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ARTICLE INFO ABSTRACT
Key words: Purpose: Ceramide-infused skin barriers (CIBs) applied to stoma care hold potential benefits, which are thus far
Ceramide-infused skin barriers not summarized. This study aims to summarize the literature on CIBs in patients with intestinal and urinary stomas

Cost-effectiveness and to quantitatively compare the clinical, economic, and well-being outcomes of CIBs against the standard of

care (SOC) in these patients.

Methods: Systematic review and random-effect meta-analysis following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement, including meta-regression analyses to explore sources
of heterogeneity. PubMed, CINAHL, Scopus, Web of Science, Embase, Google Scholar, and clinicaltrials.gov
were searched for studies published up to November 2024. Studies involving patients of any age with intesti-
nal or urinary stomas treated with CIBs or SOC. Outcomes included peristomal skin complications (PSCs), cost-
effectiveness, and quality-adjusted life days (QALDs).

Findings: CIBs increased the odds of preventing PSCs by 77% compared to SOC (OR = 1.77, 95% CI: 1.40,
2.23). Cost savings averaged -140,000 USD per patient (95% CI: -142,000 USD, -139,000 USD), although cost-
effectiveness varied significantly (I = 100%, P < 0.001). Meta-regression identified gross domestic product (GDP)
per capita (f =-7.31, P = 0.010) and healthcare expenditure per capita (f =-169.33, P < 0.001) as key contributors
to cost variability. CIBs also improved QALDs (MD = 0.35, 95% CI: 0.33, 0.37), enhancing patient quality of life.
Implications: CIBs reduce PSCs, generate cost savings, and improve QALDs, demonstrating potential for
widespread clinical adoption. However, economic benefits vary across healthcare systems, warranting further
research into their long-term impact and country-specific cost-effectiveness.
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Introduction

Patients with intestinal and urinary stomas, such as colostomies,
ileostomies, and urostomies, present significant clinical challenges due
to complications like peristomal skin conditions (PSCs), which can seri-
ously affect their quality of life.!»> These procedures are performed for
a variety of medical conditions, most notably colorectal cancer, inflam-
matory bowel disease (IBD), and bladder cancer.>° Colorectal cancer is
one of the most common malignancies requiring colostomy, with surgi-
cal resection often necessitating the creation of a permanent or tempo-
rary stoma.® Patients with IBD, including Crohn’s disease and ulcerative
colitis, may require ileostomy formation, particularly in cases of severe
disease refractory to medical management or as part of staged surgical
interventions.” Bladder cancer is a primary indication for urostomy, of-
ten following radical cystectomy when bladder preservation is not feasi-
ble.*> In addition to malignancies and inflammatory conditions, stomas
may also be required in cases of traumatic bowel or bladder injury, con-
genital abnormalities such as Hirschsprung’s disease, or severe divertic-
ular disease.5-1°

Globally, the number of these surgical procedures is increasing due
to rising rates of colorectal cancer, inflammatory bowel disease, and
bladder cancer, with approximately 700,000 people in Europe currently
living with an ostomy.!! Although stomas are life-saving, they often
result in complications that can significantly impact patients’ quality
of life.>>:11:12 Among the most common of these complications are
PSCs, which mainly arise from moisture, digestive enzymes, or me-
chanical irritation caused by poorly fitting ostomy appliances.!-'! The
type and permanence of the ostomy influence the impact and severity
of PSCs. Ostomies could be classified into temporary and permanent
stomas, each with distinct clinical implications.'® Temporary stomas,
such as diverting ileostomies, are often created to protect anastomo-
sis during bowel resection and are intended for later reversal.'* De-
spite their short-term nature, they could still cause significant PSCs due
to high-output effluent and increased moisture exposure. Permanent
stomas, such as colostomies following cancer resection or urostomies
after cystectomy, require lifelong management, making peristomal skin
integrity a critical factor in long-term quality of life.'* Additionally,
the anatomical location of the stoma influences the likelihood of de-
veloping PSC. Ileostomies are associated with higher leakage rates, as
their liquid and enzymatic output increases skin irritation and ero-
sion risk.'* Colostomies generally produce a more formed stool, re-
ducing excessive moisture exposure, but poorly fitted appliances can
still lead to mechanical irritation and chronic PSCs. Urostomies pose
unique challenges due to continuous urine flow, which can lead to alka-
line encrustation, chronic leakage, and a higher risk of urinary-related
PSCs.*

Standard skin barriers are widely used to manage PSCs but are often
inadequate, leaving patients vulnerable to ongoing skin irritation, dis-
comfort, and infection.'®> The challenges of preventing and managing
PSCs underscore the need for more effective interventions that could
protect the skin and improve patients’ overall well-being.'®-'® In recent
years, ceramide-infused skin barriers (CIBs) have emerged as a promis-
ing approach for maintaining the health of the peristomal area, improv-
ing skin health, and reducing peristomal complications. These barriers
protect the skin from stoma effluent and help prevent PSCs.!®

Ceramides, naturally occurring lipids in the skin, play a critical role
in maintaining the skin’s barrier function and hydration.'®-?° Ceramides
enhance the skin barrier function by replenishing the natural lipids that
form the lamellar structure of the barrier. When incorporated into os-
tomy skin barriers, ceramides strengthen the skin’s protective layer, re-
duce moisture loss, and lower the risk of irritation, erosion, and infec-
tion.?! This enhanced barrier function is expected to improve patient
comfort, reduce complications, and ultimately contribute to better clin-
ical outcomes. Some clinical research and cost-effectiveness analysis
have shown that CIB seems to offer significant benefits over standard
skin barriers.?>>> Early findings also suggest that these barriers may
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provide a longer wear time, leading to fewer appliance changes, reduced
healthcare costs, and increased patient convenience.?#-25

However, despite these promising results, several gaps remain.>?-2°
Current standard of care (SOC) methods, such as hydrocolloid-based
barriers, while effective in some cases, show limitations in prevent-
ing PSCs, particularly in high-risk patients.?>~2> Despite previous stud-
ies on CIBs suggesting potential benefits in enhancing skin hydration
and barrier function, several gaps remain.?> The overall impact of CIBs
on cost-effectiveness, PSC prevention, and quality-adjusted life days
(QALDs)—a measure that combines the quantity and quality of life, re-
flecting both the duration and well-being of patients—has not been com-
prehensively explored and summarized. QALDs represent a metric that
combines both duration and quality of life, conceptually akin to quality-
adjusted life years (QALYs) but adapted to assess shorter time frames.?°
Unlike QALYs, which assess long-term health outcomes, QALDs provide
a more granular assessment of daily well-being, making them particu-
larly relevant for evaluating interventions to improve skin integrity and
reduce stoma-related complications in the short term.®

