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A B S T R A C T

Background: International guidelines recommend endoscopy within 24 hours for upper gastrointestinal
bleeding (UGIB), yet real-world timing patterns in older adults remain uncertain.
Methods: We conducted a retrospective single-center cohort study of 108 adults aged ≥75 years
admitted with UGIB who underwent inpatient esophagogastroduodenoscopy (EGD) between 2023 and
2025. Early EGD was defined as ≤ 24 hours from presentation. Baseline characteristics, endoscopic
findings, and clinical outcomes were compared between groups.
Results: Among 108 patients, the mean age was 88.1 ± 6.1 years, the median age was 90 years (IQR
83–93), and 35 (32.4%) underwent early EGD, whereas 73 (67.6%) underwent delayed EGD. Baseline
characteristics were broadly similar between groups; however, patients undergoing early EGD were
more likely to present with shock, suggesting greater illness severity. The median time to EGD was 29.0
hours (IQR 23.0-45.3). Overall, 28-day all-cause mortality occurred in 5 (4.6%) of 108 patients, with
no clear difference between early and delayed EGD groups (1 [2.9%] of 35 vs 4 [5.5%] of 73; absolute
risk difference, –2.6%; 95% CI, –10.7% to 9.5%; p = 1.00). No statistically significant differences were
observed in ICU admission, length of stay, transfusion requirement, readmission, or endoscopic therapy.
Estimates were imprecise due to the small number of events.
Conclusions: No clear difference in short-term outcomes was observed between early and delayed
EGD in this cohort of older adults. These findings are descriptive and hypothesis-generating and should
be interpreted cautiously given the small sample size, low event count, and potential bias.

1. Introduction
Upper gastrointestinal bleeding (UGIB) is a common and potentially
life-threatening condition, particularly in older adults who often have
multiple comorbidities and reduced physiological reserve. Prior
studies have highlighted the distinct clinical characteristics and
outcomes of UGIB in very elderly populations [1].
Current international guidelines recommend performing esoph-
agogastroduodenoscopy (EGD) within 24 hours of presentation
[2, 3]. However, variation in endoscopy timing in real-world
settings remains common, particularly among older adults. Frailty,
comorbidities, and logistical constraints often influence clinical
decision-making in this population.
Older adults represent a distinct population with higher comorbid-
ity burden, frailty, and competing risks of mortality, which may
modify the relationship between endoscopy timing and outcomes
[4]. In this population, factors such as hemodynamic stabilization,
anticoagulation management, anesthesia risk, and goals-of-care
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considerations may influence the timing of endoscopy. However,
data describing real-world timing patterns specifically among older
adults undergoing inpatient EGD remain limited.
The clinical benefit of early endoscopy in older adults remains
uncertain, with mixed evidence from randomized trials and obser-
vational studies [5–7]. Therefore, we aimed to describe the timing
of endoscopy and associated short-term clinical outcomes among
older adults (≥75 years) undergoing inpatient EGD for UGIB.

2. Methods

2.1. Study Design and Population
We conducted a retrospective single-center cohort study of 108
patients aged ≥75 years who were admitted with UGIB and
underwent inpatient EGD at a community hospital between 2023
and 2025. Patients aged ≥75 years with a clinical diagnosis of
UGIB (e.g., hematemesis, melena, or coffee-ground emesis) were
included. Patients were excluded if they did not undergo EGD during
hospitalization or had incomplete clinical data. This study included
only patients who underwent inpatient EGD; therefore, results reflect
timing patterns among scoped patients and do not represent all UGIB
admissions.

2.2. Definitions
Early EGD was defined as ≤24 hours from presentation. Delayed
EGD was defined as occurring > 24 hours after the initial pre-
sentation. Time to endoscopy was calculated from the emergency
department arrival timestamp.
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Shock on presentation was defined as systolic blood pressure < 90
mmHg, mean arterial pressure (MAP) < 65 mmHg, the need for
vasopressors, or clinical documentation of hemodynamic instability.
Active bleeding on endoscopy was defined as the presence of spurting
or oozing hemorrhage, visible vessel, or adherent clot.

2.3. Data Collection
Data were extracted from the electronic medical record system
(EPIC) and included demographics, comorbidities, laboratory values,
hemodynamic status at presentation, endoscopic findings, and
timing metrics. Data collection was performed using a standardized
abstraction form.

2.4. Outcomes
Primary outcome: 28-day all-cause mortality
Secondary outcomes: ICU admission, length of stay, transfusion
requirements, endoscopic intervention, and 30-day readmission.
Mortality and readmission outcomes were ascertained from available
medical records within the health system.

2.5. Statistical Analysis
Continuous variables were compared using Student’s t-test or Mann
– Whitney U test as appropriate, and categorical variables were
compared using chi-square or Fisher’s exact test. A two-sided p-
value < 0.05 was considered statistically significant. For major
binary outcomes, unadjusted absolute risk differences with 95%
confidence intervals were calculated. Given the low number of
outcome events, analyses were descriptive and unadjusted. Due to the
limited available variables, residual confounding by illness severity,
comorbidity burden, and frailty cannot be excluded.

3. Results
A total of 108 patients aged ≥75 years were included in the final
analysis. The mean age was 88.1 ± 6.1 years, with a median age of 90
years (IQR 83 – 93; range 75 – 100). Using the prespecified definition
of early endoscopy as ≤24 hours from presentation, 35 (32.4%)
of 108 patients underwent early EGD, and 73 (67.6%) underwent
delayed EGD.
Baseline characteristics and endoscopic findings are summarized in
(Table 1), and clinical outcomes are presented in (Table 2). Patients
in the early and delayed EGD groups were broadly similar in age,
hemoglobin, BUN, and major comorbidities, including cirrhosis,
chronic kidney disease, and peptic ulcer disease. However, patients
undergoing early EGD were more likely to present with shock (5
[14.3%] of 35 vs 1 [1.4%] of 73, p = 0.013), suggesting that patients
with greater initial severity may have been prioritized for earlier
intervention. No statistically significant differences were observed
in active bleeding (4 [11.4%] of 35 vs 7 [9.6%] of 73, p = 0.74) or
endoscopic therapy (16 [45.7%] of 35 vs 24 [32.9%] of 73, p = 0.21).
The mean door-to-scope time was 18.2 ± 6.4 hours in the early
EGD group and 51.2 ± 44.7 hours in the delayed EGD group (p
< 0.001). Across the entire cohort, the median time to EGD was
29.0 hours (IQR 23.0 – 45.3; range 4.0 – 339.0). Timing categories
were distributed as follows: 35 (32.4%) of 108 patients underwent
EGD within 24 hours, 52 (48.1%) between 24 and 48 hours, and
21 (19.4%) after 48 hours. Clinical outcomes are summarized in
(Table 2). Overall, 28-day all-cause mortality occurred in 5 (4.6%)
of 108 patients. Mortality was 1 (2.9%) of 35 in the early EGD group
and 4 (5.5%) of 73 in the delayed group (p = 1.00), with no clear
difference observed between groups. The absolute risk difference for

28-day mortality was -2.6% (95% CI, -10.7% to 9.5%). Similarly, no
statistically significant differences were observed in ICU admission
(5 [14.3%] of 35 vs 5 [6.8%] of 73, p = 0.29), 30-day readmission
(10 [28.6%] of 35 vs 21 [28.8%] of 73, p = 1.00), packed red blood
cells (PRBCs) transfusion requirements (mean 1.7 ± 1.4 vs 1.9 ±
1.6 units, p = 0.56), or length of stay (median 3 vs 3 days, p = 0.16).
The absolute risk differences were 7.4% (95% CI, -4.0% to 23.0%)
for ICU admission, -0.2% (95% CI, -16.8% to 18.6%) for 30-day
readmission, and 12.8% (95% CI, -6.2% to 31.6%) for endoscopic
therapy. Estimates for all outcomes were imprecise due to the low
number of events.

3.1. Descriptive Subgroup Analyses
Given the small number of high-risk presentations and outcome
events, subgroup analyses were descriptive and unadjusted. Among
patients presenting with shock (6 [5.6%] of 108), mortality occurred
in 1 (20.0%) of 5 in the early group and 0 (0%) of 1 in the delayed
group. Among patients with active bleeding (11 [10.2%] of 108)
or cirrhosis (5 [4.6%] of 108), no deaths were observed. Among
patients with high-risk endoscopic stigmata (16 [14.8%] of 108),
mortality was 0% (0 of 6) in the early group and 20.0% (2 of 10)
in the delayed group. Among patients requiring ≥2 units of PRBCs
(59 [54.6%] of 108), mortality was 1 (5.3%) of 19 in the early group
and 1 (2.5%) of 40 in the delayed group. Patients undergoing earlier
endoscopy also appeared sicker at presentation, particularly with
respect to shock.
These findings should be interpreted cautiously, given the very small
subgroup sizes.

4. Discussion
In this real-world cohort of older adults with UGIB undergoing
inpatient EGD, approximately one-third of patients underwent
endoscopy within 24 hours, reflecting variation in timing within
this scoped cohort. This finding is consistent with prior large-scale
audits demonstrating variability in real-world management of UGIB
[8].
Despite guideline recommendations emphasizing early endoscopy,
no clear association was observed between early EGD and improved
clinical outcomes, including mortality. These findings align with
prior randomized and observational studies demonstrating mixed
benefits of early endoscopy [5–7]. While early endoscopy facilitates
timely diagnosis and therapeutic intervention, its impact on mortality
remains inconsistent, particularly in lower-risk populations.
Importantly, our study population comprises an older cohort, in
whom outcomes are likely influenced more by baseline comorbidi-
ties, frailty, physiologic reserve, and procedural timing. Prior studies
have highlighted the distinct clinical characteristics and outcomes
of UGIB in very elderly patients [1]. Frailty, a multidimensional
syndrome characterized by decreased physiologic reserve and
increased vulnerability to stressors, may represent an important
unmeasured confounder influencing both timing and outcomes [4].
These factors may have influenced both the timing of endoscopy and
the observed outcomes in our study.
Patients undergoing early endoscopy in our cohort were more likely
to present with shock, suggesting the presence of selection bias
whereby patients perceived to be at higher risk are prioritized for
earlier intervention. This phenomenon has been described in prior
observational studies and may confound the relationship between
timing and outcomes.
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Table 1: Baseline characteristics and endoscopic findings by timing of EGD
Variable Early EGD≤24 h (n=35) Delayed EGD >24 h (n=73)

Age, mean ± SD, years 88.7 ± 5.8 87.8 ± 6.2
Age, median (IQR), years 90 (86.5–92) 90 (83–93)
Male sex, n (%) 21 (60.0) 34 (46.6)
Shock on presentation, n (%) 5 (14.3) 1 (1.4)
Hemoglobin, mean ± SD, g/dL 7.9 ± 2.1 7.7 ± 2.2
BUN, mean ± SD, mg/dL 45.1 ± 29.1 42.5 ± 21.4
Cirrhosis, n (%) 2 (5.7) 3 (4.1)
CKD, n (%) 6 (17.1) 12 (16.4)
PUD, n (%) 13 (37.1) 24 (32.9)
Active bleeding on endoscopy, n (%) 4 (11.4) 7 (9.6)
Endoscopic therapy performed, n (%) 16 (45.7) 24 (32.9)
Door-to-scope time, mean ± SD, h 18.2 ± 6.4 51.2 ± 44.7
Door-to-scope time, median (IQR), h 20.0 (16.5–23.0) 43.0 (29.0–50.0)

n, number of patients; BUN, blood urea nitrogen; CKD, chronic kidney disease; EGD, esophagogastroduodenoscopy; PUD, peptic ulcer disease; SD, standard deviation; IQR,
interquartile range.

Table 2: Clinical outcomes by timing of inpatient EGD
Outcome Early EGD ≤ 24 h

(n=35)
Delayed EGD > 24 h
(n=73)

P value Absolute risk difference, % (95% CI)

28-day all-cause mortality, n (%) 1 (2.9) 4 (5.5) 1.00 -2.6 (-10.7 to 9.5)
30-day readmission, n (%) 10 (28.6) 21 (28.8) 1.00 -0.2 (-16.8 to 18.6)
ICU admission, n (%) 5 (14.3) 5 (6.8) 0.29 7.4 (-4.0 to 23.0)
Endoscopic therapy, n (%) 16 (45.7) 24 (32.9) 0.21 12.8 (-6.2 to 31.6)
PRBCs, mean ± SD, units 1.7 ± 1.4 1.9 ± 1.6 0.56 –
Length of stay, median (IQR), days 3 (2–4) 3 (3–5) 0.16 –

Values are presented as numbers (%), mean ± standard deviation, or median (interquartile range), as appropriate. Absolute risk difference is reported as early
esophagogastroduodenoscopy minus delayed esophagogastroduodenoscopy, with 95% confidence intervals, for binary outcomes only. EGD, esophagogastroduodenoscopy; ICU,
intensive care unit; PRBCs, packed red blood cells.

The relatively low overall mortality rate observed in this cohort likely
reflects advances in supportive care, including early resuscitation,
pharmacologic therapy, and modern transfusion strategies [9].
However, the low number of events limits statistical power and
may obscure clinically meaningful differences between groups.
Consensus guidelines emphasize early endoscopy and risk strat-
ification as key components of UGIB management, yet timing
remains variable [2, 3, 10]. Delayed presentation, the need for
clinical stabilization, resource limitations, and institutional workflow
challenges may contribute to this variation, although these factors
were not directly measured in the present study.
Our findings should be interpreted in light of several important
sources of bias. Selection bias is present because only patients who
underwent EGD were included. Survivor bias may occur because
patients in the delayed group had to survive long enough to receive
endoscopy. In addition, confounding by indication is likely, as
patients with more severe presentations may have been prioritized
for earlier endoscopy. These limitations restrict causal interpretation
of the observed associations.

These findings are best interpreted as descriptive and hypothesis-
generating and should not be used alone to guide clinical decision-
making.

5. Conclusion
In older adults with UGIB undergoing inpatient EGD, no clear
difference in short-term outcomes was observed between early and
delayed endoscopy. These findings are descriptive and hypothesis-
generating and should be interpreted cautiously given the modest
sample size, low event count, and potential for bias.

6. Limitations
This study is limited by its retrospective single-center design, modest
sample size, and low number of outcome events, which reduced
statistical power and resulted in imprecise estimates.
The study included only patients who underwent inpatient EGD
and does not represent all UGIB admissions. The analysis does
not distinguish between medically appropriate and system-related
delays in endoscopy. Code status and goals-of-care limitations
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were not available and may represent important sources of residual
confounding. Outcomes occurring outside the health system may
have been under-captured.
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A B S T R A C T

Background: Early palliative care is increasingly recognized as an important component of high-quality
cancer care; however, the timing and extent of its integration vary across oncologic disciplines, including
gastrointestinal (GI) oncology. Patients with GI malignancies frequently experience early symptom
burden, complex treatment courses, and prognostic uncertainty, contributing to substantial supportive
care needs over the disease trajectory.
Methods: This narrative review synthesizes evidence on early palliative care in gastrointestinal oncology
from randomized controlled trials, systematic reviews, GI oncology–specific clinical guidelines, and
observational and health services research. The objective was to characterize patterns of evidence,
implementation approaches, and ethical considerations relevant to early integration in gastrointestinal
oncology.
Results: Across heterogeneous study designs, early palliative care involvement is associated with
improvements in quality of life, symptom control, and communication outcomes, without evidence
of interference with disease-directed therapies. In GI oncology, particularly pancreatic cancer and
hepatocellular carcinoma, unmet supportive care needs are consistently described. Diagnosis-anchored
and needs-based referral approaches are discussed as alternatives to time-based models in settings
of prognostic uncertainty. Evidence supporting home-based or hybrid palliative care models in GI
oncology remains limited and context dependent.
Conclusion: Overall, the literature suggests that earlier integration of palliative care may be appropriate
for selected patients with gastrointestinal malignancies. Given variability in symptom burden and clinical
trajectories, time-based referral models may be insufficient in some settings, whereas needs-based
and diagnosis-anchored approaches may offer flexible frameworks. Ethical considerations should be
interpreted in light of patient preferences, feasibility, and health system capacity, rather than framed as
universal mandates.

1. Introduction
Palliative care has undergone a substantial shift in contemporary
oncology practice over the past two decades. Historically emphasized
late in the disease course, palliative care is now increasingly
conceptualized as a longitudinal approach that addresses physi-
cal symptoms, psychological distress, social complexity, spiritual
concerns, and communication needs across the cancer continuum.
This shift reflects not only an evolution in clinical philosophy but
also evidence from randomized trials and observational studies,
reinforced through international clinical guidelines issued by leading
medical organizations.

∗Corresponding author: Abdullah Alabbasi, Saudi Board in Family Medicine, De-
partment of Family Medicine, Ministry of Health, Jeddah, Saudi Arabia. Email:
abdullah4108@gmail.com
Published and owned by PubPorta Publishing LLC. Academic oversight and scholarly
guidance are provided by the American Society for Inclusion, Diversity, and Equity in
Healthcare (ASIDE). ISSN (Print): 3066-4004, ISSN (Online): 3066-4012. ©2026 The
Author(s). This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY 4.0). Hosted by ASIDE
Journals.
Citation: Alabbasi A, Alzahrani M. Early Palliative Care in Gastrointestinal Oncology:
Evidence, Implementation Models, and Ethical Considerations. ASIDE GI. 2026;2(3):5-
12, doi:10.71079/ASIDE.GI.060926449

Specifically, the American Society of Clinical Oncology (ASCO)
endorses early palliative care for patients with advanced cancer who
have significant supportive care needs, emphasizing that palliative
care should be integrated alongside active oncologic treatment rather
than reserved for later referral [1]. Similarly, the European Society
for Medical Oncology (ESMO), the World Health Organization
(WHO), and other global organizations have articulated palliative
care as a core component of comprehensive cancer care rather than
an optional adjunct [2, 3]. Collectively, these organizations have
discouraged reliance on prognosis alone as the primary determinant
for referral to palliative services.
Despite this broad consensus, gastrointestinal (GI) oncology contin-
ues to demonstrate substantial variability in the timing and quality
of palliative care integration. Patients with GI malignancies are
frequently referred to palliative care late in the disease trajectory,
often following repeated emergency department visits, prolonged
hospitalizations, or the onset of irreversible functional decline.
This pattern persists despite growing recognition that GI cancers
are among the more symptomatically burdensome, procedurally
complex, and prognostically heterogeneous cancer types.
The purpose of this narrative review is to synthesize existing
evidence on early palliative care in gastrointestinal oncology, ex-
amine current implementation models, and explore the ethical
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considerations that arise when high symptom burden and prognostic
uncertainty coexist. Rather than testing a hypothesis, this review aims
to contextualize clinical and ethical arguments within the available
evidence base and identify gaps relevant to future research and
practice.

2. Methods

2.1. Study Design
The study was a narrative review that examined the literature to
provide an overview and a critical evaluation of the evidence base for
integrating early palliative care into gastrointestinal oncology. The ra-
tionale for using a narrative approach was to enable a comprehensive
analysis of heterogeneous evidence sources, including randomized
controlled trials (RCTs), systematic reviews, international clinical
guidelines, disease-specific studies, and health service research,
which together inform clinical practice but cannot be formally pooled
quantitatively. Operational definition of “early”: Across the literature,
“early palliative care” is variably defined. For transparency in this
narrative synthesis, early palliative care was considered as palliative
care initiated near the diagnosis of advanced/metastatic disease or
early during systemic therapy, commonly within the first 8 weeks,
as specified in guidelines and trial frameworks.

2.2. Literature Sources and Search Strategy
A structured literature search was conducted in MEDLINE (via
PubMed), Embase, and the Cochrane Library to identify peer-
reviewed studies evaluating early or integrated palliative care in
oncology, with particular attention to gastrointestinal malignancies.
The search covered publications from January 2000 through March
2025, reflecting the period during which early palliative care models
were increasingly evaluated. The final searches were completed on
15 March 2025.
Search terms included combinations of controlled vocabulary and
keywords related to palliative care and gastrointestinal oncology,
such as “palliative care,” “early palliative care,” “supportive care,”
“gastrointestinal cancer,” “pancreatic cancer,” “hepatocellular car-
cinoma,” “colorectal cancer,” “quality of life,” and “health care
utilization.”
A representative PubMed search strategy was as follows: (“palliative
care” OR “early palliative care” OR “supportive care”) AND (“gas-
trointestinal cancer” OR “pancreatic cancer” OR “hepatocellular
carcinoma” OR “colorectal cancer”).
A second representative strategy used for disease-specific retrieval
was: (“palliative care” OR “supportive care”) AND (“pancreatic
cancer” OR “hepatocellular carcinoma”) AND (“quality of life” OR
symptom OR “health care utilization”).
Equivalent keyword- and controlled-vocabulary – based strategies
were adapted for Embase and the Cochrane Library.
Reference lists of key articles and relevant reviews were manu-
ally screened to identify additional pertinent studies. In addition,
contemporary international clinical guidelines in oncology and
gastroenterology published during the study period by organizations
such as the American Society of Clinical Oncology, the European
Society for Medical Oncology, and the World Health Organization
were reviewed to contextualize clinical recommendations.

2.3. Study Selection and Evidence Scope
Abstracts and titles were reviewed from database search results based
on their potential relevance to early palliative care for patients with
cancer. Those identified by database searches that also reflected

a focus on gastrointestinal cancers had priority, as did studies
concerning patient-related outcomes (e.g., quality of life; symptoms),
studies assessing models of delivery (i.e., early integration into
treatment), and studies examining the ethical issues surrounding
early palliative care.
Eligible evidence included randomized controlled trials, systematic
reviews and meta-analyses, clinical guidelines, and higher-quality
observational studies addressing patient-centered outcomes, models
of care delivery, or ethical considerations relevant to early palliative
care in gastrointestinal oncology. Publications on health services
research and ethics were selected because they provided information
on referral models, strategies for implementing early palliative care,
and implications for healthcare systems.
Studies that consisted solely of case reports, were not peer-reviewed,
and focused on hospice care alone, with no evidence of early
palliative care, were excluded. Approximately 180 records were
screened at the title and abstract level, of which 85 publications were
included in the final narrative synthesis.

2.4. Data Synthesis and Analysis
The qualitative synthesis of the evidence assessed the consistency
of findings across different study types and clinical settings. The pri-
mary focus of the review was to identify common themes concerning
timing of referral, symptom burden, decision-making complexity,
and models of palliative care integration. Particular attention was
devoted to comparing time-based referral paradigms with needs-
based and diagnosis-anchored models, given their relevance to
gastrointestinal malignancies, which are typically associated with
prognostic uncertainty.

