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Objectives: Methodological challenges in the evaluation of medical devices (MDs) may
be different for early and late technology adopter countries, as well as the potential
health technology assessment (HTA) solutions to tackle them. This study aims to provide
guidance to Central and Eastern European (CEE) countries on how to address key
challenges of HTA for MDs with special focus on the transferability of scientific evidence.
Methods: As part of the COMED Horizon 2020 project, a comprehensive list of issues
related to MD HTA were identified based on a targeted literature review. Health technology
assessment issues which pose a greater challenge or require different solutions in late
technology adopter countries were selected. Draught recommendations to address
these issues were developed and discussed in a focus group. The recommendations
were then validated with a wider group of experts, including HTA and reimbursement
decision makers from CEE countries in May and June 2020.
Results: A consolidated list of 11 recommendations were developed in 3 major
areas: (1) clinical value assessment, focusing on the use of joint EU work, relying on
real-world evidence, use of coverage with evidence development schemes, transferring
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evidence from foreign countries and addressing the challenges of learning curve and
centre effect; (2) economic value assessment, covering cost calculation of complex
medical devices and transferability of economic evaluations of MDs; (3) HTA processes,
related to the frequent product modifications and various indications of MDs.
Conclusions: Central and Eastern European countries with limited resources for
conducting HTA, can benefit from HTA methods and evidence generated in early
technology adopter countries. Considering the appropriate reuse of international HTA
materials, late technology adopter countries can still implement HTA, even for MDs, which
have a more limited evidence base compared with pharmaceuticals.
Keywords: medical device (MD), health technology assessement (HTA), methodological challenge, transferability,
value assessment, Central-Eastern Europe (CEE), real world evidence (RWE)

INTRODUCTION

higher opportunity cost for inappropriate, not evidence-based
policy decisions.
Central and Eastern European countries have more
limited financial capacities for health technology assessment,
furthermore, there is lack of sufficient human resources
and expertise due to scarcity of post-graduate programs
(7). Due to the lower market potential related to budget
limitations, manufacturers tend to launch their new MDs later in
CEE than in WE countries, which creates an opportunity
for making use of accessible HTA reports prepared by
influential HTA institutes in early adopter countries of new
health technologies.
While the methodological challenges of WE and CEE
countries in the evaluation of MDs may be similar, potential
HTA solutions may be different due to the abovementioned
reasons. This document focuses on lower income and/or smallsize European countries which are late adopters of medical
devices due to their limited market potential (8), with special
focus on CEE EU member states. Our objectives are (1) to explore
priority issues in conducting HTA for MDs, which are either
specific to CEE countries, or are present in all EU countries but
present greater challenges, or require different solutions in CEE
countries; and (2) to provide guidance to CEE countries on how
to address these challenges of MDs with special focus on the
transferability of scientific evidence.
Given these objectives, this document focuses on HTA
challenges that are more specific to medical devices as compared
with pharmaceuticals. Also, HTA challenges that are equally
relevant, and require similar solutions in early and later
technology adopter countries, are not in our scope. Finally, it is
not our intention to provide recommendations on how priority
setting should be implemented at the national level, including
which MDs should be selected for mandatory HTA prior to policy
decisions and what should be the role of HTA in the pricing and
reimbursement of MDs.
On the other hand, MDs usually subjected to HTA
in the majority of countries are those which can deliver
incremental effectiveness or safety to patients. Therefore, our
recommendations may not be relevant to those decision support
MDs (e.g., shared decision-making tools, digital platforms),
which do not promise direct health gain.

The use of HTA to improve the evidence base of health policy
decisions has been increasing across Europe. In almost all
countries where HTA has been introduced, it is mainly used to
support public coverage decisions of new pharmaceuticals, partly
because the availability of scientific evidence for medicines is
quite substantial compared with other technologies. However,
despite challenges (1), HTA has also been increasingly used to
support coverage decision of MDs, which necessitates specific
methodological guidelines for MDs (2).
Development and improvement of HTA methodologies is
on the top agenda of the European Union (EU). The EU
addressed the topic in several large scale projects financed
through 7th Framework and the Horizon 2020 Research
Programmes: the MedtechHTA project (3) was financed through
7th Framework Research Program, and the ongoing COMED
project is financed through the Horizon 2020 Program. The
COMED (Pushing the boundaries of Cost and Outcome analysis
of Medical Technologies) project has multiple objectives. First,
it aims to improve methods for economic evaluation for
medical devices by addressing most relevant challenges in
HTA of medical devices, second, to investigate health system
performance through analysis of variation in access to medical
technologies across different geographical areas; and finally, to
strengthen the use of economic evaluation of MDs in policy
making (4).
The COMED project put emphasis on extending the current
knowledge on the transferability of HTA methodologies and
reports for MDs especially across countries with different
economic status. This is highly needed, as HTA implementation
roadmaps of higher income Western European (WE) countries
may not be applicable in lower income European countries,
especially in Central and Eastern Europe for several reasons.
The health status of population in Central and Eastern
European (CEE) countries is significantly worse compared
with WE countries (5, 6), which indicates greater demand
for health technologies with substantial incremental health
gain. On the other hand, the availability of public health care
budgets to cover new technologies—including MDs—is more
limited in CEE countries. Therefore, these countries incur a
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MATERIALS AND METHODS

