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Abstract
Introduction  Early cancer detection can significantly improve patient outcomes and reduce mortality rates. Novel cancer 
screening approaches, including multi-cancer early detection tests, have been developed. Cost-utility analyses will be needed 
to examine their value, and these models require health state utilities. The purpose of this study was to estimate the disutility 
(i.e., decrease in health state utility) associated with false-positive cancer screening results.
Methods  In composite time trade-off interviews using a 1-year time horizon, UK general population participants valued 10 
health state vignettes describing cancer screening with true-negative or false-positive results. Each false-positive vignette 
described a common diagnostic pathway following a false-positive result suggesting lung, colorectal, breast, or pancreatic 
cancer. Every pathway ended with a negative result (no cancer detected). The disutility of each false positive was calculated 
as the difference between the true-negative and each false-positive health state, and because of the 1-year time horizon, each 
disutility can be interpreted as a quality-adjusted life-year decrement associated with each type of false-positive experience.
Results  A total of 203 participants completed interviews (49.8% male; mean age = 42.0 years). The mean (SD) utility for the 
health state describing a true-negative result was 0.958 (0.065). Utilities for false-positive health states ranged from 0.847 
(0.145) to 0.932 (0.059). Disutilities for false positives ranged from − 0.031 to − 0.111 (− 0.041 to − 0.111 for lung cancer; 
− 0.079 for colorectal cancer; − 0.031 to − 0.067 for breast cancer; − 0.048 to − 0.088 for pancreatic cancer).
Conclusion  All false-positive results were associated with a disutility. Greater disutility was associated with more invasive 
follow-up diagnostic procedures, longer duration of uncertainty regarding the eventual diagnosis, and perceived severity 
of the suspected cancer type. Utility values estimated in this study would be useful for economic modeling examining the 
value of cancer screening procedures.

1  Introduction

Early cancer detection and intervention can significantly 
improve patient outcomes and reduce mortality rates [1–3]. 
The benefits of early detection and intervention, includ-
ing reduction in cancer-specific mortality, have been dem-
onstrated across a range of cancer types, such as lung [4, 
5], colorectal [6–8], cervical [9, 10], and breast cancer 
[11, 12]. Cancers for which at-risk patients are regularly 
screened tend to be detected earlier and have a better prog-
nosis than cancers without available screening procedures 
[13–16]. Despite these well-known benefits of early cancer 

detection, few types of cancer have established screening 
procedures, and patient adherence to recommendations for 
cancer screening varies [17].

New cancer screening approaches that may address some 
of these limitations are currently in development. While 
some of these novel screening tests focus on identification 
of one type of cancer [18–20], others are multi-cancer early 
detection (MCED) tests including blood-based genomic tests 
that have demonstrated the ability to detect a wide range of 
cancers via a simple blood draw [21–24]. If a simple MCED 
policy could be implemented across a broad segment of the 
general population to complement current cancer screening, 
the increase in early detection could lead to more people 
who experience curative treatments, better health outcomes, 
and decreased mortality [25].

An effective MCED test should detect a variety of can-
cers across stages, predict cancer signal origin, and have 
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Key Points For Decision Makers 

A range of novel cancer screening tests are in develop-
ment, and the utilities estimated in this study will be 
useful in economic modeling conducted to examine and 
compare their value.

Results of this study add to the limited body of literature 
suggesting that there is a disutility (i.e., utility decrease) 
associated with false-positive cancer screening results.

Greater disutility (i.e., utility decrease quantifying 
impact on quality of life) of false-positive screenings 
was associated with more invasive follow-up diagnostic 
procedures, longer duration of uncertainty regarding the 
eventual diagnosis, and greater perceived severity of the 
suspected cancer type.

a very low rate of false-positive results [26]. All screen-
ing approaches, including single-cancer and MCED tests, 
have the potential for false-positive results with a direct and 
adverse impact on individuals. During the time between the 
report of a false-positive test result and definitive confir-
mation that the individual does not have cancer, there are 
often negative emotional consequences for patients, includ-
ing worry, distress, and symptoms of anxiety [27–29]. In 
addition, false-positive screening tests can lead to a range 
of expensive and possibly invasive follow-up investigations.

As new cancer screening methods are proposed and eval-
uated, cost-utility analyses (CUAs) will be needed to exam-
ine and compare their value, and the impact of false-positive 
results must be considered as part of these models. Health 
state utilities representing false positives will be needed. 
Utilities are values representing the strength of preference 
for various health states, and they are used to quantify health 
status and quality of life in CUAs [30].

Previous research suggests that a false-positive screening 
result is associated with a disutility (i.e., a utility decrease 
representing a negative impact on quality of life) [31]. How-
ever, the few studies estimating disutilities of false positives 
are limited in their scope and methodology. Published stud-
ies generally focus on breast cancer [32–35], with vari-
able findings. For example, Tosteson and colleagues [35] 
found no utility decrement, possibly because the measure 
used (3-level EQ-5D) assesses broader domains of general 
health and may not be sensitive to the specific impact of 
false-positive test results. Other studies used vignette-based 
methods (i.e., utility elicitation for health state vignettes 
in preference-based tasks) [36], but methods for rating 
the utility of each vignette varied. Some research used 
visual analog scales, which are not considered to be a true 

preference-based utility estimation method [32, 34, 35]. 
In other studies, vignette descriptions were mapped to the 
EQ-5D scoring system [33] or valued with direct time trade-
off (TTO) methods [34].

