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Abstract

Background/Objectives: Chronic endometritis (CE) is an underrecognized inflammatory
disorder associated with infertility, recurrent pregnancy loss, and implantation failure.
CD138 immunohistochemistry is widely used to detect endometrial plasma cells; however,
background epithelial staining and interobserver variability may limit diagnostic precision.
MUM1 (IRF4), a nuclear transcription factor expressed in plasma cells, has emerged as
a potential complementary marker. We aimed to systematically evaluate the diagnostic
performance of MUM1 immunohistochemistry relative to CD138-based histopathologic
reference frameworks for chronic endometritis using a Bayesian meta-analytic framework.
Methods: We conducted a systematic review and diagnostic test accuracy meta-analysis in
accordance with PRISMA 2020 and PRISMA-DTA guidelines. MEDLINE, Embase, Scopus,
and CENTRAL were searched from inception to 28 February 2026. Studies assessing MUM1
immunohistochemistry against predefined histopathologic reference frameworks for CE
were eligible. Risk of bias was evaluated using QUADAS-2. A bivariate Bayesian random-
effects model was applied to jointly estimate pooled sensitivity, specificity, likelihood ratios,
and diagnostic odds ratio (DOR). Results: Six studies (n = 1574 women) were included in
the qualitative synthesis, and four provided sufficient 2 × 2 data for quantitative pooling.
The pooled sensitivity of MUM1 was 0.876 (95% credible interval (CrI): 0.536–0.976), and
the pooled specificity was 0.853 (95% CrI: 0.653–0.930). The pooled positive likelihood
ratio was 5.83 (95% CrI: 2.18–12.04), and the negative likelihood ratio was 0.15 (95% CrI:
0.03–0.56), corresponding to a DOR of 40.27 (95% CrI: 5.04–254.59). Credible intervals
were wide, reflecting statistical uncertainty related to the limited number of studies and
heterogeneity in diagnostic thresholds. Conclusions: MUM1 (IRF4) immunohistochemistry
demonstrates potentially favorable comparative diagnostic performance relative to CD138-
based reference frameworks, although substantial uncertainty remains due to limited
and heterogeneous evidence. As an adjunctive nuclear marker, MUM1 may support
histopathologic assessment of chronic endometritis; however, prospective head-to-head
studies using harmonized diagnostic criteria and predefined plasma cell thresholds are
required before routine implementation can be firmly recommended.
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1. Introduction
Chronic endometritis (CE) represents a persistent inflammatory condition of the

endometrial lining characterized by infiltration of plasma cells within the stromal com-
partment [1–5]. Although frequently asymptomatic, increasing evidence indicates that
CE may adversely affect reproductive outcomes, including infertility, recurrent pregnancy
loss (RPL), and recurrent implantation failure (RIF), highlighting its clinical relevance in
reproductive medicine [6–11]. Reported prevalence varies substantially across studies,
largely reflecting differences in diagnostic criteria, patient populations, and histopatho-
logical interpretation, underscoring the ongoing lack of standardization in diagnostic
approaches [12–15].

Histopathologic identification of endometrial plasma cells remains the cornerstone of
CE diagnosis [1–4,16]. CD138 immunohistochemistry is widely used to enhance plasma
cell detection [2,3,17–19]; however, interobserver variability, inconsistent cut-off thresholds,
and variability in staining protocols contribute to diagnostic heterogeneity [13,14,20–22]. In
addition, CD138 expression may overlap with endometrial epithelial staining, potentially
reducing diagnostic specificity and complicating interpretation [2,17].

MUM1 (multiple myeloma oncogene 1), also known as interferon regulatory factor 4
(IRF4), is a nuclear transcription factor expressed in late-stage B cells and plasma cells [20].
As a nuclear marker, MUM1 offers theoretical advantages in distinguishing true plasma
cells from surrounding stromal elements and may improve diagnostic precision [20,21].
Emerging studies have evaluated MUM1 immunohistochemistry in CE, reporting improved
plasma cell detection and promising concordance with CD138 compared with conventional
approaches [21–25]. In some cohorts, MUM1-based diagnosis has been associated with
reproductive outcomes, including frozen embryo transfer (FET) success rates and RIF
prognosis [23,26,27].

In addition, advances in digital pathology and artificial intelligence-assisted plasma
cell quantification may further enhance diagnostic reproducibility and reduce observer-
related variability [21,23,28]. Despite these developments, findings remain heterogeneous,
and diagnostic thresholds vary substantially across studies.

To date, no systematic review and Bayesian diagnostic meta-analysis has compre-
hensively assessed the comparative diagnostic performance and concordance of MUM1
in chronic endometritis. Therefore, the present study aimed to systematically evaluate
the pooled sensitivity, specificity, and overall diagnostic performance of MUM1 using a
bivariate Bayesian random-effects model [29,30].

2. Materials and Methods
2.1. Protocol and Registration

The present systematic review and Bayesian diagnostic meta-analysis were con-
ducted in accordance with established international methodological standards for evi-
dence synthesis, including the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA 2020) statement and its extension for diagnostic test accu-
racy studies (PRISMA-DTA) [31,32]. The PRISMA 2020 checklist is provided in the
Supplementary Materials File S2.

