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Abstract

Background and Aims: Biliary atresia (BA) is the leading
cause of pediatric obstructive cholestasis and a major indica-
tion for liver transplantation in infants. Organoid models are
increasingly used to investigate BA pathogenesis and thera-
peutic responses, but incomplete methodological and clinical
reporting may limit cross-study comparison and translational
interpretation. This study aimed to map the landscape of
BA-related organoid research, identify major reporting gaps,
and propose the Biliary Atresia Minimum Reporting Standard
(BA-MRS) as a preliminary framework for improving report-
ing completeness. Methods: PubMed, Scopus, and Web of
Science Core Collection were searched on March 8, 2026, in
accordance with the PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews) and the 2024 Joanna Briggs Institute (JBI)
Manual for Evidence Synthesis. Reporting completeness was
assessed using a 36-item BA-MRS across six domains, scored
as fully reported, partially reported, not reported, or not ap-
plicable. Results: Twenty-six studies published between
2020 and 2026 were included. Fibrosis and epithelial-mesen-
chymal transition were the most frequently studied themes,
whereas only one study linked organoid findings to post-
Kasai outcomes. BA case/model definition, ethics approval,
and differentiation protocols were fully reported in all appli-
cable studies (100%). In contrast, contamination monitor-
ing (3.8%), core biliary function assays (34.6%), and clinical
outcome linkage (26.3%) were poorly reported. Culture Sys-
tem and Sample Acquisition showed the lowest domain-level
fully reported rates (58.1% and 63.2%, respectively). Con-
clusions: BA organoid research has progressed beyond early
model development, but reporting remains insufficient for
robust comparison, reproducibility, and clinically meaningful
interpretation. BA-MRS may serve as a preliminary frame-
work for improving standardized reporting in future studies.
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Introduction

Biliary atresia (BA) is the leading cause of obstructive cholesta-
sis in infancy!2 and is characterized by progressive fibro-ob-
literative injury of the extrahepatic bile ducts.2:3 Untreated BA
progresses to cirrhosis and liver failure, often requiring liver
transplantation.!.2 Kasai portoenterostomy (KPE) remains the
only initial surgical treatment,2“ and earlier surgery is gener-
ally associated with better jaundice clearance and native liver
survival (NLS).4-¢ Even within the usual “early” window, how-
ever, outcomes vary widely, with many children later develop-
ing cholangitis, fibrosis, portal hypertension, and eventually
requiring liver transplantation.’.8 This heterogeneity suggests
that BA is not simply a mechanical obstruction but a broader
disease process involving epithelial injury, barrier dysfunc-
tion, inflammation, and altered repair responses.2:3

Organoid technology now provides a useful platform for
studying these processes.?10 BA-relevant organoids include
patient-derived biliary or liver organoids, animal model-de-
rived organoids, and human pluripotent stem cell (hPSC)-
derived cholangiocyte-like systems, including induced pluri-
potent stem cell (iPSC)-derived models.!! These models
retain key biliary features in vitro and have been used to
investigate polarity, lumen formation, cilia-related pheno-
types, barrier integrity, transport function, injury responses,
fibrosis-related signaling, infection models, drug response,
and multi-omic profiling.9:11-14 As the field expands, the main
question is no longer whether BA-relevant organoids can be
established but whether published studies can be compared,
reproduced, and interpreted in a clinically meaningful way.

This question is important because reporting heterogene-
ity is already recognized as a barrier to reproducibility across
the broader organoid literature.1516 In BA, incomplete re-
porting has additional consequences. The interpretation of
organoid findings depends on clinical and biological context,
including surgical timing, disease subtype, post-KPE course,
and the anatomical source of the sampled tissue.12:14 When
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sample handling, culture conditions, characterization, and
functional validation are incompletely described, cross-study
comparison becomes difficult, and the relationship between
organoid phenotypes and post-KPE heterogeneity remains
unclear. For a field that ultimately aims to inform mechanistic
stratification and therapeutic development, this is a transla-
tional problem as well as a methodological one.!5:16

The literature is also heterogeneous in model source, in-
tended application, and depth of characterization, making a
scoping review appropriate for mapping the field and iden-
tifying reporting gaps.1” We therefore conducted a scoping
review guided by the PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews)17:18 of published BA-related organoid stud-
ies, combining evidence mapping with a structured reporting
audit of 36 BA-specific items across six domains. A second
aim was to derive a preliminary disease-specific reporting
framework, the Biliary Atresia Minimum Reporting Standard
(BA-MRS), from the observed evidence landscape and report-
ing gaps. BA-MRS is proposed as an evidence-informed work-
ing framework rather than a guideline or consensus standard
and requires future external and Delphi-based validation.19:20

Methods

Protocol, design, and eligibility

This scoping review was prospectively registered on the Open
Science Framework (OSF; DOI: 10.17605/0SF.I1I0/3Z6KU)
and conducted in accordance with PRISMA-ScR and the 2024
Joanna Briggs Institute (JBI) Manual.l7.18 The review ad-
dressed two linked questions: how completely BA organoid
studies report disease context, sample acquisition, culture
conditions, characterization, functional validation, and design
traceability; and which reporting items are needed to support
clearer linkage between organoid findings and clinically rel-
evant post-KPE outcomes, such as jaundice clearance, chol-
angitis, and NLS.