In this context, it is relevant to consider that ostomy care’s economic
burden is highly variable across healthcare systems, depending on reim-
bursement policies, healthcare spending, and resource allocation.?’ In
high-income countries with well-established reimbursement models, the
cost-effectiveness of CIBs may be less pronounced due to broader access
to standard ostomy care supplies.?” Conversely, in middle-income coun-
tries where healthcare resources are more constrained, out-of-pocket ex-
penses for ostomy products may limit patient access to optimal skin bar-
riers, potentially exacerbating PSCs.?® Countries with universal health-
care systems often provide full or partial coverage for ostomy care,
whereas private or mixed healthcare systems may require individuals
to bear a substantial portion of these costs.2’>2® Such disparities raise
important questions regarding the economic feasibility and equitable
distribution of CIBs as a standard intervention across different health-
care settings.?951

Thus far, existing studies offer limited insight into these outcomes,
and the available literature is fragmented.?* As such, a systematic re-
view is needed to consolidate the existing evidence and provide a clearer
understanding of the intervention’s role in improving patient outcomes
and healthcare efficiency. This approach will pave the way for future
research to address the current gaps and support clinicians in their
decision-making processes, which are currently undermined by a frag-
mented literature framework. Given these gaps, this systematic review
aims to summarize the literature on using CIBs in patients with intesti-
nal and urinary stomas and to quantitatively compare the clinical, eco-
nomic, and well-being outcomes of CIBs against the SOC in these pa-
tients.

Methods
Study Design

This systematic review, including a meta-analysis of outcomes re-
lated to the utilization of CIBs, was conducted as part of a predefined
protocol registered on PROSPERO (CRD42023492933) and following
the Cochrane handbook for systematic review of interventions.>? The
review follows the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.>* The main research question
guiding the review was: “What are the clinical, cost-effectiveness, and
quality-of-life outcomes associated with using CIBs in patients with in-
testinal and urinary stomas?”

Search Strategy and Eligibility Criteria

The main research question was framed using the Population, Inter-
vention, Comparison, Outcome, and Study Type (PICOS) framework.>?
The population included people of any age with intestinal or urinary
stomas. The intervention focused on using CIBs, with comparisons
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drawn against standard care without CIBs, alternative interventions, or
any other relevant comparators. The primary outcomes were the im-
pact on PSCs as clinical outcomes and cost-effectiveness and well-being
outcomes, such as QALDs. The review included primary studies or cost-
effectiveness analysis studies.

Two independent reviewers (ADC and MI) independently con-
ducted a systematic and comprehensive literature search across mul-
tiple databases, including PubMed, CINAHL, Scopus, Web of Science,
Embase, Google Scholar, and clinicaltrials.gov, covering studies up to
November 2024. A first discussion meeting was conducted to compare
and unify the search strategies of the authors involved in the system-
atic searches (see Supplementary File 1). The search employed a combi-
nation of MeSH terms and free-text keywords developed following the
PICOS framework, and the final queries are detailed in Supplementary
File 1. Additionally, reference lists from prior systematic reviews and
relevant articles were manually reviewed to ensure a thorough search.

The inclusion criteria encompassed studies involving patients with
intestinal or urinary ostomies, using CIBs, and evaluating clinical out-
comes, well-being measures, or cost-effectiveness data. Articles without
empirical or real-world simulation data, such as commentaries, editori-
als, and perspective papers, were excluded because these types of arti-
cles, while valuable for providing opinions and theoretical insights, do
not contribute to assessing the clinical and cost-effectiveness of CIBs.
Studies that did not report on the specified outcomes of interest were
also excluded as well. While no language restrictions were imposed dur-
ing the search, articles in languages other than English were excluded
if their full-text versions were inaccessible online due to the impracti-
cality of translating non-HTML format articles into English. Discrepan-
cies between the two reviewers during the double-blind selection pro-
cess were resolved through consensus discussions, ensuring that any dis-
agreements were carefully reviewed and reconciled based on the prede-
fined inclusion criteria.

Selection Flow Strategy

The selection flow for this systematic review adhered to the PRISMA
guidelines, following the four key phases: identification, screening, eligi-
bility, and inclusion.?®> During the identification phase, comprehensive
searches were conducted as detailed in the “Search strategy and eligi-
bility criteria.” After removing duplicates, the titles and abstracts of the
remaining studies were screened to assess their relevance based on the
inclusion criteria. Studies that did not meet the inclusion criteria were
excluded at this stage. In the eligibility phase, the full texts of the re-
maining studies were thoroughly reviewed to determine whether they
reported relevant data on PSCs, cost-effectiveness, or QALDs related to
CIBs. Studies that did not report these outcomes or lacked empirical data
were excluded. Finally, in the inclusion phase, studies that met all the
eligibility criteria were included in the systematic review and, where
applicable, in the meta-analysis.

Outcomes

In this review, the primary outcomes of interest were PSCs, cost dif-
ferences between CIBs and SOC, and QALDs. QALDs were selected as an
outcome measure to provide a more sensitive assessment of peristomal
skin health-related quality of life over shorter periods.?® While adapted
from the concept of QALYs, QALDs allow for a more precise evaluation
of interventions targeting immediate improvements in skin integrity and
patient comfort.?®

PSCs refer to skin issues that arise in the area surrounding the stoma,
which could be caused by moisture, digestive enzymes, or mechanical
irritation from poorly fitted ostomy appliances.!®>>?! Common PSCs in-
clude irritation, redness, inflammation, and skin erosion. These compli-
cations significantly impact the comfort and well-being of ostomy pa-
tients and frequently lead to infections or the need for frequent appli-
ance changes.'>:2!
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Cost differences between CIBs and SOC assess the economic impact
of using CIBs compared to non-CIB products.* This outcome is key for
understanding the financial implications of adopting CIBs in healthcare
settings, including direct healthcare costs such as product use, frequency
of replacements, and healthcare visits, as well as potential long-term sav-
ings from reduced complications. In this study, all cost data were con-
verted into US dollars (USD) by using the exchange rate from September
6th, 2024, to standardize comparisons across studies and ensure consis-
tency in the analysis.

