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ABSTRACT

Introduction. Health care policy decision makers seek the highest quality products at the lowest cost for their patients. Cost-benefit
analysis is a helpful tool and can be used together with other sources of information to ensure the most efficient use of medical resources.
Objective. The objective of this retrospective comparative cohort study is to evaluate the cost effectiveness of fish skin therapy compared
with standard of care (SOC) on chronic diabetic foot ulcers (DFUs). Methods. Retrospective patient data collected in a single wound care
setting from 2014 to 2017 were included. In total, 59 DFUs treated with fish skin were used to calculate transition probabilities for a Markov
model in which a hypothetical patient cohort treated with fish skin was compared with an identical hypothetical patient cohort treated
with SOC. Cost was from the perspective of the payer, and the time horizon was set at 1 year. Results. The model indicated that fish skin
treatment could result in lower costs ($11 210 vs. $15 075 per wound), more wounds healing (83.2% vs. 63.4%), fewer amputations (4.6%
vs. 6.9%), and a higher quality of life (0.676 vs. 0.605 quality-adjusted life year [QALY]) than the SOC. A probabilistic sensitivity analysis,
based on a Monte Carlo simulation, indicated that the fish skin treatment (on DFUs) would be 93.6% likely to be cost effective for a
willingness to pay at $100 000 per QALY and 71.4% likely to be cheaper than SOC. Conclusions. Including fish skin grafts in the SOC for

DFU treatment has the potential to reduce costs while improving patient outcomes.
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Diabetes mellitus (DM) has become a
worldwide epidemic, affecting more than
400 million people as of 2014; with a
prevalence of 8.5% in the world’s adult
population, which was up from 4.7% in
1980; these numbers are expected to con-
tinue to increase.>* Patients with diabetes
and neuropathy are at risk of developing
diabetic foot ulcers (DFUs), which are
chronic ulcers resulting from a localized
injury to the foot. Found most often in
patients with foot deformity, neuropathy,
and/or insufficient blood flow, patients
with DM have an estimated lifetime risk
of developing a DFU to be about 15%

to 25%.3°% Patients with DFUs face an
increased risk of infection, amputation,

and death, with a 5-year mortality rate of
45%.° Roughly 40% of patients with a DFU
go on to have a DFU-related amputation,
and within 5 years of amputation, 70% of
individuals with a DFU-related amputa-
tion will die.>”®

The standard of care (SOC) treat-
ment for DFUs consists of debridement,
controlling and preventing infections,
addressing ischemia, dressing the wound
to maintain a moist wound environment,
and offloading practices.® Ideally, offloading
should utilize total contact casting (TCC),
although only 2% to 5% of patients in the
United States receive a TCC.** Offloading
more commonly entails removable walking
boots and other special footwear, crutch-

es, and/or a wheelchair.*" This combined
treatment was described in a consensus
statement from the American Diabetes
Association,” and although the more
commonly used methods of offloading
may be suboptimal, it is often the standard
in clinical trials and the type of care most
patients receive in the community. While
this therapy is relatively inexpensive, it is
estimated that only 50% of all DFUs heal
within 1 year in the United States, and the
longer the wound persists, the greater the
chance of critical complications, which are
difficult and costly to treat. Hence, DFUs
place a substantial burden on both private
and public payers and often reduce quality
of life (QoL) in this patient population.

Licensed and used with permission from HMP from October 9, 2020 through October 9, 2022.

woundsresearch.com

283



Cost Effectiveness of Fish Skin Grafts

B) Human skin

Figure 1. Scanning electron micrographs of cross sections of fish skin graft and human skin. The dermis is a
fibrous connective layer of a lighter color. Like human skin, the decellularized, freeze dried fish skin has several
layers, which form a complex 3-dimensional structure with compartments and tunnels. This network of
passages then provides niches that human cells can infiltrate and proliferate in during the healing process. (A)
The image of the fish skin shows a relatively loosely packed epidermis with large, empty pockets, where the
scales have been removed. The dermal layers are more densely packed toward the bottom, down to where
the fascia was removed during the processing of the graft. (B) The image of human skin shows a cornified top
epidermal layer on top of a living epidermal layer, which reaches into the tissue below (ie, the dermis).