2.5. Ethical and Methodological Considerations
The present research was a narrative review of the published
literature; therefore, formal ethics committee approval was not
required. As the review was qualitative and interpretive, it did not
require a formal assessment of the bias in the included studies or a
quantitative pooling of data from the reviewed studies.
To enhance transparency, studies were selected based on their
relevance to gastrointestinal oncology, methodological rigor, and
contribution to clinical or ethical understanding, rather than journal
impact or publication prestige. A narrative format was used for
this review to synthesize diverse types of evidence (i.e., clinical
trials, guidelines, observational studies, and ethics literature) into
a meaningful product, since these sources cannot be meaningfully
pooled using quantitative methods.

3. Clinical Characteristics of Gastrointestinal Malignancies
That Mandate Early Palliative Care

3.1. Early and Persistent Symptom Burden
Gastrointestinal (GI) malignancy symptoms are often present at
diagnosis and may be persistent, disabling, and progressive. Abdom-
inal pain, loss of appetite, early satiety, nausea, bowel obstruction,
fatigue, and weight loss are common symptoms associated with
pancreatic, gastric, and hepatobiliary cancers. These symptoms arise
from the direct effects of tumor involvement of the gastrointestinal
tract, systemic inflammation, metabolic abnormalities, and adverse
effects of anticancer therapies.
Cancer-associated cachexia is common in gastrointestinal malignan-
cies and represents a distinct metabolic syndrome characterized
by progressive loss of skeletal muscle with or without fat loss;
it is associated with worse functional status, reduced treatment
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tolerance, impaired quality of life, and increased mortality [4–6].
Because cachexia reflects complex inflammatory and metabolic
mechanisms, nutrition interventions alone are often insufficient to
reverse established cachexia, supporting the need for multidisci-
plinary approaches that address symptom burden, functional decline,
and patient-centered goals [4–6]. Multidisciplinary palliative care
teams provide expertise in the assessment and management of
cancer-related symptoms, including pain, fatigue, anorexia, and
other distressing manifestations. However, palliative care referral
is frequently reported to occur late in the disease course, after
symptoms have become difficult to control, which may adversely
affect quality of life and tolerance of oncologic treatments [7, 8].

3.2. Nutritional Decline and Functional Vulnerability
Although nutritional compromise is commonly recognized in gas-
trointestinal cancer, it represents a major contributor to morbidity
for patients with gastrointestinal (GI) malignancies. Symptoms
such as dysphagia, malabsorption, biliary obstruction, pancreatic
insufficiency, and treatment-related mucositis contribute to ongoing
functional deterioration. Furthermore, sarcopenia has been identified
as a marker associated with increased chemotherapy toxicity and
poorer overall survival across multiple gastrointestinal cancer types
[9, 10].
Palliative care can provide early support by facilitating proactive
nutritional counseling, symptom management, and realistic goal
setting regarding the use of enteral or parenteral feeding. Palliative
care involvement also offers a structured setting for discussions
regarding the potential role, benefits, and limitations of artificial
nutrition. These discussions are often emotionally charged and
ethically complex for patients and families and may be challenging
to address adequately within routine oncologic encounters [11].

3.3. Procedural Density and Decisional Complexity
Gastrointestinal (GI) oncology is a highly procedural field. Patients
frequently undergo biliary stenting, endoscopic dilation, paracen-
tesis, thoracentesis, feeding tube placement, and repeated imaging
throughout the disease trajectory. Each intervention involves trade-
offs between potential symptomatic benefit, procedural burden, risk
of complications, and impact on quality of life.
Evidence suggests that many patients with advanced cancer may
overestimate the potential benefits of invasive procedures and
systemic therapies, particularly when prognostic information is
incompletely communicated [12]. Early palliative care has been
associated with improved shared decision making, including clearer
elicitation of patient values and priorities, better alignment of
interventions with individual goals, and reduced use of nonbeneficial
treatments without restricting access to symptom-directed care [13].

3.4. Prognostic Uncertainty as a Structural Challenge
Prognostic uncertainty is a defining feature of many gastrointestinal
malignancies. Hepatocellular carcinoma illustrates this challenge,
as prognosis depends on both tumor burden and underlying liver
function, which can deteriorate unpredictably over time [14, 15].
Patients with advanced colorectal and gastric cancers often undergo
sequential lines of therapy with diminishing marginal benefit. In
contrast, pancreatic cancer is frequently characterized by rapid and
unpredictable clinical decline, even among patients initially deemed
fit for intensive treatment.
These heterogeneous clinical and functional trajectories limit the
reliability of time-based referral models that depend on estimated
survival thresholds. Clinicians have been shown to systematically
overestimate survival, which may contribute to delayed palliative

care referral and missed opportunities for early symptom manage-
ment and advance care planning [16, 17]. Alternative approaches
include needs-based trigger models and diagnosis-anchored referral
strategies for selected high-burden gastrointestinal malignancies
[18, 19].

4. Evidence Base for Early Palliative Care

4.1. Randomized Controlled Trials Establishing Benefit
Temel et al. provided the foundational evidence base for early
palliative care in their study showing associations between early
palliative care integrated into standard oncology and improved
quality of life (QoL) and reduced depression in patients with
metastatic non-small-cell lung cancer, while also reporting lower
intensity of aggressive care at the end of life. Importantly, Temel et
al. did not find a reduction in survival time; rather, survival was not
adversely affected, with a modest survival difference observed [20].
ENABLE III further evaluated the timing of palliative care referral
and reported differences in patient-reported outcomes and survival
between early- and delayed-referral groups. However, these findings
were derived from a mixed oncology population rather than from
gastrointestinal-specific cohorts [21]. Additionally, Zimmerman et
al. demonstrated in a cluster-randomized trial that included patients
with a variety of cancers associations with improved quality of
life, reduced symptom burden, and greater patient satisfaction with
care [22]. Collectively, these studies provide evidence countering
concerns that early palliative care has a detrimental effect on
oncologic treatment or reflects therapeutic nihilism. These findings
align with contemporary guideline recommendations supporting
early, concurrent palliative care alongside disease-directed therapy
[1].

4.2. Systematic Reviews and Meta-Analyses
In addition to quality of life, symptom management, and other
palliative care – related outcomes, a Cochrane systematic review
reported an association between the use of palliative care in adults
with advanced cancer and improved overall symptom burden [23].
In subsequent systematic reviews and meta-analyses, associations
have also been identified between palliative care involvement
and improvements in pain, psychological distress, communication
quality, and care coordination; however, the magnitude of effect and
certainty of evidence varied across studies [11, 24]. Importantly,
none of the evidence summarized in these analyses demonstrated
harm or interference with disease-directed treatments.
The majority of evidence synthesized in these reviews derives from
mixed oncology populations rather than gastrointestinal-specific
cohorts. Accordingly, applicability to gastrointestinal malignancies
should be interpreted as an extrapolation rather than a definitive
finding. The rationale for considering potential benefit in gastroin-
testinal oncology is supported by the high symptom burden and
clinical complexity characteristic of many gastrointestinal cancers;
however, direct comparative evidence specific to gastrointestinal
oncology remains limited, underscoring the need for cautious
interpretation. These interpretive limits are consistent with guideline
recommendations that support early integration while emphasizing
feasibility and local implementation context [1, 2].

5. Gastrointestinal Specific Evidence
Although there are few gastrointestinal (GI)- specific comparative
trials, this section will describe GI disease data as well as broader
data from the field of oncology, and interpret findings with caution
when extrapolation appears necessary. To explain the evidence
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Table 1: Gastrointestinal oncology – specific evidence informing early palliative care integration
GI Cancer
Type

Study Design Population /
Sample

Model / Exposure Key Outcomes
Reported

How to Interpret

Advanced GI Bojesson et al.
(ALLAN trial)

RCT Advanced GI
cancers

Early specialised
home-based palliative
care vs usual care

Patient-centred outcomes
under home-based
palliative model

GI-specific RCT
supporting feasibility of
home-based delivery;
avoid over-claiming
utilisation or cost effects
unless explicitly reported

Mixed (incl.
GI)

Maltoni et al. RCT Oncology
population
including GI
cancers

Systematic early
palliative care referral vs
on-demand referral

Differences in
quality-of-care indicators
and end-of-life treatment
intensity

Use to support structured
early referral effects on
care processes, not
definitive survival or
QoL effects

HCC Laube et al. Review Hepatocellular
carcinoma

Early palliative care
across disease trajectory

Synthesises symptom
burden, prognostic
uncertainty, and rationale
for palliative integration

Review-level guidance
only; not comparative
effectiveness evidence

HCC Woodrell et al. Review Hepatocellular
carcinoma

Palliative care needs and
referral considerations

Describes palliative care
needs and integration
challenges in HCC

Supports prognostic
uncertainty and
symptom burden framing

Advanced GI Janberidze et al. Observational Advanced GI
cancer
populations

Symptom burden and
QoL assessment

High prevalence of
symptoms and QoL
impairment

Supports early unmet
supportive care needs;
not an intervention study

Metastatic GI Bubis et al. Observational Metastatic GI
cancers

Symptom burden
characterisation

Substantial symptom
burden in metastatic GI
disease

Supports rationale for
early supportive care
involvement

Pancreatic Tempero et al.
(NCCN Insights)

Guideline Pancreatic
adenocarcinoma

Disease-specific
supportive care
recommendations

Outlines supportive care
needs within pancreatic
cancer guidelines

Supports
diagnosis-anchored
referral logic, not
comparative outcomes

Pancreatic Khan, Evans,
Philip et al.

Observational Advanced
pancreatic cancer

Supportive care needs
assessment

Reports high unmet
supportive care needs;
late PC access common

Supports early
trigger-based supportive
care rationale

Abbreviations: GI, gastrointestinal; RCT, randomised controlled trial; QoL, quality of life; HCC, hepatocellular carcinoma; NCCN, National Comprehensive Cancer Network; PC,
palliative care.
Legend: This table summarises GI cancer-specific randomised trials, observational studies, and guideline/review-level evidence informing the rationale, feasibility, and limitations of
early or integrated palliative care in GI oncology. Where evidence derives from mixed oncology populations or non-comparative designs, findings should be interpreted cautiously
and are not intended to imply causal effects.

base for gastrointestinal cancer in terms of specific gastrointestinal
diseases and to clearly differentiate between GI disease-specific
data and findings that have been extrapolated, (Table 1) provides
an overview of randomized trials, observational studies, and the
level of evidence relevant to the integration of early palliative
care in gastrointestinal oncology. The existing GI-specific evidence
base includes a small number of randomized trials focusing on
aspects of care processes or care delivery models (e.g., home-based
palliative care) and also includes observational studies and disease-
specific reviews that provide considerable evidence of a significant
amount of symptoms, prognostic uncertainty, and unmet supportive
care needs in patients with upper gastrointestinal, hepatocellular,
and pancreatic malignancies. When evidence comes from mixed
oncology populations or from non-comparative designs, we carefully
interpret the conclusions and frame them as speculative rather
than confirmatory. This synthesis provides a summary of both the
rationale for early supportive care in high-burden GI malignancies
and the need for additional disease-specific comparative trials to
establish causal relationships. (Table 1) outlines GI oncology-
specific trials, observational studies, and guideline-based evidence
relevant to the integration of early palliative care.

5.1. Pancreatic Cancer
Pancreatic cancer is frequently cited in the literature as a gastrointesti-
nal malignancy characterized by a high symptom burden, including
pain, cachexia, fatigue, and psychological distress, often present
early in the disease trajectory and frequently accompanied by limited
overall survival. As a result, patients may undergo intensive onco-
logic treatments that offer modest survival benefit while carrying
substantial treatment-related toxicity. Needs assessments in advanced
pancreatic cancer populations consistently demonstrate substantial
unmet supportive care needs across physical and psychosocial
domains [25].
Within this context, early palliative care has been proposed as a
supportive approach to address symptom burden, assist with complex
decision-making, and align treatment strategies with patient goals.
In a randomized study comparing systematic early palliative care
referral with on-demand referral, Maltoni et al. reported differences
in quality-of-care indicators and end-of-life treatment intensity
between groups, favoring earlier, structured palliative involvement
in the studied population [13].
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In addition, observational studies in pancreatic cancer populations
have reported associations between earlier palliative care involve-
ment and improved symptom management and lower hospitalization
rates; however, these findings are derived from non-randomized
designs and should be interpreted with caution [26, 27].

5.2. Hepatocellular Carcinoma
While hepatocellular carcinoma (HCC) is a malignancy, its clinical
presentation is closely associated with an ongoing trajectory of
chronic liver disease; thus, patients are often afflicted with symptoms
such as ascites, encephalopathy, pruritus, fatigue, and caregiver
burden in addition to cancer-related distress. Prognosis in HCC is
highly variable, as it depends on both tumor burden and underlying
liver function, which may deteriorate unpredictably over time.
The majority of reviews suggest that palliative care involvement may
be beneficial when introduced earlier in the disease course, rather
than being restricted to terminal stages [15, 17]. Early palliative
care involvement may help patients manage symptoms, navigate
decisions about locoregional and systemic treatments, and support
caregivers.

5.3. Upper Gastrointestinal and Colorectal Malignancies
Patients with advanced gastric, esophageal, biliary, and colorectal
cancers often experience prolonged treatment courses that may lead
to cumulative toxicity, malnutrition, and repeated hospitalizations.
Symptoms and unmet supportive care needs are commonly reported,
even among patients actively receiving disease-directed therapies [7,
8]. Early palliative care involvement may support decision-making
regarding treatment intensity, emotional adjustment, and symptom
management without adversely affecting oncologic outcomes.

5.4. Integration Models in Gastrointestinal Oncology
Needs-based trigger models have been proposed as an evidence-
informed, pragmatic approach to integrating palliative care in
gastrointestinal oncology. This approach aligns with guideline
principles that recommend integrating palliative care alongside
oncology based on patient needs and care complexity rather than
prognosis alone [1, 2]. These models initiate referral based on
patient-specific indicators such as persistent uncontrolled symptoms,
functional decline, repeated unplanned hospitalizations, or the need
for complex or high-risk treatment decisions, rather than on estimated
prognosis alone [19, 28]. By prioritizing clinical need, needs-based
triggers seek to align palliative care involvement with periods of
heightened symptom burden and decisional complexity.
Diagnosis-anchored referral models provide a complementary strat-
egy in which early palliative care involvement is initiated for selected
high-burden malignancies, such as pancreatic cancer, where support-
ive care needs are consistently high and prognostic trajectories are
particularly uncertain. This approach does not supplant needs-based
referral but rather offers a disease-specific framework to facilitate
earlier consideration of palliative care involvement in populations at
elevated risk of unmet supportive needs.
In addition to referral timing, alternative delivery models have
also been explored. Home-based and hybrid palliative care mod-
els have been evaluated in selected populations of patients with
gastrointestinal oncology and in care settings, with some studies
suggesting potential improvements in continuity of care. However,
evidence supporting reductions in acute care utilization or cost
outcomes remains limited and context-specific, underscoring the
need for cautious interpretation and further gastrointestinal-focused
evaluation [14].

In practice, these triggers may be identified by the primary oncology
team during routine outpatient visits, by inpatient teams during
acute admissions, or through structured symptom assessments where
available. Responsibility for recognizing triggers typically rests
with treating clinicians, while referral pathways depend on local
resources and care structures. When a trigger is met, referral to
specialist palliative care or integration of primary palliative care
principles can occur through established consultation pathways. This
approach allows needs-based and diagnosis-anchored referral models
to be implemented flexibly while remaining responsive to patient
preferences, prognostic uncertainty, and institutional capacity.
Examples of operational triggers include persistent moderate-to-
severe symptom scores despite first-line management, repeated
unplanned admissions or emergency visits, functional decline
limiting treatment tolerance, or imminent high-risk decisions (e.g.,
initiation of second-line systemic therapy, feeding access, or recur-
rent drainage procedures). Trigger identification can be owned by the
oncology team through routine symptom screening, where available,
with referrals executed through predefined outpatient or inpatient
consultation pathways adapted to local capacity.

5.5. Ethical, Equity, and Health System Considerations
5.6. Ethical and Equity Considerations
Evidence supporting early palliative care in gastrointestinal oncology
raises important ethical and equity considerations, particularly given
the large number of patients with substantial supportive care needs
who do not receive timely palliative services. Delayed integration
of palliative care may raise concerns related to beneficence and
nonmaleficence when potentially avoidable suffering or decisional
misalignment occurs, especially in high-burden disease contexts
[29]. These concerns should, however, be interpreted within the
broader clinical and health system context, rather than framed as
categorical ethical failures.
Respect for patient autonomy is supported by providing timely
opportunities for open discussions regarding prognosis, symptom
management, and care priorities. Studies indicate that many patients
value transparent prognostic communication and treatment plans
that align with their goals and preferences [26, 27, 30, 31]. Earlier
integration of palliative care may facilitate such discussions, allowing
patients to participate more fully in shared decision-making before
significant functional or cognitive decline occurs.
Equity considerations are also central to ethical evaluation. Obser-
vational evidence suggests that older adults, individuals with lower
socioeconomic status, and patients with multiple comorbid condi-
tions are more likely to experience delayed referral to palliative care
despite high symptom burden [32, 33]. Given that gastrointestinal
malignancies disproportionately affect older populations, addressing
inequities in access to early supportive care represents an important
ethical and policy consideration for health systems.

5.7. Health System Context and Feasibility
Clinical guidelines and evidence-based recommendations increas-
ingly support earlier integration of palliative care in gastrointestinal
oncology; however, implementation is influenced by multiple system-
level factors. Delayed referral often reflects prognostic uncertainty,
patient preferences, and variability in palliative care workforce
availability rather than deliberate ethical decision-making.
From a health system perspective, studies have reported associations
between early palliative care integration and reductions in hospital
admissions and intensive care unit utilization, as well as improve-
ments in care coordination, without evidence of adverse effects
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on survival [33–37]. The applicability of these findings, however,
varies by institutional context, available resources, and care delivery
models.
Ethical evaluation of early palliative care integration should therefore
balance patient-centered goals with feasibility, equity, and system
capacity, rather than categorically characterizing delayed referral as
ethically unacceptable.

6. Implementation Barriers in Gastrointestinal Oncology
Despite growing evidence base supporting early palliative care,
utilization in gastrointestinal oncology remains variable due to
persistent structural and cultural barriers. Symptom burden and
unmet supportive care needs are well documented in advanced
gastrointestinal cancer populations, underscoring the risk that sup-
portive needs may go unaddressed when palliative care is introduced
late [7, 8]. Fragmented care pathways may further reinforce this
risk. Patients with gastrointestinal malignancies often receive care
from multiple specialists, including oncology, gastroenterology,
hepatology, surgery, and interventional radiology. In the absence of
standardized referral triggers, responsibility for initiating palliative
care referral becomes diffuse, which may contribute to delayed or
absent integration of palliative services [38, 39].
Workforce limitations further compound these challenges. The avail-
ability of specialist palliative care varies widely across institutions,
contributing to implicit rationing of services and reliance on prognos-
tic or time-based criteria rather than needs-based referral approaches
[40, 41]. In some settings, shortages in specialist palliative care
capacity may reinforce delayed referral practices, even in clinical
contexts where early integration is supported by available evidence.
Importantly, these barriers are not insurmountable. Educational
interventions that reframe palliative care as concurrent supportive
care have been associated with improvements in clinician attitudes
and referral timing [42]. Additionally, embedding primary palliative
care competencies within gastrointestinal oncology teams may
help mitigate workforce constraints and support earlier symptom
management, while preserving access to specialist palliative care
for complex cases [43, 44].

7. Health System Outcomes and Cost Considerations
Early integration of palliative care has been associated with changes
in patterns of health care utilization in several observational studies
and selected randomized trials, including reductions in hospital ad-
missions and intensive care use in specific contexts. However, these
findings are heterogeneous and dependent on study design, patient
population, and care model. Evidence regarding cost reduction is
variable and should be interpreted cautiously [34–37]. Available
evidence suggests that these changes in health care utilization are
not associated with adverse survival outcomes.
Gastrointestinal oncology is an area of medicine in which acute
care utilization is high due to the frequency of symptoms requiring
immediate intervention and complications arising from therapeutic
interventions. In gastrointestinal oncology, early palliative care
may be associated with reductions in low-value or non-beneficial
interventions in selected patients; however, much of this infer-
ence is extrapolated from mixed oncology populations rather than
gastrointestinal-specific comparative trials [45]. Accordingly, early
palliative care may represent a potentially value-enhancing approach
that supports more appropriate resource use while maintaining
patient-centered outcomes, although gastrointestinal-specific cost-
effectiveness data remain limited.

8. Future Directions in Gastrointestinal Palliative Oncology
Future research should prioritize randomized clinical trials in
gastrointestinal oncology that evaluate the timing, intensity, and
models of palliative care delivery, including comparisons of home-
based, inpatient, and hybrid approaches. In addition, standardized
definitions of “early” palliative care are necessary to allow mean-
ingful comparison across studies and to facilitate implementation in
clinical practice.
Another important direction for future research is integrating pal-
liative care with geriatric assessments. Geriatric assessments are
designed to identify frailty, sarcopenia, and multimorbidity, which
are common in gastrointestinal oncology and are associated with
treatment-related toxicity and mortality [46, 47]. Integrating early
palliative care alongside geriatric oncology assessments may offer a
complementary framework for delivering personalized care aligned
with individual patient goals. Finally, digital health and tele –
palliative care may represent promising strategies for expanding
access to palliative care for patients receiving outpatient systemic
therapy and those living in rural or resource-limited settings [48].

9. Limitations of the Evidence Base
While the evidence suggests potential benefits of early palliative care,
several limitations warrant acknowledgment. Specifically, there are
few gastrointestinal-specific randomized trials; therefore, much of
the available data derives from heterogeneous oncology populations.
Although extrapolation to gastrointestinal malignancies is common,
additional disease-specific trials would strengthen causal inference
and confidence in GI-focused recommendations.
Heterogeneity among studies arises from variation in palliative
care delivery models, referral timing, and outcome measures. In
addition, the economic consequences of palliative care have not been
evaluated consistently, limiting the ability to perform comprehensive
cost-effectiveness analyses. No formal risk-of-bias assessment was
undertaken.
Finally, although a structured literature search was conducted, this
review is narrative in design and did not follow full systematic
review methodology (e.g., duplicate screening, formal PRISMA
flow reporting, or quantitative synthesis). Accordingly, there remains
potential for selection and interpretive bias, which should be
considered when interpreting the findings.

