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Abstract

Patient preference information (PPI) is a topic of interest to regulators and industry. One of many known methods for eliciting
PP1 is the threshold technique (TT). However, empirical studies of the TT differ from each other in many ways and no effort
to date has been made to summarize them or the evidence regarding the performance of the method. We sought to describe
the TT and summarize the empirical applications of the method. Forty-three studies were reviewed. Most studies estimated
the minimum level of benefit required to make a treatment worthwhile, and over half estimated the maximum level of risk
patients would accept to achieve a treatment benefit. The evidence demonstrates that the TT can be used to elicit multiple
types of thresholds and can be used to explore preference heterogeneity and preference non-linearity. Some evidence suggests
that the method may be sensitive to anchoring and shift-framing effects; however, no evidence suggests that the method is
more or less sensitive to these potential biases than other stated-preference methods. The TT may be a viable method for
eliciting PPI to support regulatory decision-making; however, additional understanding of the performance of this method
may be needed. Future research should focus on TT performance compared with other stated-preference methods, the extent
to which results predict patient choice, and the ability of the TT to inform individual treatment decisions at the point of

healthcare delivery.

1 Introduction

Recent initiatives by regulators and the pharmaceutical and
medical device industries have resulted in an increase in
demand for patient preference information (PPI). In 2016,
the Center for Devices and Radiological Health (CDRH) of
the US Food and Drug Administration (FDA) specifically
cited a patient preference study [1] as being instrumental
in informing the benefit-risk assessment and subsequent
approval of a medical device [2]. The CDRH later issued
guidance on the use of PPI in regulatory submissions [3].
Recently, the FDA began drafting a series of guidance docu-
ments in an effort to “systematically include the patients’...
experience and preferences related to therapy, into drug
development” [4] and has expressed its intention to sys-
tematically incorporate PPI into the assessment of trade-
offs between benefits and risks [5]. At the same time, the
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European Medicines Agency conducted a PPI pilot study
and concluded that PPI may be useful in regulatory review
of new drugs [6].

Multiple quantitative methods exist for eliciting PPIL. In
2015, the Medical Device Innovation Consortium (MDIC)
developed a catalog of patient preference methods [7]. In
an overview of the empirical literature on welfare-theoretic
approaches to quantifying benefit-risk preferences, Hau-
ber et al. [8] described how quantitative patient preference
methods can be used to estimate measures of risk tolerance
for use in regulatory benefit-risk assessment. Recently, the
Innovative Medicines Initiative’s project Patient Preferences
in Benefit and Risk Assessments during the Drug Lifecycle
(IMI-PREFER) identified potential methods for eliciting PPI
[9]. In the MDIC catalog [7] and the reviews by Hauber et al.
[8] and IMI-PREFER [9], the threshold technique (TT) was
identified as one potential method for eliciting patients’ ben-
efit-risk preferences. In addition, the CDRH used evidence
from a TT study in its decision to expand the indications for
use for home hemodialysis [10].

Because the TT has been identified as a method for quan-
tifying the willingness of patients to trade-off between ben-
efits and risks of treatments, it is important that researchers
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Key Points for Decision Makers

The demand for patient preference information to inform
drug development and regulatory decision-making is
growing.

The threshold technique (TT) is one of many potential
methods for eliciting and quantifying patients’ prefer-
ences.

A large number of empirical studies have demonstrated
the use of the TT in eliciting the preferences of patients
and other healthcare decision makers and the properties
and reliability of the results of these preference esti-
mates.

Future research on the TT should focus on comparing the
performance of the TT to that of other stated-preference
methods when applied to the same research question,
measuring the ability of the results to predict patient
choice, and the ability of the TT to inform individual
treatment decisions at the point of healthcare delivery.

understand what is known about this method. Llewellyn-
Thomas provides a description of the TT in the Encyclope-
dia of Medical Decision Making [11] and cites a number of
empirical applications of the technique [12-20]. However,
the TT has been used to estimate different types of thresh-
olds in different disease areas more than the list of studies
cited by Llewellyn-Thomas might suggest. In addition, the
example described by Llewellyn-Thomas focused on the pro-
cess of using an in-person interview to elicit an individual’s
preferences in a specific decision context rather than discuss-
ing the TT as a method of eliciting preferences for use in
benefit-risk analysis.

To date, no overview of prior empirical applications of
the TT or the implications of previous findings for using the
TT in benefit-risk analysis exists. One reason such a study
has not been conducted may be that the TT, as described by
Llewellyn-Thomas [11], has been referred to using different
names including, but not limited to, “modification of stand-
ard gamble” [21], “time trade-off” [22],“treatment trade-
off” [23, 24], and “probability trade-off” [15, 18, 25-27].
Another reason may be that the technique has been applied
as both a shared decision-making tool and a survey method.
Our objective herein is to describe the TT, summarize the
empirical literature employing this method (regardless of
the name used to describe it), and discuss some of some the
potential advantages and disadvantages of using this tech-
nique to elicit patients’ preferences.
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2 The Threshold Technique: An Introduction
to the Method

In a TT exercise, a decision-maker—typically a patient or
physician—is presented with a choice between two treatment
or healthcare delivery options. One is the reference option
that is the baseline against which an alternative is compared.
It is often the option associated with the status quo or stand-
ard of care. The second is the target option and confers both
an incremental benefit and an incremental burden relative to
the status quo or standard of care. For cases in which both
options represent potential alternatives to the status quo,
which option is treated as the reference and which is treated
as the target will depend on the researcher’s objectives.