RESULTS

A targeted literature review was conducted in Scopus to identify
a comprehensive list of issues of medical device HTA. A snowball
method was also used to identify further relevant studies among
the references of papers with full text review. The search strategy
used with the date of the search and number of hits are
summarised in Supplementary Material 1.
In a series of iterative brainstorming sessions, the results of
the literature review were discussed with senior experts with
experience in the HTA of MDs. Structured discussion was
conducted about all issues where the experts had to judge which
issues are relevant for European countries which are typically
late adopters of MDs. The relevant issues were selected by
considering certain requirements, such as non-redundancy, nonoverlap and preference independence. Issues that were equally
relevant to all European countries or do not require specific
recommendations in CEE were excluded. The iterative discussion
was continued until all participants agreed with the inclusion of
the specific issue.
The iterative discussions were also used to propose draught
recommendations on how to manage the identified issues.
To provide sufficient details while preserving clarity, each
recommendation had a short form and a detailed description.
The original plan was to refine and validate the draught
list of recommendations in consecutive meetings with senior
international experts. However, in the COVID-19 outbreak
period we had to convert face-to-face meetings to virtual
platforms. Participants to these virtual meetings were identified
in an iterative process exploiting the professional networks of
COMED partners. The main selection criteria were familiarity
with the HTA ecosystem for MDs in late technology adopter
countries with efforts for maintaining balanced geographical
distribution of participants.
In April 2020 the list of issues and draught recommendations
were presented to a small group of HTA experts with
familiarity on national pricing and reimbursement processes
of MDs in CEE countries in a virtual focus group meeting.
After a thorough discussion, the descriptions of issues and
recommendations were improved based on the consensus
of participants.
The recommendations were validated with a wider group
of experts, including HTA and reimbursement decision
makers from CEE countries in May and June 2020. The
validation process started with a webinar to present the issues
and recommendations to a wider group of experts. Then,
participants of the focus group meeting and the webinar
in addition to COMED consortium members were asked
to provide written feedback on draught recommendations.
Finally, a virtual interactive meeting was organised to
discuss the written feedback and facilitate consensus
among participants.
Overall, 31 experts outside from the COMED consortium
representing 14 CEE countries (Bulgaria, Croatia, Czech
Republic, Greece, Hungary, Malta, Poland, Romania, Russia,
Serbia, Slovakia, Slovenia, Turkey and Ukraine) contributed to
the deliberative process.

Targeted Literature Review

Frontiers in Public Health | www.frontiersin.org

A total of 563 records were identified by the literature search.
After removal of duplicates and title-abstract screening, 20
articles were found to be eligible for this review. Integrating with
the 8 extra articles identified by the snowball method, in total, 28
articles qualified for a full-text review, and 19 were considered
eligible for the qualitative synthesis. The numbers of identified,
screened and excluded papers are shown in the flowchart in
Supplementary Material 2.
In the targeted literature review process, 33 issues were
identified with potential relevance for medical device HTA
in late adopter European countries. The 33 issues were
merged and reduced to 9 important issues with special
relevance to CEE countries after iterative brainstorming sessions
(Supplementary Material 3). The 9 issues were grouped to
clinical value assessment, economic value assessment and
HTA process.

Challenges and Recommendations for HTA
of MDs in Late Adopter Countries
Issue 1: Clinical Value Assessment
Challenge 1.1: Lower level of evidence for MDs
Evidence base is relatively limited for the majority of MDs
compared with pharmaceuticals due to several reasons.
Regulatory agencies do not mandate confirmatory efficacy and
safety data on MDs from randomised clinical trials (RCTs)
(1, 9–14). Hence, a substantial proportion of HTA reports
rely on surrogate outcomes in estimating the health gain,
often without proper validation (15). Although the recent EU
regulation (2017/745 of the European Parliament) (16) made
RCTs mandatory for Class IIb and III MDs, it is unforeseen
whether the evidence base of MDs can be increased to the
level of pharmaceutical, partly because blinding and proper
randomisation cannot be implemented for all MDs (2). In several
cases clinical trials for MDs are not adequately powered (i.e.,
sample size is too small) and/or the follow-up period is too
short for performing HTA analysis (15, 17–19). Finally, MDs
are often introduced into clinical practise quickly, especially in
high income countries with great market potential, often even
before the initiation of clinical trials (17). Then, when the MD is
introduced in late adopter CEE countries, it is no longer feasible,
or ethically justifiable to carry out RCTs (17).
Recommendation #1.1.a: Use relative effectiveness and safety
assessment from joint EU work or use rigorous relative
assessment from other jurisdictions. Relative effectiveness and
safety assessments (RESAs) from the joint work of EU member
states should be the starting point for CEE countries to judge
the clinical effectiveness and safety of a MD (20). If this is not
available, rigorous RESAs from other early adopter countries
may be transferred to CEE countries. When relying on results
from other countries, the absolute risk reduction should be
adjusted based on the local baseline risk and uncertainty of
the parameters should be explored with sensitivity analysis.
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Iterative reassessment should be considered when better evidence
becomes available.

Recommendation #1.2: Explore the feasibility of transferring RWE
to late technology adopter countries in a stepwise approach. In
order to overcome the uncertain quality and local relevance
of RWD, a stepwise approach is recommended to explore the
feasibility of transferring international RWE to CEE countries.
The first step should be the systematic search and collection
of potentially relevant RWEs, followed by an evaluation of the
equivalence of technologies presented in the study of origin
and local context. As a result, studies in which the technologies
have no major differences should be channelled into further
assessment. In the next step, the quality of evidence should be
evaluated by using quality assessment tools, such as GRADE
(31, 32), ROBINS-I (33) or the ISPOR initiative on RWE
transparency (34) and include only studies with appropriate
quality for quantitative synthesis (e.g., meta-analysis). As a last
step to guarantee applicability of evidence in local jurisdiction,
use of a transferability checklist [e.g., EUnetHTA Adaptation
Toolkit (35)] should be considered to evaluate the variation
in patient population, medical practise and health systems.
In CEE countries with capacity constraints in the follow-up
care and heterogeneous patient pathways, highly conservative
effectiveness estimates should be applied. On the other hand,
limited variability in the real-world outcomes across centres in
the country of origin indicates less dependence on local factors,
and consequently increased transferability of high-quality RWE
with appropriate comparator can be assumed to late technology
adopter countries.

