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Abstract
Background Emerging blood-based multi-cancer early detection (MCED) tests can detect a variety of cancer types across 
stages with a range of sensitivity, specificity, and ability to predict the origin of the cancer signal. However, little is known 
about the general US population’s preferences for MCED tests.
Objective To quantify preferences for MCED tests among US adults aged 50–80 years using a discrete choice experiment (DCE).
Methods To quantify preferences for attributes of blood-based MCED tests, an online DCE was conducted with five attributes 
(true positives, false negatives, false positives, likelihood of the cancer type unknown, number of cancer types detected), 
among the US population aged 50–80 years recruited via online panels and social media. Data were analyzed using latent 
class multinomial logit models and relative attribute importance was obtained.
Results Participants (N = 1700) were 54% female, mean age 63.3 years. Latent class modeling identified three classes with 
distinct preferences for MCED tests. The rank order of attribute importance based on relative attribute importance varied 
by latent class, but across all latent classes, participants preferred higher accuracy (fewer false negatives and false positives, 
more true positives) and screenings that detected more cancer types and had a lower likelihood of cancer type unknown. 
Overall, 72% of participants preferred to receive an MCED test in addition to currently recommended cancer screenings.
Conclusions While there is significant heterogeneity in cancer screening preferences, the majority of participants preferred MCED 
screening and the accuracy of these tests is important. While the majority of participants preferred adding an MCED test to comple-
ment current cancer screenings, the latent class analyses identified a small (16%) and specific subset of individuals who value attributes 
differently, with particular concern regarding false-negative and false-positive test results, who are significantly less likely to opt-in.

1 Introduction

Early cancer detection can significantly improve outcomes and 
reduce mortality rates [1]. The prognosis for cancers for which 
at-risk individuals are regularly screened is generally better than 
for cancers without screening procedures [2]. There are few can-
cers for which designated screening procedures exist, and adher-
ence with screening recommendations varies [3, 4]. Thus patient 
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Key Points for Decision Makers 

This study quantified how individuals aged 50–80 years in 
the USA value multi-cancer early detection screening tests.

In an online discrete choice experiment, three groups 
were identified who valued multi-cancer early detection 
differently and named as follows by the researchers: find 
my cancer (43%), sensitivity/specificity trade-off (41%), 
wary of screening: particularly false results (16%).

Overall, accuracy (fewer false negatives and false posi-
tives, more true positives) was of greatest importance.

72% of participants would opt for multi-cancer early 
detection screening in addition to recommended cancer 
screenings.

Multi-cancer early detection screening tests are likely to 
be of high value to the majority of this population.
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outcomes might be significantly improved by a screening pro-
cedure that can detect multiple types of cancer simultaneously.

Novel blood-based multi-cancer early detection (MCED) 
tests can detect a variety of cancer types (in some instances 
> 50) across stages with a range of sensitivity, specificity, and 
ability to predict the origin of the cancer signal (i.e., tissue 
from which the cancer likely originated) [5, 6]. One test can 
detect the cancer signal and predict the origin of the cancer 
signal in a single blood test using cell-free DNA methyla-
tion patterns [5]. With this test, a result of “signal detected” 
accompanied by a predicted origin of the cancer signal indi-
cates the possible presence of cancer and should be followed 
by diagnostic tests. However, some MCED tests may not 
provide an origin of the cancer signal. Individuals receiv-
ing a result of “signal not detected” should continue with 
recommended cancer screening tests as MCED tests are not 
indicated as a replacement for recommended cancer screen-
ing tests or diagnostic tests, but rather are a complementary 
tool that may further facilitate earlier cancer detection [7].

Research on the health impact of MCED screening to com-
plement existing screenings in the USA estimated that with a 
25–100% uptake of one MCED test among the adult popula-
tion, an additional 105,526–422,105 cancers could be detected 
per year [8]. This supports the potential impact of MCED from 
a public health perspective. The literature on patient preferences 
for single-cancer screening tests provides evidence that patients 
tend to prefer cancer screening tests that have increased sensi-
tivity [9, 10] and specificity [11, 12], are minimally invasive 
[13, 14], convenient [15] with little required preparation [16], 
and are associated with minimal complications, discomfort, and 
side effects [13, 15–17]. Patients also tend to prefer screenings 
that are conducted at their general practitioner’s office rather 
than in a hospital setting [10, 18]. To date, little is known about 
preferences for MCED tests. This study aimed to quantify pref-
erences for MCED tests among US adults aged 50–80 years 
using a discrete choice experiment (DCE).

2  Methods

2.1  Survey Design and Administration

A cross-sectional web-based survey including a DCE was 
administered to US adults aged 50–80 years. Participants 
currently receiving treatment for cancer were excluded. 
Recruitment (March–August 2021) was through a recruiter 
database, online panels, and social media; eligible partici-
pants provided electronic informed consent. Recruitment 
quotas were used to ensure the sample reflected the US gen-
eral population aged 50–80 years with respect to age and sex 
[19]. The study was institutional review board approved and 
participants were remunerated for their participation in the 
study (E&I Study Number: 21031-01).