In these previous studies, none of the false-positive 
vignettes included detailed descriptions of follow-up tests 
or the timeline to resolve the false-positive result. Therefore, 
available utilities are based largely on perceptions of peo-
ple with limited insight into the false-positive experience. 
Furthermore, each study only provided a single utility for 
a false-positive screening without considering the hetero-
geneity of patients’ false-positive experiences, which vary 
widely. While some false positives can be resolved quickly 
following a single diagnostic test (e.g., imaging or biopsy), 
others precipitate a sequence of multiple tests with varying 
levels of invasiveness administered over an extended period 
of uncertainty regarding the cancer diagnosis. In sum, previ-
ously published studies do not provide adequate estimates of 
the utility impact associated with the range of false-positive 
cancer screenings.

The purpose of this study was to estimate the disutility 
(i.e., decrease in health state utility) associated with false-
positive cancer screenings. This study was conducted using 
vignette-based methods, which are well-suited for estimat-
ing utilities of specific health-related events that are not 
the focus of generic instruments such as the EQ-5D [36]. 
To provide disutility values that may be useful in CUAs of 
cancer screening procedures, vignettes were developed to 
represent several types of false-positive experiences, varying 
in type of suspected cancer, extent of follow-up testing, and 
duration of diagnostic uncertainty.

2 � Methods

2.1 � Overview of Study Design

Although some health technology assessment (HTA) 
authorities prefer that preference-based measures such as 
the EQ-5D are used to generate utilities [37–39], this study 
was conducted with vignette-based methodology for two 
reasons. First, generic instruments designed to quantify 
overall health status may not be sensitive to specific treat-
ment process attributes, such as those described in the cur-
rent health states (e.g., coping with diagnostic uncertainty, 
medical testing, perceptions of various cancer types). There 
is a substantial and growing body of literature suggesting 
that quality of life and utility may be influenced not only by 
health status and treatment outcomes, but also by the process 
of receiving care [36, 40, 41]. Estimation of ‘treatment pro-
cess utilities’ is a situation when generic instruments like the 
EQ-5D are often not considered to be appropriate because 
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a generic instrument that assesses overall health status may 
not be sensitive to specific treatment process attributes [36, 
40, 41]. Therefore, treatment process utilities are typically 
estimated using vignette-based methodology [40]. With this 
method, health state vignettes can describe specific medical 
treatments so that the resulting utilities represent the impact 
of these experiences [36].

Second, the goal of this study was to estimate utilities of a 
broad range of false-positive pathways. For several reasons, 
it may not be feasible to administer questionnaires to a large 
enough sample of patients who are currently experiencing 
the false-positive diagnosis described within each health 
state. Generic instruments like the EQ-5D are designed to 
assess health status ‘today,’ and it is not possible to iden-
tify a false-positive experience at the time it is occurring 
because neither the patient nor any clinician knows it is a 
false positive until after the patient is found to be negative. 
In addition, several of the cancer types represented in the 
health states (e.g., pancreatic cancer, specific sub-types of 
lung cancer) are not specifically detected with currently used 
screening procedures. Therefore, it is not currently possible 
to recruit any participants experiencing these false-positive 
health states. Furthermore, for health states describing false 
positives that occur with standard screening approaches 
(e.g., breast cancer, colorectal cancer), a false positive can-
not be identified until after the follow-up testing is complete. 
Therefore, a generic instrument would need to be adminis-
tered to an extremely large sample in order to identify the 
relatively small subgroups who experience the nine types of 
false positives described in the current health states. Finally, 
because generic measures provide a utility estimate only for 
the day they are completed, the instrument would have to be 
administered repeatedly for the weeks following the screen-
ing result to capture the disutility of the full false-positive 
pathway. In contrast, the vignette-based approach avoids 
these obstacles because vignettes can be drafted based on 
input from clinicians and valued by members of the general 
population without requiring a large sample of patients, and 
the vignette approach allows for estimation of disutility (i.e., 
quality-adjusted life-year [QALY] decrement) associated 
with the full false-positive pathway.

Health state vignettes were developed based on published 
literature, cancer screening guidelines, and expert inter-
views. Then, the health states were refined in several itera-
tions during a pilot study. The initial health state described a 
1-year period that included a negative cancer screening. All 
other health states described a 1-year period that included a 
false-positive cancer screening that was eventually resolved 
following diagnostic testing.

The utility difference between otherwise identical 
health states with and without the false-positive screening 

represents the disutility of the false-positive experience. 
Because of the 1-year time horizon, this disutility can be 
considered a QALY decrement. Whereas most vignette-
based studies value chronic health states that remain sta-
ble over time, the current vignettes can be considered ‘path 
states,’ which describe a sequence of events. Like other 
studies involving path states, utilities were estimated for the 
whole path rather than each part of the path [42–46]. For 
example, if a health state described an initial cancer screen-
ing and two follow-up tests (e.g., an MRI and a PET-CT), 
the associated utility would represent the entire series of 
events, and it is not possible to derive a separate disutility 
for each follow-up test.

Health states were valued in a TTO utility elicitation 
with a sample of general population participants in the UK. 
Because of the COVID-19 pandemic, face-to-face inter-
views were not conducted during the pilot phase (April–June 
2021). However, the main valuation study was conducted via 
individual in-person utility interviews in November 2021. 
Informed consent was obtained prior to each interview, and 
the study protocol was approved by an institutional review 
board (Ethical and Independent Review Services; Study 
21017-01).