10. Conclusion
Research suggests that early incorporation of palliative care into the
treatment plan for gastrointestinal cancer may help support patients
who experience high symptom burden, significant malnutrition
related to either disease or treatment, and considerable prognostic
uncertainty, all of which are common features of gastrointestinal
malignancies. Reliance solely on time-based referral paradigms to
identify candidates for palliative care may be insufficient to meet the
evolving needs of many patients, particularly when symptom burden
or decisional complexity arise early in the disease trajectory. This
framing is also consistent with contemporary guideline recommen-
dations that support early, concurrent integration while recognizing
variability in resources and models of delivery [1].
Studies conducted in heterogeneous oncology populations have
documented associations between earlier palliative care integration
and better quality of life, symptom control, communication, and
alignment of care with patient preferences, without evidence of
interference with disease-directed therapy. Although fewer studies
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have focused specifically on gastrointestinal cancers, available data
suggest that both systematic (e.g., referral-based) and selective
(e.g., outpatient or home-based) models of palliative care can be
integrated into gastrointestinal oncology care. These findings also
underscore the need for further research addressing the unique
clinical trajectories and supportive care needs across gastrointestinal
cancer subtypes. Priority research questions include (1) comparative
effectiveness of needs-based versus diagnosis-anchored referral
models within specific GI cancer populations (e.g., pancreatic
vs colorectal), and (2) implementation science studies evaluating
feasible trigger thresholds, workforce models, and equity impacts in
real-world GI oncology settings.
In aggregate, the evidence reviewed supports consideration of
early, concurrent palliative care as a complementary component
of gastrointestinal oncology. Diagnosis-anchored, needs-based, and
flexible referral frameworks may offer advantages over reliance on a
single prognostic threshold, particularly in settings characterized by
substantial clinical uncertainty. The ethical and practical implications
of integrating palliative care should be evaluated in relation to patient
preferences, feasibility, and health system capacity, recognizing
that effective implementation strategies are likely to vary across
healthcare environments.
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A B S T R A C T

Background: Upper gastrointestinal transmural defects carry mortality rates exceeding 20%. Endo-
scopic vacuum therapy (EVT) has emerged as a promising alternative to self-expanding metal stents
(SEMS), yet optimal patient selection, timing, and technique remain uncertain.
Methods: Relevant literature was identified through a narrative search of PubMed, Embase, and
Cochrane Library through January 2026. Corrected covered area (CCA) analysis quantified primary
study overlap across meta-analyses comparing EVT to SEMS. This review was reported in accordance
with the SANRA checklist.
Results: Five meta-analyses were identified, with all comparative evidence derived from esophageal
anastomotic leak and iatrogenic perforation populations. CCA analysis demonstrated very high
overlap (CCA = 95.0%), confirming convergent re-analyses of the same evidence base rather than
independent replication. No randomized controlled trials have been completed. Within this low-certainty
observational evidence, EVT was associated with higher defect closure rates (85% vs 64%), lower
mortality (risk difference [RD] -0.12), shorter treatment duration (14-day reduction), and fewer adverse
events (RD -0.24) compared with SEMS; all effect measures are EVT minus SEMS and should not be
interpreted causally. Recent 2023-2025 data showed significantly fewer patient-level complications
with EVT (8.3% vs 50%; P = .001). Critical predictors of failure include delayed initiation beyond 7
days, neoadjuvant chemoradiation, and intraluminal sponge placement.
Conclusions: EVT was associated with favorable outcomes compared with SEMS across convergent
analyses, primarily in esophageal leak and perforation populations; these hypothesis-generating findings
should not be extrapolated to other indications without dedicated evidence. Prospective randomized
trials, FDA device pathway development, and standardized protocols remain priorities.

1. Introduction
Upper gastrointestinal transmural defects encompassing anastomotic
leaks, iatrogenic perforations, and spontaneous perforations repre-
sent life-threatening complications with reported mortality rates of
12% to 50% [1–3]. Surgical revision carries additional morbidity
and mortality rates of 20% to 40% [4]. Endoscopic management
has therefore become the preferred initial approach for most trans-
mural defects, as endorsed by the American Gastroenterological
Association Clinical Practice Update [5].
Self-expanding metal stents (SEMS) have historically served as the
primary endoscopic treatment. Still, they are limited by migration
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rates of 25% to 41%, the inability to actively drain contaminated
peri-luminal cavities, tissue ingrowth, and stricture formation [6–
8]. Endoscopic vacuum therapy (EVT), adapted from negative
pressure wound therapy principles, [9] was first described for
colorectal anastomotic leaks by Weidenhagen et al (2008) [10]
and subsequently adapted for upper gastrointestinal applications by
Loske and Müller (2010) [11]. The technique employs an open-pored
polyurethane sponge connected to continuous negative pressure,
promoting granulation tissue formation, removing infectious debris,
and facilitating defect closure [9, 12]. EVT was recognized as a 2025
Top 10 endoscopy topic by the American Society for Gastrointestinal
Endoscopy Editorial Board [13].
Several prior narrative reviews have addressed EVT for upper
gastrointestinal defects, [14, 15]. Still, none incorporated 2024–
2025 comparative data, performed corrected covered area analysis
of available meta-analyses, or provided practical guidance for
device assembly. This narrative review synthesizes the current
evidence on comparative outcomes, predictors of success, technical
considerations, and emerging applications of EVT for upper gas-
trointestinal transmural defects, with emphasis on practical guidance
for endoscopists and explicit quantification of meta-analytic overlap.
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2. Methods
This is a narrative review. Relevant literature was identified through
a search of PubMed, Embase, and Cochrane Library from inception
through January 2026 using the following terms: “endoscopic
vacuum therapy,” “endoluminal vacuum therapy,” “E-Vac,” “Endo-
SPONGE,” “negative pressure wound therapy AND esophageal,”
“anastomotic leak AND endoscopic treatment,” and “esophageal
perforation AND endoscopic management.” These terms were
selected to capture the primary literature relevant to the clinical
questions addressed in this review; they are not exhaustive. The
reference lists of identified articles were also reviewed to identify
further relevant sources. Study selection and evidence synthesis
were performed by the authors based on clinical and methodological
relevance to the narrative aims; selection was not performed in
duplicate, no formal screening log was maintained, and this process
does not conform to systematic review methodology. Readers should
be aware that this approach carries an inherent risk of selection bias
and incomplete retrieval that cannot be fully quantified. This review
was conducted and reported in accordance with the Scale for the
Assessment of Narrative Review Articles (SANRA) checklist.
The review focuses on evidence pertaining to EVT for upper
gastrointestinal transmural defects, including esophageal, gastric,
and duodenal locations. The types of evidence discussed include
comparative studies, meta-analyses, systematic reviews, multicenter
registries, cohort studies, and expert consensus statements. For
emerging applications where comparative data are absent, illustrative
case series are referenced to convey the current state of early-stage
evidence. Evidence relating exclusively to colorectal applications
is discussed only where it provides foundational context directly
applicable to upper gastrointestinal practice. These are authorial
scope decisions, not pre-specified eligibility criteria.
When discussing individual studies, relevant information considered
includes study design, sample size, defect type and location, device
type, technical parameters, clinical outcomes (defect closure, mor-
tality, treatment duration, adverse events), and reported predictors
of success and failure. This information was not extracted into a
formal data table or reconciled across studies using a standardized
instrument; it is synthesized narratively. Because formal meta-
analytic pooling was not performed, no attempt is made to derive
a single summary estimate across studies. Instead, findings from
published meta-analyses are discussed and contextualized, with
attention to the methodological quality concerns described below.
A notable feature of the available meta-analytic literature on EVT
versus SEMS is the potential for substantial overlap in the primary
studies included across different meta-analyses. This concern can
mislead readers into treating convergent findings as independent
confirmation. To give this concern a concrete, transparent basis rather
than stating it impressionistically, the corrected covered area (CCA)
method described by Pieper et al (2014) was applied as a descriptive
supplementary tool [16]. The formula CCA = (N - r) / (rc - r), where
N = total primary study appearances across all meta-analyses, r =
number of unique primary studies, and c = number of meta-analyses,
produces a single overlap index. CCA values of 0 – 5% indicate
slight overlap, 6-10% moderate, 11-15% high, and >15% very high.
The use of this tool here is solely descriptive and interpretive; it does
not transform this article into a systematic overview of reviews, and
no claims of systematic or exhaustive meta-analysis identification
are made.
The CCA matrix was constructed using only meta-analyses that
performed pairwise EVT-versus-SEMS comparisons. Two addi-
tional systematic reviews (Murray et al (2024) [17] and Mucha et

al (2025) [18]) and one umbrella review (Ardila et al (2025) [19])
were identified but excluded from the CCA matrix because they
did not perform pairwise EVT-versus-SEMS meta-analysis using
the same primary study pool, or because they were overviews of
reviews rather than primary meta-analyses. Full details of the CCA
matrix construction are provided in the Results section. Sex and
gender were considered in the design of this review. The literature
search included terms to identify studies reporting sex- or gender-
disaggregated outcomes. However, as detailed in the Discussion,
the existing literature does not report outcomes stratified by sex or
gender, representing a critical evidence gap.

3. Results

3.1. Corrected Covered Area Analysis: Quantifying Meta-Analysis
Overlap

To contextualize the meta-analytic literature before summarizing
its findings, the degree of overlap among the five available meta-
analyses was examined using the CCA method described in the
Methods section [16]. Five unique primary comparative studies
were identified across these meta-analyses: Brangewitz et al (2013),
[2] Schniewind et al (2013), [3] Bludau et al (2014), [1] Hwang et al
(2016), [20] and Berlth et al (2019) [21]. Four of these (Brangewitz,
Schniewind, Bludau, Hwang) appear in all five meta-analyses (5
appearances each); Berlth et al (2019) appears in four (Scognamiglio
2020, Tavares 2021, do Monte Junior 2021, Jung 2021), as it
postdates Rausa et al (2018). Jung et al (2021) reported an odds ratio
of 3.14 (95% CI 1.23 – 7.98) for EVT-versus-SEMS closure, identical
to Scognamiglio et al (2020), confirming that Hwang et al (2016)
was included in the Jung et al EVT-versus-SEMS subanalysis. This
yields N = 24 confirmed total appearances and a single confirmed
CCA = (24 - 5) / (5 × 5 - 5) = 19/20 = 95.0%, far exceeding the
>15% very high overlap threshold (Table 1). Regarding Tavares et al.
(2021): this meta-analysis included 23 studies (559 patients), most of
which were EVT-only case series. The pairwise EVT-versus-SEMS
comparative subgroup within Tavares et al comprised the same 5
primary studies used in the other four meta-analyses – specifically
Brangewitz et al (2013), Schniewind et al (2013), Bludau et al (2014),
Hwang et al (2016), and Berlth et al (2019) – as confirmed by
cross-referencing the individual study reference lists within that
meta-analysis. The remaining 18 studies in Tavares et al were EVT-
only series without a SEMS comparator arm and contributed no
pairwise comparative data; they were therefore excluded from the
CCA denominator, which is restricted to studies contributing to
the pairwise EVT-versus-SEMS comparison. The CCA formula
denominator (r = 5 unique primary comparative studies; c = 5 meta-
analyses) is based solely on this verified pairwise-eligible study pool.
A full study-by-review citation matrix is provided in Supplemental
(Table S1).
The conclusion that these meta-analyses represent convergent re-
analyses of the same evidence base is robust across all plausible
configurations. All quantitative claims in this review are anchored to
Jung et al. (2021), the largest meta-analysis (29 studies, 498 patients),
with other meta-analyses cited as corroborative.
3.2. Comparative Outcomes: Endoscopic Vacuum Therapy Versus

Self-Expanding Metal Stents
With the above overlap context established, the convergent findings
across the five meta-analyses are summarized in (Table 2). All
comparative evidence is derived from retrospective observational
studies; no randomized controlled trials have been completed, and
causal interpretation is not warranted. The largest meta-analysis,
Jung et al (2021), reported a pooled EVT closure rate of 85% (95%
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Table 1: Primary Study Overlap Matrix Across Published Meta-Analyses of Endoscopic Vacuum Therapy Versus Self-Expanding Metal
Stents, with Corrected Covered Area (CCA) Calculation

Primary Study Rausa et al.
(2018)

Scognamiglio et
al. (2020)

Tavares et al.
(2021)

do Monte Junior et
al. (2021)

Jung et al. (2021) Total Appear-
ances

Brangewitz et al (2013) [2] X X X X X 5
Schniewind et al. (2013)
[3]

X X X X X 5

Bludau et al. (2014) [1] X X X X X 5
Hwang et al. (2016) [20] X X X X X 5
Berlth et al. (2019) [21] — X X X X 4

CCA Calculation: 𝑟 = 5 unique primary studies; 𝑐 = 5 meta-analyses; 𝑁 = 24 confirmed total appearances.
CCA = (𝑁 − 𝑟)∕(𝑟𝑐 − 𝑟) = (24 − 5)∕(5 × 5 − 5) = 19∕20 = 95.0% (confirmed; 𝑁 = 24 verified appearances).
Both values far exceed the > 15% very-high overlap threshold per Pieper et al. (2014).
Legend: X = confirmed included in meta-analysis; — = not included (postdates meta-analysis). Hwang et al. (2016) inclusion in Jung et al. (2021) was confirmed, based on an
identical reported odds ratio (OR 3.14; 95% CI 1.23–7.98), matching Scognamiglio et al. (2020). 𝑁 = 24 confirmed total appearances; CCA = 95.0% (single confirmed value; no
residual uncertainty). See Supplemental Citation Matrix (Table S1) for study-by-review verification. CCA, corrected covered area. Formula: CCA = (𝑁 − 𝑟)∕(𝑟𝑐 − 𝑟). Thresholds:
0–5% slight; 6–10% moderate; 11–15% high; > 15% very high.

CI 0.81 – 0.88) [22]. do Monte Junior et al (2021) reported a 21%
higher absolute defect closure rate with EVT versus SEMS (risk
difference [RD] 0.21; 95% CI 0.10 – 0.32; P = .0003), a 12% absolute
mortality reduction favoring EVT (RD -0.12; 95% CI -0.21 to -0.03;
P = .006), a 14-day shorter treatment duration (mean difference
-14.22 days; 95% CI -20.07 to -8.38; P< .00001), and a 24% absolute
reduction in adverse events favoring EVT (RD -0.24; 95% CI -0.35
to -0.13; P = .0001) [23]. These figures represent EVT minus SEMS,
so negative values indicate EVT advantage. Tavares et al (2021)
reported a 16% risk difference in closure rates favoring EVT (RD
0.16; 95% CI 0.05-0.27) and 10% lower mortality with EVT (RD
-0.10; 95% CI -0.18 to -0.02) [24]. Scognamiglio et al (2020) reported
a pooled odds ratio of 3.14 (95% CI 1.23-7.98) favoring EVT for
defect closure [25]. The consistency of effect direction across these
analyses should be interpreted in the context of their very high
primary study overlap (CCA = 95.0%), which means these results
reflect analytical consistency rather than independent replication.
Furthermore, treatment selection, defect severity, timing, and center
expertise are potential confounders in all of these observational
comparisons. Evidence should be considered low-certainty pending
randomized trial data.
The Murray et al (2024) network meta-analysis, which compared four
treatment strategies across 12 studies (511 patients), corroborates
these findings: EVT demonstrated significantly lower complication
rates (OR 0.23; 95% CI 0.09-0.58) and mortality (OR 0.43; 95% CI
0.21-0.87) compared with stenting [17]. Mucha et al (2025) reported
EVT success rates of 82% and mortality of 10.7% across 38 studies
[18].

3.3. Novel 2023 – 2025 Independent Evidence
The 2023 – 2025 comparative studies (Mandarino et al 2023, Riva
et al 2025, Heilani et al 2025) were not captured in any of the five
pairwise EVT-versus-SEMS meta-analyses included in the CCA
matrix (Rausa 2018, Scognamiglio 2020, Tavares 2021, do Monte
Junior 2021, Jung 2021; CCA appearance count = 0 in that matrix).
As used in this review, “independent” refers specifically and only
to independence from those five pairwise meta-analyses and does
not imply independence from all prior systematic literature. The
relationship of each study to Mucha et al (2025) and Ardila et al
(2025) is as follows. Mucha et al (2025) [18] searched the literature
through 2024: Mandarino et al (2023), published in December 2023,
falls within that search window and was likely captured in Mucha
et al; Riva et al (2025; J Clin Med 2025;14 [23]) and Heilani et al

(2025; Endoscopy 2025;57 [5]) were both published in 2025, after
Mucha’s search cutoff, and were therefore not included. Ardila et al
(2025) [19] is an umbrella review of previously published systematic
reviews rather than a review of primary studies; as matched case-
control and retrospective cohort studies, Mandarino et al, Riva et
al, and Heilani et al would not be directly eligible for inclusion
in an umbrella review and were not captured therein. In summary,
Mandarino et al (2023) is likely captured in Mucha et al (2025) and
thus not fully independent of all prior systematic literature; Riva et
al (2025) and Heilani et al (2025) postdate the search windows of
all identified systematic reviews and umbrella reviews and represent
genuinely new primary comparative data not previously synthesized
in any identified review. All three are described here using the most
recent available comparative evidence, with the above independence
status explicitly stated.
Mandarino et al (2023) published a matched case-control study of
44 patients (22 EVT vs 22 SEMS) with anastomotic leaks less than
30 mm following oncologic Ivor-Lewis esophagectomy, matched
1:1 by age, BMI, and leak size [26]. Patient-level leak resolution
was numerically higher with EVT (90.9% vs 72.7%; P = .11), and
the most frequent complication in the SEMS group was migration
(15.3% of stent procedures, reported as a procedure-level outcome)
[26].
Riva et al (2025) published a case-control study of 45 patients
comparing EVT (n = 23) to SEMS (n = 22) [27]. While defect
closure rates were numerically similar (95.6% vs 86.4%; P = 1.000),
EVT demonstrated significantly fewer patient-level complications
(8.3% vs 50% of patients; P = .001), with no stent migration (0% vs
36.4% of SEMS patients) and no stricture formation (0% vs 18.2%
of SEMS patients) [27].
Heilani et al (2025) reported outcomes from 59 patients across two
German tertiary centers treated with EVT (n = 24), SEMS (n = 32),
or over-the-scope clips (OTSC; n = 14), with an overall patient-level
closure rate of 78.0%. Defect size of 1 cm or less was strongly
associated with successful closure (57.8% vs 15.4%; P = .007) [28].
Ardila et al (2025) published an umbrella review of six systematic
reviews/meta-analyses (65 studies, 2186 patients) reporting cross-
analytical consistency favoring EVT across defect closure, mortality,
and complication domains [19]. As an umbrella review synthesizing
the same underlying studies, this work reflects analytical consistency
across the overlapping evidence base rather than contributing new
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Table 2: Summary of Meta-Analyses and Recent Comparative Studies Evaluating Endoscopic Vacuum Therapy Versus Self-Expanding
Metal Stents for Upper Gastrointestinal Transmural Defects

Study Design Studies
(Patients)

Closure Rate EVT
vs SEMS

Mortality EVT
vs SEMS

Treatment
Duration

Adverse Events CCA Status

Rausa et al. (2018) [7] SR/MA 4 (163) OR 5.51 (95% CI
2.11–14.88;
𝑃 < 0.001)

OR 0.55 (95% CI
0.19–1.56)

NR NR † CCA =
95.0%

Scognamiglio et al.
(2020) [25]

SR/MA 5 (274) OR 3.14 (95% CI
1.23–7.98)

OR 0.39 (95% CI
0.18–0.83)

NR NR † CCA =
95.0%

Tavares et al. (2021)
[24]

SR/MA 23 (559) RD +0.16 (95% CI
0.05–0.27) favoring
EVT [EVT higher]

RD –0.10 (95%
CI –0.18 to
–0.02)

NR NR † CCA =
95.0%

do Monte Junior et al.
(2021) [23]

SR/MA 5 (274) RD +0.21 (95% CI
0.10–0.32;
𝑃 = 0.0003) favoring
EVT [EVT higher]

RD –0.12 (95%
CI –0.21 to
–0.03;
𝑃 = 0.006)
favoring EVT

MD –14.22 days
(95% CI –20.07
to –8.38;
𝑃 < 0.00001)
favoring EVT

RD –0.24 (95%
CI –0.35 to
–0.13;
𝑃 = 0.0001)
favoring EVT

† CCA =
95.0%

Jung et al. (2021) [22] SR/MA 29 (498) Pooled 85% (95% CI
0.81–0.88)

NR NR NR † CCA =
95.0%

Murray et al. (2024)
[17]

Network
MA

12 (511) NR OR 0.43 (95% CI
0.21–0.87)

NR OR 0.23 (95% CI
0.09–0.58)

Excluded from
the CCA
matrix

Mandarino et al.
(2023) [26]

Matched
case-control

1 (44) 90.9% vs 72.7% (P =
0.11)

NR NR Migration 15.3%
(SEMS)

‡ Independent
2023

Riva et al. (2025) [27] Case-
control

1 (45) 95.6% vs 86.4% (P =
1.000)

NR NR 8.3% vs 50% (P
= 0.001)

‡ Independent
2025

Heilani et al. (2025)
[28]

Retrospective
two-center

1 (59) 78.0% overall NR NR NR ‡ Independent
2025

Note: All effect measures are reported as EVT minus SEMS (reference group = SEMS); negative RD values indicate EVT advantage for mortality and adverse event outcomes;
positive RD values indicate EVT advantage for closure rate. All evidence is low-certainty observational; no randomized controlled trials have been completed; causal interpretation is
not warranted.
Legend: † Corroborating evidence with very high primary study overlap (CCA = 95.0% confirmed; Pieper et al. formula; see (Table 1) and Supplemental (Table S1) for overlap
matrix).
‡ Most recent comparative data (2023–2025); not included in the five pairwise EVT-versus-SEMS meta-analyses comprising the CCA matrix (CCA appearance = 0 in that matrix);
possible overlap with Mucha et al. (2025) or Ardila et al. (2025) cannot be fully verified from published full texts; described here as most recent available data, not as completely
independent of all prior systematic literature.
§ Leak resolution (Mandarino et al.) and overall closure rate (Heilani et al.) are reported as patient-level outcomes. Stent migration in Mandarino et al. (15.3%) is reported as a
procedure-level outcome. All outcomes in Riva et al. are patient-level.
CI, confidence interval; EVT, endoscopic vacuum therapy; MA, meta-analysis; MD, mean difference; NR, not reported; OR, odds ratio; RD, risk difference (EVT minus SEMS);
SEMS, self-expanding metal stents; SR, systematic review.

patient data or independent replication; the certainty of its conclu-
sions is bounded by the low certainty of the primary observational
studies it synthesizes.
Sánchez-Rodríguez et al. (2025) reported on 30 consecutive patients
treated with EVT, with an overall closure rate of 90% and an adverse
event rate of 5.9% [29].
3.4. Predictors of Success and Failure
Identification of predictors of EVT success and failure is critical for
patient selection and treatment optimization (Table 3).
Timing of Initiation. Momblan et al (2023) identified time from
diagnosis to EVT initiation as a significant predictor of failure in a
multicenter Spanish registry of 102 patients, with each day of delay
increasing odds of failure by 3% (OR 1.03; 95% CI 1.01-1.05; P =
.005) [30].
Patient and Treatment Factors. Jung et al (2022) identified neoadju-
vant chemoradiation and intraluminal sponge placement as indepen-
dent risk factors for failure on multivariate analysis in 119 patients
[31]. de Moura et al (2023) reported simultaneous intracavitary and

intraluminal placement as a predictor of success (OR 3.08) in 144
patients [32].
Defect and Cavity Characteristics. Ooi et al (2018) reported that
cavity size greater than 8 cm and chronic fistula tracts were associated
with failure [33]. Defects greater than 2 cm have been associated
with lower success rates across multiple studies. Heilani et al (2025)
confirmed that defects of 1 cm or less can almost always be closed
endoscopically [28].
Laboratory Biomarkers. Book et al. (2021) identified platelet count at
day 14 (257 vs 195 Thsd/𝜇L; 𝑃 = 0.039) and declining C-reactive
protein (CRP) trends as biomarkers of treatment success in 116
patients [34].