The survey included four sections: (1) introduction to the 
attributes and levels included in the DCE; (2) DCE choice 
tasks and validity tests; (3) questions about experiences and 
perceptions of cancer screenings, and (4) sociodemographic 
and clinical questions including an assessment of health 
literacy and numeracy (Appendix 1 of the Electronic Sup-
plementary Material [ESM]). Health literacy was assessed 
with three questions from the Set of Brief Screening Ques-
tions [20, 21]. Numeracy was assessed with five questions 
from the Numeracy Scale [22] . Participants were given one 
point for each correctly answered question (maximum Set of 
Brief Screening Questions = 3; maximum numeracy score 
= 5). The DCE was designed using an iterative qualitative 
and quantitative approach following the health-preference 
research guidelines [23, 24]. This included a targeted review 
of prior preference research for cancer screening tests, and 
feedback on the clarity, accuracy, understandability, and 
relevance of the draft survey from a clinical oncologist and 
three staff members of a cancer advocacy group that special-
izes in supporting patients with cancer and their caregivers. 
The terminology and concepts associated with screening 
tests can be confusing when new or unfamiliar; therefore, the 
current study also incorporated a 3-minute animated video 
explaining key concepts such as expected cancer rates, true 
positives (TP), false positives (FP), and false negatives (FN). 
Participants could watch the video as many times as they 
wanted throughout the DCE, but were not permitted to fast 
forward or skip past the video in the introduction section. 
After viewing the video, participants were asked to review 
written descriptions and to answer a few questions about 
each attribute individually for further familiarization and to 
assess comprehension of the attributes.

The survey was qualitatively pilot tested in one-on-one 
cognitive interviews (n = 10) to confirm the clarity of the 
video, introductory information, the denominators, the rel-
evance of the attributes and levels, and to assess compre-
hension of the study descriptions and DCE tasks. Overall, 
participants understood the attributes and choice tasks with 
the majority of participants correctly answering the orienta-
tion questions about each attribute after watching the video. 
Participants reported finding the video and introductory 
information understandable and very helpful. After these 
interviews minor adjustments were made to the wording and 
presentation order of the DCE (described below).

The final DCE included five attributes: (1) TP; (2) FN; 
(3) FP; (4) cancer type unknown; and (5) number of can-
cers tested for (Fig. 1). These five attributes were selected 
as they are the factors that most differentiate available 
single-cancer and MCED screenings. While concepts such 
as mode of administration, required preparation, cost, and 
complications were considered, ultimately these attrib-
utes were not included and participants were instructed to 
assume that these factors were constant for all screenings 
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presented in the DCE (see Appendix 1 of the ESM). As 
the concepts of sensitivity and specificity are complex and 
not patient friendly, based on recommendations from the 
oncologist advisor and patient advocacy group, these out-
comes were presented to participants as the number of TP, 
FN, and FPs. The expectation that participants were more 
familiar with these concepts than sensitivity and specificity 
was confirmed during the cognitive pilot interviews. Lev-
els for the false-negative and true-positive attributes were 
selected to ensure that, when displayed in combination, the 
underlying levels of sensitivity covered the approximate 
range of 25–95% to cover the sensitivity of current MCED 
tests (55–78%) [6, 7] as well as the sensitivity for existing 
cervical and colon single-cancer screening tests (~ 95%) 
[25, 26]. An approximate sensitivity of 25% was selected 
as a lower bound. The levels for the false-positive attribute 
were selected to reflect a range of 85–99.3% specificity, 
based on the specificity of existing cancer screenings [7, 27, 
28]. For the cancer type unknown attribute, 0% was selected 

to reflect single-cancer screenings, 11% to reflect potential 
MCED screenings [5], and 5% as a midpoint. Levels for 
the number of cancers screened for were selected to reflect 
single-cancer screenings as well as emerging MCED tests 
[5, 6].

To minimize cognitive burden, the choices were pre-
sented in the context of 10,000 people between the ages of 
50 and 80 years being tested. Participants were informed 
prior to the choices to assume that among these 10,000 
people, 120 people had cancer, based on the cancer inci-
dence among the US general population [29]. The survey 
included eight choice tasks between two hypothetical can-
cer screening alternatives described by one level for each 
of the attributes, a no screening option was also provided 
(sample in Fig. 2). A D-efficient design was used to vary 
the attributes of the two screening options across 32 choice 
tasks. The 32 choice tasks were split into four blocks to 
which participants were randomized to minimize cognitive 
burden. At the end of the DCE, participants completed two 

CChhaarraacctteerriissttiicc DDeessccrriippttiioonn LLeevveellssaa

Test iinnccoorrrreeccttllyy says a 
person has cancer, but they 
do NOT

(false posi�ve)

A ffaallssee ppoossiittiivvee result means that the screening says the person 
may have cancer when the person does not have cancer.  

70, 500, 1500 false 
posi�ves out of 10,000 
individuals screenedb 

Detec�on of cancer cases 

(true posi�ves and false 
nega�ves) 

Screenings differ in how accurate they are at detec�ng exis�ng 
cancer cases. No screening tests for all cancers and some�mes 
screening tests do not detect when someone does have cancer. 

A ttrruuee ppoossiittiivvee result means that the test correctly says that the 
person has one of the cancer types screened for.  

