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Abstract
This study outlines the ways in which different health technology assessment (HTA)
organizations deal with uncertainty in relative effectiveness assessments (REAs), using
the GRADE framework as a common reference. Guidelines regarding REA and uncertainty
assessment methods and three most recent HTA reports (as of April 2020) of seven HTA
organizations in Germany, England and Wales, France, the Netherlands, Europe
(EUnetHTA), the USA, and Canada were included. First, it was analyzed how each
organization addressed uncertainty on the following levels of evidence: (i) individual
studies, (ii) body of evidence for one outcome, (iii) body of evidence across all outcomes,
and (iv) added net benefit. Second, the extent to which HTA organizations considered the
eight domains of certainty of evidence defined by GRADE was assessed. For individual
studies, checklists were the most common approach to express uncertainty (4/7
organizations). Uncertainty in the body of evidence for all outcomes and in added benefit
was combined in a single conclusion by five organizations. All organizations reported on
at least 4/5 downgrading domains of GRADE, while the three upgrading domains were
reported less. The operationalization of the assessment of multiple domains was unclear
due to vague or absent guidelines. HTA organizations consider most domains of the
GRADE framework, but approaches to assess uncertainty within REAs on different levels
of evidence differ substantially between organizations. More alignment and guidance on
the best methods to deal with uncertainty within HTA could lead to more clarity for
stakeholders and to more aligned reimbursement recommendations.

Introduction

In order to benefit from approved drugs, patients usually require drugs to be reimbursed by
publicly funded healthcare systems. Funding of drugs often follows a positive recommendation
by a health technology assessment (HTA) organization. HTA bodies perform at least a relative
effectiveness assessment (REA) compared with existing care standards (comparators), and
sometimes also incorporate other aspects in their evaluations, for example, cost-effectiveness
assessments (CEA). REAs reach an at least ordinal outcome that can inform pricing and reim-
bursement on a national level (1–3). Each HTA organization has its own set of preferred meth-
ods and processes and codifies its conclusions in different ways. Although HTA bodies follow
evidence-based medicine (EBM) principles and endorse international frameworks assisting
evidence assessment and decision-making [e.g., the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) framework], the criteria considered,
and the weight attributed to each of them may vary widely (2;4).

Uncertainty in the effects of interventions is one such criterion, whose management varies
not only between HTA bodies but within them as well and could be one possible explanation
for discrepancies between HTA recommendations (5;6). These discrepancies have sparked the
discussion for the implementation of more structured methodologies like Multi-Criteria
Decision Analysis in various settings (7;8). However, even in these state-of-the-art methodol-
ogies, addressing the various types of uncertainty remains a major challenge (9).

The modern regulatory environment—with the availability of less clinical data at authori-
zation (e.g., in the case of a conditional marketing authorization)—entails that decisions must
be made with less confidence that the estimates regarding relative effectiveness are correct, that
is, with less certainty (1;10–13). As a result, the way that (un)certainty is defined, compre-
hended, assessed, appraised, and expressed by HTA bodies is of great importance in the reim-
bursement decision-making process.
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Within REAs, various terms are used to express (un)certainty
from “strength or quality of evidence" to “confidence in the esti-
mates” or the most recent “certainty of evidence” in the guidelines
of the GRADE framework (14). GRADE has introduced and is
building upon a holistic view toward the evaluation of the cer-
tainty of evidence. The framework is widely used and recognized
worldwide (15). Other entities like the U.S. Preventive Services
Task Force (USPSTF) or the Agency for Healthcare Research
and Quality (AHRQ) refer to the same concept and use similar
or identical domains with similar terminology, like “strength of
evidence” (16;17).

It is currently unclear how different HTA organizations evalu-
ate uncertainty within their REAs. This study therefore aims to
outline the ways in which different HTA agencies evaluate and
express uncertainty in drugs’ relative effectiveness and to analyze
commonalities and differences, using the GRADE framework as a
common reference.

