CHAPTER 1

Imaging technology assessment
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KEY POINTS

The ability to define the most appropriate roles for imaging and imaging-guided
interventions in medical care will be a critical goal for the future success of radiology; as
such, ways to overcome current barriers to successful technology assessments must be
a priority.

A six-level hierarchical model of technology assessments, focused in diagnostic
testing, provides a useful framework for understanding how research concerning a
technology’s worth can progress from assessments of its techinical efficacy to those of
its societal value.

Randomized controlled trials in imaging are commonly not feasible; alternative research
methods (e.g., observational studies leveraging large data repositories) can provide
practical solutions to addressing this problem.

In order to benefit patients most in the broader context of healthcare, all technology
assessments should be initiated with an eye toward future studies that will test the
technology’s worth at the societal level.

The continued success of radiology, as a discipline that can contribute meaning-
fully to the care of patients and improvements in public health, will depend upon
our ability to define the most appropriate roles for imaging in modern medical
care. In the past three decades, there have been astounding advances in imaging
technologies; in parallel, utilization has increased rapidly [1-3]. Despite quick
dissemination of such technologies into practice, the value that they add to
patient care, in many instances, has yet to be clearly established [1-3]. Three bar-
riers to related research efforts merit specific mention [2—4]. First, because imag-
ing technologies typically address intermediate steps in a patient’s care, it can be
extremely difficult to conduct studies that reliably link imaging results to patient
outcomes. Second, imaging technologies evolve rapidly, which frequently obvi-
ates the relevance of studies focusing on long-term patient outcomes. Third,
there are few investigators who are adequately trained to conduct rigorous
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assessments of imaging and image-guided interventions—until now, research
focusing on technology development has had a greater priority. In the current era
of healthcare reform, however, the value of healthcare is viewed increasingly
through the lens of patient outcomes and societal costs, and efforts to overcome
the barriers described earlier have emerged as a priority [2-5]. In this chapter, we
first provide an overview of the different levels of evidence that define technol-
ogy assessments in imaging [6-10]. We then introduce three case examples;
together, they highlight common approaches and challenges to technology
assessments in imaging and serve as a platform for discussing key research topics
that will be covered in this book.

1.1 Six levels of evidence: a model of technology
assessments in imaging

Models that are commonly used to categorize evidence in medicine do not trans-
late well to diagnostic imaging, because they are typically centered on therapy
rather than diagnosis. Since the 1970s, pioneers in technology assessment and
imaging have contributed to the development and refinement of a six-level hier-
archical model that is specific to diagnostic technologies [6-9]. The levels include
(i) technical efficacy, (ii) diagnostic accuracy, (iii) impact on diagnostic thinking,
(iv) impact on therapeutic planning, (v) impact on patient outcomes, and (vi)
impact on societal outcomes [2, 6-10]. The model is hierarchical with respect to
the scope of the evidence’s impact: its spectrum “begins” with technical efficacy
(Level 1) and “ends” with societal outcomes (Level 6). The model is also hierarchi-
cal with respect to the potential of a technology’s impact: it implies, for example,
that a given technology needs to demonstrate a certain level of diagnostic accu-
racy (Level 2) in order to produce favorable health and economic outcomes at the
societal level (Level 6). However, a technology’s success at one level does not
necessarily predict its success at higher levels; for example, a highly accurate
technology may not meaningfully—or positively—affect patient outcomes [6, 11].
Each level and the types of research appropriate to evaluate efficacy at that level
are described below.

1.1.1 Level 1: technical efficacy

Technical efficacy is judged by measurements that pertain to image generation
(in diagnostic imaging) and procedural feasibility (in interventional radiology)
[6, 7, 11]. These measurements are preclinical; they serve as the basis for continual,
iterative improvements until the technology is ready for testing and use in clinical
practice [6, 7, 11]. Commonly applied metrics may include spatial and contrast
resolution (for diagnostic techniques) and the precision of catheter, needle, or
probe localization (for interventional techniques). A review of technical efficacy
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parameters is commonly required by regulatory authorities—such as the US Food
and Drug Administration—prior to a technology’s dissemination into practice.