Eligible studies were peer-reviewed full-text reports with
original data on three-dimensional biliary or cholangiocyte
organoid models relevant to BA. This included organoids
derived from BA patient tissue, BA animal models, hPSC/
iPSC-derived cholangiocyte-like systems used to model BA-
relevant mechanisms, and non-BA biliary organoids exposed
to BA-relevant injury stimuli. Methodological papers and case
series were eligible if they contained original organoid data.
Studies were excluded if they did not use a three-dimensional
organoid system, had no clear BA relevance, lacked sufficient
information to determine model relevance, were non-original
publications, or were conference abstracts, posters, preprints
without full-text counterparts, or reports that could not be
charted. Selected non-BA biliary organoid and methodologi-
cal papers were used only to inform item development and
conceptual framing; they were not included in the audited
evidence set.

Search, study selection, and data charting

A systematic search of PubMed, Scopus, and Web of Science
Core Collection was performed on March 8, 2026, without
language, date, or study design restrictions. Search terms
combined BA and organoid concepts; full strategies for all
databases are provided in Supplementary File 1. Records
were deduplicated in Zotero and screened in two stages by
two reviewers independently. Title and abstract screening
was intentionally broad because the literature was sparse
and focused. Potentially eligible reports underwent full-text
review, and disagreements were resolved by discussion or

third-reviewer adjudication. The selection process is shown
in Supplementary Figure 1.

Data were charted using an a priori form piloted on three
studies. Charting covered six modules: basic study charac-
teristics; BA disease definition and comparator context; sam-
ple acquisition and preanalytical handling; culture system;
phenotypic characterization and validation; and clinically
linked information. Reviewers recorded supporting quota-
tions and page references for subjective fields to improve
consistency during adjudication. Two reviewers charted stud-
ies independently. Insufficient methodological detail after eli-
gibility confirmation was treated as a reporting deficit rather
than an exclusion criterion. Of the 26 included studies, one
was published in Chinese and was charted and harmonized
by Chinese-English bilingual reviewers using the same pro-
cess as for English-language articles.

Reporting audit and BA-MRS framework develop-
ment

The reporting audit used a 36-item checklist. After comple-
tion of the audit, the items were provisionally classified as
27 Core items and 9 Optional items. Each item was rated
independently by two reviewers as fully reported (V), par-
tially reported (A), not reported (x), or not applicable (NA).
“Fully reported” indicated sufficient detail for reproducibility
or clinical interpretation; “partially reported” indicated that
the item was mentioned but key information was missing;
“not reported” indicated omission in the full text. NA was
reserved for structurally inapplicable items, such as surgi-
cal timing in hPSC-based modeling studies or patient clinical
outcomes in purely animal-based systems. NA values were
excluded from denominators when reporting coverage rates.
Item-specific thresholds are provided in Supplementary Ta-
ble 1. This audit assessed reporting completeness only and
was not designed as an appraisal of methodological quality,
risk of bias, or certainty of evidence.

For evidence mapping, studies were summarized descrip-
tively by publication year, country or region, species cate-
gory, model source, and primary research theme. No me-
ta-analysis or inferential statistical testing was performed.
Findings were presented using counts, percentages, and de-
scriptive comparisons, with visual outputs including an evi-
dence gap matrix (Fig. 1), a domain-level reporting plot (Fig.
2), an item-level ranking plot (Fig. 3), and a study-by-item
heatmap (Fig. 4).

The BA-MRS item pool was developed through a staged,
evidence-informed process. First, a provisional 38-item can-
didate pool was assembled from the evidence map, the a
priori charting modules, general reporting guidance, and
organoid-related methodological literature, including Animal
Research: Reporting of In Vivo Experiments (ARRIVE) 2.0,
STAR Methods, Biospecimen Reporting for Improved Study
Quality (BRISQ), and Minimum Information for Publication of
Quantitative Real-Time PCR Experiments (MIQE) 2.0.15.19-24
Second, candidate items were piloted during charting and
audit calibration. Items were retained when they captured
BA-specific clinical context, organoid culture traceability,
phenotypic or functional characterization, or design trans-
parency relevant to reproducibility or clinical interpretation.
Overlapping items were merged when they assessed the
same reporting construct, items were split when one field
contained distinct clinical or laboratory concepts, and items
were removed when they could not be scored reproducibly or
were already covered by another item. This process yielded
the final 36-item checklist.