A ffaallssee nneeggaattiivvee result means that the test missed one of the 
cancer types screened for, but the person does in fact have that 

cancer. 

True posi�ves: 

21, 42, 56, 83c 

False nega�ves: 

4, 25, 35, 56c 

out of 120 cancer cases 

Cancer type unknown When the screening detects cancer, some�mes the type of 
cancer is unknown (i.e., the doctor cannot tell the site/loca�on 

where the cancer originated). In this case, your doctor may 
recommend addi�onal diagnos�c tests for specific cancers, or 
they may recommend that you repeat this same screening in a 

few months.  

0%d, 5%, 11% unknown 
cancer type 

Number of cancers tested 

a Not shown to par�cipants
b Levels represen�ng 99.3%, 95.0%, and 85.0% specificity, respec�vely. Note: In the quan�ta�ve pilot, the false posi�ve 
a�ribute included an addi�onal level of 1,000 false posi�ves (represen�ng 99.0% specificity); however, the results of the 
quan�ta�ve pilot indicated that par�cipants may not be differen�a�ng between 1,000 and 1,500 false posi�ve levels, so it was 
decided to remove this level
c 83 true posi�ves and 56 false nega�ves were not shown in combina�on as this would result in more than 120 detectable cancer cases
d When only one cancer type was screened for, cancer type unknown was restricted to 0%

for 
Some screenings only test for one type of cancer. Other 

screenings may test for mul�ple different types of cancer in a 
single test. The screening op�ons that you will choose from in 

this survey will screen for either 1, 8, 20, or 50 different types of 
cancer. 

1d, 8, 20, 50 types of 
cancer 

Fig. 1  Discrete choice experiment: attributes and levels
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follow-up Likert-type questions on self-reported overall 
choice certainty and overall choice difficulty.

Participants also completed a practice question, two 
choice tasks for internal validity (dominance test and sta-
bility test), and a direct preference question for a hypo-
thetical MCED profile. Only answers to the eight experi-
mental tasks were used for preference modeling. In the 
dominance test, one screening option performed better, or 
as well as, the other screening option across all attributes, 
this was used to assess comprehension and attendance to 
the task. The stability test assessed consistency using a 
repeated-choice task. The direct preference question asked 
participants whether they would prefer no screening or a 
profile of a hypothetical MCED test (50 types of cancer 
tested, 70 FP, 42 TP, 25 FN, 11% cancer type unknown).

Discrete choice experiment choice question order and 
screening options (i.e., A vs B) were randomized across par-
ticipants to mitigate ordering, learning, and fatigue bias. Based 

on learnings from the pilot interviews, the number of cancers 
tested for was randomized across participants to either be the 
first or last attribute shown, and the other attributes were always 
shown in the following order: FP, detection of cancer cases (an 
array of TP and FN attributes), and cancer type unknown to 
help participants digest the information presented in a logical 
order. Additionally, participants always saw that 10,000 par-
ticipants were screened immediately before the number of FP, 
although this was not an actual attribute (i.e., it was not part of 
the experimental design), as during the cognitive pilots this was 
found to help participants keep in mind the overall denominator.

Based on the cognitive pilot participants' feedback, minor 
adjustments were made to clarify the wording and presenta-
tion of the DCE choice tasks. After the cognitive pilot inter-
views, a quantitative pilot was conducted among 303 partici-
pants. Initially, there were four levels for the false-positives 
attribute (70, 500, 1000, 1500); however, it was found in 
the quantitative pilot that participants did not sufficiently 

SSccrreeeenniinngg AA SSccrreeeenniinngg BB NNoo SSccrreeeenniinngg

Number of people 
screened 

10,000 people 10,000 people

I would choose 
not to get 
screened 

(You would not 
find out any 
informa�on 

about whether 
you have cancer 

or not)

Test says the person 
may have cancer, but 
they do NOT have 
cancer  

(false posi�ves)

550000 people 

incorrectly told they have cancer

550000 people 

incorrectly told they have cancer

Detec�on of cancer 
cases 

(true posi�ves and false 
nega�ves)

120 people with cancer: 

          56 cancer cases detected 

          56 cancer cases missed 

          8 not screened for 

(detects 50% of cancer cases tested for)

120 people with cancer: 

21 cancer cases detected 

4 cancers missed 

95 not screened for 

(detects 8844%% of cancer cases tested 
for)

Cancer type unknown

1111%%

uunnkknnoowwnn ccaanncceerr ttyyppee

00%%

uunnkknnoowwnn ccaanncceerr ttyyppee

Number of cancers 

Assume in a popula�on of 10,000 people aged 50-80 years, 120 of these people have
cancer. All 10,000 take Screening A and B. Which of these op�ons do you prefer?

tested for 
2200

types of cancer

11

type of cancer

PPlleeaassee mmaakkee yyoouurr
cchhooiiccee::

Fig. 2  Discrete choice experiment: sample choice
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trade-off between 500 and 1000 TP, thus only the levels of 
70, 500, and 1500 were retained.