Once the reference and target options have been identi-
fied, the researcher must identify the key attribute of the
target option (either a benefit or a burden) that will be used
to estimate the strength of preference for the target relative
to the reference option. The key attribute can be any attribute
for which values can be expressed numerically. The most
common key attributes are probability of benefit, risk of
harm, waiting time, life expectancy, and cost. When the key
attribute is a measure of burden (e.g., risk of harm, wait-
ing time, or cost), the estimated threshold is a measure of
the additional burden that exactly offsets the incremental
benefit of the target option. If the key attribute is a benefit
(e.g., probability of benefit or life expectancy), the estimated
threshold is a measure of the minimum additional benefit
that the target must provide to offset the incremental burden
of that option.

After being presented with descriptions of the two
options, respondents are asked to choose between them. In
much of the empirical literature, the value of the key attrib-
ute is assumed to be the same in both the reference and
target options in the initial question. This approach may be
appropriate when one of the two options is unambiguously
better than the other, when the clinically relevant levels of
the key attribute associated with the reference and target
options are not known with certainty, or when the reference
and target options are purely hypothetical. However, when
the reference and target options are real-world options with
well-known attributes, using all available information in the
initial question, including known differences between the
options in the value of the key attribute, may provide a direct
measure of decision makers’ preference between the refer-
ence and target options in addition to providing a starting
point for estimating the threshold value of the key attribute.

If the reference option is chosen in the initial question, the
key attribute of the target is made better or more appealing
and the question is repeated. If the target is chosen initially,
the key attribute of the target is made worse or less appeal-
ing and the question is repeated. The process continues until
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the researcher can identify the threshold level of the key
attribute, i.e., the level at which a respondent is indiffer-
ent between the reference and target options. The difference
between the threshold value of the key attribute and the level
of the same attribute in the reference option is a measure of
the strength of preference for the target option compared
with the reference option. It is a measure of the change in the
key attribute that exactly offsets the difference in benefit or
burden between the reference and the target options.

The threshold can be a specific value or an interval within
which the threshold lies. If the trade-off exercise yields a
specific value, then that threshold for each respondent for
each trade-off exercise is known. If, however, the trade-off
exercise results in a threshold interval, then the researcher
has options for how to utilize these data. The researcher can
simply report the threshold interval [28] or the proportion of
respondents choosing the target option at different threshold
intervals [29]. Reporting the proportion of respondents who
choose the target option or whose threshold lies within each
interval can be informative; however, this does not provide
a specific threshold estimate for the sample. If a specific
threshold is necessary to answer the research question or to
perform additional analyses but only interval data are pro-
vided, then the researcher must transform the interval into
a specific threshold value. To derive a specific threshold
value from a threshold interval, the researcher can assume
that the threshold lies at the midpoint of the interval as is
often done in swing weighting [30] or use an interval regres-
sion to estimate the mean value of the threshold for a given
sample [31].

2.1 An Empirical Example of the Threshold
Technique

To illustrate this method, consider an example from the lit-
erature. Devereaux et al. [27] used the TT to estimate the
minimum required reduction in stroke risk that patients
and physicians would require to accept the burdens of
aspirin and warfarin in the treatment of atrial fibrillation.
These researchers also elicited the maximum acceptable
risk (MAR) of a severe bleed that would exactly offset
the expected benefits of these antithrombotic therapies.
Respondents were provided with descriptions of stroke and
severe bleed and were informed that the 2-year risk of stroke
and severe bleeding for a person without antithrombotic
therapy would be 12% and 3%, respectively. Respondents
were then informed of the cost and inconvenience of receiv-
ing aspirin or warfarin, including monitoring, hospital visits,
and out-of-pocket costs of treatment. Each respondent was
then presented with four TT exercises (Table 1).

In each trade-off exercise, patients were first asked to
choose between having no antithrombotic therapy (the
reference option) and either warfarin or aspirin (the target

option). The order of the exercises was randomized for each
respondent. In the first two exercises, respondents were pre-
sented with a choice between no antithrombotic therapy and
either warfarin (Exercise 1) or aspirin (Exercise 2), each
with a known 2-year risk of severe bleeding and the com-
plete elimination of 2-year stroke risk (a 12 percentage point
reduction). If the respondent chose treatment in the first
question, then the risk of stroke was varied systematically
until the minimum reduction in the risk of stroke required to
offset the increase in the risk of severe bleeding was identi-
fied. Figure 1 presents this process for Exercise 1, which was
used to estimate the minimum reduction in 2-year stroke
risk that would make a 5% 2-year risk of severe bleeding
worthwhile. In the third and fourth exercises, respondents
were again presented with a choice between no antithrom-
botic therapy and either warfarin (Exercise 3) or aspirin
(Exercise 4). In Exercise 3 (Exercise 4), the first choice was
between no antithrombotic therapy and warfarin (aspirin)
with a 4% (9%) 2-year risk of stroke and a 25% 2-year risk
of severe bleeding. In each of these exercises, the 2-year risk
of severe bleeding was varied systematically until the maxi-
mum level of risk that a patient would be willing to accept
in exchange for the given reduction in stroke risk was deter-
mined. In each exercise, the difference between the threshold
value of the key attribute and the value of that attribute in
the reference condition was calculated. The mean risk dif-
ferences, representing the minimum acceptable reduction in
stroke risk and the MAR of severe bleed for both aspirin and
warfarin, were calculated for both patients and physicians.
These estimates are presented in the last column of Table 1.

