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Abstract

Background Adaptive conjoint analysis (ACA) is an individually

tailored preferences elicitation technique that mimics actual deci-

sion-making processes by asking participants to make trade-offs

between the various dimensions that underlie decision problems.

ACA is increasingly applied in patient preferences assessments but

formal evaluation of its validity and reliability is lacking.

Objective To investigate ACA�s validity and reliability in elicitation

of treatment outcome preferences.

Methods Sixty-eight disease-free rectal cancer patients, treated with

surgery with or without preoperative radiotherapy were asked to

complete exercises to assess their preferences for radiotherapy [using

the treatment trade-off method (TTM)] and for key outcomes

associated with radiotherapy (using ACA). We assessed (i) rank

ordering of ACA-derived outcome-probability utilities, (ii) compen-

satory decision making, (iii) ACA test–retest reliability, and (iv)

concordance of ACA- and TTM-based preferences.

Results All participants completed the TTM and 66 completed the

ACA questionnaire, in 15 min on average. Outcome utilities were

rank ordered in agreement with probabilities from best to worst in

most participants, except for sexual dysfunction. Most participants

were willing to trade survival and their most important outcome.

Mean importance ratings were similar at retest. ACA- and TTM-

based preferences differed. TTM-based preferences were related to

past treatment, ACA-based preferences were not.

Conclusions ACA assesses group-level preferences reliably over

time and captures individual preferences independently from treat-

ment experience in treated cancer patients. ACA seems a valid

treatment outcome preference elicitation method in a context in

which trade-offs between cure and quality of life need to be

considered.

doi: 10.1111/j.1369-7625.2010.00595.x
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Introduction

For many health problems, no single treatment

choice dominates because, for example, treat-

ment carries significant risks or the decrease in

risk of negative outcomes associated with an

alternative treatment is marginal.1,2 In these

situations, clinicians cannot justifiably tell

patients which is the �best� treatment. Also,

physicians show inaccuracies at judging indi-

vidual patients� values for particular outcomes

of care,3–5 and at predicting their treatment

preferences.6 It is therefore essential that indi-

vidual patients participate in choosing the

treatment that best fits them. To do this, they

must make trade-offs between the relevant

dimensions of treatment options.

Involving patients in treatment decision

making has been shown to improve decision

quality.7 However, patients are often unfamiliar

with the options and outcomes considered in

treatment decisions, so they will lack ready-

made insight into their valuation of relevant

dimensions.8 Value assessment techniques may

help them to acquire such insight and may thus

aid patient decision making as well as inform the

formulation of treatment guidelines.

A promising technique to clarify personal

values patients associate with treatment dimen-

sions is adaptive conjoint analysis (ACA), which

has been developed as a more feasible alternative

to traditional conjoint analysis. Like traditional

conjoint tasks, ACA is a decomposed, and

therefore indirect, method, eliciting preferences

regarding distinct dimensions associated with

treatment options. The exercise primarily asks

participants to rate combinations of treatment

dimensions that involve trade-offs (typically

because a gain in one dimension is related to loss

in another; Fig. 1). The trade-offs are similar to

the way individuals make decisions in real life.

Conjoint analysis is said, therefore, to be more

effective for identifying true preferences than

holistic techniques.9,10 The main difference

between ACA and traditional CA is that the

computerized administration allows for tailoring

of the combinations offered to the individual�s
preferences. As the task progresses, combina-

tions of dimensions become more and more

equal in desirability for the participant. ACA

thus facilitates participants� involvement11 and

also drastically reduces the number of combi-

nations that participants need to evaluate.11 Of

note, tailoring inherently makes the trade-offs

increasingly difficult. The standardized com-

puter administration minimizes influences on

participant preferences.

ACA has other advantages over conventional

preference assessment techniques. Unlike tech-

niques such as Standard Gambles and Time

TradeOffs, ACA permits the evaluation of

dimensions simultaneously and of both chronic

Incontinence:  20 out of 100 people 
vs.

Incontinence:  80 out of 100 people 

Five-year survival:  66 out of 100 people or 70 out of 100 people 
Incontinence: 20 out of 100 people 40 out of 100 people 

Example from section 1.

“All other things being equal, how important is this difference to you?” 

1 2 3 4 

Example from section 2.

“All else being equal, which would you prefer?” 

Not Somewhat Important Very
important important important

1 2 3 4 5 6 7

Strongly 
prefer left

Strongly 
prefer right

Figure 1 Adaptive conjoint analysis

questionnaire.
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and temporary states. Differently from decision

boards,12,13 videotapes14,15 and rating scales,

which usually ask about preferences for treat-

ments rather than valuations of underlying

dimensions, ACA provides insight into the basis

of preferences. Results therefore extend beyond

particular medical conditions.