3.5. Technical Considerations
Commonly Described Technique (Expert Practice; Unvalidated
Standard). The most frequently reported EVT technique involves
placement of an open-pored polyurethane sponge (e.g., GranuFoam;
KCI/3M), trimmed to the defect dimensions, secured to a 14 –
18 French nasogastric tube with silk sutures, and connected to
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Table 3: Predictors of Endoscopic Vacuum Therapy Success and Failure for Upper Gastrointestinal Transmural Defects
Predictor Direction Effect Size Study N Analysis

Time from diagnosis to
EVT initiation (per day)

Failure ↑ OR 1.03 (95% CI 1.01–1.05; 𝑃 = 0.005) Momblan et al. (2023)
[30]

102 MVA

Neoadjuvant
chemoradiation

Failure ↑ Independent risk factor on MVA (exact OR, CI,
and 𝑃 value not reported in the abstract; values
may be available in the full-text publication;
reported as statistically significant on MVA)

Jung et al. (2022) [31] 119 MVA

Intraluminal sponge
placement

Failure ↑ Independent risk factor on MVA (exact OR, CI,
and 𝑃 value not reported in the abstract; values
may be available in the full-text publication;
reported as statistically significant on MVA)

Jung et al. (2022) [31] 119 MVA

Simultaneous intracavitary
+ intraluminal placement

Success ↑ OR 3.08 (95% CI 1.19–7.95); also HR 0.70
(95% CI 0.55–0.91) for time to closure

de Moura et al. (2023)
[32]

144 MVA

Cavity size >8 cm Failure ↑ Associated with failure Ooi et al. (2018) [33] — Descriptive
Chronic fistula tract Failure ↑ Associated with failure Ooi et al. (2018) [33] — Descriptive
Defect size ≤1 cm Success ↑ 57.8% vs 15.4% (𝑃 = 0.007) Heilani et al. (2025)

[28]
59 Univariate

Platelet count day 14 (257
vs 195 Thsd/𝜇L)

Success ↑ 𝑃 = 0.039 Book et al. (2021) [34] 116 Univariate

Declining CRP trend Success ↑ Associated with success Book et al. (2021) [34] 116 Descriptive
Legend: CI, confidence interval; CRP, C-reactive protein; EVT, endoscopic vacuum therapy; MVA, multivariate analysis; OR, odds ratio; Thsd/𝜇L, thousand per microliter. ↑
indicates increased likelihood of the stated outcome (success or failure).

Table 4: Standard Endoscopic Vacuum Therapy Technical Parameters and Modifications
Parameter Standard Protocol Modifications/Alternatives References

Sponge material Open-pored polyurethane (eg, GranuFoam; KCI/3M) Open-pore film drainage [35, 36]
Sponge size Trimmed to defect/cavity dimensions Trim slightly larger than cavity opening for a snug fit [33, 35]
Tube 14–18 Fr nasogastric tube Tube-in-tube modification for simultaneous

irrigation/suction
[35, 37]

Sponge fixation Silk sutures securing the sponge to the tube — [35]
Negative pressure 125 mmHg continuous Low-pressure 25–30 mmHg for friable tissue or

post-chemoradiation
[35, 38]

Exchange interval Every 3–4 days Individualized based on cavity response [33, 35]
Placement strategy Intracavitary (preferred); transition to intraluminal as

cavity contracts
Pull-through technique for post-bariatric anatomy [4, 32, 33]

Device type EsoSPONGE (B. Braun; not FDA-cleared in the US) Homemade off-label VAC assembly (validated: 95.5%
success)

[32, 39]

Treatment endpoint Cavity contracted, granulation tissue coverage, no
residual collection

CRP/WBC normalization as adjunctive biomarker [34, 35]

Legend: CRP, C-reactive protein; FDA, Food and Drug Administration; Fr, French; mmHg, millimeters of mercury; VAC, vacuum-assisted closure; WBC, white blood cell count. —
= no published alternative described. Reference numbers correspond to the renumbered reference list.

continuous negative pressure at 125 mmHg (Table 4) [40]. This
pressure setting is derived from the wound care literature and expert
convention; it has not been established by comparative trials as
the optimal pressure for upper gastrointestinal EVT. The sponge is
positioned intracavitarily or intraluminally and exchanged every 3 to
4 days based on expert experience; optimal exchange intervals have
not been established by prospective study [32]. Required Procedure
Burden. The number of required endoscopic procedures is an impor-
tant quality-of-hospital-stay metric for patients and families. EVT
mandates sponge exchange every 3 to 4 days, potentially resulting
in 4 to 12 or more endoscopic procedures over the full treatment

course. SEMS therapy requires a single endoscopic placement in
most cases; however, stent migration (occurring in 25% – 41% of
cases) [7] or malposition may necessitate additional procedures
for repositioning or restenting. Critically, the 14-day shorter mean
treatment duration observed with EVT versus SEMS [23] may
partially offset the higher per-episode procedure frequency, reducing
the total procedure burden. Prospective data directly comparing
total procedure counts per completed treatment episode are lacking
and represent an important research priority for future comparative
studies [40].
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Table 5: Comparison of Endoscopic Modalities for Upper Gastrointestinal Transmural Defect Closure
Modality Mechanism Success Rate Advantages Limitations Best Indication References

Endoscopic
vacuum therapy

Continuous negative
pressure via an
open-pored sponge
promotes granulation
and drainage

82%–95% Active cavity drainage
promotes granulation,
lower mortality, and
complications vs
SEMS

Requires multiple
exchanges (every 3–4
days); not FDA-cleared
in the US; learning
curve ∼10 cases

Anastomotic leaks,
perforations with
contaminated cavity,
defects >2 cm

[17, 22, 33,
41]

Self-expanding
metal stents

Mechanical luminal
coverage of the defect

64%–86% Single placement;
widely available;
familiar technique

Migration 25%–41%;
no cavity drainage;
tissue ingrowth;
stricture formation 18%

Contained leaks
without large cavity;
short-segment defects

[7, 8, 28]

Over-the-scope
clips (OTSC)

Mechanical
full-thickness tissue
approximation

59%–90% Single-session closure;
immediate seal; no
exchanges needed

Limited to defects ≤2
cm; lower efficacy for
chronic fistulae; tissue
fibrosis limits
application

Acute perforations ≤2
cm; iatrogenic
perforations

[42]

Endoscopic
internal
drainage

Double-pigtail stent
placement for passive
drainage

Limited data Maintains luminal
patency; allows oral
intake

Longer treatment
duration (median 42
days); passive drainage
only; limited
comparative data

Small contained leaks
with an established
drainage tract

[31]

Note: Success rates represent ranges reported across cited studies. Reference numbers correspond to the reference list.
Legend: EVT, endoscopic vacuum therapy; FDA, Food and Drug Administration; OTSC, over-the-scope clip; SEMS, self-expanding metal stents.

Intracavitary Versus Intraluminal Placement. Intracavitary place-
ment provides superior drainage and promotes granulation tissue
[32]. Jung et al (2022) confirmed that intraluminal placement
is an independent risk factor for failure [31]. Expert consensus
recommends intracavitary placement as the preferred approach,
transitioning to intraluminal positioning as the cavity contracts [40].
Number of Endoscopic Procedures: EVT Versus SEMS. The total
endoscopic burden of therapy is an important metric for patient
quality of life and resource utilization during hospitalization. EVT
requires planned sponge exchange every 3 to 4 days; in a typical
treatment course of 2 to 6 weeks, this translates to approximately 5
to 14 exchange procedures. However, because EVT promotes active
granulation and drainage, it is associated with a shorter overall
treatment duration (14 days shorter than SEMS, as reported by
do Monte Junior et al. (2021)) [23], which may partially offset
the per-exchange burden. By contrast, SEMS is placed in a single
initial procedure but may require additional endoscopies for stent
repositioning or replacement due to the high migration rate (25% –
41%), [7] stent removal, and management of complications such
as tissue ingrowth and stricture formation. The net endoscopic
burden across a full treatment course may therefore not differ as
dramatically between strategies as the exchange frequency alone
suggests. Prospective studies comparing total endoscopy procedure
counts per completed treatment episode are needed to inform this
important practical consideration.
Homemade Device Assembly. de Moura et al. (2023) validated the
off-label wound vacuum-assisted closure component assembly in 144
patients, reporting 95.5% success and 5.6% adverse events [32]. The
EsoSPONGE (B. Braun Melsungen AG) is the only commercially
available dedicated device, but it is not FDA-cleared in the United
States [35]. Smallwood et al (2016) reported the first United States
experience using off-label components [39].
Technical Modifications. The pull-through technique (Laukoetter et
al, 2017) [4] facilitates placement in post-bariatric surgical anatomy.
The tube-in-tube modification (Simas de Lima et al, 2022) [37]

allows simultaneous irrigation and suction. Open-pore film drainage
(Loske and Schorsch, 2016) [36] provides comparable drainage to
sponge-based systems in certain configurations [43]. Low-pressure
protocols (25 – 30 mmHg) demonstrated comparable efficacy for
postoperative leaks (Sundaram et al, 2025), [38] though validation
in larger cohorts is needed.
Comparison With Other Endoscopic Modalities (Table 5). Over-the-
scope clips (OTSC) achieve success rates of 59% to 90% for acute
perforations less than 2 cm but have lower efficacy for chronic fistulae
[42]. Endoscopic internal drainage using double-pigtail stents has
shown high success rates in limited data, but it requires a longer
treatment duration (median 42 days) [31].

3.6. Training Considerations and Cost
Ward et al (2019) demonstrated proficiency after approximately
10 cases, with endoscopy suite procedures costing $4,528 versus
$11,889 in the operating room (2.6-fold reduction) [44]. However,
de Oliveira et al (2024) reported lower total treatment costs for
SEMS in traumatic esophageal perforations, driven by the single-
placement nature of stent therapy versus multiple sponge exchanges;
[41] comprehensive cost-effectiveness analyses are needed.

3.7. Emerging Applications
Colorectal Anastomotic Leaks. Success rates range from 60% to
100% across published series using the Endo-SPONGE for transanal
placement [10, 45].
Bariatric Surgery Complications. EVT has been applied to sleeve
gastrectomy staple line leaks and Roux-en-Y anastomotic leaks,
often requiring the pull-through technique [4]. Success rates are
comparable to esophageal leak series, though data remain limited to
case series.
Duodenal Perforations. Ciuntu et al (2024) reported complete healing
after 3 sponge exchanges in a perforated duodenal ulcer with
subphrenic abscess and septic shock [46]. Yurttas et al (2022)
demonstrated fewer complications and no therapy failure with
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endoscopic negative pressure therapy versus primary surgical repair
for retroperitoneal duodenal perforations, which required revision
surgery in 66.7% of surgical cases [47].
Preemptive Use After Esophagectomy. Müller et al (2021) reported
73% uneventful anastomotic healing, 7.5% anastomotic leak rate,
and 0% 30-day mortality in 67 consecutive patients with preemptive
intraoperative placement [48]. Gubler et al (2019) demonstrated 95%
uneventful healing in 19 consecutive anastomoses with no mortality
[49].
VacStent: A Hybrid Approach. The VacStent is an emerging device
that combines the structural luminal coverage of SEMS with the
active drainage of EVT, maintaining luminal patency and potentially
enabling oral intake during treatment – addressing two key limita-
tions of standard EVT (need for repeated exchanges with oral intake
restriction) and standard SEMS (inability to drain contaminated
periluminal cavities). A recent systematic review by Kehagias et al
(2025) synthesized available evidence on VacStent for esophageal
perforations and anastomotic leaks, providing an early literature
base for this promising hybrid approach [50]. Current evidence
remains limited to small case series, and formal comparative trials
against both EVT and SEMS are needed before the VacStent can be
recommended as a standard option.

3.8. Practical Pearls for Endoscopic Vacuum Therapy
The following represent expert-derived practice considerations based
on published expert experience and multicenter observational data;
they are not evidence-based guidelines and have not been validated in
randomized trials [32]. Clinicians should adapt these considerations
to local expertise, available devices, and individual patient anatomy.
Regulatory context: the EsoSPONGE is not FDA-cleared in the
United States, and all homemade EVT device assemblies constitute
off-label use and require institutional support and informed patient
consent [40, 44].
3.8.1. Sponge sizing
Trim slightly larger than the cavity opening to ensure a snug fit; an
undersized sponge will not generate effective negative pressure and
may dislodge.
3.8.2. Stuck sponge
Instill 50 to 100 mL of saline through the drainage tube before
applying gentle traction; forceful removal risks mucosal avulsion
and bleeding.
3.8.3. Transition strategy
Begin intracavitary; transition to intraluminal when the cavity has
contracted to less than approximately 2 cm with healthy granulation
tissue lining the walls.
3.8.4. Nutrition
Provide enteral nutrition via jejunostomy tube or parenteral nutrition;
withhold oral intake during active treatment.
3.8.5. Monitoring
Track C-reactive protein and white blood cell count (WBC) between
exchanges; failure to decline after 2 exchanges should prompt
reassessment of positioning, drainage adequacy, and consideration
of alternative therapies.
3.8.6. Vacuum loss
Check for tube kinking first; if the tube is patent, the sponge may
have dislodged, and urgent endoscopic reassessment is warranted.

3.8.7. Discharge planning
Stable patients may be managed with outpatient sponge exchanges at
some centers based on expert practice; this has not been prospectively
evaluated. Safety caution: Outpatient management requires verified
outpatient endoscopy infrastructure, a reliable patient who can
recognize and report signs of sponge displacement or vacuum failure,
rapid escalation pathways for complications, and clinician judgment
that the patient is sufficiently stable. Retained sponge, mucosal injury,
and delayed recognition of a leak are potential risks that have not
been systematically characterized in outpatient settings.
3.8.8. Low-pressure option
Consider 25 to 30 mmHg for patients with friable tissue, recent
chemoradiation, or excessive discomfort at commonly used pressures
[38]. [Limited evidence: based on one single-arm cohort study
(Sundaram et al, 2025; N not specified); not validated in randomized
trials; comparative efficacy versus standard pressure is unknown.]

3.9. Limitations of Existing Evidence and Gaps
Several critical gaps warrant acknowledgment. First, no randomized
controlled trials have been completed, though the ESOLEAK trial
(NCT03962244) is a phase 2 randomized trial comparing EVT
to SEMS for esophageal anastomotic leaks [51]. All comparative
data to date derive from retrospective studies and meta-analyses
of observational data with inherent selection bias. Second, the five
available meta-analyses demonstrate very high primary study overlap
(CCA = 95.0%; see Methods for details), meaning their convergent
findings reflect analytical consistency rather than independent
replication; this review is structured accordingly. Third, no study has
reported outcomes disaggregated by sex, gender, race, or ethnicity.
Fourth, no standardized protocols exist for negative-pressure settings,
exchange intervals, or treatment endpoints. Fifth, predictive models
for treatment failure have not been externally validated. Sixth,
comprehensive cost-effectiveness analyses have not been performed.

4. Discussion
This narrative review synthesizes the current evidence on EVT
as a management strategy for upper gastrointestinal transmural
defects, with findings most relevant to esophageal anastomotic leak
and iatrogenic perforation, where the comparative evidence base is
concentrated. A distinctive feature of this review is its transparent
examination of primary study overlap across the five available meta-
analyses comparing EVT to SEMS, using the CCA method as a
descriptive tool. The resulting confirmed CCA of 95.0% reveals that
the five meta-analyses draw from the same small pool of 5 primary
comparative studies and therefore represent convergent re-analyses
of the same evidence base rather than independent confirmatory
datasets. This context is essential for interpreting the apparent
consistency of findings across those meta-analyses and distinguishes
analytical consistency from true independent replication.
Within this low-certainty observational evidence base, EVT was
associated with higher defect closure rates (EVT 85% vs SEMS
64%), lower mortality (12% absolute reduction favoring EVT vs
SEMS as reference; RD -0.12), shorter treatment duration (14-day
reduction favoring EVT), and fewer adverse events (24% absolute
reduction favoring EVT vs SEMS as reference; RD -0.24) across
the five overlapping meta-analyses [22–25]. All effect measures
are expressed as EVT minus SEMS; negative values indicate EVT
advantage. These are observational associations from retrospective
data; treatment selection bias, defect severity, timing, surgical
context, and center expertise are potential confounders in all included
studies and cannot be excluded. The Murray et al (2024) network
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meta-analysis corroborates the direction of effect (OR 0.23 for
complications; OR 0.43 for mortality, favoring EVT versus stenting,
with SEMS/stenting as the reference group) but is similarly based
on observational data and subject to the same limitations [17].
The most recently published comparative data come from Mandarino
et al (2023), Riva et al (2025), and Heilani et al (2025), none of
which were captured in the five pairwise meta-analyses comprising
the CCA matrix; their precise independence status relative to Mucha
et al (2025) and Ardila et al (2025) is detailed in the Results section
and show fewer complications with EVT (8.3% vs 50% in Riva et
al; P = .001) and elimination of stent-specific complications such
as migration and stricture [26–28]. These findings are consistent
with the meta-analytic signal but remain subject to the limitations
of small, retrospective, single-center observational studies and
have not been pooled in a dedicated meta-analysis. The 2025
umbrella review by Ardila et al confirms cross-analytical consistency
across six systematic reviews/meta-analyses but contributes no
new patient data [19]. The totality of evidence is concentrated in
esophageal anastomotic leak and esophageal perforation populations;
direct extrapolation to gastric, duodenal, bariatric, or other upper
gastrointestinal defect locations should be made with caution, as
separate anatomic-site evidence is limited.
The identification of modifiable predictors of success, particularly
early initiation within 7 days and intracavitary sponge placement, pro-
vides actionable guidance [30, 31]. Based on available observational
data and expert-derived experience, centers with EVT expertise
may consider prioritizing early endoscopic assessment for potential
EVT initiation upon diagnosis; however, this represents an expert-
informed hypothesis rather than evidence-based practice guidance.
Local expertise, defect anatomy, device availability, and patient
stability must be individualized, and these considerations should
not be interpreted as standardized best practice pending randomized
controlled trial data.
Technical innovations, including homemade device assembly, [32]
tube-in-tube modification, [37] low-pressure protocols, [38], and
open-pore film drainage [36], expand applicability and address
practical barriers. Homemade device assembly has been reported to
achieve 95.5% success and 5.6% adverse events in one retrospective
multicenter cohort (de Moura et al., 2023; N = 144) [32]. This
represents single-study evidence from observational data and should
not be interpreted as formal device validation; safety data from
larger prospective series are lacking. Proficiency is achievable after
approximately 10 cases, according to one retrospective analysis, and
endoscopy suite procedures have been reported to cost 2.6 times
less than operating room procedures in a single-center study [44].
These figures should be interpreted cautiously as they derive from
uncontrolled, single-institution data.
Quality Appraisal and Certainty of Evidence. A formal AMSTAR-
2/ROBIS assessment of the five meta-analyses and ROBINS-
I/Newcastle – Ottawa assessment of the individual comparative
studies was not performed, as this lies outside the scope of a narrative
review. However, the following structured summary of evidence
quality and certainty is provided for each key outcome domain to
assist readers in contextualizing the reported findings. All certainty
ratings are based on GRADE principles applied informally by the
authors. For defect closure rates: evidence is derived from 5 retro-
spective observational studies pooled across 5 highly overlapping
meta-analyses (CCA = 95.0%); serious risk of confounding from
treatment selection bias (larger, more accessible defects more likely
to receive SEMS), inconsistency in closure definitions across studies,
and imprecision from small sample sizes (N = 163 – 274 per meta-
analysis); overall certainty: low. For mortality: same underlying

evidence base with additional concern for confounding by indication
(sicker patients may have been preferentially managed with one
modality), variation in follow-up duration, and lack of adjudication
of mortality cause; overall certainty: low. For complication rates:
outcome definitions vary substantially (procedure-level vs patient-
level; type of complication captured differs); heterogeneity is high;
the most recently published studies (Riva et al 2025, Mandarino
et al 2023) provide cleaner patient-level data but are small (N =
44-45); overall certainty: low. For treatment duration: the most
consistently reported quantitative outcome; however, censoring
criteria and definition of treatment completion differ across studies;
overall certainty: low to moderate. For predictors of failure: evidence
derives from single-center multivariate analyses (Jung et al. 2022:
N = 119; de Moura et al. 2023: N = 144); risk of bias is high
due to small sample sizes, center-specific patient selection, and
the absence of external validation; overall certainty: very low. In
summary, the overall certainty of EVT-versus-SEMS comparative
evidence is low to very low across all outcome domains. The CCA
of 95.0% confirms that apparent convergence across meta-analyses
reflects re-analysis of the same small evidence base. The 2023 –
2025 comparative studies (Mandarino et al., Riva et al., Heilani
et al.) represent more recent but similarly limited retrospective
data (N = 44 – 59 per study). Findings across all domains should
be considered hypothesis-generating observational associations
pending randomized controlled trial data. Important additional
limitations must be acknowledged. The cost profile of EVT is
not uniformly favorable; de Oliveira et al (2024) demonstrated
lower total treatment costs for SEMS in traumatic esophageal
perforations, driven by the single-placement nature of stent therapy
[41]. Heterogeneity in device type, sponge characteristics, negative
pressure settings, and outcome definitions further limits cross-study
comparability. The large majority of comparative EVT-versus-SEMS
evidence derives from esophageal anastomotic leak and iatrogenic
perforation studies; the conclusions of this review cannot be directly
generalized to gastric, duodenal, bariatric staple-line, or preemptive
esophagectomy indications without direct supporting evidence from
those specific anatomical and clinical contexts. Clinicians should
stratify their interpretation by defect location and etiology and
exercise particular caution before applying esophageal leak data
to other upper gastrointestinal anatomical sites.