QALDs measure the quality of life adjusted for the time spent in a
particular health state.?> 3¢ QALDs provide insight into how the use of
CIBs impacts patients’ overall health and well-being. An improvement in
QALD:s indicates that patients live longer and experience a better quality
of life, free from significant discomfort or complications caused by PSCs.

Data Extraction

Information from each study was extracted in a tabular format to
ensure consistency and clarity. The data extraction was conducted in-
dependently by 2 reviewers, and a third reviewer ensured the accu-
racy and consistency of the extracted information. The following de-
tails were recorded: authors, year of publication, country, study design,
sample size, sample characteristics, study duration, type of ostomy bar-
riers used, control group (if applicable), primary outcomes, time points
assessed, adverse events, and key findings.

In addition, where feasible, data allowing for meta-analysis of (PSCs
were extracted as rates of failures (i.e., PSCs) and successes (i.e., no
PSCs) in both the intervention (CIB) and control (SOC) arms. For eco-
nomic analysis, the overall mean cost of CIBs and SOCs was extracted
for each country and group, with all cost data converted to USD us-
ing the exchange rate from September 6th, 2024. When standard de-
viations (SDs) were not directly reported, they were estimated using
the range divided by four or with algebraic estimations, when feasi-
ble, as recommended by recent recommendations to deal with missing
variances in meta-analyses.>” Additionally, once the studies were in-
cluded, we independently retrieved cost-effectiveness analysis data for
GDP per capita and healthcare expenditure per capita, specific to the
year of each study reporting cost-effectiveness analyses. This data was
essential for evaluating potential economic variations between coun-
tries. The GDP per capita and healthcare expenditure per capita val-
ues were sourced from the following reputable global databases: World
Bank (Source: World Bank GDP per capita)>® and Organisation for Eco-
nomic Co-operation and Development (OECD) (Source: OECD Health
Expenditure).>® In addition to extracting cost data from individual stud-
ies, we independently retrieved country-specific economic indicators,
including GDP per capita and healthcare expenditure per capita, to
assess how healthcare system differences influence cost-effectiveness
outcomes. These indicators were sourced from the World Bank and
the OECD.3° This approach contextualized cost-effectiveness findings
within each country’s specific economic and healthcare framework, im-
proving the interpretability of cross-country comparisons.

Data on QALDs were extracted where available, specifically as the
mean per group (CIB and SOC), along with the corresponding reported
or estimated SDs.

Risk of Bias Assessment

In this study, several tools were employed to assess the risk of bias,
which were specific to the study design of the eligible records.

The Risk of Bias 2 (ROB2) tool was used for randomized controlled
trials (RCTs).*? Developed by the Cochrane Collaboration, ROB2 is a
domain-based evaluation tool designed specifically for RCTs. It assesses
five key domains: bias arising from the randomization process, devia-
tions from intended interventions, missing outcome data, measurement
of the outcome, and selective reporting of results. Each domain is eval-
uated, and the overall risk of bias for each study is categorized as “low
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risk,” “some concerns,” or “high risk” of bias. This tool is widely recog-
nized for its systematic approach to evaluating the internal validity of
RCTs.

For non-randomized interventional studies, the Risk Of Bias In Non-
randomized Studies - of Interventions (ROBINS-I) tool was applied.*!
ROBINS-I assesses the risk of bias in non-randomized studies that evalu-
ate the effectiveness of interventions. It examines seven domains, in-
cluding confounding, selection of participants, classification of inter-
ventions, deviations from intended interventions, missing data, mea-
surement of outcomes, and the selection of reported results. Studies are
rated as having “low,” “moderate,” “serious,” or “critical” risk of bias
based on these domains. This tool is considered essential for evaluat-
ing non-randomized studies, where the absence of randomization could
introduce systematic biases.!

For observational studies, including cohort and case-control designs,
the Newcastle-Ottawa Scale (NOS) was used.*?> The NOS evaluates stud-
ies based on three broad areas: the selection of study groups, the com-
parability of groups, and the ascertainment of outcomes. Studies are
awarded stars based on the quality of their design, with a higher num-
ber of stars indicating a lower risk of bias. This scale is a well-established
tool for assessing the quality of non-randomized studies in meta-analyses
and systematic reviews.*?

In the assessment of economic evaluations, the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) checklist was em-
ployed. CHEERS provides a standardized framework for reporting eco-
nomic evaluations, ensuring that studies adequately describe the meth-
ods, data sources, perspective, comparators, time horizon, and results
of the analysis. This checklist promotes transparency and comparabil-
ity across economic studies, enhancing the reliability and usability of
health economic evaluations.*?

” «

Data Analysis

This review used random-effects models for all outcomes to account
for the variability across studies, given the differences in patient popula-
tions and intervention products. These models assumed that variability
between studies was not negligible, making them suitable for estimating
the effect size for each outcome.

For PSCs, a random-effects restricted maximum likelihood model
was applied to calculate the odds ratios (OR) for PSC rates between the
intervention and control groups. This model adjusted for potential vari-
ations across studies and accounted for the likelihood of PSCs in both
arms.