Promoting and accelerating DFU healing
can result in the avoidance of amputations,
resulting in better patient QoL as well

as reducing overall hospitalization rates,
contributing to overall cost savings, and po-
tentially supporting higher initial spending.

Alternatives when SOC fails

There are many advanced tissue strategies
available to treat DFUs that should be con-
sidered if 50% wound size reduction is not
achieved within 4 weeks of SOC.**s However,
the costs of these advanced treatments are
usually higher, and they often have unproven
or unclear clinical benefits.***® Among these
treatments are various allografts and xeno-
grafts, ranging from minimally manipulated
to heavily processed, as well as bioengi-
neered acellular or cellular grafts.

Characteristics of fish skin grafts

Fish skin grafts are made from the skin of
North Atlantic cod. The product, Omega3
Wound (Kerecis), is cleared by the US Food
and Drug Administration as an unclassified
collagen wound dressing (under the prod-
uct code KGN).” As opposed to mammali-
an-derived products, no disease transmis-
sion risk exists from North Atlantic cod

to humans; as a result, the fish skin can be
lyophilized, decellularized, and sterilized
in a comparatively gentle manner, leaving
the fish skin dermal structure and native
bioactive lipids intact.>>* Once grafted,
the fish skin is gradually infiltrated by cells
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and incorporated into the tissue prior to
the next application. Human and fish skin
are structurally similar due to evolutionary
homology (Figure 1).* An important differ-
ence is that cold water fish skin is naturally
richer in omega-3 polyunsaturated fatty
acids, which are precursors to specialized
pro-resolving lipid mediators that have a
role in host defense, resolution of inflam-
mation, remodeling of tissue, and pain
response.>*¢ Two double-blind randomized
controlled trials on acute wounds showed
that fish skin grafts promote significantly
faster healing compared with a porcine
intestinal submucosa product and an amni-
otic/chorion membrane product.?*

The graft is stable at room temperature
for 3 years. It is applied to the wound bed
following debridement and can be used
with negative pressure wound therapy.
The fish skin graft is held in place with a
nonadherent contact layer or Steri-Strips
(3M). Alternatively, it can be fastened with
stitches or staples. The graft is bolstered
or stacked in case of deep or cavernous
wounds. The material itself is skin-like in
appearance, robust and pliable, and diffi-
cult to tear. It can be easily cut or meshed
and only requires brief hydration with
saline before application.

Cost associated with DFUs

The total cost of DFU treatment in the
United States is estimated to be at least
$38 billion, with hospitalization costs

being the largest factor.®* One study
showed costs for patients with DFUs to
be more than triple that of patients with
DM but without ulcers.* In addition to
direct costs, there is a substantial indirect
cost incurred due to loss of productivity,
disability, and premature mortality.>

Role of cost simulations in deciding
health care spending

Cost-benefit, cost-effectiveness, and
cost-utility analyses can assist health care
providers in making better evidence-based
decisions by identifying, analyzing, and
comparing the impact of different treatment
options on public health and health care
expenditure.® In simple terms, a cost-ef-
fectiveness analysis compares 2 available
treatment approaches, usually a standard
method and a novel one, and asks the
following: (A) is one more effective than the
other?; and, if so, (B) is there a difference in
cost? If a therapy is both cheaper and more
effective, it should be recommended or at
least strongly considered. If a therapy is
more effective but also more expensive, one
can take into account the payer’s willingness
to pay (WTP) per gained unit of health; if
the extra cost per unit gained is lower than
the WTP, the added expenditure can be
considered acceptable.®3

Definitions of cost and utility

While comparative economic analyses are
becoming increasingly more important

in decision-making, cohesive and unified
guidelines on how to conduct such analy-
ses are still lacking. Generally, cost-utility
studies are considered to be the gold
standard for measuring treatment cost
effectiveness.’** A cost-utility analysis is a
type of cost-effectiveness study that eval-
uates both cost and quality-adjusted life-
years (QALYs). One QALY equals 1 year in
perfect health and zero QALY represents
death.*° Commonly referenced WTP values
for 1 QALY in the United States are $50
000 and $100 000, while values in Europe
are often lower.#+ The cost perspective
can either be that of the third-party payer
(ie, insurance companies, governmental
agencies, employers), or society. The soci-
etal perspective includes all incurred costs