The ACA has a firm theoretical basis;16 it

allows for the assessment of response consis-

tency and thus permits a methodological evalu-

ation of results; and it supports decision-making

processes in a way that shows to full advantage

actual decision problems, by presenting the

trade-offs underlying them. Accordingly, ACA is

increasingly being used to investigate group-

level treatment preferences, as is demonstrated

by studies in rheumatology patients,9,17,18 HIV

patients,19 patients using hormone growth ther-

apy20 and patients about to undergo major

abdominal surgery.10 Mimicking actual decision

making processes, being relatively short and

individually tailored, ACA could shed light on

individual patients� health-related priorities and

thus support their decision making.

Currently there is little information available

on ACA�s methodologic properties in the con-

text of health care, except for two studies. One

study looked at the external validity of ACA-

derived utilities by assessing their consistency

with preferences for medication profiles in HIV

patients.21 The other study compared weights

for individualized quality of life domains derived

from direct weighting vs. ACA, in rheumatology

and cancer patients.22 The latter study addi-

tionally assessed ACA completion, response

consistency, and compensatory decision making

(i.e. it examined participants� willingness to trade

loss in one dimension for benefit in another: the

assumption of compensatory decision making

would be violated if individuals determined their

preference by considering outcome dimensions

in order of importance).23

To our knowledge, no study has assessed

ACA test–retest reliability, or compared ACA to

alternative preference assessment methods. The

present study was designed as a first step in the

methodological assessment of ACA as a treat-

ment outcome preference elicitation method in

cancer patients. The ACA work could support

two ultimate goals: to support newly diagnosed

patients in practice and to inform treatment

guideline formulation. As clinical case, we chose

to assess disease-free rectal cancer patients�
preferences for outcomes related to two options:

surgery vs. preoperative radiotherapy (PRT)

followed by surgery for rectal cancer. These two

treatments have distinct risk ⁄benefit ratios;

some side effects are enduring and may have a

profound influence on quality of life.

We examined (i) the rank order consistency of

ACA-derived outcome-probability utilities, as

an indication of response consistency; (ii) par-

ticipants� willingness to trade-off outcome

dimensions, as an indication of compensatory

decision making and thereby of internal validity;

(iii) ACA test–retest reliability, as an indication

of response stability over time; and (iv) concor-

dance of ACA- vs. treatment trade-off method

(TTM)-based treatment preferences, as an indi-

cation of external validity. The TTM is a direct

and holistic preference elicitation technique that

is tailored to the clinical problem at hand. The

TTM has been applied extensively to elicit

patient treatment preferences, including prefer-

ences in clinical oncology practice.12,13,24,25 It

was shown to have fair to good test–retest reli-

ability.26,27

Differently from other ACA applications in

health care, we included survival as a dimension.

Survival has been incorporated in studies using

traditional conjoint methods,28–30 but not yet in

ACA. It is unclear to what extent patients,

particularly cancer patients, are willing to trade-

off survival when the exercise is increasingly

customized to individuals� priorities.

Methods

Participants

Participants were disease-free rectal cancer

patients who had participated in a multicentre

trial assessing the benefit of adding PRT to

surgery.31 A stratified random sample was

selected from the patients who had been treated

in the Netherlands, had agreed to being
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approached for further research at 5-year fol-

low-up,32 were alive and free of recurrences or

other tumours at last moment of yearly follow-

up, were less than 90 years old when our inclu-

sion started, and had undergone low anterior

(LAR) or abdominoperineal (APR) resection.

Sampling was stratified to obtain as much vari-

ance in preferences and trade-offs as possible.

We aimed to include 60 participants, half of

whom had been treated with surgery alone and

half also with PRT. We further aimed to include

both patients who did and who did not face

sexual problems and ⁄or faecal incontinence, two
longer-term quality of life impairments which

may follow rectal cancer treatment. We took

equal numbers of patients who had vs. had not

reported sexual dysfunction at 2-year follow-

up33 in both treatment groups. We further

stratified the treatment groups according to

surgery type: two-third had undergone an LAR

and one-third an APR, the latter resulting in a

permanent stoma. LAR patients face the risk of

faecal incontinence. We took equal numbers of

LAR patients who had vs. had not reported

faecal incontinence at 5-year follow-up.32 Eligi-

ble participants were informed about the study

by letter and then asked by phone whether they

agreed to participate. Participants were included

between February and August 2006.