A variety of time horizons (i.e., the duration of time spent 
in each health state) can be used in TTO valuations [47, 48]. 
For valuations of chronic health states, longer time hori-
zons (e.g., 10 or 20 years) are typically used. Because this 
study valued path states in which the events described were 
relatively brief (most lasting <1 month as described in the 
health state text and depicted in a timeline figure at the bot-
tom of each health state), a 1-year time horizon was used. 
Interviewers explained to participants that the false-positive 
experience described in each health state occurred for only 
part of the year that they would value in the TTO task, rather 
than the whole year. Interviewers used the following lan-
guage: “Over the course of the year, you will be screened 
for cancer, learn that you do not have cancer, and then live 
the remainder of the year in good health. This is shown on 
the timeline at the bottom of the health state. Please note 
that the timeline only describes the duration of these events. 
These events could occur at any time during the year. For the 
remainder of the year, you will be in good health.”

The 1-year timeline was chosen to ensure that the TTO 
elicitation method would be sensitive to the impact of the 
brief false pathways. When estimating utilities associated 
with brief events, a longer timeline is typically not sensi-
tive to the impact of these events because a brief event is 
unlikely to have any significant impact on preference for a 
10-year period. However, a 1-year time horizon can be sensi-
tive to these short-term differences [42, 44, 45]. The 1-year 
time horizon also simplifies the interpretation and use of the 
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results, because the disutility associated with each temporary 
event can be applied in a CUA as a QALY decrement.

2.2 � Health State Development

Health states were developed based on literature review, 
cancer screening guidelines, and input from six advisors. 
We focused on cancer screening and diagnostic investiga-
tions associated with lung, breast, colorectal, and pancre-
atic cancer. These four were selected to represent cancers 
with well-established screening policies, cancers requiring 
a range of follow-up investigative procedures, and a cancer 
(pancreatic) that currently has no effective screening test but 
represents an uncommon cancer with a poor prognosis that 
can be detected by MCED strategies.

The literature review included peer-reviewed literature 
[49–58] and official guidelines for cancer screening [59–62]. 
Google Scholar and PubMed were searched using general 
terms such as ‘cancer screening procedures’ and specific 
terms for each type of cancer that was described in the health 
states (e.g., breast cancer, pancreatic cancer). Articles were 
selected for review if they provided information describ-
ing screening procedures in the US or UK. Websites for 
cancer research and patient advocacy organizations were 
also reviewed for cancer screening recommendations and 
patient-friendly language for describing various tests in the 
health states [61–70].

To gather further information and refine the health state 
text, multiple rounds of interviews were conducted with 
six advisors, including five clinicians experienced in can-
cer screening methodologies (pulmonologist, radiologist, 
anesthesiologist, and two oncologists). The other advisor 
was an academic professor who is a member of the Adult 
Reference Group of the UK National Screening Committee, 
which advises the UK government on appropriate population 
cancer screening policies. The advisors reported an average 
of over 20 years’ experience with cancer screening, and the 
five clinicians reported seeing between 10 and 150 patients 
per month. Two advisors were in London, UK, and others 
were in the US (Texas, California, Utah, Virginia). In the ini-
tial interviews, the advisors were asked to describe patients’ 
typical experiences with cancer screening and follow-up 
investigations after an initial positive result. These descrip-
tions were used to develop the first draft of the health states. 
In subsequent discussions, the advisors reviewed and edited 
health state drafts to ensure the descriptions were clear and 
accurate representations of typical patient experiences with 
false-positive screenings.

For some of the health states, the time required for fol-
low-up investigations was perceived to be longer in the UK 
than the US. The differences in time required for follow-up 
reflected longer waiting periods to receive the tests, longer 

waiting periods for the tests to be analyzed, and longer peri-
ods of time before results were reported to the patient. In 
these situations, the opinions of the UK advisors were pri-
oritized because the utility elicitation study was planned to 
be conducted in the UK. All six advisors agreed that the final 
draft of the health states provided clear and accurate descrip-
tions of typical experiences with false-positive screening 
results.

Ten health state vignettes were drafted, each describ-
ing a temporary cancer screening event. The first health 
state (health state A) described a true negative result (i.e., a 
patient is screened for cancer and receives a negative result). 
The other nine described a false-positive pathway in which 
a patient is screened for cancer, receives a positive result, 
completes follow-up procedures, and is then told that no 
sign of cancer was detected. The procedure of the initial 
screening test was not provided because these health states 
were designed to yield utilities that may be applicable to 
false-positives stemming from any screening test, including 
currently available single-cancer screening tests (e.g., mam-
mogram, colonoscopy) and MCED tests.

Table 1 presents a list of all health states, with details 
on the false-positive result, the follow-up procedures, and 
the number of days of uncertainty prior to learning that 
the initial screening result was not confirmed by follow-up 
investigation. These health states were designed to cover a 
broad range of experiences, from simple to more complex 
and invasive follow-up procedures, as well as shorter and 
longer durations of uncertainty.

The health states were presented to respondents on indi-
vidual cards, each with a series of bullet point descriptions 
organized into categories with headings intended to help 
the respondents understand the content: ‘cancer screening,’ 
‘screening result,’ the name of each follow-up investigation 
(e.g., ‘CT scan,’ ‘MRI scan,’ ‘mammogram’), and ‘resolu-
tion.’ A timeline of key events within each false-positive 
pathway was presented at the bottom of each health state. 
The final health state text is presented in the electronic sup-
plementary material (ESM).