Core versus Optional classification was then determined
after completion of the audit using prespecified considera-
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Evidence gap matrix of organoid model sources and research themes
in BA organoid studies
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immune injury & ductular injury therapeutic molecular & function outcome linkage establishment
@ A: Patient-derived BA () C:Non-BA human + stimulus ) E:Non-BA animal + injury/toxin
@ B: hPSC / iPSC-derived @ D: BA animal model (RRV/BDL) Evidence gap (n = 0)

Fig. 1. Evidence gap matrix of organoid model sources and research themes in BA organoid studies. Each cell shows the number of studies addressing
a given combination of organoid model type (rows) and research theme (columns). Studies contributing to multiple categories were counted in each applicable cell;
empty cells represent evidence gaps. BA, biliary atresia; EMT, epithelial-mesenchymal transition; hPSC, human pluripotent stem cell; iPSC, induced pluripotent stem
cell; BDL, bile duct ligation; RRV, rhesus rotavirus.

tions: relevance to post-KPE clinical interpretation, expected resolved by reviewer discussion and, when needed, third-
impact on reproducibility or translational use, applicability reviewer adjudication. The item-level classification rationale
across major model types, and observed reporting perfor- is summarized in Table 1.1.2/4,10,11,13,25-38

mance. Items were classified as Core when they represented
a minimum reporting expectation for interpretable or repro-
ducible BA organoid studies within the relevant model con-
text, even if current reporting was poor. Items were classi-
fied as Optional when they were clinically or methodologically

Results

Study selection and characteristics of the evidence

informative but inherently context-dependent, not applicable base
to several model types, or premature to require across the The database search identified 145 records: 43 from Pub-
field. Disagreements during scoring or classification were Med, 44 from Scopus, and 58 from Web of Science Core Col-

Domain-level reporting coverage across 26 BA organoid studies

Proportion of valid cells (NA excluded from denominator) = Y Fully reported
A Partially reported
mm x Not reported
NA

D1: Disease & Clinical (6 items) 67.4% 13.3% 19.3% 819% reported

D2: Sample Acquisition (6 items) 63.2% 15.3% 5% 78% reported

N
-

D3: Culture System (7 items) 58.1% 23.5% 18.4% 82% reported

D4: Characterization (5 items) 62.3% 26.9% 8% 89% reported

D5: Functional Validation (7 items) 72.4% 17.3% 10.3% 90% reported

=

D6: Design & Traceability (5 items) 65.1% 25.6% .3% 91% reported

! ! | ' ' '
0% 20% 40% 60% 80% 100%

Fig. 2. Domain-level reporting coverage across six BA-MRS domains. Horizontal stacked bar chart showing the proportion of valid audit cells scored as fully
reported (V), partially reported (A), or not reported (x) for each BA-MRS domain across 26 included studies. Percentages within each segment denote the proportion
of valid cells; annotations to the right show the combined acceptable reporting rate (v + A). Items scored as NA were excluded from the denominator. BA-MRS, the
Biliary Atresia Minimum Reporting Standard; NA, not applicable.
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Item-level reporting gaps in BA organoid literature
(36 BA-MRS items ranked by v%; @ Core, O Optional)

@ BA case/model definition

@ Drug response assay

@ Differentiation/stimulation protocol

@ Ethics/informed consent/animal ethics

@ Stimulus-matched readout & method

@ Disease-relevant modelling stimulus

® Tissue source & anatomical site

@ Characterization method

@ Seeding format & method

@ Sampling timepoint

@ Comparison/validation against parent tissue/controls
@ Endpoint definition / threshold

@ Tissue digestion/dissociation protocol

@ Statistical unit & method

@ Culture conditions

@ Biological replicates clearly stated

@ Seeding density / split ratio

@ Medium composition & key factors

@ Structural phenotype & assay

O Data/material/protocol availability

O Baseline cholestatic biochemistry

@ Identity marker panel

@ Cell enrichment/selection

@ Key reagent traceability

@ Technical replicates / repeat experiments clearly stated
O Explicit clinical translation mapping

O Barrier/integrity assay

@ Matrix type/brand/catalog number

@ Passage number & experimental timepoint

@ Core biliary function assay

O Clinical outcome & definition

O Sample preservation/cryopreservation protocol
O Purity/heterogeneity assessment

O BA subtype/phenotype

O Time to processing & sample handling conditions

@ Contamination monitoring & QC

B Core item V%
B Optional item V%
V+2)%

60 80 100
Coverage (%)

Fig. 3. Item-level reporting gaps across 36 BA-MRS items ranked by fully reported rate. Horizontal bar chart displaying the fully reported rate (V%) for each
of the 36 BA-MRS items across 26 studies, ranked from highest to lowest. Dark blue bars denote Core items (e); dark gray bars denote Optional items (). Light gray
background bars represent the combined acceptable reporting rate (V + A)%. NA items were excluded from the denominator. BA-MRS, the Biliary Atresia Minimum

Reporting Standard; NA, not applicable; QC, quality control.

lection. After removal of 80 duplicates, 65 records under-
went screening. Fourteen conference abstracts could not be
retrieved as chartable full texts. Of the 51 full-text reports
assessed for eligibility, 25 were excluded: 16 reviews or edi-
torials, 7 reports without BA relevance, and 2 studies without
an organoid model. Twenty-six studies were included in the
scoping review and reporting audit.

