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Abstract

The study aims to estimate the cost-effectiveness of superabsorbent wound
dressings compared to the standard-of-care (SoC) dressings mix for treatment
of patients with moderate-to-highly exuding leg ulcers in the German
healthcare settings. A model-based cost-effectiveness analysis was conducted
from the German statutory health insurance perspective, following German
specific and international recommendations of good research practice. An
individual-level (microsimulation) state-transition model has been used with a
cycle length of 1 week and time horizon of 6 months. Several comprehensive
systematic reviews were conducted to inform all model inputs, including clini-
cal parameters, efficacy, quality of life, resources utilisation, and cost inputs.
In addition, primary data from two clinical trials were used. Based on this
cost-effectiveness analysis, using superabsorbent wound dressings instead of
the SoC dressings of patients with moderate-to-highly exuding leg ulcers in
Germany can lead to an improved healing rate of 2.57% (benefit ratio 1.08),
improved health-related quality of life of 0.152 quality-adjusted life weeks, and
total direct cost savings of €771 per patient in 6 months. Robustness of results
was confirmed in sensitivity and scenario analyses.
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Key Messages

« There is a lack of evidence concerning the assessment of the relation of ben-
efits to costs for care with first- and second-line treatment of moderate-to-
highly exuding leg ulcers in Germany

« The study aims to estimate the cost-effectiveness of superabsorbent wound
dressings compared to the standard-of-care (SoC) dressings mix for treat-
ment of patients with moderate-to-highly exuding leg ulcers in the German
healthcare settings
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1 | INTRODUCTION

Hard-to-heal wulcers (chronic or complex wounds),
defined as wounds with a duration of 3 weeks or longer,1
generate a substantially high economical and humanistic
burden in Germany, as well as in European Union and
globally. Germany reported more than 4 million chronic
wounds being treated annually at a substantial cost.”>
The mean annual cost of a chronic ulcer in Germany was
estimated as of €9060, of which direct costs (total diag-
nostic and treatment costs for statutory health insur-
ances) are €8288 and indirect costs (patient out-of-pocket
payments) are €772.>*

Similar findings are reported in other countries.
According to the National Health Service, the United
Kingdom is treating around 2.2 million acute or chronic
wounds annually with the total cost of care estimated as
high as €4.5 to €5.3 billion.” Comparable calculations
from the United States based on Medicare alone estimate
the cost for all wound types to US $28.1 to $96.8 billion,°
while Canada is reporting an expenditure of $509 million
just on diabetic foot ulcers.” Interestingly, general find-
ings from cost-of-illness studies are reporting lower costs
but higher prevalence of venous leg ulcers when com-
pared with diabetic foot ulcers. A systematic review of all
identified cost-of-illness studies worldwide reports the
annual costs of US $44200, $15400, and $11000 for dia-
betic foot, pressure ulcers, and venous leg ulcers, respec-
tively.” The mean annual per wound cost in Germany of
venous leg ulcers is estimated as €6905 and arterial ulcers
€10 241 with higher costs among females and those youn-
ger than the median age of the study cohort (74 years).”
All cost-of-illness studies report similar cost breakdowns
according to which the main drivers of cost are not
wound-specific treatments such as dressings or devices
but the cost-of-care provision. In Germany, the cost of
dressings is merely around 14% of total annual cost,®
while a similar estimate (13.9%) is reported for the United
Kingdom.’ Therefore, it is of critical importance for any

« A model-based individual-level (microsimulation) cost-effectiveness analysis was
conducted from the German statutory health insurance perspective, following
German specific and international recommendations of good research practice

« Based on this cost-effectiveness analysis, using superabsorbent wound dress-
ings instead of the SoC dressings of patients with moderate-to-highly exud-
ing leg ulcers in Germany can lead to an improved healing rate of 2.57%
(benefit ratio 1.08), improved health-related quality of life of 0.152 quality-
adjusted life weeks, and total direct cost savings of €771 per patient in
6 months. Robustness of results was confirmed in sensitivity and scenario

cost analyses for wound dressings not to limit their scope
to the cost of wound dressings per se but also include cost
variations in patient care needs (eg, capturing the differ-
ence between the treatment of infected wound/wound
[non]responding to treatment).