A number of the results estimated by Devereaux et al. [27]
are worth noting. First, physicians appear to have been more
averse to bleeding risks than patients: they were not willing
to accept the same increases in bleeding risk in exchange for
a given reduction in stroke risks as were patients, and they
required a larger benefit than did patients to accept a given
increase in bleeding risk. Second, the ordering of the thresh-
old estimates within each respondent group was consistent
with expectations; i.e., the maximum acceptable level of risk
is higher when treatment benefits are higher, and the mini-
mum required benefit of treatment is higher when treatment
risks are higher. Finally, distributions of estimated threshold
values were wide in both the patient and physician samples
across all exercises. Devereaux et al. [27] used univariate
analysis to determine whether patients’ or physicians’ demo-
graphic characteristics explained this observed preference
heterogeneity. None of the patient characteristics included
in the analysis was a significant predictor of any threshold
value; however, physicians’ thresholds for bleeding risk were
positively correlated with the number of their patients with
atrial fibrillation; i.e., physicians who saw more patients had
a higher tolerance for the risk of severe bleeding events.
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Target option

Bleed risk: 5%
Stroke risk: 0%
(12 PP risk reduction)

Bleed risk: 5%
Stroke risk: 11%
(1 PP risk reduction)

Threshold =1

Bleed risk: 5%
Stroke risk: 1%
(11 PP risk reduction)

Bleed risk: 5%
Stroke risk: 10%
(2 PP risk reduction)

Threshold =2

Bleed risk: 5%
Stroke risk: 2%
(10 PP risk reduction)

Bleed risk: 5%
Stroke risk: 6%

Threshold =6

PP = Percentage-point

(6 PP risk reduction)

Or

Reference option

Bleed risk: 3%
Stroke risk: 12%

—> Threshold = ©

Bleed risk: 3%
Stroke risk: 12%

l

Bleed risk: 3%

Stroke risk: 12% gl e

Bleed risk: 3%
Stroke risk: 12%

l

Bleed risk: 3%

Stroke risk: 12% > Threshold =11

Bleed risk: 3%

Stroke risk: 12% > Threshold =7

Fig. 1 Overview of series of threshold questions comparing warfarin with no treatment used by Devereaux et al. [27]. PP percentage point

3 Overview of the Empirical Literature

As noted in Sect. 1, many terms have been used to describe
the method that Llewellyn-Thomas [11] presented as the
TT. Therefore, conducting a prespecified systematic lit-
erature review was not feasible. The literature included
in this overview was identified first by searching PubMed
using the search terms threshold technique and probability

trade-off. Additional studies were identified by reviewing the
reference lists of the papers identified during the PubMed
search. As additional names for the technique were iden-
tified, additional ad hoc searches were conducted until no
additional papers were discovered. A final PubMed search
was conducted in November 2018 to ensure that recently
published papers were included in the review. Papers were
included in this overview if they described a novel empirical
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application of the TT to eliciting patients’ or other decision
makers’ strength of preference for alternative healthcare
options. Papers describing only the method or potential uses
of results of the TT in decision-making were excluded, as
were papers presenting the results of a study that was previ-
ously published. Studies that estimated only cost thresholds
were also excluded because willingness-to-pay is typically
not a consideration in regulatory decisions. Articles using
the TT as described above were included regardless of the
name the authors gave to the method. The final set of papers
included 43 studies published between 1991 and 2016. The
papers are listed by disease area in Table 2.

3.1 Type of Thresholds

In the example described in Sect. 2.1, Devereaux et al. [27]
estimated patients’ and physicians’ willingness to accept
an increase in the probability of bleeding risks for a given
reduction in the rate of stroke and the minimum reduc-
tion in the probability of stroke that these decision makers
would require to accept a given level of bleeding risk. Like
Devereaux et al. [27], the majority of studies applied the
TT to estimating probabilistic threshold values of minimum
acceptable benefit (MAB) and MAR. These studies are sum-
marized in Sect. 3.1.1.

3.1.1 Minimum Acceptable Benefit and Maximum
Acceptable Risk

Twenty-eight TT studies (including Devereaux et al. [27])
estimated MAB. Among these, the majority quantified the
minimum benefit required to accept the burden of cancer
treatments [22, 32—-40]. Numerous studies quantified the
minimum required increase in the probability of survival
resulting from cancer treatments from the perspective of
patients and healthcare providers. The remaining studies
estimating MAB in oncology are those that estimated the
minimum reduction in the probability of local recurrence
required to make treatments worthwhile to patients and phy-
sicians [20, 23, 25, 41]. Finally, two studies estimated the
minimum probability of a cure that cancer patients would
require to undergo chemotherapy [42, 43].