The included studies were published between 2020 and
2026, with most appearing in 2024-2026 (Supplementary
Fig. 2A). Geographically, the literature was concentrated in
China and cross-regional collaborations: 13 studies were
cross-regional collaborations, 10 originated from China (8

from the Chinese mainland and 2 from Hong Kong/Macao),
and 1 each came from the USA, Japan, and the Netherlands
(Supplementary Fig. 2B). In this review, “cross-regional” re-
fers to studies with author affiliations, study materials, data-
sets, or collaborative teams spanning more than one geo-
graphic region, including collaborations involving the Chinese
mainland, Hong Kong/Macao, and/or international partners.
By species composition, 11 studies involved humans only, 13
combined human and animal evidence, and 2 were mouse-
only studies (Supplementary Fig. 2C). Twenty-five studies
were published in English, and one was published in Chinese
(Wang 202139). Detailed study-level characteristics are sum-
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BA-MRS reporting audit: 36 items x 26 studies

(@ Core O Optional)

@ BA case/model definition

O BA subtype/phenotype -

@ Tissue source & anatomical site
@ Sampling timepoint -

O Baseline cholestatic biochemistry -
O Clinical outcome & definition -

@ Ethics/informed consent/animal ethics

O Time to processing & sample handling conditions
@ Tissue digestion/dissociation protocol -

@ Seeding format & method

@ Cell enrichment/selection

O Sample preservation/cryopreservation protocol

@ Matrix type/brand/catalog number -
@ Medium composition & key factors -
@ Culture conditions

@ Seeding density / split ratio
@ Passage number & experimental timepoint

@ Differentiation/stimulation protocol
@ Contamination monitoring & QC -

@ Identity marker panel -

@ Characterization method

@ Structural phenotype & assay

@ Comparison/validation against parent tissue/controls

O Purity/heterogeneity assessment

@ Core biliary function assay

O Barrier/integrity assay -

@ Disease-relevant modelling stimulus
@ Stimulus-matched readout & method
@ Drug response assay

@ Endpoint definition / threshold

O Explicit clinical translation mapping

@ Biological replicates clearly stated

@ Technical replicates / repeat experiments clearly stated
@ Statistical unit & method

@ Key reagent traceability
© Data/material/protocol availability

Chen2020
Zhao2024
Babu2020

Wai2025

Tian2022a
Chusilp2025
Chung2022
Meng2021
Chusilp2021
Chusilp2020

==V Fully reported

A Partially reported
= x Not reported

NA

D1: Disease & Clinical

D2: Sample Acquisition

D3: Culture System

D4: Characterization

D5: Functional Validation

D6: Design & Traceability

Tian2022b -
Ammirata2026
Wang2021
Amarachintha2022
Xia02025
Short2023
Shimamura2024
YueHaiBing2024
XiaoManHuan2024
Zhu2026
Ayabe2025

Fig. 4. BA-MRS reporting audit heatmap: 36 items and 26 studies. Cell-level heatmap depicting the four-level audit score for each of the 36 BA-MRS items
(rows) across 26 studies (columns). Colors: steel blue, fully reported (V); light blue, partially reported (A); coral red, not reported (x); white, NA. Items are grouped
by domain (D1 to D6) and prefixed with e (Core) or o (Optional). BA-MRS, the Biliary Atresia Minimum Reporting Standard; NA, not applicable; QC, quality control.

marized in Table 2.12-14,39-61

Model sources were heterogeneous. Human studies most
often used wedge liver biopsy or portal plate remnant tis-
sue obtained at KPE, with choledochal cyst or hepatoblas-
toma-adjacent tissue commonly used as controls. Other
approaches included hPSC/iPSC-derived cholangiocyte-like
organoids, BA animal models, and non-BA biliary organoids
exposed to BA-relevant injury stimuli. Among animal mod-
els, the neonatal mouse model induced by rhesus rotavirus
was the most frequently used,®? with additional studies using
bile duct ligation mouse models or zebrafish models. Primary
aims included disease modeling, infection- or toxin-related
injury, fibrosis and epithelial-mesenchymal transition (EMT),
therapeutic evaluation, biomarker investigation, and tran-
scriptomic or multi-omic characterization. Common analyti-
cal approaches included immunofluorescence, quantitative
reverse-transcription polymerase chain reaction (qRT-PCR),
Western blotting, transport or swelling assays, bulk and sin-
gle-cell RNA sequencing, and barrier-related readouts such

as transepithelial electrical resistance (TEER) and fluorescein
isothiocyanate—dextran 4 kDa (FD4) permeability assays.