Recommendation #1.1.b: Rely on real-world evidence, when
evidence from explanatory randomised clinical trials is limited.
If evidence from explanatory RCTs is limited, the best available
evidence should be synthetized with special attention to realworld evidence (RWE) (21). Comparative observational studies,
patient registries or claims databases are examples of real-world
data (RWD) that can produce RWE on the effectiveness and
safety of MDs. However, appropriate methods of bias-adjustment
(e.g. counterfactual effect estimation) need to be applied (22).
RWE from early adopter countries may be transferred to
CEE countries.
Recommendation #1.1.c: Consider coverage with evidence
development, when the scientific evidence from randomised
clinical trials and real-world is premature. A possible solution for
the decision-makers to deal with uncertainty is to apply coverage
with evidence development (CED) schemes in a specified patient
population tracked over a defined period of time under explicit
requirement of further evidence generation, where the level
or continuation of reimbursement is based on the clinical and
economic outcomes achieved. Due to the administrative and
financial burden of implementing CED schemes in countries
with limited resources, they should be applied for MDs in areas
with high unmet medical need and public health priority. CED
schemes from early adopter countries may be transferred to
CEE countries.

Challenge 1.3: Limited transferability of surrogate endpoints
Surrogate endpoints (36) are intended to replace patient/clinical
relevant final endpoints, providing the possibility of using
indirect measurement in cases when direct measurement of
long-term clinical effects is not feasible. However, reliability of
surrogate outcomes in predicting effects on clinically meaningful
outcomes has to be validated, i.e., the treatment effect on a
surrogate endpoint needs to be predictive of the treatment
effect on the final clinical outcomes (15, 37). Due to differences
in populations and health care systems, surrogate outcome
predictions from other jurisdictions may not be directly
transferable to CEE countries without adjustment.

Challenge 1.2: Limited transferability of real-world data and
real-world evidence from foreign countries
Even though RCTs may not reflect the effectiveness of MDs in
the real-world, they still represent the gold standard of evidence
generation for new technologies (23). However, more and more
stakeholders are exploring new areas of evidence generation
based on real-world data since rigour for its collection has
improved and standardisation has been initiated (24). While
RWD can increase the evidence base of health technologies,
RWD cannot completely replace RCTs. For quality assessment
purposes RWD and the derived RWE are virtually inseparable
(25–27). Due to limited availability of efficacy data from
explanatory RCTs and the methodological principles intrinsic
to RCTs (28, 29), the relative weight of RWD in the evidence
generation of MDs is greater compared with pharmaceuticals.
In CEE countries where MDs are introduced in later life
cycle stages, HTA of MDs could be accelerated through adapting
RWD to local jurisdictions. However, CEE countries have limited
power to access the original RWD from other countries (10, 30).
Therefore, transferability assessment cannot focus on RWD, but
on RWE.
It is highly important to note, that RWE is more subject
to local factors compared with protocol driven RCTs, partly
because the benefit of MDs is dependent on capacity constraints
for example in the follow-up care and heterogeneity of patient
pathways. Consequently, transferability of RWE is more limited
than transferability of evidence from RCTs.
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Recommendation #1.3: Reuse internationally validated
surrogate endpoints with extensive sensitivity analyses. Reuse
of internationally validated surrogate endpoints with extensive
sensitivity analyses is highly recommended in countries with
limited HTA resources. The use of surrogates should be limited
to HTAs using the same intervention, class of technology and
comparator as the validation. If modelled to determine costeffectiveness, the uncertainty of the extrapolation of surrogates
to final outcomes should be fully considered.
If the surrogate endpoint is endorsed by major regulatory
agencies (e.g., FDA) or HTA bodies (e.g., NICE, HAS, IQWIG,
CADTH) it should be accepted in the base case scenario.
International predictions for long-term outcomes should be
complemented with extensive sensitivity analysis by considering
a wide range of scenarios based on local factors.
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device. On one hand, the limited number of patients in smaller
centres can limit the ability of individuals to acquire appropriate
competencies, which extends the learning curve preventing
the maintenance of required skills to achieve maximum
performance. On the other hand, large volume and diversity of
services can influence the ability of institutes to exploit maximum
effectiveness of MDs. In this regard, economies of scale in
large specialised centres accelerates the adoption of MDs (42)
and allows institutes to employ more specialised operators and
ancillary staff, which ultimately improves outcomes and reduces
the average cost per case. In larger centres, economies of scope
with broader portfolio of services may improve health outcomes
in complicated cases (e.g., multimorbid patients) by ensuring
access to specialty services.

If major regulatory agencies or HTA bodies have not
endorsed the surrogate outcome, consider the best available
scientific evidence with special focus on surrogates validated by
international clinical societies for local assessment with more
conservative estimation of long-term benefits.

Challenge 1.4: Learning curve
The effectiveness of many MDs depends not only on the device
itself, but also on how it is used (17, 18, 38). A learning curve
is often associated with a MD, as user skills and training with
the new technology can have important implications on clinical
outcomes (1, 2, 13, 29, 39, 40). Central and Eastern European
countries are generally late adopters, so evidence on learning
curves from more developed health systems may be available and
can be adapted for the assessment of a MD in a local context.
On the other hand, health care provision in CEE countries
is traditionally less standardised (i.e., protocol driven) and
due to resource constraints, “ad hoc” solutions are more
considered. During the launch period of new MDs, the support
of manufacturers in providing training or collecting outcomes
data in patient registries is often less intensive in countries with
limited market potential. These factors are expected to contribute
to longer learning curves, which can result in inferior outcome
initially due to incremental safety problems or treatment failures
in CEE compared with more advanced health care systems.