1.1.2 Level 2: diagnostic accuracy

Diagnostic accuracy is judged by multiple metrics of test performance. Here, we
will discuss the three most common: (i) sensitivity and specificity, (ii) positive and
negative predictive value (PPV and NPV, respectively), and (iii) receiver-operating
characteristic (ROC) curves [11-14]. Each reflects a different window into the
ability of a technology to detect disease. Sensitivity and specificity reflect a tech-
nology’s ability to detect true positive (among disease-positive) cases and true
negative (among disease-negative) cases within a study population. PPV and NPV
also reflect the technology’s ability to detect true positive and true negative cases
but instead among test positive and test negative cases, respectively. Therefore, PPV
and NPV—unlike sensitivity and specificity—depend heavily on disease preva-
lence within the study population. As a result, study-derived estimates of PPV and
NPV are specific to populations with similar disease prevalence as the study
population.

ROC curves, which plot sensitivity (y-axis) against 1-specificity (x-axis),
provide insight into the trade-offs that occur when using different thresholds
for calling a test “positive” [11, 13, 14]. When studies include data from multi-
ple readers and/or multiple sites of care, a summary ROC curve may be gener-
ated, providing insights into the capabilities and limitations of an imaging
technology that are more generalizable. (See Chapter 9 for a detailed discussion
of ROC curves.)

Research evaluating the diagnostic accuracy of imaging technologies is fre-
quently challenged by the identification of a suitable reference standard. Here, we
highlight three common predicaments [11]; further details can be found in
Chapter 7. First, in certain circumstances, an imaging test result may be less likely
to be verified (e.g., undergo follow-up biopsy) than others. This can occur, for
example, when a positive imaging test is typically verified in routine care, but
negative or indeterminate results are not. In such situations, the resulting “verifi-
cation bias” could distort corresponding estimates of test performance. Second,
imaging technologies sometimes can detect more underlying pathology than a
commonly accepted reference standard. Consider, for example, a patient who
undergoes a liver biopsy for the detection of hepatic steatosis. The biopsy (refer-
ence standard) may be falsely negative, due to sampling of an unaffected area of
the liver; however, imaging of the whole liver may more accurately reveal patchy
areas of fatty infiltration throughout the liver. Using such a reference standard (a
so-called tarnished gold standard) can result in inappropriately low estimates of
sensitivity and specificity. Third, in many scenarios, the only reasonable reference
standard is patient outcomes based on long-term follow-up, for example, disease
progression or regression. Given the large number of additional tests and treat-
ments that an individual may experience during follow-up, it can be very ditficult
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to attribute long-term outcomes to the results of a given imaging test. When
defining a reference standard in a study of diagnostic accuracy, investigators
typically must address one or more of the mentioned obstacles or, at minimum,
understand how such obstacles may affect their results.

1.1.3 Levels 3 and 4: impact on diagnostic thinking

and therapeutic planning

The impact of imaging technologies on diagnostic thinking (Level 3) is generally
assessed by determining changes in physicians” diagnoses and/or their diagnostic
confidence following the performance of an imaging study [2, 6, 7, 10, 15-17].
Moving progressively “closer” to patient outcomes, Level 4 studies measure the
impact of imaging technologies on therapeutic planning (Level 4) by judging a
technology’s effect on patient management [2, 6, 7, 10, 15, 16]. The principal
challenge in obtaining such measurements is knowing what would have hap-
pened, under real clinical conditions, had the imaging test not been performed. To
determine this, hypothetical questions are generally posed to physicians, such as,
“what would you have done if this imaging test were unavailable?” [15, 16]. These
hypothetical questions are known to be cognitively burdensome and subject to
various biases; nevertheless, they can also provide information that is critically
important for assessing the value of new imaging technologies. The National
Oncologic PET Registry (NOPR) provides one of the best examples of how this
information can be requested, reported, and used to gain insight into the pro-
jected value of a new imaging technology [18, 19].