The DerSimonian-Laird random-effects method was used to summa-
rize the results related to cost differences between CIBs and SOC by em-
ploying mean difference (MD) as effect size. This model allowed for esti-
mating cost variations between the two interventions while accounting
for the heterogeneity across studies. A meta-regression was performed
to explore the sources of heterogeneity in the cost analysis. The year of
publication, gross domestic product (GDP) per capita, healthcare expen-
diture per capita, and sample sizes for both CIB and SOC groups were
included in the model to assess their impact on cost variations. The meta-
regression results were reported using regression coefficients, standard
errors, z-values, and 95% confidence intervals (CIs). More precisely, to
evaluate how healthcare system variability affects cost-effectiveness, we
conducted a meta-regression analysis incorporating GDP per capita and
healthcare expenditure per capita as predictors of cost differences be-
tween CIBs and SOC. These variables were included to account for dif-
ferences in purchasing power, healthcare resource allocation, and reim-
bursement models across countries. To better account for cross-country
cost differences, we explicitly modeled economic variability by treat-
ing each country as a distinct analytical unit rather than pooling cost-
effectiveness data across all settings. This approach prevented overgen-
eralization and provided a more precise understanding of the cost sav-
ings associated with CIBs in diverse healthcare environments.
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Sensitivity analyses were conducted to determine each study’s influ-
ence on the overall results, and Galbraith plots were used to identify
outliers or influential studies. Contour-enhanced funnel plots were gen-
erated to visually examine the potential for publication bias. Egger’s re-
gression test was subsequently applied to statistically evaluate the sym-
metry of the funnel plots, providing a more objective measure of po-
tential bias. For this outcome, it was possible to extract country-specific
information included in the meta-analysis by treating countries as dis-
tinct units rather than individual studies. To ensure best practices and
avoid overrepresentation, specific precautions were taken to handle the
multiple inputs appropriately. In cases where multiple country-specific
data points originated from the same study, the variance was adjusted to
prevent these inputs from inflating the study’s influence. This approach
ensured that no single study disproportionately affected the overall ef-
fect size, maintaining the integrity and balance of the meta-analysis re-
sults.

For the analysis of QALDs, the random-effects model was applied to
summarize the mean differences between the CIB and SOC groups. Due
to the limited number of studies available for each outcome, specific
subgroup analyses outlined in the protocol could not be performed while
maintaining statistical robustness.

Heterogeneity across studies was evaluated using Cochran’s Q test,
along with measures of between-study variance (tau?), the proportion
of total variation across studies attributable to heterogeneity (I2), and
the ratio of total variation inclusive of heterogeneity to that exclusive
of it (H?). Threshold values were applied to interpret the degree of het-
erogeneity: I? values of 25%, 50%, and 75% were considered to rep-
resent low, moderate, and high heterogeneity, respectively. Additional
diagnostics, such as residual variance and likelihood ratio tests, were
employed to assess the robustness and fit of the models. All statistical
analyses were performed using Stata 18 (StataCorp LLC, College Station,
TX, USA).

Results
Study Selection

Figure 1 depicts the flowchart of the selection process. In the iden-
tification phase, a total of 3,133 records were identified from seven
databases: PubMed (n = 443), CINAHL (n = 191), Scopus (n = 676), Web
of Science (n = 242), Embase (n = 927), Google Scholar (n = 645), and
Clinicaltrials.gov (n = 9). After removing 1,240 duplicate records, 1,893
records were screened based on titles and abstracts. During the screen-
ing phase, 1,851 records were excluded for the following reasons: not
focused on ceramides (n = 1,135), not focused on patients with stomas
(n = 343), lacking empirical data (n = 356), or being abstracts without
sufficient information (n = 17). This left 42 reports for full-text review.
In the eligibility phase, 35 reports were excluded due to the lack of em-
pirical data (n = 4), not focusing on ceramides (n = 23), or not involving
patients with stomas (n = 8). Additionally, citation searching identified
15 more reports, but all were duplicates. Finally, seven studies were in-
cluded in the systematic review, as shown in the inclusion phase of the
flowchart,20,44-49

Characteristics of the Included Studies

The included studies, as summarized in Table 1, present a variety
of designs, sample sizes, and geographic locations, all investigating the
clinical and economic impact. Most studies adopted a decision-analytic
or cost-effectiveness model,**:47-4¢ while one RCT design,*’ one a quasi-
experimental design,*® and one an observational design,*> Key out-
comes across these studies included preventing PSCs, improving QALDs,
and overall cost savings.

Regarding sample sizes, Berger et al.*® modeled a hypothetical co-
hort of 1000 patients, equally split between CIB and SOC users, high-
lighting the reduction in PSCs and associated costs with CIB use. Berger
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Figure 1. PRISMA 2020 flow chart.

et al.*’ expanded this model, including data from multiple countries
(US, UK, Sweden, Australia, Italy, and Norway) and focusing on cost
savings and clinical outcomes in larger cohorts.

Colwell et al.** conducted a more direct RCT with 153 adults, finding
significant reductions in PSCs and costs associated with CIB use. Ishii
et al. (2016) and Hoeflok (2016) focused on smaller sample sizes and
specific patient characteristics, such as skin fragility or transepidermal
water loss (TEWL), and both showed that CIB improved peristomal skin
health. 4546

Risk of bias

A detailed analysis of the risk of bias is reported in Supplementary
File 2. The included RCT was of high quality, with a low risk of bias
across most domains, including randomization, allocation concealment,
and the measurement of outcomes.*® The study’s blinding of partici-
pants and outcome assessors further reduced the risk of bias, leading to
a robust overall assessment.*® The Non-randomized study performed by
Ishii et al.*® presented a moderate risk of bias primarily due to the lack
of blinding and potential confounding. In observational studies, which
were Hoeflok et al. (2016) and Taggart and Spencer (2018),%0:4° key
limitations were noted, such as the absence of control groups and rel-
atively short follow-up periods. These studies were assessed as having
a moderate overall risk of bias, given their design and lack of direct
comparators. The economic analyses provided detailed and transpar-
ent reporting of cost-effectiveness outcomes.** 47,48 However, the need
for longer-term analyses and the inclusion of different healthcare per-
spectives were noted as areas for improvement. Overall, the quality of
evidence across studies was acceptable, with most studies providing re-
liable data, although caution is needed when interpreting findings from
nonrandomized and observational designs.

Meta-Analysis on PSCs

In this meta-analysis of PSCs, data were derived from two stud-
ies,*7-48 as shown in Figure 2. The overall OR for preventing PSCs was

1.77 [95% CI: 1.40, 2.23], indicating that the use of CIBs significantly in-
creased the odds by 77% of preventing PSCs compared to SOC (z = 4.78,
P < 0.0001). Both studies presented consistent results, with the OR from
each study supporting the overall effect size. Berger et al. (2018) con-
tributed most of the weight to the analysis (86.77%) due to a larger
sample size.*® No significant heterogeneity was observed between the
studies, with tau? = 0.00, I = 0.00%, and H? = 1.00, indicating consis-
tency in the treatment effect across both studies.