Recommendation #1.5: Consider the relative effectiveness and
safety of MDs in large volume centres with licenced health
care professionals. Since scale and scope of services matter,
primary judgement on the relative effectiveness and safety
of MDs should focus on large volume centres with licenced
health care professionals for a specific device. By introducing
a threshold on a minimum number of patients to be treated
at the institution and individual operator level, limiting the
number of centres and by defining quality standards, the
outcomes variation related to centre effect can be reduced. These
quality assurance tools may be transferred from early adopter
countries. Furthermore, by initiating a medical licencing system,
the maintenance of required expertise can be guaranteed. In
countries with decentralised health care system and small volume
centres, inferior effectiveness should be assumed, especially
where licenced health care professionals for the specific medical
device are not available. Additionally, an HTA model grounded
outcome-based risk sharing system can directly incentivize health
outcome improvement.

Recommendation #1.4: In the introductory period of MDs consider
inferior effectiveness and safety (1) based on learning curves from
other countries (2) and by using Bayesian approach. Learning
curve should be considered in the HTA of MDs. If local
evidence is not available, the transferability of learning curve
results from early adopter countries should be assessed. In
more resource constrained health systems in CEE countries,
differences in the length and shape of learning curves need to
be considered, and sensitivity analysis should be used to assess
different plausible scenarios. Another recommended method to
adjust the expected learning curves is the use of expert opinion
on the magnitude of inferior outcomes due to incremental safety
problems or complication rates in CEE countries, channelled
in the evaluation process using a Bayesian approach with
informative priors. The estimations can be updated once local
evidence is available. Shorter learning curves can be assumed,
if tailor-made manufacturer support is available for the medical
institution, for health care professionals, or for patients (e.g., in
case of self-administered MDs, such as wearables) during the
introductory period.

Issue 2: Economic Value Assessment
Challenge 2.1: Cost calculation of complex medical devices
for cost-effectiveness and budget impact analyses
The price transparency of complex MDs is limited due to
several factors. At first manufacturers of MDs can collect
income through different channels, and the prices for the
equipment, consumables and maintenance depend on strategic
considerations by manufacturers. At health care institutes the
equipment represents fixed costs and booked among capital
costs, while consumables and ad hoc maintenance expenses are
variable costs and booked among operating costs. As the average
cost is dependent on the economies of scale, it is not easy to
calculate the actual cost per intervention of complex MDs with
high upfront costs and unpredictable maintenance costs (43).
In addition, differences in local production functions among
hospitals further increases the variability of actual cost, especially
since resource utilisation within a hospital can also change over
time due to organisational changes and experience of health care
professionals. Finally, cost of necessary initial and continuous
training of health care professionals should also be taken into
account, when calculating the cost per case of complex MDs.
On the other hand, the availability of public health care budgets

Challenge 1.5: Centre effect
Several external factors related to the ability of health care
professionals and institutes can influence the clinical effectiveness
of MDs. National health care systems are organised into different
centres, which obviously differ from each other. The centre
effect should be considered in a hierarchical order, as substantial
variation in provider skills may reside at the individual health
care professional, team or hospital level (13, 18, 41).
The institutional environment like the placement and size of
the centre, has dual impact on outcomes delivered by the medical
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process is recommended. As a first step, a transferability of the
model should be evaluated in particular to local relevance of the
model concept and focusing on comparator, patient pathways
and long-term outcome estimation. After adjusting the model
to local circumstances, the use of country specific costs as a
mandatory step is recommended. This should incorporate local
patient pathways, average resource use in large centres and
local unit cost. During the estimation of health outcome, as
much local data as possible should be included to increase
the relevance of the prediction. Discount rate, time-horizon of
the assessment and other necessary input parameters should be
adjusted according to the local methodological guideline. As a
last step, a comprehensive sensitivity analysis is recommended to
explore the effect of parameter uncertainty.

to cover new technologies—including MDs—is more limited in
CEE countries, and due to less advanced control mechanism,
prices of MDs in CEE countries may even be higher than in more
affluent WE countries.
Recommendation #2.1: HTA for MDs should be considered
primarily for national reimbursement decisions or centralised
procurement by taking into account average expected payments,
rather than actual costs. In countries with limited HTA resources,
HTA for MDs should primarily focus on population level policies
such as national reimbursement or centralised procurement
decisions. To support the evidence base of national decisions,
cost calculations should not depend on non-transparent
price components, provider specific production functions and
economies of scale. Consequently, instead of actual costs, the
payment per case requested by health care providers or paid
by health care payers (e.g., fees or charges) should be used in
economic evaluations and budget impact analyses. If the focus
of the national HTA assessment is the procedure completed by
the MD rather than the MD itself, the payment for the procedure
should be used, which covers costs of the MD, institutional cost
and personnel cost as well.
Due to scarcity of HTA capacities at the local level, MD
procurement decisions by local institutions may not be supported
by full scope HTA reports. Still, decision-makers at local hospitals
should be able to judge whether the payment per case by
health care payers covers their expected local cost per case. This
necessitates return on investment and financial sustainability
calculation, which should be based on actual cost calculations by
taking into account local production functions and economies of
scale. On the other hand, if a CEE country still prefers hospital
based HTA in addition to national assessments, each hospital
should be able to calculate the actual cost of MDs per case
from their own perspective, which may not be transferable to
other hospitals.

Issue 3: HTA Process
Challenge 3.1: Frequent product modifications and
dynamic pricing
Unlike drugs, MDs often undergo several product modifications
over time, which may have an impact on health gain, costs
and patient experience (50). In late technology adopter CEE
countries, often modified versions of MDs are introduced and
have to be evaluated by HTA. In addition, prices of MDs more
often change over time due to the market entry of new products
(17, 39), iterative incremental developments over time (1, 2, 18,
39), and flexible procurement practises (17, 39). This raises the
question of whether and when these small improvements have to
be re-evaluated.
Recommendation #3.1: HTA should not be performed for a
particular version of a MD, but for the group of devices with the
same (or similar) characteristics. Full HTA is needed to support
the initial national reimbursement decision or centralised
procurement of a new MD. However, no HTA (or only fast track
HTA) is necessary if (1) a different manufacturer introduces a
similar MD with non-inferiority and no price increase; (2) the
price of a reimbursed MD is reduced; (3) an improved MD
emerges without price increase. A full HTA is still recommended,
if total cost of the procedures with a modified MD is increased
due to added value. A conservative approach should be followed
when assessing the added clinical value of modified MDs.