The protocol was prospectively registered in the International Prospective Register of
Systematic Reviews (PROSPERO; registration number CRD420261323577).

https://doi.org/10.3390/diagnostics16081167

https://doi.org/10.3390/diagnostics16081167


Diagnostics 2026, 16, 1167 3 of 17

Risk of bias and methodological quality were assessed using the Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) framework [33].

2.2. Eligibility Criteria

Eligibility criteria were predefined according to the PICO framework.

Population

Women of reproductive age undergoing evaluation for infertility, recurrent pregnancy
loss, implantation failure, abnormal uterine bleeding, or suspected/confirmed chronic
endometritis were eligible for inclusion.

Index Test

The index test was immunohistochemical detection of nuclear MUM1 (IRF4) expres-
sion in endometrial tissue samples.

Reference Standard

The reference standard was the histopathologic diagnosis of chronic endometritis, de-
fined by the identification of endometrial plasma cells using CD138 immunohistochemistry
and/or conventional histological assessment, according to each individual study.

Outcomes

The primary outcomes were pooled sensitivity and specificity. Secondary outcomes
included positive likelihood ratio (LR+), negative likelihood ratio (LR−), and diagnostic
odds ratio (DOR). Only studies providing sufficient data to reconstruct 2 × 2 contingency
tables (true positives, false positives, true negatives, and false negatives) for MUM1 versus
the reference standard were included in the quantitative meta-analysis.

Study Design

Eligible study designs included randomized controlled trials, prospective and ret-
rospective cohort studies, case–control studies, and cross-sectional diagnostic accuracy
studies.

Exclusion Criteria

Studies were excluded if they:

• Were case reports or case series including fewer than 10 patients;
• Were reviews, editorials, letters, or conference abstracts without full-text availability;
• Included animal or in vitro data;
• Did not provide extractable diagnostic accuracy data;
• Assessed MUM1 solely as a prognostic or therapeutic marker rather than as a diag-

nostic index test.

Methodological Considerations Regarding the Reference Standard

Chronic endometritis lacks a universally accepted gold standard. In most included
studies, CD138 immunohistochemistry served as the primary reference standard; however,
some investigations applied composite diagnostic frameworks incorporating histology,
hysteroscopy, or molecular testing. Consequently, the present meta-analysis evaluates the
relative diagnostic performance of MUM1 against heterogeneous reference frameworks
rather than against a single independent disease-defining standard. This methodological
characteristic reflects current clinical practice and the absence of a universally validated
reference benchmark in this field.
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2.3. Information Sources and Search Strategy

A systematic and comprehensive search of the literature was performed in the fol-
lowing electronic databases: MEDLINE (via PubMed), Embase, Scopus, and the Cochrane
Central Register of Controlled Trials (CENTRAL). All records published from database
inception until 28 February 2026 were considered eligible for screening.

The search strategy incorporated both controlled vocabulary terms (e.g., MeSH and
Emtree) and relevant free-text keywords related to “chronic endometritis”, “MUM1”,
“IRF4”, “immunohistochemistry”, “plasma cells”, and diagnostic test performance. In addi-
tion, reference lists of all included studies were manually examined to identify potentially
relevant publications not captured through electronic database searching. No restrictions
regarding language were applied.

Detailed search strategies for each database are provided in Supplementary Material
File S1.

2.4. Screening and Eligibility Assessment

All retrieved records were imported into reference management software, where
duplicate entries were identified and removed. Two reviewers independently screened
titles and abstracts for potential eligibility. Full-text articles of potentially relevant studies
were then assessed according to the predefined inclusion and exclusion criteria. Any
disagreements between reviewers were resolved through discussion until consensus was
reached. The overall study selection process is illustrated in Figure 1.

Figure 1. PRISMA 2020 flow diagram of study selection.
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2.5. Data Extraction

Data extraction was performed independently by two reviewers using a standardized
data collection form.

The following information was extracted:

• Study characteristics (first author, year, country, study design);
• Clinical context and patient population;
• Sample size;
• Details of the MUM1 immunohistochemistry protocol;
• Reference standard used;
• 2 × 2 contingency data (true positives, false positives, true negatives, and false

negatives).

When necessary, diagnostic accuracy parameters were recalculated from the reported
raw data.

2.6. Risk of Bias Assessment

Methodological quality and risk of bias were assessed using the Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) tool. Risk of bias was evaluated across
four domains:

1. Patient selection;
2. Index test;
3. Reference standard;
4. Flow and timing.

Each domain was judged as having low, high, or unclear risk of bias. Applicability
concerns were also assessed.

2.7. Statistical Analysis

A bivariate Bayesian random-effects hierarchical model was applied to jointly es-
timate pooled sensitivity and specificity while accounting for the correlation between
study-specific effects and between-study heterogeneity. Weakly informative prior dis-
tributions were specified to improve stability of parameter estimation in the context of
sparse data. Normal prior distributions with a mean of 0 and a standard deviation of 1
were assigned to logit-transformed sensitivity and specificity parameters. Between-study
standard deviations were assigned truncated normal prior distributions constrained to
positive values. The correlation parameter between logit sensitivity and logit specificity was
modeled using an LKJ(2) prior distribution. These prior specifications are consistent with
recommended Bayesian hierarchical approaches for diagnostic test accuracy meta-analysis
and allow robust estimation while appropriately reflecting uncertainty associated with
limited evidence.