Meta-Analysis on Cost-Saving

In this meta-analysis of cost differences between CIBs and SOC, data
were retrieved from three primary studies but analyzed across nine dif-
ferent country-specific settings,**>47-48 as shown in Figure 3 (quadrant:
A). The overall MD in costs per patient was —140,000 USD [95% CI:
—142,000 USD, —139,000 USD], demonstrating a statistically significant
cost saving associated with the use of CIBs (z = —182.00, P < 0.0001).
The results revealed substantial heterogeneity, with tau?> = 3.21e+06,
I? = 100%, and H? = 58181.26, indicating significant variations in cost
savings between countries. For example, Berger et al. (2021), which fo-
cused on the United States, contributed the lowest weight (0.49%) to
the overall effect due to its extreme outlier status in terms of cost dif-
ferences. In contrast, studies from other countries, such as Australia and
Canada, contributed more consistently to the overall effect. Sensitivity
analysis using leave-one-out methods showed no significant changes in
terms of effect size and heterogeneity.

Meta-regression analysis was conducted to explore potential sources
of heterogeneity, incorporating variables such as GDP per capita, health-
care expenditure per capita, and sample sizes (Wald y*) = 2613.72,
P < 0.001). The analysis revealed that both GDP per capita (f = -7.31,
95% CI: —12.83, —1.78, P = 0.010) and healthcare expenditure per
capita (f = -169.33, 95% CI: —230.75, —107.90, P < 0.001) significantly
influenced cost variations across the different countries. In contrast,
sample sizes in both the CIB and SOC groups did not significantly im-
pact cost differences (P > 0.1), indicating that economic factors, rather
than sample sizes, were primary drivers of the observed heterogene-



Table 1

Summary of included studies.

Authors Year Country Design Sample Sample characteristics Duration Type of ostomy  Control Outcome Time points Adverse  Key findings
barriers group (if assessed events
any)

Berger et al. 2018 Australia Cost-effectiveness Hypothetical cohort of  Fecal ostomy patients. ly Ceramide- SOC PSCs, QALDs, ly None CIB reduces PSCs,
analysis using a 1000 fecal ostomy 500 using infused skin healthcare costs increases QALDs,
hypothetical cohort patients ceramide-infused skin barrier and lowers costs
based on available barriers (CIB) and 500
clinical and cost data using SOC (Standard of

Care)
Berger et al. 2021 US, UK, Sweden, Decision-analytic model New ostomates (fecal or New ostomates. CIB ly Ceramide- SOC PSCs, QALDs, ly None CIB results in cost
Australia, Italy, based on a hypothetical urinary) - Hypothetical ~ (20%) vs SOC barriers infused skin healthcare costs savings across all
Norway cohort of patients, cohorts (1000 in ON, barrier countries
incorporating data inputs 4000 in AB)
from clinical trials,
observational studies,
and cost data
Colwell 2018 US, Canada, RCT 153 adults with new Adults with normal 12 wk Ceramide- SOC PSCs, costs, Baseline and None CIB reduces
et al. Europe colostomy, ileostomy, or peristomal skin. Patients infused skin quality of life 12 wk stoma-related costs,
urostomy randomized to CIB or barrier and PSCs
SOC
Ishiietal. 2016 Japan Quasi-experimental trial 13 patients with Colostomy/ileostomy 1 mo Ceramide- sSOC TEWL, itchiness, Baseline and None CIB improves skin
colostomy or ileostomy  patients aged 52-85. infused skin wear time 1 mo barrier function,
Patients aged 52-85 y barrier reduces TEWL
using CIB or SOC
Hoeflok 2016 Canada, Prospective evaluation 111 ostomates 54.6% normal skin, 40% 3 wk Ceramide- No control  Peristomal skin End of the  None 87.5% satisfaction
Netherlands (Observational study) fragile or dry skin. (minimum) infused condition, evaluation with CIB, 55.7% skin

Ileostomy (46.8%), hydrocolloid satisfaction period improvement
colostomy (41.4%), skin barrier
urostomy (9.9%)

LeBlanc 2023 Canada Cost-effectiveness model Hypothetical cohort: Ostomy patients in ON 1y Ceramide- SOC Cost savings, ly None CIB results in

et al. 1000 (ON) and 4000 and AB. 50% using CIB infused skin PSCs avoided, significant cost

(AB) and 50% using SOC barrier QALDs savings and PSC
reduction
Taggart and 2018 Us Case series 2 adult patients with Patients with skin 21d (Case Ceramide- None (case  DET score Baseline and None CIB improved skin
Spencer (Observational study) ileostomy or colostomy damage (discoloration, 1),14d infused series) improved (9 to  after 14-21 condition and
erosion). Patients with (Case 2) hydrocolloid 0,10 to 0) d resolved
peristomal skin skin barrier complications

complications using CIB

CIB, ceramide-infused barrier; SOC, standard of care; PSCs, peristomal skin complications; QALDs, quality-adjusted life days; RCT, randomized controlled trial; TEWL, transepidermal water loss; DET, discoloration,

erosion, tissue overgrowth (scale); ON, Ontario; AB, Alberta; US, United States; UK, United Kingdom.

‘ID 32 2UOADIYDS g TUOJJ] °S ‘OSTLIDD Y

XXX (XXXX) XXX soumadpaay [, [pow1)

HHLI'ID ‘dIf

[8:4/1:GT0T ‘8 YOIBN:OpSIDSW]



JID: CLITHE [m5GeSdc;March 8, 2025;14:8]