Challenge 2.2: Limited transferability of economic evaluation
of MDs
Being late adopters of MDs, CEE countries can potentially rely
on HTA recommendations of early adopter countries. However,
even if a given technology considered cost-effective in a WE
country, it does not justify a positive recommendation in more
resource constrained CEE countries, partly due to differences
in the cost-effectiveness thresholds (44, 45). In addition, the
variability in the incremental cost-effectiveness ratio of health
technologies within different jurisdictions is documented in
several publications (46–48). Therefore, transferring results and
conclusions of an economic evaluation conducted in a higher
income country along with the differences in patient population,
comparator, patient pathways, outcomes, resource utilisation and
unit costs and potential differences in the device itself represents
several challenges (11, 49).

Challenge 3.2: Diverse and numerous clinical indications
of MDs
Several complex medical devices such as radiotherapy, robotic
surgery, imaging diagnostics, can be used for heterogeneous
patient populations in multiple indications. However, in
countries with limited HTA resources it is not possible to conduct
full scope HTA in all different indications.
Recommendation #3.2: Full scope HTA may not be necessary in
each potential indication, cost-effectiveness results in the most
prevalent indications can be generalised to indications with similar
expected health benefits. After exploring all potential indications,
the list should be narrowed to those indications which are
candidates for reimbursement by excluding indications with no
assumed incremental health gain or with low public priority.

Recommendation #2.2: Adapt international economic models from
early technology adopter countries after transferability assessment.
In order to overcome the challenges of economic model
adaptation from early adopter to CEE countries, a stepwise
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TABLE 1 | Consensus recommendations related to selected challenges of medical device HTA in late adopter countries.
Major issues

Summary of challenges and recommendations

1. Clinical value assessment
(effectiveness and safety)

1.1 Lower level of evidence for MDs
- Use relative effectiveness and safety assessment from joint EU work or use rigorous relative assessment from other
jurisdictions
- Rely on real-world evidence, when evidence from explanatory randomised clinical trials is limited
- Consider coverage with evidence development, when the scientific evidence from randomised clinical trials and real-world
is premature
1.2 Limited transferability of real-world data and real-world evidence from foreign countries
- Explore the feasibility of transferring real-world evidence to late technology adopter countries in a stepwise approach
1.3 Limited transferability of surrogate endpoints
- Reuse internationally validated surrogate endpoints with extensive sensitivity analyses
1.4 Learning curve
- In the introductory period of medical devices consider inferior effectiveness and safety (1) based on learning curves from
other countries (2) and by using Bayesian approach
1.5 Centre effect
- Consider the relative effectiveness and safety of medical devices in large volume centres with licenced health
care professionals

2. Economic value assessment (cost
calculation, cost-effectiveness,
budget impact)

2.1 Cost calculation of complex medical devices for cost-effectiveness and budget impact analyses
- HTA for medical devices should be considered primarily for national reimbursement decisions or centralised procurement
by taking into account average expected payments (e.g., fee or charges) rather than actual costs
2.2 Limited transferability of economic evaluation of medical devices
- Adapt international economic models from early technology adopter countries after transferability assessment

3. HTA process

3.1 Frequent product modifications and dynamic pricing
- HTA should not be performed for a particular version of a medical device, but for the group of devices with the same (or
similar) characteristics
3.2 Diverse and numerous clinical indications of medical devices
- Full scope HTA may not be necessary in each potential indication, cost-effectiveness results in the most prevalent
indications can be generalised to indications with similar expected health benefits

MDs, medical devices; HTA, health technology assessment.

As a general recommendation, CEE countries should be
encouraged to contribute to joint work to extend the evidence
base of MDs, including generation of RWE, validation of
surrogate endpoints and exploratory research on learning curves.
The increased participation of CEE centres in international
collaborative research projects can improve the knowledge on
the transferability of scientific evidence related to MDs. CED
schemes should also be considered in CEE, however, further
research is needed on which elements of CED schemes from early
adopter countries are transferable to late adopter countries.
Recommendations given in this report may provide guidance
for policy-makers on how standards for HTA of MDs
should be improved in lower income countries. Although
adaptation of these recommendations should remain in national
competencies, if these proposals are translated into routine
practise, manufacturers will have more clarity on what they need
to deliver to facilitate the market access of their new MDs in
countries with less market potential. Recommendations are not
equally relevant for all different types of MDs.
Ultimately, we hope that applying these recommendations
can lead to better care for patients with greater need for health
improvement in more deprived European countries by reducing
the opportunity cost of inappropriate coverage decisions.
Although in our guidance we focused mainly on lower income
European countries especially in CEE, these recommendations
can be valid to any lower income country outside Europe,

Full scope HTA with detailed cost-effectiveness analysis has to
be conducted in the most prevalent indications. If the MD is
cost-effective in the most prevalent indications, in case of limited
HTA capacities, it is an acceptable compromise to generalise costeffectiveness evidence in the most prevalent indications to other
indications with similar estimated health gain. However, budget
impact analysis is needed for the entire target patient population
eligible for public coverage.
The recommendations described above are summarised in
Table 1.