October 2020 | vol. 32, no. 10



to society, including lost labor, and can be
difficult to implement; the payer’s perspec-
tive is more commonly reported.3

Use of predictors of wound closure and
cost benefit models

Several easy-to-apply predictors of heal-
ing have been described in wound care.**°
These are often dependent on both the
age and surface area of the wound. Using
such established predictors of wound
closure in comparative analyses has the
potential to standardize cohorts across
studies and reduce the effect of bias due
to confounding variables. This method is
used as a way of comparing the actual per-
formance of an active tissue-based prod-
uct with historically validated expecta-
tions for SOC in a population with DFUs
treated at one wound care setting in the
United States. By applying a weekly cost
to the 2 therapies, potential cost savings
with the new therapy can be projected.

Objective

The objective of this retrospective compar-
ative cohort study was to compare the rates
of healing, number of amputations, and cost/
utility in the treatment of DFUS using either
SOC alone or intact fish skin treatments.

METHODS

In this study, a Markov model was im-
plemented together with a probabilistic
sensitivity analysis (PSA) to compare the
costs of fish skin grafts with SOC for the
treatment of DFUs. The Markov model

is particularly well suited to simulate
processes in which probabilities for future
states depend, in some part, on the present
state. The cost-effectiveness of clinical
application in the present study was
evaluated by following disease progression,
QoL, and cost accumulation over time.
The model divides a simulated patient
cohort into 4 discrete health states, each
of which is associated with a cost and a
utility (ie, QoL) for a patient in that state.
At regular intervals, or cycles, patients may
transition from one health state to another,
and the corresponding costs and utilities
are calculated for the new distribution of
health states.” The model was construct-
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ed using MATLAB (MATLAB 20193, The
MathWorks, Inc.).

Data

The present analysis was based on data
collected in both a physician practice and
a hospital setting between January 1, 2014,
and December 31, 2018. Part of the cohort
used in this analysis was already published
in a retrospective study in 2019 but with
less stringent inclusion criteria.s* The local
institutional review board, in collabora-
tion with the American Health Network
of Indianapolis, approved the collection
and storage of non-identifying patient in-
formation used in this analysis in REDCap
(Vanderbilt University).

The inclusion criteria captured 55
patients with diabetes over 18 years of age
who had fish skin grafts applied to their
full-thickness foot ulcerations (distal to the
ankle malleoli; n = 59). The most common
locations of the wounds were (in order
from most to least common) the hallux,
the plantar (mid)foot, sub-first metatarsal
head, and the dorsal foot. The remaining
locations included the heel, toes, lateral
foot, metatarsophalangeal joints, and
minor amputation sites.

The average size of the wounds was 3.7
cm? (range, 0.05-26.4 cm?), and 48% of
the wounds had a duration of more than 2
months at the beginning of treatment. Of
the wounds included, 53% were Wagner
grade 1, 37% were grade 2, and 10% were
grade 3. Of the 59 wounds, 55 (93%) even-
tually healed after an average of 11.3 weeks
(SD = 9.1 weeks); 3 patients underwent an
amputation and 1 entered palliative care.
The wounds received an average of 5.5
applications of fish skin. Average age of
patients was 52 years (range, 45-88 years)
and the male/female ratio was 1.8.

Patients were followed for 20 weeks after
initial presentation, or until fully healed,
amputation, or death. If a patient still had
an active ulcer at 20 weeks, medical records
were checked to determine whether that
patient eventually healed, underwent an am-
putation, or died within 52 weeks after initial
presentation. Wound healing was defined as
complete wound epithelialization according
to the treating physician. Patients were ex-
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CYCLE = 1 WEEK

HEALED

AMPUTATED

Figure 2. The structure of the Markov model,
representing the 4 modeled health states:
Diabetic Foot Ulcer (DFU), Healed, Amputated,
and Death. Arrows indicate possible transitions
between health states at every cycle.