Posterior distributions were summarized using medians and 95% credible intervals
(CrIs). Convergence of the Bayesian models was assessed using the diagnostics imple-
mented in MetaBayesDTA, including visual inspection of trace plots and Gelman–Rubin
R-hat statistics, with values below 1.1 indicating adequate convergence.

Derived summary measures included:

• Diagnostic odds ratio (DOR);
• Positive likelihood ratio (LR+);
• Negative likelihood ratio (LR−);
• False positive rate (1 − specificity).

Between-study heterogeneity was quantified using variance parameters for logit-
transformed sensitivity and specificity, as well as the between-study correlation coefficient
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(ρ). A hierarchical summary receiver operating characteristic (HSROC) curve was con-
structed to illustrate overall diagnostic performance.

Descriptive forest plots were generated using Review Manager 5.4 (RevMan, The
Cochrane Collaboration, Oxford, UK). Bayesian hierarchical modeling was performed
using the MetaBayesDTA web application (version 1.5.3).

Given the limited number of included studies, formal subgroup or meta-regression
analyses were not feasible. A predefined sensitivity analysis excluding the study using
a composite genital tuberculosis-based reference standard was performed to explore the
potential impact of heterogeneous reference frameworks on pooled estimates.

Given the heterogeneity of reference standards across studies, pooled estimates should
be interpreted as measures of comparative diagnostic performance relative to existing
diagnostic frameworks rather than as indicators of absolute disease verification accuracy.

2.8. Ethical Considerations

As this study was based exclusively on previously published data, ethical approval
and informed consent were not required.

3. Results
3.1. Study Selection

A total of 198 records were identified through database searching. After the removal
of 23 duplicate records and 5 records excluded for other reasons, 170 records underwent
title and abstract screening. Of these, 149 records were excluded. Twenty-one reports were
sought for full-text review; three reports could not be retrieved. Eighteen full-text articles
were assessed for eligibility. Twelve studies were excluded for the following reasons: five
did not evaluate MUM1 (IRF4) immunohistochemistry in endometrial tissue, four did not
provide extractable diagnostic accuracy data, and three were case reports or case series
including fewer than 10 patients. Six studies met the inclusion criteria and were included
in the qualitative synthesis. Of these, four provided sufficient data for inclusion in the
quantitative meta-analysis.

The study selection process is illustrated in Figure 1.

3.2. Study Characteristics

The main characteristics of the included studies are presented in Table 1. The six stud-
ies were published between 2019 and 2023 and comprised a total of 1574 participants.
Study designs included prospective and retrospective cohort studies, as well as multicenter
analyses.

Clinical contexts included infertility, recurrent implantation failure, recurrent preg-
nancy loss, abnormal uterine bleeding, and suspected or confirmed chronic endometritis.
All studies evaluated MUM1 (IRF4) immunohistochemistry in endometrial tissue sam-
ples. In most studies, CD138 immunohistochemistry served as the reference standard,
whereas one study used a composite reference standard including laparoscopy, histology,
and molecular testing.

Diagnostic thresholds for plasma cell positivity varied across studies, ranging from
≥1 plasma cell per high-power field to ≥5 plasma cells per defined tissue section, poten-
tially contributing to methodological heterogeneity.
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Table 1. General features of included studies.

Study ID Country Study Design Population (N) Clinical Context Index Test Reference Standard CE Diagnostic
Threshold Key Findings

Klimaszyk (2023) [7] Poland Observational 54 women with RPL Recurrent pregnancy
loss MUM1 IHC CD138 IHC ≥1 plasma

cell/10 HPF

MUM1 identified a
higher proportion of
CE cases than CD138
(57.4% vs. 40.7%);
moderate agreement
(κ = 0.60).

Parks (2019) [21] USA Retrospective 311 endometrial
biopsies Suspected CE/AUB MUM1 IHC CD138 IHC; H&E

histology ≥1 plasma cell

Higher plasma-cell
detection with MUM1
(48%) compared with
CD138 (23%) and H&E
(15%); reduced
epithelial background
staining.

Xiong (2023) [23] China Observational 298 infertile women Infertility evaluation
Dual CD138/MUM1
IHC with AI-assisted

counting

Conventional CD138
IHC with manual

plasma-cell counting
>5 plasma cells

per section

Dual staining
improved diagnostic
accuracy and reduced
misclassification
compared with CD138
alone.

Punjabi (2023) [6] India Retrospective 391 infertile women Genital tuberculosis-
associated CE MUM1 IHC

Composite GTB
diagnosis (laparoscopy,
histology, GeneXpert)

≥1 plasma cell

Sensitivity 46.7% and
specificity 85.8% for
GTB-associated CE;
high negative
predictive value.

Cicinelli (2022) [22] Italy Multicenter
retrospective 193 women Infertility/RPL/AUB MUM1 IHC

CD138 IHC (primary
comparison);

hysteroscopy + histology
(ROC analysis)

≥1 plasma
cell/20 HPF

Higher diagnostic
accuracy and
interobserver
reproducibility
compared with CD138.