Evidence gap matrix

The evidence gap matrix showed an uneven field structure
across model sources and research themes (Fig. 1). Patient-
derived BA organoids were the most versatile model class
and contributed to all seven research themes. Fibrosis, EMT,
and ductular injury represented the densest part of the lit-
erature, accounting for 22 study-theme entries, followed by
drug or therapeutic evaluation (n = 14). hPSC/iPSC-derived
models were represented by only two studies, Ye 202613
and Ha 2025,5% indicating that this model category remains
comparatively sparse. In contrast, themes requiring direct
clinical anchoring were sparse. The weakest area was linkage
to clinical outcomes after KPE. Only one study (Wai 202514)
explicitly related organoid findings to NLS or timing of trans-
plantation. No animal-derived, hPSC-derived, or stimulus-
treated non-BA models addressed clinical endpoints.
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This pattern suggests a structural imbalance rather than
a simple absence of studies. The field has been productive
in generating mechanistic and intervention-oriented models
but much less successful in embedding organoid work within
clinically interpretable trajectories. The imbalance is espe-
cially important in BA, where age at KPE, disease subtype,
tissue origin, and postoperative course are central to out-
come interpretation.1:2:4.6.25

Reporting audit

Domain-level coverage: At the domain level, accept-
able reporting rates (V+A) ranged from 78% to 91% (Fig.
2). Design & Traceability ranked highest (91%), followed
by Functional Validation (90%), Characterization (89%),
Culture System (82%), Disease & Clinical Context (81%),
and Sample Acquisition & Processing (78%). Fully reported
rates (V) showed a similar but more discriminating pattern:
Functional Validation ranked highest (72.4%), followed by

fully + partially reported. BA, biliary atresia; BA-MRS,

cal unit (donor vs. organoid vs. well) is necessary

Designated Core because specifying the statisti-
to evaluate whether reported p-values are valid
a statement of availability is appropriate with-

ganoid field, and many studies without omics
out making it a compliance requirement

Designated Core because distinguish-

ing biological from technical replicates is es-

sential to prevent pseudoreplication, a

known issue in organoid studies38

Designated Core because catalogue num-

laboratory to procure identical reagents; the

threshold was set at >3 key reagents

Designated Optional because open data shar-

ing is not yet standard practice in the BA or-
generation in BA organoid research data have no dataset to deposit; encouraging

Classification rationale

ok
&
S8
g ©
L &<
2 £ o
5 gé
& 35
S ¢
> £
S S
@ o 8
o 3
£ U g
) o £ 5
s 9}%5 Disease & Clinical Context (67.4%), Design & Traceability
g ig8 (65.1%), Sample Acquisition & Processing (63.2%), Char-
2 o8 acterization (62.3%), and Culture System (58.1%). Taken
5 g §§ together, these results indicate that the weakest reporting
Q StE 5 domains were Sample Acquisition & Processing and Culture
o, £ _g ‘l;g j*g System, ||3a|('jticularly when stricter “fully reported” thresholds
c c8 ®So =823 were applied.
IS P £ § '4% g% %Eé WERE Item-level gaps: Item-level ranking further clarified
sl £ 3 QB g T UES ¢ 3\-; § 8 ‘g’f this pattern (Fig. 3). Near-complete or complete reporting
L é: Socg é cEo 8g° 2 é 2k was observed for BA case/model definition (D1_01, 100%),
938905028 &_g S 49 385sS ethics/informed consent/animal ethics (D2_01, 100%), dif-
s o %-8 = :2-0 £3%% @ E = J%g Eg ferentiation or stimulation protocol when applicable (D3_06,
) So ; SEwm 5 z 2 30 o5m2 gons 100%; applicable n = 23), drug-response assay when appli-
g |5Y¢58 SGc 2=-& 883 528 cable (D5_05, 100%; applicable n = 14), stimulus-matched
S 3 § EST® F>) 293 gf 205 € ‘Zf %i readout and method (D5_04, 96.0%), and disease-relevant
2 g g b s08 § %g 6 o398 Sg8E modeling stimulus (D5_03, 95.8%). These high-coverage
®5/S2g°8LeE 555 £22 £982 items show that most studies clearly stated what model they
f_°§ So %.E % S5 gg'g g m'g o E :>§ used, the broad intervention logic, and the immediate ex-
O3|copk oosTL Q450 c SCER perimental readout.
£ <° § § 258428 § 8% 2 '4% ® 2ese By contrast, the lowest-performing items were contamina-
On|FccalaacxXo> O0OOE 85 °9%8 tion monitoring and quality control (D3_07; V 3.8%, [V+A]
&g E 8 11.5%), time to processing and sample handling (D2_02;
B oE g < 7.7%, 34.6%), BA subtype or phenotype (D1_02; 10.5%,
’<']‘ = o £ E £ 36.8%), purity or heterogeneity assessment (D4_05; 11.5%,
+ [0 o s N E 0 § 65.4%), and sample preservation or cryopreservation pro-
3 3 = S & e og tocol (D2_06; 20.0%, 53.3%). Culture System showed the
S oE g widest internal spread: differentiation or stimulation proto-
Egeg col (D3_06) achieved full reporting in all applicable studies,
o [ o o 1n ﬁ ;Eg whereas matrix type/brand/catalogue number (D3_01) and
% 2 S 2 7 %3’ g2 £ passage number/experimental timepoint (D3_05) were fully
°oz§ reported in only 46.2% of studies. In Disease & Clinical Con-
5683 text, disease definition, tissue source, and sampling time-
© Z3 g & point were generally well reported, but baseline cholestatic
T |o o o S TEes biochemistry (D1_05; applicable n = 19, vV 57.9%, [V+A]
5 g S S g_ gg s 63.2%) and clinical outcome definition (D1_06, 26.3%) were
- og2¢e much less consistent.
D= 3‘;8§ Heatmap patterns and preliminary BA-MRS clas-
. %g vE I 2 sification: The audit heatmap (Fig. 4) showed that more
c |aB ., = o O E _ 8 §2 = recent studies tended to contain more fully reported items
o |¢ gg% 289 gag RS ]« gy in Disease & Clinical Context and Functional Validation, but
B, s? gt; g;ﬂi %E 8 wS = e EE: under-reporting remained concentrated in specific rows.
| E|Eec>® S £ 93%% Egn g-g =g Contamination monitoring and quality control (QC; D3_07)
?g a 5 % e = % =1 - s @ %% S8 g was predominantly not reported across the matrix; only the
£ g Qe % e g 5’ s = © 3 % g study by Ha 202556 was fully reported for this item, whereas
s §§§ 2 Chen 20204° and Babu 202043 were partially reported. NA
= ~ o < " ® > 8 :‘2: values clustered in a few context-dependent items, especially
o E S e S, e Eg% © drug-response assay (D5_05; 12 NA), sample preservation/
5| 9 |o © © © 2 -1 cryopreservation (D2_06; 11 NA), and barrier/integrity as-
gl R |a @ o @ 858z say (D5_02; 11 NA), reinforcing the importance of interpret-
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ing coverage alongside item applicability.