2.2  Statistical Analyses

Statistical analyses were conducted using R version 4.0.5. 
Preferences for screening tests were analyzed with a latent 
class logit (LCL) model [30, 31]. This model estimated 
the effects of a unit change in the screening attributes on 
the probability of preferring a screening. Heterogeneity in 
screening preferences was assumed in the model, allow-
ing for distinct patterns of preferences within the sample. 
The optimal number of latent classes was determined by 
fitting several LCL models with an increasing number of 
classes. Only models with a minimum class size larger 
than 10% were retained to avoid over-segmentation. The 
optimal model was selected based on the smallest value of 
the Bayesian information criteria [32]. To differentiate the 
classes, the model estimates were used to compute the rela-
tive attribute importance (RAI) by class. Relative attribute 
importance was calculated as an attribute’s marginal utility 
range divided by the sum of the utility ranges cross attrib-
utes. Relative attribute importance represents the proportion 
of a screening alternative’s utility that can be attributed to 
changes in each attribute. The Delta method was applied to 
obtain the standard errors around the RAI estimates [31].

Following Bayes’ rule, the probability of belonging to 
the different classes was computed for each respondent, 
who was thereby allocated to the class with the largest 
probability [30]. Class allocation was then analyzed using 
a multinomial logit model to investigate the influence 
of personal characteristics on the variability in screen-
ing preferences. For interpretability, these multinomial 
logit estimates were used to compute the average mar-
ginal effects, which capture the average effect across the 
sample of discrete changes in the personal characteris-
tics (e.g., effect of male vs female) on the class allocation 
probabilities.

Data from the direct preference question were summarized 
using descriptive statistics. The final LCA model parameters 
were used to estimate the predicted uptake of a hypothetical 
MCED profile versus a single-cancer screening blood test.

3  Results

3.1  Sample Characteristics

A total of 1700 US adults between the ages of 50 and 80 
years participated. The majority were female (n = 924; 
54%) and white (n = 1562; 92%; Table 1). The mean age 

was 63.3 years (standard deviation = 8.0). The majority 
had at least a 4-year college degree (n = 923; 54%) and 
either Medicare (n = 833; 49%) or employer-provided 
health insurance (n = 593; 35%).

The vast majority of the participants (n = 1331; 78%) 
had previously received some cancer screening, and of 
those, some (n = 266; 20%) had received a positive cancer 
screening result. Of the n = 266 who received a positive 
cancer screening result, many (n = 100; 38%) reported 
a FP result on a prior screening. A small proportion of 
participants (n = 173; 10%) reported a prior cancer diag-
nosis, with breast (n = 46; 3%), prostate (n = 26; 2%), and 
melanoma (n = 19; 1%) the most reported types. Many (n 
= 1056; 62%) reported a family history of cancer, defined 
as a parent, grandparent, spouse/partner, sibling, or child 
diagnosed with cancer. The majority had been to a doctor 
in the past year (n = 1475; 87%) and were in “good” (n = 
899; 53%) or “very good” (n = 428; 25%) overall health.

Participants preferred cancer screenings done via a 
blood draw (n = 1253; 74%), then imaging (n = 370; 22%), 
and last an invasive procedure (n = 77; 5%) [Appendix 2 
of the ESM]. The majority (n = 1452; 85%) planned to 
get future cancer screenings. Participants most commonly 
reported that a doctor recommendation (n = 1203; 71%), 
the presence of symptoms (n = 969; 57%), and a family 
history of cancer (n = 929; 55%) would influence their 
choices about cancer screenings.

3.2  DCE Internal Validity

Consistent with other health DCEs, most participants passed 
the dominance test (80%) and made consistent choices (74%) 
[33]. Overall, 75% of participants displayed non-dominated 
decision-making patterns and 97% considered all choice 
alternatives. Data were not excluded based on results of 
internal validity tests as evidence suggests this is often inap-
propriate and can induce selection bias and reduce statistical 
efficiency [34]. However, we conducted a sensitivity analysis 
excluding the 96 individuals who failed both the dominance 
and stability tests and the results did not differ.

3.3  Participant Preferences

The LCL model identified three distinct preference classes 
(Table 2) that differed in their: overall willingness to under-
take cancer screening, attitudes toward cancer screening, 
preferences for the attributes, and in some personal char-
acteristics. These classes were labeled as follows: Class 1: 
“Find my Cancer” (n = 731; 43%), Class 2: “Specificity/
Sensitivity Trade-Off” (n = 693; 41%), Class 3: “Wary 
of Screening; Particularly False Results” (n = 276; 16%) 
(Fig. 3).
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Table 1  Sociodemographic and 
clinical characteristics

Characteristic Overall (N = 1700)

Age (in years), mean (SD) [minimum-maximum] 63.30 (8.02) [50-80]
Sex, n (%) female 924 (54%)
Hispanic or Latino Ethnic background 40 (2%)
Racial background
 White 1562 (92%)
 Black or African American 65 (4%)
 Asian 54 (3%)
 Other 19 (1%)

Education
 High school or less 393 (23%)
 Associate degree, technical or trade school 384 (23%)
 Bachelor’s degree (BA, BS) 530 (31%)
 Graduate degree (MA, MS, MBA, PhD, JD, MD) 393 (23%)