DISCUSSION
Those European countries which are late adopters of new
technologies usually have more limited resources not only
for covering high-cost innovative technologies from public
resources, but also for conducting HTA to substantiate their
health policy decisions with appropriate evidence base. However,
delays in the uptake of new technologies create an opportunity
to benefit from HTA methods and reports generated in
early technology adopter countries. Therefore, considering the
appropriate reuse of international HTA materials, late technology
adopter countries can still implement HTA, even for MDs, which
have more limited evidence base compared with pharmaceuticals.
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to the parts about coverage with evidence development. OC
and RodT contributed to the parts about surrogate endpoints.
CB contributed the parts related to early assessment of medical
devices. MA contributed to the parts about learning curve.
AT and RosT are the thought leaders of COMED consortium,
supported the transferability exercise throughout the project
with presentations and extensive review of methodological
aspects and draught reports. MN, MH, OM, JY, GP, MH-V,
OP, and LL took part in the validation process, reviewed the
recommendations from their own stakeholder and geographical
perspectives, and commented extensively each manuscript
version. All authors approved the submitted paper.

which are also late adopters of MDs due to their limited market
potential, and also to any small country, which have limited
human and financial resources to support coverage decisions
with HTA evidence.
It should be noted that our recommendations are based
primarily on the opinion of relatively small-sized expert group,
which is the most important limitation of our study. However,
focusing on commonalities and not differences across countries
with highly experienced HTA professionals in the deliberative
process facilitated the replicability of our conclusions. Still, our
recommendations cannot be equally generalizable to all different
categories of MDs. Hence future research, especially at the
national level targeting different types of MDs, should test the
appropriateness of our recommendations, which may necessitate
additional recommendations for specific groups of MDs.
Overall, our guidance should be viewed only as a first step
in a multi-stakeholder dialogue about HTA practises of MDs in
lower income European countries, which can be strengthened by
voluntary regional collaboration in HTA.

FUNDING
This project received funding from the European Union’s
Horizon 2020 research and innovation programme under Grant
Agreement #779306 (COMED—Pushing the Boundaries of
Cost and Outcome Analysis of Medical Technologies). The
results reflect only the authors’ views, and the EU is not
responsible for any use that may be made of the information
it contains.

DATA AVAILABILITY STATEMENT
The original contributions generated in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ACKNOWLEDGMENTS
Contribution of Kagan Atikeler, Dragana Atanasijevic, Veronika
Dóczy, Ramóna Hegyi, Rok Hren, Maria Kamusheva, Katarzyna
Kolasa, Olga Löblova, Gergo Merész, Nuriya Musina, Vitaly
Omelyanovskiy, Piotr Ozieranski, Tünde Péter, Benedetta
Pongiglione, Cristina Rais, Bernardette Rossi, Andrea Székely,
Tomas Tesar, Áron Vincziczki, Vladimir Zah during the online
validation meetings is gratefully acknowledged.

AUTHOR CONTRIBUTIONS
RD-B, SK, AZ, and ZK iteratively designed the study
methodology, developed the initial guidance, reviewed and
edited the materials. RD-B and SK completed on the targeted
literature review. AZ and ZK undertook conceptualisation and
supervised the entire project. MD, OC, RodT, CB, AT, and RosT
developed those recommendations in the COMED consortium,
which had to be addressed from the perspective of CEE countries
interactively with the Syreon team. MD, OC, RodT, CB, and
MA extensively commented each version of the manuscript.
MD contributed to the conceptual aspects from the initial
phase, took major role in the virtual workshops, contributed

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2020.612410/full#supplementary-material

REFERENCES

5. Zatonski W. The east-west health gap in europe-what are the causes? Eur J
Public Health. (2007) 17:121. doi: 10.1093/eurpub/ckm006
6. Karanikolos M, Adany R, McKee M. The epidemiological transition in Eastern
and Western Europe: a historic natural experiment. Eur J Public Health. (2017)
27(Suppl. 4):4–8. doi: 10.1093/eurpub/ckx158
7. Kaló Z, Gheorghe A, Huic M, Csanádi M, Kristensen FB. HTA
implementation roadmap in Central and Eastern European Countries.
Health Econ. (2016) 25(Suppl. 1):179–92. doi: 10.1002/hec.3298
8. World Health Organization. Barriers to Innovation in the Field of Medical
Devices: Background Paper 6 Geneva: World Health Organization. (2010).
Available online at: https://apps.who.int/iris/handle/10665/70457 (accessed
July 9, 2020).
9. Beck A, Retel VP, Bhairosing PA, van den Brekel M, van Harten
WH. Barriers and facilitators of patient access to medical devices in
Europe: a systematic literature review. Health Policy. (2019) 123:1185–98.
doi: 10.1016/j.healthpol.2019.10.002

1. Tarricone R, Callea G, Ogorevc M, Prevolnik Rupel V. Improving the methods
for the economic evaluation of medical devices. Health Econ. (2017) 26(Suppl.
1):70–92. doi: 10.1002/hec.3471
2. Blüher M, Saunders SJ, Mittard V, Torrejon Torres R, Davis JA, Saunders
R. Critical review of european health-economic guidelines for the health
technology assessment of medical devices. Front Med. (2019) 6:278.
doi: 10.3389/fmed.2019.00278
3. MedtecHTA. Methods for Health Technology Assessment of Medical Devices:
a European Perspective (MedtecHTA). (2013). Available online at: www.
medtechta.eu/wps/wcm/connect/site/medtechta/home (accessed July 9,
2020).
4. COMED. Pushing the Boundaries of Cost and Outcome Analysis of Medical
Technologies (COMED). (2018). Available online at: www.comedh2020.eu
(accessed July 9, 2020).

Frontiers in Public Health | www.frontiersin.org

8

January 2021 | Volume 8 | Article 612410

Daubner-Bendes et al.