There are limited findings of highly accurate cost esti-
mates specific for moderate-to-highly exuding leg ulcers.
Current recommendations suggest superabsorbers as a
first-line treatment for moderate-to-highly exuding leg
ulcers, together with alginates, hydrofibres, foams, and
hydropolymers.®® Superabsorbers have the highest capac-
ity for retention of fluids. They can be used under com-
pression, while specific types of polyacrylate superabsorber
(SAP) can reduce inhibitors of wound healing, including
matrix metalloprotease activity.*® The newest generation
of these superabsorbers feature silicone layers/border,
which reduce the risk of skin damage and minimise pain
during dressing changes. However, currently, there is a
complete lack of evidence concerning the assessment of
the relation of benefits to costs for care with first- and
second-line treatment of moderate-to-highly exuding leg
ulcers in Germany.

Therefore, this study aims to estimate the cost-
effectiveness of treating patients with moderate-to-highly
exuding leg ulcers with SAP vs standard of care (SoC),
which is represented by the assortment of standard dress-
ing options composed of other superabsorbers and
guideline-recommended dressings. The premise of the
analysis is to test the counterfactual scenario in which
current dressing mix will be replaced entirely with SAP.
At the same time, all other systemic and local treatments,
wound, and patient characteristics will remain the same.

2 | METHODS

An economic evaluation was conducted following the cur-
rent recommendations “General Methods for the Assessment
of the Relation of Benefits to Costs”, issued by Quality and
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TABLE 1 Characteristics of the baseline cohort

Variable Obs (MV)
Patient characteristics
Age 78 (6)
Gender, males (%) 83 (1)
Wound characteristics
Number of wounds 84 (0)
Duration of wounds (months) 78 (6)
Wound size SoC (mm?): baseline 84 (0)
Wound size SoC (mm?): after 2 weeks 84 (0)

P WiLEY-L

95% CI

Mean SE LB UB

72.79 1.46 69.88 75.69

86.90 0.08 71.55 100

1 0 — —

15.09 3.39 8.34 21.84
5764.74 2565.70 661.67 10 867.81
3578.06 832.20 1922.84 5233.281

Abbreviations: CI, confidence interval; LB, lower bound; MV, missing values; Obs, number of observations; SE, standard error; UP, upper bound.

Efficiency in Health Care (IQWiG),'® and international good
modelling practice guidelines.'* All findings are reported per
the general international recommendations of CHEERS
checklist,'* and specific recommendations of the IQWiG
guidelines mentioned earlier. The economic study design
was a cost-effectiveness analysis.

2.1 | Benefit assessment
As the current state of evidence concerning benefit-harm
analyses of SAP is not based on robust head-to-head com-
parison from randomised controlled trials, we conducted
an early health technology assessment (HTA) using a
health economic model to estimate the cost-effectiveness.
Health economic modelling is one of the most commonly
used methods in early HTAs to support product develop-
ment of medical products as wound dressings."> Early
HTA should guide all relevant stakeholders, including
clinicians, in their decisions during the period when
definitive conclusions through robust randomised clinical
trials are not available. However, conclusions from early
assessments should be considered with all limitations
that will be discussed in this article. For that reason,
IQWiG suggests using terminology as a potential benefit
or indication of (additional) benefit.'°

For the benefit assessment, we have merged two
cohorts of published clinical studies on SAP dressings
with patient populations presenting with moderate-to-
highly exuding leg ulcers.'*'> The total number of
patients with reported wound size at the end of the
2-week follow-up period was 84. Baseline patient char-
acteristics are presented in Table 1. Some of the base-
line patient characteristics have a small number of
missing values that were imputed with multiple impu-
tations of mean values in base case analysis. To check
the potential effect on the results, several other

TABLE 2  Utility values per health state
Utilities per health
state Value References
Healed (UHS1) 1.000 16
Unhealed grade 1: 0.730
progressing (UHS2)
Unhealed grade 1: static 0.640
(UHS3)
Unhealed grade 1: 0.640 Assumption based
deteriorating (UHS4) on Reference 16
Unhealed grade 2: 0.610 Assumption based
severe (UHS5) on Reference 17
Death (D) 0 NA

Abbreviations: D, Death; NA, not applicable; UHS1, healed; UHS2,
unhealed grade 1: progressing; UHS3, unhealed grade 1: static; UHS4,
unhealed grade 1: deteriorating; UHS5, unhealed grade 2: severe.

imputation methods were tested in the scenario ana-
lyses. The clinical trial dataset has a small number of
missing values. The base case analysis uses a multiple
imputation of mean values. Several other imputation
models were used including regression imputation and
k-nearest-neighbour (k-NN) without impact on results
of the cost-effectiveness analysis.