Health insurance
 Employer-provided insurance 593 (35%)
 Self-purchased insurance 153 (9%)
 Veterans Affairs/military healthcare 92 (5%)
 Medicare 833 (49%)
 Medicaid or another state program 137 (8%)
 Other 12 (1%)
 None 66 (4%)

Doctor ever recommended screening tests (yes) 1569 (92%)
Past cancer screening experience (yes) 1331 (78%)
 Past cancer screenings received (n = 1331)
  Colonoscopy 1059 (62%)
   Cologuard® or other stool-based colon cancer screening test (fecal immuno-

chemical test)
393 (23%)

  Low-dose computed tomography 117 (7%)
  Mammogram 739 (43%)
  Pap  smeara 702 (76%)
  Prostate-specific antigen  testingb 369 (48%)
  Other 23 (1%)
  Blood  testc 5 (0%)
  BRCA  testingc 2 (0%)

Ever received positive result on cancer screening test (yes) [n = 1331] 266 (20%)
 Ever received false-positive result on cancer screening test (yes) [n = 266] 100 (38%)

Ever been diagnosed with cancer in past (yes) 173 (10%)
Family history of cancer (yes) 1056 (62%)
Family history of cancer diagnosed before age of 50 years (yes) 312 (30%)
Visit to any type of doctor within past 12 months (yes) 1475 (87%)
Overall health in past 12 months
 Very good 428 (25%)
 Good 899 (53%)
 Fair 327 (19%)
 Poor 37 (2%)
 Very poor 9 (1%)

Factors influencing choice to receive screening tests
 Out of pocket cost 466 (27%)
 Doctor recommendation 1203 (71%)
 Family history of cancer 929 (55%)
 Finding out a friend/acquaintance has cancer 114 (7%)
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3.3.1  Screening Preferences Within Latent Classes

Individuals in “Find my Cancer” (43%) were the most likely 
to opt into screening (alternative specific constant = − 3.39, 
p < 0.001), and most valued screenings with the highest 
sensitivity (i.e., tests with fewer FN [MLE = 0.0631, p < 
0.001; RAI = 36%] and more TP [MLE = 0.0484, p < 0.001; 
RAI = 33%]). The FP (RAI = 13%), number of cancers 
tested for (RAI = 11%), and cancer type unknown (RAI = 
8%) attributes were statistically significant, and cumulatively 
had a RAI of 32%.

The second largest class included individuals in “Speci-
ficity/Sensitivity Trade-Off” (41%) who also tended to 
opt into MCED screening (alternative specific constant 
= − 2.87, p < 0.001). Members of this class had distinct 
preferences, including a higher preference for fewer FPs 
(MLE = 0.0046, p < 0.001; RAI = 36%). This group val-
ued screenings with greater sensitivity (more TP: MLE 
= 0.0076, p < 0.001; RAI = 26%; and fewer FN: MLE 
= 0.0065, p < 0.001; RAI = 19%). Fewer results with an 
unknown cancer type (RAI = 10%) and an increased num-
ber of cancers tested for (RAI = 9%) were significant but 
more minor considerations.

The “Wary of Screening; Particularly False Results” class 
was much smaller (16%), these participants only sometimes 
opted into screening (ASC = 0.01, p = not significant) and 
had preferences that were highly sensitive to false results 
(FN: MLE = 0.00363, p < 0.001, RAI = 46.0%; FP: MLE 
= 0.0078, p < 0.001, RAI = 27.1%). They secondarily 

valued screening tests with more TP (MLE = 0.0131, p < 
0.001, RAI = 19.7%); however, cancer type unknown (MLE 
= 0.0258; p < 0.01; RAI = 6.9%) and number of cancers 
tested for (MLE = 0.0002, not significant, RAI = 0.3%) were 
comparatively negligible considerations. The rank order of 
attribute importance varied by class (Fig. 3), but across all 
latent classes, participants were most focused (over 80% of 
the RAI) on screenings with the greatest accuracy (i.e., fewer 
FN and FP, and more TP).

3.3.2  Characteristics of Latent Classes

The latent classes were compared using a multinomial logit 
model to determine whether there were personal character-
istics that tended to differentiate the classes (Table 3).

“Find my Cancer” as the name suggests, included those 
most concerned about having cancer. They were significantly 
more likely to: opt into a screening test (p < 0.05), report 
a family history of cancer (p < 0.05), and report multiple 
comorbidities (p < 0.01). The presence of symptoms (p 
< 0.001) was more likely to be a factor influencing their 
screening decisions.

In contrast, members of “Specificity/Sensitivity Trade-
Off” also valued cancer screening but gave greater consid-
eration to the overall accuracy of the tests, including FPs. 
Accordingly, they were significantly less likely to report a 
prior cancer diagnosis or a family history of cancer (both 
p < 0.05). Interestingly, on average, members of this class 
reported lower levels of education (p < 0.001) and health 

Q1 first quartile, Q3 third quartile, SD standard deviation
a Percent has been adjusted for sex to reflect the proportion of female participants receiving a Pap smear 
(702/924)
b Percent has been adjusted for sex to reflect the proportion of male participants receiving prostate specific 
antigen testing (369/776)
c Retrieved from text answers

Table 1  (continued) Characteristic Overall (N = 1700)

 General health status 612 (36%)
 How healthy I feel 406 (24%)
 Insurance coverage 702 (41%)
 Potential side effects/harms of the screening or follow-up testing 335 (20%)
 Presence of symptoms 969 (57%)
 Worry/peace of mind 677 (40%)
 Other 5 (0%)
  Agec 5 (0%)
 Ease/convenience of  testc 4 (0%)

Willingness to receive any type of cancer screening in future
 Yes 1452 (85%)
 No, I do not plan to get any cancer screenings 92 (5%)
 I don’t know/unsure 156 (9%)
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literacy and numeracy (p < 0.001) but were more likely to 
have health insurance (p < 0.001).