Medical Device HTA in CEE

28. Bernard A, Vaneau M, Fournel I, Galmiche H, Nony P, Dubernard
JM. Methodological choices for the clinical development of medical
devices. Med Devices (Auckl). (2014) 7:325–34. doi: 10.2147/MDER.
S63869
29. Neugebauer EAM, Rath A, Antoine SL, Eikermann M, Seidel D, Koenen C,
et al. Specific barriers to the conduct of randomised clinical trials on medical
devices. Trials. (2017) 18:360. doi: 10.1186/s13063-017-2168-0
30. Lu N, Xu Y, Yue LQ. Good statistical practice in utilizing real-world data in
a comparative study for premarket evaluation of medical devices. J Biopharm
Stat. (2019) 29:580–91. doi: 10.1080/10543406.2019.1632880
31. Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P, et al.
GRADE guidelines: 4. Rating the quality of evidence–study limitations (risk of
bias). J Clin Epidemiol. (2011) 64:407–15. doi: 10.1016/j.jclinepi.2010.07.017
32. Schünemann HJ, Higgins JPT, Vist GE, Glasziou P, Akl EA, Skoetz N,
et al. Chapter 14: Completing ‘Summary of findings’ tables and grading the
certainty of the evidence. In: Higgins JPT, Thomas J, Chandler J, Cumpston M,
Li T, Page MJ, Welch VA, editors. Cochrane Handbook for Systematic Reviews
of Interventions Version 6. (2019). doi: 10.1002/9781119536604.ch14
33. Sterne JAC, Hernán MA, McAleenan A, Reeves BC, Higgins JPT. Chapter 25:
assessing risk of bias in a non-randomized study. In: Higgins JPT, Thomas J,
Chandler J, Cumpston M, Li T, Page MJ, Welch VA, editors. Cochrane. (2019).
Available online at: www.training.cochrane.org/handbook (accessed July 9,
2020).
34. Berger M, Crown W, Daniel G, Eichler H-G, Goettsch W, Graff J, et al.
Improving Transparency in Non-Interventional Research for Hypothesis
Testing-WHY, WHAT, and HOW: Considerations from The Real-World
Evidence Transparency Initiative. (2019). Available online at: https://www.
ispor.org/docs/default-source/strategic-initiatives/improving-transparencyin-non-interventional-research-for-hypothesis-testing_final.pdf (accessed
July 9, 2020).
35. EUnetHTA. HTA Adaptation Toolkit (Version 5). (2011). Available online
at: https://eunethta.eu/wp-content/uploads/2011/01/EUnetHTA_adptation_
toolkit_2011_version_5.pdf (accessed July 9, 2020).
36. Powers JH, 3rd, Howard K, Saretsky T, Clifford S, Hoffmann S, Llorens L, et al.
Patient-reported outcome assessments as endpoints in studies in infectious
diseases. Clin Infect Dis. (2016) 63(Suppl. 2):S52–6. doi: 10.1093/cid/
ciw317
37. Grigore B, Ciani O, Dams F, Federici C, de Groot S, Möllenkamp M,
et al. Surrogate endpoints in health technology assessment: an international
review of methodological guidelines. Pharmacoeconomics. (2020) 38:1055–70.
doi: 10.1007/s40273-020-00935-1
38. Tarricone R, Torbica A, Drummond M, MedtecHTA Project Group.
Key recommendations from the MedtecHTA project. Health Econ
(United Kingdom). (2017) 26:145–52. doi: 10.1002/hec.3468
39. Rothery C, Claxton K, Palmer S, Epstein D, Tarricone R, Sculpher
M. Characterising uncertainty in the assessment of medical devices and
determining future research needs. Health Econ. (2017) 26(Suppl. 1):109–23.
doi: 10.1002/hec.3467
40. Varabyova Y, Blankart CR, Schreyogg J. The role of learning in health
technology assessments: an empirical assessment of endovascular aneurysm
repairs in German Hospitals. Health Econ. (2017) 26(Suppl. 1):93–108.
doi: 10.1002/hec.3466
41. Cook JA, Ramsay CR, Fayers P. Statistical evaluation of learning curve
effects in surgical trials. Clin Trials. (2004) 1:421–7. doi: 10.1191/1740774504
cn042oa
42. Hatz MH, Schreyogg J, Torbica A, Boriani G, Blankart CR. Adoption decisions
for medical devices in the field of cardiology: results from a european survey.
Health Econ. (2017) 26(Suppl. 1):124–44. doi: 10.1002/hec.3472
43. Bisschop A, van Tulder MW. Market approval processes for new types of
spinal devices: challenges and recommendations for improvement. Eur Spine
J. (2016) 25:2993–3003. doi: 10.1007/s00586-016-4606-1
44. Woods B, Revill P, Sculpher M, Claxton K. Country-level cost-effectiveness
thresholds: initial estimates and the need for further research. Value Health.
(2016) 19:929–35. doi: 10.1016/j.jval.2016.02.017
45. Skoupá J, Annemans L, Hájek P. Health economic data requirements
and availability in the European Union: results of a survey among
10 European Countries. Value Health Reg Issues. (2014) 4:53–7.
doi: 10.1016/j.vhri.2014.06.003

