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Health Technology Assessment (HTA) bodies are increasingly presented with submissions containing nonrandom-
ized measures of treatment effect, including real-world evidence. The consideration of such evidence has been
hampered by uncertainty surrounding the potential impact of unmeasured confounding – often leading to such
data being disregarded in the decision-making process. Methods to quantitatively explore the potential impact of
unmeasured confounding on estimated treatment effects exist and offer potential to support the use of nonrandom-
ized data in HTA. This article provides an overview of these methods, highlights their underutilization in HTA
and considers the steps that would be required to increase their use in this field.

Nonrandomized measures of treatment effect are increasingly being submitted to HTA bodies in the form
of unanchored indirect treatment comparisons and real-world evidence (RWE) of comparative effectiveness. It
is well known that the key issue with such evidence is the potential for unmeasured confounding to bias the
effects observed. That is, as treatment allocation is not randomized, individuals receiving different treatments may
systematically differ in ways that impact their risk of the outcome(s) under study, thereby biasing comparisons of
these groups. Where these factors have been measured, confounding can be accounted for through appropriate study
design and analysis. However real-world data sources are often not fit for purpose in this regard, lacking complete,
high-quality measurements of all important confounders. As a result, when faced with these data, HTA bodies
commonly provide qualitative descriptions of their concerns regarding the uncertainty unmeasured confounding
introduces into the decision-making process and highlight concerns about the extent to which this complicates the
interpretation of quantitative assessments of clinical and cost–effectiveness. In many cases the uncertainty raised
can contribute to negative decisions regarding reimbursement, thereby impacting patient access to potentially
cost-effective treatments.

In a field in which the quantitative synthesis of diverse data to inform decision-making is commonplace, the
limited discussion of quantitative methods to explore the issue of unmeasured confounding in HTA submissions is
surprising. For example, in their very useful guidelines regarding ‘the use of observational data to inform estimates
of treatment effectiveness in technology appraisal’ and ‘methods for population-adjusted indirect comparisons
in submissions with NICE’ the NICE Decision Support Unit gives very limited advice about how to address
unmeasured confounding quantitatively, highlighting this as an area for future research [1,2]. In Germany, IQWIG’s
methods guidance allows for the consideration of treatment effects from nonrandomized studies where ‘dramatic
effects’ are observed, citing a relative risk of greater than 10 and statistical significance at the 1% level as an effect
broadly in a range dramatic enough to be unlikely to be due to unmeasured confounding. However, IQWIG state
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that this is not a rigid threshold and provide little further guidance on this topic [3]. The concept of ‘dramatic
effects’ appears more readily acceptable for decision-making by the German Federal Joint Committee (G-BA) than
statistical adjustment methods. An analysis of past dossiers showed that, based on the argument of ‘dramatic effects’,
G-BA accepted a larger proportion of unadjusted (naive) comparisons than adjusted indirect comparisons [4]. The
lack of specific guidance on approaches to quantitatively explore unmeasured confounding is not limited to the
UK and German guidelines [5–8].

The lack of consideration given to this area is particularly notable given that approaches to quantify the
potential impact of hypothetical unmeasured confounders exist and have been under development in the field of
(pharmaco)epidemiology for decades. Multiple potential approaches have been proposed over this time period,
however the majority of them represent variations on a similar approach in which one assesses the impact of
a suspected or hypothetical unmeasured confounder on the results observed [9]. The approaches proposed have
differed in several ways. Some used external data from another source to define the strength of a suspected
confounder, some assessed the impact of confounders of different strengths on the treatment effect, and still others
focused on identifying the minimum strength of a confounder required to adjust an observed treatment effect to the
null [9–11]. Analytic approaches have also varied. Some being deterministic, others probabilistic, some implemented
in a frequentist, others in a Bayesian framework [9,12,13]. In terms of the types of treatment effects, confounders
and outcomes, methods have been developed (among others) for relative risks, odds ratios, risk differences and
hypothetical binary and continuous confounders [9,11,13,14]. Similar ideas have also been proposed in other areas of
evidence synthesis research, quantifying for example the (hypothetical) level of bias needed to change a treatment
recommendation resulting from a network meta-analysis [15].