Methods

Inclusion of Jurisdictions

Pharmaceutical markets from Northwest Europe and North
America with HTA guidelines publicly available through Web
sites in English were selected. This led to the selection of the fol-
lowing seven HTA jurisdictions: Germany (Institute for Quality
and Efficiency in Health Care—IQWiG), England and Wales
(National Institute for Health and Clinical Excellence—NICE),
France (High Authority for Health—HAS), the USA (Institute
for Clinical and Economic Review—ICER), the Netherlands
(National Health Care Institute—ZIN), Canada (Canadian
Agency for Drugs and Technologies in Health—CADTH), and
Europe as a whole (European Network for Health Technology
Assessment—EUnetHTA). It was already known to the authors
that ZIN used the GRADE framework and that EUnetHTA
endorsed it. However, it was decided not to actively exclude
these jurisdictions from the sample but include them in order
to determine whether their guidelines indeed clearly reported
used methods and the role of GRADE.

Included Data

To assess the methods employed by the different HTA organiza-
tions, we aimed to analyze and compare the role that uncertainty
played within their REAs, based on publicly available guidelines
and a set of three assessment reports per organization.
Guidelines in this paper are defined as documents that describe
the processes and methodologies used by the different
organizations.

Regarding the guidelines, we included those published by the
agencies regarding clinical evaluation or REA methods. The
guidelines were searched for on the Web sites of the agencies.
In the case of multiple complementary guidelines, each was
included. Guidelines not (fully) available in English were trans-
lated through Google Translate.

Regarding the assessment reports, the practical application of
the guidelines in each organization’s REA processes was evaluated
by assessing three recently published REA reports. The three most
recent reports from the date of retrieval (April 2020) that were
available in English were selected. Conclusions on the certainty
of evidence were searched for in the relevant relative effectiveness
chapters of the assessments, the approaches were compared with

those stated in the guidelines, and deviations were recorded.
Supplementary Appendix 1 reports the included assessment
reports per jurisdiction.

In order to verify that all relevant guidelines had been included
and that the interpretation of the guidelines and assessment
reports was correct, we contacted the HTA bodies under research.
We received comments from all assessed HTA organizations
except from HAS.

Analysis

Different HTA organizations have different names for the “cer-
tainty of evidence.” Similarly, certainty and its antonym, uncer-
tainty, may be used interchangeably. These names are reported
within the results section that describes approaches of each orga-
nization, but in this study, we further use only the term certainty
of evidence.

From the guidelines and assessment reports retrieved for each
HTA organization, profiles were established that clarified each
organization’s approach to expressing the certainty of evidence
within their REA procedure. These profiles aimed to provide a
narrative description of the employed methods, thereby providing
inputs for three analyses:

First, a qualitative discussion of the role that each HTA orga-
nization assigns to uncertainty within their REAs. This discussion
included whether the evaluation of uncertainty is explicitly men-
tioned as a goal of the REA.

Second, an assessment of the evaluation of uncertainty on dif-
ferent levels of evidence. The following four levels of evidence
were defined, where the certainty of evidence can be assessed:

(1) individual studies, which refers to certainty of individual
studies;

(2) body of evidence for one outcome, which refers to multiple
studies that constitute the body of evidence for one outcome;

(3) body of evidence across all outcomes, which refers to multiple
studies (body of evidence) across all outcomes; and

(4) added benefit, which refers to the final verdict on added net
health benefit versus a comparator, balancing all benefits and
harms.

Third, we assessed the extent to which HTA organizations
aimed to consider each of the domains of uncertainty of the
GRADE framework. The GRADE framework was used as a com-
mon reference in order to make comparisons across HTA organi-
zations (14). The certainty of evidence term used by GRADE
includes eight domains that affect its grading of the uncertainty.
In the GRADE framework, these domains affect the certainty
grading either downward (five domains) or upward (three
domains) on a four-level scale (very low, low, moderate, and
high) via fixed but flexible relationships that allow for structured
assessments. More information can be drawn from Table 1. More
information on the GRADE approach can be retrieved from
Supplementary Appendix 2.

For this third analysis, it was reported for each of the HTA
organizations which domains of GRADE they considered in
their assessments. Five categories were used to report how each
domain was addressed within REAs of HTA organizations. The
first stated whether the domain was considered as part of the cer-
tainty of evidence grading (called “Considered as part of certainty
grading”), the second whether it was addressed separately (called
“Considered separately”), the third whether it was reported to be
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considered but the operationalization was unclear (called
“Considered but operationalization unclear”), the fourth when
the domain was explicitly not considered (“Not considered”),
and the fifth when nothing was reported regarding the domain
(“Not reported”).