One of the primary differentiators of “Wary of Screen-
ing; Particularly False Results” was in their attitude towards 
screenings. Members of this class were significantly less will-
ing to receive cancer screenings (p < 0.001) or undergo a 
blood draw for screening purposes (p < 0.001). Consistent 
with their aversion to FPs, they were significantly more likely 
to report that the potential for side effects and/or harms of the 
screening and/or follow-up testing were factors influencing 
their screening decisions (p < 0.001). These participants were 
also less likely to report that how healthy they currently felt 
would influence their screening decisions (p < 0.05).

3.4  Reported and Predicted Uptake

When completing all the DCE choices, participants pre-
ferred at least one of the two possible screening options over 
no screening 90% of the time. Overall, 72% of participants 
(n = 1223) reported that they would prefer to receive the 
hypothetical MCED profile over no screening (Table 4). The 
proportion of participants who opted into the hypothetical 
MCED screening varied significantly by latent class (p < 
0.001). Members of “Specificity/Sensitivity Trade-Off” 
were most likely to prefer the hypothetical MCED profile 
(n = 578; 83%), followed by members of “Find my Cancer” 
(n = 580; 79%). However, only 24% (n = 65) of “Wary of 

Fig. 3  Relative attribute importance by latent classes
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Screening; Particularly False Results” chose the hypothetical 
MCED screening profile over no screening.

Based on the LCL results, the predicted uptake was cal-
culated for the hypothetical MCED profile (50 cancers tested 
for, 66 TP, 54 FN, 69 FP, 10.5% unknown cancer type) ver-
sus a single-cancer screening blood test that aligned with 

the profile of a blood-based single-cancer screening test for 
liver cancer that is currently under development (one cancer 
tested for, 3 TP, 0 FN, 1300 FP, 0% unknown cancer type) 
[35]. Both members of the “Find my Cancer” (62% vs 38%) 
and “Specificity/Sensitivity Trade-Off” (72% vs 28%) groups 
were predicted to significantly prefer the MCED profiles, 

Table 3  Heat map of latent class allocation

Characteristics Levels N (%)
Class 1: Find My 

Cancer (43%)
MLE (SE)

Class 2: Sensitivity/ 
Specificity Trade-

off (41%)
MLE (SE)

Class 3: Wary of 
Screening: 

Particularly False 
Results (16%)

MLE (SE)
Any prior cancer 

diagnosis

No 1549 (91%) Reference - -

Yes 149 (9%) 5.94 (4.05) -8.37 (3.88)* 2.43 (3.34)

Age (Group)

50-55 329 (19%) Reference - -

56-60 403 (24%) -0.18 (2.72) -1.34 (2.71) 1.53 (2.09)

61-65 199 (12%) 1.81 (3.56) -1.32 (3.43) -0.49 (2.65)

66-70 400 (24%) 2.97 (2.77) -3.43 (2.78) 0.46 (2.08)

71-75 260 (15%) 1.19 (3.36) 2.70 (3.39) -3.90 (2.33)

76+ 107 (6%) 1.95 (4.66) -1.51 (4.54) -0.44 (3.49)

Number of 

comorbidities

0 566 (33%) Reference - -

1 499 (29%) -7.71 (2.45)** 5.04 (2.55)* 2.66 (1.90)

2 339 (20%) 3.58 (2.81) -0.44 (2.73) -3.14 (2.16)

3 177 (10%) 3.64 (3.86) -4.59 (3.81) 0.95 (2.80)

4+ 117 (7%) 5.43 (4.98) -4.03 (4.93) -1.40 (3.80)

Education

High school or less 393 (23%) Reference - -

Associate degree 384 (23%) -5.52 (2.83) 9.25 (2.80)*** -3.73 (2.05)

Bachelor degree 530 (31%) -1.48 (2.57) -0.82 (2.59) 2.30 (2.07)

Graduate degree 391 (23%) 7.11 (3.02)* -4.60 (2.88) -2.51 (2.22)

Ever received false 

positive result on 
cancer screening test

No/Unsure 1598 (94%) Reference - -

Yes 100 (6%) -2.77 (4.87) 1.36 (4.86) 1.41 (3.93)

Cancer screening 

experience

No recommendation and no 

experience
106 (6%) Reference - -

Recommended but no 

experience
263 (15%) -2.25 (3.51) 4.21 (3.48) -1.96 (2.44)

Some experience 1329 (78%) -0.39 (4.80) 5.40 (4.54) -5.01 (3.77)