Twelve studies used the TT to estimate the minimum
required probability of benefit in areas other than oncology.
The types of MAB estimated in these studies include the
minimum required reduction in the symptomatic recurrence
of Crohn’s disease [44], the minimum reduction in the prob-
ability of cardiovascular events in primary prevention [16,
45, 46], the minimum probability of symptom improvement
in benign prostatic hyperplasia [18], the minimum required
improvement in survival related to mechanical ventilation
[47], the minimum acceptable probability of healthy survival
required to justify resuscitation [48], the minimum reduction
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in migraine headache frequency [49], and the minimum
increase in the probability of pregnancy resulting from fer-
tility treatment [29, 50, 51].

Fourteen studies used the TT to estimate the maximum
acceptable probability of one or more risks associated with
treatment. Half of these studies are related to cancer treat-
ments [21, 24, 39, 52-55]. Other studies have used the TT
to estimate MAR thresholds in treatments for cardiovascular
disease [27, 28, 56], osteoarthritis [13], obstetrics [57], and
fertility [50, 51].

3.1.2 Other Probabilistic Thresholds

Although the most common thresholds estimated using
the TT are measures of risk tolerance—MAR and MAB—
this technique also has been used to estimate probabilistic
thresholds that may not be easily categorized using these
terms. For example, Gupta et al. [55] estimated the mini-
mum probability of treatment-related infertility that would
induce parents, cancer survivors, and healthcare providers
to agree that prepubertal patients should undergo testicular
biopsy to potentially preserve future fertility, even though
the technology to do this has yet to be developed. These
researchers also estimated the influence that the probability
that such a technology would be developed in the near future
would have on the decision to undertake the procedure. In
a study of elderly patients, Dales et al. [26] estimated the
minimum probability of successful weaning that would be
required to accept mechanical ventilation.

3.1.3 Non-Probabilistic Thresholds

Although the TT is well-suited to estimating probabilistic
thresholds, it can also be used to estimate any threshold
that can be expressed numerically. A few studies estimated
a non-probabilistic numeric threshold, such as the maxi-
mum acceptable number of clinic visits [54] or the mini-
mum improvement in quality of life [43]. However, the most
common alternative to probability values in the TT is time.
The two applications of time thresholds in the literature are
survival time and wait time.

One group of studies used the same general technique to
estimate the minimum increase in life expectancy that would
be required for decision makers to accept the burdens of
cancer treatments [22, 32, 34-38]. Additional studies esti-
mated survival-time thresholds in end-of-life care [58] and
pediatric oncology [43]. Four studies used the TT to estimate
wait-time thresholds related to delaying chemotherapy to
get the results of pharmacogenomic testing [42], delaying
surgery in exchange for decreasing the risk of postoperative
mortality [14, 17], and delaying treatment in order to have
treatment closer to home [20].
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Table 2 Summary of threshold technique studies by therapeutic area and threshold measure
Study, year Thresholds estimated in the study
Probability thresholds Time thresholds Other
Minimum Maximum Other Survival time Wait time Other :)l;g—;sh-
acceptable acceptable risk
benefit
Oncology
Breast cancer
Alvarado et al., 2014 [52] X
Corica et al., 2014 [53] X
Duric et al., 2005 [35] X X
Duric et al., 2005 [36] X X
Palda et al., 1997 [20] X X
Simes and Coates, 2001 [37] X X
Lung cancer
Blinman et al., 2015 [32] X X
Blinman et al., 2011 [22] X X
Brundage et al., 1997 [33] X
Brundage et al., 2001 [34] X X
Colon and rectal cancer
Blinman et al., 2010 [38] X X
Bossema et al., 2008 [24] X
Couture et al., 2005 [25] X
Kennedy et al., 2011 [41] X
Llewellyn-Thomas et al., 1991 [15]
Pediatric oncology
Gupta et al., 2016 [55] X X
Sung et al., 2004 [54] X X
Tomlinson et al., 2011 [43] X X X
Oncology—other
Cuffe et al., 2014 [42] X X
Finlayson et al., 1999 [21] X
Kunneman et al., 2014 [23] X
Molinari et al., 2014 [39] X X
Wilke et al., 2010 [40] X
Cardiovascular
Alonso-Coello et al., 2015 [56] X
Bates et al., 2016 [45] X
Devereaux et al., 2001 [27] X X
Llewellyn-Thomas et al., 2002 [16] X
Llewellyn-Thomas et al., 1999 [17] X
McAlister et al., 2000 [46] X
Stafinski et al., 2015 [28] X
Reproductive health
Bayram et al., 2005 [29] X
Kok et al., 2008 [57] X
Steures et al., 2005 [50] X X
van Weert et al., 2007 [51] X X
End-of-life and emergent care
Crump and Llewellyn-Thomas, 2013 [59] X
Lloyd et al., 2004 [47] X
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Table 2 (continued)

Study, year Thresholds estimated in the study
Probability thresholds Time thresholds Other
Minimum Maximum Other Survival time Wait time Other E)};(riessh-
acceptable acceptable risk
benefit
Percy and Llewellyn-Thomas, 1995 [48] X
Orthopedics
Kopec et al., 2007 [13] X
Llewellyn-Thomas et al., 1998 [14] X
Respiratory
Dales et al., 1999 [26] X
Gastrointestinal
Kennedy et al., 2008 [44] X
Men’s health
Llewellyn-Thomas et al., 1996 [18] X
Migraine
Turner et al., 2016 [49] X

3.2 Other Features of Threshold Technique Studies

In addition to the type of threshold estimated in each study,
other features of the empirical applications of the TT are
worth noting. The TT can be used to elicit multiple thresh-
olds in a single study and understand heterogeneity in pref-
erences by examining the distribution of threshold values
and the relationship between this distribution and the char-
acteristics of the respondents in the sample. These features
of TT studies are summarized in Table 3 and described in
Sects. 3.2.1 and 3.2.2.