Results

The Role of Uncertainty within Each Organization’s REA
Process

In the guidelines of IQWiG, certainty is explicitly stated as a goal
of the REA process, with the relevant guidelines giving a clear pic-
ture on the approach that IQWiG pursues. EBM guidelines are
followed, and special reference is made to the GRADE framework
as an example of these. Quantitative and qualitative certainty is
being assessed on a three-level scale for the individual study
level. The assessment of uncertainty is among others referred to
as the “certainty of conclusions.” Uncertainty both for one and
across all outcomes is reported based on a different three-level
scale in combination with the magnitude of added benefit (hint,
indication, proof + magnitude of added benefit), or none of
these three certainty ratings apply (in the case of a lack of data
or when none of the other conclusions can be drawn). The con-
clusion for certainty across all outcomes already includes a

balance between benefits and harms and as a result serves as
the same to that of added benefit (18).

In the HAS guidelines regarding the assessment and appraisal
of drugs for reimbursement purposes, assessing certainty is not
explicitly stated as a goal of the REA process. HAS introduced
its own, custom evidence assessment framework in a document
nonspecific to the pricing and reimbursement processes of medic-
inal products (19). Terminologies that are used are “quality of
research evidence” and “level of proof.” In the HAS framework,
uncertainty is explicitly assessed on scales both for the individual
studies (low, intermediate, strong) and body of evidence (4, 3, 2,
1) level, without however making any distinction between one or
across all outcomes. It should be noted that special reference to
uncertainty is made in lower (added) benefit ratings (20), both
in the guidelines and the assessments included in this study.
That is to say that a low (added) benefit grade may imply a low
magnitude of added benefit as well as uncertainties identified in
the evidence. Reference to the scales is not made in recent guide-
lines of the HAS “Transparency Committee” or in recent assess-
ments (20).

In the NICE HTA process, the available evidence is synthesized
in a systematic review, following the extensive and publicly avail-
able guidance provided by the University of York (21).
Terminologies used by NICE are “quality of the relevant clinical
effectiveness evidence” and “critical appraisal.” The quality

Table 1. The GRADE domains for rating the certainty of evidence (with higher levels expressing more certainty), the direction of effect of each domain,
and the magnitudes of effect.

More details on the GRADE approach are provided in Supplementary Appendix 2.
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assessment of evidence in technology appraisals (nonspecific to
pharmaceuticals) should be a part of the systematic review (22).
In their user guide for the Single Technology Appraisal (STA)
process (23), a checklist is cited containing the minimum criteria,
which should be considered per study for all appraised technolo-
gies. Based on the assessments included, it is indicated that uncer-
tainty is referred to in a narrative way for the body of evidence
level. Finally, uncertainty may be implied in the final recommen-
dation in cases of, for example, “only in research” conclusions,
where at the time-point of appraisal there is not enough clinical
evidence. The above should be viewed alongside the general per-
spective of NICE of considering clinical effectiveness simultane-
ously with cost-effectiveness (22).

For ZIN, the estimation of the certainty is stated as a major
goal of the REA process, alongside the estimation of the magni-
tude of benefit (24;25). Terminologies used are “the probability
of the effect” and the “quality of evidence.” The probability of
the effect is assessed based on the GRADE approach whenever
possible. On the individual study level, checklists are used,
based on EBM literature. GRADE evidence profiles (tables
expressing the certainty of evidence on a per outcome basis) are
produced whenever possible. This was also verified by recent
REA reports, where two out of the three reports included followed
GRADE minutely. The one assessment report not reporting
uncertainty based on the GRADE framework was performed in
the context of a transnational initiative (BeNeLuxA). Narrative
approaches express uncertainty on an added benefit level (24).