To increase the stability of the health economic model,
we have randomly sampled from the available patient pro-
files (n = 84) to generate 1000 patients per arm using the
patient characteristics of the available patients.

2.2 | Selection of comparators

The interventions evaluated in this analysis are mix of two
SAP dressings (Zetuvit Plus Silicone/Zetuvit Plus Silicone
Border, manufacturer HARTMANN GROUP, Germany).
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TABLE 3 Direct costs per ulcer health state

Direct medical costs per health state Estimated costs (€)

UHS1 10
UHS2 147
UHS3 169
UHS4 269
UHS5 1076

Range for OWSA Parameters for PSA* (distribution)
+20% (gamma)
+20% (gamma)
+20% (gamma)
+20% (gamma)
+20% (gamma)

Abbreviations: OWSA, one-way sensitivity analysis, PSA, probabilistic sensitivity analysis; UHS, ulcer health state.

*Calculated by method of moments.

TABLE 4 Indirect costs per ulcer health state

Indirect medical costs per health state

UHS1 1
UHS2 14
UHS3 16
UHS4 25
UHS5 99

Estimated costs (€)

Range for OWSA Parameters for PSA* (distribution)
+20% (gamma)
+20% (gamma)
+20% (gamma)
+20% (gamma)
+20% (gamma)

Abbreviations: OWSA, one-way sensitivity analysis, PSA, probabilistic sensitivity analysis; UHS, ulcer health state.

*Calculated by method of moments.

TABLE 5 Dressing-specific resource use and associated costs (per week)
Product (dressing type) Fraction of cohort Source N of dressing changes per week Source
Intervention
Zetuvit plus silicone 100% 14,15 2.80 32
Comparator (standard of care)
Other superabsorbents 36% 14,15 2.80 32
Antimicrobials 30% 4.00
Foams 20% 4.00 32
Alginates 9% 4.00
Other dressings 5% 4.00

Note: Parameters in one-way sensitivity analysis varied +20%. Following distributions were used in probabilistic sensitivity analysis: fraction of cohort:

Dirichlet distribution, N of dressing changes: normal distribution.

To ensure a fair comparison, the dressings mix in clinical
trials for SAP dressings'*"” (at the baseline before switching
to SAP) are used as an appropriate SoC dressings mix. The
SoC was composed of other superabsorbers (29%), antimi-
crobials (26%), foams (20%), alginates (5%), and other dress-
ings (19%). The composition of dressing mix is mainly in
line with treatment recommendations and suitable to repro-
duce real-world conditions in the treatment of patients with
moderate-to-highly exuding leg ulcers. This selection of
comparators is in line with IQWiG recommendations that
comparators should be “all therapeutic alternatives relevant
in a particular therapeutic area.” As with the current evi-
dence base, there was no possibility to compare all the SoC
products separately, and the comparison is made using SAP

as the intervention arm and SoC dressings mix as a
comparator arm.

2.3 | Relevant outcomes
Keeping in mind that dressings are local treatment that
cannot affect survival, the primary clinical outcome in this
evaluation was the healing rate. Health-related quality of
life (HRQoL) was used as a secondary outcome measure
using aggregated quality-adjusted life weeks (QALWS).
Utility values per health state are depicted in Table 2.

Both outcomes measures are reported on the benefit
axis of the efficiency frontier graph, in accordance with
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FIGURE 1

IQWiG recommendations. The concept of the efficiency
frontier is an IQWiG/German-specific method that is an
extension of the standardised measure known as the
incremental cost-effectiveness ratio (ICER) commonly
used in health economics.'® However, ICER aims to pro-
vide decision-makers with the measure for rational use of
resources across all therapeutic areas while IQWiG/Ger-
many considers optimization of resource utilisation only
in a single therapeutic area and without an explicit
willingness-to-pay threshold.'” Therefore, the definition
of the efficiency frontier plot is “plot compares the thera-
peutic benefit of available interventions within a given
therapeutic area with the outcome-related net costs of
these interventions”."”