Any family history of 

cancer

No/Unsure 642 (38%) Reference - -

Yes 1056 (62%) 5.13 (2.51)* -5.73 (2.58)* 0.60 (1.93)

Overall health in past 

12 months

Fair/Poor/Very poor 372 (22%) Reference - -

Very good/Good 1326 (78%) 5.42 (2.98) -5.10 (3.14) -0.32 (2.18)

Household income

Below 30,000 268 (16%) Reference - -

30000-59999 394 (23%) -0.42 (2.69) 1.51 (2.70) -1.10 (1.99)

60000-99999 456 (27%) -6.24 (2.68)* 1.58 (2.73) 4.65 (2.19)*

More than 100000 479 (28%) -2.26 (3.18) 4.99 (3.03) -2.72 (2.23)

Not reported 101 (6%) 4.11 (4.92) -3.37 (4.90) -0.74 (3.35)

Influencing factor: 

Worry/peace of mind

No 1022 (60%) Reference - -

Yes 676 (40%) 0.23 (2.43) 2.24 (2.41) -2.48 (1.82)

Influencing factor: 

Doctor 

recommendation

No 497 (29%) Reference - -

Yes 1201 (71%) 6.70 (2.93)* -6.90 (2.85)* 0.20 (2.08)

Influencing factor: 

Family history of 
cancer

No 769 (45%) Reference - -

Yes 929 (55%) -2.86 (2.51) 1.91 (2.49) 0.94 (1.86)

Influencing factor: 

Finding out a 

friend/acquaintance 
has cancer

No 1584 (93%) Reference - -

Yes 114 (7%) 3.19 (4.53) 3.33 (4.62) -6.52 (3.41)

No 1087 (64%) Reference - -
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respectively (both p < 0.001; Table 4). However, members 
of “Wary of Screening; Particularly False Results” had no 
significant preference for the hypothetical MCED test over 
the single-cancer screening blood test (52% vs 48%; not 
significant).

4  Discussion

While there is significant heterogeneity in cancer screening 
preferences, the majority of participants preferred MCED 
screening, and the accuracy of these tests is important. 
Overall, participants preferred adding an MCED test to 

Table 3  (continued)

Characteristics Levels N (%)
Class 1: Find My 

Cancer (43%)
MLE (SE)

Class 2: Sensitivity/ 
Specificity Trade-

off (41%)
MLE (SE)

Class 3: Wary of 
Screening: 

Particularly False 
Results (16%)

MLE (SE)
Influencing factor: 

General health status
Yes 611 (36%) -0.36 (2.54) -0.24 (2.50) 0.60 (1.85)

Influencing factor: 

How healthy I feel

No 1292 (76%) Reference - -

Yes 406 (24%) 2.40 (2.88) 2.15 (2.88) -4.55 (1.96)*

Influencing factor: 
Insurance coverage

No 996 (59%) Reference - -

Yes 702 (41%) 5.31 (2.38)* -2.83 (2.34) -2.48 (1.80)

Influencing factor: 

Potential side 

effects/harms of the 

screening or follow-up
testing

No 1363 (80%) Reference - -

Yes 335 (20%) -1.21 (2.92) -8.52 (2.89)** 9.73 (2.54)***

Influencing factor: 

Presence of symptoms

No 731 (43%) Reference - -

Yes 967 (57%) 10.05 (2.64)*** -9.39 (2.59)*** -0.65 (1.84)

Health insurance
None 66 (4%) Reference - -

Some 1632 (96%) -21.94 (5.77)*** 19.35 (4.93)*** 2.58 (3.67)

Health literacy & 

numeracy

Low 65 (4%) Reference - -

Intermediate 225 (13%) -10.58 (3.54)** 14.87 (3.60)*** -4.28 (2.42)

High 1408 (83%) 16.92 (5.79)** -22.26 (5.88)*** 5.34 (3.59)

Marital status
Not single 1107 (65%) Reference - -

Single 591 (35%) 0.15 (2.65) 0.95 (2.61) -1.10 (1.91)

Racial background
Non-white 138 (8%) Reference - -

White 1560 (92%) 14.60 (4.13)*** -8.56 (4.31)* -6.04 (3.47)

Gender
Female 924 (54%) Reference - -

Male 774 (46%) -4.38 (2.44) 4.30 (2.37) 0.08 (1.93)

No 225 (13%) Reference - -

Visit to any type of 

doctor within past 12 

months

Yes 1473 (87%) 2.87 (3.99) -2.15 (3.91) -0.73 (2.67)

Willingness to 

undergo blood draw

No/Unsure (1-6) 120 (7%) Reference - -

Yes (7-10) 1578 (93%) 20.99 (4.46)*** -1.82 (4.85) -19.18 (4.27)***

Willingness to receive 

cancer screening

No 92 (5%) Reference - -

Unsure 156 (9%) -0.89 (4.42) -13.11 (3.88)*** 14.01 (3.83)***

Yes (if recommended/ 

worried)
688 (41%) 6.40 (3.21)* 3.39 (2.91) -9.78 (2.78)***

Yes (All that are appropriate) 762 (45%) 4.11 (3.46) 9.52 (3.34)** -13.63 (3.18)***

Model Fit Statistics: LL= -1559.4; BIC= 3758.3 

Abbreviations: LL= Log-likelihood; BIC=Bayesian information criteria; MLE= Maximum likelihood estimate; SE= Standard error 

Significance: *** P-value < 0.001, ** P-value < .01, * P-value < .05. 

