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A B S T R A C T
A review of the Health Information and Quality Authority’s (HIQA)
assessment of breast cancer surveillance cancer criticized how the
results were presented and interpreted. The health technology assess-
ment (HTA) investigated surveillance options for women aged less
than 50 years who were at elevated risk of breast cancer. Surveillance
strategies using digital mammography, magnetic resonance imaging,
or a combination of the two modalities were modeled on the basis of
diagnostic test accuracy. The HTA faced a number of issues, including
the use of diagnostic test accuracy as a surrogate for long-term
outcomes; modeling interventions that were not considered accept-
able to clinicians; and extrapolating for screening intervals and age
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ranges not directly supported by available evidence. The evaluation of
screening programs gives rise to challenges in terms of balancing an
adequate exploration of the possible options while also being cogni-
zant of what is appropriately supported by evidence. In this article,
the authors of the HIQA report discuss the challenges posed by this
particular HTA.
Keywords: breast cancer, diagnostic test efficacy, health technology
assessment, screening, surveillance.
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Introduction

A review of a recent national health technology assessment (HTA)
of breast cancer surveillance options for women at elevated risk of
breast cancer highlighted that cost-effectiveness was reported
relative to a common comparator rather than relative to the
theoretical next best option [1]. The manner in which cost-
effectiveness is reported has implications for how it is interpreted,
and it may have consequences for the efficient use of resources.

In seeking to bridge the gap between the evidence and the
needs of the decision maker, HTA must cross the sometimes
gaping chasm between theory and practice. In the case of the
Health Information and Quality Authority’s (HIQA) breast
cancer surveillance HTA, a number of methodological and
practical challenges were faced [2]. This article highlights some
of those challenges, and as the authors of the HIQA report, we
discuss the context of the HTA and why there is sometimes a
divergence between theory and practice in the evaluation of
screening interventions.
Description of the HTA

HIQA is a state agency in Ireland with a statutory remit to carry
out HTA to support national-level policy decisions. The breast
cancer surveillance HTA was carried out in response to a
request from the National Cancer Control Programme [2]. The
target population was women aged less than 50 years with an
elevated risk of breast cancer due to genetic predisposition.
Breast cancer in this population is considered to be somewhat
different to that in the general population, with tumors being
more aggressive and more difficult to detect. The context of the
HTA was that women aged less than 50 years with an elevated
risk of breast cancer were being provided with surveillance on
an ad hoc basis, with variability in the imaging modality,
frequency, and start age observed across individuals with the
same level of risk, thereby leading to a mixture of over- and
undersurveillance.

The primary concern of the screening service was stand-
ardizing surveillance within the given budget while at mini-
mum maintaining current effectiveness. The stated criteria for
suitable surveillance strategies were as follows: they should be
at least as effective as and no more costly than existing
surveillance; be on or close to the cost-effectiveness frontier;
and demonstrate a mortality reduction relative to no surveil-
lance. The HTA considered the full spectrum of domains:
technology description, clinical effectiveness and safety, eco-
nomic evaluation, social and organization features, and ethical
and legal issues.

The HTA advised that women with BRCA1 and BRCA2 muta-
tions should receive annual magnetic resonance imaging (MRI)
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beginning at age 30 years and combined MRI and digital mammog-
raphy annually from age 40 years. Women with other high
penetrance genetic mutations should receive annual MRI alone
from an age of 30 years, with the exception of women with TP53
mutations, who should be provided with annual MRI alone from
age 20 years. Women at high and moderate familial risk of breast
cancer should receive annual digital mammography from age 40
years, although limited potential for mortality reduction or quality-
adjusted life-year gain relative to no surveillance was noted for
both groups. The suggested surveillance options were very similar
to those included in the National Institute for Health and Care
Excellence guidance in the United Kingdom [3].

Given the paucity of data available on the patient cohort, it is
not surprising that there was considerable uncertainty in the
results. The uncertainty in effectiveness was driven primarily by
uncertainty in the probability of developing cancer and the
probability of cancer-related mortality by stage at diagnosis.
Issues Faced in the HTA

The criticism of O’Mahony and Normand centers on the presen-
tation of average cost-effectiveness ratios (ACERs), or incremental
cost-effectiveness relative to a common comparator, in the HIQA
report [1]. As stated previously, however, although we also
presented the incremental cost-effectiveness ratios relevant to
the next best alternative, we were explicit that an a priori stated
criterion was for suitable strategies to be at least as effective as
and no more costly than the common comparator of existing
surveillance. Comparison to the next best alternative assumes
that all comparators are equally applicable.

