter-
vention Study, Controlled 
Preclinical Neuroimaging & 
Pharmacological Interven-
tion Study, Prospective Pla-
cebo-Controlled Preclinical 
Efficacy Trial, Longitudinal 
2x2 Factorial Controlled Ex-
posure Study 

Lebovic et al., 2007; 
Langoi et al., 2013; Yano 
et al., 2019; Poirier et al., 
2022; Bishop et al., 2023 

Cluster 2: Immuno-
modulatory, Kinase & 
Cell-Based Therapies 

4 61 2 1 1 50.0% Prospective Randomized In 
Vivo and Ex Vivo Experi-
mental Study, Prospective 
Placebo-Controlled Preclini-
cal Fertility Trial, Assessor-
Blind Randomized Placebo- 
& Active-Controlled Trial, 
Controlled Sequential-Route 
Preclinical Intervention 
Study 

Kyama et al., 2008; Fal-
coner et al., 2008; Hus-
sein et al., 2016; Tsuji et 
al., 2023 

Cluster 3: Spontane-
ous & Induced Patho-
genesis, Microbiome & 
Neuro-Oviductal Me-
chanics 

8 109 8 0 0 100.0% Experimental Pathophysio-
logical & Immunohistochem-
ical Study, Longitudinal Ex-
perimental Preclinical Study, 
Prospective Colony Screen-
ing & Longitudinal Observa-
tional Cohort Study, Case-
Control Bioenergetic & Tar-
geted Metabolomics Study, 
Prospective Longitudinal 
Natural History Cohort 
Study, Prospective Longitu-
dinal Pre-Post Experimental 
Cohort Study, Controlled Ex-
perimental Surgical Model 
Validation Study, Combined 
In Vivo Case-Control and Ex 
Vivo Organ Culture Experi-
mental Study 

Donnez et al., 2015; 
Drury et al., 2018; 
Nishimoto-Kakiuchi et 
al., 2018; Atkins et al., 
2019; Hayashi et al., 
2020; Le et al., 2022; 
Slayden et al., 2023; Luo 
& Slayden, 2025 

Cluster 4: Non-Inva-
sive Molecular Bi-
omarkers, Epigenetics 
& Receptor Imaging 

3 44 3 0 0 100.0% Cross-Sectional Transla-
tional Case-Control Study, 
Prospective Controlled Pre-
clinical Biomarker & Inter-
vention Trial, Prospective 
Case-Control Molecular Im-
aging Study 

Franasiak et al., 2015; 
Cosar et al., 2019; Wil-
son et al., 2024 

Notes: Abbreviations: k, number of included primary studies; N, aggregate number of non-human primates; Pct, percentage consistency of positive direction of 

effect; SWiM, Synthesis Without Meta-analysis. 

3.5. Secondary outcomes, reproductive safety, and sub-

group variations 

Secondary reproductive, endocrine, and safety out-
comes across the 20 studies separated systemic hormonal 
suppression from selective non-hormonal or intracrine 
therapy. Systemic aromatase inhibition with letrozole 
(1.25 mg/day for 6 months) regressed peritoneal lesion 
volume in baboons. Langoi et al. 41 also recorded a statisti-
cally significant rise in bilateral ovarian volume at 6 
months compared with pre-treatment baseline (P < 0.05). 
The endocrine explanation is straightforward. Blocking 
CYP19A1 aromatase lowers circulating estradiol and re-
lieves negative feedback on the hypothalamic-pituitary 
axis. Pulsatile follicle-stimulating hormone (FSH) and lute-
inizing hormone (LH) secretion rise, and the ovaries en-
large with multiple follicles and cysts. GnRH antagonists 
(ganirelix 125 µg/day 36 and cetrorelix 3 mg every 3 days 
51) also suppressed lesion surface area. They induced pro-
found hypo-estrogenic anovulatory amenorrhea. Three 
targeted non-hormonal or intracrine regimens gave a clear 
contrast: oral PPAR-γ agonist rosiglitazone (2 mg/day 36), 
oral JNK inhibitor bentamapimod (20 mg/kg/day 51), and 
oral irreversible covalent 17β-HSD1 inhibitor PBRM (15 
mg/kg/day 59). Each regressed active red peritoneal le-
sions. Menstrual cycle duration stayed normal, as did sys-
temic serum estradiol and progesterone, with no ovarian 
cysts and no systemic toxicity. 17β-HSD1 acts locally in ec-
topic endometriotic tissue. It catalyzes the last step, 