2.3 � Participants

Participants were recruited using digital social media mar-
keting (e.g., via Facebook, Twitter, and Google). Interested 
participants were screened by phone for eligibility. To be 
eligible for this study, participants were required to be over 
18 years of age, a UK resident, able to understand the assess-
ments as judged by the investigator, able and willing to give 
electronic informed consent, and able to complete the proto-
col requirements. Because the sample was intended to match 
the demographics of the UK general population, there were 
no eligibility criteria for specific clinical characteristics, 
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and efforts were made to mirror the UK population with 
regard to gender, age, racial/ethnic background, and rate of 
unemployment by implementing recruitment caps on vari-
ous demographic groups based on UK census information. 
To maintain the safety of participants and interviewers dur-
ing the COVID-19 pandemic, participants in the main study 
(which was conducted in person) were required to provide 
proof of vaccination and wear a face covering.

2.4 � Pilot Study

A pilot study was conducted with 30 participants in the UK 
(mean [standard deviation (SD)] age: 45.8 [14.5] years; 
50.0% female). A three-step approach was used: (1) partici-
pants were sent a package with paper copies of all materials 
required for the interview (i.e., health states, background 
information, and questionnaires); (2) one-on-one interviews 
were conducted by Microsoft Teams videoconference; (3) 
the principal investigator and/or project manager were avail-
able to join the interview and assist whenever requested by 
the interviewer.

Participants completed the virtual TTO valuation and 
provided feedback on the health states and procedures. The 
pilot study was conducted in three phases (11 participants 
in phase 1, eight in phase 2, and 11 in phase 3) to allow for 
edits to the health states and expert consultation after phases 

1 and 2. Participants in all phases reported a good general 
understanding of the health states. The health states and pro-
cedures were edited for clarity and ease of understanding. 
Data from the 30 pilot study participants were not included 
in the main analysis sample.

2.5 � Utility Interview Procedures and Scoring

The health states finalized in the pilot study were used to 
assess preference and elicit health state utilities in the main 
study. Trained interviewers conducted one-on-one in-person 
interviews in private offices, following a semi-structured 
interview guide.

Participants were first introduced to the health states. 
Health state A was presented first followed by the groups of 
false-positive health states. The four groups of false-positive 
health states (i.e., the B, C, D, and E health states) were 
presented in random order. Each group was presented as 
a set. For example, when presenting the three lung cancer 
health states in group B, all three were presented on the 
table simultaneously, but the three were presented in ran-
dom order. The health states were not presented with the 
organized lettering/numbering system. Instead, health states 
were labeled with different letters that would not provide any 
indication of the organizational structure or order of severity. 
For example, health states B1 and B2 were labeled as T and 

Table 1   List of health states presented to participants

CT computed tomography, MRI magnetic resonance imaging, PET-CT positron emission tomography scan and computed tomography scan
a The ‘D health states’ describing false positives for breast cancer were not presented to the male participants. Therefore, men only valued seven 
health states, whereas women valued all 10 health states
b Each health state described the typical follow-up procedures that would occur after a false-positive screening result. For some of the health 
states (e.g., B1, E1), a single follow-up procedure was necessary to confirm that the original result was a false positive. For other health states 
(e.g., B2, E2), multiple follow-up tests were required
c Each health state included a timeline illustrating the number of days between the false-positive screening result and the eventual resolution 
when the result is confirmed to be a false positive. This is the period of uncertainty during which the hypothetical patient does not know whether 
the positive screening result was accurate

Health statea Follow-up proceduresb Number of days of 
uncertainty about cancer 
diagnosisc

A. Cancer screening with negative result
B1. False positive for lung cancer without head or neck involve-

ment
CT scan 10

B2. False positive for lung cancer with possible head or neck 
involvement

CT scan; PET-CT 25

B3. False positive for lung cancer with a 6-month follow-up scan CT scan 185
C. False positive for colorectal cancer Colonoscopy 14
D1. False positive for breast cancer; no biopsy or MRI Mammogram/ultrasound (at same visit) 10
D2. False positive for breast cancer; biopsy performed Mammogram/ultrasound/biopsy (at same visit) 10
D3. False positive for breast cancer; MRI performed Mammogram/ultrasound (at same visit); MRI 20
E1. False positive for pancreatic cancer; follow-up CT scan CT scan 9
E2. False positive for pancreatic cancer; follow-up CT scan and 

PET-CT
CT scan; PET-CT 23
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Y. Interviewers reviewed every health state in detail with the 
participants, who were then given an opportunity to read the 
materials independently and ask questions. Participants were 
then asked to rank the health states from most preferable to 
least preferable.

After completing the ranking, participants valued the 
health states in a TTO task with a 1-year time horizon. TTO 
methods have been described extensively in previous publi-
cations [30]. For each of the health states, participants were 
offered a series of choices between spending a 12-month 
period in the health state versus spending varying amounts 
of time in full health. Choices were presented in a booklet 
with bars of varying length illustrating duration of the two 
choices. Time in full health varied in 1-month increments, 
alternating between longer and shorter periods of time in 
full health (i.e., 12 months, 0 months [dead], 11 months, 1 
month, 10 months, 2 months…). Each health state received 
a utility value (u) on a scale with anchors of dead (0) and 
full health (1) based on the choice in which the respondent 
was indifferent between 12 months in the health state and 
x months in full health. The resulting utility estimate (u) is 
calculated as u = x/12.