We now consider three issues that introduced considerable
complexity into the interpretation of the economic evaluation
component of the HTA.

Diagnostic Test Accuracy As Outcome

In the breast cancer surveillance HTA, diagnostic test accuracy
was used to model long-term outcomes. This is a common
approach when evaluating screening interventions [4]. In Thorn-
bury and Fryback’s model of diagnostic efficacy, diagnostic test
accuracy sits on the second lowest tier, below diagnostic impact,
therapeutic impact, patient outcomes (e.g., mortality or functional
outcomes), and societal outcomes [5]. In the case of cancer, earlier
diagnosis is usually assumed to result in improved survival.
Breast cancer screening has been particularly controversial due
to the risks of overtreatment and repeated exposure to x-rays [6].

Clinical diagnosis and treatment often depend on factors
other than the results of a single diagnostic test (e.g., clinical
history and additional testing) [7]. A model based on diagnostic
test accuracy alone entails a number of assumptions about the
equivalence of diagnosis. We assumed that the imaging modality
would not affect the timing or choice of treatment. Different tests
with the same accuracy, however, may detect quite different
cases and may result in different patient outcomes [8]. For
example, MRI and digital mammography may perform differently
in the diagnosis of benign and invasive tumors. Using diagnostic
test accuracy as a surrogate for mortality in the breast cancer
surveillance HTA created uncertainty that could not be readily
quantified due to the absence of long-term outcome data to
either calibrate or validate the model.

Ideally, long-term outcomes would be used rather than the
surrogate outcome of diagnostic test accuracy [9,10]. Indeed,
some HTA agencies do not accept diagnostic test accuracy as
evidence of clinical effectiveness due to the uncertain association
with outcomes. Although there is evidence regarding mortality
reductions associated with mammography-based surveillance of
women at elevated risk of breast cancer, there is scant evidence
regarding an MRI-based surveillance program [11].

Modeling Otherwise Unsupported Interventions

In theory, all relevant comparators for which there is adequate
evidence should be included in an analysis [12]. The reality is that
not all options are necessarily supported by equivalent or even
adequate quality evidence. The comparators chosen for the
breast cancer surveillance HTA were based on a review of the
available evidence and expert clinical advice. Clinical and patient
input is critical to the interface between the assessors and service
provision and provides essential insight into the feasibility and
acceptability of different comparators in practice.

The evaluation of breast cancer surveillance included a
number of strategies that were not clinically acceptable for all
subgroups. For example, although MRI has typically only been
considered as an adjunct to mammography, the assessment
included a range of MRI-only strategies. Due to the effects of
ionizing radiation, MRI-only prior to age 40 years was considered
acceptable. With the exception of women at the highest risk of
developing breast cancer (i.e., those with a TP53 mutation),
however, MRI-only surveillance from age 40 to 49 years was not
acceptable to clinicians due to the aforementioned lack of long-
term outcome data. MRI-only strategies for women aged 40 years
and over could have been identified at the outset as unacceptable
and excluded from the analysis. Their inclusion, however, high-
lighted the fact that, on the basis of a surrogate outcome, they
may be superior to a mammography-only approach.

Including alternatives that may not be clinically acceptable
created a difficulty for presenting the findings. On the basis of
diagnostic test accuracy, MRI-only strategies were deemed to be
more efficient than those combined with mammography, even
though they were not considered clinically acceptable. A balance
must be struck between being overly restrictive in the selection of
comparators and providing useful information that may identify
alternatives that are theoretically more efficient. Had we
excluded those strategies, the cost-effectiveness plane would
have been substantially different.

As with all research, the limitations must be considered when
interpreting the results. Screening, like vaccination, targets those
who are currently well and may never develop the target
condition. Because of this, the bar for the evidence base is often
set higher due to the differing risk balance. While a decision-
analysis model combining data from multiple sources and a
number of simplifying assumptions may have indicated that
MRI-only screening may be more effective than mammography,
this is no substitute for primary studies demonstrating improve-
ments in disease-specific morbidity and mortality.

Extrapolation from Available Data

The evidence for bothmammography andMRI was largely based on
12-month screening intervals. The applicability of the data to other
screening intervals was dependent on rates of disease progression
and whether the diagnostic accuracy of the test is sensitive to the
disease spectrum. The HTA used evidence from the Breast Cancer
Surveillance Consortium [13] that suggested that digital mammog-
raphy in women aged less than 50 years who were at average risk
had increased test sensitivity with longer intervals between screens
whereas specificity remained unchanged.