Li (2023) [8] China Retrospective 327 women with RIF Recurrent
implantation failure MUM1/CD138 IHC

Post-treatment
reassessment and
clinical outcomes

≥5 plasma
cells/30 HPF

CE was associated
with reduced FET
outcomes; resolution
after treatment
improved reproductive
outcomes.
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3.3. Risk of Bias

The methodological quality and risk of bias assessment, performed using the
QUADAS-2 tool, is summarized in Table 2. Two studies (Klimaszyk (2023) [7]; Cicinelli
(2022) [22]) were judged to have a low risk of bias across all domains. In contrast, three
studies demonstrated a high risk of bias in the reference standard domain, primarily due to
potential incorporation bias or lack of independent confirmation.

Table 2. Risk of bias and applicability concerns.

Study Patient
Selection

Index
Test

Reference
Standard

Flow and
Timing

Applicability
Concerns

Klimaszyk (2023) [7] Low Low Low Low Low
Cicinelli (2022) [22] Low Low Low Low Low

Parks (2019) [21] High Low High Low Moderate
Xiong (2023) [23] Low Unclear High Low High
Punjabi (2023) [6] High Low High Low High

Li (2023) [8] Low Low High Low Moderate

Concerns regarding patient selection were identified in two studies, mainly related
to retrospective design or selective inclusion criteria. Applicability concerns were rated
as high in two studies and moderate in two others, largely reflecting variations in clinical
context and reference standards.

Overall, the methodological quality of the included studies was considered moder-
ate, with heterogeneity primarily attributable to differences in reference standards and
diagnostic thresholds.

3.4. Diagnostic Accuracy of Individual Studies

Individual diagnostic performance estimates are presented in Table 3 and Figure 2. Sen-
sitivity ranged from 46.7% to 100% across studies. Two studies (Klimaszyk (2023) [7]; Xiong
(2023) [23]) reported a sensitivity of 100%, whereas Punjabi (2023) [6] reported a lower
sensitivity of 46.7% in the context of genital tuberculosis-associated chronic endometritis.

Table 3. Diagnostic accuracy (2 × 2 contingency data) of MUM1 (IRF4) immunohistochemistry for
the diagnosis of chronic endometritis.

Study Population
(N)

Reference
Standard

MUM1
Cut-Off TP FP FN TN Sensitivity

(%)
Specificity

(%)

Klimaszyk
(2023) [7] 54 CD138 IHC ≥1 plasma

cell/10 HPF 22 9 0 23 100 71.9

Cicinelli
(2022) [22] 193 CD138 IHC ≥1 plasma

cell/20 HPF 60 5 11 117 84.5 95.9

Xiong
(2023) [23] * 198

Manual
CD138

diagnosis
>5 plasma cells

per section 96 17 0 85 100 83.3

Punjabi
(2023) [6] ** 391

Composite
GTB

diagnosis
≥1 plasma cell 28 47 32 284 46.7 85.8

* For Xiong (2023) [23], only cases with manual CD138 diagnosis used as a reference standard were included in
the 2 × 2 analysis. ** Punjabi (2023) [6] used a composite reference standard for genital tuberculosis-associated
chronic endometritis (laparoscopy, histology, and molecular testing).
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(a) (b) 

Figure 2. Forest plots of pooled diagnostic performance estimates for MUM1 (IRF4) immunohisto-
chemistry in chronic endometritis. (a) Sensitivity and (b) specificity estimates. Squares represent
individual study estimates, with horizontal lines indicating 95% credible intervals (CrI). The pooled
estimates were derived using a bivariate Bayesian random-effects model [6,7,22,23].

Specificity ranged from 71.9% to 95.9%. The highest specificity was observed in
the multicenter study by Cicinelli (2022) [22], while lower specificity was reported by
Klimaszyk (2023) [7].

Overall, variability was greater for sensitivity than for specificity, suggesting hetero-
geneity in case definitions and diagnostic thresholds across studies. Four studies provided
sufficient 2 × 2 contingency data for inclusion in the quantitative meta-analysis.

3.5. Pooled Diagnostic Performance

Using a bivariate Bayesian random-effects model, the pooled sensitivity of MUM1
(IRF4) immunohistochemistry for the diagnosis of chronic endometritis was 0.876 (95% cred-
ible interval (CrI): 0.536–0.976), while the pooled specificity was 0.853 (95% CrI: 0.653–0.930).
The pooled positive likelihood ratio (LR+) was 5.83 (95% CrI: 2.18–12.04), and the pooled
negative likelihood ratio (LR−) was 0.15 (95% CrI: 0.03–0.56). The diagnostic odds ratio
(DOR) was 40.27 (95% CrI: 5.04–254.59), which is suggestive of favorable overall compara-
tive diagnostic performance, although the wide credible interval reflects uncertainty related
to the limited number of included studies.

Between-study heterogeneity was greater for sensitivity (between-study standard
deviation for logit-transformed sensitivity, σ1 = 1.903) than for specificity (σ0 = 0.846). The
between-study correlation coefficient (ρ = −0.154) suggested a weak negative correlation
between sensitivity and specificity across studies. The hierarchical summary receiver
operating characteristic (HSROC) curve is presented in Figure 3 and illustrates the overall
diagnostic performance of MUM1 across included studies.
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Figure 3. Hierarchical summary receiver operating characteristic (HSROC) curve of MUM1 (IRF4)
immunohistochemistry for the diagnosis of chronic endometritis. Each circle represents an individual
study estimate. The diamond indicates the pooled estimate derived from the bivariate Bayesian
random-effects model. The shaded inner region represents the 95% credible region, and the outer
dashed contour corresponds to the 95% prediction region.