Trial results

Six-year follow-up data showed PRT followed

by surgery to result in a reduction in the local

recurrence rate from 11% to 6% with no sur-

vival benefit.34 Two- and 5-year follow-up

results showed both treatments to induce faecal

incontinence and sexual dysfunction, yet prob-

abilities were higher with PRT.32,33

Procedure

Socio-demographic and medical history details

were assessed by self-report questionnaire a

week prior to a face-to-face interview at partic-

ipants� home. Patients who did not have a stoma

were asked how often (never, sometimes, often,

always) they had unintentionally lost stools in

the past 4 weeks. Male (erectile and ejaculation

dysfunction) and female (vaginal dryness and

pain) sexual problems in the past 4 weeks (not at

all, a little, quite, a lot) were assessed as part of

the EORTC QLQ-CR38.35 Female sexual dys-

function was only assessed in patients who had

indicated to have had intercourse in that period.

At the start of the interview, participants were

asked for informed consent. A TTM and ACA

questionnaire were administered in that order.

The ACA questionnaire was computerized and

self-administered. We expected the ACA task,

which asks for reflection about the underlying

dimensions, to influence responses to the TTM

task more than the other way round. Also, we

did not want to interrupt the flow of the inter-

action by introducing a computer task midway.

A convenience sample of N = 30 consecutive

participants was asked to perform the ACA

questionnaire again, 2–4 weeks later. Reasons

for refusal were noted. The Leiden University

Medical Center ethical board approved the

study protocol.

Treatment trade-off method

The TTM presented sequentially (i) a short

description of surgery alone and PRT followed

by surgery, (ii) the respective probabilities of

faecal incontinence32 and sexual dysfunction33

following treatment, and (iii) the probability of

5-year local control34 after surgery alone

(Table 1). Male and female TTM versions dif-

fered regarding probabilities of sexual dysfunc-

tion. Probabilities were described in quantitative

frequency formats to facilitate understanding.36

It was explicitly stated that survival was similar

following both treatments. Then probabilities

for 5-year local control with PRT were varied

and participants were asked each time which

treatment they preferred.

We started with equal probabilities of local

control after the two treatments. To participants

who preferred PRT followed by surgery at this

stage, we explained the numbers again. We

stopped at this point if participants maintained a

preference for PRT. To the others, we asked

their preferences for the following probabilities:
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5-year local control in 100 ⁄100 patients after

PRT (i.e. maximum benefit from PRT) and

5-year local control in 95 ⁄100 patients after

PRT. Next, we sought participants� minimally

desired benefit by systematically closing in upon

participants� indifference point simultaneously37

from 89 ⁄100 (no benefit from PRT) and

100 ⁄100.

Adaptive conjoint analysis

We used the ACA questionnaire to ascertain

participants� utilities for various probabilities of
5-year survival, 5-year local control, faecal

incontinence, and sexual dysfunction. It was

explicitly stated that survival and local control

should be viewed as independent outcomes.

Male and female ACA versions differed

regarding sexual dysfunction. Probabilities were

described in quantitative frequency formats.

Treatment modality was not specified.

Each outcome was defined by various levels

that corresponded to a range of probabilities,

including those that were established at 2-,33

5-,32 and 6-year34 follow-up (Table 2). Proba-

bilities for sexual dysfunction were close but not

identical to those in the TTM, in order (i) to

have some levels identical for men and women,

increasing their comparability, and (ii) to include

the percentages of dysfunction for sexually

active patients, and for the whole group.

Table 1 Treatment outcome probabilities as presented in the

TTM (frequencies out of 100 patients)

Outcome

Treatment

Surgery PRT + surgery

Faecal incontinence 40 60

Sexual dysfunction

Men 56 68

Women1

15 22

Five-year local control 89 –2

TTM, treatment trade-off method; PRT, preoperative radiotherapy.

Probability of survival was not presented.
1Numbers refer to sexually active women and this was stated as such.
2Probability of local control for PRT followed by surgery was sys-

tematically varied between 89 ⁄ 100 and 100 ⁄ 100.

Table 2 ACA outcomes and outcome probabilities (frequencies out of 100 patients)

Outcome Explanation

Outcome probabilities

(from best to worst)

Probability of 5-year

survival (all patients)

This is the probability that the patient is still alive

5 years after the disease was detected. A 5-year

survival of 50% means that after 5 years, 50 out of

100 patients are still alive. The other 50 people may

have died due to the recurrence of the disease, but

may as well have died from other causes such as a

heart attack

70 66 65 –

Probability of 5-year

local control1 (all patients)

This is the probability that the tumour does not recur

at the site that was operated on. If the tumour does

recur at that site, it causes a lot of pain. It may in

some instances be possible to treat it, but in others

not. Often the prognosis is uncertain

99 94 89 –

Probability of faecal

incontinence (all patients)

Incontinence in this interview refers to incontinence

for stools and means unintentionally losing stools

20 40 60 80

Probability of sexual

dysfunction (men)

You may think of dysfunction with getting an erection

(=erectile dysfunction) and with ejaculation, or of

not being sexually active at all anymore

30 40 50 60

Probability of

dissatisfaction with sexual

functioning (women)