4.1. Health Equity and Access Considerations
The absence of FDA-cleared EVT devices in the United States raises
concerns about health equity. Off-label device assembly requires
expertise and institutional support concentrated at high-volume
academic centers. Patients at community hospitals may have reduced
access to EVT and be managed with SEMS by default. Whether this
represents inferior outcomes cannot be established from the available
low-certainty evidence, but the access disparity itself is a concern
independent of comparative efficacy. This is compounded by the
absence of standardized training curricula and the approximately
10-case learning curve reported in one retrospective analysis [44].
FDA clearance of a dedicated device would be an important step
toward democratizing access.

4.2. Sex and Gender Considerations
None of the meta-analyses or multicenter registries reviewed re-
ported outcomes stratified by sex or gender. Murray et al (2024)
reported that 82.6% of patients across 12 studies were male [17].
Sex-based differences in EVT outcomes have not been reported
in any included study; whether biological sex influences tissue
healing, inflammatory response, or treatment tolerance in this context
is unknown and should not be speculated upon in the absence
of disaggregated data. This represents a critical evidence gap.
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Future studies should prospectively collect and report outcomes
disaggregated by sex, gender, race, and ethnicity.

4.3. Future Directions
Priorities include: (1) prospective randomized controlled trials,
including the ongoing ESOLEAK trial (NCT03962244), [51] to
provide Level 1 evidence; (2) FDA regulatory pathway development
for dedicated endoluminal vacuum devices; (3) external validation
of predictive models for treatment failure; (4) standardized protocols
for negative pressure settings, exchange intervals, and treatment
endpoints; (5) comprehensive cost-effectiveness analyses comparing
EVT and SEMS that incorporate length of hospital stay, number of
reinterventions, and total procedural costs across the full treatment
episode, if EVT is confirmed to reduce length of stay, reinterventions,
and total costs, it should be prospectively evaluated as a first-line
option for anastomotic leaks with appropriate leak characteristics
(size of defect, cavity size, and exact leak location); (6) dedicated
prospective evaluation of colorectal, bariatric, duodenal, and pre-
emptive esophagectomy applications; (7) prospective evaluation of
EVT in spontaneous esophageal perforation (Boerhaave syndrome),
where the combination of full-thickness transmural injury, medi-
astinal contamination, and large cavity may represent a particularly
favorable indication for active EVT drainage over luminal stenting;
and (8) further study of the VacStent, a hybrid device that combines
the benefits of SEMS and EVT by maintaining luminal patency and
enabling oral intake while providing continuous negative pressure
– a recent systematic review by Kehagias et al (2025) provides an
early evidence base for this promising approach [50].
This review has several limitations inherent to the narrative design.
Literature retrieval was not exhaustive and was not conducted using
systematic review methodology; study selection reflects the authors’
clinical and methodological judgment and was not performed in
duplicate or against pre-registered criteria. Publication bias favoring
positive EVT outcomes may be present and cannot be formally
assessed without a systematic search and funnel plot analysis.
A central interpretive concern highlighted in this review is the
confirmed very high overlap among the five available meta-analyses
(CCA = 95.0%), meaning that apparent agreement across these
analyses reflects re-analysis of the same primary data rather than
independent replication.

5. Conclusion
The conclusions of this review are stratified by defect location and
etiology, as the evidence base differs substantially across anatomical
sites. For esophageal anastomotic leaks and iatrogenic esophageal
perforations, where the comparative evidence is concentrated:
within the available low-certainty observational evidence, EVT
is associated with higher defect closure rates, lower mortality,
and fewer complications compared with SEMS across convergent
analyses of a shared primary study pool (CCA = 95.0%); no
randomized controlled trials have been completed; all comparative
data are retrospective and observational; and treatment selection
bias, defect severity, surgical context, and center expertise are
important potential confounders that cannot be excluded. These
findings are hypothesis-generating and should not be interpreted
as established superiority. For gastric leaks (including post-sleeve
gastrectomy), duodenal perforations, bariatric staple-line leaks, and
preemptive esophagectomy applications: no pairwise EVT-versus-
SEMS comparative studies exist; available evidence consists of
single-arm case series and limited registry data that support EVT
feasibility but cannot support efficacy claims relative to SEMS.
Evidence for these locations is descriptive only. For spontaneous

esophageal perforation (Boerhaave syndrome): EVT has been used
successfully in case reports and small series; no comparative data are
available versus SEMS; prospective evaluation is warranted given the
biological rationale for active cavity drainage in this setting. Across
all locations, early initiation within 7 days and intracavitary sponge
placement are the most critical modifiable predictors of success
where data exist. Priorities include randomized trials, FDA device
pathway development, standardized protocols, comprehensive cost-
effectiveness analyses, and externally validated predictive models.
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A B S T R A C T

Background: Inter-hospital transfer is frequently used to facilitate access to advanced biliary
intervention and higher-level care for patients with acute cholangitis. However, its association with
inpatient outcomes remains incompletely defined. We evaluated the relationship between transfer-in
status and clinical outcomes among adults hospitalized with acute cholangitis.
Methods: We performed a retrospective hospitalization-level analysis using the National Inpatient
Sample. Adult hospitalizations with acute cholangitis were identified using ICD-10-CM codes and
stratified by interhospital transfer status. Survey-weighted analyses compared patient characteristics,
outcomes, and resource utilization. Multivariable survey-weighted logistic regression assessed the
adjusted association between transfer-in status and adverse outcomes.
Results: An estimated 36,125 acute cholangitis hospitalizations were identified nationally; 16.8%
involved inter-hospital transfer. Transferred hospitalizations were more often among White patients,
patients from lower-income ZIP codes, and those treated at large urban teaching hospitals. Transferred
patients had higher unadjusted rates of shock, acute respiratory failure, mechanical ventilation, dialysis,
and in-hospital mortality (5.8% vs 4.5%; 𝑃 = 0.047). After adjustment, transfer-in status was not
significantly associated with in-hospital mortality (adjusted odds ratio [aOR], 1.26; 95% CI, 0.95–
1.68; 𝑃 = 0.106), but was associated with acute respiratory failure (aOR, 1.30; 95% CI, 1.06–1.58;
𝑃 = 0.011), mechanical ventilation (aOR, 1.64; 95% CI, 1.28–2.10; 𝑃 < 0.001), and dialysis (aOR,
1.39; 95% CI, 1.01–1.92; 𝑃 = 0.045).
Conclusions: Transfer-in status was not significantly associated with adjusted in-hospital mortality, but
it was associated with markers of greater illness severity and resource utilization. Findings should be
interpreted within the limitations of administrative hospitalization data.

1. Introduction
Acute cholangitis is a potentially life-threatening biliary infection
that can rapidly progress to sepsis and organ failure. Prompt
recognition, early antibiotics, hemodynamic stabilization, and timely
biliary decompression are central to management, as delays in source
control are associated with increased morbidity and mortality [1–3].
Endoscopic retrograde cholangiopancreatography (ERCP) is the
preferred modality for biliary decompression in most patients
with acute cholangitis, as it allows rapid drainage of infected bile
while simultaneously addressing the underlying etiology, such as
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choledocholithiasis or malignant obstruction [4–6]. International
consensus guidelines, including the Tokyo Guidelines, recommend
early biliary drainage, often defined as within 24 hours, for patients
with moderate or severe cholangitis and for those who fail to improve
with initial medical therapy [1, 3]. Regional referral networks enable
access to advanced endoscopic and high-level care services, but the
independent effect of inter-hospital transfer on outcomes in acute
cholangitis remains uncertain [7–9].
In acute cholangitis, literature has predominantly focused on the
timing of ERCP, with earlier biliary drainage associated with
improved outcomes [10–12]. In contrast, inter-hospital transfer
depends not only on clinical severity but also on referral networks,
hospital capability, and access to specialized care. Transfer patterns
may also reflect structural inequities within regionalized health
systems. Understanding which patients are transferred and how
outcomes differ after transfer may therefore inform both care delivery
and equity-focused policy. The adjusted association between inter-
hospital transfer and clinical outcomes remains poorly defined.
Whether inter-hospital transfer independently contributes to adverse
outcomes or instead reflects appropriate escalation of care for
patients with severe cholangitis, remains unclear.
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This study used a nationally representative inpatient database to
evaluate the association between inter-hospital transfer and outcomes
among patients hospitalized with acute cholangitis. Patient charac-
teristics, resource utilization, and clinical outcomes were compared
between transferred and directly admitted patients. The analysis
also assessed whether inter-hospital transfer was independently
associated with in-hospital mortality or markers of disease severity
after adjustment for patient and hospital-level factors.

2. Methods

2.1. Data source
We conducted a hospital-level retrospective study using the National
Inpatient Sample (2020 – 2022), a nationally representative database
of U.S. hospitalizations. Survey weights were applied to generate
national estimates. Institutional review board approval was not
required because the data are de-identified [13].

2.2. Study population
The study population included adults (≥18 years) hospitalized with
acute cholangitis, identified by ICD-10-CM codes recorded in any
diagnosis; therefore, some hospitalizations may represent secondary
diagnoses of cholangitis. To prevent double-counting and to focus
on patients with known transfer-in status, we excluded elective
admissions and those transferred out to another acute care hospital.
We used the NIS transfer-in indicator to determine inter-hospital
transfer status. As transferred patients enter the NIS only at the
receiving hospitalization, whereas direct admissions are observed
from the start of hospitalization, this study is best interpreted as a
comparison of receiving-hospital outcomes after transfer rather than
a complete assessment of the episode-of-care effect of transfer itself.
Due to the nature of administrative hospitalization data, the NIS
does not include laboratory values, physiological severity scores,
medication timing, or precise time stamps for clinical interventions
or inter-hospital transfers [14].

2.3. Study Variables
The primary exposure was inter-hospital transfer status, categorized
as direct admission or admission following transfer from another
acute care hospital.
Patient-level variables included age, sex, race/ethnicity, primary
payer, median household income quartile by ZIP code, and weekend
admission. Comorbidities were identified using ICD-10-CM codes
and included cardiovascular, pulmonary, renal, hepatic, metabolic,
and malignant conditions.
Hospital-level characteristics included bed size, teaching status, and
geographic region. All variables were prespecified based on clinical
relevance, prior literature, and availability within the National
Inpatient Sample.

2.4. Study objectives
After identification of the study population, inter-hospital transfer
status, categorized as either direct admission or transfer, was defined
as the primary exposure variable.
Outcomes were classified as primary and secondary. The primary
outcome was in-hospital mortality. Secondary outcomes included
comorbid burden of disease, shock, acute respiratory failure, me-
chanical ventilation, dialysis, acute kidney injury, length of stay, total
hospital charges, and discharge disposition.
Acute respiratory failure, mechanical ventilation, dialysis, and shock
were analyzed as markers of illness severity during the receiving

hospitalization rather than as transfer-attributable complications,
because the NIS does not reliably establish the temporal sequence
of these events.

2.5. Statistical Analysis
Multivariable survey-weighted logistic regression models were
subsequently used to evaluate the adjusted association between inter-
hospital transfer and the following outcomes: in-hospital mortality,
shock, acute respiratory failure, mechanical ventilation, and dialysis.
[15]. Covariates were prespecified based on clinical relevance,
prior literature, and data availability in the National Inpatient
Sample [16]. These covariates included age, sex, weekend admission,
race/ethnicity, primary expected payer, hospital bed size, hospital
teaching status, hospital region, calendar year, diabetes mellitus,
hypertension, congestive heart failure, atrial fibrillation, chronic
obstructive pulmonary disease, chronic kidney disease, malignancy,
sepsis, cirrhosis, and obesity.
To prevent overadjustment, variables identified as potential media-
tors on the causal pathway between disease severity and mortality
were excluded from the primary mortality model. These included
shock and mechanical ventilation, which were analyzed separately as
secondary outcomes. All analyses incorporated the complex design
of the National Inpatient Sample survey. This included discharge-
level weights, hospital clustering, and stratification. Missingness
among variables included in the adjusted analyses was limited,
occurring primarily in race/ethnicity (176 observations) and primary
expected payer (9 observations). Statistical significance was assessed
using two-sided tests at the 0.05 significance level.

3. Results

3.1. Study Cohort
Among 19.7 million adult hospitalizations in the National Inpatient
Sample from 2020 to 2022, 7,870 (0.04%) met criteria for acute
cholangitis. Among the initially identified adult hospitalizations
with acute cholangitis, 339 unweighted transfer-out hospitalizations
were excluded before final cohort assembly, corresponding to an
estimated 1,695 hospitalizations nationally. After exclusions, 7,225
unweighted cases remained, and application of survey weights
yielded an estimated 36,125 cases nationwide.
Among these hospitalizations, 83.2% were direct hospitalizations
and 16.8% were inter-hospital transfer hospitalizations, as shown in
(Figure 1).

3.2. Baseline Patient and Hospital Characteristics
Age and sex were similar in direct admissions and transferred
patients. Transferred patients were more likely to be white, from
lower-income ZIP codes, and receive care at large, urban teaching
hospitals. A higher proportion were admitted in the Midwest and
fewer in the West (Table 1). Weekend admissions were more
common among transferred patients.

3.3. Comorbidity Burden
(Table 2) summarizes baseline comorbidities by transfer status.
Transferred patients had a higher cardiopulmonary comorbidity
burden. Compared to direct admissions, they had higher rates
of congestive heart failure, atrial fibrillation, chronic obstructive
pulmonary disease, and morbid obesity.
Diabetes, hypertension, kidney disease, cirrhosis, malignancy, sepsis,
and chronic pancreatitis rates were similar between groups. Rates
of prior biliary instrumentation were similar between groups. There
was a nonsignificant trend toward higher rates of biliary stent use
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Figure 1: Flow diagram illustrating cohort selection for adult hospitalizations with acute cholangitis in the National Inpatient Sample.

among transferred patients. Pancreatic duct stents were used more
often in transferred patients.

3.4. Unadjusted Clinical Outcomes and Severity
Unadjusted clinical outcomes and severity markers appear in (Fig-
ure 2) and (Table 3). Transferred patients exhibited higher disease
severity markers than direct admissions. Compared with direct
admissions, transfer-in hospitalizations were characterized by greater
severity markers during the receiving hospitalization, including
higher frequencies of shock, respiratory failure, mechanical ven-
tilation, and dialysis.
In-hospital mortality was moderate but significantly higher among
inter-hospital transfer patients than among direct-admission patients.
Rates of acute kidney injury, endoscopic retrograde cholangiopan-
creatography (ERCP), and percutaneous biliary drainage were
similar between groups. Transferred patients were less likely to
be discharged directly home and more likely to require placement in
skilled nursing or rehabilitation.

3.5. Resource Utilization
Transferred patients experienced longer hospitalizations. Although
mean total hospital charges were numerically higher among trans-
ferred admissions, the difference did not reach statistical significance
(Table 4).

3.6. Adjusted Outcomes Associated with Inter-Hospital Transfer
After multivariable adjustment for demographic, hospital-level,
calendar-year, and baseline comorbidity variables, inter-hospital
transfer was not significantly associated with in-hospital mortality
(aOR 1.26, 95% CI 0.95 – 1.68; P = 0.106). Transferred patients had
significantly higher odds of mechanical ventilation, acute respiratory
failure, and dialysis (Table 5) and (Figure 3). The final analytic
cohort included 7,225 hospitalizations. The fully adjusted mortality
model included 7,018 hospitalizations after complete-case exclu-
sion of records with missing model covariates and model-specific
exclusions. Variable-level missingness was primarily observed for
race/ethnicity and primary expected payer (supplementary table S2);
additional model-specific exclusions accounted for the remaining
difference. In a sensitivity analysis excluding race/ethnicity and
primary expected payer from the adjustment set, the association
between transfer-in status and in-hospital mortality was materially
unchanged.

4. Discussion

4.1. Principal Findings
This nationally representative analysis shows that inter-hospital
transfer among patients hospitalized with acute cholangitis signals
greater illness severity and increased resource use. Transferred
hospitalizations had higher unadjusted mortality; however, transfer-
in status was not significantly associated with in-hospital mortality
after adjustment. These findings represent adjusted associations
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Figure 2: Unadjusted weighted proportions of adverse clinical outcomes among patients hospitalized with acute cholangitis, stratified by inter-hospital transfer
status.

Figure 3: Forest plot displaying adjusted odds ratios (95% confidence intervals) for adverse outcomes associated with inter-hospital transfer among patients
with acute cholangitis.
Models were adjusted for age, sex, weekend admission, race/ethnicity, primary expected payer, hospital bed size, hospital teaching status, hospital region,
calendar year, diabetes mellitus, hypertension, congestive heart failure, atrial fibrillation, chronic obstructive pulmonary disease, chronic kidney disease,
malignancy, sepsis, cirrhosis, and obesity.

within a hospitalization-level dataset and do not establish causality
or the full episode-of-care effect of inter-hospital transfer. Thus,
transfer status appears to reflect the underlying severity of illness.

4.2. Sociodemographic and geographic differences in transfer
patterns

Significant racial, geographic, and insurance-related differences were
observed in inter-hospital transfer patterns among patients with acute
cholangitis. Transferred patients were more likely to be White and
less likely to be Hispanic or Asian/Pacific Islander, suggesting that
referral patterns may reflect disparities in access to tertiary centers,
regional availability of endoscopic services, or structural features
of referral networks rather than biologic differences in disease
severity [17]. Geographic variation was also evident, with a higher
proportion of transfers originating from the Midwest and a lower

proportion from the Western United States, likely reflecting regional
differences in hospital density and access to advanced endoscopic
and higher-level care services [18]. Transferred patients were more
commonly insured by Medicare, consistent with older age and
greater comorbidity burden; importantly, ERCP utilization during the
receiving hospitalization was similar across transfer groups despite
differences in insurance status.

4.3. Comparison With Prior Literature
These findings extend earlier studies in acute cholangitis. Most prior
research focused on the timing of biliary decompression rather than
the effects of inter-hospital transfer [19]. Delayed ERCP is tied
to higher mortality and organ failure, especially in severe cases
[19]. Few studies have evaluated whether transfer independently
predicts worse outcomes, independent of disease severity, among
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Table 1: Baseline characteristics of adult hospitalizations for acute
cholangitis, stratified by inter-hospital transfer hospitalization status.

Characteristic Direct admis-
sion

Inter-hospital
transfer

P value

Number of
hospitalizations

6,009 (83.2%) 1,216 (16.8%) —

Age, mean (SE), years 70.9 (0.20) 70.9 (0.43) 0.92
Female sex, % 50.0 47.4 0.09
Race, % <0.001
White 66.1 80.6
Black/African American 6.9 4.8
Hispanic 15.2 6.7
Asian/Pacific Islander 8.1 2.9
Native American 0.6 1.8
Other 3.1 3.1
Median ZIP income quar-
tile, %

<0.001

1st (lowest) 22.2 30.6
2nd 22.8 33.8
3rd 26.7 19.9
4th (highest) 28.4 15.7
Primary payer, % 0.003
Medicare 67.5 71.6
Medicaid 9.1 7.2
Private 18.2 15.8
Self-pay 2.9 2.0
Other 2.4 3.4
Weekend admission, % 26.4 31.3 <0.001
Hospital bed size, % <0.001
Small 18.4 9.1
Medium 28.8 22.9
Large 52.8 68.1
Teaching status, % <0.001
Rural 3.6 2.2
Urban non-teaching 15.7 6.1
Urban teaching 80.7 91.7
Hospital region, % <0.001
Northeast 20.9 18.3
Midwest 18.3 30.6
South 31.2 28.6
West 29.7 22.5

Values are survey-weighted means or percentages. P values were calculated using
survey-adjusted Wald tests. Analyses account for the National Inpatient Sample
complex survey design.

different procedures and disease processes [20]. Our results suggest
that, though transferred patients are sicker, transfer itself is not
significantly associated with worse survival, even after adjusting for
demographics and hospital factors.

4.4. Shock and organ failure patterns
Shock was more frequent among transferred patients in unadjusted
data, but this was not statistically significant after adjustment. This
suggests that shock reflects disease severity rather than a transfer
effect. Shock and mechanical ventilation were excluded from the

Table 2: Baseline Comorbidities of Cholangitis Hospitalizations by
Inter-Hospital Transfer Hospitalization Status. Abbreviations- CBD:
Common Bile Duct; HIV: Human Immunodeficiency Virus.
Comorbidity Direct Admit

(%)
Inter-hospital
Transfer (%)

p-value

Diabetes mellitus 34.7 35.0 0.836
Hypertension 71.4 70.7 0.620
Congestive heart failure 20.8 24.8 0.002
Atrial fibrillation 23.5 27.0 0.008
Chronic obstructive pul-
monary disease

10.7 15.2 <0.001

Obesity 21.6 23.7 0.097
Morbid obesity 7.5 9.3 0.029
Chronic kidney disease 23.4 23.9 0.672
Portal vein thrombosis 2.0 2.2 0.640
Pulmonary embolism 0.83 0.82 0.973
Cirrhosis 5.9 6.6 0.402
Acute or chronic liver fail-
ure

5.0 5.9 0.176

Any malignancy 12.6 11.2 0.199
Sepsis 35.6 37.3 0.243
Chronic pancreatitis 2.6 2.5 0.850
Biliary stent present 40.6 43.8 0.060
Pancreatic duct stent 3.1 4.6 0.012
Prior laparoscopic chole-
cystectomy

15.2 13.9 0.268

Post-cholecystectomy
cholangitis

0.9 1.0 0.760

Retained CBD stones 0.17 0.08 0.493
HIV 0.52 0.33 0.396

Values represent survey-weighted column percentages. P values were calculated using
design-based F statistics accounting for National Inpatient Sample stratification,
clustering, and discharge-level weighting.

primary mortality model to avoid overadjustment, since they are on
the path from disease severity to death.
The higher frequencies of shock, acute respiratory failure, mechani-
cal ventilation, and dialysis among transfer-in hospitalizations likely
reflect greater illness severity at presentation to the receiving hospital
rather than adverse events directly caused by transfer itself. Because
the NIS lacks temporal granularity, these variables cannot be reliably
classified as present at arrival or as developing later in hospitalization.
Accordingly, they should be interpreted as markers of severity within
the receiving hospitalization rather than causal consequences of
inter-hospital transfer.
Transferred patients demonstrated higher rates of end-organ dys-
function, a pattern consistent with prior studies of inter-hospital
transfer populations across acute gastrointestinal conditions. At the
same time, sepsis prevalence was similar between groups and is
presented as a descriptive clinical characteristic rather than a transfer-
attributable outcome [21]. Acute kidney injury rates were similar, so
that renal dysfunction alone may be less discriminatory for transfer
decisions than respiratory failure or hemodynamic instability.