IQWiG does not require or strongly recommended
the use of QALYs. Furthermore, health economic evalua-
tions and efficiency frontiers in Germany are rec-
ommended to be specific for indications or therapeutic

P WiLEy-L =

areas and not conducted across indications. However, in
cases where the quality of life is considerably affected by
the underlying disease and there is a need for the quanti-
fication of multiple harms using QALYS is the most
straightforward approach.

We have conducted a systematic search for the appro-
priate HRQoL inputs for Germany, which is measured
with a generic instrument that can be used to generate
utilities. Additionally, a search for a disease-specific
instrument that could be mapped using instruments such
as EQ-5D was also undertaken. However, we did not
identify any appropriate study that could be used to
inform the quality-of-life measure. Therefore, utility
values per health state from the UK have been used.

2.4 | Study perspective and time horizon
The economic evaluation was conducted from the per-
spective of the community of citizens insured in the Stat-
utory health insurance (SHI), as recommended by
IQWiG guidelines and German law (§ 35b' SGB V).'®1°
In scenario analysis, we conducted additional analysis
from the societal perspective. We used only German-
specific sources for cost data inputs expressed in Euros,
and therefore no currency conversion was needed. Costs
from older studies were adjusted for inflation for the
value in 2020 using German consumer price index.*

As the dressings are used for local treatment of the
wound and not for the systematic treatment of the underly-
ing disease, a lifelong time horizon was not considered
appropriate in this setting. Considering the natural history of
a chronic wound, we deemed that a 6-month time horizon
is the most suitable. Of note, we did not model wound recur-
rence in the same localization due to lack of data, where a
more appropriate time horizon would have been 1 year.

2.5 | Estimations of costs

To ensure the best available German-specific resource
utilisation and cost inputs, a systematic review was con-
ducted in Medline via the PubMed and CRD databases.
The details and results of the systematic search are pres-
ented in the supplementary file Part II: Resource use and
cost analyses. Combining results from a systematic search
and Diagnosis Related Groups (DRG) analysis, we have
estimated the cost per wound health state as depicted in
Table 3 and Table 4.

Additionally, the fraction of dressings with an associ-
ated number of dressing changes per week is depicted in
Table 5. Instead of using predefined and fixed dressing
sizes and associated costs, we have used a range of
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Transition probability per

TABLE 6 Transition probabilities
for ulcer health states

ulcer health state Model input value  References
From “UHS2” to “UHS1” 0.0250 32

From “UHS3” to “UHS2” Patient specific Risk prediction clinical trials

data

From “UHS3” to “UHS1” 0.0188 33

From “UHS3” to “UHS4” 0.0188 34

From “UHS3” to “UHS5” 0.0170 33

From “UHS4” to “UHS5” 0.0040 3

From “UHS5” to “UHS3” 0.8000 3

From any UHS to death Age and gender 36

specific

Abbreviation: UHS, ulcer health state.

TABLE 7 Results of cost-effectiveness analysis

SAP SoC Incremental difference
Cost (€) QALWs HR Cost (€) QALWs HR Costs (€) HR QALWs RR (HR)
4528 17.229 34.27% 5299 17.077 31.70% —770.96 2.57% 0.152 1.08

Abbreviations: HR, healing rate; RR, risk ratio; SAP, polyacrylate superabsorbers; SoC, standard of care; QALW, quality-adjusted life weeks.