3.2.1 Estimating Multiple Thresholds in a Single Study

Each TT exercise is designed to estimate the threshold value
of a single key attribute that exactly offsets the difference
in utility between the target and reference options. How-
ever, that does not mean that the trade-off exercise cannot
be repeated for multiple key attributes. As shown in Table 3,
approximately two-thirds of the studies estimated multi-
ple benefit or burden thresholds. Some estimated multiple
thresholds for the same key attributes by repeating the exer-
cise for different magnitudes of difference between the refer-
ence and target options. For example, Kopec et al. [13] esti-
mated MAR thresholds for two different levels of decrease
in osteoarthritis pain. Some estimated thresholds for multi-
ple benefits [28, 43, 47], and some estimated thresholds for
multiple risks or burdens [13, 50, 54, 57]. Some estimated
thresholds for multiple treatment options by repeating the
exercise with multiple target options representing different
approaches to treatment [27, 33, 44] or by evaluating multi-
ple different treatment decisions [18, 59].
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3.2.2 Preference Heterogeneity

Because the TT yields for each respondent a single threshold
value or interval for each key attribute for each trade-off
exercise, the results can be used to describe the distribu-
tion of preferences and, potentially, to explain preference
heterogeneity. The distribution of threshold values or inter-
vals for each key attribute for each trade-off exercise can be
examined directly by plotting the results or summarizing the
results in a table. In addition, researchers can evaluate the
relationship between respondent characteristics and thresh-
olds in multiple ways. These include correlation or uni-
variate analysis within a sample, split- or stratified-sample
analysis, or multivariate or multinomial regression analysis.

3.3 Rationality Assessments

Many TT studies have assessed the performance of the tech-
nique against some basic principles of rationality based on
economic theory, psychometrics, and psychology. These
include tests of monotonicity, anchoring and shift-framing
effects, preference non-linearity, test—retest reliability, and
preference stability. The empirical studies that employ each
of these tests are shown in Table 4.

3.3.1 Monotonicity

Monotonicity implies that a lower level of benefit cannot be
preferred to a higher level of benefit or that a higher level of
risk or burden cannot be preferred to a lower level of risk.
This concept can be operationalized by testing whether a
larger benefit is only offset by a level of risk that is at least
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Table 3 Summary of features of threshold technique studies

Study, year

Multiple
thresholds

Heterogeneity

Distributions

Univariate
analysis

Split sample

Multiple
samples

Multi-
variate
analysis

Alonso-Coello et al., 2015 [56]
Alvarado et al., 2014 [52]

Bates et al., 2016 [45]

Bayram et al., 2005 [29]

Blinman et al., 2010 [38]

Blinman et al., 2015 [32]

Blinman et al., 2011 [22]

Bossema et al., 2008 [24]
Brundage et al., 1997 [33]
Brundage et al., 2001 [34]

Corica et al., 2014 [53]

Couture et al., 2005 [25]

Crump and Llewellyn-Thomas, 2013 [59]
Cuffe et al., 2014 [42]

Dales et al., 1999 [26]

Devereaux et al., 2001 [27]

Duric et al., 2005 [35]

Duric et al., 2005 [36]

Finlayson et al., 1999 [21]

Gupta et al., 2016 [55]

Kennedy et al., 2011 [41]

Kennedy et al., 2008 [44]

Kok et al., 2008 [57]

Kopec et al., 2007 [13]

Kunneman et al., 2014 [23]
Llewellyn-Thomas et al., 1998 [14]
Llewellyn-Thomas et al., 1991 [15]
Llewellyn-Thomas et al., 2002 [16]
Llewellyn-Thomas et al., 1999 [17]
Llewellyn-Thomas et al., 1996 [18]
Lloyd et al., 2004 [47]

McAlister et al., 2000 [46]
Molinari et al., 2014 [39]

Palda et al., 1997 [20]

Percy and Llewellyn-Thomas, 1995 [48]
Simes and Coates, 2001 [37]
Stafinski et al., 2015 [28]

Steures et al., 2005 [50]

Sung et al., 2004 [54]

Tomlinson et al., 2011 [43]

Turner et al., 2016 [49]

van Weert et al., 2007 [51]

Wilke et al., 2010 [40]
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as large as that required to offset a lower level of benefit or
whether the benefit required to offset a higher level of risk is
at least as large at the benefit required to offset a lower level
of risk. Two TT studies include tests of monotonicity. Kopec
et al. [13] elicited risk threshold values for two different
levels of benefit and found that patients would accept higher
levels of risk, on average, in exchange for greater pain relief.
Lloyd et al. [47] elicited minimum survival benefit and mini-
mum required quality of life under two different mechani-
cal ventilation scenarios—acute and chronic—in which the
chronic scenario was defined as unambiguously worse than
the acute scenario. They found that the proportion accepting
mechanical ventilation at each survival probability or prob-
ability of improved quality of life was lower for the chronic
ventilation scenario than for the acute ventilation scenario,
indicating that greater improvements in the probability of
survival or quality of life were required to offset the addi-
tional burden of chronic ventilation.