cluded if they had partial-thickness wounds,
were not followed for 20 weeks after initial
presentation, their status after 52 weeks was
unknown, or if their fish skin graft treatment
did not meet the recommended criteria set
by the investigators. Those criteria included
at least 5 applications of fish skin, or applica-
tions at least once every 4 weeks on average
if the patient healed or underwent an
amputation before the 20-week time point.
Patients were instructed to offload with the
Aircast boot and foam insert (Plastazote;
Zotefoams) or surgical shoe and foam or
custom insert. Total contact casting was not
applied. Patients were not excluded if they
missed appointments. Furthermore, infec-
tion, poor nutrition or circulation, and lack
of adherence to offloading did not influence
inclusion in the present study.

Time horizon

A time horizon of 52 weeks was chosen in
order to include costs that were incurred
beyond 20 weeks. Because the time hori-
zon was so short, cost and utility were
not discounted.

Cycle time

A cycle time of 1 week was chosen to reflect
the recommended 1-week interval between
fish skin graft applications, as described in
the product instructions for use.

Health states and transition probabilities

The present Markov model was built using
4 health states: DFU, Healed, Amputated,
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Table 1. Weekly transition rates between the 4 health states®

TRANSITION PROBABILITIES
Weekly Rate Weekly Rate

Parameter
DFU—Healed (SOC) 0.0376
DFU—>Healed (fish skin) | 0.090 '

DFU—Amputation

o
Healed—Death oooo1
A om—
Amputation—Death 00044

Margolis et al*

Retrospective patient
: data (current stud

Margolis et al

 cpcs

Margolis et al

Margolis et al¥

skin-treated cohorts. Patient data referred to are the data set described in the Methods section.
DFU: diabetic foot ulcer; SOC: standard of care; CDC: Centers for Disease Control and Prevention
2 Health states include DFU, Healed, Amputated, and Death.

and Death (Figure 2). All patients started
with DFUs from the beginning of the first
cycle (week 1). For each cycle of the model,
new health-state distributions were gener-
ated. During the first cycle, a patient with

a DFU remained in the same state (ie, with
an active DFU), healed, underwent ampu-
tation, or died. Those who had remained

in the same, or initial, state (DFU) faced
the same risks in the subsequent cycles.

Of those who had healed or received an
amputation, the patients either remained
in those states (ie, healed or amputat-

ed) or passed away. The Death state was
immutable. Each state transition was de-
termined by applying the transition prob-
abilities shown in Table 1.55% For each
cycle, the number of patients in each state
was calculated as the sum of those who
remained in the state and those who joined
the state, subtracting those who left the
state. As data for the rates of recurrence for
the retrospective cohort were not available,
and in order to simplify the model, recur-
rence (ie, Healed to DFU) was not included.
Probabilities for transition between model
states were based on literature or retro-
spective data on the cohort treated with
fish skin (Table 1).%5% Since the majority
of published DFU studies reported healing
at 20 weeks, and the vast majority of
DFU-related amputations occur within the
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first 20 weeks, the present authors created
separate transition probability matrices
for both the SOC and fish skin cohorts for
weeks 1 to 20 and weeks 21 to 52.53

The most appropriate approach when
creating a multi-state model with compet-
ing risks is to convert the probabilities for
events over time, such as annual probabil-
ities, to the transition probabilities for a
series of shorter time periods by perform-
ing an eigendecomposition on the original
probability.* Weekly rates of healing in the
fish skin-treated cohort were calculated
directly from the retrospective data on 55
fish skin-treated patients included in this
analysis using the healing probabilities from
weeks 1 to 20 and weeks 21 to 52 and then
applied the equation p = 1-(1-p)*", where p_
was the adjusted weekly rate and p was the
probability of healing at week 7 using the
previously mentioned MATLAB program.
The healing probability was higher during
weeks 1 to 20 than weeks 21 to 52 by a factor
of 3.6, reflecting the challenging nature of
the remaining wounds. As a comparable
retrospective SOC cohort was not available,
the present authors used baseline data from
the patient cohort treated with fish skin
upon presentation to predict their prob-
ability of healing by week 20 if they had
received SOC instead of fish skin treatment
using an equation created by Margolis et

