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STUDY QUESTION: Is a single endometrial scratch prior to the second fresh IVF/ICSI treatment cost-effective compared to no scratch,
when evaluated over a |2-month follow-up period?

SUMMARY ANSWER: The incremental cost-effectiveness ratio (ICER) for an endometrial scratch was €6524 per additional live birth,
but due to uncertainty regarding the increase in live birth rate this has to be interpreted with caution.

WHAT IS KNOWN ALREADY: Endometrial scratching is thought to improve the chances of success in couples with previously failed
embryo implantation in IVF/ICSI treatment. It has been widely implemented in daily practice, despite the lack of conclusive evidence of its
effectiveness and without investigating whether scratching allows for a cost-effective method to reduce the number of IVF/ICSI cycles
needed to achieve a live birth.

STUDY DESIGN, SIZE, DURATION: This economic evaluation is based on a multicentre randomized controlled trial carried out in the
Netherlands (SCRaTCH trial) that compared a single scratch prior to the second IVF/ICSI treatment with no scratch in couples with a
failed full first IVF/ICSI cycle. Follow-up was 12 months after randomization.

Economic evaluation was performed from a healthcare and societal perspective by taking both direct medical costs and lost productivity
costs into account. It was performed for the primary outcome of biochemical pregnancy leading to live birth after 12 months of follow-up
as well as the secondary outcome of live birth after the second fresh IVF/ICS| treatment (i.e. the first after randomization). To allow for
worldwide interpretation of the data, cost level scenario analysis and sensitivity analysis was performed.

PARTICIPANTS/MATERIALS, SETTING, METHODS: From January 2016 until July 2018, 933 women with a failed first IVF/ICSI cy-
cle were included in the trial. Data on treatment and pregnancy were recorded up until 12 months after randomization, and the resulting
live birth outcomes (even if after 12 months) were also recorded.

Total costs were calculated for the second fresh IVF/ICS| treatment and for the full 12 month period for each participant. We included
costs of all treatments, medication, complications and lost productivity costs. Cost-effectiveness analysis was carried out by calculating
ICERs for scratch compared to control. Bootstrap resampling was used to estimate the uncertainty around cost and effect differences and
ICERs. In the sensitivity and scenario analyses, various unit costs for a single scratch were introduced, amongst them, unit costs as they ap-
ply for the United Kingdom (UK).

MAIN RESULTS AND THE ROLE OF CHANCE: More live births occurred in the scratch group, but this also came with increased
costs over a |2-month period. The estimated chance of a live birth after |2 months of follow-up was 44.1% in the scratch group compared
to 39.3% in the control group (risk difference 4.8%, 95% Cl —1.6% to +11.2%). The mean costs were on average €283 (95% Cl: —€299
to €810) higher in the scratch group so that the point average ICER was €5846 per additional live birth. The ICER estimate was sur-
rounded with a high level of uncertainty, as indicated by the fact that the cost-effectiveness acceptability curve (CEAC) showed that there
is an 80% chance that endometrial scratching is cost-effective if society is willing to pay ~€17 500 for each additional live birth.
LIMITATIONS, REASONS FOR CAUTION: There was a high uncertainty surrounding the effects, mainly in the clinical effect, i.e. the
difference in the chance of live birth, which meant that a single straightforward conclusion could not be ascertained as for now.

WIDER IMPLICATIONS OF THE FINDINGS: This is the first formal cost-effectiveness analysis of endometrial scratching in women
undergoing IVF/ICSI treatment. The results presented in this manuscript cannot provide a clear-cut expenditure for one additional birth,
but they do allow for estimating costs per additional live birth in different scenarios once the clinical effectiveness of scratching is known.
As the SCRaTCH trial was the only trial with a follow-up of 12 months, it allows for the most complete estimation of costs to date.
STUDY FUNDING/COMPETING INTEREST(S): This study was funded by ZonMW, the Dutch organization for funding healthcare
research. A.E.P.C., FJ.M.B,, E.R.G. and C.B. L. reported having received fees or grants during, but outside of, this trial.

TRIAL REGISTRATION NUMBER: Netherlands Trial Register (NL5193/NTR 5342).

Key words: endometrial scratch / endometrial injury / endometrial scratch / ART / IVF / ICSI / cost-effectiveness / economic analysis /
live birth

Introduction

In 2016, almost 2 million IVF and ICSI treatments were carried out
globally—and this number is increasing every year—unfortunately not
resulting in 2 million babies born (Adamson et al., 2016; Fauser, 2019).
With pregnancy rates of maximally 35% per embryo transfer, embryo
implantation is often regarded as the rate-limiting step in IVF/ICSI
treatment (De Geyter et al., 2018). Ever since endometrial scratching
was suggested as a promising add-on treatment to increase embryo
implantation, its popularity has risen leading to widely accepted imple-
mentation into daily practice, even though its clinical effectiveness had
not yet been proven and its cost-effectiveness had not been evaluated

(Barash et al., 2003; Nastri et al., 2015; Lensen et al., 2016; Farquhar,
2019; Mol and Barnhart, 2019; van Hoogenhuijze et al., 2019).