Dissatisfaction with sexuality usually results from not

being able to enjoy sexual intercourse anymore

because of pain or vaginal dryness

10 30 50 70

ACA, adaptive conjoint analysis.
1The expression �probability of local control� was not used but was explained as �probability that the tumour does not recur�.
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The ACA questionnaire started with an

explanation in lay terminology of the treatment

outcomes (Table 2) and asked participants to

rate for each how important they considered the

difference between its best and worst probability

(all else being equal; Fig. 1) in the following

order: survival, local control, sexual dysfunction

and incontinence. This exercise provides the

ACA programme with information upon which

to base initial estimates of participants� utili-

ties.11

Participants were then asked to rate 14 paired

combinations of outcomes, where each combi-

nation was defined using two (pairs 1–7) or three

(pairs 8–14) outcomes. The minimum number of

pairs to be presented to permit accurate esti-

mations of outcome-probability utilities, was

based on the following formula: 3 · (N ) n )
1) ) N,11 where N is the total number of

probability levels, n the number of outcomes and

N ) n the number of independent parameters

to be estimated, thus resulting in 3 ·
(14 ) 4 ) 1) ) 14 = 13 pairs. We started with

the simplest paired comparison, i.e. pairs of two

outcomes, offering participants the possibility to

gain experience in completing the task. We chose

to increase the number of outcomes per pair to

three at most, in order to better mimic the actual

trade-off – which implicates more than two

outcomes – while limiting task difficulty. Par-

ticipants were asked to indicate their preference

on a 7-point scale (Fig. 1). Outcomes were listed

in varying order. Usually, participants are also

asked to rank levels for preference. We omitted

this question because preferences over the out-

come-probabilities are naturally ordered.

The ACA analysing program (ACA 5.2.2;

Sawtooth Software, Inc., Sequim, WA, USA)

generates estimates of individual participants�
utilities for each outcome-probability. Final

utilities are derived by ordinary least squares

regression analysis from the participant�s
answers to the paired comparisons, and are

continually re-estimated as the questionnaire

progresses11 (for detailed information on utility

estimations, we refer the reader to: http://

www.sawtoothsoftware.com/download/techpap/

acatech.pdf). Similarly, the program computes

participants� relative importance score for each

outcome. Importance is expressed as a percent-

age, and the four importance scores add up to

100%. The scores indicate the extent to which

one outcome explains participants� preference

relative to the other outcomes, given the range of

outcome-probabilities.

Statistical analysis

Scores for faecal incontinence were recoded to

indicate no vs. at least some incontinence. Sim-

ilarly, sexual dysfunction was coded as present

in participants who had indicated to suffer at

least �a little� from one or both of the two

problems assessed. We compared irradiated to

non-irradiated patients on background (age,

gender, education) and treatment-related (time

since surgery, stoma, incontinence, sexual

problems) characteristics using independent

t-tests and chi-square tests.

As an indication of ACA feasibility, we

examined the number of participants who

completed the ACA questionnaire and time

needed for completion. Task comprehension was

evaluated by assessing preference in case of

dominant paired comparisons.

As an indication of response consistency, we

evaluated whether better outcome-probabilities

generated higher estimated utilities than worse

probabilities. To that end, higher probabilities

of a good outcome or lower probabilities of a

bad outcome will be referred to as �better�
probabilities. Lower probabilities of a good

outcome or higher probabilities of a bad out-

come will be referred to as �worse� probabilities.
The value 0 was assigned to the least preferred

probability within each outcome. We computed

how often estimated utilities were consistently

rank ordered within each outcome. In partici-

pants who did not rate the worst probability

highest, we assessed the association between

rank ordering consistency and, respectively, age

and outcome importance using Pearson r cor-

relations, and education, using ANOVAANOVA and

Kruskal–Wallis tests. Age and education were

used as proxies for cognitive ability.
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We examined whether participants� decision

making was compensatory by inspecting partic-

ipants� willingness to trade a loss in one outcome

for improvement in another. Importantly, par-

ticipants� willingness to trade will depend on the

range of outcome-probabilities offered. This is

especially relevant given the restricted range for

survival and local control (Table 2). We chose to

keep probabilities close to what would be clini-

cally feasible, because of our ultimate goal to

assess the usefulness of ACA in a clinical setting.

We assessed participants� willingness to trade an

outcome for the largest benefit in any of the

other outcomes for the following two possibili-

ties:

1. the smallest decrease in 5-year survival (i.e.

the difference between the utilities for 66 ⁄100
and 65 ⁄100 patients alive);

2. a decrease from the best to the next-best

probability in the outcome that the partici-

pant considered most important.