3.3.2 Anchoring and Shift-Framing Effects

When conducting a TT study, the researcher must specify
the starting levels of the key attribute. There are two poten-
tial impacts of this design choice on the resulting threshold
estimates. The first is anchoring. Anchoring occurs when
the threshold value for the key attribute is influenced by the
numeric starting level of the attribute in the initial choice
question because the respondent focuses on the initial level
when answering subsequent questions. The second, shift-
framing, occurs when the threshold value for the key attrib-
ute is influenced by the difference in the level of this attrib-
ute between the reference and target options in the initial
question. Larger (smaller) initial differences in the starting
values of the key attribute between the reference and target
options in the initial choice question may result in larger
(smaller) values of the threshold value of the key attribute.
Anchoring and shift-framing are related concepts because
both are artifacts of the level of the key attribute presented
in the initial choice question in a TT exercise. However, to
the extent that the starting point represents reality in that
it is based on data or on a value that would be expected
even if data do not exist, then the starting point reflects the
true decision context and will reflect bias inherent in that
decision context. Therefore, the possibility of anchoring and
shift-framing effects may be related to the extent to which
the choice scenario in the TT exercise is hypothetical.
Alvarado et al. [52] used different starting points for the
risk of local recurrence associated with intraoperative radio-
therapy and found that the effect of the starting point on
the resulting threshold estimates was not statistically sig-
nificant. Kopec et al. [13] directly addressed the question of

A\ Adis

anchoring in their study of osteoarthritis patients’ willing-
ness to accept risk to achieve treatment-related pain relief.
The authors estimated risk-tolerance thresholds for five
potential treatment-related risks. Half the sample were pre-
sented with hypothetical treatments in which all risks were
set to zero in the initial treatment question and the other half
were presented with hypothetical treatments in which all
risks were initially set to non-zero levels reflecting the levels
of these risks that could be expected with existing osteoar-
thritis treatments. When comparing the results between these
two groups, Kopec et al. [13] found some indication that
starting with higher levels of risks resulted in higher incre-
mental MAR thresholds; however, the differences between
the two arms were not statistically significant.

Duric et al. [36] and Simes and Coates [37] asked
respondents to indicate the minimum increases in survival
time and in survival probability that would be required for
adjuvant therapy to be considered worthwhile for patients
with breast cancer. Both studies tested the effect of starting
points on threshold estimates by assigning half the sample to
start with a larger difference in the levels of the key attribute
and half the sample to start with a smaller difference in the
levels of the key attribute in the initial choice question. Both
studies found no statistically significant differences in the
threshold estimates based on the starting point of the benefit
in the target option.

Finally, Percy and Llewellyn-Thomas [48] directly
addressed the issue of shift-framing. In their study, respond-
ents were presented with a choice between having a “do
not resuscitate” (DNR) order resulting in a certainty of
immediate death or an order to be resuscitated with a 100%
probability of living, split between the probability of sur-
viving without brain damage and the probability of brain
death. In one arm of their study (positive-to-negative), these
authors first presented respondents with a choice between
the DNR order and a 100% probability of surviving with-
out brain death. The probability of surviving without brain
death was then decreased and the probability of brain death
was increased until the person chose the DNR order. In the
second arm of the study (negative-to-positive), respond-
ents were first presented with the choice between the DNR
order and a 100% probability of brain death. In subsequent
questions, the risk of brain death was reduced and the risk
of survival without brain death was increased until the
respondents who initially chose the DNR order no longer
chose that option. The authors found that respondents in the
positive-to-negative arm were willing to accept the DNR
order at statistically significantly higher levels of resuscita-
tion survival without brain death than were the respondents
in the negative-to-positive arm of the study, thus providing
evidence of shift-frame bias in this hypothetical scenario.
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Table 4 Summary of rationality assessments in threshold technique studies

Study Monotonicity Anchoring and shift- Preference non-
framing effects linearity

Test-retest reliabil-
ity and preference
stability

Alonso-Coello et al., 2015 [56]

Alvarado et al., 2014 [52] X
Bates et al., 2016 [45]

Bayram et al., 2005 [29]

Blinman et al., 2010 [38] X
Blinman et al., 2015 [32] X
Blinman et al., 2011 [22] X

Bossema et al., 2008 [24]

Brundage et al., 1997 [33]

Brundage et al., 2001 [34]

Corica et al., 2014 [53]

Couture et al., 2005 [25]

Crump and Llewellyn-Thomas, 2013 [59]

Cuffe et al., 2014 [42]

Dales et al., 1999 [26]

Devereaux et al., 2001 [27]

Duric et al., 2005 [35] X X
Duric et al., 2005 [36] X
Finlayson et al., 1999 [21]