As an example of how these types of methods work, we use two of the most simple approaches mentioned above
to illustrate the potential impact of unmeasured confounding in a nonrandomized study comparing the overall
survival of anaplastic lymphoma kinase-positive non-small-cell lung cancer patients who received alectinib with
those who received ceritinib [16]. In the study, single-arm trial data on alectinib treated patients were compared
against real-world data on ceritinib treated patients from an electronic health record database. A doubly robust
approach was used to account for measured confounders resulting in an adjusted hazard ratio of 0.65 (CI: 95%
0.48–0.88). In the discussion, the authors noted that unmeasured confounding may be an issue, for example, due
to the absence of complete information on a key prognostic score in the electronic health record database. Since
these sensitivity analysis methods are typically applied on the relative risk scale, the first step in applying them is to
approximate the adjusted risk ratio (ARR) using the square-root transformation [17]. Applying the transformation
to the hazard ratio (HR), we obtain an estimated ARR of 0.74. To then apply the array approach described in [9],
one could assume that the prevalence of a hypothetical confounder in the unexposed group is 0.2 (20%), then for
varying strengths of association between the hypothetical confounder and the disease outcomes and prevalence of
the confounder in the exposed group, a fully adjusted exposure RR can be estimated (Figure 1). Additionally, the
E-value as described in [11] can be calculated as, E-value = ARR∗ + √

ARR∗ × (ARR∗ − 1), where ARR∗ = 1/ARR
since ARR <1. In this example, the E-value is 2.03.This means that to explain away the ARR of 0.74 there would
need to be an unmeasured confounder associated with at least 2.03-times the risk of both mortality and alectinib
treatment, above and beyond the measured covariates [11]. Notably, one could also carry out the same procedures
on the upper or lower bound of the CI [11].

Given the existence of these methods, the question that begs is where the hurdles lie in implementing them
in existing HTA frameworks? Programmatically, operationalizing the tools should not be a major hurdle. Those
HTA bodies whose decisions are based on relative effectiveness assessments could utilize one of the existing tools
discussed above to pressure-test the nonrandomized measures of relative effect presented to them to an extent they are
comfortable with. Those HTA bodies that use cost–effectiveness frameworks could use a similar approach or could
potentially look to build the probabilistic or Bayesian sensitivity analysis approaches, mentioned above, directly
into the probabilistic sensitivity analysis already found in most cost–effectiveness models submitted to HTA bodies.
This would allow for the uncertainty due to unmeasured confounding to be captured alongside all of the other
sources of uncertainty thereby fitting with the current decision-making framework. Some additional work may
be required to ensure the outcome types typically encountered in HTA submissions can be adjusted using the
appropriate methods but given the stage of development of the methodological field, one would not expect this to
be an issue.

It appears that the bigger hurdle may be in setting out the framework required to govern how to parametrize the
chosen tools, that is, providing answers to questions along the lines of how big of a confounder can be considered
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Figure 1. Fully adjusted relative risk (RRadjusted) surface (A) and percentage of bias surface (B) as a function of the strength of
association between a confounder and mortality (RRCD) and the prevalence of the confounder in the alectinib treated group PC1 using
the array approach.

‘unrealistic’ or ‘unlikely’? Should this be determined on an assessment-specific basis, an indication-specific basis or
overall for all submissions? Should there be an onus on manufacturers to capture data from external sources in order
to better inform the parameters of these analyses? Should there be an onus on the HTA bodies side to have their
clinical experts determine the parameters of these sensitivity analyses? If the latter, how should expert elicitation
best be carried out in practice?

Answering these questions will require careful thought on the part of multiple stakeholders and likely some sort
of consultation process, however we believe that any reimbursement body committed to utilizing single-arm data
and/or RWE to accelerate patient access to therapy needs to find a way to align on these questions. This may
require a programme of work focused on reviewing and publicizing the tools available to quantitatively explore
unmeasured confounding to the HTA audience, as we seek to begin to do with this article, and carrying out any
additional methodological and conceptual work required to allow for their incorporation into decision-making
frameworks. Given recent initiatives by a number of HTA bodies to better consider the potential use of RWE for
HTA, now may be a pertinent time for greater focus on this area [18–22].
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