Species category also affected the visual pattern. Human-
only studies had more clinically applicable cells in Domain 1
and therefore more opportunities to report disease context
and outcomes. Human + Animal studies showed descrip-
tively better coverage for disease-relevant modeling stimulus
(D5_03) and drug-response assay (D5_05). The mouse-only
subgroup was too small (n = 2) for meaningful comparison.

Based on the audit and the framework-development pro-
cess, the 36 BA-MRS items were provisionally classified as 27
Core and 9 Optional items (Table 1). Every domain contained
at least one Core item, and all seven items in the Culture
System domain were classified as Core. Optional items were
concentrated in context-dependent areas such as subtype
definition, baseline cholestatic biochemistry, outcome linkage,
cryopreservation, and data or material availability. The gap
between fully reported and acceptable reporting rates was
informative: for example, matrix description (D3_01) and
passage number/experimental timepoint (D3_05) were often
mentioned but not with enough detail to support procurement-
level reproducibility or interpretation of passage-related drift.

Discussion

This study provides, to our knowledge, the first disease-spe-
cific evidence map and structured reporting audit of BA or-
ganoid research. Three broad conclusions emerge. First, the
evidence base has moved beyond simple proof-of-concept
model establishment. Studies published from 2020 to 2026
increasingly address mechanistic questions, injury pathways,
and therapeutic evaluation. Second, this expansion has been
uneven. Fibrosis, EMT, and ductular injury dominate the lit-
erature, whereas direct linkage to post-KPE clinical outcomes
is rare. Third, the main reporting deficits are no longer in
stating the broad model identity but in documenting the de-
tails needed for reproducibility, cross-study comparison, and
clinical interpretation. These observations align with report-
ing concerns raised in the wider organoid literature.!>16

These points are important because BA is a clinically heter-
ogeneous disease in which KPE outcomes are strongly influ-
enced by disease subtype, surgical timing, and postoperative
trajectory.126 A literature built mainly around mechanistic
plausibility but with inconsistent clinical and methodological
anchoring is difficult to translate into cumulative knowledge.
In other words, the field now has enough studies to expose
its reporting weaknesses clearly.

The audit identified four linked reporting gaps. The first is
inadequate clinical anchoring of heterogeneous model sourc-
es. BA-relevant organoid studies now include patient-derived
tissue, hPSC-derived biliary systems, animal model-derived
organoids, and injury-stimulated non-BA organoids. This di-
versity is valuable, but it requires stronger context if findings
are to be interpreted across studies. BA subtype or pheno-
type (D1_02) and baseline cholestatic biochemistry (D1_05)
were among the weakest clinical items. Without these an-
chors, many studies can be labelled “"BA-relevant” while still
representing clinically distinct settings that are difficult to
compare directly.3:25,63

The second gap is insufficient pre-analytical and culture
traceability. Time to processing, sample handling, matrix
specification, passage number, and especially contamina-
tion monitoring were inconsistently reported. The pattern is
notable: disease-relevant stimulation protocols were usually
described well, but baseline conditions required for reproduc-
ibility were not. This imbalance matters because pre-analyt-
ical handling and culture drift can influence establishment
success, phenotype stability, and downstream readouts.

