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Abstract

Background: A recent prospective randomised controlled trial (‘STING’) showed superiority of over-the-scope clips compared
to standard treatment in recurrent peptic ulcer bleeding. Cost-effectiveness studies on haemostasis with over-the-scope clips
have not been reported so far.

Objective: The aim of this study was to investigate whether the higher efficacy of the over-the-scope clips treatment
outweighs the higher costs of the device compared to standard clips.

Methods: For the analysis, the study population of the STING trial was used. Costs for the hospital stay in total as well as
treatment-related costs were obtained. The average cost-effectiveness ratio, representing the mean costs per designated
outcome, and the incremental cost-effectiveness ratio, expressing the additional costs of a new treatment strategy per
difference in outcome were calculated. The designated outcome was defined as successful haemostasis without rebleeding
within seven days, which was the primary endpoint of the STING trial. Average cost-effectiveness ratio and incremental
cost-effectiveness ratio were calculated for total costs of the hospital stay as well as the haemostasis treatment alone.
The cost-effectiveness analysis is taken from the perspective of the care provider.

Results: Total costs and treatment-related costs per patient were 13,007.07 € in the standard group vs 12,808.56 € in the
over-the-scope clip group (p=0.812) and 2084.98 € vs 1984.71 € respectively (p=10.663). The difference was not statistically
significant. Total costs per successful haemostasis (average cost-effectiveness ratio) were 30,677.05 € vs 15,104.43 € and
4917.41 € vs 2340.46 € for the haemostasis treatment. The additional costs per successful haemostasis with over-the-scope
clip treatment (incremental cost-effectiveness ratio) is -468.18 € for the whole treatment and -236.49€ for the haemostasis
treatment.

Conclusions: Over-the-scope clip treatment is cost-effective in recurrent peptic ulcer bleeding.
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Key summary

Established knowledge on this subject

1. About 10% of patients with peptic ulcer bleeding (PUB) suffer from a recurrence with a significant
increase in morbidity and mortality.

2. Over-the-scope clips (OSTCs) have shown clinical superiority to standard clips to treat recurrent bleeding.

. Costs per unit of OSTCs compared with standard clips are markedly higher.

4. Cost-effectiveness analyses in OTSC treatment do not exist so far.
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S/gn/f/cant new findings of this study

. Mean costs of OTSC treatment per successful haemostasis (average cost-effectiveness ratio (ACER)) are

about half of the costs of the standard treatment.

2. Despite the higher retail price, OTSC treatment does not even produce additional costs by achieving an
additional haemostasis in direct comparison to standard clips (incremental cost-effectiveness ratio

(ICER)).

3. This finding is consistent both regarding total costs as well as treatment-related costs.

Introduction

Despite advances in medical and interventional ther-
apy, the incidence of peptic ulcer bleeding (PUB) is
still high with about 20-50 per 100,000 persons world-
wide and mortality rates of 8.9-22%."? Hence, PUB
represents an enormous medical but also economic
challenge.

The vast majority of cases can be managed endoscop-
ically, but recurrent bleeding occurs in 10% of patients.’
For recurrent bleeding, success rates of endoscopic man-
agement decline to 75% and — in cases of failed endo-
scopic haemostasis — patients are often referred to
angiographic or surgical salvage therapy.* Surgical ther-
apy is associated with high complication rates, prolonged
hospital stay and increased mortality (14-29%).>7 Over-
the-scope clips (OTSC®; Ovesco Endoscopy, Tiibingen,
Germany) have been shown to be superior to standard
endoscopic therapy for recurrent ulcer bleeding in a
recent randomised controlled trial (RCT; ‘STING").®
However, the costs of the device are higher compared
to standard endoscopic devices such as through the
scope clips. In order to investigate whether the higher
efficacy outweighs the higher costs of the device, we per-
formed a cost-effectiveness analysis.

Materials and methods
Patient cohort

For the cost-effectiveness-analysis, we analysed the
patient cohort of the STING trial. This study was an
open, randomised controlled, multicentre study com-
paring OTSC vs standard endoscopic therapy in recur-
rent peptic ulcer bleeding.® On 15 January 2013 the
study was approved by the ethical board. Written,
informed consent was obtained from each patient
included in the study. The study protocol conforms to
the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a prior approval by the institu-
tion’s human research committee. In total, 66 patients
had either been assigned to retreatment with standard
methods or with OTSCs. The combined primary end-
point was persistent or recurrent bleeding within seven

days. Secondary endpoints were mortality, need for sal-
vage surgical treatment, number of blood samples
transfused, duration of the hospital stay and complica-
tions of the treatment. Further bleeding had occurred
in 19 patients (57.6%) in the standard therapy group
and in five patients (15.2%) in the OTSC group
(p <0.001), respectively. Ten patients with further
bleeding in the standard therapy group had received
successful OTSC therapy as rescue treatment. No sig-
nificant differences in secondary outcomes were
observed. A flowchart of the STING study summaris-
ing main results is provided in the Supplementary
Material.