It was this gap in knowledge that led us to conduct a large random-
ized controlled trial on the effect of endometrial scratching prior to
IVF/ICSI on live birth rates. The SCRaTCH trial is a multicentre na-
tionwide trial in the Netherlands that compared a single endometrial
scratch to no scratch in women with one previously failed IVF/ICSI cy-
cle and studied the live birth rates after the second fresh IVF/ICSI
treatment as well as after 12 months of follow-up (van Hoogenhuijze
et al., 2017b, 2020).

In the light of increasing healthcare costs, it is becoming ever more
important to take costs of a new treatment into account alongside its
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effectiveness (OECD, 2013). It is for this reason that the SCRaTCH
trial was set out to evaluate both the clinical effectiveness and the eco-
nomic impact of endometrial scratching. Even though the SCRaTCH
trial has not provided unequivocal evidence whether or not scratching
improves live birth rates—a risk ratio of |.13 (95% Cl 0.97—1.32) after
I2months of follow-up was observed (van Hoogenhuijze et dl.,
2020)—it is essential to perform a formal economic evaluation to see
if scratching would ever be a realistic add-on treatment. As cost-
effectiveness in IVF/ICS| treatment is generally expected to result
from a reduction in the total number of treatments needed to achieve
a live birth, studying the long-term economic impact is most sensible.
With its 12 months of follow-up, the SCRaTCH trial is—to date—the
most suitable trial to provide insight into the economic implications of
endometrial scratching in IVF/ICSI.

In this manuscript, we present the formal cost-effectiveness evalua-
tion of the SCRaTCH trial, along with various scenarios that sketch
how the economic impact would change with varying scratch prices or
with alternative clinical effectiveness.

Materials and methods

A non-blinded randomized controlled trial comparing a single endome-
trial scratch prior to the second IVF/ICSI treatment to no scratch was
conducted in the Netherlands between January 2016 and January
2020 (SCRaTCH trial). The trial received ethics approval from the in-
stitutional review board of the University Medical Centre Utrecht
(METC 10-272). As it was a multicentre trial, each participating centre
also obtained approval from the local board of directors. All women
gave written informed consent, and the study was carried out in line
with the WMA Declaration of Helsinki.

Study design, participants and study
procedures

The study protocol and primary outcome of the study have been pub-
lished previously (van Hoogenhuijze et al., 2017b, 2020). In short,
women who had undergone one full IVF/ICSI cycle with at least one
embryo transfer that did not result in a clinical pregnancy were eligible.
Additional inclusion criteria were 18—44 years old, primary or second-
ary infertility and a normal transvaginal ultrasound. Exclusion criteria
were endometriosis grade IlI/1V, untreated hydrosalpinx, oocyte dona-
tion and preimplantation genetic diagnosis.

Women were randomized |:| to either scratch or control. Women
in the scratch group received a single endometrial scratch timed at 5-
10 days before the expected menstrual or withdrawal bleeding, after
which ovarian hyperstimulation was started. The scratch was per-
formed with an endometrial biopsy catheter without additional anaes-
thetics or sedatives, and the residual tissue was not histologically or
cytologically evaluated. Women in the control group did not receive a
scratch or sham procedure and started directly with ovarian hypersti-
mulation. Thus, neither the participating women nor the medical staff
were blinded.

Follow-up and outcomes

Follow-up was until 12 months after randomization. If participants had
achieved an ongoing pregnancy (gestational age of 10weeks) within

|2 months we recorded data until live birth (i.e. follow-up could end
before or beyond 12 months, depending on when ongoing pregnancy
was achieved).

For the main article, which focussed on clinical effectiveness (pub-
lished previously, van Hoogenhuijze et al., 2020), the primary outcome
was ongoing pregnancy leading to live birth after the fresh cycle di-
rectly after randomization, and secondary outcomes included the on-
going pregnancy leading to live birth within the I2months of follow-
up. From a cost-effectiveness perspective in fertility research, the cost
reduction from an effective treatment is expected to result from the
reduced need for additional IVF/ICSI treatment. Thus, from a cost-effective-
ness perspective, a long-term follow-up outcome is more informative
than a single cycle analysis. As a simplification for the incurred costs,
we opted for follow-up until biochemical pregnancy leading to live
birth. Therefore, for this current cost-effectiveness analysis, the pri-
mary outcome was biochemical pregnancy leading to live birth within
the full follow-up period (i.e. biochemical pregnancy must be reached
within [0 months and 2 weeks—323 days—after randomization). The
secondary outcome was biochemical pregnancy leading to live birth af-
ter just the fresh cycle directly after randomization.