Given the content of these health states, it was expected 
that few participants would perceive any of them to be 
worse than dead. However, when this happened, interview-
ers switched to the ‘lead-time’ approach, which introduces 
a lead period in full health. The duration of the lead period 
can vary but is typically equal to the amount of time spent 
in the health state (in this case, 1 year) [71, 72]. The combi-
nation of the conventional TTO for health states perceived 
to be better than dead and lead-time TTO for health states 
perceived to be worse than dead (often called ‘composite 
TTO’) has frequently been used in recent studies [73–75] 
and is currently the recommended protocol by the EuroQol 
group [72].

2.6 � Statistical Analysis Procedures

Statistical analyses were conducted with SAS version 9.4. 
Descriptive statistics were used to summarize demographic 
data, health state preferences, and utilities. Categorical vari-
ables are summarized as frequencies and percentages, while 
means and standard deviations are reported for continuous 
variables.

Because health states differed only in their descriptions of 
the false-positive pathways, any difference in preference and 
utility among the health states can be attributed entirely to 
these false positives. The disutility of each false positive was 
calculated by subtracting the utility of health state A (true 
negative) from each health state describing a false positive.

Paired t-tests were conducted to examine differences 
between utility and disutility means (e.g., utility of health 
state A vs utility of health state B1), and independent t-tests 

were used to test for subgroup differences in utilities by age 
(median split), gender, and employment status (employed 
vs not employed). Post hoc descriptive analyses were con-
ducted to provide utilities for subgroups of patients catego-
rized based on previous experiences with cancer screening 
and previous diagnosis of cancer.

3 � Results

3.1 � Sample Characteristics

A total of 225 participants were scheduled, and 208 partici-
pants attended interviews in the main utility valuation study. 
Five who attended were unable to fully comprehend the task 
and health states. Therefore, the analyses were conducted 
with a sample of 203 participants. Demographic characteris-
tics and cancer screening history are reported in Table 2. The 
most commonly reported health conditions were depression 
(23.2%), anxiety (20.2%), diabetes mellitus (6.9%), hyper-
tension (5.9%), and arthritis (5.4%).

3.2 � Health State Rankings and Preferences

Health state rankings ranged from 1 (most preferable health 
state) to 10 (least preferable health state) for participants 
ranking breast cancer health states, and from 1 to 7 for par-
ticipants who did not rank the breast cancer health states. All 
three nonbinary participants chose to rank the breast cancer 
health states. For both groups, almost all participants ranked 
health state A (true negative) as most preferable (98.0% and 
99.0%, respectively). Of the false-positive health states, B1, 
D1, and E1 were commonly ranked as most or second most 
preferable. Health states B2, B3, and E2 were most com-
monly ranked among the least preferable.

After providing their rankings, participants were asked to 
explain their preferences. In general, reasons for preferences 
could be divided into three categories: (1) perceived sever-
ity of cancer diagnosis (e.g., pancreatic cancer was often 
perceived to be more severe than the other types of cancer); 
(2) duration of uncertainty regarding cancer diagnosis (e.g., 
some false-positive pathways resolve in 10 days while oth-
ers take 3 weeks or longer); and (3) aspects of the follow-up 
testing (e.g., many participants viewed colonoscopy as an 
unpleasant procedure). Examples of quotations from partici-
pants describing these preferences are presented in Table 3.

3.3 � Health State Utilities

Health state utilities are presented in Fig. 1. The utility of 
the ‘true negative’ health state was 0.96 (SD 0.07). Among 
the false-positive health states, D1 (false positive for breast 
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cancer; no biopsy) had the highest (i.e., most favorable) 
utility (0.93, SD 0.06), suggesting that this was perceived 
to be the least aversive of the false-positive pathways. B3 
(false positive for lung cancer with a follow-up CT scan at 
6 months) had the lowest utility (0.85; SD 0.14), suggesting 
that this tended to be the least preferred false-positive path-
way. For all but two participants, utilities of all false-positive 
health states were less than or equal to the utility of the true 
negative health state. Both of these participants stated that 
they would experience a feeling of security from receiving 
the negative results from the investigations performed to rule 
out the false positive.

The proportion of participants who did not trade any time 
in the TTO task (resulting in a utility of 1 [i.e., preference 
equal to 12 months in full health] or 0.958 [i.e., preference 
<12 months in full health, but >11 months in full health]) 
varied by health state, ranging from 89.7% for health state 
A to 46.3% for health state E2. A total of 77 participants 
perceived health state A (true-negative cancer screening) to 
be equal in preference to full health, resulting in a utility of 
1. The false-positive health states usually received utilities 
that were <1 because participants typically preferred full 
health over the false-positive experiences. The false-positive 
health states had utilities of 1 for the following numbers of 
participants: D3, n = 0; D2 and E2, n = 2; B2, n = 3; B3, C, 
and D1, n = 4; E1, n = 6; B1, n = 7.

No participants valued any health states as equal to 
dead (i.e., a utility of 0). Only one participant perceived 
any health state to be worse than dead, and only for health 
state B2, which described a false positive for lung cancer 
with possible head/neck involvement. This person reported 
having a particular sensitivity to this health state because 
multiple members of her family had died of brain cancer.