Cost calculation

Within the study, detailed information about number
of endoscopic procedures, used endoscopic haemostatic
devices and drugs (clips, injection needle, coagulation
probe, fibrine glue, epinephrine), duration of hospital
stay and blood transfusion had been recorded. This
data was used for cost calculation. Total costs of treat-
ment were calculated for each patient in both study
arms. Total costs were defined as treatment-related
costs plus the costs of the total hospital stay.
Treatment-related costs were calculated as the sum of
used endoscopic haemostatic devices, general costs for
esophagogastroduodenoscopy (EGD) and costs for
transfused blood units. For endoscopic haemostatic
devices and medicines (clips, injection needles, coagu-
lation probes, fibrin glue), we calculated using the offi-
cial retail prices with the exception of epinephrine
injection (this was calculated with the price of the phar-
macy of the principal investigating hospital). In cases
where the exact clip type was unidentifiable, a ‘mixed
type’ with the mean cost of all used clips was calculated.
The price per millilitre of epinephrine was then calcu-
lated for all patients of the study. The costs of an eso-
phagogastroduodenoscopy  (including staff-related
costs, without biopsy) were derived from a nation-
wide analysis of the German Society for Digestive
and Metabolic Diseases (DGVS).? The costs of the hos-
pital stay were calculated as the costs for intensive care
unit plus for the stay on the ward. For the analysis the
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results of the DRG (Diagnosis-related group) report
2017 and of a cost analysis of ICU (intensive care
unit) were used.'” Costs were adjusted to the year
2017 and they relate to the German healthcare system.

Statistical analyses and cost-effectiveness
calculation

Continuous variables are reported as means with the
corresponding standard deviations whereas categorial
variables are expressed as frequencies and percentages
unless stated otherwise. For continuous variables,
differences were determined using Wilcoxon-Mann-
Whitney and Kruskal-Wallis tests as there was no
Gaussian distribution of the data confirmed by the
Kolmogorov-Smirnov test. X° tests or Fisher exact
tests were used for categorial variables. Values of
p <0.05 were considered significant. For assessment
of cost-effectiveness, the average cost-effectiveness
ratio (ACER) and the incremental cost-effectiveness
ratio (ICER) were calculated. The average cost-
effectiveness ratio expresses the mean costs for the
investigated outcome.'' In our study, the ACER
describes the mean costs per successful haemostasis in
both treatment arms.

The ACER is calculated with the following compu-
tational formula:

mean costs
effect

ICER expresses the additional costs of a treatment
alternative for the improvement in investigated out-
come.'? In our study, these are the incremental costs for
the OTSC treatment to achieve a successful haemostasis.

The ICER is calculated with the following computa-
tional formula:

ACER =

mean costs intervention — mean costs control

ICER = — —
effect intervention — effect control

Mean costs were total costs of the respective group
divided by the number of patients in each group.
Effectiveness was defined as clinical success. The primary
endpoint of the STING study was ‘further bleeding’.
Hence, clinical success was defined as absence of further
bleeding. The computational formula was therefore:

Effectiveness = 1 — rate of further bleeding

As stated above, calculation of the effectiveness was
performed in the same manner as for the ACER. Both
ICER and ACER were calculated for the total costs
and the haemostasis-related costs.

Statistical analyses were performed with SPSS
(version 24.0, IBM, New York, USA) and GraphPad
Prism (version 6, GraphPad Software, San Diego,
California, USA).