A sensitivity analysis excluding the study using a composite genital tuberculosis-based
reference standard yielded a pooled sensitivity of 0.941 (95% CrI: 0.659–0.987) and a pooled
specificity of 0.854 (95% CrI: 0.577–0.950). These estimates overlapped with the primary
analysis, indicating that inclusion of the GTB-associated cohort did not materially influence
overall diagnostic performance. The higher pooled sensitivity in this restricted analysis
primarily reflects the lower sensitivity observed in the GTB-associated cohort rather than
the instability of the Bayesian model. The pooled diagnostic performance estimates are
summarized in Table 4.
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Table 4. Pooled diagnostic performance of MUM1 (IRF4).

Diagnostic Parameter Pooled Estimate 95% Credible
Interval (CrI)

Sensitivity 0.876 0.54–0.98
Specificity 0.853 0.65–0.93

Positive likelihood ratio (LR+) 5.83 2.18–12.04
Negative likelihood ratio (LR−) 0.15 0.03–0.56

Diagnostic odds ratio (DOR) 40.27 5.04–254.59

4. Discussion
4.1. Principal Findings

In this systematic review and Bayesian diagnostic meta-analysis, MUM1 (IRF4) im-
munohistochemistry showed promising pooled sensitivity (0.876; 95% CrI: 0.536–0.976)
and specificity (0.853; 95% CrI: 0.653–0.930) for the diagnosis of chronic endometritis. The
pooled diagnostic odds ratio (40.27; 95% CrI: 5.04–254.59) suggests meaningful discrimina-
tory capacity, although the wide credible interval reflects substantial statistical imprecision
related to the small number of available studies.

The pooled positive likelihood ratio (5.83) indicates that a positive MUM1 result is
associated with an increased probability of classification within CD138-based diagnos-
tic frameworks for chronic endometritis. The negative likelihood ratio (0.15) suggests a
meaningful reduction in disease probability when the test is negative. Although between-
study heterogeneity was observed, particularly for sensitivity, overall diagnostic perfor-
mance remained consistently favorable across studies. Collectively, these findings provide
preliminary quantitative support for further evaluation of MUM1 within standardized
histopathological diagnostic frameworks.

4.2. Context Within Existing Literature

Chronic endometritis has also been associated with impaired implantation and ad-
verse reproductive outcomes in several observational and interventional studies, including
reports evaluating antibiotic treatment strategies and their impact on subsequent pregnancy
rates [12,13,34–37]. In addition, hysteroscopic findings such as endometrial micropolyps
and refined histological diagnostic criteria have been proposed to improve disease charac-
terization and standardize clinical diagnosis [5,12,38].

The broader immunological and inflammatory microenvironment of the endometrium
has further been implicated in the pathophysiology of chronic endometritis, supporting
its role in reproductive dysfunction and implantation failure [26,30,31,36,39–41]. Recent
investigations have also emphasized the contribution of plasma cells as key immunological
mediators in IVF failure, underscoring the need for precise and reproducible diagnostic
markers in reproductive medicine [27,42].

Early immunohistochemical observations exploring plasma cell markers in endome-
trial tissue laid the groundwork for subsequent investigations into alternative nuclear
markers such as MUM1 [43].

4.3. Clinical Implications

Accurate detection of chronic endometritis is highly relevant in reproductive medicine,
given its reported associations with infertility, recurrent pregnancy loss, and implantation
failure [6–11,44]. Improved diagnostic precision may therefore influence patient stratifica-
tion, therapeutic decision-making, and counseling in selected clinical contexts.
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The positive likelihood ratio observed in this analysis suggests that a positive MUM1
result may be associated with a meaningful increase in post-test probability of chronic
endometritis, whereas the low negative likelihood ratio indicates potential value in reducing
disease probability when findings are negative. However, these estimates should be
interpreted in light of the variability in plasma cell thresholds and reference standards
across studies, which limits immediate generalizability and underscores the need for
harmonized diagnostic criteria prior to widespread clinical implementation [13,24].

Importantly, because CD138 immunohistochemistry functioned as the reference stan-
dard in most included studies, the present meta-analysis assesses the diagnostic perfor-
mance of MUM1 relative to an established comparator rather than against an independent
disease-defining benchmark. Accordingly, the findings should not be interpreted as evi-
dence of superiority but rather as supporting a potentially non-inferior or complementary
role within current diagnostic frameworks.

In clinical practice, MUM1 may therefore be considered an adjunctive nuclear marker,
particularly in cases with equivocal CD138 staining, background epithelial reactivity, or
interpretative uncertainty [21,22]. Nonetheless, definitive conclusions regarding replace-
ment, superiority, or incremental diagnostic benefit require prospectively designed, blinded
head-to-head studies to apply uniform and predefined diagnostic thresholds.