TABLE 8 Breakdown of results per health state

Health state SAP SoC Difference
QALWS per health state at the end of the modelling HS1 4.59 4.19 0.40
period HS2 3.31 3.24 0.07
HS3 7.24 7.50 —0.26
HS4 1.94 1.99 —0.05
HS5 0.15 0.16 —0.01
Incidence per health state at the end of the modelling HS1 0.34 0.32 0.03
e HS2 0.25 0.25 0.00
HS3 0.19 0.20 —0.01
HS4 0.19 0.20 —0.01
HS5 0.01 0.01 0.00
Cost per health state at the end of the modelling HS1 204.56 301.26 —96.70
period HS2 784.67 837.36 —52.68
HS3 2337.66 2817.35 —479.69
HS4 924.66 1048.37 —123.71
HS5 276.41 294.58 —18.17

Abbreviations: SAP, polyacrylate superabsorbers; SoC, standard of care; QALW, quality-adjusted life weeks.

dressings from each type and matched appropriate dress-
ing sizes with the wound size of every patient in the
model. All used dressings and costs are presented in the
Part II supplementary material. The dressing received in
the SoC arm follows the size of the cohort fraction of par-
ticular dressing type (Table 5).

2.6 | Modelling

We have followed the steps recommended by IQWiG guide-
lines for developing a health economic model.'” The model-
ling approach was selected according to the nature of the
research problem. Chronic ulcers are notably heterogeneous
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conditions and can exhibit many diverse characteristics that
can affect wound healing. Those factors are related to different
domains such as sociodemographic factors (gender, age,
socio-economic status, etc.), main underlying disease that
increases the risk of wound occurrence (diabetes, venous
insufficiency, hypertension), comorbidities (the considerable
spectrum of chronic and degenerative disease), the effect of
previous related intervention(s) (venous surgery, compression
therapy, etc.), patient status (mobility, cognitive status, etc.),
wound characteristics (size, depth, duration, colour, infection,
etc.), and laboratory parameters (HbalC, glucose, etc.). It is
recommended that research problems with such underlying
heterogeneity should be modelled with an individual-level
state-transition model (microsimulation)."

Therefore, we used an individual-level state-transition
model™ to track patients including their characteristics
allowing for individual values of model parameters. We
started the modelling process by generating two identical
patients according to the inputs from Table 1.

From that point, the model had two arms with identical
patients with the only difference being the dressing
received, which was SAP in arm 1 and SoC dressing mix in
arm 2. The patient was entered into the model in ulcer
health state 3 (UHS3) as defined by costing methodology.
In line with recommendations, the modelling process fol-
lows the natural history of disease/condition. The models
flow and the structure is depicted in Figure 1 (details
described in the Supplementary file, PART II: Resource use
and cost analyses [Estimation of costs]).Transition probabil-
ities, defined as a probability that patient will “transit” from
one ulcer health state to another, are informed by the
best available evidence from the literature (Table 6). We
assumed that the dressings are local wound treatments and
do not affect survival. Mortality due to other causes was
derived from the German life tables using age- and gender-
specific inputs for every patient.*!

To inform transition probabilities, Cochrane Wounds
reviews were assessed and the systematic review by Nor-
man et al. was identified as a most relevant for derivation

P WiLEy-L =
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FIGURE 3 Efficacy frontier QALWS to cost. QALWs, quality-
adjusted life weeks

of transition probabilities. Relevant parameters from con-
trol arms were extracted from studies included in Nor-
man et al's systematic review, and in the following step
they were transformed to transition probabilities with
cycle length of 1 week (Supplementary material PART
IV: Other, Table 19, Table 20).

Both arms will have the same transition through health
states apart from the transition from “UHS3” to “UHS2” (tran-
sition from health state “static ulcer” towards health state
“ulcer progressing towards healing”). This transition was
informed for both arms separately using the previously devel-
oped and validated risk prediction model. The risk prediction
model was nested in the health state UHS3 to predict how
many patients will stay at that health state and how many will
transit toward UHS2 based on the following predictors: age,
gender, number of wounds, the log of the duration of the
wound in months, the log of wound size in mm?, and wound
grade.”” The SAP arm was informed based on the outcomes of
two clinical studies, and the SoC arm was based on baseline
values from the same clinical studies.'*"

Method for derivation of transition probabilities in ade-
quate metrics for model cycle length is described in the deriva-
tion of transition Supplementary material PART IV: Other.