EUnetHTA states that assessing the certainty of evidence is one
of the two goals of the clinical effectiveness domain of the HTA
Core Model, alongside an assessment of the magnitude of
added benefit (26). A general preference for the GRADE
approach is expressed, without this being binding.
Terminologies used are the “certainty of the evidence,” the “qual-
ity of evidence,” and the “level of evidence.” The methods regard-
ing the assessment of the individual domains contributing to
uncertainty are further described in extensive guidelines sepa-
rately (27–30). These methods are borrowed from the approaches
of various international frameworks depending on the domain,
including AHRQ, GRADE or Cochrane, and mainly concern a
per study approach. Risk of bias, external validity, and directness
of evidence, which correspond to the separate guidelines men-
tioned above, are appraised in separate chapters in the assess-
ments included, mainly on a per study basis. A narrative
reflection on the available evidence is presented in the
“Conclusions” section of the REA, based on the assessments
included. EUnetHTA assessments principally do not draw con-
clusions regarding the added benefit (31).

ICER explicitly states certainty as being a primary goal along-
side establishing the magnitude of added benefit. The terminolo-
gies used by ICER include the “level of certainty in the evidence.”
The assessment of the certainty of evidence is based on multiple
guidance documents (AHRQ, USPSTF, and GRADE). Based on
the assessments included in this study, the USPSTF scale is
used for assessing the Risk of Bias on a per study basis. Explicit
provisions regarding assessing and reporting uncertainty on the
individual or the body of evidence level were not identified. The
“ICER Matrix” allows for systematic reporting of certainty on
the added benefit level. However, the certainty rankings within
the ICER Matrix have a purposely unconstrained relationship
with the uncertainty domains, and their influence is completely
left to the assessors’ judgment, on an ad hoc basis, followed by
transparent reporting (32). The ICER matrix is comprised of

two axes: an x-axis of ascending “comparative net health benefit”
and a y-axis of ascending “level of certainty in the evidence.”
When making conclusions on overall net benefit, ICER assigns
a “joint rating” (consisting of a letter and possibly a +/− symbol)
that corresponds to a predefined space on the ICER matrix and
gives information both for the magnitude of added benefit as
well as the certainty surrounding it (32).

Finally, for CADTH, uncertainty assessment is part of the drug
REA process, in the critical appraisal of evidence chapters (33).
The terminologies used by CADTH include the “strength of the
body of evidence” and the “critical appraisal.” CADTH does not
explicitly use checklists nor GRADE. Instead, an annotated tem-
plate is used for evaluating uncertainty in individual studies and
on an individual outcome and across all outcomes levels. A nar-
rative reflection on the available evidence is presented in the dis-
cussion and conclusion sections of the REA. Guidelines referring
specifically to uncertainty are not publicly available. Last but not
least, it is worth noting that in their final recommendations, and
more specifically in the “reimburse with conditions” recommen-
dation, uncertainty can be implied in a way similar to the “only
in research” recommendation of NICE or low (added) benefit rat-
ings of HAS. Detailed profiles of all HTA jurisdictions can be
found in Supplementary Appendix 1.

The Levels of Evidence at Which Certainty Is Assessed

A summary of the approaches for evaluating uncertainty on the
different levels of evidence can be found in Table 2. For individual
studies, most organizations use a checklist or some sort of tem-
plate to evaluate and express uncertainty. On the three evidence
levels that include a body of evidence, uncertainty is either
expressed on a scale or narratively. Of note, the organizations
that provide an uncertainty rating on a scale usually complement
that rating with a narrative discussion of uncertainty.

Domains of GRADE Addressed

Table 3 shows for each of the domains of GRADE whether it is
evaluated in the REAs of HTA organizations. Most of the
domains defined by GRADE are also addressed by HTA organi-
zations. The relationship of the domains to the certainty of evi-
dence grading is however rarely fixed in a way such as it is for
GRADE, either purposefully or at least it is not reported. For
instance, ICER explicitly states that different domains may play
a larger or smaller role on the final certainty rating in the ICER
Matrix. On the other hand, IQWiG implements a more restrained
approach, having a priori defined, for example, the role that the
number of studies or direction of results might have in the cer-
tainty of conclusions (see Supplementary Appendix 1). No
domains were found that were explicitly not considered by
HTA organizations, but for several organizations, nothing was
reported about some domains.