At present, the available evidence does not establish standardized diagnostic thresh-
olds for MUM1 interpretation and does not provide sufficient prospective validation to
support routine use as a standalone diagnostic marker. MUM1 should therefore currently
be regarded as a complementary marker that may assist histopathological interpretation
in selected clinical contexts, particularly in situations where background epithelial CD138
staining or interpretative variability complicate plasma cell identification.

4.4. Strengths and Limitations

This study represents, to our knowledge, the first systematic review and Bayesian
diagnostic meta-analysis specifically evaluating MUM1 (IRF4) immunohistochemistry in
chronic endometritis. A key methodological strength is the application of a bivariate
Bayesian random-effects model [29,30], which jointly estimates sensitivity and specificity
while accounting for between-study heterogeneity and their correlation. This approach is
particularly appropriate when only a small number of studies are available, as it allows
direct quantification of uncertainty through posterior distributions and reduces the risk of
overprecision in sparse datasets. The limited number of studies available for quantitative
synthesis represents an important constraint on the interpretation of pooled estimates.
Accordingly, the wide credible intervals observed for sensitivity, specificity, and derived
summary measures reflect substantial statistical uncertainty related to sparse data and
between-study heterogeneity. These findings should therefore be interpreted cautiously
and regarded as exploratory and hypothesis-generating rather than definitive estimates of
comparative diagnostic performance.

The review was conducted in accordance with established methodological standards
for systematic reviews and diagnostic accuracy studies [31–33], including prospective
protocol registration and structured QUADAS-2 assessment.

Several limitations should be acknowledged. Although six studies were included in the
qualitative synthesis, only four provided extractable 2 × 2 contingency data for quantitative
pooling. This limited evidence base constrained statistical precision and precluded formal
subgroup or meta-regression analyses. The relatively wide credible intervals observed
for pooled sensitivity and specificity therefore reflect inherent uncertainty rather than
deficiencies of the modeling framework.
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Between-study heterogeneity, particularly for sensitivity, likely reflects differences
in clinical populations, staining protocols, interpretative criteria, and plasma cell cut-off
thresholds. Such variability may indicate a threshold effect contributing to differences in
diagnostic performance across studies.

Variability in plasma cell cut-off thresholds used to define chronic endometritis may
influence observed sensitivity and specificity by altering the balance between diagnostic in-
clusiveness and specificity. Lower thresholds may increase sensitivity by identifying milder
inflammatory infiltrates but may also increase the risk of misclassification of physiological
inflammatory changes. Conversely, higher thresholds may improve specificity but may
fail to detect low-grade inflammatory processes. Differences in threshold definitions may
therefore contribute to between-study heterogeneity and partially explain variability in
pooled sensitivity estimates observed across included studies.

An important methodological consideration concerns the heterogeneity of reference
standards. Chronic endometritis lacks a universally accepted gold standard. While CD138
immunohistochemistry served as the primary comparator in most studies, some investiga-
tions employed composite diagnostic frameworks incorporating histology, hysteroscopy,
or molecular testing. Consequently, pooled estimates represent relative diagnostic per-
formance compared with heterogeneous diagnostic frameworks rather than validation
against an independent disease-defining benchmark. This may introduce incorporation or
verification bias and should be considered when interpreting accuracy estimates.

The absence of universally harmonized histopathological criteria represents a funda-
mental limitation in chronic endometritis research. Although CD138 immunohistochem-
istry is widely used for plasma cell identification, variability in diagnostic thresholds and
interpretative criteria contributes to heterogeneity across studies. Therefore, pooled esti-
mates should be interpreted as measures of concordance with currently applied diagnostic
frameworks rather than absolute indicators of disease verification accuracy [12–14,45].

The inclusion of heterogeneous clinical contexts—including infertility-associated
chronic endometritis, recurrent implantation failure, recurrent pregnancy loss, and infection-
related endometrial inflammation—may also contribute to variability in observed perfor-
mance. However, given the limited number of available studies, restriction to narrower
subgroups would have substantially reduced interpretability.

Importantly, this meta-analysis does not establish whether MUM1 provides incremen-
tal diagnostic value beyond CD138 in standardized, blinded head-to-head comparisons
using uniform thresholds, nor does it define an optimal plasma cell cut-off for routine
implementation. These questions require prospectively designed studies, ideally structured
as non-inferiority or equivalence investigations using harmonized methodological criteria.

4.5. Future Directions

Future prospective multicenter studies using standardized plasma cell thresholds and
clearly defined reference standards are warranted [12–14]. In particular, predefined cut-offs
(e.g., ≥5 plasma cells per high-power field) should be applied consistently to reduce inter-
pretative variability and improve comparability across studies. Blinded, same-slide head-to-
head comparisons between MUM1 and CD138 within identical patient populations would
provide more definitive evidence regarding their relative diagnostic performance [20,24,25].

Prospective investigations specifically designed as non-inferiority or equivalence stud-
ies are needed to determine whether MUM1 offers incremental value beyond CD138 or may
serve as a reliable alternative in routine practice. Integration of digital pathology and artifi-
cial intelligence-assisted plasma cell quantification may further enhance reproducibility
and reduce observer-dependent variability in histopathological assessment [23,28].
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In addition, future research should aim to evaluate MUM1 within more homogeneous
clinical subgroups, such as isolated recurrent implantation failure or infertility without
infectious etiologies, to clarify context-specific diagnostic performance. Harmonization
of histological criteria, hysteroscopic findings, and molecular diagnostic approaches may
ultimately facilitate the development of standardized diagnostic algorithms for chronic
endometritis in reproductive medicine [5,27,38,46].