reduction of weak estrone (E₁) to potent 17β-estradiol 
(E₂). Covalent blockade by PBRM therefore starves perito-
neal lesions of local E₂ and leaves pituitary gonadotropin 
homeostasis intact 59. Species also complement one an-
other. Olive baboons (Papio anubis, 11–16 kg) have a 
straight cervical canal. This allows non-surgical transcervi-
cal endometrial curettage, serial videolaparoscopic stag-
ing, and timed-mating fecundity trials 36,40,41,51,58. Rhesus 
macaques (Macaca mulatta, 5–9 kg) and smaller cynomol-
gus macaques (Macaca fascicularis, 2–5 kg) have a tortuous 
sigmoid cervix, so induction needs laparoscopic intrauter-
ine puncture 37. They are well suited to multi-year surveil-
lance of spontaneous disease in colonies 53,57, high-resolu-
tion fMRI and PET/CT neuroimaging in clinical scanners 
43,56, and study of PCOS-like metabolic comorbidities 60.  

3.6. Mechanistic insights, evidence mapping, and cer-

tainty of evidence 

The cross-cluster evidence map in Figure 3 links each 
study's thematic cluster, direction of effect, and overall 
risk-of-bias rating. Table 4 gives the formal GRADE narra-
tive certainty profile. Of the 20 studies, 18 (90.0%) showed 
a positive direction of effect ('Favors Intervention'). One 
study (5.0%, Falconer et al. 40) showed a neutral effect on 
fertility. One study (5.0%, Tsuji et al. 42) showed disease ex-
acerbation ('Favors Control') after intraperitoneal stem 
cell infusion. Under the GRADE narrative framework (Ta-
ble 4), certainty was High for three clusters. These were 
Cluster 1 (Endocrine & Metabolic Pharmacotherapy; k = 5, 
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N = 85, 100.0% directional consistency, 0% Moder-
ate/High overall RoB), Cluster 3 (Spontaneous & Induced 
Pathogenesis, Microbiome & Neuro-Oviductal Mechanics; k 
= 8, N = 109, 100.0% directional consistency, 0% Moder-
ate/High overall RoB), and Cluster 4 (Non-Invasive Molec-
ular Biomarkers, Epigenetics & Receptor Imaging; k = 3, N 
= 44, 100.0% directional consistency, 0% Moderate/High 
overall RoB). Certainty for Cluster 2 (Immunomodulatory, 
Kinase & Cell-Based Therapies; k = 4, N = 61) was down-
graded two levels to Low, for two objective reasons. (1) 

Risk of bias was Serious. Half of the studies in the cluster 
(2/4, 50.0%) had an overall Moderate RoB rating: Falconer 
et al. 40, because of animal attrition in the c5N group, and 
Tsuji et al. 42, because of unblinded sequential dosing with 
n = 2 controls. (2) Inconsistency was Serious. Directional 
consistency within the cluster was only 50.0%, below the 
75.0% threshold. Two studies favored intervention 39,51, 
one neutral fertility trial 40 was equivocal, and one study 
favored control because intraperitoneal stem-cell infusion 
exacerbated disease 42. 

 

Figure 3. Evidence synthesis matrix mapping the 20 included studies across the four thematic clusters, direction of effect (color-coded), 

and overall risk of bias (L = Low, M = Moderate). 

Table 4. GRADE narrative certainty of evidence profile across thematic outcome clusters. 

Outcome Cluster No of 
Studies 

Risk of Bias Inconsistency Indirectness Imprecision Overall Certainty 
GRADE 

Cluster 1: Endocrine & Metabolic Pharma-
cotherapy 

5 Not serious Not serious Not serious Not serious High 

Cluster 2: Immunomodulatory, Kinase & Cell-
Based Therapies 

4 Serious Serious Not serious Not serious Low 

Cluster 3: Spontaneous & Induced Pathogenesis, 
Microbiome & Neuro-Oviductal Mechanics 

8 Not serious Not serious Not serious Not serious High 

Cluster 4: Non-Invasive Molecular Biomarkers, 
Epigenetics & Receptor Imaging 

3 Not serious Not serious Not serious Not serious High 

Notes: Abbreviations: GRADE, Grading of Recommendations Assessment, Development and Evaluation. The GRADE ratings are those of the authors (see AQ6). 
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4. Discussion 