Economic evaluation

The economic evaluation was performed from a healthcare (i.e. direct
medical costs) and societal perspective (i.e. absence from work) and
was expressed in European currency (Euro or EUR). In this manu-
script, we adhere to the ISPOR guidelines for reporting economic eval-
uations as stated in the CHEERS checklist (Husereau et al., 2013).

Unit costs for medication were derived from the Dutch Formulary
for medication (Zorginstituut Nederland), and unit costs for fertility
treatments (cycle monitoring, interventions) and their complications
were obtained from costs as determined by an expert panel on cost-
effectiveness from the Dutch Consortium for Research in Women's
Health. This expert panel consists of gynaecologists, economists and a
methodologist, and it determined the actual per unit medical costs
from resources that were used in fertility studies within the Dutch
Consortium and from two university hospitals and one general hospital
in the Netherlands. For their final calculation, this expert panel used
the average actual costs of these three hospitals. Through this ap-
proach, the average costs reflect actual clinical practice, for instance in
IVF/ICSI or frozen embryo treatment where the actual number of ul-
trasound checks differ between individuals (Van Tilborg et al., 2017).
In addition, lost productivity costs were determined for each partici-
pant based on data on hourly wage and labour costs, as derived from
Statline, the national organization for statistics on the Dutch society
(Centraal Bureau voor Statistiek, CBS; Hakkaart-van Roijen et dl.,
2015). All prices were standardized for the year 2018 using consumer
price index data (StatLine (Centraal Bureau voor Statistiek)).

Data on the number and type of treatments, and number and out-
come of pregnancies were recorded in case report forms for all partic-
ipants. The aim of this study was to calculate if endometrial scratching
is cost-effective for reaching a biochemical pregnancy leading to a live
birth. Therefore, for each participant, total costs for the second fresh
IVF/ICSI as well as for the fertility treatments during the full follow-up
period were calculated up to biochemical pregnancy. Costs after this
time point, such as costs related to miscarriage, pregnancy
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complications or pregnancy leave were not included, nor were costs
related to giving birth.

We thus included costs for a consultation with the physician, IVF/
ICSI medication (downregulation, ovarian stimulation, ovulation trigger,
luteal support), medication for frozen embryo transfer cycles, labora-
tory examinations, ultrasound scans, ovum pick-up, embryo transfer,
costs for the ‘study-scratch’ as well as possible extra scratches, and
costs associated with the complication ovarian hyperstimulation syn-
drome (OHSS; clinic visits, ultrasound scans, laboratory examinations,
hospitalization). In addition, we included the lost-productivity costs for
both the female patient and her partner for the IVF/ICSI treatment,
frozen embryo transfers, and OHSS complication. The number of clinic
visits related to treatment and complications was not recorded in the
main SCRaTCH trial but were based on recorded data in the
OPTIMIST trial, which was conducted in a similar population in similar
hospitals in the Netherlands (Van Tilborg et al., 2017).

The full list of cost parameters that were included in the economic
evaluation is presented in Table .

Statistical analysis

Primary economic analysis

A statistical analysis plan specifically for the economic evaluation was
drafted prior to the start of analysis. All analyses were performed
according to the intention-to-treat (ITT) principle and were of the
cost-per-survival type—where in this case ‘survival’ is ‘live birth’.
Discounting was not necessary, because of the |2-month horizon of
this study. In contrast to the main publication on the clinical effective-
ness, we did not perform an as-treated (AT) or AT for those patients
with an embryo transfer (AT+ET) analysis. From a cost-effectiveness
perspective, the ITT analysis is most informative as this resembles clini-
cal practice best: even when endometrial scratching would be imple-
mented in daily care, not all eligible patients would actually undergo
scratching. We therefore limited the analysis to ITT only.

Total costs per participant were calculated as described above. As
for this CEA, the primary outcome was cost-effectiveness after the full
period of follow-up, we estimated the chance of a live birth after
|2 months using the Kaplan—Meier method to account for the 4.7% of
women who were lost to follow-up. Accounting for the artificially
lower costs for participants lost to follow-up was resolved using in-
verse probability weighting for censoring (Wijeysundera et al., 2012).
The 95% Cls of the cost and effect differences were estimated by
bootstrap resampling with replacement for 5000 samples and were vi-
sualized in a cost-effectiveness plane for the primary and secondary
outcome. Incremental cost-effectiveness ratios (ICERs) were calculated
by dividing the difference in mean total costs by the difference in chan-
ces of a live birth.