5. Conclusions
MUM1 (IRF4) immunohistochemistry demonstrates promising relative diagnostic

performance compared with CD138-based diagnostic frameworks in this Bayesian meta-
analysis. However, the limited number of available studies and the absence of a universally
accepted reference standard introduce substantial uncertainty, reflected by wide credible
intervals. Current evidence primarily supports the role of MUM1 as an adjunctive marker
that may support histopathological interpretation in selected clinical scenarios. Further
prospective, standardized head-to-head studies using harmonized diagnostic thresholds
are required before routine clinical implementation can be definitively recommended.
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A.; Ałtyn, R.; et al. Plasma cells as the key players of IVF failure? Unlocking the enigma of infertility and in vitro fertilization
failure in the light of uterine inflammation. Int. J. Mol. Sci. 2024, 25, 13083. [CrossRef] [PubMed]

28. Mihara, M.; Yasuo, T.; Kitaya, K. Precision medicine for chronic endometritis: Computer-aided diagnosis using deep learning
model. Diagnostics 2023, 13, 936. [CrossRef]

29. Rutter, C.M.; Gatsonis, C.A. Hierarchical regression approach to meta-analysis of diagnostic accuracy evaluations. Stat. Med.
2001, 20, 2865–2884. [CrossRef]

30. Debray, T.P.A.; Damen, J.A.A.G.; Snell, K.I.E.; Ensor, J.; Hooft, L.; Reitsma, J.B.; Riley, R.D.; Moons, K.G.M. A guide to systematic
review and meta-analysis of prediction model performance. Br. Med. J. 2017, 356, i6460. [CrossRef]

31. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Br. Med. J. 2021,
372, n71. [CrossRef]

32. McInnes, M.D.F.; Moher, D.; Thombs, B.D.; McGrath, T.A.; Bossuyt, P.M.; Clifford, T.; Cohen, J.F.; Deeks, J.J.; Gatsonis, C.; Hooft,
L.; et al. The PRISMA-DTA statement. JAMA 2018, 319, 388–396. [CrossRef] [PubMed]

33. Whiting, P.F.; Rutjes, A.W.S.; Westwood, M.E.; Mallett, S.; Deeks, J.J.; Reitsma, J.B.; Leeflang, M.M.G.; Sterne, J.A.C.; Bossuyt,
P.M.M.; QUADAS-2 Group. QUADAS-2: A revised tool for the quality assessment of diagnostic accuracy studies. Ann. Intern.
Med. 2011, 155, 529–536. [CrossRef] [PubMed]

https://doi.org/10.3390/diagnostics16081167

https://doi.org/10.1016/j.fertnstert.2018.03.017
https://www.ncbi.nlm.nih.gov/pubmed/29908776
https://doi.org/10.1016/j.rbmo.2021.02.003
https://doi.org/10.1093/ajcp/138.suppl1.303
https://doi.org/10.1097/PGP.0000000000000737
https://doi.org/10.1111/j.1600-0897.2011.01051.x
https://doi.org/10.1016/j.fertnstert.2011.09.039
https://doi.org/10.1038/modpathol.3880405
https://doi.org/10.5858/2004-128-1000-RSIAIT
https://www.ncbi.nlm.nih.gov/pubmed/15335255
https://doi.org/10.1182/blood.V95.6.2084
https://www.ncbi.nlm.nih.gov/pubmed/10706878
https://doi.org/10.1177/1066896918814307
https://www.ncbi.nlm.nih.gov/pubmed/30482071
https://doi.org/10.1007/s10815-021-02356-1
https://doi.org/10.1111/aji.13671
https://doi.org/10.1111/aji.13369
https://doi.org/10.1093/humrep/der341
https://doi.org/10.1111/aji.12438
https://www.ncbi.nlm.nih.gov/pubmed/26478517
https://doi.org/10.3390/ijms252313083
https://www.ncbi.nlm.nih.gov/pubmed/39684794
https://doi.org/10.3390/diagnostics13050936
https://doi.org/10.1002/sim.942
https://doi.org/10.1136/bmj.i6460
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1001/jama.2017.19163
https://www.ncbi.nlm.nih.gov/pubmed/29362800
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://www.ncbi.nlm.nih.gov/pubmed/22007046
https://doi.org/10.3390/diagnostics16081167


Diagnostics 2026, 16, 1167 17 of 17

34. Song, D.; He, Y.; Wang, Y.; Liu, Z.; Xia, E.; Huang, X.; Xiao, Y.; Li, T.-C. Impact of antibiotic therapy on the rate of negative test
results for chronic endometritis: A prospective randomized controlled trial. Fertil. Steril. 2021, 115, 1549–1556. [CrossRef]

35. Cheng, X.; Huang, Z.; Xiao, Z.; Bai, Y. Does antibiotic therapy for chronic endometritis improve clinical outcomes of patients with
recurrent implantation failure in subsequent IVF cycles? A systematic review and meta-analysis. J. Assist. Reprod. Genet. 2022, 39,
2397–2408. [CrossRef]