4.1. Principal findings 

This systematic review synthesized preclinical and 
translational evidence from 20 primary studies in 299 non-
human primates (Papio anubis, Macaca mulatta, and 
Macaca fascicularis). It maps the pathophysiology, diagnos-
tic biomarkers, and targeted therapeutics of endometrio-
sis. The qualitative SWiM synthesis gave four main find-
ings. First, two kinds of treatment regressed active perito-
neal lesions: selective intracrine estrogen blockade (irre-
versible 17β-HSD1 inhibition with PBRM 59) and non-hor-
monal modulation of intracellular signaling (PPAR-γ acti-
vation with rosiglitazone 36, JNK inhibition with bentama-
pimod 51). They did so while normal ovulatory cycles con-
tinued. They also avoided the bilateral ovarian cysts that 
unopposed systemic aromatase inhibition produced 41. 
Second, systemic TNF-α antagonism lowers lesional TGF-β 
transcription 39. It does not raise per-cycle fecundity in 
mild-to-moderate baboon endometriosis 40. Direct intra-
peritoneal delivery of umbilical cord-derived mesenchy-
mal stem cells worsened lesion severity, contrary to expec-
tation 42. Third, longitudinal NHP work links disease pro-
gression to several mechanisms. These are collective epi-
thelial-stromal cell migration, with loss of E-cadherin/β-
catenin and raised Ki67 at the invasion front 49; failure of 
Complex I/II mitochondrial oxidative phosphorylation 54; 
depletion of systemic and mucosal FOXP3⁺ Treg cells with 
Th17 skewing and gut and urogenital dysbiosis 58; thalamo-
insular central pain sensitization 56; and suppression of ov-
iductal Anoctamin-1 pacemaker channels by peritoneal 
fluid 48. Fourth, circulating non-coding RNAs (miR-150-5p, 
miR-451a, miR-3613-5p 55), proliferative-phase eutopic 
CXCL13 50, and uterine [¹⁸F]FES/[¹⁸F]FFNP PET/CT 43 give 
non-invasive readouts of disease activity and treatment re-
sponse. 

4.2. Comparison with previous evidence 

Rodent literature supports a comparison. It also shows 
why non-human primates matter for bridging the transla-
tional gap in gynecology 27,29,38. In homologous and heterol-
ogous mouse models, ectopic endometrium is sutured or 
injected into hosts that do not menstruate. These hosts lack 
natural spiral artery constriction, cyclic spontaneous de-
cidualization, and physiological retrograde menstruation 
4,11,12,61,62. Murine studies have suggested uniform anti-in-
flammatory benefit from mesenchymal stem cell trans-
plantation and broad suppression of inflammatory cyto-
kines 63,64. Primate trials show more complex effects that 
depend on species and route. Tsuji et al. 42 gave UC-MSCs (2 
× 10⁶ cells/kg) to naturally menstruating cynomolgus ma-
caques. Intraperitoneal administration worsened laparo-
scopic rASRM staging compared with intravenous delivery 
(P = 0.02). One explanation is local. Stem cells placed di-
rectly in an inflamed, estrogen-rich peritoneal cavity with 
active implants may engraft on lesion stroma. There they 
could undergo paracrine-induced fibroblast-to-myofibro-
blast transdifferentiation and secrete vascular endothelial 
growth factor (VEGF) and transforming growth factor-β 
(TGF-β) 65. New vessels, fibrotic encapsulation, and adhe-
sions would follow 10,20,42. Intravenous cells behave differ-
ently. Most are trapped in the pulmonary microvasculature 
66, where they release anti-inflammatory exosomes into the 
circulation without feeding local peritoneal stroma. Rodent 
models also cannot test spontaneous conception over con-
secutive 28-day ovulatory cycles. The baboon fertility trial 
of Falconer et al. 40 showed that anti-TNF-α mAb c5N 

neither impaired ovulation nor significantly improved cy-
cle fecundity rate (18% vs. 30% placebo). This may explain 
why TNF-α biologics have given only modest fertility ben-
efit in women despite lowering inflammatory markers; this 
explanation is a hypothesis. 