Cost-effectiveness acceptability curves (CEACs) with varying mone-
tary values for the two live birth outcomes (direct and after follow-up)
were constructed using the bootstrap samples following Fenwick et al.
(2004), thereby visualizing the uncertainty around the ICERs.

Thus, the ICERs provide a point estimate for the costs for one addi-
tional live birth, and the CEACs visualize the probability that, given a
range of monetary thresholds, scratching is cost-effective compared to
control.

Sensitivity analyses

As the price of an endometrial scratch may vary between clinics and
countries, a sensitivity analysis was undertaken for prices of a single en-
dometrial scratch in the lowest (€50) and the highest (€350) range
(Lensen et al., 2016). Total costs were calculated for all participants as
described above, but with an endometrial scratch costing either €50
or €350. As a reference, for the primary analysis, an endometrial
scratch was estimated at €104. For both scenarios, ICERs were calcu-
lated and CEACs were constructed to estimate the uncertainty around
the ICERs. Sensitivity analyses were only performed for the primary
outcome.

Scenario analysis

To illustrate how cost-effectiveness may vary between different coun-
tries, a scenario analysis was performed by carrying out the economic
evaluation from a healthcare perspective for the United Kingdom
(UK). For the healthcare perspective, direct medical costs were in-
cluded but indirect costs due to the absence from work were not
taken into account. Unit costs for the UK were derived from NHS
data on treatment and medication prices for the year 2019 and
expressed in Pound Sterling (GBP) (specification shown in
Supplementary Table SI). We used the NHS price of £180 for an en-
dometrial scratch. Total costs using GBP were then calculated for all
participants for the full follow-up period, after which the ICER was cal-
culated and a CEAC was constructed. The scenario analysis was only
performed for the primary outcome.

Results

Study participants

Between January 2016 and July 2018, 933 women were randomized
and included in the analyses (scratch group n=467, control group
n=466) (van Hoogenhuijze et al., 2020). After randomization, seven
women became lost to follow-up before they received a scratch and/
or started their second fresh treatment (scratch n=2, control n=>5).
In the scratch group, 453 women started a second fresh treatment
compared to 445 women in the control group, and 386 versus 368
women had a fresh transfer. For the women that did not start treat-
ment, follow-up was still completed as they may have conceived natu-
rally within 12months. For the women without a fresh transfer,
follow-up was also completed. Most of these women underwent fro-
zen transfers or subsequent IVF/ICSI cycles during the follow-up pe-
riod. During follow-up, women could continue with frozen—thaw
embryo transfers (FET) and third, fourth or even fifth fresh IVF/ICSI
cycles. In total, from randomization until end of follow-up, women in
both groups underwent on average 1.4 fresh IVF/ICSI cycles and 1.9
FETs (van Hoogenhuijze et al., 2020). Additional information on base-
line and treatment characteristics can be found in Supplementary
Tables SlI, Sl and SIV.

Data were complete for 925 of the 933 (99.1%, 465/467 in scratch
and 458/466 in control group) participants for the outcome of live
birth resulting from the treatment after randomization (i.e. second
fresh IVF/ICSI cycle), and for 889 of the 933 (95.3%, 445/467 in
scratch and 444/466 in control group) participants for the outcome of
biochemical pregnancy leading to live birth within the [2-month

220z Aieniga4 60 uo 1senb Aq 9558y 19/¥52/2/ L€ /81onde/daiwny/wod dno olwapese)/:sdyy Wwolj peapeojumoq


https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deab261#supplementary-data
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deab261#supplementary-data
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deab261#supplementary-data
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deab261#supplementary-data
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deab261#supplementary-data

258

van Hoogenhuijze et al.

Table I Unit costs for the intervention, infertility treatments and complications.

Cost parameter Unit costs (€)* Source
Healthcare costs
Endometrial scratch® 104.00 Calculated estimate®
Materials 10.77
Gynaecologist/fertility physician 26.75
Other costs regarding medical staff 50.87
General costs of outpatient clinic visit 15.61
Treatment costs®
IVF/ICSI stimulation only 532.64 Dutch expert panel
IVF/ICSI stimulation and OPU, no lab-phase 1296.62 Dutch expert panel
IVF stimulation, OPU, lab-phase, with or without 1449.73 Dutch expert panel
embryo transfer
ICSI stimulation, OPU, lab-phase, with or without 1803.49 Dutch expert panel
embryo transfer
Frozen—thaw embryo transfer cycle 585.15 Dutch expert panel
Medication costs
FSH analogues (€/1U) 0.34 Farmacotherapeutisch kompas
GnRH antagonist (€/day) 39.30 Farmacotherapeutisch kompas
GnRH agonist (€/day) 10.99 Farmacotherapeutisch kompas
Ovulation trigger (€/10 000 IU) 2.47 Farmacotherapeutisch kompas
Progesterone (€/200 mg) 0.21 Farmacotherapeutisch kompas
Complications®
Mild OHSS 200.29 Dutch expert panel (Van Tilborg et al., 2017)
Severe OHSS® 2847.95 Dutch expert panel
Societal costs
Lost productivity costs
Female (€/h) 32.68 CBS
Male (€/h) 39.20 CBS

IU, international unit; mg, milligram; OHSS, ovarian hyperstimulation syndrome; OPU, oocyte pick-up.