R. Caruso, S. Belloni, B. Schiavone et al. Clinical Therapeutics xxx (xxxx) XXX

Treatment (CIB)  Control (SOC) Odds Ratio Weight Figure 2. Meta-analysis of PSCs comparing
] treatment (CIB) and control (SOC) groups,
Y N Y N h 95% CI 9
Study es © s © RS (%) showing the odds ratio with 95% confidence
intervals.
Berger et al. 2018 295 205 225 275 _._ 1.76 [ 1.37, 2.26] 86.77
Berger et al. 2021 47 32 33 41 L 1.82[0.96, 3.47] 13.23
Overall E - 1.77 [ 1.40, 2.23]
Heterogeneity: T = 0.00, I” = 0.00%, H" = 1.00
Testof 8, = 6;: Q(1) = 0.01, p = 0.92
Testof 8=0:z=4.78, p=0.00
T T
1 2
Random-effects REML model RERREED FEPREIE
A. Overall mean difference (MD) in costs between CIB and SOC Mean diff. Weight
Study with 95% Cl (%)
Berger et al. 2018 Australia . -63.39[ -68.58, -58.20] 18.44
Berger et al. 2021 United States . - -6.6e+06 [ -6.6e+06, -6.6e+06] 0.49
Berger et al. 2021 United kingdom B - -54e+05[ -5.5e+05, -5.3e+05]  3.82
Berger et al. 2021 Sweden B -2.1e+05[ -2.1e+05, -2.1e+05] 11.22
Berger et al. 2021 Australia B -2.9e+05[ -2.9e+05, -2.9e+05] 8.86
Berger et al. 2021 Italy W -2.2e+05[ -2.2e+05, -2.2e+05] 9.20
Berger et al. 2021 Norway M -1.6e+05[ -1.6e+05, -1.6e+05] 11.08
LeBlanc et al. 2023 (ON) Canada M -323.00[ -333.96, -312.04] 18.44
LeBlanc et al. 2023 (AL) Canada W -137.70[ -144.66, -130.74] 18.44
Overall :-1.4e+05 [ -1.4e+05, -1.4e+05]

Heterogeneity: 12 = 3.21e+06, 12 = 100.00%, H2 = 58181.26
Testof 6'= 9120(8) =465450.06, p = 0.00
Testof 8 =0: z=-182.00, p = 0.00

T T T
-6000000 -4000000 -2000000 0

Random-effects DerSimonian—Laird model US Dollars

B. This plot evaluates the spread of the effect sizes in relation C. The plot shows the distribution of studies’ standard errors

to their precision for the included studies against the mean differences. The red line represents the

estimated overall effect size.
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Figure 3. Meta-analysis of cost differences between treatment (CIB) and control (SOC), including a forest plot (A), a Galbraith plot (B) to evaluate the spread of
effect sizes, and a funnel plot (C) assessing publication bias.

ity. However, minimal explanatory power for the included covariates regression line indicate a higher level of precision: the plot shows sub-
in reducing between-study heterogeneity has been observed (R2=0.10), stantial dispersion, further supporting the existence of between-study
showing that additional, unmeasured factors may also influence the re- variability. Likely, the funnel plot (Fig 3, quadrant: C) assesses the dis-

ported heterogeneity. tribution of study standard errors against the mean differences. While
The Galbraith plot (Fig 3, quadrant: B) visualizes the spread of effect the plot suggests asymmetry, the regression-based Egger test confirmed
sizes and their precision across the included studies. Studies closer to the significant small-study effects (f = —269.41, z = —495.33, P < 0.001),
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Mean diff. Weight
Study with 95% Cl (%)
Berger et al. 2018 —=— 0.35[0.31, 0.39] 13.02
Berger et al. 2021 B 035[0.33, 0.37] 86.98

Overall

Heterogeneity: 12 = 0.00, 12 = 0.00%, H2 = 1.00
Test of 6'= ej:Q(1) =0.00,p=1.00

Testof 6 =0:z=45.73, p=0.00

€ 0.35[0.33, 0.37]

Random-effects DerSimonian—Laird model

Figure 4. Meta-analysis on QALDs, showing the mean differences with 95% confidence intervals.

implying potential publication bias or other sources of small-study in-
fluences.

Meta-Analysis on QALDs

In this meta-analysis of QALDs, data were derived from two stud-
ies,7>4® as shown in Figure 4. The overall MD in QALDs was 0.35
[95% CI: 0.33, 0.37], indicating a statistically significant improvement
in QALDs with the use of CIBs compared to SOC (z = 45.73, P < 0.0001).
Both studies showed consistent results, with no observed heterogene-
ity between them (z2 = 0.00, I*> = 0.00%, H? = 1.00), suggesting that
the treatment effect of CIBs on QALDs is homogeneous across the stud-
ies. Berger et al. (2021) contributed the largest weight to the analysis
(86.98%) due to a larger sample size.*”

Discussion

This systematic review and meta-analysis provide comprehensive in-
sights into the clinical, economic, and well-being outcomes associated
with using CIBs in patients with intestinal and urinary stomas by consol-
idating evidence in relation to cost-effectiveness,?%:44~4° prevention of
PSCs, and improvements in QALDs.!%:19,20,23-25,44-52 The results high-
light the emerging benefits of CIBs in improving PSCs, reducing health-
care costs, and enhancing patient well-being in terms of QALDs. Results
were consistent across included studies concerning PSCs and QALDs but
with considerable variability in cost-saving outcomes between coun-
tries. This systematic review demonstrated that CIBs significantly in-
creased by 77% the rates of prevented PSCs compared to SOC, with
consistency in the results across the included studies. In terms of cost
savings, the meta-analysis revealed a significant reduction in health-
care costs associated with CIB use compared to SOC, where the overall
MD in costs per patient was —140,000 USD [95% CI: —142,000 USD,
—139,000 USD], with high variability across different healthcare sys-
tems and countries. For QALDs, CIBs showed a significant improvement
compared to SOC, with an overall mean difference of 0.35 days [95%
CI: 0.33, 0.371].

Regarding evidence concerning the significant cost savings associ-
ated with CIBs, it is relevant to note that as healthcare providers seek
cost-effective interventions that deliver high clinical value, CIBs ap-
pears to be a suitable option for optimizing the health of the peris-
tomal skin. However, our study also identified substantial heterogene-
ity in cost savings, which contrasts with the limited available literature
on economic outcomes.*”>4¢ While Berger et al. reported wide variabil-
ity in cost-saving potential across different healthcare systems,*” our
meta-regression further confirmed that factors like GDP per capita and
healthcare expenditure per capita significantly influence these varia-
tions. These discrepancies may be attributed to differences in health-
care delivery models, cost structures, and reimbursement policies across
countries.