Results

Mean number of used conventional clips per patient in
the standard group was 2.09 versus 0.09 in the OTSC
group (p <0.001). In detail, the following clips were
used: Resolution (Boston Scientific, Marlborough,
USA) (mean amount 0.51 vs 0), Instinct (Cook
Medical, Bloomington, Indiana, USA) (0.48 vs 0.09),
Olympus Quick Clip (Olympus, Hamburg, Germany)
(0.72 vs 0), Olympus EZ Clips (Olympus, Hamburg,
Germany) (0.12 vs 0) and Mixed type (0.24 vs 0). The
detailed amount and costs of each product used are also
shown in Table 1. Mean number of OTSCs used in both
groups were 0.52 and 1.18 in the OTSC group
(p <0.001). In most cases, the 12/6 OTSC was used
(mean 0.48 vs 1.09). The mean amount of epinephrine
(7.84ml vs 6.87ml; p=0.20), the number of injection
needles (0.81 vs 0.6; p=0.15) and the total amount
of fibrin (5ml vs 9ml; p=0.47) and coagulation
probe (1 vs 0) were not significantly different in both
groups. The mean number of blood units transfused in
both groups (5.24 vs 4.9) were also not significantly
different (p =0.39). Furthermore, the mean number of
esophagogastroduodenoscopies were 3.33 in the stand-
ard group and 2.78 in the OTSC group. This difference
was not significantly different with a p-value of 0.234.
Duration of the EGD in the situation of recurrent or
persistent bleeding was 27 +9min in the standard
group and 32 4 12min in the OTSC group (p =0.055).
The mean duration on the ward was 18 + 13 days and
18 £ 18 days in both groups. The difference was not
statistically significant (p =0.672). The mean days on
the ICU did also not differ significantly (4.7 9.4 and
4.6+6.9, p=0.396).

For haemostasis treatment mean costs of the con-
ventional clips per patient were significantly different
with 159.05€ +148.75 in the standard group vs
6.55€ £37.60 in the OTSC group (p <0.001). Vice
versa costs of the OTSCs per patient in both
groups were 187.06 € +206.80 and 427.00 € 4 220.29
(p <0.001). Mean costs per patient for EGD, trans-
fused blood units, epinephrine, coagulation probe
were not significantly different.

The mean costs per patient for the stay on the
ward are 4980.42 € +3748.10 for the standard group
and 4997.19€ £50064.23 for the OTSC group
(p=0.672). The mean costs per patient for the ICU
are 5941.67€+11,910.85 in the standard group
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vs 5826.67 £ 8689.34 in the OTSC group and is also not
statistically significant (p =0.396).

Total costs were 429,233 € in the standard group and
422,683 € in the OTSC group resulting in mean costs per
patient of 13,007.07 € £15,242.34 and 12,808.56 € +
13,079.50, respectively (p=0.812). Treatment-related
costs account for 68,804 € vs 65,495€. This results in
mean costs per patient of 2084.98 € +1167.25 in the
standard group and 1984.71 € £1219.96 in the OTSC
group (p=0.663). Results are also shown in Table 2.

With the results of the STING trial, efficacy of
standard treatment was calculated as 42.4% and of
OTSC treatment 84.8%.

The ACER per successful haemostasis in the stand-
ard group is 30,677.05€. and is 15,104.48 € in the
OTSC group. The ACER per successful haemostasis
regarding only treatment-related costs are 4917.41 €
in the standard group and 2340.46€ in the OTSC
group. See also Table 3 and Figure 1.

The ICER, meaning the additional costs per success-
ful haemostasis with OTSC treatment are calculated
with —468.18 € and -236.49 € for the haemostasis-
related costs. See also Table 3 and Figure 2.

Discussion

In recent years, technical innovations have continu-
ously improved patient care but can also be drivers of
increased healthcare costs. Therefore, there is a growing
need to assess efficacy of new methods and devices rela-
tive to their costs.'®> To our knowledge, this is the first
cost-effectiveness analysis (CEA) for haemostasis with

However, most important drivers of total therapy
costs are not haemostatic devices, but rather general
costs of hospital stay. This was also shown in a study
of Barkun and colleagues, which compared costs and
effectiveness in preventing recurrent PUB by applying a
Doppler-probe guided haemostasis approach.'* In our
patient cohort, duration of total hospital and ICU stay
was not significantly different in both groups: costs of
hospital stay in the standard therapy (ST) and OTSC
group were 360,429 € and 357,188 € compared to costs
of haemostasis treatment of 68,804 € and 65,495€.
Second, due to the lower efficacy of conventional clips
in the STING trial, a significant number of patients in
the ST group were allocated to rescue OTSC treatment.
The costs of OTSC rescue were therefore added to
the costs of standard treatment. However, successful
OTSC rescue prevented further treatment and resulted
in similar rates of angiographic/surgical treatment in
both groups. The number of EGDs performed was
also not significantly different in both groups because
all OTSCs in the standard group were placed immedi-
ately after failure of standard therapy and resulted in
durable haemostasis. Treatment time of the OTSC
group was slightly longer (mean procedural time
27+9min vs 31+ 12min). Although this difference
nearly reached statistical significance (p=0.055), it
does not seem clinically relevant and is therefore not
likely to affect costs.