10. Ciani O, Wilcher B, Blankart CR, Hatz M, Rupel VP, Erker RS, et al.
Health technology assessment of medical devices: a survey of non-European
Union Agencies. Int J Technol Assess Health Care. (2015) 31:154–65.
doi: 10.1017/S0266462315000185
11. Drummond M, Griffin A, Tarricone R. Economic evaluation for
devices and drugs–same or different? Value Health. (2009) 12:402–4.
doi: 10.1111/j.1524-4733.2008.00476_1.x
12. Fuchs S, Olberg B, Panteli D, Perleth M, Busse R. HTA of medical devices:
challenges and ideas for the future from a European perspective. Health Policy.
(2017) 121:215–29. doi: 10.1016/j.healthpol.2016.08.010
13. Schnell-Inderst P, Mayer J, Lauterberg J, Hunger T, Arvandi M, ConradsFrank A, et al. Health technology assessment of medical devices: what
is different? An overview of three European projects. Zeitschrift fur
Evidenz, Fortbildung und Qualitat im Gesundheitswesen. (2015) 109:309–18.
doi: 10.1016/j.zefq.2015.06.011
14. Tarricone R, Torbica A, Ferré F, Drummond M. Generating appropriate
clinical data for value assessment of medical devices: what role does
regulation play? Expert Rev Pharmacoecon Outcomes Res. (2014) 14:707–18.
doi: 10.1586/14737167.2014.950233
15. Ciani O, Wilcher B, van Giessen A, Taylor RS. Linking the regulatory
and reimbursement processes for medical devices: the need for
integrated assessments. Health Econ (United Kingdom). (2017) 26:13–29.
doi: 10.1002/hec.3479
16. Regulation (EU) 2017/745 of the European Parliament and of the Council of
5 April 2017 on medical devices, amending Directive 2001/83/EC, Regulation
(EC) No 178/2002 and Regulation (EC) No 1223/2009 and repealing Council
Directives 90/385/EEC and 93/42/EEC (2017). Available online at: http://data.
europa.eu/eli/reg/2017/745/oj (accessed November 9, 2020).
17. Sorenson C, Tarricone R, Siebert M, Drummond M. Applying health
economics for policy decision making: do devices differ from drugs? Europace.
(2011) 13(Suppl. 2):ii54–8. doi: 10.1093/europace/eur089
18. Gelijns AC, Russo MJ, Hong KN, Brown LD, Ascheim DD, Moskowitz AJ.
Dynamics of device innovation: implications for assessing value. Int J Technol
Assess Health Care. (2013) 29:365–73. doi: 10.1017/S0266462313000561
19. Schnell-Inderst P, Hunger T, Conrads-Frank A, Arvandi M, Siebert U. Ten
recommendations for assessing the comparative effectiveness of therapeutic
medical devices: a targeted review and adaptation. J Clin Epidemiol. (2018)
94:97–113. doi: 10.1016/j.jclinepi.2017.09.022
20. Németh B, Kaló Z. European cooperation in health technology
assessment implementation: the perspective of Central and Eastern
European countries. J Comp Eff Res. (2020) 9:599–602. doi: 10.2217/cer2020-0062
21. Berger ML, Sox H, Willke RJ, Brixner DL, Eichler HG, Goettsch W, et al.
Good practices for real-world data studies of treatment and/or comparative
effectiveness: recommendations from the joint ISPOR-ISPE Special Task Force
on real-world evidence in health care decision making. Pharmacoepidemiol
Drug Saf. (2017) 26:1033–9. doi: 10.1002/pds.4297
22. Tarricone R, Boscolo PR, Armeni P. What type of clinical evidence
is needed to assess medical devices? Eur Respir Rev. (2016) 25:259–65.
doi: 10.1183/16000617.0016-2016
23. Hariton E, Locascio JJ. Randomised controlled trials—the gold standard
for effectiveness research: study design: randomised controlled trials. BJOG.
(2018) 125:1716. doi: 10.1111/1471-0528.15199
24. Khosla S, White R, Medina J, Ouwens M, Emmas C, Koder T,
et al. Real world evidence (RWE)—a disruptive innovation or the quiet
evolution of medical evidence generation? F1000Research. (2018) 7:111.
doi: 10.12688/f1000research.13585.1
25. Berger M, Daniel G, Frank K, Hernandez A, McClellan M, Okun S,
et al. A Framework for Regulatory Use of Real-world Evidence. (2017).
Available online at: healthpolicy.duke.edu/sites/default/files/atoms/files/rwe_
white_paper_2017.09.06.pdf (accessed July 9, 2020).
26. Food and Drug Administration. Framework for FDA’s Real-World Evidence
Program. (2018). Available online at: www.fda.gov/media/120060/download
(accessed July 9, 2020).
27. Mahendraratnam N, Silcox C, Mercon K, Kroetsch A, Romine M, Harrison N,
et al. Determining Real-World Data’s Fitness for Use and the Role of Reliability.
(2019). Available online at: https://healthpolicy.duke.edu/sites/default/files/
u31/rwd_reliability.pdf (accessed July 9, 2020).

Frontiers in Public Health | www.frontiersin.org

9

January 2021 | Volume 8 | Article 612410

Daubner-Bendes et al.

Medical Device HTA in CEE

Conflict of Interest: RD-B, SK, AZ, and ZK were employed by Syreon Research
Institute. MH is self-employed in HTA/EBM Consulting Centre and has not
received any remuneration of funding from the COMED project, nor has any
commercial or financial relationship that could be construed as a potential conflict
of interest.

46. Barbieri M, Drummond M, Willke R, Chancellor J, Jolain B, Towse A.
Variability of cost-effectiveness estimates for pharmaceuticals in Western
Europe: lessons for inferring generalizability. Value Health. (2005) 8:10–23.
doi: 10.1111/j.1524-4733.2005.03070.x
47. Vemer P, Rutten-van Mölken MP. Crossing borders: factors affecting
differences in cost-effectiveness of smoking cessation interventions
between European countries. Value Health. (2010) 13:230–41.
doi: 10.1111/j.1524-4733.2009.00612.x
48. Sculpher MJ, Pang FS, Manca A, Drummond MF, Golder S, Urdahl
H, et al. Generalisability in economic evaluation studies in healthcare:
a review and case studies. Health Technol Assess. (2004) 8:iii–iv, 1–192.
doi: 10.3310/hta8490
49. Drummond M, Augustovski F, Kalo Z, Yang BM, Pichon-Riviere A, Bae
EY, et al. Challenges faced in transferring economic evaluations to middle
income countries. Int J Technol Assess Health Care. (2015) 31:442–8.
doi: 10.1017/S0266462315000604
50. Drummond M, Tarricone R, Torbica A. Incentivizing research into the
effectiveness of medical devices. Eur J Health Econ. (2016) 17:1055–8.
doi: 10.1007/s10198-016-0820-3

Frontiers in Public Health | www.frontiersin.org

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.
Copyright © 2021 Daubner-Bendes, Kovács, Niewada, Huic, Drummond, Ciani,
Blankart, Mandrik, Torbica, Yfantopoulos, Petrova, Holownia-Voloskova, Taylor,
Al, Piniazhko, Lorenzovici, Tarricone, Zemplényi and Kaló. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

10

January 2021 | Volume 8 | Article 612410