Discussion

Summary of Results

Most of the studied HTA bodies state assessment of uncertainty to
be one of the main goals of REAs, next to establishing the mag-
nitude of added net benefit. All of the included organizations
assess uncertainty based on EBM standards on multiple levels
of evidence. The specific levels of evidence at which uncertainty

4 Rick A. Vreman et al.

https://doi.org/10.1017/S026646232100177X Published online by Cambridge University Press

https://doi.org/10.1017/S026646232100177X


(and added benefit) is assessed differ between organizations, and
the measures to express uncertainty are equally different (check-
lists, scales narrative). Most of the uncertainty domains as defined
by the GRADE approach were covered. The less reported domains
were the three upgrading domains and publication bias out of the
downgrading domains.

Implications of Findings

All guidelines of the studied HTA bodies praise transparency in
reporting their rationale during the decision-making process.
However, the operationalization of uncertainty assessment into
the processes of organizations is frequently unclear, as has been
previously reported (6), while guidelines vary widely in structure
and clarity when it comes to specifications regarding uncertainty
assessment.

In most organizations, there was no predefined relationship of
uncertainty rankings with the domains or components that con-
tribute to uncertainty, contrary to the GRADE approach where
the domains are operationalized in a way that they can operate
independently by judgments on one domain leading to rating
down or combined judgments (e.g., imprecision and inconsis-
tency) that lead to lowering the certainty by one or more levels.
This could be a possible explanation why the weight attributed
to various uncertainty components may be unclear, even within
one specific HTA organization (5;34). Taking into account the
varied picture across jurisdictions, one could hypothesize that
this diversity would multiply when the picture is viewed across
various organizations.

Τhis study further reveals some interesting findings regarding
the terminology used to communicate concepts of uncertainty:
similar words may often be used to describe either identical or
closely related concepts, which may however essentially differ.
The quality of research evidence (used by HAS, including four

domains, see the black circles in Table 3) and the quality of evi-
dence (used by ZIN, including all eight domains) are only some
examples of similar terms expressing closely related concepts
that vary in their level of complexity. Similarly, there are cases
where different terms are used to refer to an identical concept.
These discrepancies re-emphasize the lack of a common philoso-
phy previously reported in the HTA environment (5;6).

More systematic research on the possible sources of the mixed
picture observed in this study could provide useful insights, as
some may be informed by true national preferences while other
differences may simply be a result of the gradual development
of uncertainty assessment in each jurisdiction without a universal
theoretical basis grounded in generic risk science (35).
Nevertheless, even though differences are evident, all HTA orga-
nizations emphasize the relevance of uncertainty assessments and
the incorporation of qualitative reflection next to numerical esti-
mations and probabilities.

Future Outlook

The inconsistencies revealed in this study could at least partly be
resolved by providing more structured and broader guidelines that
offer a holistic approach to uncertainty. A useful addition could
be that of defining more clearly the effects that various uncer-
tainty components have on the conclusions of uncertainty in
the different levels of evidence, without that meaning that an algo-
rithmic approach is encouraged. The results further indicate that
guidelines on uncertainty assessment and expression could bene-
fit from being better defined and structured. Pre-specifying struc-
ture and wording preferences, as is the case for NICE in their
“guidelines” process (36), when the expression of uncertainty is
based on a narrative approach could prevent misinterpretations
caused by the ambiguity of language (37).

Table 2. Levels of evidence and methods of expressing uncertainty in relative effectiveness assessment
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The role of GRADE should be highlighted. It offers a platform
to systematically reflect, discuss, and conclude on aspects relevant
to the certainty of evidence that arise during decision-making in
HTA, in particular when its tools such as the GRADEpro app
are used to perform the assessment. GRADE is not the only tool
to assess uncertainty, and as the results have shown, various
HTA organizations have used other tools next to GRADE to
inform the construction of their own uncertainty assessment pro-
cess. Other well-established tools include the one of the
Evidence-based Practice Center (EPC) program—but this tool is
based on GRADE principles and contains similar domains—and
that of the USPSTF, which includes the domains research design,
internal validity, applicability, precision, consistency, and additional
factors. These domains essentially match the GRADE domains,
although GRADE combines research design and execution in a sin-
gle domain (risk of bias) and uses slightly different terminologies
(applicability is called indirectness, precision is imprecision, consis-
tency is inconsistency). The large congruency between different
tools (even those that were developed independently of each
other) is an indication that each of these tools really does cover
the most important domains. This is reassuring because a limita-
tion of our approach to use GRADE as a common reference is
that we did not capture any domains that would fall outside the
scope of GRADE. However, larger discrepancies are noted within
the upgrading domains of GRADE. These are not included within
the USPSTF method and also our results indicate that now all HTA
organizations systematically address these domains. This begs the
question whether HTA organizations might need to advance