al.s This equation predicts the probability
of healing at 20 weeks of SOC treatment
based on the Wagner grade, size, and age of
the wound at presentation, factors which
were all known for the retrospective fish
skin treated cohort. The healing probabil-
ity for the SOC cohort for weeks 21 to 52
was extrapolated by adjusting the prob-
ability from weeks 1 to 20 with the same
factor as the reduction of healing that was
observed for fish skin treatment (ie, 3.6).
The transition probability for amputa-

tion was obtained from a 2005 paper by
Margolis et al,® which reported a total of
6.72% amputations (n = 1653), where 96%
of these amputations occurred during the
first 4 months of care. To more accurately
represent this amputation probability in the
present model, the authors approximated
that 96% of amputations occurred during
weeks 1 to 20 and the remaining 4% during
weeks 21 to 52. These probabilities were
used to perform the eigendecomposition
for both time frames, and the resulting
weekly rates were applied to both cohorts.
Mortality rates for the Healed state were
derived from an Agency for Healthcare
Research and Quality study that analyzed
mortality among patients with a DFU or
lower extremity amputation.® These rates
were converted to reflect the probability
of mortality for weeks 1 to 20, and 21 to 52,
prior to eigendecomposition. The same
mortality rates were applied to both the
SOC and fish skin cohorts (Table 1).555
The hazard ratio was calculated as the ratio
of the weekly healing probabilities of the
fish skin cohort to SOC cohort at weeks 1 to
20, and weeks 21 to 52.

Costs

The present authors sought to identify the
likely costs associated with SOC clini-

cal treatments for patients with DFUs,
including extremity amputations. Given
the paucity of financial data in the medical
literature, a medical literature review was
conducted in order to identify all papers
that contained such data through a search
of PubMed for articles published be-
tween January 2000 to June 2018. After a
thorough review, it was decided to exclude
papers whose financial data was particu-
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Table 2. Utility values for each of the 4 health states®

UTILITY

Healed (T2DM without complications)

DFU (decrement for active ulcer)

Amputation (decrement)
Death

(e}

The utility values of DFU and Amputati

| PER YEAR (95% Cl) | PER WEEK

PER WEEK, ADJUSTED SOURCE
FOR DECREMENT

0.785 (0.681 to 0.889) Clarke et al; 2002%
-0.17 (-0.207 t0 -0.133) 0.01179 Bagust and Beale; 2005°
-0.28 (-0.389 to -0.17) Clarke et al; 2002%°

| 0.00969

Healed state (ie, diabetes without complications).
Cl: confidence interval; T2DM: type 2 diabetes mellitus; DFU: diabetic foot ulcer
2 Health states include DFU, Healed, Amputated, and Death.

larly dated (ie, before 2000) and may not
reflect current methods the US health care
system accounts for spending on products
and services associated with wound care.
Additionally, any papers that did not iden-
tify the perspective of the financial data
that were collected (eg, payer or provider)
or the payment regimen under which it
was collected (eg, commercial insurance,
managed care, self-pay, Medicare) or

were not broadly representative of the
entire US population (ie, only commercial
insurance, only managed care, or only
Medicare, etc.) were excluded. Ultimately,
focus was placed on a large study by Carls
et al.® Study data were derived from the
Thomson Reuters MarketScan Research
Database, 2005 to 2008.% The database
contained the fully adjudicated health
insurance claims from 14 522 commercial
enrollees and 17127 Medicare enrollees
with DFUs. The claims included inpa-
tient medical, outpatient medical, and
outpatient pharmacy costs. The weekly
cost for patients with DFUs (without an
amputation) was calculated to be $389.85
in July 2008. This figure was then updated
for this analysis to the estimated weekly
cost as of July 2019 using the US Bureau of
Labor Statistics inflation calculator.” The
calculated weekly cost was $454.72 in 2019
dollars. From the same database, the total
cost for patients with DFUs and amputa-
tions was assessed to be $65 427.65 when
updated into 2019 dollars, which included
surgical costs as well as postoperative
care.®®% The same costs of amputation
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were applied for both cohorts. The total
cost of fish skin treatment was calculated
as the cost for current SOC with the addi-
tion of the weekly cost of the fish skin ap-
plication. The price for the treatment was
based on the average sales price of the fish
skin graft per square centimeter in 2019,
which was $46.98. That average cost was
calculated for the retrospective cohort by
estimating and averaging the appropriate
product size required for a full coverage
of each wound with fish skin at presenta-
tion. Even though the average wound area
would reduce over time as a result of heal-
ing, the average cost of fish skin was not
reduced over time to reflect this. This was
done to simplify the model. However, as a
result, the treatment price will be overesti-
mated over time. That cost of the graft was
averaged for all patients and applied as a
weekly cost, even though the frequency