“Calculated for the year 2018.
®Based on a |5 min outpatient clinic visit, without analgesia.

“Costs of a single scratch were estimated based on the average time and medical equipment needed for a scratch. Costs for placement of an intrauterine device (without the product

costs), a regular ultrasound, and costs of an endometrial biopsy catheter contributed to determining the estimate.

9The costs include a counselling consultation, ultrasound scans, OPU, laboratory phase and embryo transfer. The laboratory phase includes fertilization through IVF or ICS, and selec-

tion, cryopreservation and thawing of embryos.

®The costs include clinic visits, telephone consultations, laboratory diagnostics and ultrasound scans. For severe OHSS, also costs for hospitalization are included.

Mild OHSS was defined as clinical symptoms and hospital check-ups but no hospitalization.

8Severe OHSS was defined as the need for hospitalization.

Farmacotherapeutisch kompas: Dutch formulary for medication (Zorginstituut Nederland).

CBS: Netherlands statistics, the national statistical office (Hakkaart-van Roijen et al., 2015; StatLine (Centraal Bureau voor Statistiek)).
Dutch expert panel: expert panel on cost-effectiveness established by the Dutch Consortium for Research in Women’s Health. This panel consists of gynaecologists, economists and a
methodologist and determined the average unit costs based on other fertility studies and actual costs of two university hospitals and a general hospital in the Netherlands.

follow-up period. A complete overview of the clinical outcomes is pre-
sented in van Hoogenhuijze et al. (2020).

Cost-effectiveness analysis for the
Netherlands

The estimated chance (based on the Kaplan—Meier method) of a bio-
chemical pregnancy leading to live birth within the 12-month follow-up
period was 44.1% compared to 39.3% for the scratch and control
group, respectively, corresponding with a 4.8% (95% Cl: —1.6% to

I'1.2%) increased chance of live birth in the scratch group. The mean
costs included both the healthcare and societal costs and were on av-
erage higher in the scratch group (€8477) compared to controls
(€8194) with a cost difference of €283 (95% Cl: —€299 to €810). The
difference between groups in costs and the chance of live birth is visu-
alized in a cost-effectiveness plane in Fig. |. We found that in 18.5%
of bootstrap samples scratch dominated no scratch (southeast), in
6.4% this was vice versa (northwest), in 0.9% scratch was less effective
and less costly (southwest) and in the remaining 74.2% scratch was
more effective and more costly (northeast). The ICER was €5846 per
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Figure |. Cost-effectiveness acceptability plane of the
chance of pregnancy leading to live birth after 12 months of
follow-up.” The red triangles are the differences between scratch
and control in the chance of achieving a live birth and the difference
in average costs from individual bootstrap samples. The black lines
indicate the 95% Cl for these differences. The black dot represents
the point estimate for the averages that is used to calculate the point
estimate for the ICER. The spread of the triangles indicates the un-
certainty around the differences in live birth and costs, and thus, in
the ICER. While most triangles are in the upper right quadrant, indi-
cating that scratching is more expensive and yields a higher chance of
achieving a live birth, some triangles are also in the upper left quad-
rant (more expensive and less effective), bottom left quadrant (less
expensive and less effective) and bottom right quadrant (less expen-
sive and more effective). *The ongoing pregnancy status had to be
reached within 12 months after randomization; live birth could have
resulted after |2 months of follow-up. EUR, European euro (€).

additional live birth. Because the cost-effectiveness plane overlaps all
four quadrants, 95% Cls around the ICER are impossible to interpret.

To show the uncertainty around the ICER, the CEAC (Fig. 2)
shows that there is an 80% chance that endometrial scratching is cost-
effective if society is willing to pay ~€17500 for each additional live
birth.

For the secondary outcome of live birth after the second fresh IVF/
ICSI cycle, the calculated chance of a live birth was on average 23.6%
for the scratch group and 19.1% for the control group, corresponding
to an average difference in chances of 4.5% (95% CI: —0.8% to 9.5%).
The calculated mean costs were higher in the scratch group (€5337)
compared to controls (€4900) with a difference of €437 (95% Cl:
€253 to €614). The ICER was €9776 per additional live birth (Fig. 3).
The CEAC (Fig. 4) shows that there is an 80% chance that endome-
trial scratching is cost-effective if society is willing to pay ~€20000 for
each additional live birth from the fresh treatment directly after
randomization.