Gupta et al., 2016 [55]

Kennedy et al., 2011 [41]

Kennedy et al., 2008 [44]

Kok et al., 2008 [57]

Kopec et al., 2007 [13] X X
Kunneman et al., 2014 [23]

Llewellyn-Thomas et al., 1998 [14]

Llewellyn-Thomas et al., 1991 [15]

Llewellyn-Thomas et al., 2002 [16]

Llewellyn-Thomas et al., 1999 [17]

Llewellyn-Thomas et al., 1996 [18]

Lloyd et al., 2004 [47] X

McAlister et al., 2000 [46]

Molinari et al., 2014 [39]

Palda et al., 1997 [20]

Percy and Llewellyn-Thomas, 1995 [48] X
Simes and Coates, 2001 [37] X X
Stafinski et al., 2015 [28]

Steures et al., 2005 [50]

Sung et al., 2004 [54]

Tomlinson et al., 2011 [43]

Turner et al., 2016 [49]

van Weert et al., 2007 [51]

Wilke et al., 2010 [40]
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3.3.3 Preference Non-linearity

Preference non-linearity occurs when the incremental
change in the value of the key attribute that exactly offsets
the other differences between the reference and target option
changes when the level of the key attribute in the reference
option changes. If the incremental change remains constant,
then preferences are linear over the range of potential val-
ues of the key attribute. For example, Simes and Coates
[37] included two different baseline levels of survival time
and survival probability in their study of the increases in
expected survival that patients would require to accept the
burdens associated with adjuvant chemotherapy for early
breast cancer. In separate TT exercises, these authors elic-
ited the minimum additional survival time required for
adjuvant chemotherapy when the life expectancy in the
reference option (no adjuvant chemotherapy) was 5 years
and when the reference life expectancy was 15 years. These
authors also elicited the minimum additional probability of
5-year survival required for adjuvant chemotherapy when
the probability of 5-year survival in the reference option
was 65% or 85%. These authors describe notable differences
in incremental increases in required survival time based on
the baseline levels, indicating that the incremental required
increase in survival decreased as the expected survival in
the reference option increased. On the basis of this result,
the authors concluded that the women in their study were
“discounting benefits of treatment that were appreciably
delayed” (Simes and Coates [37], p. 148). However, they
found that the proportion of patients accepting adjuvant
chemotherapy appeared to be independent of the baseline
5-year survival probability. That is, these authors found that
preferences were non-linear in survival time, but likely lin-
ear in 5-year survival probability.

A series of additional studies [22, 32, 35, 36, 38] used the
same procedure for estimating minimum required increases
in survival as that used by Simes and Coates [37]. In these
studies, the incremental thresholds appear to differ based
on the initial level in the reference option. In their study of
physicians’ preferences for adjuvant chemotherapy in non-
small-cell lung cancer, Blinman et al. [22] found that sta-
tistically significantly smaller incremental increases in the
probability of 5-year survival were required when the base-
line survival probability was 65% than when the baseline
probability was 50%. However, there were no statistically
significant differences in the minimum required increase in
survival time between the two baseline life expectancies. In
contrast, Duric et al. [36] found no statistically significant
differences in minimum required increases in survival based
on different baseline levels of life expectancy or 5-year sur-
vival probability in their study of women’s preferences for
adjuvant endocrine therapy in early breast cancer.
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3.3.4 Test-Retest Reliability and Preference Stability

Five studies administered TT exercises to the same subjects
at different points in time to evaluate whether preferences
were stable and reliable over time. Three studies repeated the
trade-off exercise within 1-6 weeks [33, 44, 48]. Kennedy
et al. [44] found fair to good test-retest reliability and noted
that the mean difference in the threshold values between
the first and second administration (2—4 weeks apart) was
less than 5% of the highest possible change that could have
been observed between the first and second administration
of the exercise. Percy and Llewellyn-Thomas [48] found a
statistically significant association between the results of the
exercises administered 1 week apart. In contrast, Brundage
et al. [33] noted that 85% of the threshold values in their
study were lower in the retest interview (approximately
6 weeks later) than in the original interview. Two studies
had longer intervals between the first and second times
the trade-off exercises were administered. Duric et al. [35]
found that agreement between the original test and the retest
(17 months later, on average) was moderate to good and
that differences in the results between the two times were
not statistically significant. Simes and Coates [37] found no
significant change in the minimum required increase in sur-
vival time; however, they did find that the minimum required
increase in the 5-year survival probability was larger in the
second interviews (3—6 months later).

4 Discussion

As the demand for greater patient input into medical and reg-
ulatory decision-making grows, PPI is becoming an increas-
ingly important source of evidence. Many tools have been
used to elicit PPI in numerous applications. The TT is one
of many tools for eliciting patients’ benefit—risk preferences.
Although not as common in the patient preference literature
as discrete-choice experiments (DCEs) [60-62], it has been
used in numerous applications in multiple therapeutic areas
over the past 25 years and has been used recently to provide
evidence of patients’ risk tolerance to support a change in
labeling for home hemodialysis [7]. This is the first summary
of the literature on empirical applications of the TT.