2.7 | Sensitivity analyses

Following both IQWiG and international guidelines,'®*
we conducted sensitivity analyses to quantify uncertainty
around model results and in addition scenario analyses.
Two types of sensitivity analyses were conducted: deter-
ministic one-way sensitivity analysis (OWSA) and multi-
variate probabilistic (Monte Carlo) sensitivity analysis
(PSA). In OWSA, we changed the value of one variable to
a lower bound (lower confidence interval limit or —20%
of used point estimate) and to an upper bound (upper
confidence interval limit or +20% of used point estimate)
while keeping all others fixed to check the impact on
results. This procedure was repeated for all variables and
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Dressings frequency SoC

Zetuvit Plus Silicone dressing frequency
Transition probability from HS3 to HS5
Transition probability from HS1 to HS3
Alginates dressing frequency

Utility associated with state HS1
Transition probability from HS3 to HS4
Transition probability from HSS to HS3
Other dressing frequency

Foams dressing frequency

Transition probability from any HS to Death

H "Low values"

B "High values"

L T

Utility associated with state HS1
Utility associated with state HS3
Transition probability from HS3 to HS5
Alginates fraction in SoC

Dressings frequency SoC

Foams fraction in SoC

Patient Age

Wound duration (months)

Other dressings fraction in SoC

Antimicrobials fraction in SoC

-1,400.00 -1,200.00 -1,000.00 -800.00 -600.00 -400.00 -200.00 0.00
Inc. Costs
H "Low values"
® "High values"
I t t t t i
0.00 0.05 0.10 0.15 0.20 0.25
Inc. QALWs

Transition probability from HS2 to HS1
Transition probability from HS4 to HSS
Transition probability from HS1 to HS3
Wound size (final assessment, mm?)
Transition probability from HS3 to HS2
Wound duration (months)

Transition probability from HS3 to HSS
Patient Age

Wound size (baseline, mm?)

Transition probability from HS3 to HS1

H "Low values"

m "High values"

n L dh 4 4 4 4

FIGURE 4 Tornado diagrams

presented graphically in the form of the Tornado dia-
gram. In the PSA, instead of changing one parameter
value at a time, all variables were changed at once
according to their plausible values by random sampling
from their distributions. This procedure was repeated
5000 times, and the results are presented as a scatter plot

0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.04

Incremental healing rate

over the entire efficiency frontier. Distribution for param-
eters was selected according to current recommendations
of good modelling practice,”® and parameters for distribu-
tions were constructed using methods of moments.*
Used distributions and parameters are presented in Sup-
plementary material PART IV: Other, Table 21.
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TABLE 9 Probabilistic sensitivity analysis results

SAP SoC

16.9

T T T T 1

17 17.1 17.2 17.3 17.4
Incremental QALWs

@ Zetuvit WSoC

Cost (€)
4608
4632

QALYs Cost (€)
5364

5408

Means 17.180

Medians 17.177

QALYs
17.033
17.034

Incremental Cost (€) Incremental QALYs
—755

—776

0.147
0.143

Abbreviations: SAP, polyacrylate superabsorber; SoC, standard of care; QALW, quality-adjusted life weeks.

TABLE 10 Cross-model validation: cost of leg ulcer treatment in Germany
Cost estimation
Study Total cost (€) Time horizon Costing year Inflated to 2020 (€) for 6 months (€)
This model 4891 6 mo 2020 8701 4350
Augustin et al® 8287.55 ly 2012 10 846 5423
Purwins et al® 9569 ly 2006 4066 2033
Droeschel et al’ 3977.44 ly 2017 3697 5354
Guest et al® 2654.02 18 wk 2002 1406 4583
Augustin et al® 1335.51 8 wk 2015 8701 4350

Detailed description of the scenario analyses is
reported in the Supplementary file, Part IV: Other.

3 | RESULTS

Based on the modelling analysis, 6 months of using SAP
instead of SoC dressings mix in patients with moderate-
to-highly exuding leg ulcers in Germany will lead to an
improved healing rate of 2.57% (benefit ratio 1.08)

associated with 0.152 QALWs improvements in quality of
life and total direct cost reduction of €771 per patient and
6 months (Table 7).