1.1.4 Level 5: patient outcomes
Patient outcomes that are associated with imaging can be evaluated with a wide
spectrum of measures [2-5]. Metrics may address short- or immediate-term
outcomes (e.g., rates of allergic reactions, complications, or postprocedural
mortality) or long-term outcomes (e.g., rates of overall survival, disease-specific
survival, progression-free survival, or life expectancy and quality of life). As
mentioned, patient-level outcomes are difficult to measure in a way that can be
confidently attributed to imaging. To reliably measure patient outcomes associ-
ated with imaging, randomized controlled trials (RCTs) are typically needed. In
such studies, patients are randomized, for example, to undergo an imaging
technology under investigation versus the standard of care [20-23]. Because
differences in outcomes between the study groups are commonly small, large
sample sizes are often required to achieve adequate power. This, combined
with the need to conduct long-term follow-up, can make imaging-related RCTs
prohibitively expensive. Nevertheless, when a substantial proportion of the
population may be affected, the information yielded may justify such costs; the
National Lung Screening Trial [20] exemplifies one such circumstance among
several [20-23].

Additional study designs permit outcomes evaluations and, in many cases,
may represent a more practical and feasible approach. Two merit specific
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mention. First, population-level observational studies that leverage “big
data”—for example, data repositories or registries that are large enough to
require specialized programming and analytics for their analysis—may pro-
vide a new window into imaging-related outcomes [4]. While such research
is still subject to typical biases of observational studies, it may offer new
opportunities to evaluate relationships between imaging technologies and
patient outcomes, particularly in settings where such analyses were not pre-
viously feasible due to limitations of study power. Second, “pragmatic” trial
designs are gaining traction, though they are in their infancy as an outcomes
research method [4, 24]. Pragmatic trials are those that attempt to deliver a
low-burden intervention to a wide variety of practice settings, with less
restrictive inclusion criteria as compared to typical RCTs [4, 24]. Data collection
is typically passive, occurring, for example, through automated collection of
specific outcomes that are already recorded in participating centers’ electronic
medical record systems [4]. The primary advantage of pragmatic trials over
traditional RCTs is their greater generalizability to “real-world” settings; the
primary disadvantage is that because of their less stringent study designs, they
are more vulnerable to bias [4, 24].

1.1.5 Level 6: societal efficacy

Societal efficacy is judged by whether an imaging technology represents a good
use of societal resources. By definition, societal efficacy must account for both
health outcomes (clinical effectiveness) and economic outcomes (costs) associated
with the use of an imaging modality [25-27]. Ideally, costs and effectiveness
should be evaluated using a societal perspective and a lifetime horizon [25-27].
Using a societal perspective to estimate costs is important because resource alloca-
tion decisions are often made at the societal level. Using a lifetime horizon for
estimating costs and effectiveness is also important because in many circum-
stances, the risks, benefits, and costs of imaging technologies are strongly influ-
enced by the downstream care pathways that occur as a result of the imaging test
result(s). Put another way, the health and economic outcomes associated with
subsequent care, rather than the imaging technology itself, strongly influence the
value of imaging. Most analyses of societal efficacy employ cost-effectiveness
analysis, adhering closely to the guidelines put forth by the Panel on Cost-
Effectiveness in Health and Medicine, convened in the 1990s by the US Public
Health Service [25-27].

In the United States, a consistent challenge of cost-effectiveness analysis,
from the standpoint of policymakers, pertains to the interpretation of results
[28-30]. In a standard cost-effectiveness analysis, the primary results are
expressed in terms of one or more incremental cost-effectiveness ratios (ICERs)
that are associated with corresponding diagnostic testing and/or treatment
options. An ICER represents the additional cost required to achieve an additional
unit of outcome (commonly life-years or quality-adjusted life-years). In theory,
whether or not a technology is an efficient use of resources is judged by
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comparing such ICERs to a societal willingness-to-pay (WTP) threshold, which
represents the price that a society is willing to pay to increase life expectancy (or
quality-adjusted life expectancy) in a target population [25-27]. In the United
States, there is no “hard” threshold beyond which a technology is considered too
expensive, a circumstance that often challenges the interpretation of ICERs
resulting from cost-effectiveness analyses [28-30]. Recently, a $100,000—
$150,000 WTP threshold has been suggested as a guideline for US analyses, but
this value will undoubtedly be subject to debate and revision in future years, to
account for inflation and an evolving economic and healthcare climate [30]. See
Chapter 11 for further details.

1.2 Case examples: introducing technology
assessment methods into study design

Technology assessments that correspond to each of the described levels of evi-
dence present investigators with common challenges, several of which have
been discussed earlier. As in any discipline, however, the best way to know and
anticipate such challenges is to gain experience in doing the research itself. In
lieu of this—as a proxy—it is worthwhile to think through the design of typical
assessments of imaging technologies. Drawing from the principles presented
earlier, we introduce three hypothetical areas of research inquiry, selected to
span both diagnostic and interventional imaging technologies. The examples
illustrate how technology assessment research methods may be applied in a
variety of clinical settings and serve as a platform for discussions throughout the
remainder of this book.