their methods or that these domains are simply not relevant to
all HTA organizations. There is no clear-cut answer to this ques-
tion, but the endorsement of EUnetHTA of GRADE establishes
at least in principle that these domains are found to be relevant
to some extent by HTA organizations. The benefit of having a com-
mon method is that it provides the shared philosophy and language
and that it promotes consistency between and within jurisdictions
(whether it would be GRADE or another method). The restrained
preference toward the GRADE approach provided by EUnetHTA is
an important step for reaching a unified solution for uncertainty
assessment. EUnetHTA is working on a new statement regarding
the use of GRADE, which may be helpful in international align-
ment on the assessment of uncertainty (38).

Further research into performed assessments and the evaluation
of uncertainty within them could provide an interesting basis for
comparisons across HTA jurisdictions and could give valuable
insights on aspects such as jurisdictions’ relative risk willingness.

Limitations

This study has several limitations. A limited set of countries has
been selected in order to eliminate language and reporting issues.
Practices within Western-European and North-American coun-
tries do not necessarily reflect the practices employed by other
countries. The conclusions of this study therefore do not neces-
sarily apply to other jurisdictions, although it may be expected
that discrepancies in approaches to handling uncertainty will be
similar or greater due to the absence of systematic approaches

Table 3. Domains included in the certainty of evidence evaluations by HTA organizations

aZIN uses the GRADE framework and refers to all its domains in their guidelines. However, publication bias was not found to be reported in the recent reports included in the
study.
bEUnetHTA urges assessors to use the GRADE approach. However, they have also developed separate guidelines for various of the domains.
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within some of the excluded countries. Especially the upgrading
domains of GRADE were not considered by all HTA organiza-
tions, even more variability in these domains might be expected
for organizations that fell outside our inclusion criteria. The
review of guidelines as a method is not without its limitations.
Guidance documents are essentially provisions that practical
work could deviate from. The level of detail, structure, and consis-
tency of guidelines significantly vary across jurisdictions. Three
recent REA reports were therefore included for every jurisdiction
to offer complementary information and validate the implemen-
tation of guidelines in practice, and the organizations themselves
were consulted. Nevertheless, a larger assessment report sample
followed by systematic analysis could shed more light on the
approaches of HTA organizations on uncertainty in practice.
We used GRADE as a method to compare all other methods.
This implies that aspects not covered by GRADE fall outside of
the scope of our assessment and therefore may not have been
included in the comparison. We are somewhat reassured by the
fact that other evidence grading tools cover essentially the same
downgrading domains, which would be an indication that it is
not highly likely that other aspects related to uncertainty would
be assessed, but it can nevertheless not be excluded that some
HTA organization assesses an aspect that we did not capture.
Our study focused on pharmaceuticals but most of the HTA orga-
nizations also assess other technologies. Guidelines are sometimes
not specific for pharmaceuticals. GRADE may play a different role
within assessments of other technologies than the one it plays for
pharmaceuticals; therefore, our results apply to drugs only.

Conclusions

Approaches to assess uncertainty within REAs on different levels
of evidence differ substantially between HTA organizations. The
expression of uncertainty varies from structured (explicit, check-
lists, or scales) to freer approaches (implicit, narrative).
Discrepancies in the uncertainty domains evaluated demonstrate
a lack of a universal definition on the certainty of evidence.
More alignment and guidance on the best methods to deal with
uncertainty within HTA could lead to more clarity for stakehold-
ers that wish to generate relevant evidence, and to more aligned
recommendations regarding relative effectiveness.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S026646232100177X.
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