of treatments in the retrospective cohorts
was only about once every 2.2 weeks. The
estimated average weekly cost of fish skin
was $252.40. As most of the other costs

of wound care with fish skin would be

the same as for SOC, the weekly cost of
fish skin was simply added to the $454.72
weekly cost of SOC, giving a total weekly
cost of $707.12 for fish skin treatment. For
the model, the treatment costs for both
cohorts were calculated by multiplying the
proportion of the cohorts residing in each
health state during each cycle by the week-
ly cost associated with that health state
and summed over 52 weeks to obtain the
total cost for the time horizon. The total

cost of amputation was applied at the time
of amputation. No costs were incurred for
those in the Death state.

Quality-adjusted life-years

The QALYs for both cohorts were calcu-
lated for each cycle using utility variables
obtained from the literature and the
health-state distributions (Table 2).5>%
The decrement of utility values for active
ulcers and amputations were subtracted
from the utility value of type 2 diabetes
without complications in order to obtain
utilities for the states DFU and Amputated.

Probabilistic sensitivity analysis

Since calculating an output from the pres-
ent Markov model from predetermined
input variables would give a determinis-
tic result, the present authors sought to
examine what would happen to the model
if those input variables fluctuated, thereby
reflecting their natural uncertainty. Thus,
a PSA using a Monte Carlo simulation was
performed to incorporate that input-vari-
able uncertainty. The model inputs were
varied, and the simulation iteratively out-
putted new calculations. A total of 10 000
iterations were performed.

During random sampling, a seed was set
for reproducibility purposes, which created
a dummy dataset that allowed a compari-
son of fish skin graft application with SOC
in terms of incremental cost (accumulated
cost of fish skin graft therapy—accumulat-
ed cost of SOC) and incremental effective-
ness (accumulated utility fish skin graft
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Figure 3. The health state distributions and average cost for the 2 hypothetical DFU patient cohorts
(SOC or fish skin treatment) at each time. (A) The proportion of each cohort that had entered the
Healed state at each time point; (B) the percentage of the cohort that had undergone amputations,
including those who had died later; (C) the proportion of cohorts that still had suffered from a DFU;

and (D) the cumulative cost of therapy per patient.

DFU: diabetic foot ulcer; SOC: standard of care

therapy—accumulated utility of SOC).
During each iteration of the PSA, model
values were drawn randomly based on the
following parameter distributions: cost
was assumed to have a gamma distribution
because cost parameters are positive and
skewed; utility variables were given a beta
distribution because beta distributions
take values from o to 1; and hazard ratios
were given normal distributions.®*

For sensitivity analysis, the present au-
thors sought to include standard deviation
values for costs. While standard deviation
values for costs can be obtained from the
retrospective data, this information was not
available for SOC and amputations in the
referenced work by Carls et al.*® Howev-
er, great variability in cost was observed
between different sources and publications
for treatment of DFUs as well as for minor
versus major limb amputations.s”®% To
assess model robustness and account for
such uncertainties, all costs were varied by
50% for sensitivity analysis, standard error
(SE) for beta distribution of utility values
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was estimated from confidence intervals
reported in the literature (Table 2), and SE
of hazard ratio values was estimated from
healing probabilities of the retrospective
data and SOC cohorts using the equation
(SE)=V(1/E1+1/E2), where E1 and E2 are the
proportions healed within each cohort.®>