4.5. Biliary decompression and procedural patterns
Although ERCP utilization during the receiving hospitalization was
similar between groups, the NIS does not provide time-to-procedure
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Table 3: Clinical Outcomes and Severity of Acute Cholangitis Hos-
pitalizations, Stratified by Inter-Hospital Transfer Hospitalization
Status (Survey-Weighted).

Outcome / Severity Indi-
cator

Direct Admit
(%)

Inter-
Hospital
Transfer (%)

P value

In-hospital mortality 4.5 5.8 0.047
Shock (any) 20.8 24.8 0.0016
Acute kidney injury (AKI) 22.0 19.7 0.100
Acute respiratory failure 10.7 14.4 0.0003
Mechanical ventilation 5.5 9.5 <0.001
Dialysis 3.6 5.2 0.0088
ERCP performed 76.2 77.6 0.330
Percutaneous biliary
drainage (PTBD)

0.23 0.41 0.270

Discharge disposition <0.001
Routine home 55.4 51.2
Skilled nursing/rehab 16.2 19.6
Home health 22.9 22.7
Against medical advice 0.9 0.7

Percentages represent survey-weighted column proportions (within transfer
group)—p-values obtained using survey-adjusted 𝑋2 tests. ERCP utilization reflects
procedures performed during the receiving hospitalization, as procedures performed at
referring hospitals are not captured in the NIS.

Table 4: Hospital Resource Utilization in Acute Cholangitis by
Inter-Hospital Transfer Status.

Outcome / Utilization
Measure

Direct Admis-
sion

Inter-
Hospital
Transfer

P value

Length of stay, days (mean
± SE)

6.91 ± 0.09 7.98 ± 0.25 <0.001

Total hospital charges,
USD (mean ± SE)

111,645 ±
1,960

117,419 ±
6,340

0.210

Values represent survey-weighted means ± standard errors. P values were calculated
using survey-adjusted Wald tests, accounting for the complex sampling design of the
National Inpatient Sample, including discharge-level weights, hospital clustering, and
stratification.

data and does not capture procedures performed at referring hospitals.
Therefore, these findings should not be interpreted as evidence of
comparable timing of biliary decompression across the full episode
of care. We cannot exclude the possibility that transfer-related delays
in ERCP affected outcomes in some patients.
Percutaneous biliary drainage was infrequently performed in both
transferred and directly admitted patients, consistent with current
guidelines favoring ERCP as the primary approach for biliary decom-
pression in acute cholangitis [4]. Although procedural timing could
not be assessed, the low use of percutaneous drainage suggests that
definitive endoscopic therapy was generally available at receiving
hospitals.

4.6. Discharge disposition and post-acute care needs
Transferred patients were less likely to be discharged home. They
more often needed placement in post-acute care, like nursing or
rehab facilities. This pattern shows that the functional impact of
severe illness goes beyond in-hospital outcomes, affecting recovery
and discharge plans.

Table 5: Adjusted Outcomes Associated with Inter-Hospital Transfer
in Acute Cholangitis

Outcome Adjusted OR (95% CI) P value
In-hospital mortality 1.26 (0.95–1.68) 0.106
Shock 1.06 (0.89–1.26) 0.537
Acute respiratory failure 1.30 (1.06–1.58) 0.011
Mechanical ventilation 1.64 (1.28–2.10) <0.001
Dialysis 1.39 (1.01–1.92) 0.045

All models were adjusted for age, sex, weekend admission, race/ethnicity, primary
expected payer, hospital bed size, hospital teaching status, hospital region, calendar
year, diabetes mellitus, hypertension, congestive heart failure, atrial fibrillation, chronic
obstructive pulmonary disease, chronic kidney disease, malignancy, sepsis, cirrhosis,
and obesity using survey-weighted logistic regression accounting for the complex NIS
sampling design

4.7. Resource utilization and health system implications
Inter-hospital transfer was associated with longer length of stay
and greater utilization of higher-level care, likely reflecting higher
illness acuity and greater clinical complexity among transferred
hospitalizations. Despite increased use of higher-level care resources,
mean total hospital charges were numerically higher among trans-
ferred hospitalizations but not significantly different between groups.
Because charges were not inflation-adjusted and administrative data
do not allow assessment of efficiency or comparative performance
across referral pathways, these findings should be interpreted
descriptively only. These findings suggest that resource use among
transferred patients is associated with greater clinical complexity.
This pattern is consistent with regionalized care models for shock,
gastrointestinal bleeding, and other urgent conditions, in which
transferred patients demonstrate higher unadjusted mortality and
resource utilization without excess risk after adjustment [17]. Similar
adjusted mortality estimates should not be interpreted as evidence of
the causal effect of transfer, because this hospitalization-level dataset
cannot capture the full episode of care or the timing of transfer. The
infrequent use of percutaneous biliary drainage in both groups is
consistent with endoscopic retrograde cholangiopancreatography as
the preferred first-line approach [4], and similar charge findings have
been reported in prior referral-based analyses of complex conditions
[22].

4.8. Strengths and Limitations
This study leverages the National Inpatient Sample, the largest all-
payer inpatient database in the United States, allowing for nation-
ally representative estimates of acute cholangitis hospitalizations
and inter-hospital transfer patterns with strong external validity.
By examining transfer status rather than procedural timing, the
analysis addresses an essential gap in the literature and provides
insight into regionalized care for severe biliary disease. Although
granular physiologic data were unavailable, validated claims-based
indicators of disease severity – including acute respiratory failure,
mechanical ventilation, and dialysis – were used to capture end-organ
dysfunction. Survey-weighted modeling and avoidance of overadjust-
ment for downstream mediators further strengthen internal validity.
The evaluation of multiple outcomes, including mortality, organ
failure, resource utilization, and discharge disposition, provides a
comprehensive assessment of the clinical and health-system impact
of inter-hospital transfer in acute cholangitis.
As with all analyses of administrative data, this study is subject
to limitations, including potential misclassification related to ICD-
10-CM coding and the absence of laboratory values, physiologic
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severity scores, antibiotic timing, and precise timestamps for transfer
or biliary intervention. As a result, Tokyo Guidelines 2018 severity
grading and time to biliary decompression could not be directly
assessed, and residual confounding from unmeasured physiologic
severity cannot be excluded. The retrospective design also limits
causal inference despite multivariable adjustment for relevant con-
founders [23, 24]. The adjusted mortality estimate was directionally
elevated but did not reach conventional statistical significance,
suggesting a modest association between transfer status and mortality
cannot be excluded. The database could not establish whether
these severity markers were present on arrival or developed later.
Exclusion of transfer-out hospitalizations may have introduced
selection bias by removing a subset of initially admitted patients
who subsequently required escalation to another acute-care hospital,
thereby accentuating severity differences between direct admissions
and transfer-in cases. Because the primary cohort used an any-
diagnosis definition, the study may have included hospitalizations
in which acute cholangitis was a concurrent rather than a principal
reason for admission, thereby increasing cohort heterogeneity.

5. Conclusion
In this hospitalization-level analysis of the National Inpatient Sample,
transfer-in status was not significantly associated with in-hospital
mortality after full adjustment. Transfer-in hospitalizations were
associated with selected markers of greater illness severity and
higher resource utilization. These findings should be interpreted with
consideration of the limited clinical granularity of administrative
data and the inability to assess the full episode of care, including
transfer-related timing and pre-transfer management.
Gastroenterologists and health care systems may use these insights
to optimize triage and referral pathways, anticipate higher-level
care needs, and ensure timely access to endoscopic intervention.
Future studies that integrate administrative data with physiologic
measures and procedural timing may further clarify how disease
severity, transfer processes, and treatment delays interact to influence
outcomes in acute cholangitis.
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A B S T R A C T

Introduction: Metabolic dysfunction-associated steatotic liver disease (MASLD) affects 25.6% of U.S.
adults and is the fastest-growing indication for liver transplantation. The 2023 MASLD nomenclature
change, 2024 FDA approval of resmetirom, and 2025 accelerated approval of semaglutide for metabolic
dysfunction-associated steatohepatitis (MASH) reshaped the therapeutic landscape. Yet, racial and
ethnic disparities persist across the U.S. care continuum.
Methods: This narrative review searched PubMed, MEDLINE, Embase, and Cochrane CENTRAL from
inception through 30 April 2026 for English-language studies on racial and ethnic disparities in MASLD
epidemiology, screening, fibrosis progression, outcomes, trial representation, and pharmacotherapy
access. Guidelines, systematic reviews, observational studies, and randomized trials were prioritized;
no PRISMA methodology was used.
Results: Hispanic/Latino adults bear the highest MASLD prevalence (pooled 41%; relative risk vs.
non-Hispanic adults 1.50, 95% CI 1.32–1.69), with disproportionate biopsy-cohort MASH (61%),
advanced fibrosis (27%), and lower transplant probability (sHR 0.793, 95% CI 0.747–0.842). Non-
Hispanic Black adults exhibit lower MASLD prevalence on adjusted NHANES but higher mortality
and lower transplant rates in cirrhosis. Noninvasive tools show reduced accuracy in Hispanics (false-
negative rates 14%–21%). MAESTRO-NASH enrolled only 2% of Black participants. Resmetirom
costs $47,000–$57,670 annually; GLP-1 prescribing disparities in obesity persist across all periods.
Conclusions: Disparities accumulate across the continuum and reflect the interplay among genetic
ancestry, social determinants of health, and structural barriers, rather than race or ethnicity as biological
variables. An equity framework distinguishing clinical actions, implementation priorities, and research
gaps is proposed. No intervention has been demonstrated in MASLD-specific studies to reduce inequities.

1. Introduction
Metabolic dysfunction-associated steatotic liver disease (MASLD)
is the most common chronic liver disease worldwide, affecting
approximately 30% – 40% of the general adult population globally
and 60% – 70% of individuals with type 2 diabetes; [1] in the United
States, the most recent national NHANES-based estimate of adult
MASLD prevalence is lower, at 25.6% (see Epidemiology, below).
In 2023, a multisociety Delphi consensus process led by three major
international liver associations replaced the terms nonalcoholic fatty
liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH)
with MASLD and metabolic dysfunction-associated steatohepatitis
(MASH), respectively [1]. This nomenclature change was motivated
by the recognition that the prior terminology relied on exclusionary
confounder terms and employed potentially stigmatizing language,
while failing to highlight the central pathogenic role of metabolic
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dysfunction [1]. The new definition requires the presence of hepatic
steatosis plus at least one of five cardiometabolic risk factors:
overweight/obesity, prediabetes or type 2 diabetes, hypertension,
elevated triglycerides, or low HDL cholesterol [1].
Importantly, the 2023 nomenclature framework also introduced
the category of MetALD (MASLD with increased alcohol intake)
to describe individuals who meet metabolic criteria for MASLD
but consume alcohol above thresholds previously used to exclude
NAFLD (typically 20 – 50 g/day for women and 30 – 60 g/day
for men). The older NAFLD/NASH literature excluded patients
with substantial alcohol use, whereas the contemporary MASLD
framework explicitly categorizes them. This boundary has practical
consequences for disparity research: patients reclassified as MetALD
or as alcohol-associated liver disease are not always reported sepa-
rately in older epidemiologic and registry studies, alcohol use is itself
patterned by social and demographic factors (with culturally specific
patterns of consumption and reporting), and underreporting is well-
documented across all groups. As a result, prevalence estimates,
comparisons of fibrosis progression, and transplant outcome data
drawn from heterogeneous diagnostic-era cohorts may classify the
same individual differently across studies, and apparent racial or
ethnic differences may partly reflect differential misclassification
rather than true biological differences [1].
The clinical significance of MASLD extends well beyond the liver.
Cardiovascular disease is the leading cause of death in individuals
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with MASLD, followed by extrahepatic cancers and liver-related
complications [1, 2]. However, as fibrosis severity increases, liver-
related mortality becomes the predominant cause of death, with
five-year mortality reaching 8.3% among patients with cirrhosis [3].
MASH is now the fastest-growing indication for liver transplantation
in the United States and the leading cause of liver transplantation
among women [4, 5].
The therapeutic landscape for MASH has undergone a historic
transformation. In March 2024, resmetirom (Rezdiffra) became
the first FDA-approved pharmacotherapy for noncirrhotic MASH
with moderate to advanced fibrosis (F2 – F3) [6]. In August
2025, semaglutide (Wegovy) received accelerated FDA approval
for the same indication based on the phase 3 ESSENCE trial [7, 8].
These milestones, while representing major advances, also raise
urgent questions about equitable access to screening, diagnosis, and
treatment across racial and ethnic groups.
This narrative review examines racial and ethnic disparities across
the MASLD care continuum, organized into four domains: (1)
epidemiology and genetic susceptibility; (2) screening and diagnostic
accuracy; (3) fibrosis progression and clinical outcomes; and (4)
access to emerging pharmacotherapies and liver transplantation. The
review is U.S.-focused: the population data, screening pathways,
payer structures, clinical-trial enrollment statistics, and transplant-
allocation findings discussed reflect the U.S. health system and U.S.
racial/ethnic categorization (the U.S. Office of Management and
Budget standard), and findings cannot be assumed to generalize to
other countries or health systems where disease burden, ancestry
distribution, screening infrastructure, drug pricing, and transplant
allocation differ substantially [9]. Where international evidence is
cited (for example, the geographically diverse ESSENCE trial), this
is noted in the text. An equity-focused framework for addressing
U.S. disparities is proposed.

2. Methods
This is a narrative (non-systematic), U.S.-focused review of racial
and ethnic disparities across the MASLD care continuum. It was
not registered as a systematic review and was not conducted in ac-
cordance with PRISMA reporting standards; accordingly, no formal
risk-of-bias assessment, evidence-quality grading (e.g., GRADE), or
meta-analytic pooling was performed, and evidence selection reflects
expert appraisal by the authors rather than predefined eligibility-
based screening. PubMed, MEDLINE, Embase, and the Cochrane
Central Register of Controlled Trials were searched from each
database’s inception through the final search date of 30 April 2026.
The search combined controlled-vocabulary and free-text terms
across three concept blocks: (i) disease terms ("MASLD," "MASH,"
"NAFLD," "NASH," "metabolic dysfunction-associated steatotic
liver disease," "metabolic dysfunction-associated steatohepatitis");
(ii) population and disparity terms ("health disparities," "racial
disparities," "ethnic disparities," "Hispanic," "Latino," "Black,"
"African American," "Asian," "social determinants of health,"
"health equity"); and (iii) clinical and intervention terms ("PN-
PLA3," "FIB-4," "transient elastography," "magnetic resonance
elastography," "resmetirom," "semaglutide," "GLP-1 receptor ago-
nist," "liver transplantation," "clinical trial representation"). Concept
blocks were combined with the Boolean operator AND, and terms
within each block with OR. Only English-language publications
were eligible. Reference lists of identified articles, recent clinical
practice guidelines, and selected review articles were hand-searched
to identify additional studies. The initial search returned approxi-
mately 1,840 unique records after deduplication; titles and abstracts
were screened by the lead author (R.B.) for topical relevance;

approximately 220 full-text articles were assessed; and 32 sources
were ultimately cited in this review. Because the review synthesizes
evidence across several domains, sources were prioritized when
they (i) provided the highest available level of evidence for a
given claim – in descending order of preference: clinical practice
guidelines from the AASLD, AACE, ADA, and major international
liver societies; systematic reviews and meta-analyses; randomized
controlled trials and large prospective cohort studies; large registry
analyses; FDA prescribing information and drug labels; and well-
conducted retrospective cohorts and cross-sectional analyses; (ii)
reported race- or ethnicity-stratified results; (iii) used contemporary
MASLD/MASH diagnostic criteria where available; or (iv) were
published since 2020 and addressed therapies, screening tools, or
policy changes most relevant to current practice. Case reports,
conference abstracts not subsequently published as full articles,
and editorials were excluded unless they provided unique data
not available elsewhere. The authors performed selection without
independent duplicate screening; readers should therefore interpret
this review as an evidence-informed narrative synthesis rather than
a comprehensive systematic appraisal. The complete final search
strategy for each database – including controlled-vocabulary and
free-text terms, database-specific syntax, date limits, and language
filters is provided as Supplementary Material (Appendix S1).
Throughout this review, we use the terms "race" and "ethnicity"
as social rather than biological constructs, consistent with current
guidance from the National Institutes of Health and the U.S. Office
of Management and Budget; these are self-identified categories that
capture social experience and structural exposure rather than genetic
differences. When we discuss genetic data such as PNPLA3 allele
frequency, we use the term "genetic ancestry" to refer to genome-
derived population-of-origin information, which is correlated with,
but not equivalent to, self-identified race or ethnicity. Where
individual studies reported demographic categories differently from
this convention, we have preserved each study’s original terminology.
For every effect estimate discussed, we have endeavored to specify
whether it is unadjusted, age- and sex-adjusted, or fully multivariable-
adjusted; where the original study did not make this clear, we
describe the estimate as "reported" rather than "adjusted." Many
of the cited estimates derive from observational designs in which
residual confounding by age, sex, diabetes, obesity, insurance
status, socioeconomic position, geography, and care-setting factors
cannot be fully excluded, and we have tempered the corresponding
interpretations accordingly.

3. Results

3.1. Epidemiology: Differential Burden by Race and Ethnicity
3.1.1. Prevalence Disparities
The prevalence of MASLD varies substantially by race and ethnicity
in the United States. Using transient elastography data from the
National Health and Nutrition Examination Survey (NHANES) 2017
– 2023, the overall prevalence of MASLD was estimated at 25.6%,
with a prevalence of fibrosis at 11.3% [10]. Notably, between the
two survey cycles, age-standardized MASLD prevalence decreased
(26.8% to 23.6%), while fibrosis prevalence increased (10.4% to
12.7%), suggesting a shift toward more advanced disease in the
population [10]. A summary of prevalence and fibrosis rates by
race/ethnicity is presented in (Table 1).
Hispanic/Latino individuals bear the highest burden. A systematic
review and meta-analysis of 22 studies comprising 756,088 subjects
found a pooled MASLD prevalence of 41% among U.S. Hispanic
adults, with 61% prevalence of MASH and 27% prevalence of
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Table 1: MASLD Burden by Race/Ethnicity in the United States
Comparison Groups <65 vs >75 (mean rank difference, p

value)
<65 vs 65–75 (mean
rank difference, p
value)

65–75 vs >75 (mean
rank difference, p
value)

All age groups (H(df), p
value)

Racial/Ethnic Group Estimate (with reported 95% CI or
range where available)

Source Population /
Denominator

Diagnostic Method Key Reference

Panel A. Population-Level MASLD Prevalence (general adult population)

Overall U.S. MASLD 25.6%; fibrosis 11.3%;
age-standardized prevalence trend
26.8% → 23.6% across survey cycles

U.S. adults, NHANES
2017–2023 (n ≈ 13,500)

VCTE-based CAP and
LSM

Unalp-Arida & Ruhl,
202510

Hispanic/Latino MASLD 41% (pooled point estimate).
Multivariable-adjusted RR vs.
non-Hispanic adults: 1.50 (95% CI
1.32–1.69) for MASLD; 1.42 (95% CI
1.04–1.93) for MASH.

U.S. Hispanic adults,
meta-analysis of 22
studies (n = 756,088)

Mixed (imaging,
biochemistry, biopsy
across constituent
studies)

Tesfai et al., 202511

Non-Hispanic Black Lower than non-Hispanic White
(inverse association on
multivariable-adjusted analysis)

U.S. adults, NHANES
2017–2023

VCTE-based CAP and
LSM

Unalp-Arida & Ruhl,
202510

Non-Hispanic Asian Elevated (significant positive
association on multivariable-adjusted
analysis)

U.S. adults, NHANES
2017–2023

VCTE-based CAP and
LSM

Unalp-Arida & Ruhl,
202510

Panel B. Disease Severity Within Biopsy-Proven MASLD Cohorts (already-diagnosed patients only; NOT a population-level estimate)

Hispanic/Latino MASH 61%; advanced fibrosis (≥F3)
27% (pooled point estimates within
biopsied subset)

Hispanic adults with
biopsy-proven MASLD,
meta-analysis subset

Liver biopsy Tesfai et al., 202511

Non-Hispanic White Definite MASH 58%; advanced fibrosis
(≥F3) 34%; cirrhosis 12.1%. Reference
group for Samala adjusted OR
comparison.

Biopsy-proven NAFLD;
NASH CRN (n = 1,910
NHW of 2,019 total)

Liver biopsy Samala et al., 202413

Non-Hispanic Black Definite MASH 59%; advanced fibrosis
(≥F3) 22%; cirrhosis 4.6%.
Multivariable-adjusted OR for
advanced fibrosis vs. NHW: 0.48 (95%
CI 0.27–0.86), adjusted for clinical risk
factors and PNPLA3 genotype.

Biopsy-proven NAFLD;
NASH CRN (n = 109
NHB of 2,019 total)

Liver biopsy Samala et al., 202413

Panel C. PNPLA3 rs738409 G Allele Frequency by Genetic Ancestry (not a disease prevalence estimate; values are population ranges across reference
samples)

Hispanic/Latino (high
Amerindian ancestry)

47%–52% (range across reference
samples)

Genetic reference
populations

Genotyping Cumpian et al., 202512

Non-Hispanic White 15%–23% (range across reference
samples)

Genetic reference
populations

Genotyping Cumpian et al., 202512

Non-Hispanic Black 14%–17% (range across reference
samples)

Genetic reference
populations

Genotyping Cumpian et al., 202512

Non-Hispanic Asian
(subgroup-heterogeneous)

Variable (heterogeneous across
East/South/Southeast Asian subgroups)

Genetic reference
populations

Genotyping Cumpian et al., 202512

Advanced fibrosis is defined as bridging fibrosis (stage F3) on the NASH CRN scale. Panel A presents prevalence estimates in the general adult population and is NOT directly
comparable to Panel B, which describes severity within already-diagnosed biopsy cohorts. Panel C reports allele frequencies in genetic-ancestry-related reference populations and is
NOT a disease-prevalence estimate. Where the source publications reported 95% confidence intervals, the most informative effect estimates (multivariable-adjusted relative risks for
Hispanic adults, and the adjusted odds ratio for advanced fibrosis in non-Hispanic Black vs. non-Hispanic White biopsy cohort participants) have been added to the Estimate column.
Abbreviations: AA, African American; CAP, controlled attenuation parameter; CI, confidence interval; LSM, liver stiffness measurement; MASH, metabolic dysfunction-associated
steatohepatitis; MASLD, metabolic dysfunction-associated steatotic liver disease; NAFLD, nonalcoholic fatty liver disease; NASH CRN, NASH Clinical Research Network;
NHANES, National Health and Nutrition Examination Survey; NHB, non-Hispanic Black; NHW, non-Hispanic White; OR, odds ratio; PNPLA3, patatin-like phospholipase
domain-containing 3; RR, relative risk; VCTE, vibration-controlled transient elastography.