A ratio greater than 1 between the differences

in utilities indicates that participants were not

willing to trade a loss in one outcome for benefit

in the other outcome. We chose to focus these

analyses on the trading of survival and of par-

ticipants� most important outcome, because

these are the outcomes in which one would least

expect compensatory decision making. More-

over, we conducted these analyses in partici-

pants whose outcome-probability utilities were

consistently rank ordered in each respective pair

of outcomes for reasons of interpretability. It is

only in these participants that it is unequivocal

which differences in outcome-probabilities are

relevant for analysis.

We evaluated the test–retest reliability of

ACA findings by comparing ACA test and retest

data on importance scores, using paired t-tests.

As ACA is adaptive, participants did not com-

plete the exact same questionnaire at retest.

Lastly, we assessed the concordance of ACA-

vs. TTM-derived treatment preferences. Partici-

pants� ACA-based treatment preferences were

computed by adding their utilities for local

control, incontinence and sexual dysfunction for

the treatment-specific probabilities (Table 1).

For sexual dysfunction, we used the utilities of

the probabilities that were closest to the num-

bers shown in the TTM. Utility for survival was

not included, because in explaining the TTM we

stated that survival was shown not to differ

between the two treatments. Participants� TTM-

based treatment preference was inferred from

their minimally desired benefit from PRT fol-

lowed by surgery compared to surgery alone. If

this benefit exceeded an absolute 5% increase in

probability of local control, TTM-based prefer-

ence was said to be surgery alone. This cut-off

point was derived from the actual benefit from

PRT that was established at 6-year follow-up.

ACA- and TTM-based treatment preferences

were compared using a McNemar test. For both

it was assessed whether preference was depen-

dent on having received PRT using a chi-square

test. All significance testing was performed two-

tailed at a = 0.05.

Results

Participants

Ninety-four eligible patients were approached.

Four could not be reached and nine had (had)

other types of cancer or a recurrence and were

therefore excluded. Of the remaining 81 patients,

70 (86%) agreed to participate. Eleven declined

participation because they considered it too

great a psychological burden (N = 8), physical

burden (N = 1), time investment (N = 1) or for

unknown reasons (N = 1). Table 3 shows

demographic and treatment-related details by

actual past treatment. In non-stoma patients,

respectively 6 ⁄22 (27%) non-irradiated and

12 ⁄22 (55%) irradiated patients reported to

suffer at least sometimes from faecal inconti-

nence. The two participant groups did not sig-

nificantly differ on background characteristics

(data not shown).

ACA completion

Two male participants were not asked to com-

plete the ACA questionnaire because of a com-

puter failure (1) or having such difficulty in
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comprehending numbers that the TTM already

was too challenging a task (1). Of the other 68

participants, one male and one female partici-

pant found the task too difficult and did not

finish it. One stated: �My head is spinning, I get

fed up with it�. The other said to dislike the task,

and that it required taking in a lot of informa-

tion.

Completion took between 7 and 55 min

(median = 14, SD = 7.3). The participant who

took 55 min was dyslexic and reading the ACA

instructions required extensive efforts. Comple-

tion took between 7 and 38 min if we disregard

this participant.

Thirty-two of 66 participants were presented

with at least one dominant pair, i.e. 17 ⁄32 once,

12 ⁄32 twice and 3 ⁄32 three times. They pre-

ferred the best option in 40 ⁄50 (80%), the worst

in seven (14%) and indicated no preference in

three (6%) cases. The seven worst option choices

corresponded to seven different participants.

Rank ordering of estimated outcome-probability

utilities

Table 4 shows how often outcome-probabilities

were rank ordered in agreement with probabili-

ties from best to worst, per outcome. In eight

participants, utilities were rank ordered consis-

tently in all four outcomes. In none, inconsis-

tencies occurred in all four outcomes. Across

outcomes and out of a total of 18 within-out-

come pairs of outcome-probabilities, utilities

were rank ordered inconsistently between 2.3

(13%) pairs on average (median = 2; SD =

1.6; range, 0–7). The highest utility estimation

was conferred to the best probability in 61 (92%)

participants for survival, 63 (95%) for local

control, 54 (82%) for incontinence and 47 (71%)

for sexual dysfunction. The highest utility esti-

mation was conferred to the worst probability in

zero participants for survival, one (2%) for local

control, two (3%) for incontinence and one

(2%) for sexual dysfunction. In one participant,

all worse probabilities had higher estimated

utilities than better probabilities for �inconti-
nence�. In another participant, this was true for

�sexual dysfunction�.
Excluding the participants who rated the

worst probability highest, inspection of incon-

sistent pairs revealed that inconsistencies

occurred most often between consecutive levels,

i.e. pairs of probabilities with the smallest

absolute differences (Appendix A). Higher

consistency was significantly related to lower

Table 3 Patient demographic and treatment-related details

by actual treatment received (N = 70)

Characteristics

Past treatment

Surgery,

N (%)

PRT +

surgery, N (%)

Mean age,

years ± SD (range)