The TT asks respondents to make choices between two
alternatives and systematically varies the features of the
alternatives until the point at which a respondent is indiffer-
ent between alternatives is determined. Therefore, it is like
many other preference elicitation techniques commonly used
in health and medical decision-making. Early applications of
the TT referred to the method as a modified standard gamble
[21] because it offered decision makers a choice between
two possible states of the world with uncertain outcomes
and varied the probability of the outcomes until a person
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was indifferent between the two states. Many early empiri-
cal applications of the TT also referred to the method as a
time trade-off [22, 24] because respondents were offered a
choice between a less burdensome alternative with shorter
life expectancy and a more burdensome alternative with
longer life expectancy. The TT is also similar to contingent
valuation [63] because it can be used to estimate the mar-
ginal monetary value of incremental changes in treatment
or health service options or to estimate the welfare gain of
an alternative approach to treatment. Finally, the TT is not
dissimilar from some forms of swing weighting in which two
changes (i.e., swings) in outcomes are compared and the size
of one swing is varied systematically until the respondent is
indifferent between the two swings [64].

Empirical studies of the TT have demonstrated that it
can be used to elicit multiple types of thresholds relevant to
benefit-risk decision-making, including estimates of MAR
and MAB [8]. In addition, multiple trade-offs and threshold
values can be quantified in a single study. Because the TT
yields a unique value or interval for each respondent for each
threshold, it can also be used to characterize, quantify, and
potentially explain preference heterogeneity, an important
consideration in regulatory decision-making [3]. Finally, the
TT can offer reliable estimates of PPI. It has been shown to
have face validity in that MAR estimates are higher (lower)
for higher (lower) levels of benefit and MAB estimates are
higher (lower) for higher (lower) levels of risk. In addition,
it can capture non-linearities in preferences over a range of
benefits and risks.

Some evidence has shown that the TT may be subject to
anchoring and shift-framing effects. The evidence regarding
the sensitivity of threshold estimates to anchoring and shift-
framing is mixed and may be directly related to the extent
to which the decision in the TT exercise is hypothetical.
However, as noted earlier, if the decision being addressed in
the study is subject to anchoring and shift-framing because
the actual choice decision has a natural starting point or
decision frame, then any bias in the TT study may simply
reflect the reality of the decision. The evidence regarding
preference stability also appears to be mixed, and it appears
that preference stability decreases as the interval between the
first and second assessment of preferences increases. This
result is not entirely surprising, as many events can occur
between assessments that could impact how patients per-
ceive the decision problem. However, the TT method is also
likely subject to a number of potential limitations that are
common to all stated-preference methods in which patients
are asked to make hypothetical treatment decisions regarding
risks and benefits. These include administering the exercise
to respondents with potentially low levels of numeracy or
health literacy, bias introduced by the mode (in-person inter-
view or pencil-and-paper survey, or computer-administered

survey instrument) by which data are collected, sample
selection bias due to the method of respondent recruitment,
and non-trading or non-attendance responses and protest
responses on the part of respondents. We are aware of no
evidence that the TT is more or less susceptible to these
potential sources of bias or preference instability than other
hypothetical stated-preference techniques.

The TT differs from DCEs in that the level of only the key
attribute is varied. In contrast, in a DCE, all attribute levels
are varied simultaneously between options and across choice
questions according to an experimental design. The DCE
has the advantage of estimating the relationships among all
attributes simultaneously; however, the DCE yields results
for a sample rather than a single result or threshold for each
respondent. As a result, the ability of the DCE to relate
choice to the individual characteristics of the respondents is
limited. In addition, the DCE is subject to scale heterogene-
ity [65], which makes pooling data from multiple sources or
across time more difficult. Additional research is needed to
determine the extent to which the TT and DCE yield similar
results when applied to the same research question.

The TT may be a useful approach to eliciting patients’
stated preferences to inform regulatory and other deci-
sion-making. Early studies employing this technique were
designed to assess what benefits would be necessary to make
more aggressive treatment worthwhile [22, 32, 35, 36, 38,
41, 44]. The TT may be most useful when the primary
research question is less concerned with trade-offs among
multiple attributes and more concerned with determining
the minimal clinically important difference of a treatment
for which the other characteristics are understood. In addi-
tion, anchoring and shift-framing effects may be a result of
the decision context rather than an artifact of the methods
when the decision context represents an actual or potential
treatment decision.

5 Conclusion

The TT has been employed in a number of therapeutic areas
and has been used to quantify treatment preferences of
patients, caregivers, and healthcare professionals. The TT
is similar to many other stated-preference methods (e.g.,
standard gamble, time trade-off, swing weighting, and con-
tingent valuation) in many respects and has some character-
istics that differ from other experimentally designed stated-
preference methods (e.g., DCEs and best—worst scaling).
As with all stated-preference techniques, the ability of the
TT to predict treatment choice and the ability to inform an
individual patient about the treatment that is most appropri-
ate for her or him is not well-known. This review provides
only a brief overview of the features and applications of the
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TT. We recommend that additional empirical research focus
on three primary areas: performance of the TT compared
with other stated-preference methods when applied to the
same research question, the extent to which results of a TT
study are able to predict patient choice, and the ability of the
TT to inform individual treatment decisions at the point of
healthcare delivery.
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