Clinical and translational studies from 2021 to 2026 
agree with the molecular signatures and diagnostic trade-
offs seen in the NHP evidence 31,46,47,67. Cosar et al. 55 
showed that simvastatin normalizes serum miR-150-5p, 
miR-451a, and miR-3613-5p in baboons. Nothnick and col-
leagues 68,69 then examined the miR-451a–macrophage mi-
gration inhibitory factor (MIF)–CD74/CXCR4 survival axis 
in human and baboon lesions. Mamillapalli et al. 46 profiled 
2,731 plasma miRNAs by RNA sequencing at 3, 6, 9, and 15 
months after induction in baboons. They found 76 differ-
entially expressed transcripts and four persistent core bi-
omarkers: upregulated miR-210-3p, and downregulated 
miR-448, miR-1260a/1260b, and miR-1298-5p. Surmann 
et al. 47 found that circulating transfer RNA-derived frag-
ments (tRFs) differ in abundance as early as 3 months after 
endometriosis induction in eight female baboons. Small 
non-coding RNAs are therefore early liquid biopsy candi-
dates. Molecular receptor imaging adds a different kind of 
information. Wilson et al. 43 used abdominopelvic PET/CT 
with [¹⁸F]FES and [¹⁸F]FFNP to quantify global changes in 
uterine estrogen and progesterone receptors across men-
strual phases in rhesus macaques. Johnson et al. 31 reached 
related conclusions from immunohistochemical subtyping 
of 68 rhesus macaques at the Emory National Primate Re-
search Center. PET/CT cannot resolve small individual per-
itoneal implants, because the radiotracers are excreted 
through the liver, bile, and intestine. Circulating miRNA 
and tRF panels have the molecular sensitivity to detect 
early, millimeter-scale peritoneal disease. Receptor 
PET/CT and emerging fibroblast activation protein (FAP) 
PET/MRI 25 give anatomical staging of deep nodular or 
uterine receptor pathology. 

4.3. Mechanistic plausibility across the four clusters 

The four clusters share a biologically plausible se-
quence: retrograde menstruation, intracrine estrogen, mi-
tochondrial stress, and neuro-immune dysbiosis, each re-
inforcing the next. Hayashi et al. 57 mapped cynomolgus 
macaques by monthly laparoscopy for 24 months. Sponta-
neous retrograde menstruation first seeded the gravity-de-
pendent anterior vesicouterine pouch (in 45.4% of pri-
mates) and then spread back to the rectouterine pouch of 
Douglas. De novo lesions developed in 100% of animals 
within two years. Viable fragments of menstrual endome-
trial functionalis then adhere to the peritoneal mesothe-
lium. They are rich in basalis-like SSEA1⁺/SOX9⁺ progeni-
tor cells 30 and steroid receptor coactivator-2 15. Local up-
regulation of CYP19A1 aromatase 41 and 17β-HSD1 59 fol-
lows. Together they drive autonomous intracrine synthesis 
of potent 17β-estradiol (E₂) from circulating estrone and 
androstenedione. ERBB2- and MIG-6-related progesterone 
resistance adds to the effect 13,70. Excess local E₂ and inter-
leukin-6 (IL-6) activate NOTCH1/E-protein signaling 71,72. 
They also upregulate microRNA-21, which drives myofi-
broblast fibrosis 67. At the invasion front of deep nodular 
lesions, partial epithelial-mesenchymal-like plasticity ap-
pears, with reduced E-cadherin and β-catenin and raised 
Ki67 mitotic activity 49. 

Recurrent cyclic bleeding within ectopic implants also 
releases free iron into the peritoneal cavity. This catalytic 
iron induces systemic iron deficiency 73 and ferroptotic and 
oxidative stress 18,21. It also causes severe dysfunction of 
the mitochondrial electron transport chain. Complex I and 
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Complex II oxygen consumption rates fall in basal, state 3, 
state 3u, and state 4o respiration, and carnitine, creatine 
phosphate, NADH, FAD, tryptophan, and malic acid are de-
pleted in both ectopic lesions and eutopic endometrium 54. 
Systemic hyperandrogenemia and visceral adiposity under 
Western-style diet exposure amplify this metabolic and ox-
idative stress 60,74,75. A marked immunological shift follows. 
Ectopic implants fail to recruit protective CD56⁺ uterine 
natural killer cells 52. Systemic and mucosal FOXP3⁺ regu-
latory T cells decline, pro-inflammatory Th17 cells expand, 
and gut and urogenital microbial dysbiosis develops 17,58,76. 
This inflammatory peritoneal microenvironment drives 
both unexplained tubal subfertility and central chronic pel-
vic pain. In the ampulla of the fallopian tube, inflammatory 
cytokines in endometriotic peritoneal fluid selectively 
lower Anoctamin-1 (ANO1) calcium-activated chloride 
channels on interstitial cells of Cajal-like pacemaker cells. 
FOXJ1 and AK7 ciliary structure is unchanged. Oviductal 
smooth muscle peristalsis is damped, and oocyte and em-
bryo transport suffers even when the tubes are anatomi-
cally patent 48,77. Chronic nociceptive input from innervated 
peritoneal lesions and Neuropeptide S Receptor 1 
(NPSR1)-expressing inflammatory monocytes 29 also 
drives plasticity in the central nervous system. The result 
is mechanical allodynia and hyperactivity of the insula and 
thalamus on fMRI BOLD imaging, which reverses with the 
progestin dienogest 56. 