Beyond GDP per capita and healthcare expenditure per capita, addi-
tional policy-driven factors likely contribute to the observed cost hetero-
geneity.>® Countries with universal healthcare coverage and centralized
reimbursement models may exhibit greater cost absorption for ostomy-
related interventions, potentially reducing the relative cost savings as-
sociated with CIBs. Conversely, in privately driven or mixed healthcare
systems, where out-of-pocket expenses for medical supplies are higher,
the cost benefits of CIBs may be more pronounced as they directly trans-
late into financial savings for patients. This distinction is crucial in in-
terpreting cost-effectiveness findings across countries, as the economic
impact of adopting CIBs will differ depending on the financial burden
shouldered by healthcare providers versus individual patients.>* Fur-
thermore, differences in procurement policies and market competition
for ostomy supplies across nations may also influence the baseline cost-
effectiveness of CIBs. In countries where medical devices and ostomy
products undergo competitive pricing negotiations or where centralized
purchasing policies regulate costs, the price gap between CIBs and SOC
may be smaller, reducing the potential for cost savings. However, in re-
gions where market-driven pricing dominates or where ostomy product
reimbursement is limited, cost disparities may be magnified.>>-°° In this
regard, future research should incorporate comparative health policy
analyses to better understand how national reimbursement frameworks,
procurement strategies, and regulatory policies affect the adoption and
cost-effectiveness of CIBs. Specifically, exploring the impact of differ-
ent insurance models, reimbursement schemes, and subsidy programs
on the cost burden of ostomy care could provide a more comprehensive
perspective on how policy factors influence economic outcomes.

The coefficient for GDP per capita in our meta-regression analysis
was —7.31 (95% CI: —12.83, —1.78), indicating a statistically signifi-
cant relationship (P = 0.010). This negative coefficient suggests that,
on average, for every unit increase in GDP per capita, the cost-saving
effect (mean difference) decreases by 7.31 units. This effect implies that
countries with higher GDP per capita tend to show smaller cost savings
from the use of CIBs. This might be because wealthier countries often
have more advanced healthcare infrastructure, which could minimize
the marginal benefits of adopting new interventions like CIBs.>” In these
settings, the baseline costs of care might already be optimized, leading
to smaller differences between the intervention and control groups in
terms of cost savings.>® Likely, the coefficient for healthcare expendi-
ture per capita was —169.33 (95% CI: —230.75, —107.90), suggesting
that for every unit increase in healthcare expenditure per capita, the
mean difference in cost savings decreases by 169.33 USD. This could
be explained by the fact that in countries where healthcare spending is
already high, the incremental cost-saving benefits of interventions like
CIBs may be reduced. Higher spending might indicate more comprehen-
sive baseline care, meaning that the introduction of CIBs results in fewer
cost differences between the intervention and control groups.®%-°° These
findings emphasize that economic factors, such as national wealth and
healthcare expenditure, play significant roles in determining the cost-
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saving potential of CIBs across different countries. This variation should
be taken into account when generalizing cost-effectiveness findings from
one country to another. Further research is warranted to explore addi-
tional variables that could explain the observed heterogeneity in cost
savings.

The significant 77% increase in the odds of PSC prevention with the
use of CIBs compared to SOC has clear and impactful implications for
clinical practice. Given the substantial burden of PSCs on patient quality
of life and healthcare resources, this finding suggests that CIBs should
be considered as a suitable intervention for patients with intestinal and
urinary stomas. However, it is important to interpret this result with
caution. The available evidence is limited in scope, as CIBs have been
consistently compared to SOC without direct comparisons to other types
of advanced skin barriers or alternative interventions. This lack of indi-
rect comparisons introduces a degree of uncertainty, making it difficult
to determine whether CIBs are superior to other potential options °!.
Further research is needed to explore how CIBs perform against other
advanced products, ensuring a comprehensive evaluation of their rela-
tive efficacy.

The significant improvements in QALDs observed using CIBs have
notable clinical relevance. In fact, conversing QALDs into Quality-
Adjusted Life Years (QALYs) offers a clearer perspective on the mag-
nitude of these benefits.°” For example, if a patient gains an addi-
tional 35 QALDs from using CIBs, this would equate to approximately
0.096 QALYs (35/365), indicating nearly 10% of a full year of im-
proved quality of life. Although this may seem like a small improve-
ment, the cumulative impact on patient well-being could be significant,
particularly for those living with chronic conditions like intestinal or
urinary stomas. From a clinical practice standpoint, this improvement
in QALYs highlights the potential for CIBs to enhance overall patient
outcomes.?!-50,51,63,64 Better peristomal skin health reduces the risk of
infections and complications and leads to fewer interventions, less dis-
comfort, and greater patient satisfaction. These improvements in quality
of life are crucial for healthcare providers managing ostomy patients,
as they reduce the burden of stoma care, contribute to more efficient
resource utilization, and align with broader goals of patient-centered
care,50,51,64,65

One of the key strengths of this systematic review lies in its adher-
ence to the rigorous PRISMA statement.*? Including multiple databases
and one register (PubMed, CINAHL, Scopus, Web of Science, Embase,
Google Scholar, and Clinicaltrials.gov) provided a comprehensive and
exhaustive search, minimizing the risk of missing relevant studies. Ad-
ditionally, using validated tools to assess the risk of bias in the included
studies ensured a thorough and systematic evaluation of the internal
validity of the results used to summarize the quantitative estimates in
this review. Incorporating meta-regression analysis to explore hetero-
geneity further strengthened the review by identifying important mod-
erating variables like GDP per capita and healthcare expenditure per
capita, providing insights into the economic variations across different
countries.

However, several limitations must also be acknowledged. A notable
limitation is the relatively small number of studies available for most
outcomes, with the exception of the cost-saving analysis. This limited
the feasibility of conducting subgroup analyses and performing both
qualitative and quantitative assessments of publication bias. Although
funnel plots and Egger’s test were feasible for the cost-saving analysis,
they were not possible for other outcomes, increasing the challenge of
assessing potential biases. In this scenario, publication bias must be con-
sidered plausible, as the small number of included studies could skew
the observed effects and reduce the conclusions’ robustness.

A key limitation of this meta-analysis that warrants discussion is the
lack of differentiation across critical clinical factors that could influ-
ence PSC outcomes and cost-effectiveness estimates. Specifically, the
included studies did not stratify patients based on the underlying dis-
ease requiring ostomy formation (e.g., colorectal cancer, Crohn’s dis-
ease, diverticular disease), whether the ostomy was temporary or per-
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manent, or the anatomical location of the stoma.2%**4° These dis-
tinctions are particularly relevant, as previous research suggests that
ileostomies, commonly used for Crohn’s disease, are associated with
higher complication risks and recurrence rates (30%).°¢ Similarly, di-
abetes has been identified as a significant risk factor for surgical site
infections (OR = 1.53), which could independently affect PSC incidence
and outcomes related to CIBs.®” Furthermore, anatomical stoma place-
ment plays a well-documented role in determining postoperative com-
plications.®® However, the included studies did not report data in a way
that would allow for stratified analyses based on these factors. While one
included study justified not differentiating ostomy types due to baseline
equivalence in the ADVOCATE trial,*’ no similar justification was pro-
vided for the previously included study of the same team,*® which ac-
counted for 86.77% of the PSC meta-analysis weight. As such, the appli-
cability of the pooled findings should be interpreted cautiously. Future
research should aim to stratify outcomes based on disease type, stoma
classification, comorbidities, and surgical factors to enhance the clinical
applicability of findings.