The disutility (i.e., utility decrease) associated with each 
false-positive pathway was calculated by subtracting the 
utility of health state A (cancer screening without a false 
positive) from the utility of each health state with a false-
positive scenario. Disutilities of false-positive pathways 
ranged from − 0.031 to − 0.111 (Table 4). Based on paired 
t-tests, the utility values for all false-positive health states 
were significantly lower than the utility of health state A 
(all p < 0.0001). Health states describing different follow-
up pathways for the same type of cancer (e.g., the three 
lung cancer health states) were also compared with each 
other. Significant differences were found for all comparisons 
except for health state B2 versus B3 (t = −1.0; p = 0.299) 
and health state D2 versus D3 (t = −1.6; p = 0.123).

Paired t-tests were also conducted to examine factors 
contributing to differences in preference between the health 
states. Statistically significant utility differences were found 
between health states varying by invasiveness of follow-up 
procedures, duration of uncertainty regarding the eventual 
diagnosis, and perceived severity of the suspected cancer 

Table 2   Sample characteristics (N = 203)

a Not mutually exclusive
b Other cancer screenings include 'brain' (n  =  1), 'gynecologi-
cal (uterus)' (n  =  1), 'lymphoma' (n  =  1), 'leukemia' (n  =  1), 'liver' 
(n = 1), lymph nodes' (n = 1), 'prostate' (n = 3), 'skin' (n = 4), 'tes-
ticular' (n = 1), and 'ovarian' (n = 1)
c Other cancer diagnoses include 'chronic myeloid leukemia (CML)' 
(n = 1), 'lymphoma—AIDS related' (n = 1), and 'skin' (n = 2)

Characteristics Descriptive statistics 
(N = 203)

Age, mean (standard deviation) [years] 42.0 (13.8)
Gender, n (%)
 Male 101 (49.8)
 Female 99 (48.8)
 Nonbinary 3 (1.5)

Ethnicity, n (%)
 White 162 (79.8)
 Black 8 (3.9)
 Asian 18 (8.9)
 Mixed 11 (5.4)
 Other 4 (2.0)

Marital status, n (%)
 Single 110 (54.2)
 Married 46 (22.7)
 Other 47 (23.2)

Employment status, n (%)
 Full-time work 118 (58.1)
 Part-time work 32 (15.8)
 Other 53 (26.1)

Education level, n (%)
 No university degree 62 (30.5)
 University degree or higher 141 (69.5)

Ever been screened for cancera, n (%)
 Lung 2 (1.0)
 Colorectal 13 (6.4)
 Breast 24 (11.8)
 Cervical 36 (17.7)
 Pancreatic 5 (2.5)
 Otherb 15 (7.4)
 None 134 (66.0)

Ever been diagnosed with cancer, n (%)
 Yes 7 (3.4)
 No 196 (96.6)
 If yes, type of cancer, n (%)

  Breast 3 (42.9)
  Otherc 4 (57.1)

 If yes, time since diagnosis (years)
  Mean (standard deviation) 11.2 (9.2)
  Median [range] 11.9 [1.5–23.0]

 If yes, current cancer status, n (%)
  In remission 3 (42.9)
  Cured (excised/surgically removed) 1 (14.3)
  Clear 1 (14.3)
  Stage 4/Advanced breast cancer with brain and 

spine metastases
1 (14.3)

  Not reported 1 (14.3)
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type. For example, health states D1 and D2 described false-
positive breast cancer screenings that were identical other 
than the addition of a biopsy in D2. D2 had a significantly 
lower utility (0.91 vs 0.93; p < 0.001). Health states B1 and 
B3 described false-positive lung cancer screenings that were 
resolved with a single CT scan, but differed in duration of 
uncertainty. B3 with a follow-up scan at 6 months (i.e., 185 
days of uncertainty) had a significantly lower utility than 
health state B1 with a follow-up at 10 days (i.e., 10 days of 
uncertainty) (0.85 vs 0.92; p < 0.001). Health states B1 and 
E1 were similar in testing procedures and duration of uncer-
tainty, but differed in type of cancer (i.e., lung vs pancreatic 
cancer). The type of cancer that tended to be perceived as 

more severe (i.e., pancreatic) was associated with a lower 
utility (0.92 vs 0.91; p = 0.05).

3.4 � Group Comparisons

There were no significant between-group differences in 
utilities or disutilities by age, gender, or employment status, 
except for the disutility of health state C (false positive for 
colorectal cancer), which had a gender difference. For this 
health state, female participants had a significantly larger 
disutility (− 0.063 [0.098] vs − 0.096 [0.115]; p = 0.028).

When comparing utilities and disutilities of participants 
who had previously been screened for cancer versus those 

Table 3   Participant quotes justifying ranking preferences

CT computed tomography

Common reasons for preferring some 
health states over others

Selected quotations

Perceived severity of cancer diagnosis “Colon cancer is really scary, my grandmother died of it.”
“I have a terrible fear of [colorectal] cancer.”
“My aunt died of lung cancer; I’d automatically think you’d die.”
“Anything pancreatic I’d be very concerned about…from people that you hear who’ve had it and died, it 

just seems really horrible. The kind of cancer is a big factor for me.”
“Breast cancer has the best survival rate.”
“Colorectal cancer is far less aggressive than pancreatic cancer.”
“My personal knowledge of breast cancer [is that] it’s more treatable, not so life threatening. I know a 

lot of women who have had breast cancer and survived. But pancreatic cancer is quite an aggressive 
cancer and might be terminal, and I know a friend who died a couple of months from diagnosis.”