4.4. Species, models, and sources of heterogeneity 

The primary NHP literature also shows where clinical 
and methodological heterogeneity comes from 45. First, 
species differ greatly in anatomy and physiology. Olive ba-
boons (Papio anubis) have a straight cervical canal that al-
lows transcervical endometrial curettage, and a spacious 
pelvis suited to repeated surgical staging 36,51. Rhesus ma-
caques (Macaca mulatta) and cynomolgus monkeys 
(Macaca fascicularis) have a tortuous sigmoid cervix. This 
led to laparoscopic intrauterine fundal puncture as the in-
duction method 37. Second, disease origin differs. Acute, 
surgically induced peritoneal seeding is typically assessed 
25 to 90 days after inoculation 36,39,55,59. Chronic spontane-
ous colony endometriosis evolves over several years, with 
dense adhesions and ovarian endometriomas 43,48,53,57. 
Third, outcome instruments range widely. They include 
macroscopic rASRM videolaparoscopic surface area and 
volume calculations, molecular transcriptomics, metabo-
lomics, algometry, and dynamic PET/CT or fMRI neuroim-
aging. 

4.5. Strengths and limitations 

This synthesis has several methodological strengths. It 
integrates 20 primary studies and 299 primates over a 19-
year translational window (2007–2025), set alongside 
2026 multi-omic discoveries 31,46,47. It follows the PRISMA 
2020 44 and SWiM 45 reporting guidelines. Boolean 
searches covered four major databases. Active Digital Ob-
ject Identifiers (DOIs) were verified for all 77 references. 
Data were extracted in 24 standardized clinical and quan-
titative domains per study without data imputation. Risk of 
bias was assessed in five domains and certainty with the 
GRADE narrative approach. Together these support rigor 
and reproducibility. 

Limitations of the primary NHP evidence and of this re-
view need to be stated. First, strict ethical regulation, spe-
cialized husbandry, and high cost keep individual primate 
studies small. Sample sizes ranged from N = 6 to N = 39 per 
study, and treatment arms often held only n = 4 to n = 10 
animals. Power to detect subtle subgroup differences is 

therefore limited. Second, surgical induction in baboons 
and macaques uses large boluses of autologous menstrual 
tissue, inoculated over one to three cycles. Lesions are es-
tablished faster than in the multi-year natural history of 
spontaneous retrograde menstruation in women and cap-
tive macaques 37,57. 

Third, drug efficacy trials mostly followed animals for 
short to medium periods, 30 to 90 days for rosiglitazone, 
rhTNFbp-1, bentamapimod, PBRM, and simvastatin 
36,39,51,55,59. Long-term recurrence after treatment and 
multi-year teratogenicity therefore cannot be judged. 
Fourth, the search was limited to peer-reviewed English-
language publications. Grey literature and unpublished 
pharmaceutical registries were excluded. Language or pub-
lication bias may result, although several databases and ci-
tation tracking were used. Four further limitations apply. 
No formal assessment of publication bias was made. The 
review protocol was not registered, according to the man-
uscript. Several mechanistic findings rest on a single study 
each. The manuscript does not state whether a second re-
viewer took part in screening and extraction.  