64.5 ± 9.8

(41–84)

63.8 ± 9.1

(43–82)

Gender

Male 18 (56) 30 (79)

Female 14 (44) 8 (21)

Education

£9 years 12 (38) 19 (50)

10–12 years 15 (47) 9 (24)

‡13 years 5 (16) 10 (26)

Mean time since

surgery, years ± SD (range)

8.4 ± 1.0

(6.3–10.0)

8.3 ± 1.0

(6.5–10.2)

Permanent stoma

No 22 (69) 22 (58)

Yes 10 (31) 16 (42)

Sexual problems1,2

No 2 (8) 9 (27)

Yes 22 (92) 24 (73)

Total 32 (46) 38 (54)

1In women, presence or absence of problems is only reported for the

6 ⁄ 14 (surgery) and 5 ⁄ 8 (PRT + surgery) who had been sexually

active in the past 4 weeks.
2Data were missing for two men in the PRT + surgery group.

Table 4 Number of participants with consistent1 rank orders

for outcome-probability utilities (N = 66)

Outcome

Utilities in

consistent rank order

N %

Five-year survival 47 71

Five-year local control 58 88

Faecal incontinence 38 58

Sexual dysfunction 23 35

Men 19 ⁄ 45 42

Women 4 ⁄ 21 19

1Consistency was defined as adaptive conjoint analysis-derived utili-

ties being rank ordered in agreement with probabilities from best to

worst.
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participant age for local control (Table 5).

Consistency was positively related to importance

for all outcomes, except for local control and for

sexual dysfunction in female participants

(Table 5). Consistency was not significantly

related to education (data not shown).

Compensatory decision making

Respectively 39 (59%), 26 (39%) and 17 (26%)

participants had consistent rank orders and were

willing to trade the smallest decrease in survival

for the largest improvement in local control,

incontinence or sexual dysfunction. These

numbers excluded three (5%) participants who

had consistent rank orders and were unwilling to

trade survival.

We assessed whether participants were willing

to trade a loss from the best to the next-best

probability (e.g. a decrease from 99% to 94%

probability of local control or an increase from

20% to 40% probability of incontinence) in the

outcome they considered most important for the

largest benefit in any of the other outcomes. At

least half of the participants were willing to trade

such loss (Table 6). Overall, 58 (88%) partici-

pants were willing to trade a deterioration in

their most important outcome for the largest

Table 5 Association between frequency of outcome-probability utilities rank order consistency, and age and outcome

importance (N = 66)

Outcome

Age Importance

Pearson r P-value Pearson r P-value

Five-year survival 0.06 0.66 0.32 0.01

Five-year local control1 )0.29 0.02 0.14 0.26

Faecal incontinence2

0.03 0.80 0.48 0.00

Sexual dysfunction

Overall3 0.16 0.20 0.56 0.00

Men (N = 44)3

0.13 0.41 0.62 0.00

Women (N = 21) 0.22 0.34 0.31 0.17

1One inconsistent participant was excluded because he conferred the highest utility to the worst probability.
2Two inconsistent participants were excluded because they conferred the highest utility to the worst probability.
3One inconsistent participant was excluded because he conferred the highest utility to the worst probability.

Table 6 Number of participants who were willing to trade a loss1 in their most important outcome for the largest gain2 in

another outcome

Most important

outcome NMax
3

Willingness to trade-off smallest loss in most important outcome

against largest gain in other outcome

Five-year survival

N ⁄ NTotal
4 (%)

Five-year

local control

N ⁄ NTotal (%)

Faecal incontinence

N ⁄ NTotal (%)

Sexual

dysfunction

N ⁄ NTotal (%)

Five-year survival (N = 7) – 3 ⁄ 6 (50) 1 ⁄ 1 (100) 1 ⁄ 2 (50)

Five-year local control (N = 23) 16 ⁄ 18 (89) – 8 ⁄ 9 (89) 4 ⁄ 7 (57)

Faecal incontinence (N = 30) 10 ⁄ 15 (67) 16 ⁄ 22 (73) – 6 ⁄ 8 (75)

Sexual dysfunction (N = 6) 3 ⁄ 4 (75) 2 ⁄ 2 (100) 3 ⁄ 3 (100) –

1Range of loss: 66 vs. 70% (probability of survival); 94 vs. 99% (probability of local control); 40 vs. 20% (risk of incontinence); 40 vs. 30% (risk of

sexual dysfunction in men); or 30 vs. 10% (risk of sexual dysfunction in women).
2Range of benefit: 70 vs. 65% (probability of survival), 99 vs. 89% (probability of local control), 20 vs. 80% (risk of incontinence), 30 vs. 60% (risk

of sexual dysfunction in men), and 10 vs. 70% (risk of sexual dysfunction in women).
3NMax shows the total number of participants who considered that outcome as most important.
4NTotal represents the number of participants who were consistent in the rank order of estimated outcome-probability utilities, in the relevant pair

of outcomes.
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benefit in at least one other outcome, and were

consistent in the respective rank orders.