RESULTS

For SOC and fish skin therapy, the deter-
ministic model gave an expected average
cost of $15075 compared with $11210 per
DFU and 0.605 versus 0.676 QALYs per
patient, respectively, over the time horizon
(Figure 3D). At the end of the year, 24% of
the SOC cohort remained in the DFU state
as opposed to 5.3% of the cohort treated
with fish skin (Figure 3C). Since patients
who do not heal will continue to need treat-
ment after 52 weeks, the difference in treat-
ment costs will continue to increase beyond
the 1-year time horizon. At week 21, 50% of
the SOC cohort had healed, while the co-
hort treated with fish skin experienced the
same healing rate between weeks 8 and 9

(Figure 3A). Total amputations after 52
weeks were 6.9% for the SOC cohort and
4.6% for the fish skin cohort (Figure 3B).
The results of the Monte Carlo simulation
are depicted in the incremental cost-effec-
tiveness ratio (ICER) scatter plots (Figure
4A), which is further explained in Figure
4B. The incremental cost-effectiveness
ratio values are calculated as the difference
of costs between fish skin and SOC treat-
ments divided by the difference in QALYs
between the 2 treatments (Formula).

FORMULA

(COST FS - COST SOC)
(QALY FS - QALY SOC)

ICER =

Data points concentrated in the second
quadrant indicates that a new treatment
is less effective and more costly than the
old one. In this case, the new treatment
should be rejected.®> A concentration of
data points in the third quadrants means
anew treatment is less costly but also less
effective. Clustering of data points in the
fourth quadrant indicates that the new
treatment is more effective and less costly
(ie, new treatment dominates) and should
be recommended. A scatterplot concen-
trated in the first quadrant indicates that
the new treatment is both more effective
and more costly than the old one (Figure
4B). The data points from this simulation
landed in the first and fourth quadrant. By
plotting a cost-effectiveness acceptability
curve, it can be determined that there is a
93.6% probability that fish skin treatment
is cost effective at a WTP of $100 000 per
gained QALY and 86% at $50 000. Also,
71.4% of the data points indicate the fish
skin treatment is more economical than
SOC (Figure 5).

DISCUSSION

Fish skin grafting is a relatively new tech-
nology and has been shown to be both
safe and effective, even in patients with
complicated wounds scheduled for major
amputation.®”%® The present study

used a Markov model with a 1-year time
horizon to compare utility and cost from
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Figure 4. The scatter plot is a visual representation of the Incremental Cost-Effectiveness Ratio (ICER) (ie, the difference in cost between 2 interventions
divided by the difference in their effect) and the uncertainty surrounding that estimate. (A) The deterministic ICER result of the Markov Model (in red) as well

as the results of the Probabilistic Sensitivity Analysis (PSA) with 10 000 iterations (in blue). The model indicates that fish skin therapy would cost $3,864 less and
accumulate 0.071 more QALYs compared with SOC per patient over the time horizon of 1 year. Practically all of the PSA data points land on the right side of the
y-axis, indicating that the fish skin therapy can result in more QALYs than SOC. A total of 71.4% of the data points fall below the. x-axis; in these cases, the fish skin
therapy is cheaper than SOC. If WTP is set at $100 000, 93.6% of data points fall beneath that threshold. If WTP is set at $50 000, the proportion beneath that is
86%. (B) Further clarification of the meaning of the different quadrants (Q1-Q4) on the plot, and the definition of the WTP threshold.

QALY: quality-adjusted life-year; WTP: willingness to pay; SOC: standard of care

the payer’s perspective of SOC alone
versus treatment with fish skin grafts.
The main result was that fish skin ther-
apy was more effective and incurred a
lower total cost. The main cost reduction
was due to quicker healing and a higher
proportion of wounds closing, which led
to fewer amputations within the year.
Less time spent in the DFU state and
fewer amputations also resulted in more
QALYs collected in the fish skin-treated
group. The long-term cost reduction of
the DFU treatment observed here more
than compensated for the upfront cost of
the fish skin grafts. A sensitivity analysis
demonstrated that the fish skin therapy
was 93.6% likely to be cost effective at a
WTP of $100 000 per QALY and 71.4%
likely to be cheaper compared with SOC.
Cost-benefit analyses have been
applied to identify various treatment
approaches, products, and technologies
that could reduce costs and improve
performance when applied as an adjunct
to good standard wound care. Exam-
ples of the new treatment candidates