36. Zhang, Y.; Xu, H.; Liu, Y.; Zheng, S.; Zhao, W.; Wu, D.; Lei, L.; Chen, G. Confirmation of chronic endometritis in repeated
implantation failure and success outcome in IVF-ET after intrauterine delivery of the combined administration of antibiotic and
dexamethasone. Am. J. Reprod. Immunol. 2019, 82, e13177. [CrossRef] [PubMed]

37. Hue, H.J.; Choi, H.; Lee, H.K.; Lee, J.R.; Jee, B.C.; Choo, C.W.; Kim, S.K. Prevalence and confounders of chronic endometritis
diagnosed using CD138 in patients with recurrent implantation failure. Clin. Exp. Reprod. Med. 2024, 51, 163–169. [CrossRef]

38. Hirata, K.; Kimura, F.; Nakamura, A.; Kitazawa, J.; Morimune, A.; Hanada, T.; Takebayashi, A.; Takashima, A.; Amano, T.; Tsuji,
S.; et al. Histological diagnostic criterion for chronic endometritis based on the clinical outcome. BMC Women’s Health 2021, 21, 94.
[CrossRef]

39. Yan, X.; Jiao, J.; Wang, X. The pathogenesis, diagnosis, and treatment of chronic endometritis: A comprehensive review. Front.
Endocrinol. 2025, 16, 1603570. [CrossRef]

40. Ticconi, C.; Inversetti, A.; Marraffa, S.; Campagnolo, L.; Arthur, J.; Zambella, E.; Di Simone, N. Chronic endometritis and recurrent
reproductive failure: A systematic review and meta-analysis. Front. Immunol. 2024, 15, 1427454. [CrossRef]

41. Kitaya, K.; Takeuchi, T.; Mizuta, S.; Matsubayashi, H.; Ishikawa, T. Endometritis: New time, new concepts. Fertil. Steril. 2018, 110,
344–350. [CrossRef]

42. Kimura, F.; Takebayashi, A.; Ishida, M.; Nakamura, A.; Kitazawa, J.; Morimune, A.; Hirata, K.; Takahashi, A.; Tsuji, S.; Takashima,
A.; et al. Chronic endometritis and its effect on reproduction. J. Obstet. Gynaecol. Res. 2019, 45, 951–960. [CrossRef]

43. Crum, C.P.; Egawa, K.; Fenoglio, C.M.; Richart, R.M. Chronic endometritis: The role of immunohistochemistry in the detection of
plasma cells. Am. J. Obstet. Gynecol. 1983, 147, 812–815. [CrossRef]

44. Johnston-MacAnanny, E.B.; Hartnett, J.; Engmann, L.L.; Nulsen, J.C.; Sanders, M.M.; Benadiva, C.A. Chronic endometritis
is a frequent finding in women with recurrent implantation failure after in vitro fertilization. Fertil. Steril. 2010, 93, 437–441.
[CrossRef] [PubMed]

45. Klimaszyk, K.; Nielsen, H.S.; Wender-Ozegowska, E.; Kedzia, M. Chronic endometritis—Is it time to clarify diagnostic criteria?
Ginekol. Pol. 2023, 94, 152–157. [CrossRef]

46. Moreno, I.; Cicinelli, E.; Garcia-Grau, I.; Gonzalez-Monfort, M.; Bau, D.; Vilella, F.; De Ziegler, D.; Resta, L.; Valbuena, D.; Simon,
C. The diagnosis of chronic endometritis in infertile asymptomatic women: A comparative study of histology, microbial cultures,
hysteroscopy, and molecular microbiology. Am. J. Obstet. Gynecol. 2018, 218, 602.e1–602.e16. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/diagnostics16081167

https://doi.org/10.1016/j.fertnstert.2020.12.019
https://doi.org/10.1007/s10815-022-02558-1
https://doi.org/10.1111/aji.13177
https://www.ncbi.nlm.nih.gov/pubmed/31373128
https://doi.org/10.5653/cerm.2023.06170
https://doi.org/10.1186/s12905-021-01239-y
https://doi.org/10.3389/fendo.2025.1603570
https://doi.org/10.3389/fimmu.2024.1427454
https://doi.org/10.1016/j.fertnstert.2018.04.012
https://doi.org/10.1111/jog.13937
https://doi.org/10.1016/0002-9378(83)90045-5
https://doi.org/10.1016/j.fertnstert.2008.12.131
https://www.ncbi.nlm.nih.gov/pubmed/19217098
https://doi.org/10.5603/GP.a2022.0147
https://doi.org/10.1016/j.ajog.2018.02.012
https://doi.org/10.3390/diagnostics16081167

	Introduction 
	Materials and Methods 
	Protocol and Registration 
	Eligibility Criteria 
	Information Sources and Search Strategy 
	Screening and Eligibility Assessment 
	Data Extraction 
	Risk of Bias Assessment 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Study Selection 
	Study Characteristics 
	Risk of Bias 
	Diagnostic Accuracy of Individual Studies 
	Pooled Diagnostic Performance 

	Discussion 
	Principal Findings 
	Context Within Existing Literature 
	Clinical Implications 
	Strengths and Limitations 
	Future Directions 

	Conclusions 
	References