4.6. Clinical and research implications 

The findings have direct implications for clinical gyne-
cology, reproductive endocrinology, and the design of pre-
clinical trials. First, irreversible 17β-HSD1 inhibitors 
(PBRM 59), JNK inhibitors (bentamapimod 51), and PPAR-γ 
ligands (rosiglitazone 36) showed good safety and efficacy 
in baboons. These findings support consideration of intra-
crine and non-hormonal intracellular targets in early-
phase human trials for women who want to preserve fer-
tility. Targeted nanomedicine platforms, such as magnetic 
hyperthermia nanoparticles 78,79 and drug-loaded poly-
meric nanomicelles 14, are also worth exploring. Second, cli-
nicians and trialists designing regenerative cell therapies 
should heed the primate safety signal from Tsuji et al. 42. 
Mesenchymal stem cells should not be infused directly into 
the peritoneal cavity of patients with active endometriosis. 
Third, an evidence-based framework can guide the choice 
of NHP species in future preclinical work. (i) The olive ba-
boon (Papio anubis) is best for rapid surgical induction by 
transcervical endometrial seeding, repeated multi-laparos-
copy lesion morphometry, serial endometrial or peritoneal 
biopsies, and timed-mating fertility outcomes 36,40,51,59. (ii) 
The rhesus macaque (Macaca mulatta) suits long-term 
metabolic and endocrine exposure studies, such as PCOS-
like hyperandrogenemia and obesogenic diets 60, oviductal 
physiological assays 48, and radiotracer PET/CT imaging 43. 
Laparoscopic intrauterine fundal puncture is used when 
induced disease is required 37. (iii) The cynomolgus ma-
caque (Macaca fascicularis) is the preferred model for col-
ony screening of spontaneous endometriosis, multi-year 
natural history mapping, and objective central pain neu-
roimaging by fMRI and algometry 53,56,57. Combining these 
NHP platforms with longitudinal liquid biopsy panels (cir-
culating miRNAs 46,55 and tRNA-derived fragments 47) may 
speed precision medicine for women with endometriosis. 

5. Conclusion 

This systematic review of 20 primary studies in N = 299 
non-human primates shows that menstruating Old World 
primates bridge basic molecular discovery and clinical gy-
necological practice in endometriosis. The species are olive 
baboons (Papio anubis, n = 132), rhesus macaques (Macaca 
mulatta, n = 96), cynomolgus macaques (Macaca fascicu-
laris, n = 55), and mixed macaque cohorts (n = 16). 
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Synthesis without meta-analysis and GRADE narrative 
ratings across four thematic clusters give four conclusions. 
First, High-certainty evidence in Cluster 3 (k = 8, N = 109) 
shows how primate endometriosis arises and progresses. 
Retrograde menstrual seeding spreads from the 
vesicouterine pouch to the pouch of Douglas 57. E-cadherin 
and β-catenin loss allows collective cell invasion at the 
leading edge of deep nodular lesions 49. Complex I and II 
mitochondrial oxidative phosphorylation fails, with deple-
tion of tricarboxylic acid cofactors 54. Systemic and mucosal 
FOXP3⁺ Treg cells shift toward Th17 cells, with gut and 
urogenital dysbiosis 58. Thalamo-insular pathways sensi-
tize central pain processing 56. Peritoneal fluid suppresses 
oviductal Anoctamin-1 pacemaker channels 48. Second, 
High-certainty evidence in Cluster 1 (k = 5, N = 85) shows 
that selective intracrine estrogen blockade with the irre-
versible 17β-HSD1 inhibitor PBRM 59, and non-hormonal 
PPAR-γ activation with rosiglitazone 36, regress active red 
peritoneal lesions. Both preserve normal ovulatory cy-
clicity and avoid the bilateral ovarian cysts caused by un-
opposed systemic aromatase inhibition 41. The progestin 
dienogest reverses amplified central fMRI pain responses 
56. Third, Low-certainty evidence in Cluster 2 (k = 4, N = 61) 
shows that oral JNK inhibition (bentamapimod 51) and 
rhTNFbp-1 39 reduce lesion burden without suppressing 
the ovary. The anti-TNF-α monoclonal antibody c5N does 
not improve cycle fecundity 40, and intraperitoneal mesen-
chymal stem cell delivery significantly worsens peritoneal 
endometriosis 42. Fourth, High-certainty evidence in Clus-
ter 4 (k = 3, N = 44) supports circulating microRNAs (miR-
150-5p, miR-451a, miR-3613-5p 55), endometrial CXCL13 
50, and [¹⁸F]FES/[¹⁸F]FFNP PET/CT imaging 43 as non-inva-
sive tools for staging and monitoring treatment that work 
together. 
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