Case example 1.1 A New Liver Blood-Pool Agent for Detecting Colorectal Metastases
at CT: Evaluation of Diagnostic Accuracy

Unlike in many other cancer settings, isolated liver metastases in patients with colorectal
cancer may be treated for cure [31]. As a result, accurate detection of liver metastases

from colorectal cancer is an important component of treatment planning in these patients.
Suppose that a hypothetical blood-pool agent (“Agent A”) is developed specifically for

the identification of colorectal metastases in the liver at CT and that its safety in human
subjects has been established. Whether or not Agent A is superior in detecting liver
metastases, relative to the current standard of care (e.g., CT with Agent B), is unknown.
Readers may consider what types of study designs could (i) determine whether Agent A can
more accurately identify liver metastases than Agent B, (ii) identify appropriate thresholds
for positivity when using Agent A (vs. Agent B) as a CT contrast agent, and (i) determine
whether the use of Agent A can result in improved patient outcomes or more efficient use of
societal resources than the current standard of care.
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Case example 1.2 A New Biologic for Metastatic Breast Cancer: Evaluation of Treatment Response
with '8F-FDG-PET Imaging

Consider a new type of drug—Biologic A—that is found to be highly effective in the
treatment of a subset (20%) of patients with metastatic breast cancer. Unfortunately, no test
is available that allows for a priori determination of whether a given patient will respond.
Biologic A carries a small risk (1% per year) of death from severe immunosuppression,

and its cost exceeds $100,000 per month. As a result, there is substantial interest in
identifying patients, as early as possible in the course of their therapy, who are likely to be
responders. At '8F-FDG-PET imaging, uptake of '®F-FDG correlates with tumor viability, and
decreased uptake following treatment generally correlates with tumor responsiveness, but
the thresholds for uptake in separating respondents from nonrespondents are imperfect.
Moreover, some individuals declare themselves as respondents 1-2 months later than others.
Readers may consider what types of study designs could (i) determine the extent to which
FDG-PET is capable of distinguishing responders from nonresponders and (ii) identify optimal
thresholds—quided by patient outcomes—tor distinguishing these populations.

Case example 1.3 Minimally Invasive Therapies for Early Lung Cancer: A Comparison of Imaging-
Guided Radiofrequency Ablation versus Stereotactic Ablative Radiotherapy

In certain situations, early lung cancers may be identified in patients who cannot undergo
surgery, for example, due to advanced age or multiple comorbidities. In these circumstances,
minimally invasive approaches may offer an opportunity for treatment and cure. An
increasing number of options are available [32-34]. In one option, imaging-guided
radiofrequency ablation (RFA), a radiologist inserts a probe into the tumor under imaging
guidance and then delivers radiofrequency energy to “kill” tumor cells [32, 33]. In another
option, stereotactic ablative radiotherapy (SABR), a radiation oncologist delivers a highly
localized, therapeutic radiation dose to treat the tumor [34]. Each option has different risks
and benefits and a different profile of complications. Readers may consider what types of
study designs could (i) determine and compare the clinical efficacy of each treatment, (ii)
measure and compare quality of life associated with each treatment, and (jii) determine the
relative cost-effectiveness of the different treatments.

1.3 Conclusion

In this chapter, we have provided a broad introduction to the assessment of
imaging technologies, reviewing a six-level hierarchical model for categorizing
evidence in diagnostic imaging [6-9]. In addition, we have provided hypothetical
areas of research inquiry, to set the stage for further discussions of research
design and methods in subsequent chapters (e.g., ROC curves, survival estimates,
quality-of-life evaluation, etc.). When considering the hierarchy and the clinical
examples presented, our primary take-home point is the following: while robust
studies of an imaging technology’s technical efficacy and diagnostic accuracy are
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important, they are insufficient in demonstrating the technology’s value to
patients. In order to benefit patients most in the broader context of healthcare,

technology assessments—at all levels—should be initiated with an eye toward
future studies that will test the technology’s worth at the societal level.
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