Table 3. Average cost-effectiveness-ration (ACER) and incremental
cost-effectiveness ratio (ICER) Costs are expressed in Euros.

OTSCs among few CEAs presented for interventional Standard treatment ors¢
endoscopy in general or haemostasis in particular. Our  Effect 0.424 0.850
results demonstrate that OTSC therapy for recurrent  Total costs
PUB is cost-effective in comparison to standard endo- ACER 30,677.05 15,104.48
scopic therapy. ICER —468.18
In our study, both treatment-related and total Hgemostasis-related costs
costs in both groups did not differ significantly. This ACER 4917.41 2340.46
is surprising as the costs of an OTSC can be up to 10 ICER —236.49
times higher than the costs of a ‘conventional’ clip.
Table 2. Total costs and treatment-related costs.
Standard treatment 0TSC
n=33 n=33 p-Value
Total costs
Total costs of the respective group 429,233 422,683
Mean costs per patient 13,007.07 £ 15,242.34 12,808.56 + 13,079.50 0.812
Haemostasis-related costs
Costs of the respective group 68,804 65,495
Mean costs per patient 2084.98 4+-1167.25 1984.71 4+ 1219.96 0.663

Mean costs are shown with standard deviation. Costs are expressed in Euros.
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Figure 1. Average cost-effectiveness ratio (ACER) for (a) the total costs and for (b) the haemostasis-related costs are shown in both
treatment arms. Values are expressed in Euros. OTSC: over-the-scope clip.
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Figure 2. Incremental cost-effectiveness ratio (ICER) for the over-
the-scope clip (OTSC) treatment in relation to the whole treatment
and the haemostasis-related treatment are shown. Values are
expressed in Euros.

Nonetheless, even under the condition of the cross-
over design, OTSC therapy showed cost-effectiveness
for haemostasis as well as for total treatment costs.
Therefore, it seems reasonable to assume that, with
added costs of the subsequent therapy, the cost-
effectiveness ratio would even be worse in the standard
group without the cross-over design. Our results are in
line with Imperiale et al.,’ who showed that cost-
effectiveness in secondary haemostasis is linked to the
success rate of the second intervention.

Comparing the absolute costs calculated in our study
with the literature is not possible as no similar study
investigating costs in recurrent PUB has been published
so far. There is only one RCT investigating endoscopic
re-therapy versus surgery in recurrent PUB. In this
study, the amount of haemostatic devices (e.g.
number of clips used etc.) is not reported. The reported

median length of hospital stay of 10 (range 2—-111) days
is similar to the one reported in the STING trial, while
the length of the ICU treatment and number of blood
units transfused are markedly higher.” However, it has
to be noted that the study by Lau et al. was performed
in 1999 with other standards of care on the ICU and
other thresholds for blood transfusions.

The ACER expresses the costs per successful haemo-
stasis. Regarding total costs, the ACER was calculated
as 30,677.05 € for the standard group and 15,104.48 €
for the OTSC group. In other words, the costs of OTSC
treatment (overall hospital costs) per successful haemo-
stasis are about half of the costs of the standard treat-
ment. This effect was also consistent when comparing
only haemostasis-related costs in both groups. A gen-
eral principle in CEA is the calculation of the incremen-
tal costs of a new method or treatment causes per
outcome. The calculated ICERs in our study show
clearly that OTSC treatment in this indication does
not even lead to higher costs per successful haemostasis.
This finding is consistent both regarding total costs as
well as treatment-related costs. When analysing the cal-
culation of ICER and ACER, the crucial difference in
both groups is the different rate of effectiveness in both
treatment arms. The question whether this difference is
representative for the investigated clinical setting is
extensively discussed in the STING study and therefore
not part of this discussion.®

Comparing our results with other CEAs is difficult
as this is the first one for this indication. In most ana-
lyses, a decision tree model is created to compare dif-
ferent outcome scenarios. Subsequently, each treatment
path is filled with probabilities of occurrence.
Afterwards, the costs per predefined outcome are cal-
culated. A potential bias of this approach is that the
data for the probabilities of occurrence — which influ-
ence the costs most — are taken totally'>'® or at least in
part'” from different studies. For our analysis, we
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decided not to use this approach for the following rea-
sons: entering outcome data of the STING trial into a
decision tree model would have resulted in very low
sample sizes for each treatment path with unreliable
probabilities of occurrence. On the other hand, extract-
ing outcomes out of published literature would not be
reliable either, as sufficient data on subsequent salvage
treatment (angiographic or surgical) after failed use of
OTSCs is scarce. Extracting data from similar studies
would result in a very heterogenous study population
with the risk of uncontrolled confounders. A decision
tree model can theoretically be repeated over different
time horizons (e.g. 3, 10 and 20 years). However, this
would not be feasible for our analysis. In the STING
trial, follow-up was done over a maximum of 30 days
and currently long-term data on outcomes of recurrent
PUB after OTSC treatment is not available.