As reported in Table 8, after 6 months, 34.27% of
patients will have wound closure when treated with SAP,
compared to 31.70% when treated with SoC. Although
the quality of life is only slightly improved among the
groups, the cost savings are €771 per single average
patient. A more detailed breakdown of those results is
provided in Table 8.
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Furthermore, results are reported in the form of
two efficacy frontiers as recommended by IQWiG
guidelines. According to these guides, the vertical axis
should reflect the value of the health benefits on a car-
dinal scale. Therefore, for one graph, we selected
healing rate and for the other QALWs (Figures 2 and
3). The horizontal line reflects total expected net costs
per patient during the time horizon of 6 months. In
both assessments, SAP leads to higher benefits with
fewer costs. Any therapeutic solution that is placed on
the graph below the line crossing SAP dot is less effec-
tive (in terms of QALWs or healing rate). And all tech-
nologies that are placed on the graph right from
the vertical line that crosses the SAP dot are more
expensive.

3.1 | Sensitivity analysis

One-way deterministic sensitivity analysis results are
presented in the tornado diagram. Although all vari-
ables included in the model are used for sensitivity
analysis, we are presenting the 10 most influential
parameters on incremental cost, healing rate, and
QALWSs (Figure 4).

Probabilistic sensitivity analysis demonstrates that
SAP is a cost-saving option and leads to higher benefits
in 100% of iterations, as depicted in Figure 5.

Detailed breakdown of probabilistic sensitive analysis
results (Monte Carlo simulation with 5000 iterations) are
presented in Table 9.

3.2 | Model validation

We applied two types of validation: internal and cross-
models validation.>> As a part of internal validation, we
applied a standardised quality checklist combined with
an analysis of extremes to identify and correct all techni-
cal errors (bugs) in the model programing.

For cross-model validation, we used all recent cost
studies from Germany identified by our systematic litera-
ture search to compare our model's SoC arm projected
costs vs the cost of treatment determined by other models
or research over the 6 months. We have selected the SoC
arm because there are no other research studies that tar-
get SAP in Germany. The results of this exercise are pres-
ented in Table 10.

As previously commented, all studies reported mainly
similar costs for 6 months treatment of leg ulcers, demon-
strating that our model is projecting the cost in expected
ranges for Germany.

4 | DISCUSSION

We have already described the magnitude of resource use
caused by a chronic wound, which has become more
extensive over the years due to the growth of the most
affected population (elderly). Even some of the presented
cost is only part of the cost of wound treatments. Dis-
proportionally, a large fraction of health care spending
going towards the treatment of chronic wounds using the
current approach, especially on dressing pricing, is based
on too few parameters. For example, they may consider
the changes in the number of dressings, while not taking
into account overall and long-term changes in treatment
pathways that contribute to much higher cost and
patient-related outcomes. In such a situation, the new
dressings are not assessed by value addition but rather
through short-term resource use benefits. This only gen-
erates the illusion of savings when long-term conse-
quences are overseen. Therefore, we do believe that the
HTA process for wound care products is necessary for
such conditions as well as gradually switching to value-
based procurement, for example, the Most Economically
Advantageous Tender (MEAT), introduced by the
European Parliament for public procurement that is con-
sidering the values of the product and not just the price.*
However, for such an evolution, there is a need to better
define reference cases in terms of both clinical trials and
economic evaluations. Standardisation of the methods
and outcome needs to take place so that different wound
care technologies can be indirectly compared in terms of
their benefits, harms, and costs. Current practice, espe-
cially with the different methods approach in health eco-
nomics, prohibits robust comparisons, and it is not
pragmatic to expect that all technologies will eventually be
compared head-to-head in randomised control trials. As
mentioned, health economics studies should focus on the
complete patient journey, for example, wound dressing
rather than point-of-care economics focusing only on nurs-
ing time and the number of dressings changes. Those out-
comes alone fail to capture full oversight on much higher
additional costs driven by changes in the natural history of
diseases, for example, the difference between a healed
static wound and a wound with complications.

Moreover, by reviewing the cost breakdown of any of
the appropriate DRGs for hospital stays due to the wound
treatment, it has become evident that many other factors
are considerably important drivers of spending while
wound dressing costs remain only small fraction. How-
ever, the selection of a proper dressing can modify many
other important and more significant drivers, for exam-
ple, re-hospitalizations or reduced days of hospital stay.
We tried to overcome this by modelling the natural
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history of the chronic wound following a cost methodol-
ogy recommended by Harding et al.”” We would suggest
that other attempts to model the cost-effectiveness of dress-
ings product should follow this approach. However, there is
a need that further studies should estimate transition proba-
bilities with more precision and, if possible, from one
source. In that sense, utilisation of real-world evidence
should be considered more frequently. One of the sources
for Germany is certainly The German Chronic Wound Reg-
ister.8 Apart from this evidence, other databases should be
explored more comprehensibly to determine the feasibility
for wound care research, including but not limited to IMS
Disease Analyser or The German Pharmacoepidemiological
Research Database.”® However, real-world data require
advanced and proper analytical handling and further dis-
semination of causal inference methods for observational
data in wound research is needed.