Sensitivity analysis

Mean total costs—i.e. both healthcare and societal—were calculated
using prices for an endometrial scratch from the lowest ranges and
from the highest ranges. Using a unit price of €50 for a single scratch,

0.8 -

0.6 "4

04 - ’

02/ — = Seratch versus no scratch

probability that scenario is cost-effective
~

0.0

T T T T T
0 10 20 30 40 50

willingness to pay for an additional pregnancy leading to live birth {x 1000 EUR)

Figure 2. Cost-effectiveness acceptability curve for the
chance of pregnancy leading to live birth after 12 months of
follow-up.” The cost-effectiveness acceptability curve is shown for
increasing monetary value for each additional live birth that society is
willing to pay, with calculations ranging from €1 to €50 000. The line
indicates the probability that endometrial scratching is cost-effective
at varying monetary values for each additional live birth. “The ongo-
ing pregnancy status must be reached within 12 months after ran-
domization; live birth could have resulted after |2 months of follow-
up. EUR, European euro (€).

the mean costs during the full follow-up period were calculated at
€8407 for the scratch group and €8206 for the control group with a
mean cost difference of €201 (95% Cl: —€349 to €765). The corre-
sponding ICER was €4096 for each additional live birth. The CEAC
(Supplementary Fig. SI) shows that there is an 80% chance that endo-
metrial scratching is cost-effective if society is willing to pay ~€13 000
for each additional live birth.

When an endometrial scratch is more expensive and would be of-
fered at €350, the mean total costs would increase to €8707in the
scratch and €8216 in the control group with a mean cost difference of
€491 (95% Cl: —€76 to €1067). The corresponding ICER then
becomes €9935 for each additional live birth. As shown in the CEAC
(Supplementary Fig. SI), there is an 80% chance that endometrial
scratching—when offered at this price—is cost-effective if society is
willing to pay ~€26 500 for each additional live birth.

Scenario analysis

The mean healthcare costs based on the |2-month follow-up out-
comes were calculated for the UK and showed that costs were higher
for participants of the scratch group. On average, costs for a partici-
pant in the scratch group were £7065/€7738) compared to £6917/
€7576 in the control group with a mean cost difference of £148/
€162) (95% Cl: —£337 to £619). The ICER was £3062/€3354 for
each additional live birth. As is shown in the CEAC, there is an 80%
chance that endometrial scratching is cost-effective if the UK is willing
~£12000/€13 143 for each additional live birth
(Supplementary Fig. S2).

to pay
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Figure 3. Cost-effectiveness acceptability plane of the
chance of pregnancy leading to live birth from the 2nd
fresh IVF/ICSI treatment. The red triangles are the differences
between scratch and control in the chance of achieving a live birth
and the difference in average costs from individual bootstrap sam-
ples. The black lines indicate the 95% CI for these differences. The
black dot represents the point estimate for the averages that is used
to calculate the point estimate for the ICER. The spread of the trian-
gles indicates the uncertainty around the differences in live birth and
costs, and thus, in the ICER. Although scratching was more expen-
sive than control in all bootstrap samples, this did not always yield a
positive difference in the chance of achieving a live birth. EUR,
European euro (£).
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Figure 4. Cost-effectiveness acceptability curve for the
chance of pregnancy leading to live birth from the second
fresh IVF/ICSI treatment. The cost-effectiveness acceptability
curve is shown for increasing monetary value for each additional live
birth that society is willing to pay, with calculations ranging from €1
to €50000. The line indicates the probability that endometrial
scratching is cost-effective at varying monetary values for each addi-
tional live birth that originates from the second fresh IVF/ICSI treat-
ment. EUR, European euro (€).

Discussion

Principal findings

Within the SCRaTCH trial, we evaluated the economic impact of en-
dometrial scratching alongside its clinical effectiveness. Based on these
results, the estimated chance of a live birth after 12 months of follow-
up was higher in the scratch group compared to controls, but this was
also associated with slightly higher total costs (on average €283
higher). The expected costs within 12 months to achieve one addi-
tional live birth were €5846. On the short term, the costs to achieve
one additional live birth within the second fresh IVF/ICSI cycle (i.e. di-
rectly after randomization) were €9776. These elevated costs were
mainly caused by the total healthcare and societal expenditures associ-
ated with the scratch procedure itself and with the IVF/ICSI
treatments.