Legend for Shading in Table 3

Red shading = increased chance of class 

membership

Blue shading = decreased chance of 

class membership

MLE 2 – 4.99 MLE -2 – -4.99

MLE 5 – 9.99 MLE -5 – -9.99

MLE 10 – 14.99 MLE -10 – -14.99

MLE 15 – 19.99 MLE -15 – -19.99

MLE ≥ 20 MLE ≤ -20
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complement current cancer screenings; however, a small 
and specific subset of individuals who value attributes dif-
ferently (i.e., heightened concerns regarding FP results and 
the harms of screening) are significantly less likely to opt-
in to MCED, and likely, other forms of cancer screening. 
Participants’ preferences were strongly driven by the desire 
for accurate screening tests, namely fewer FN and more TP 
(i.e., high sensitivity), with these two attributes comprising 
44.5–68.3% of the RAI across the three classes.

There were two latent classes of participants who often 
opted into MCED screening. The first group included indi-
viduals who reported that both a family history of cancer 
and the presence of symptoms were factors that would influ-
ence their screening decisions. This was named the ‘Find 
my Cancer’ group, as members were strongly interested in 
screening while also being highly focused on maximizing the 
identification of cancer cases (i.e., the sensitivity of the test, 
more TP and fewer FN). The other group that often opted 
into MCED screening gave much more consideration to FP, 
potentially explaining the reduced average willingness to opt-
in. The final group of participants, those ‘Wary of Screen-
ing; Particularly False Results,’ were similarly concerned 
about FP, and consistently they often reported that the side 
effects/harms of the screening were significant factors in their 
decisions. This often resulted in the decision not to opt-in to 
screening, particularly when the specificity was low.

Although participants generally preferred screening tests 
with more cancer types tested for and a lower chance of cancer 
type unknown, these two attributes were of lesser importance 

compared with the TP, FN, and FP attributes. The study pre-
sented participants with plenty of information about MCED 
tests, including some potentially negative information such 
as the fact that in some cases, the tests may detect cancers for 
which there are currently limited effective treatment options. 
This may have reduced participants’ enthusiasm for testing 
for many cancers, as the prospect of being diagnosed with 
an incurable cancer after the screening may be a significant 
deterrent to some. When given the fixed choice between a 
hypothetical MCED test versus no screening, a large majority 
of participants preferred taking the MCED test. Not unexpect-
edly, most of these participants were in the “Find my Cancer” 
and “Sensitivity/Specificity Trade-off” classes.

The results of the current study should be considered 
in light of the following limitations. First, this survey was 
administered online to an older population of partici-
pants recruited through online panels and social media. 
The extent to which this sample represents the general 
population of individuals aged 50–80 years in the USA 
is unclear as the sample may have been more highly edu-
cated on average than the general population and racial 
and ethnic minorities were less well represented. Addition-
ally, recruitment source was not recorded, thus differences 
based on this variable could not be explored. However, the 
sample was matched to the US general population for age 
and sex and displayed good geographic diversity. In addi-
tion, the choices in the survey were made without specific 
input from the participants’ physicians; in real-world deci-
sion contexts, many of the participants might be heavily 

Table 4  Direct and estimated uptake of hypothetical cancer screening tests

CI confidence interval, MCED multi-cancer early detection

Overall Class 1: find my cancer (43%) Class 2: sensitivity/
specificity trade-off 
(41%)

Class 3: wary of screening; 
particularly false results 
(16%)

Direct screening preferences
 Screening A (50 types of cancer tested, 

55.2% sensitivity, 99.3% specificity, 
11% cancer type unknown)

1223 (72%) 580 (79%) 578 (83%) 65 (24%)

 No screening 477 (28%) 151 (21%) 115 (17%) 211 (76%)

Class 1: find my cancer (43%)
% [95% CI]

Class 2: sensitivity/
specificity trade-off 
(41%)
% [95% CI]

Class 3: wary of screening; 
particularly false results 
(16%)
% [95% CI]

Estimated uptake
 Hypothetical MCED test (50 types 

of cancer tested, 55.2% sensitivity, 
99.3% specificity, 10.5% cancer type 
unknown)

62.0% [52.2–71.8] 71.9% [67.1–76.7] 52.4% [40.5–64.4]

 Hypothetical single-cancer blood test 
screening (1 type of cancer tested, 88% 
sensitivity, 87% specificity, 0% cancer 
type unknown)

38.0% [28.2–47.8] 28.1% [23.3–32.9] 47.6% [35.6–59.5]
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reliant on their doctors’ opinions and recommendations. 
As with all DCEs, the results must be interpreted within 
the context of the set of attributes and levels that were 
presented to participants.

5  Conclusions

Offering an MCED screening test as part of the standard of 
care to individuals between the ages of 50 and 80 years is 
likely to be well received by the majority of this population. 
Based on the results of the current study, this could represent 
a viable approach to population-based cancer screening.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40271- 022- 00589-5.
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