“I think lung cancer is one that’s really hard to come back from.”
“Pancreatic is one of the worst cancers that someone can have.”
“I would be really concerned about pancreatic cancer.”

Duration of uncertainty regarding 
cancer diagnosis

“It’s better to do the tests all at once rather than spread out.”
“The actual testing itself isn’t important, it’s the not knowing, the turnaround time.”
“If I have cancer, I don’t mind a painful test, but I want to know as quickly as possible.”
“The longer the ordeal goes on, the more serious it feels. Psychologically, you would start to feel like a 

sick person.”
“The longer you wait the more upset you will be.”
“You worry when your testing can’t happen right away.”
“It was based on the time it takes to get results, the duration of time you are in that limbo of indecision.”
“I have been through [a false-positive diagnosis]. I had about three weeks waiting, and it was horrible.”
“One of the things is the wait for the results, people are really anxious, my mother had to wait eight 

months before a lung cancer diagnosis.”
“Thinking about how long you’re walking around with uncertainty and anxiety – I would be less worried 

about the type of procedure.”
“I clinically suffer from anxiety and worry about uncertainty. I would be desperately worried until I got 

some result.”
Aspects of follow-up testing “The colonoscopy seems quite scary, sounds worse than the CT scan. I’ve had a colonoscopy before, and 

they are awful.”
“I hate needles and blood, so injections are avoided for me.”
“Invasiveness of the procedures and the numbers of tests was how I made my decision.”
“I know how bad the colonoscopy is.”
“I have been through [a breast biopsy] and the biopsy hurt a lot.”
“[Factors include] the invasiveness of the procedures and if it’s in a personal area.”
“I was worried about exposing myself to radiation in the scans.”
“Having a biopsy is a major intrusion.”
“I preferred the ones that sounded less painful, less invasive, and relatively short.”
“I based it on what I felt was invasive and uninvasive.”
“The [colonoscopy] prep sounds quite bad and the test itself is quite invasive as well.”
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who had not, the only statistically significant difference 
was for the utility of health state A representing a negative 
screening, but the between-group difference was relatively 
small (difference = 0.018; p = 0.026). No significant dif-
ferences in utilities or disutilities were observed between 
participants who have/had cancer versus those who have not, 
although only seven individuals had a personal history of 
cancer.

4 � Discussion

Results of this study add to the limited body of literature 
suggesting that there is a disutility associated with false-
positive cancer screening results. Whereas previous studies 
typically provided a single utility estimate for a breast cancer 
false positive [32–35], the current study design allows for 
comparisons between a range of false-positive pathways. 

Fig. 1   Health state utilities. aTTO scores are on a scale anchored 
with 0 representing dead and 1 representing full health. CT com-
puted tomography, MRI magnetic resonance imaging, PET-CT posi-

tron emission tomography scan and computed tomography scan, SD 
standard deviation, TTO time trade-off

Table 4   Disutilities of false-positive cancer screeninga,b

CI confidence interval, CT computed tomography, MRI magnetic resonance imaging, PET-CT positron emission tomography scan and computed 
tomography scan, SD standard deviation, TTO time trade-off
a TTO scores are on a scale anchored with 0 representing dead and 1 representing full health
b Disutilities (i.e., utility decreases) for each false-positive pathway were calculated by subtracting the mean utility of health state A (true nega-
tive screening result) from the utility of each health state with a false-positive screening result

Health state N Mean disutility SD 95% CI

B1. False positive for lung cancer without head or neck involvement 203 − 0.041 0.061 − 0.049 to − 0.032
B2. False positive for lung cancer with possible head or neck involvement 203 − 0.101 0.137 − 0.120 to − 0.082
B3. False positive for lung cancer with a 6-month follow-up scan 203 − 0.111 0.141 − 0.130 to − 0.091
C. False positive for colorectal cancer 203 − 0.079 0.108 − 0.094 to − 0.064
D1. False positive for breast cancer; no biopsy or MRI 102 − 0.031 0.049 − 0.041 to − 0.021
D2. False positive for breast cancer; biopsy performed 102 − 0.058 0.079 − 0.073 to − 0.042
D3. False positive for breast cancer; MRI performed 102 − 0.067 0.083 − 0.083 to − 0.050
E1. False positive for pancreatic cancer; follow-up CT scan 203 − 0.048 0.072 − 0.058 to − 0.038
E2. False positive for pancreatic cancer; follow-up CT scan and PET-CT 203 − 0.088 0.115 − 0.104 to − 0.073
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Results suggest that there are differences in preference and 
utility based on three characteristics of the false-positive 
screening and follow-up. Greater disutility was associated 
with more invasive follow-up diagnostic procedures, longer 
duration of uncertainty regarding the eventual diagnosis, and 
perceived severity of the suspected cancer type.

Due to the limitations of previous research and variations 
in methodology, it is not straightforward to compare current 
results with previously reported disutilities of false positives. 
Still, it is possible to consider the results of a systematic 
review that found utilities of false positives only in the con-
text of breast cancer [31]. Across five studies reported in 
this review, disutilities varied from 0 to 0.26. The current 
study found disutilities ranging from 0.031 to 0.111 across 
all cancer types and 0.031 to 0.067 for breast cancer false 
positives. Values from the current study are within the range 
reported by the review.