Strengths and limitations

Important strengths of this trial are that it was designed to evaluate
the live birth rate, which is the clinically most important outcome in in-
fertility assessments, and that both the RCT and the economic evalua-
tion were planned and registered prospectively. Importantly, we not
only evaluated the cost-effectiveness for the ‘direct’ outcome (live
birth after the second fresh cycle) but also the [2-month outcome,
which better reflects clinical practice and is more valuable when con-
sidering cost-effectiveness for achieving a live birth. As applies for most
medical treatments, a fertility trajectory not only has a financial impact
in terms of direct healthcare costs but also affects societal costs
through for example lost productivity. In infertility treatment, this is
even more so as it (usually) concerns two individuals who are both of
working age. We therefore provided a full-width analysis encompassing
direct medical costs up to a detailed level and lost productivity costs
for both the participant and her partner. Lastly, the scenario analyses
for varying scratch unit costs and the sensitivity analysis for UK costs
allow for interpretation of the economic impact beyond the Dutch sys-
tem and indicate the ranges within which the costs of scratching are to
be expected.

A limitation of this trial is that we did not include additional parame-
ters from the perspective of patients such as travel expenses or quality
adjusted life years (QALYs)—which traditionally is the outcome mea-
sure in cost-effectiveness analyses. However, QALYs are poorly de-
fined in subfertile populations so that more often pregnancy outcomes
such as live birth are used (Baird et al., 2015; Eijkemans et al., 2017).
Still, while in infertility treatment the primary goal of live birth seems
to be a very clear and measurable outcome, it could be argued that
patient valuation of the treatment process is another important fac-
tor—perhaps especially so when a live birth is not reached.

Also, the analysis of the secondary outcome (live birth from the cy-
cle following randomization) may have been compromised by a slight
imbalance between the two arms in proceeding for embryo transfer.
Of the randomized women, 82.7% in the scratch versus 79.0% in the
control group received a fresh transfer. Baseline characteristics or ‘sub-
jective’ reasons for cancelling the transfer did not explain this differ-
ence. The control group did ‘catch up’ during the follow-up period:
the total number of started cycles and embryo transfers over the 12-
month period was similar in both groups.
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Another limitation is that interpretations of ICERs and their 95% Cls
were complicated because bootstrap samples spanned all four quad-
rants of the CE plane. In that case, ICERs of the same sign can have
two complementary meanings one in the favour of scratching and one
in favour of not scratching (Fenwick et al., 2004). We thus do not pre-
sent 95% Cls around ICER values and instead provide CEACs.

Our data showed that the elevated costs for the scratch group
were partially caused by higher treatment costs. This may seem con-
tradictory as one would expect a more effective treatment to result in
fewer subsequent treatments. For the second fresh cycle only (i.e. di-
rectly after randomization), we observed that there was a small imbal-
ance regarding continuation of the treatment: a slightly larger
proportion in the control group cancelled their second (i.e. directly af-
ter randomization) IVF/ICSI cycle, thereby reducing both the direct
medical and the lost productivity costs in this group. We could not
objectify allocation-related reasons for cycle cancellation but we could
also not exclude some form of confounding beyond our data recording
(van Hoogenhuijze et al., 2020). Importantly, the total number of IVF/
ICSI treatments during the |2 months follow-up (our primary outcome
for this cost-effectiveness analysis) or FSH dosing did not differ be-
tween the groups.

Both direct medical costs and lost productivity costs were calculated
up to biochemical pregnancy, meaning that costs associated with preg-
nancy complications or costs associated with a physiological preg-
nancy—such as pregnancy leave or giving birth—were not included in
the current analysis. As the results of the clinical effectiveness of the
SCRaTCH trial showed no difference in the occurrence of miscar-
riages, we expect that the additional costs associated with miscarriages
would not differ between the scratch and control groups (van
Hoogenhuijze et al., 2020). Similarly, late pregnancy complications do
not seem to be affected by endometrial scratching (Lensen et al.,
2019) and are therefore also not expected to affect the difference in
costs between scratching and controls. Nonetheless, if all these
costs—including costs associated with a physiological pregnancy—
would have been included, it would have provided a more complete
insight in the total costs associated with a live birth. These costs
should then be regarded with the costs of a live birth after spontane-
ous conception in mind.

Relation to other studies

To our knowledge, this is the first economic evaluation on endometrial
scratching in IVF/ICSI treatment. It is an important addition to the
existing body of evidence that considers merely the clinical effective-
ness of scratching, as in order for a treatment to become widely ac-
cessible, it should also be affordable. Obviously, the first question for a
possible new treatment is whether it increases the chance of a live
birth or not, but next we should consider the costs relative to the
(possible) benefits. We should keep questioning ourselves what the
minimal benefit and the maximal costs should be in order to maintain
access to infertility care to the population.