Matrix-related reporting was particularly uneven despite the
known importance of matrix composition and procurement-
level specification in organoid culture systems.32 Contamina-
tion monitoring and QC deserve particular attention because
D3_07 had the lowest fully reported rate in the entire audit
(3.8%). This gap is not only a low-prevalence reporting issue.
Mycoplasma contamination has been detected in public cell-
culture transcriptomic datasets,33 and unrecognized contami-
nation may confound molecular profiles, growth behavior,
stress responses, and assay readouts. Although direct evi-
dence in BA or cholangiocyte organoids remains limited, find-
ings from patient-derived organoid systems indicate that my-
coplasma contamination can alter drug-sensitivity readouts,34
further supporting routine contamination monitoring in orga-
noid-based translational studies. In BA models, such effects
could be especially problematic because many key readouts,
including epithelial barrier integrity, cholangiocyte differen-
tiation, EMT-related signatures, and drug-response assays,
are sensitive to culture state and cellular stress. As organoid
work becomes more comparative and multicenter, omissions
in processing time, matrix specification, passage number, and
contamination/QC reporting may therefore create tangible
methodological and clinical-interpretive consequences: ap-
parent differences between BA and control organoids, or be-
tween treatment conditions, may reflect uncontrolled culture
artifacts rather than disease-relevant biology.15:16

The third gap is incomplete functional validation. Core
biliary function assays were fully reported in only 34.6% of
studies (D5_01), despite their central relevance to choles-
tatic disease biology.1=3 Several studies created biologically
plausible BA models, but documentation of functionally in-
terpretable cholangiocyte phenotypes remained inconsistent.
Importantly, D5_01 should not be interpreted as a single
mandatory assay for all BA organoid studies. The most ap-
propriate functional readout depends on the primary research
aim. Drawing on established hepatobiliary physiology,®46> or-
ganoid functional readouts can be grouped along three axes
relevant to post-KPE interpretation: bile excretory capacity—
reflected by cystic fibrosis transmembrane conductance reg-
ulator- or multidrug resistance protein 1-dependent assays,
such as forskolin-induced swelling—which may contextualize
jaundice clearance trajectories®2:66; epithelial barrier integ-
rity—approximated by TEER and FD4 permeability measure-
ments—which may inform interpretation of cholangitis sus-
ceptibility®’; and repair/fibrosis-related responses—captured
through EMT and niche-related readouts—which may relate
to progressive ductular injury and long-term NLS.12:53 These
links are biologically plausible rather than validated surro-
gate relationships, but they illustrate why functional detail
matters for translational interpretation. Future Delphi or
consensus refinement of BA-MRS should consider annotat-
ing or subdividing D5_01 by major research aim, such as
bile-excretory function for transport studies, barrier integrity
for infection or injury models, and repair/fibrosis signatures
for EMT-focused work.

The fourth gap is weak linkage to clinical outcomes. Clini-
cal outcome definition (D1_06) was poorly reported, and the
evidence map showed that only one study explicitly connect-
ed organoid data to post-KPE outcomes.14 This is not simply
an under-reporting problem; it also reflects study design.
Clinical endpoints are still not routinely built into BA organoid
protocols. The same caution applies to drug-response stud-
ies. Current organoid drug screening in BA is better viewed
as a tool for pathway prioritization, mechanistic subtyping,
and translational readiness than as evidence for immediate
treatment personalization.68

These four gaps interact. The clinical meaning of a report-
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BA-MRS: a proposed reporting framework bridging biliary organoid methodology and post-Kasai clinical outcomes

D1

KPE Surgery / Liver Biopsy

D6

- p .
W Extrahepatc bile duct fissue e / o5 Sample Processing
A " R " / Digestion - Enrich it - Seedir
. Lrvert.vedge biopsy - Transplant liver J // 36 Items igestion - Enrichment - Seeding EE
Duszase Patient Profile
M Age at KPE - BA subtype - Baseline TB/DB - GGT . _ . Design
Glinical 6 Domains o %, Culture & Expansion i
ontex N 3 ‘.D. Matrix - Medium - Passage - QC Trace
1.8A 27 Core + 9 Optional -ability
.
zdesﬂr,’;:e N N 1. Replicates
3. Tissue D4 CharaCtenzatlon 2. Statistical
's ource Jaundice Clearance Markers - Polarity - Cilia - Controls unit
4. Timepoint " . 3. Reagent
5. Bio- Cholangitis Risk traceabilty
" 4. Data
chemistry . . . ;
6. Outcome Native Liver Survival D5 — Functional Validation sharing
& .4 FIS - TEER - Drug response - Modelling
Minimum dataset enabling the org id—clinical translational loop