MASH-associated advanced fibrosis (defined as bridging fibrosis,
stage F3 on the NASH Clinical Research Network fibrosis scale; this
definition is used throughout the present review unless otherwise
specified) [11]. Compared with non-Hispanic adults, Hispanic adults
had a relative risk of 1.50 (95% CI 1.32 – 1.69) for MASLD and

1.42 (95% CI 1.04 – 1.93) for MASH; these estimates were from
multivariable-adjusted models in the constituent studies, but ad-
justment sets were heterogeneous across the meta-analyzed cohorts
[11]. The annual percentage increase in MASLD prevalence among
Mexican American and other Hispanic/Latino persons was 1.9% and
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Table 2: Racial and Ethnic Representation in Pivotal MASH Clinical Trials
Trial /
Source

Drug Phase Total N (basis
for %)

RACE — % White
/ % Black or AA / %
Asian / % Other

ETHNICITY
— % His-
panic/Latino

How reported % Not
reported

Source

MAESTRO-
NASH

Resmetirom 3 966 (ITT) 89 / 2 / 3 / ∼6 21 Race and
Hispanic/Latino ethnicity
reported separately per
OMB categories

Not
specified

Harrison et
al., 20246

ESSENCE
(interim)

Semaglutide
2.4 mg

3 800 (first
interim
analysis)

67.5 / NR separately
/ NR separately /
NR separately

NR separately Race reported only for
White; geographic region
reported (Asia 25.1%,
Europe 25.3%, North
America 35.0%, South
America 7.9%)

Not
specified

Sanyal et al.,
20258

Pooled
MASH
RCTs

Various 1–3 19,516 across
112 RCTs (race
reported in
61.6% of trials;
ethnicity in
50.0%)

87.6 / 2.3 / 5.0 / ∼5 31.4 Pooled proportions;
denominators differ
between race and
ethnicity because not all
trials reported both

38.4 (race);
50.0
(ethnicity)

Souza et al.,
202532

Per OMB categorization, Hispanic/Latino ethnicity is independent of race; the same individual may be reported under both a race category and the Hispanic/Latino ethnicity
category. Percentages within a single column may therefore exceed 100% across rows of a single study, and Hispanic/Latino percentages are not subtractive from race percentages.
No MASLD-specific population denominator is presented in this table; the racial and ethnic enrollment percentages reported in the trials above are therefore not directly comparable
with the racial/ethnic composition of the U.S. MASLD-affected population, and no such comparison should be inferred.
Abbreviations: AA, African American; ITT, intention to treat; MASH, metabolic dysfunction-associated steatohepatitis; NR, not reported; OMB, U.S. Office of Management and
Budget; RCT, randomized controlled trial.

1.7%, respectively, compared with 1.1% in non-Hispanic Black and
non-Hispanic White populations [12].
In contrast, non-Hispanic Black individuals consistently demonstrate
lower MASLD prevalence. In multivariable-adjusted NHANES
analyses (adjusted for age, sex, BMI, diabetes, hypertension, dys-
lipidemia, and insurance status), both MASLD and fibrosis were
inversely associated with non-Hispanic Black race/ethnicity [10].
This finding persists after controlling for metabolic risk factors and
the PNPLA3 rs738409 polymorphism in biopsy cohorts, represent-
ing one of the most striking and incompletely understood paradoxes
in MASLD epidemiology [13]. As discussed below, the apparent
paradox should be interpreted with attention to ascertainment
differences and to the predominantly tertiary-care setting from which
the supporting biopsy cohort is drawn.
Non-Hispanic Asian individuals also demonstrate elevated MASLD
risk, with NHANES data showing a significant positive association
between non-Hispanic Asian race/ethnicity and MASLD on mul-
tivariable adjustment [10]. This population is particularly notable
for developing MASLD at lower body mass index thresholds, a
phenomenon termed "lean MASLD."
3.1.2. Heterogeneity Within Broad Racial and Ethnic Categories
The labels "Hispanic/Latino" and "Asian" each subsume highly
heterogeneous populations whose MASLD risk, PNPLA3 ancestry-
allele frequency, immigration history, body composition, dietary
patterns, language access, and engagement with the U.S. health
system differ substantially. Within U.S. Hispanic/Latino popu-
lations, available data suggest the highest MASLD prevalence
among Mexican American and Central/South American adults of
high Amerindian ancestry, with progressively lower prevalence
in adults of predominantly European-Iberian or Afro-Caribbean
ancestry; PNPLA3 G allele frequency similarly varies by subgroup,
broadly tracking the proportion of indigenous American ancestry
[12]. Within U.S. Asian populations, MASLD risk and metabolic
phenotype differ between East Asian (Chinese, Korean, Japanese),

South Asian (Indian, Pakistani, Bangladeshi, Nepali, Sri Lankan),
and Southeast Asian (Filipino, Vietnamese, Thai, Cambodian,
Indonesian) subgroups, with South Asians displaying the highest
reported prevalence of insulin resistance, abdominal adiposity at
low BMI, and MASLD; published U.S. cohorts have rarely been
powered to compare these subgroups directly. We discuss findings
at the broader "Hispanic/Latino" and "Asian" level only because
the underlying studies aggregate at this level; where subgroup-
specific data are available, we say so, and where they are not (most
of the time), the resulting estimates should be regarded as group-
level averages that may obscure clinically meaningful subgroup
differences.
3.1.3. Genetic Susceptibility, Genetic Ancestry, and the PNPLA3

Variant
Before discussing PNPLA3, it is important to distinguish three
constructs that are sometimes conflated in disparity research. Self-
identified race and ethnicity are social categories that capture
lived social experience and structural exposure (housing, education,
insurance, neighborhood resources, discrimination, language access).
Genetic ancestry is a genome-derived measure of population of
origin that is correlated with but not equivalent to self-identified
race or ethnicity. Social determinants of health are the upstream
non-medical drivers (income, education, food security, housing,
neighborhood exposures, discrimination) that operate independently
of either. PNPLA3 allele frequency is most properly interpreted
as a marker of genetic ancestry; its higher frequency in U.S.
Hispanic/Latino populations of high Amerindian ancestry helps
explain part of the disease-prevalence gradient, but it does not
explain (and should not be invoked to explain) structural disparities
in screening, diagnosis, treatment, or transplant access. Framing
population-level differences as if they reflected race or ethnicity as
biological variables is scientifically inaccurate and risks reinforcing
biologistic-determinist interpretations of predominantly socially
structured outcomes.
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Table 3: Disparities in Liver Transplantation — Labeled by Comparison Type
Outcome Comparison Effect Estimate 95% CI p Value Key Reference

Section A. Race/ethnicity-specific comparisons within NASH/MASH cirrhosis (UNOS registry, n = 18,562; adjusted for age, sex, MELD, blood group,
transplant region, donor service area)

Transplant probability Hispanic vs. non-Hispanic
White

sHR 0.793 0.747–0.842 <0.001 Lim et al., 202326

Waitlist mortality Hispanic vs. non-Hispanic
White

sHR 1.173 1.052–1.308 0.004 Lim et al., 202326

MELD score at listing Black vs. non-Hispanic
White

Effect size 2.307 1.561–3.053 <0.001 Lim et al., 202326

Section B. Race-specific comparisons in cirrhosis of ALL etiologies (NOT MASH-specific; adjusted for age, sex, MELD, insurance, neighborhood
deprivation, primary cirrhosis etiology); included for context only

Liver-related death Black vs. non-Hispanic
White (all-cause cirrhosis, n
= 11,277)

sHR 1.26 1.15–1.38 <0.001 Mazumder et al., 202125

Transplant listing rate Black vs. non-Hispanic
White (all-cause cirrhosis)

Lower — <0.001 Mazumder et al., 202125

Section C. Sex × race/ethnicity interaction within NASH cirrhosis (UNOS; women included)

MELD score at transplant Non-White women vs.
White women

26.1 vs. 23.1 — <0.001 Becker et al., 202427

Post-transplant graft survival Non-White women vs.
White women

Worse — <0.05 Becker et al., 202427

Post-transplant patient survival Non-White women vs.
White women

Worse — <0.05 Becker et al., 202427

Section D. Disease-level comparison (NASH cirrhosis vs. non-NASH cirrhosis); not race-stratified; included to show structural disadvantage of MASH
within the allocation system

Transplant probability at 90
days

NASH vs. non-NASH
cirrhosis

HR 0.873 — <0.001 Lim et al., 20235

Transplant probability at 1 year NASH vs. non-NASH
cirrhosis

HR 0.867 — <0.001 Lim et al., 20235

Sections A and D data are from the UNOS registry analysis of 18,562 patients with NASH cirrhosis listed between 2000 and 2021. Section B data are from a metropolitan cohort of
11,277 patients with cirrhosis of all etiologies and are included for context; they should not be interpreted as MASH-specific outcome data. Section C data are from a UNOS analysis
of women with NASH cirrhosis. “—” indicates confidence interval not reported in the original study or not applicable.
Abbreviations: CI, confidence interval; HR, hazard ratio; MELD, Model for End-Stage Liver Disease; NASH, nonalcoholic steatohepatitis; NHW, non-Hispanic White; sHR,
subdistribution hazard ratio; UNOS, United Network for Organ Sharing.

With these definitions in place, genetic variation does play a real
role in MASLD susceptibility and severity. Heritability accounts
for approximately 50% of the variability in MASLD [2]. The most
robustly validated genetic determinant is the rs738409 (I148M)
variant in the patatin-like phospholipase domain-containing 3 gene
(PNPLA3), which impairs lipid-droplet remodeling and promotes
hepatic fat accumulation, inflammation, and fibrogenesis [2, 14].
The PNPLA3 G allele frequency, viewed as an ancestry-related
variable, ranges across reference populations from approximately
47% – 52% in U.S. Hispanic/Latino samples to 15% – 23% in non-
Hispanic White samples and 14% – 17% in non-Hispanic Black
samples [12]. The G allele confers an approximately 2.3-fold greater
risk of developing MASLD per allele. It is the only common variant
robustly and independently associated with histologic MASLD
severity in large case-only biopsy cohorts [12, 14]. The higher
frequency of the G allele in populations of high South/Central
American Amerindian ancestry contributes to, but does not by itself
account for, the higher MASLD burden observed in Hispanic/Latino
communities; nutrition, food insecurity, occupational exposures,
healthcare access, and structural barriers operate alongside genetic
ancestry [12].

Importantly, the phenotypic expression of genetic risk factors is
modulated by environmental exposures, including overall adiposity,
insulin resistance, diet, and alcohol consumption [2]. Patients
with PNPLA3 variants appear to require fewer metabolic risk
factors before progressing to MASH, suggesting a gene-environment
interaction that may be particularly relevant in populations with high
ancestry-related allele frequency [12]. Routine genetic screening is
not currently recommended; the ancestry-related allele frequencies
of risk variants may become a consideration for risk stratification
in the future, but should be used at the individual level, based on
genotype rather than presumed group membership [12].
Other variants, including TM6SF2 and MBOAT7, also contribute
to MASLD susceptibility. However, their effect sizes are smaller,
and their associations with histologic severity are less robust than
those of PNPLA3 [4, 14]. A multiancestry evaluation of "tier 1"
genetic variants across patients with biopsy-characterized MASLD
found that variants in the PNPLA3-SAMM50-PARVB locus showed
the most consistent associations with fibrosis severity and NAFLD
activity score [14].
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3.2. Social Determinants of Health
Beyond genetic ancestry, social determinants of health (SDOH)
profoundly influence MASLD prevalence and outcomes. Food
insecurity – the limited or uncertain access to nutritionally adequate
foods – is independently associated with higher odds of developing
MASLD and MASLD-associated advanced fibrosis, even after
adjusting for poverty status, education level, race, and ethnicity
[4, 15]. A dose-dependent relationship exists between unfavorable
SDOH composite scores and all-cause mortality among individuals
with MASLD: each one-point increase in SDOH score is associated
with a 32% increase in hazard for all-cause mortality (HR 1.32, 95%
CI 1.25 – 1.38) on multivariable adjustment [16].
Among Hispanic/Latino populations, food insecurity, limited ac-
cess to health care, language barriers, low health literacy, and
uncertain immigration-related health-system engagement compound
metabolic and ancestry-related risk to accelerate MASLD progres-
sion [12]. Higher educational attainment was significantly associated
with lower odds of MASLD among participants with food security
(adjusted OR 0.71, 95% CI 0.55 – 0.91) but not among those with
food insecurity, suggesting that food security may be a prerequisite
for the protective effects of education [17].

3.3. Screening and Diagnostic Disparities
3.3.1. Current Screening Recommendations
Multiple professional societies now recommend screening for
MASLD-related fibrosis in high-risk populations. The American
Diabetes Association (ADA) 2025 consensus report and the 2026
Standards of Care recommend the Fibrosis-4 Index (FIB-4) as
the most cost-effective initial screening strategy for people with
prediabetes and cardiometabolic risk factors or with type 2 diabetes
[4, 18]. The AASLD and the AACE similarly endorse a staged
approach using FIB-4 as a first-line tool, followed by imaging-based
assessments such as vibration-controlled transient elastography
(VCTE) or magnetic resonance elastography (MRE) for those with
indeterminate or elevated scores [19–21].
Despite these recommendations, clinicians consistently underes-
timate the prevalence of at-risk MASH and do not implement
appropriate screening strategies, resulting in sparse referral to
specialists and inadequate prescription of medications with potential
efficacy [18]. This pattern of underdiagnosis is compounded by the
fact that at-risk MASH with clinically significant fibrosis (≥F2)
is frequently observed with plasma aminotransferases below the
commonly used cutoff of 40 U/L [18].
3.3.2. Differential Performance of Noninvasive Tests
A critical and underappreciated disparity lies in the differential
performance of noninvasive screening tools across racial and ethnic
groups. In a single prospective study of 244 adults with biopsy-
proven MASLD, MRE and VCTE exhibited significantly lower
accuracy for detecting significant fibrosis in Hispanic versus non-
Hispanic participants (AUROC: MRE, 0.87 vs. 0.98, p = 0.01;
VCTE, 0.78 vs. 0.92, p = 0.02) [22]. Clinical care algorithms yielded
high false-negative rates among Hispanic participants in that cohort:
14% with low-risk FIB-4 and 21% with low-risk VCTE had advanced
fibrosis on biopsy [22].
FIB-4 is not a race-neutral biological measurement: it is a composite
of age, AST, ALT, and platelet count, and each of these components
varies systematically by population. The age term contributes
substantially to the FIB-4 value and, with standard cutoffs (<1.3
to rule out, ≥2.67 to refer for further assessment), tends to under-
classify younger adults and over-classify older adults regardless
of underlying liver disease; this may particularly affect younger

Hispanic/Latino patients with high genetic-ancestry risk who can
have clinically significant fibrosis at younger ages. Coexistent type
2 diabetes affects aminotransferase distributions and modifies the
relationship of FIB-4 to histologic fibrosis. Platelet count varies by
population, comorbidity, and certain medications (including some
antihypertensives and antiretrovirals). AST and ALT distributions
are influenced by sex, body composition, muscle mass, recent
exercise, and alcohol intake. Population-level shifts in any of these
components can change the operating characteristics of FIB-4 in
ways that are not captured by race/ethnicity stratification alone. Im-
plementation pathways that propose race- or ethnicity-specific FIB-4
thresholds should therefore be paired with age- and comorbidity-
specific calibration; thresholds that vary by self-identified group risk
imply biologic difference where age and comorbidity structure is
the real driver.
These findings have direct clinical implications. Standard noninva-
sive test cutpoints were derived from predominantly non-Hispanic
populations and may be insufficiently sensitive for Hispanic individ-
uals, who carry the highest disease burden [22]. In the derivation
cohort, optimized cutpoints of 2.73 kPa for MRE and 6.9 kPa for
VCTE were identified for detecting significant fibrosis in Hispanic
populations, and these findings were externally evaluated in a Latin
American cohort [22]. A proposed pathway incorporating adjusted
FIB-4 and secondary assessment thresholds for Hispanic/Latino
patients has been outlined, but these population-specific thresholds
should be regarded as investigational. Broader prospective validation
in diverse, community-based U.S. populations is required before they
are adopted into routine clinical practice, and current professional
society guidelines (AASLD, AACE, ADA) do not yet endorse race-
or ethnicity-specific cutpoints [12].
Lowering screening thresholds – whether universally or for specified
subgroups – has consequences beyond improved sensitivity. A more
permissive FIB-4 cutoff increases the number of patients referred for
second-line VCTE or MRE assessment; in U.S. settings where VCTE
and especially MRE capacity is concentrated in tertiary centers, this
translates directly into longer wait times, higher per-encounter cost,
and (paradoxically) potentially less access for the very populations
the change is meant to serve. The same change increases the
number of false-positive results that prompt specialist referral,
additional imaging, possible biopsy, and patient anxiety – a non-
trivial harm that must be weighed against the gain in true positives.
Hepatology capacity in safety-net systems is already strained. An
equity-focused screening strategy must therefore be implementable,
not only clinically valid; we suggest that any move toward population-
specific thresholds be accompanied by health-system modeling of
the projected change in referral volume, by investment in community-
based VCTE infrastructure, and by primary-care decision-support
tools that distinguish high-yield from low-yield referrals.

3.4. Barriers to Screening Implementation
Structural barriers to screening disproportionately affect racial and
ethnic minorities. These include limited access to primary care, lack
of insurance coverage, language barriers, and low health literacy
[12, 23]. The requirement for specialized imaging (VCTE or MRE)
as a second-line assessment creates additional access barriers, as
these technologies are concentrated in academic medical centers and
may not be available in community settings serving predominantly
minority populations [24]. Systematic screening for social barriers
in hepatology practices has been proposed as a strategy to identify
gaps in the care cascade [23].
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3.5. Fibrosis Progression and Clinical Outcomes
3.5.1. The Non-Hispanic Black "Paradox" in Context
One of the most-cited findings in MASLD epidemiology is the
paradoxically lower prevalence of MASLD and advanced fibrosis in
non-Hispanic Black individuals, despite a higher burden of metabolic
risk factors in some studies. In a NASH Clinical Research Network
biopsy cohort of 109 non-Hispanic Black and 1,910 non-Hispanic
White adults with biopsy-proven NAFLD, non-Hispanic Black
individuals had similar NAFLD activity scores (4.4 vs. 4.3) and
proportions with definite MASH (59% vs. 58%) but significantly
lower rates of advanced fibrosis (22% vs. 34%, p = 0.01) and cirrhosis
(4.6% vs. 12.1%, p = 0.01) [13]. After multivariable adjustment for
clinical risk factors and PNPLA3 genotype, non-Hispanic Black race
remained independently associated with lower odds of advanced
fibrosis (adjusted OR 0.48, 95% CI 0.27 – 0.86) [13].
However, among those non-Hispanic Black individuals who did
develop advanced fibrosis, the NAFLD activity score (5.6 vs. 4.9, p
= 0.01) and lobular inflammation grade (2.2 vs. 1.7, p = 0.002) were
significantly higher than in non-Hispanic White counterparts with
advanced fibrosis [13]. This pattern has been interpreted as evidence
of a fundamentally different relationship between necroinflammation
and fibrogenesis. We urge caution with that inference: the cohort is
small (n = 109 non-Hispanic Black participants), drawn from tertiary-
referral biopsy practices, and subject to substantial ascertainment
bias (see Selection, Ascertainment, and Referral Bias, below). The
pattern may equally well reflect differential referral for biopsy,
differential delay from disease onset to evaluation, or unmeasured
confounding.
Despite lower MASLD prevalence, non-Hispanic Black patients
with cirrhosis – in studies of all etiologies – face worse outcomes. In
a large metropolitan cohort study of 11,277 patients with cirrhosis
from all causes (not restricted to MASH cirrhosis), Black patients
had the highest rate of all-cause mortality and non-liver-related death
and were less likely to be listed or transplanted (p <0.001 for all)
[25]. In multivariable competing-risk analysis (adjusted for age, sex,
MELD score, insurance, neighborhood deprivation, and primary
cirrhosis etiology), Black patients had a 26% increased hazard of
liver-related death (sHR 1.26, 95% CI 1.15 – 1.38) [25]. Because that
cohort included patients with cirrhosis from viral hepatitis, alcohol-
associated liver disease, and other causes in addition to MASH,
these findings should not be interpreted as MASLD/MASH-specific
outcome data. MASH-specific outcome data in non-Hispanic Black
patients remain limited, and the contribution of disparities in care
access, comorbidity burden, and competing causes of death to the
worse cirrhosis outcomes observed in this population cannot be
disentangled from any MASLD-specific biology in the existing
literature.