In fertility treatment, it is difficult to determine what a cost-
effectiveness threshold should be, as most economic evaluations de-
termine costs per QALY, while fertility trials usually determine costs
per pregnancy or per live birth as QALYs are poorly defined for the
subfertile population (Baird et al, 2015; Goldhaber-Fiebert and
Brandeau, 2015). Also, determining cost-effectiveness for most

illnesses only involves the QALY of one person: the patient. In fertility
treatment this is generally not the case as it (usually) involves both a
couple and the unbom child (Baird et al., 2015; Goldhaber-Fiebert and
Brandeau, 2015). Previous research has shown that, in the Western
world, society is willing to pay approximately the gross domestic prod-
uct pro capita for each QALY gained. For example, the NICE guide-
lines refer to a threshold of £20000/€21 895 per QALY, and in the
Netherlands, a threshold starting at €20 000 per QALY for the lowest
category of disease burden is used (McCabe et al., 2008; Vijgen et al.,
2018). The ESHRE Capri Workgroup has adequately pointed out that
in a large, macro-economic perspective, IVF treatment itself is cost-
effective if we assume that on average four cycles at a total of €20000
are needed to ‘generate’ a single baby, while it is assumed that it
improves the QALY of the parents and also results in a future tax-
payer (Baird et al, 2015). On the other hand, possible negative
QALYs caused by unsuccessful [VF treatments were not taken into ac-
count, but one could also imagine that not even trying IVF/ICSI treat-
ment may result in even more negative QALYSs.

Future implications

The calculations based on the SCRaTCH trial illustrate that endome-
trial scratching comes at an additional cost to IVF/ICSI treatment—
also when taking a 12-month (treatment) period into account. As
scratching is a fairly safe and simple procedure that can be performed
in the outpatient clinic, does not include high-tech material, the scratch
itself should come at costs comparable to the costs of a single outpa-
tient clinic visit. In other words, compared to the total costs of an
IVF/ICSI treatment, the scratch itself should be relatively inexpensive.
When including societal costs it is estimated that participants in the
scratch group cost ~€283 more than participants in the control group
in the year following randomization. Given the increased chance of live
birth of ~4.8%, this came down to an ICER of €5846. However, the
estimation of the ICER was surrounded with a high level of uncer-
tainty, which compromises its interpretation. The currently ongoing in-
dividual participant data-analysis (IPD) on endometrial scratching is
aiming to provide more accuracy in the treatment effect, which should
also improve certainty in ICER estimates.

Taken together, we should now focus on determining with more
certainty the clinical effectiveness of endometrial scratching. The IPD
on this topic is well on its way and will soon provide the best available
evidence as to whether scratching improves chances of a live birth but
may be less suitable for a formal cost-effectiveness analysis due to the
lack of long-term follow-up in most trials and due to large variations in
data recording (van Hoogenhuijze et al., 2017a. Next steps will include
determining how society values one additional live birth and whether
the ICER falls below that: based on previous calculations as proposed
by the ESHRE Capri Workshop Group this is estimated to be
~€20000 or £20000 in Western societies (Baird et al., 2015). It could
well be that a single endometrial scratch would result in an ICER be-
low this threshold already at relatively low effectiveness rates, as in
our example a 5% increase in live birth rates resulted in an ICER well
below the €20000. However, costs for IVF/ICSI and scratching vary
between countries (as shown by our UK scenario). A similar clinical ef-
fect could thus have a different economic impact in different countries.
In addition, reimbursement options vary widely, so that the ‘willingness
to pay’ may also be weighted differently. Apart from these
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international variations that may affect decisions on whether or not to
implement scratching into daily practice, we believe that at this mo-
ment it is premature to implement scratching in standard IVF/ICSI
treatment. We should wait until its clinical effectiveness and the associ-
ated economic impact are established.

Furthermore, the current economic evaluation is focussed on a sin-
gle endometrial scratch in the population with one previously failed
IVF/ICSI cycle. If scratching appears to truly improve live birth rates,
other scenarios in terms of timing and frequency of scratching should
be evaluated both clinically and from an economic perspective, as well
as (cost-)effectiveness in different populations.

Conclusion

In a population with one previous failed IVF/ICSI cycle, slightly higher
expenditures but also higher live birth rates were observed in the
scratch group compared to controls. The current uncertainty in both
the clinical effect and the mean costs precludes a definite conclusion
about the acceptability of the expenditure for one additional live birth.
Studies such as the ongoing IPD on endometrial scratching should be
awaited to provide a more precise clinical effect size and subsequently
assess the costs for one additional live birth. As illustrated by the sce-
nario analyses of the UK, country-specific prices and clinical practice
need to be considered before generalizing these results to other
countries.

Supplementary data

Supplementary data are available at Human Reproduction online.

Data availability

Data are available on request.
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