Fig. 5. BA-MRS: a proposed reporting framework bridging biliary organoid methodology and post-Kasai clinical outcomes. This figure shows the bidirectional
data flow between clinical and laboratory settings. The left panel shows clinical information, including sample source, blood-based biomarkers, and clinical outcomes.
Through the clinical-to-organoid-to-clinical pathway, these data may further inform clinical practice. For animal model-only studies, D1 clinical items were scored as not
applicable (NA), whereas the organoid workflow (D2-D6) remains applicable. The BA-MRS comprises 36 items across 6 domains and is proposed here as a preliminary
disease-specific reporting framework. BA, biliary atresia; BA-MRS, the Biliary Atresia Minimum Reporting Standard; FIS, forskolin-induced swelling; GGT, gamma-glutamyl
transferase; KPE, Kasai portoenterostomy; NLS, native liver survival; QC, quality control; TB/DB, total/direct bilirubin; TEER, transepithelial electrical resistance.

ed organoid phenotype depends simultaneously on who the
sample came from, how it was handled, how the phenotype
was functionally validated, and whether any postoperative
outcome context was available. Addressing only one gap in
isolation is therefore unlikely to solve the main interpretive
problem.

The BA-MRS was developed to address this combined prob-
lem. As summarized in Figure 5 and Table 1, it contains 36
items across six domains, with 27 Core and 9 Optional items,
and is intended as a disease-specific reporting framework for
BA organoid studies rather than a quality-scoring tool or con-
sensus guideline. Its purpose is to improve reproducibility,
comparability, and, where applicable, the clinical interpret-
ability of organoid findings. In this context, “Core” should
be read as a prospective minimum reporting expectation for
future studies within the relevant model context, not as a
description of what most published studies currently report.
This distinction is important for items such as contamination
monitoring/QC, where current uptake is very low but the con-
sequences for experimental interpretation are substantial.

BA-MRS does not replace broader frameworks. ARRIVE
2.0 addresses animal experiments,?! BRISQ addresses pre-
analytical biospecimen variables,?3 and MIQE 2.0 addresses
gPCR reporting.2* In organoid-focused work, Marsee et al.
proposed nomenclature and characterization principles for
liver organoids,!> and the 2023 International Society for
Stem Cell Research standards addressed stem cell-derived
models more broadly.6® BA-MRS complements rather than
replaces these tools by adding three disease-specific dimen-
sions. First, it incorporates clinical context items—BA sub-
type, baseline cholestatic biochemistry, and post-KPE out-
come definitions—that are absent from general-purpose
frameworks.15:21.23,69 Second, its Core/Optional structure
acknowledges that not all items apply equally across patient-
derived, animal-derived, and hPSC-derived models. Third, it

can function prospectively during study design, not only ret-
rospectively during manuscript preparation.

The framework should nevertheless be interpreted cau-
tiously. The same research team developed and applied BA-
MRS, so external validation is essential. The Core/Optional
distinction reflects team-level judgment guided by prespeci-
fied considerations rather than formal consensus methodol-
ogy.20 Item generation was iterative and evidence-informed
but was not based on a formal content-analysis or stakehold-
er-consensus process.1® Finally, BA-MRS scores what is re-
ported, not what was actually done or how well it was done.
For these reasons, BA-MRS should be viewed as a working,
translation-oriented framework that requires independent
testing and future Delphi refinement involving pediatric sur-
gery, hepatology, pathology, organoid methodology, and bio-
statistics.”?

This study has several limitations. First, it is a reporting-
completeness audit, not an appraisal of study validity, treat-
ment effect, or risk of bias. Second, “not reported” should
not be interpreted as “not performed,” although absent re-
porting remains unusable for reproducibility and translational
interpretation.19.71 Third, the search was limited to PubMed,
Scopus, and Web of Science and did not include Embase or
systematic reference-list scanning, so some relevant stud-
ies may have been missed. Fourth, the 26 included studies
were heterogeneous in model type, research question, and
evidence level, so coverage rates should be interpreted as
indicators of current field patterns rather than fixed quality
benchmarks.

Even with these limitations, the present review establishes
a useful baseline for the field. Near-term priorities include
routine reporting of contamination monitoring and pre-an-
alytical handling; clearer definition of BA subtype, baseline
biochemistry, and postoperative outcomes in patient-derived
studies; inclusion of at least one aim-appropriate biliary
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functional assay where appropriate; and prospective study
designs that link organoid phenotypes to post-KPE clinical
trajectories. These steps would strengthen not only manu-
script quality but also the ability of BA organoid research to
accumulate into a clinically interpretable evidence base.

Conclusions

This scoping review and structured reporting audit of 26 BA
organoid studies show that the field is advancing beyond
model establishment but remains limited by inconsistent re-
porting. The main deficits concern clinical anchoring of het-
erogeneous models, pre-analytical and culture traceability,
functional validation, and linkage to post-KPE outcomes.
Together, these gaps weaken reproducibility, cross-study
comparison, and translational interpretation. The BA-MRS,
comprising 27 Core and 9 Optional items across six domains,
is proposed as an evidence-informed starting framework for
study design and reporting in this area. External validation
and Delphi-based consensus development are the next steps
toward a more cumulative and clinically interpretable BA or-
ganoid literature.
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