Similar to the study by Barkun and colleagues,'* we
derived our data from a recent randomised controlled
study. The patient population of the STING trial is a
solid basis for a cost analysis. The patient characteris-
tics were well-balanced in both groups and there was a
very detailed prospective documentation of endoscopic
procedures, medical therapy and hospital/ICU stay. We
believe that this approach reflects the clinical situation
more precisely than a decision tree model, which is
mainly based on assumptions. In our view, further pro-
spective studies investigating different treatment scen-
arios and long-term outcome are necessary before a
reliable decision tree analysis can be performed.

In most CEAs, the costs per quality-adjusted life
years (QALYSs) are calculated and taken for healthcare
decisions. While QALYs are suitable for chronic dis-
cases,'® there are limitations for acute diseases with usu-
ally complete recovery after a short period of time with
markedly decreased quality of life."” This is why most of
the recently published CEAs'*'7 calculated costs per
defined outcome as primary endpoint as we did.

We did not include indirect costs (e.g. referring to
administration, cost of finance, facility and capital
equipment maintenance, depreciation and amortiza-
tion) in our analysis. However, since the duration of
hospital stay did not significantly differ between the
groups and usually complete convalescence after suc-
cessful haemostasis is achieved, indirect hospital costs
are also very likely not to be significantly different in
both treatment groups. Cashflow discounting using a
varied interest rate or benefit discounting were also not
taken into account but are likely not to have a major
impact on CEA outcomes.

Sensitivity analyses generally help us to understand if
small changes in variables of data already result in
changes of outcomes. This approach addresses variables,
which are affected by relevant uncertainty, based on
assumptions made. In many health economic studies,

assumptions need to be taken to fill in simulations. As
explained above, our CEA did not use this approach,
but was based on factual variables and outcome data,
established by the STING trial. Costs of goods were not
assumed but rather reflected the true costs encountered
by the study sites, which were compiled in a micro-
costing approach. Thus, sensitivity analysis was not
found applicable and therefore was not performed.

Comparing cost-effectiveness of OTSCs with other
endoscopic approaches for treatment of recurrent PUB
is difficult. Application of Hemospray (Cook Medical)
has been described to be feasible for refractory upper GI
bleeding. Reported rebleeding rates in retrospective stu-
dies range around 25%2*?' when used in secondary
haemostasis, which is significantly higher compared to
the rebleeding rate of OTSCs in the STING study.
Furthermore, the cost of the device is higher than the
cost of an OTSC. It is therefore likely that OTSC treat-
ment in the investigated indication would be more cost-
effective compared to Hemospray. A study by Barkun
et al. showed cost-effectiveness for Hemospray for first-
line therapy of non-variceal upper gastro-intestinal tract
bleeding. However, the study included different indica-
tions and is therefore not directly comparable to our
analysis.*

Our study has several limitations. First, this study only
provides information about second-line therapy after
failed endoscopic haemostasis. Prospective RCTs on
OTSC haemostasis as first-line treatment are ongoing
but results are still not available. Second, our analysis is
specific to the German healthcare system and maybe
therefore not be fully comparable to different healthcare
systems in the world. On the other hand, with the detailed
analysis of every single step of the treatment in the
STING cohort, we can provide a matrix where costs
can be transferred into different healthcare systems.
Third, we could not take into account survival and
long-term outcome. Recurrent PUB has been shown to
be associated with impaired survival. However, in the
STING study a difference in mortality was not shown.
As discussed above, this might be due to the design of the
trial (small sample size, crossover design). We also do not
have any other robust evidence on the impact of OTSC
treatment on survival or long-term outcome in these
patients. Hence, we were not able to include those factors
in our analysis.

In conclusion, endoscopic haemostasis with OTSCs
in recurrent PUB is cost-effective. Further studies will
follow to investigate cost-effectiveness in first-line
OTSC treatment.
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