Between the nine false-positive pathways examined in 
this study, the greatest disutility was for the health state 
where a follow-up CT scan was required months after the 
initial screening. Although the health state vignette specified 
that the spot on the lung detected during initial screening 
was “unlikely to be cancer,” many respondents reported that 
they would be uncomfortable living with the uncertainty for 
6 months. There was also a substantial disutility associated 
with suspected pancreatic cancer because this type of cancer 
was perceived to be particularly serious. Follow-up investi-
gations perceived to be aversive or invasive also resulted in 
notable utility decreases, including colonoscopy and biopsy. 
Quotations in Table 3 demonstrate respondents’ perceptions 
underlying these utility decreases.

The mean disutilities listed in Table 4 may be useful for 
representing the impact of false-positive screenings in cost-
utility modeling that is conducted to assess the value of a 
range of screening methods, including single-cancer screen-
ing and MCED tests. When using these values, modelers 
must consider the time horizon of the current TTO elicita-
tion. Each false-positive health state (i.e., the B, C, D, and 
E health states) described a year in which a false-positive 
pathway occurred. The true negative health state (i.e., A) 
to which they were compared described a year without a 
false-positive pathway. Therefore, the disutilities in Table 4 
represent the impact of the false-positive pathway on a year, 
and each disutility can be used in a model as a QALY dec-
rement. For example, to model a hypothetical patient who 
had a false-positive breast cancer screening with no biopsy 
or MRI, the disutility of − 0.031 for health state D1 can be 
applied as a one-time QALY decrement.

One inherent limitation of all vignette-based utility 
elicitation studies is that the resulting utilities are based on 
perceptions of the health states rather than personal expe-
rience [36]. However, it may not be feasible to use more 
standardized methods, like the EQ-5D or other generic 

instruments, to estimate the disutility of patients experi-
encing a false-positive pathway. These are relatively brief 
events, and patients do not know the diagnosis is a false 
positive until after follow-up testing has determined the 
screening result was not correct. Therefore, it would be 
challenging to identify and access these patients at the 
time the events are occurring. Furthermore, the false-
positive pathways do not consist of a chronic unchanging 
experience. These pathways change over time, beginning 
with the impact of learning of the suspected cancer, fol-
lowed by a varied set of follow-up procedures, leading to 
the eventual resolution. It does not seem feasible to assess 
the utility of a patient at each of these time points. In 
contrast, with the path state approach in the current study, 
it was possible to estimate the utility impact of the entire 
false-positive pathway. In cost-utility models, the resulting 
values would need to be used to represent the path, rather 
than each individual component of the path.

Another limitation of the vignette-based approach is that 
the health states cannot possibly represent the wide range 
of experiences with false-positive screenings. For exam-
ple, there is variability in the amount of time patients are 
required to wait for their scheduled follow-up investigations, 
and more extended time periods are likely to be associated 
with greater anxiety. It is likely that some patients expe-
rience follow-up durations that are substantially different 
from the timelines presented in the health states. Therefore, 
these health states and resulting utilities may not be appli-
cable to all patients who have false-positive screenings. The 
timelines were developed with the intention of representing 
a typical patient experience based on published literature, 
cancer screening guidelines, and the input of cancer screen-
ing experts. Still, because patient experiences vary in ways 
that cannot be captured in a vignette, results should be inter-
preted with appropriate caution.

A possible limitation of the health state development pro-
cess should also be considered. The vignette content was 
developed primarily based on the input of clinical advisors 
rather than patients. Clinical advisors were consulted for 
this information because the heath states were designed to 
describe objective medical information (e.g., testing pro-
cedures, typical duration of uncertainty about diagnosis). 
Study respondents valued the health states based on their 
expectations of how they might feel in these situations. 
Unlike most vignette-based utility studies with health states 
focusing on disease severity, the current health states do 
not describe subjective patient experiences such as symp-
toms. Therefore, people who had experienced false-positive 
screening results were not recruited to provide input on their 
subjective experience. However, it is possible that people 
who had received a false-positive diagnosis may have high-
lighted aspects of the false-positive experience that were not 
reported by the clinicians.
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The COVID-19 pandemic resulted in some challenges 
with data collection. Due to the pandemic, the study was 
conducted in a single location to minimize the possibility 
of COVID exposure for the study team while traveling to 
additional locations. Also, to minimize risk of COVID trans-
mission, interviewers and participants were required to have 
been vaccinated and to wear masks during interviews. This 
could have resulted in a biased sample selection because the 
sample does not include people who chose not to be vac-
cinated or refused to wear a mask. It is unknown whether 
this exclusion would have provided systematically different 
health state utilities.

It should be noted that this general population sample 
reported an unexpectedly high rate of depression (23.2%) 
and anxiety (20.2%). It is possible that levels of these symp-
toms were elevated due to the ongoing pandemic. Because 
these conditions were reported via checkboxes on a partici-
pant-completed form rather than via a thorough assessment, 
it is not known whether participants were truly reporting 
clinically relevant depression or anxiety. It is possible that 
they interpreted these terms in a more colloquial way, rather 
than indicating that they met criteria for a formal diagnosis 
of depression or anxiety.

Overall, the current study is an important step forward for 
economic analysis of cancer screening procedures. A wide 
range of novel cancer screening tests are in development, 
and CUAs will be needed to examine and compare their 
value. The utilities estimated in this study will be useful for 
representing the impact of false-positive screening results 
in these analyses.
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