woundsresearch.com

showing promise include recombinant
human platelet-derived growth factor
gel, enzymatic debridement agents,
various offloading devices, innovative
wound dressings, primary prevention
efforts, and negative pressure wound
therapy.s*7 In particular, the cost ef-
fectiveness of several skin-like advanced
wound products has been investigated
with enthusiasm, as wound specialists
increasingly reach for those alternatives
when the standard approach of moist
wound healing coupled with offloading
and debridement fails.”> A meta-analysis
of economic evaluations of different cell-
based tissue products determined that
their use reduced episode length and the
occurrence of complications.” Addition-
al studies established that the savings
due to this improved clinical outcome
were sufficient to offset the increase in
upfront costs of purchasing and applying
these advanced products, echoing the
results of the work presented here.”7-%°
Reaching a consensus on whether higher
priced treatment options are cost ef-

fective has been challenging despite the
many publications on the matter. Part

of the problem is the heterogenous, and
sometimes unclear, approaches used

in different studies, making drawing

any conclusions based on the results

of meta-analyses problematic.” The
analysis presented in this paper is the
first cost-benefit analysis ever published
on fish skin grafts. Although the results
would favor their inclusion in the care of
difficult-to-heal wounds, this will have to
be verified with a larger cohort. Fortu-
nately, a large clinical study on hundreds
of patients with DFUs has been launched
in Europe, which will hopefully answer
some of those questions.®

LIMITATIONS

The study has several inherent limita-
tions. The model does not take the recur-
rence of wounds into account, which is a
significant contributor to the economic
burden of DFUs. The data are retrospec-
tive and not from a randomized control
trial, which is the best study design for
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Figure 5. A cost-effectiveness acceptability curve summarizing the result from the incremental cost-ef-
fectiveness ratio scatter plot in Figure 3. The y-axis is the probability of cost effectiveness for the fish
skin treatment (ie, proportion of data points beneath each willingness to pay (WTP) threshold) and
the x-axis is the WTP in USD. The cost-effectiveness probability is 71.4% at $o, 85.8% at $50 0oo and

93.6% at WTP of $100 000.
QALY: quality-adjusted life-year

treatment evidence.®** However, the
retrospective nature of the data might
be considered an advantage because a
well-performed, controlled trial produc-
es data under perfect treatment cir-
cumstances, which are hard to replicate
in the real world. In fact, the inclusion
criteria of this study were very open,
with nonadherence being a frequent is-
sue with several patients. The transition
probabilities for the patients treated with
fish skin are based on a relatively small
cohort of only 59 DFUs. Furthermore,
the data came from one setting and may
not be representative of US wound care
practices at large. However, in a previous
study, Margolis et al%s found that center
variation has minimal effect on the
likelihood of a wound healing. Addition-
ally, the SOC cohort was simulated using
values based on the literature rather than
an actual control group treated at the
same center. This is because the wound
care center in the study, like most, has
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a policy of switching to more advanced
therapy if wounds do not respond to
SOC within a few weeks, so comparable
SOC data were not available.

CONCLUSIONS

As statistician George Box famously
claimed, “All models are wrong, but some
are useful.” While no cost simulation
will ever truly capture reality, a thought-
ful and well-structured model based on
real-world data and reliable variables
from the literature can provide valuable
insights and assist in decision making in
regard to the care of patients with DFUs.
As the prevalence and cost associated
with DFUs continue to grow worldwide,
it is vital that health care expenditure is
used as effectively as possible. The cost
simulation performed in this study found
that fish skin is both more cost effective
and more clinically effective than SOC
alone in treating chronic DFUs. The ad-
vantage of using a simulation model such

as the Markov model is that it is easy to
update with new data, either when more
data are available in the United States
for comparing cost effectiveness in other
countries, or to compare fish skin with
other advanced wound therapies; future
studies should focus on this. k4
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