Additionally, an important limitation of the PSCs and cost-saving
meta-analyses is that the studies contributing to these analyses origi-
nate from the same research group.*447-4¢ For this reason, the risk of
bias and limits the independent validation of findings has to be acknowl-
edged when interpreting these findings. The reliance on a single cohort
of authors introduces the possibility of reinforcing the same analytical
assumptions and methodological frameworks, which may reduce the
generalizability of results. Future research should aim to incorporate
independent replications of these findings by different research teams
using varied methodologies

Variations in healthcare systems and cost-reporting practices across
countries further complicate the estimation and standardization of cost
data, potentially limiting the generalizability of the cost-effectiveness
outcomes. More precisely, the lack of country-specific policy adjust-
ments in our cost-effectiveness analyses presents a limitation in fully
capturing how national healthcare differences impact the economic vi-
ability of CIBs. Our meta-regression accounted for GDP per capita and
healthcare expenditure per capita, yet policy-level variables such as re-
imbursement structures, price control mechanisms, and access restric-
tions were not included due to data limitations. Future studies should
explore cross-country policy differences in stoma care financing and
procurement to enhance the applicability of cost-effectiveness findings
across diverse healthcare settings.

Despite our efforts to explore potential sources of heterogeneity in
cost differences using GDP per capita and healthcare expenditure per
capita as predictors, our meta-regression analysis demonstrated limited
explanatory power (R?> = 10%). This suggests that additional, unmea-
sured factors likely contribute to cross-country cost variability. Policy-
level variables such as out-of-pocket healthcare expenditure, regulatory
pricing controls on ostomy supplies, and national reimbursement struc-
tures were not included in our analysis due to data limitations.3!,53,54
Given the complex nature of healthcare financing and procurement
strategies, future research should incorporate a broader range of eco-
nomic and policy-related regressors to refine cost-effectiveness eval-
uations and better map inefficiencies across health systems. Integrat-
ing such variables would provide a clearer understanding of how dif-
ferent reimbursement models, subsidy schemes, and cost-containment
policies influence the economic viability of CIBs in diverse healthcare
settings.

Although our systematic review demonstrated a significant reduc-
tion in PSCs and cost savings associated with CIBs, we acknowledge
the limitation of not conducting subgroup analyses based on stoma type
(colostomy, ileostomy, urostomy), anatomical location, or classification
(temporary vs. permanent). While such distinctions are clinically rele-
vant, the limited number of included studies and the inconsistent report-
ing of ostomy characteristics across studies prevented us from perform-
ing a statistically meaningful subgroup analysis. Different ostomy types
pose varying risks for PSCs, with ileostomies often being more prone to
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leakage-related complications and urostomies presenting specific risks
such as alkaline encrustation. Furthermore, economic outcomes may
vary based on the temporary or permanent nature of the stoma, as tem-
porary stomas often involve reversal surgeries that affect overall cost
assessments. Given these considerations, future research should aim to
stratify results by stoma type, location, and permanence to provide more
precise estimates of the clinical and economic impact of CIBs across di-
verse patient populations.

Other limitations of this review include the lack of direct compari-
son between CIBs and other advanced skin barrier technologies beyond
SOC, limiting our ability to assess how CIBs perform relative to other
interventions. This introduces some degree of indirectness in the find-
ings, which may affect the broader applicability of the results to dif-
ferent clinical settings. While this review primarily compares CIBs to
standard ostomy skin barriers, it is important to acknowledge other po-
tential PSC prevention and management interventions warrant further
investigation. Emerging alternatives include silicone-based skin barri-
ers, polymer-based protective films, and hydrofiber dressings, which
have been explored for their ability to reduce peristomal skin irrita-
tion and improve skin adhesion.®®74 Additionally, topical treatments
such as zinc oxide, corticosteroid creams, and antifungal agents are com-
monly used adjunct therapies to manage inflammation, infections, and
moisture-related complications.”> For instance, some studies have also
investigated the use of probiotic-infused skin products to enhance skin
microbiome balance and improve barrier function.”®”” However, direct
comparisons between these alternatives and CIBs remain unexplored in
the literature. Future research should focus on comparative effective-
ness trials evaluating CIBs alongside these alternative treatments to de-
termine their relative clinical benefits, cost-effectiveness, and impact on
quality of life in patients with ostomies.

The variation in study designs, such as the inclusion of both random-
ized and non-randomized trials, may introduce additional heterogene-
ity despite the use of robust analytical techniques like random-effects
models to account for such variability. In addition, the reliance on es-
timated values for missing data, such as the approximation of standard
deviations, may introduce imprecision into the meta-analyses, affecting
the confidence in the final effect estimates. Lastly, none of the included
studies enrolled patients under 18 years of age, limiting the generability
of the emerging findings in this population.

Conclusions

This systematic review and meta-analysis provide valuable insights
into the clinical and economic benefits of CIBs for patients with intesti-
nal and urinary stomas. The findings highlight significant improvements
in preventing PSCs, notable cost savings, and enhancements in QALDs,
even if caution is required when interpreting results for the intrinsic lim-
its related to the heterogeneity of healthcare systems, the limited num-
ber of included studies, and the lack of differentiation across key clin-
ical factors such as ostomy type, anatomical location, and underlying
conditions. While these promising findings, overgeneralization should
be avoided. Further research is needed to explore the long-term effects
of CIBs, direct comparisons with other advanced skin barriers, and the
factors contributing to the observed variability in cost savings. Future
studies should address these gaps to provide a more comprehensive un-
derstanding of CIBs’ clinical and economic impact. In clinical practice,
these findings support using CIBs as an effective and potentially cost-
saving intervention for stoma care, emphasizing their role in improving
skin health, reducing complications, and enhancing patient quality of
life.
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