ACA test and retest

Thirty-eight participants were asked to complete

the ACA questionnaire again and 32 (84%)

agreed. Two of them did not perform the retest

because other commitments (1) or illness (1) did

not allow a retest within a month. Two partici-

pants refused because they were critical about

the task. One said it to be tedious, very annoying

and showing only marginal differences between

options. The other participant said she lost her

way. Four participants refused because they

considered it too burdensome (2), not useful (1)

or because of time constraints (1). One partici-

pant was not approached for the retest as he was

extremely negative after completing the ACA

once. He said the exercise asked nearly moral

questions, that differences in probabilities for

outcomes were marginal and therefore made

him start to think only superficially about them,

and that the use of a computer made the exercise

cold and impersonal.

Thirty participants performed the retest

between 11 and 26 days after the interview

(mean = 17, SD = 4.1). Mean importance for

all outcomes at test and retest did not signifi-

cantly differ (Table 7).

ACA- and TTM-based treatment preferences

Overall, 37 ⁄66 (56%) preferred surgery alone

based on the ACA compared to 24 (36%) based

on the TTM. This difference was significant

(P = 0.019). Within individuals, ACA- and

TTM-based preferences were identical for 39 ⁄66
(59%) participants.

ACA-based preference was not affected by

having undergone PRT oneself (v2 = 1.7, NS).

TTM-based preference was. Participants who

had undergone PRT were more strongly in

favour of PRT than participants who had not

(v2 = 11.0, P = 0.001).

Discussion

To the best of our knowledge, this is the first

study investigating ACA validity and reliability

as a treatment outcome preference elicitation

method and the first study to incorporate sur-

vival as an outcome. This study was conducted

in a sample of disease-free rectal cancer patients.

The treatment decision under consideration was

preference for surgery vs. radiotherapy followed

by surgery, a decision in which the participants

had not been involved when they were diag-

nosed. Clinical results have been reported else-

where.37 In this paper, we focus on the

methodological characteristics of ACA.

Almost all participants completed the ACA,

and within a reasonable time. Two participants,

who found it too difficult, did not complete the

task. It is uncertain whether their difficulties

referred to barriers on a cognitive, emotional or

literacy level. Evaluating trade-offs in this con-

text is difficult even to individuals who com-

prehend the task. It is therefore unclear whether

they struggled with the trade-offs per se, or

whether their difficulties lay with the task itself.

Some participants� comments suggest that

making the trade-offs is doable but demanding.

Visual representations of the numerical proba-

bilities and stating both probabilities of occur-

rence and non-occurrence might facilitate

participants� comprehension.

With dominant pairs, participants most often

preferred the best option, suggesting that they

understood the task correctly. Still, one-fifth

(7 ⁄32, 22%) of participants chose the dominated

combination, a higher proportion than Stig-

gelbout et al.22 (4 ⁄45, 9%) found. A likely

Table 7 Comparison of mean importance scores at test and

retest (N = 30)

Outcome

Mean importance

Test Retest Test–retest1

% ± SD % ± SD P-value

Five-year survival 21.0 ± 11.1 23.2 ± 9.8 0.24

Five-year local control 29.5 ± 8.9 29.6 ± 10.6 0.96

Faecal incontinence 27.5 ± 12.8 26.3 ± 11.9 0.63

Sexual dysfunction 21.9 ± 10.0 20.9 ± 9.8 0.48

1Paired t-test.
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explanation for the disparity is Stiggelbout

et al.�s use of qualitative labels rather than

numerical probabilities in defining levels of ACA

dimensions. The limited evidence available cur-

rently makes it difficult to state whether we

should view the numbers as striking or not. Yet,

these results suggest that most participants

understood the task of paired comparisons and

were able to make valid choices.

Consistency in the rank ordering of utilities of

outcome-probabilities was examined by evalu-

ating whether utilities for better probabilities

were higher than utilities for worse probabilities.

In only a minority of participants, utilities across

all four outcomes were consistently rank

ordered. However, the number of inconsistencies

was low on average and inconsistencies occurred

mostly between consecutive probabilities and

almost never between an outcome�s best and

worst probability. Additionally, in most partic-

ipants the best probability had the highest esti-

mated utility. Some participants� comments

suggest that they may have considered differ-

ences between probabilities small in the context

of the presented trade-offs. Possibly, partici-

pants did not consider probabilities as appre-

ciably different. Participants may further appear

inconsistent in one outcome because they were

attending to the other outcomes offered in

paired combinations, and were in fact making

trade-offs for other outcomes. Indeed, and

similarly as Stiggelbout et al.22 found, utilities

were rank ordered consistently more often in

outcomes that drove preferences more strongly.