When comparing our study with other published
health economic evidence in Germany, we have experi-
enced some of the issues with methodology stand-
ardisation discussed earlier.>******° To make a proper
validation of our model projections, we have reviewed the
overall cost of treatment of the most similar patient across
different studies in Germany. Almost all studies project
the cost of treatment of exuding leg ulcers in the range
between €4000 to €5000. However, even in the same group
of patients, SoCs are different due to the selection of com-
parator or time lag between different studies. Although
some health economics studies aim to compare one
wound dressing vs others (even the particular size of dress-
ings), in our opinion, this is of little value for decision-
makers. For example, in the practice, wound care is con-
ducted using a large number of different products where
dressing size and properties are selected depending on size
and other characteristics of the wound itself. Therefore,
comparing two dressings of a particular size is a more the-
oretical exercise with a limited possibility for extrapola-
tions of those results in real-world practice. We tried to
overcome that by comparing SAP product lines (two prod-
ucts Zetuvit Plus Silicone/Zetuvit Plus Silicone Border) in
all available sizes vs the mix of dressings of all possible
sizes, which is used for the treatment of patients with
moderate-to-highly exuding leg ulcers. Therefore, patient
wound characteristics (exuding leg ulcers) and its size are
modelled with appropriate dressings in terms of size and
properties. This approach is much closer to real-world
practice and should be of higher utility for decision-
makers. However, this approach requires more advanced
modelling (microsimulation), but remaining mindful of
the heterogeneity of the chronic wound's patients, we
believe that this method, despite its complexity, is the most
appropriate. One more difference in our approach is that
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we tried to apply more German-specific methods for con-
ducting and reporting results of health economic study,
according to IQWiG methods guide rather than the preva-
iling international approach using a willingness-to-pay
threshold."” The primary motivation for this is to make
the analysis more useful for decision-making in German
settings.

As all decision-analytic modeling studies, our deci-
sion analysis has several limitations that are important to
consider when interpreting results. As depicted already
in the title, this is early-stage health economic evaluation,
referring to the fact that clinical benefits are not derived
from mature randomised control trials but from observa-
tional before-after analyses. Such data can suffer from
inadequate control of unmeasured confounding vari-
ables, inability to control for temporal changes, and
regression towards the mean. Therefore, causal inference
and direction and magnitude of those biases are not pos-
sible to determine at the current stage, and there is a
clear need for further research, since already depicted
transition probabilities are sourced from different studies
and fixed over time (time-invariant). Although this is
biasing both arms equally, there is a need for calculation
of more precise and time-dependent estimates. Model-
ling and simulation have inherent limitations in that
they are the only approximations of reality, and there-
fore, some essential relations (known or unknown) can
affect results. In general, there is also a need to model
the recurrence of the wound as an essential aspect of
wound natural history. However, due to the lack of
available data, we did not include this vital health state
in our model. Finally, some of the used sources includ-
ing studies for HRQoL and clinical trials for SAP are
conducted in the United Kingdom and maybe not repre-
sentative for current German practice. Good correspon-
dence of our cost estimates with other studies can be
seen as a clear indicator that those limitations do not
deviate results dramatically. However, decision-makers
and users should take them into account.

5 | CONCLUSIONS

Based on this cost-effectiveness analysis, using SAP
instead of current dressings mix for the SoC of patients
with moderate-to-highly exuding leg ulcers in Germany
can lead to an improved healing rate of 2.57% (benefit
ratio 1.08), improved HRQoL of 0.152 QALWSs, and total
direct cost savings for the statutory health insurance of
€771 per patient during 6 months. Further research is
needed to confirm the findings from current early-stage
health economic assessment.
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