3.6. Hispanic/Latino Populations: From High Prevalence to
Adverse Outcomes

Hispanic/Latino individuals face a compounding trajectory of risk:
the highest MASLD prevalence, the fastest rate of prevalence
increase, and disproportionately adverse outcomes. Overall mortality
among Hispanic/Latino patients with MASLD surpasses most other
U.S. populations, with significantly increased risk of hepatocellu-
lar carcinoma and cirrhosis compared with non-Hispanic/Latino
patients in age- and sex-adjusted analyses; the extent to which
insurance, neighborhood, and care-access factors confound these
comparisons is incompletely characterized [12].
The Global MASLD (G-MASLD) study, enrolling 17,792 patients
with biopsy-confirmed MASLD, confirmed that advanced fibrosis
(≥F3) was present in 35% of the cohort, with type 2 diabetes

prevalence increasing stepwise from 28% in F0 to 70% in F4 [3].
Independent predictors of advanced fibrosis in multivariable models
included older age, type 2 diabetes, and obesity; fibrosis severity –
whether defined histologically or by noninvasive tests – was strongly
associated with higher risks of death and liver-related outcomes [3].
3.7. Liver Transplant Disparities
Disparities in liver transplantation for MASH cirrhosis are well
documented and summarized in (Table 3). In an analysis of 18,562
patients with NASH cirrhosis listed in the United Network for Organ
Sharing (UNOS) registry (2000 – 2021), Hispanic patients had a
lower probability of receiving liver transplantation (sHR 0.793, 95%
CI 0.747 – 0.842) and increased waitlist mortality (sHR 1.173, 95%
CI 1.052 – 1.308) compared with non-Hispanic White patients on
multivariable adjustment for age, sex, MELD score, blood group,
transplant region, and donor service area [26]. African American
patients were listed with significantly higher Model for End-Stage
Liver Disease (MELD) scores (effect size 2.307, p <0.001) than
non-Hispanic White patients [26].
Additional disparities exist at the intersection of race/ethnicity and
sex. Non-White women with NASH cirrhosis were transplanted at
higher MELD scores (26.1 vs. 23.1, p <0.001) than White women
and had worse graft and patient survival after transplantation [27].
These data indicate that non-White women with MASH represent
the most vulnerable population on the U.S. liver transplant waitlist
[27].
Patients with NASH cirrhosis as a whole face structural disad-
vantages in the transplant allocation system. Compared with non-
NASH cirrhosis, NASH cirrhosis is associated with lower transplant
probability at 90 days (HR 0.873, p <0.001) and 1 year (HR 0.867, p
<0.001), and higher waitlist mortality [5]. Serum creatinine, rather
than bilirubin, is the major contributor to MELD score increases
leading to transplantation in NASH cirrhosis, suggesting that the
MELD score may not optimally capture mortality risk in this
population [5].
3.8. Access to Emerging Pharmacotherapies
3.8.1. Resmetirom (Rezdiffra)
Resmetirom, a liver-directed thyroid hormone receptor beta (THR-
𝛽) selective agonist, received FDA accelerated approval in March
2024 based on the MAESTRO-NASH trial [6]. In this phase 3 trial,
966 patients with biopsy-proven MASH and F1 – F3 fibrosis were
randomized to resmetirom 80 mg, 100 mg, or placebo for 52 weeks.
MASH resolution without worsening of fibrosis was achieved in
25.9% (80 mg) and 29.9% (100 mg) versus 9.7% (placebo), while
fibrosis improvement without worsening of MASH was achieved
in 24.2% (80 mg) and 25.9% (100 mg) versus 14.2% (placebo) (p
<0.001 for all comparisons) [6].
The trial population was demographically homogeneous and under-
represented racial and ethnic minorities relative to the U.S. MASLD-
affected population: 89% White, 21% Hispanic, 3% Asian, and
only 2% Black or African American (Table 2)[28]. This severe
underrepresentation of Black patients limits the generalizability of
efficacy and safety data to this population. Current practice guidance
on resmetirom use in noncirrhotic MASH does not address race- or
ethnicity-specific considerations for patient selection or monitoring.
The cost of resmetirom presents a significant barrier to equi-
table access. The average annual wholesale price is approximately
$47,000 – $57,670, and the medication may not be covered by
health insurance or may require prior authorization [29]. An eco-
nomic evaluation found that at a price of $19,011/year, resme-
tirom was not cost-effective compared with standard of care at a
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$100,000/QALY willingness-to-pay threshold [29]. At the current
wholesale price, the incremental cost-effectiveness ratio was esti-
mated at $140,134/QALY [29]. In comparison, off-label treatments
such as pioglitazone are available generically at a small fraction of
the cost of FDA-approved MASH therapies.
3.8.2. Semaglutide (Wegovy)
Semaglutide received accelerated FDA approval in August 2025
for the treatment of noncirrhotic MASH with moderate to advanced
fibrosis (F2 – F3) based on the phase 3 ESSENCE trial [7]. In the first
800 participants, 72 weeks of semaglutide 2.4 mg/week achieved
resolution of MASH without worsening of fibrosis in 62.9% versus
34.3% with placebo (p <0.001), and improvement in fibrosis without
worsening of MASH in 36.8% versus 22.4% (p <0.001) [7, 8].
The ESSENCE trial enrolled a geographically more diverse popula-
tion than MAESTRO-NASH, with participants from Asia (25.1%),
Europe (25.3%), North America (35.0%), and South America
(7.9%) (Table 2) [8]. However, the trial investigators themselves
acknowledged limitations including the small number of Black
patients and a lack of data regarding genetic polymorphisms as
determinants of therapeutic response [8]. The trial population was
67.5% White and 57.1% female [8].
3.8.3. The Real-World MASH Treatment-Access Pathway: Where

Patients Are Lost
Issuing an FDA-approved MASH therapy is not the same as a patient
actually receiving it. The pre-prescription pathway in the United
States involves several sequential steps, each of which is associated
with documented or plausible disparities. (1) Risk identification in
primary care depends on systematic application of cardiometabolic
criteria; underdiagnosis is well-documented and is greater in patients
with low health literacy, limited English proficiency, and intermittent
care engagement. (2) Fibrosis assessment with FIB-4 is inexpensive
but is not routinely ordered; second-line VCTE or MRE requires
referral and equipment that is unevenly distributed (see Barriers to
Screening Implementation). (3) Specialist referral to hepatology or
to a metabolic-MASH program adds a wait of weeks to months and
depends on insurance network, transportation, and local capacity. (4)
Confirmation of eligibility requires documentation of noncirrhotic
F2 – F3 fibrosis and exclusion of cirrhosis; some payers also
require demonstration of failed lifestyle intervention. (5) Prior
authorization is universal for resmetirom and is increasingly common
for GLP-1 receptor agonists [30]; approval rates vary by payer
and have been shown in obesity prescribing data to be lower for
patients in higher-deprivation neighborhoods [31]. (6) Treatment
initiation requires that the patient can afford copays (typically
$20 – $400/month with insurance, full wholesale cost without it)
and can manage the route of administration (oral resmetirom vs.
injectable semaglutide). (7) Monitoring and follow-up (addressed
below) introduces further demands. Loss at any of these steps
disproportionately affects patients with limited insurance, limited
English, rural residence, or precarious work schedules. Disparities in
actual MASH-pharmacotherapy use will therefore exceed disparities
at any single step, and reporting only "prescribed/not prescribed"
undercounts the problem.
3.8.4. Safety Monitoring and Tolerability as Equity Issues
The cost discussion has tended to dominate the equity literature on
new MASH therapies, but ongoing monitoring requirements and
adverse-event management are themselves potential equity barriers.
Resmetirom requires baseline and periodic monitoring of liver
biochemistries, lipid panel, thyroid function (TSH and free T4),
and assessment for drug interactions; gastrointestinal adverse effects

(diarrhea, nausea) are common in the first weeks of therapy and may
require clinical contact for dose adjustment [6, 28]. Subcutaneous
semaglutide requires patient education in self-injection, gradual
dose titration to manage nausea and vomiting, and longitudinal
contact for safety monitoring (including pancreatitis surveillance and
assessment for gallbladder disease) [7, 8]. Each of these touchpoints
presupposes reliable access to scheduled care, a phone or portal
connection to the prescribing clinician, and the ability to leave work
for appointments. Patients in safety-net systems and those facing
transportation, language, or scheduling barriers are predictably
more likely to miss monitoring visits, to discontinue therapy due
to unaddressed side effects, or to fail to obtain dose adjustments.
We therefore argue that equity-focused implementation of MASH
pharmacotherapy must include (a) pharmacy-based or telehealth-
delivered titration support, (b) translated dosing and side-effect
material, (c) explicit accommodation for patients without reliable
transportation, and (d) systematic measurement of disparities in
persistence, not only in initiation.

3.9. Disparities in GLP-1 Receptor Agonist Prescribing
Emerging data reveal significant disparities in the prescribing of
GLP-1 receptor agonists that may extend to their use in MASH.
However, these data are derived from prescribing for obesity rather
than for MASH itself. An analysis of semaglutide and tirzepatide
prescribing for obesity in the U.S. from June 2021 through October
2024 demonstrated that while overall prescription rates increased
substantially, non-Hispanic White patients maintained consistently
higher prescription rates compared with Hispanic, non-Hispanic
Asian, and non-Hispanic Black patients [31]. Patients in areas with
the lowest social vulnerability showed more pronounced uptake
than those in the most vulnerable areas. Metropolitan residents had
higher prescription rates than rural populations [31]. These dispar-
ities persisted throughout the study period, including during drug-
shortage intervals, suggesting that systemic barriers to access, rather
than temporary supply constraints, drive inequitable uptake [31]. It
bears repeating that these prescribing data reflect use for obesity (an
indication with substantially different payer coverage policies, prior-
authorization criteria, and out-of-pocket costs from MASH) and have
been used here as an indirect proxy for likely patterns of access once
semaglutide is prescribed for the F2 – F3 MASH indication. Direct
measurement of MASH-specific prescribing disparities will not be
possible until adequate post-approval claims data have accrued, and
the projected disparities discussed in this section should therefore be
interpreted as hypothesis-generating rather than as directly measured.
Medicare Part D formulary coverage for GLP-1 receptor agonists has
expanded rapidly, with all three major agents (injectable semaglutide,
oral semaglutide, and injectable tirzepatide) achieving over 90%
plan coverage by 2024 [30]. However, this near-universal formulary
adoption has been accompanied by a surge in prior-authorization
requirements, suggesting that plans have shifted from restricting
access through formulary exclusion to managing utilization through
administrative barriers [30]. Medicare Advantage plans maintained
persistently higher coverage rates than standalone prescription drug
plans [30].

3.10. Underrepresentation in Clinical Trials: Beyond Enrollment
Percentages

A systematic review and meta-analysis of 112 MASH randomized
controlled trials encompassing 19,516 participants found that race
and ethnicity were reported in only 61.6% and 50.0% of trials, respec-
tively (Table 2) [32]. The pooled proportions of participants by race
were: White 87.6%, Asian 5.0%, Black 2.3%, and Hispanic/Latino
31.4% (the last reported on the Hispanic/Latino ethnicity axis,
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not as a race category) [32]. While female and Hispanic/Latino
representation has increased over time, Black individuals remain
severely underrepresented [32]. No reporting of sexual or gender
minorities was identified [32].
The downstream consequences of this underrepresentation extend
well beyond a generic concern about generalizability. We list the
specific efficacy, safety, pharmacogenomic, and implementation
questions that remain unanswered due to the demographic com-
position of the existing MASH evidence base. (1) Treatment-effect
heterogeneity. MAESTRO-NASH enrolled approximately 20 Black
participants; estimates of resmetirom efficacy in this group rest on
extremely wide confidence intervals and are essentially uninforma-
tive for guideline-level inference. The ESSENCE interim publication
did not separately report Black, Asian, or Hispanic/Latino response
rates. (2) PNPLA3-stratified response. Tirzepatide pilot data suggest
that PNPLA3 G allele carriers may have lower MASH resolution
rates; resmetirom appears unaffected by genotype; PNPLA3 data
for semaglutide are not yet published [12]. Because PNPLA3 allele
frequency tracks with genetic ancestry, this raises a directly clinically
important question of whether population subgroups with high
G allele frequency will show systematically different response to
GLP-1-based agents than to thyroid-receptor agonists. (3) Safety
in comorbid populations. Real-world Black patients have higher
rates of chronic kidney disease, atypical antipsychotic exposure,
and hypertension medication exposure than the trial populations;
these conditions interact with semaglutide dose escalation and with
resmetirom’s drug-drug profile. (4) Body-composition-specific dose-
response. South Asian patients develop MASLD at lower BMI
thresholds; whether weight-based dose titration of semaglutide is
appropriate in this group is not addressed by current trials. (5)
Adherence and persistence. Trial adherence is generally higher than
real-world adherence; the gap is greater in groups facing more
access and SDOH barriers, so trial-derived efficacy estimates will
systematically overstate real-world effectiveness in underrepresented
groups. (6) Hepatocellular carcinoma surveillance. No pivotal
trial has powered an HCC endpoint, but Hispanic/Latino patients
have higher MASLD-attributable HCC incidence; pharmacotherapy
effects on HCC in this group are unstudied. Addressing these gaps
will require post-approval observational studies and confirmatory
trials with explicit enrollment goals, not merely descriptive reporting
of demographics.

4. Discussion

4.1. Selection, Ascertainment, and Referral Bias
Most of the racial and ethnic differences described above are drawn
from studies whose source populations sample fundamentally dif-
ferent patient pools. NHANES samples the U.S. general population
using a probability design; the meta-analyses of Hispanic MASLD
prevalence pool primarily community and primary-care cohorts; the
NASH CRN biopsy cohort comprises patients who reached a tertiary
academic center and underwent liver biopsy; the UNOS registry
comprises patients who were referred, evaluated, and listed for
liver transplantation; and pivotal pharmacotherapy trials comprise
volunteers who passed multiple eligibility gates at specialized trial
sites. Each filter is itself patterned by race, ethnicity, insurance,
geography, and SDOH. Patients in underserved settings are less
likely to be biopsied (so they appear with lower estimated severity
in biopsy series), less likely to be listed for transplantation (so they
appear less often in registry analyses), and less likely to enroll in
trials (so they contribute little to efficacy estimates). The same
individual may therefore appear across the studies cited in this
review with an apparently lower risk of severe MASLD (because they

never underwent biopsy), an apparently lower transplant probability
(because they were referred late or not at all), and an apparently lower
treatment response (because they were never enrolled). Some of what
reads as racial or ethnic difference in the data therefore reflects how
the data are collected, not how the disease behaves. Throughout
the present review, we have tried to preserve this distinction; the
findings should be read as the disparities produced by the existing
care system, not as fixed biological characteristics of the groups
being described.

4.2. Intersectionality Across the Care Continuum
Disparities in MASLD care do not affect every member of a
racial or ethnic group identically. The transplant literature already
documents intersectional effects of sex (non-White women with
NASH cirrhosis are transplanted at higher MELD scores than White
women and have worse post-transplant outcomes [27]). Still, the
same multidimensional analysis should be applied across the care
continuum. Age modifies FIB-4 performance and access to specialist
care; rurality modifies access to VCTE and MRE, to hepatology, and
to transplant centers; insurance type and immigration-related health-
system engagement modify access to all of the above and to phar-
macotherapy; language and health literacy modify both screening
uptake and persistence on therapy; socioeconomic position interacts
with food insecurity to modify even the protective effect of education
[17]. For most of these axes, MASLD-specific intersectional data
are scant: most cited studies stratify by either race/ethnicity OR sex
OR insurance, but rarely by more than one simultaneously. Where
such data exist (most prominently in the transplant literature), we
have presented them; where they do not, we explicitly name the
gap. Future research on disparity in MASLD should treat single-axis
race/ethnicity reporting as a starting point rather than an endpoint.

4.3. An Equity-Focused Framework for U.S. MASLD Care
Recommendations in this section are stratified into three categories:
(i) Current clinical actions are supported by current evidence and
current guidelines and can be implemented now without further
validation; (ii) Health-system implementation priorities are actions
for health systems, payers, and policy makers that are reasonable
given current evidence but require system-level investment to deliver;
and (iii) Research gaps requiring validation are promising directions
that should not be implemented in routine care until prospective
evaluation is available.
4.3.1. Current Clinical Actions
Clinicians should: (1) universally apply FIB-4 screening for patients
with type 2 diabetes, prediabetes with cardiometabolic risk factors,
or obesity, regardless of race or ethnicity, per ADA and AACE
guidance [4, 18, 19]; (2) when interpreting FIB-4 results, account
for age and comorbidity rather than relying on a single fixed cutoff in
all patients (see Differential Performance of Noninvasive Tests);
(3) refer indeterminate or elevated FIB-4 results for VCTE or
MRE per existing pathways and document and address barriers to
imaging access; (4) screen patients with MASLD for food insecurity,
transportation barriers, language preference, insurance coverage,
and depression as part of routine assessment [23, 24]; (5) discuss
the access pathway for resmetirom and semaglutide candidly with
eligible patients, including prior authorization, copay, monitoring
requirements, and pharmacy logistics; and (6) refer eligible patients
to manufacturer patient-assistance and copay-support programs.
4.3.2. Health-System Implementation Priorities
Health systems and payers should: (1) invest in community-based
VCTE capacity in safety-net systems serving high-prevalence
populations rather than concentrating advanced imaging at tertiary
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centers [24]; (2) integrate FIB-4 ordering into primary-care and
endocrinology workflows with decision support that surfaces
social-needs screening alongside the laboratory result; (3) reduce
prior-authorization friction for FDA-approved MASH therapies,
particularly in Medicaid and Medicare Advantage [30]; (4) expand
pharmacy- and telehealth-delivered titration and adherence support
for resmetirom and semaglutide, with translated materials; (5)
develop transplant-center quality metrics that include race/ethnicity-
and sex-stratified time-to-listing, time-to-transplant, and post-
transplant survival [26, 27]; and (6) require structured measurement
and public reporting of disparities in MASLD diagnosis, treatment
initiation, treatment persistence, and outcomes.
4.3.3. Research Gaps Requiring Validation
The following are proposed for further investigation and are not
recommended for routine clinical use until validated: (1) prospec-
tive validation of population-specific FIB-4, VCTE, and MRE
thresholds in diverse, community-based U.S. cohorts with explicit
subgroup reporting by Hispanic/Latino subgroup (Mexican Amer-
ican, Central/South American, Caribbean Hispanic) and Asian
subgroup (East/South/Southeast Asian) [22]; (2) PNPLA3- and
genetic-ancestry-stratified efficacy and safety analyses for resme-
tirom, semaglutide, and emerging agents in adequately powered trials
or registries [12]; (3) equity-weighted cost-effectiveness analyses
of MASH pharmacotherapy that incorporate downstream costs of
untreated MASH in high-risk populations [29]; (4) mechanistic
studies of the non-Hispanic Black biopsy-cohort paradox that control
for ascertainment and referral effects [13]; (5) implementation-
science evaluations of community-health-worker, pharmacist-led,
and culturally tailored care models for MASLD [12]; and (6)
intersectional disparity research that simultaneously stratifies by
race/ethnicity, sex, age, rurality, insurance, and language. The FDA’s
2024 final guidance on Diversity Action Plans provides a regulatory
framework that supports the trial-side components of this agenda;
sponsors are now expected to submit prospective enrollment goals
stratified by race, ethnicity, sex, and age for most pivotal trials. We
suggest, as expert opinion, that pre-specified subgroup analyses
by race, ethnicity, and PNPLA3 genotype be planned for pivotal
MASH trials and that trials be powered (or, when this is infeasible,
descriptively reported) to permit meaningful interpretation of these
subgroups; mandating such analyses for every pivotal trial would,
however, be a policy choice for regulators rather than an evidence-
based requirement.

5. Limitations
This review has several limitations. First, as a narrative, non-
systematic review, it does not employ the methodology of a formal
systematic review or meta-analysis, and selection bias in study
inclusion is possible. Second, the MASLD nomenclature was
adopted in 2023, and most cited studies used NAFLD/NASH criteria;
concordance between the two definitions is high, but the introduction
of the MetALD category may reclassify a subset of patients. Third,
the evidence base for race/ethnicity-specific screening thresholds
is derived from a single prospective study with external evaluation;
broader prospective validation is needed. Fourth, data on disparities
in access to newly approved MASH therapies are limited by the
recency of FDA approvals, and our discussion of GLP-1 disparities
is based on obesity prescribing as an indirect proxy. Fifth, the review
is U.S.-focused, and findings are not generalizable to other countries
or health systems. Sixth, most cited estimates derive from studies
that did not adjust uniformly for the full set of relevant confounders,
and we have therefore tempered causal interpretation throughout.
Seventh, the populations grouped under "Hispanic/Latino" and

"Asian" are highly heterogeneous; most underlying studies report
only at the broad-group level, and this constrains our discussion.

5.1. Future Directions
Critical knowledge gaps warrant investigation, building on the re-
search priorities listed above: (1) prospective validation of subgroup-
specific noninvasive test cutpoints with explicit reporting at the level
of Hispanic/Latino and Asian subgroups; (2) adequately powered
clinical trials and post-approval observational studies of resmetirom,
semaglutide, and emerging agents with pre-specified enrollment
targets for Black, Hispanic/Latino, and Asian populations; (3) real-
world effectiveness, persistence, and safety studies; (4) health-
services research mapping insurance coverage and out-of-pocket
costs by payer and by race/ethnicity, including the MASH-specific
prior-authorization landscape once claims data accrue; (5) mech-
anistic and ascertainment-controlled studies of the non-Hispanic
Black biopsy paradox; (6) implementation-science evaluation of
culturally tailored screening programs, pharmacist-led titration, and
community-health-worker interventions; and (7) investigation of the
impact of the MASLD/MetALD nomenclature change on diagnostic
patterns, referral rates, and patient engagement across racial/ethnic
groups, including whether the removal of stigmatizing terminology
improves care-seeking behavior.

6. Conclusion
MASLD care in the United States exhibits measurable disparities
across multiple steps along the continuum from disease risk to
advanced disease management, reflecting the interplay among ge-
netic ancestry, social determinants of health, and structural barriers,
rather than race or ethnicity as independent biological variables.
Hispanic/Latino individuals have the highest reported MASLD
prevalence among major U.S. racial and ethnic groups, a higher
annual rate of prevalence increase than non-Hispanic Black and
non-Hispanic White populations, reduced accuracy of standard non-
invasive screening tools in the limited prospective data available, and
lower observed transplant probability and higher waitlist mortality in
registry analyses. Non-Hispanic Black individuals, while exhibiting
lower MASLD prevalence on multivariable-adjusted population
data, have higher mortality and lower transplant rates in studies of
all-cause cirrhosis; MASH-specific outcome data in this population
remain limited, and the contribution of biological factors versus
care-access disparities cannot be separated with current evidence.
The arrival of disease-modifying pharmacotherapies, resmetirom
and semaglutide, represents a historic opportunity to alter the natural
history of MASH, but, in light of cost, prior-authorization burden,
monitoring demands, and the prescribing patterns observed for
related agents in other indications, may widen existing disparities
unless access is intentionally and equitably structured.
Achieving health equity in U.S. MASLD care will require coor-
dinated action across multiple levels: validation and implemen-
tation of population-specific screening pathways; diversification
of clinical trial populations with explicit attention to subgroup
heterogeneity; reduction of financial, administrative, and monitoring-
related barriers to treatment access; and investment in community-
based interventions that address the social determinants driving
disease burden. None of these proposed interventions has yet been
demonstrated in MASLD-specific intervention studies to reduce
racial or ethnic inequities; the case for them is based on observational
disparity data, biological plausibility, and analogous evidence from
related fields, and prospective evaluation is needed before any can
be characterized as proven to narrow inequities. The renaming of
NAFLD to MASLD offers a symbolic and practical opportunity to
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reframe this disease in terms of its metabolic origins and to build
U.S. care systems that serve all affected populations equitably.
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