It is not uncommon for economic evaluations of screening
programs to assess a range of screening intervals and age ranges.
Using appropriate data, such analyses are beneficial and can lead
to screening programs with a better balance between benefits and
harms. If the screening frequency modeled is substantially differ-
ent from that used in the evidence underpinning diagnostic
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accuracy or efficacy, however, it would raise serious concerns
about the validity of the findings. An assessment that recom-
mends screening strategies for which the only evidence of
efficacy or effectiveness has been generated by a modeling
exercise lacks external validity and therefore may be of little or
no use to a decision maker and undermine the credibility of HTA.
Discussion

This article describes the issues encountered in the HIQA HTA of
breast cancer surveillance and how they highlight the complexities
of the assessment of screening programs. The intention of the HTA
was to provide evidence to support the standardization of an ad hoc
surveillance service and to select strategies that were at least as
effective and within the overall budget of existing surveillance.

Although the theoretical framework within which the HTA
was carried out provides a basis for conducting empirical anal-
yses, its limitations must be recognized to avoid drawing con-
clusions that could lead to poor policymaking. In particular, there
was a dearth of information on the target population and long-
term outcome data for the surveillance strategies modeled. Also
of note, some of the strategies modeled were not considered
clinically acceptable, creating challenges for the presentation of
results and formulation of advice. This is an important issue that
has consequences for the interpretation of cost-effectiveness and
receives little coverage in the literature.

Without long-term follow-up data, it is not possible to state
that screening leads to improved patient-relevant outcomes.
There is a lack of consensus as to what level of evidence is
required to support decisions regarding screening technologies,
with some agencies requiring long-term outcomes as evidence of
diagnostic test efficacy. In many cases, only the surrogate out-
come of diagnostic test accuracy is available: a stringent
approach means that potentially life-saving screening programs
may not be considered due to a lack of follow-up data. A less
stringent approach, however, could result in the adoption of
screening programs for which the only evidence of effectiveness
is based on modeled outcomes. In reporting HTAs of screening
strategies, the quality and quantity of evidence supporting each
strategy should be abundantly clear.

Breast cancer surveillance using MRI as an adjunct to mam-
mography is becoming increasingly common. For women at
elevated risk and aged less than 40 years, MRI is often offered as
the risks associated with mammography are considered to out-
weigh the benefits. It is possible that a randomized controlled trial
of MRI-based surveillance will never be carried out, in which case,
longer-term outcomes, such as survival, will only ever be estimated
using observational data that may be at substantial risk of bias.

The use of surrogate outcomes supported by assumptions
regarding applicability must necessarily introduce marked uncer-
tainty into economic evaluations. Although there are a number of
well-established methods for conveying uncertainty within CEA,
the impact of using surrogate outcomes, and the implications this
has for the external validity of the results obtained for competing
strategies, must be thoroughly explored. The inclusion of a cost-
effectiveness acceptability curve or sensitivity analysis in a CEA
does not ensure that the decision maker appreciates the magni-
tude or sources of uncertainty. Value of information analyses may
assist in identifying important sources of uncertainty, although it
is unclear that policymakers are typically willing to commission
further research to reduce decision uncertainty.

Although the underlying issues highlighted in this article are
generic, the extent to which they may arise in HTAs of other
screening programs will be context specific. For a different evalua-
tion there may, for example, be substantial long-term evidence of
reduced morbidity and mortality. Other issues not highlighted here
may also affect the accuracy of models of screening programs, such
as adherence to surveillance, timely treatment, and adverse events.
Failure to account for these issues in economic models can lead to
inaccurate estimates of cost-effectiveness.
Conclusions

Ideally, all interventions included in an HTA are feasible and are
based on the same high-quality evidence of patient-relevant
outcomes. Overreliance on modeling and extrapolation from
surrogate outcomes could lead to the recommendation of unsup-
ported strategies over those for which there is evidence. Adopting
a pragmatic balance enables the inclusion of potentially useful
interventions for which there is limited evidence while simulta-
neously acknowledging the limitations that exist to present
policymakers with comprehensive, fair, and balanced informa-
tion to inform decision making.

Given the breadth of domains included in a typical HTA, the
recommendations of an HTA are the synthesis of all the evidence
targeted to match the decision maker’s criteria rather than only
interpretation of the cost-effectiveness analysis. The transpar-
ency of HTA means that all of the evidence and methodology is
typically reported and open to scrutiny, which is to be welcomed.
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