These may be evaluated with more scrutiny. In

contrast to their results, consistency of rank

orders was unrelated to education. Our results

suggest that the task is doable across age and

education in an older adult population in this

context.

The assumption that ACA elicits compensa-

tory decision making was tested by inspecting

participants� willingness to trade survival and

their most important outcome. Between one-

fourth and more than half of the participants

were found willing to trade the smallest loss in

probability of survival for the largest benefit in

any of the other outcomes, depending on the

outcome being inspected. As our study was con-

ducted among long-term survivors, it remains an

empirical question whether individuals who have

recently been diagnosed with cancer and need to

decide about an upcoming treatment are willing

to trade survival for better quality of life. More-

over, willingness to trade one�s most important

outcome for benefit in at least one of the other

outcomes was apparent in a large majority of

participants. These findings, similar to those

reported by Stiggelbout et al.22 suggest compen-

satory decision making in most participants and

support the validity of using conjoint tasks in

assessing relative treatment outcome importance

in oncology. Of note, the results should be

interpreted keeping in mind that the analyses

were carried out only in the participants whose

outcome-probability utilities were consistent in

each respective pair of outcomes.

Not all participants appeared to trade.

Simon38 argued that individuals tend to mini-

mize cognitive efforts and time taken by satis-

ficing, i.e. deciding upon the option that meets a

minimum criterion, rather then trying to obtain

maximum utility. These participants may have

applied a simplifying heuristic, such as choosing

the option which was best on the most impor-

tant outcome regardless of values on the other

outcomes, following a Take the Best heuristic.37

As Lloyd37 puts forward, it is not clear how one

should determine the exact nature of someone�s
decision-making strategies, especially as such

processes are almost certainly unavailable to

conscious reflection. Another possible explana-

tion for participants� failure to trade is the

combination of these participants� true prefer-

ences and the range of probabilities offered,

which may not have been sufficiently broad to

induce trading. We restricted the range of out-

come-probabilities to probabilities that are

clinically feasible for two main reasons: (i) the

results would then represent patient preferences

for outcomes that are within the reach of clinical

practice and (ii) the task would not be length-

ened unduly, as the more outcome-probabilities

are included, the more paired comparisons are

necessary for reliable estimations of outcome-

probability utilities.
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ACA mean outcome importance did not differ

between test and retest, suggesting that it cap-

tures mean importance reliably over time.

Finally, ACA- and TTM-based treatment

preferences differed in almost half of the par-

ticipants. ACA-based treatment preferences

were unrelated to past treatment, whereas TTM-

based preferences strongly were. Higher prefer-

ence for treatment modality with which patients

have experience was found in other studies

within oncology.39–41 In these studies, preference

elicitation techniques were used in which treat-

ment modality was identified, as in the TTM.

The ACA questionnaire did not identify treat-

ment, thus modality preference could not induce

biases in trade-offs. Moreover, unlike the TTM,

ACA responses indicate to what extent treat-

ment aspects drive patient preferences, given the

probability ranges that were specified. This

information is relevant and can be extrapolated

to treatment options with similar key aspects but

other probabilities.

Limitations

First, ACA is a �main effects only� model, i.e. it

assumes that there are no interactions among

dimensions. It is questionable whether this

assumption holds in our study. The validity of

ACA findings may be threatened when dimen-

sions are perceived to imply one another; these

may be �counted double� and thus be biased

upwards in importance.11 Clearly, this should be

tested by comparing ACA with choice-based

conjoint analysis results, a methodology which

allows for interactions between dimensions.

Second, we used a labelled version of the TTM

because it is usually applied as such. Moreover,

all participants had received a letter with the

results of the trial in which they had participated.

So even without labels, a significant proportion

of participants would probably have traced

which description corresponded to which treat-

ment. Nevertheless, it might be useful to compare

the ACA to an unlabelled comparison.

Third, the exact probabilities for sexual

dysfunction as presented in the TTM were not

included in the ACA questionnaire. As we

computed ACA-based preference on approxi-

mations of these probabilities, this may have

affected the number of participants who had

similar preferences when comparing the two

assessment methods. However, of the three

outcomes local control, incontinence and sexual

dysfunction, the latter was least important in

determining preference in half (35 ⁄66, 53%) of

the participants and most important in only

eight (12%). The use of approximations should

therefore affect results only to a limited extent.

Finally, a select patient group was included.

All participants had been treated for rectal

cancer and all were long-term disease-free sur-

vivors. It is therefore questionable whether

preferences may be generalizable to other cancer

patient groups and, importantly, to patients who

are still facing treatment.

Conclusion

Overall, the findings in disease-free rectal cancer

patients suggest that in an oncology context,most

individuals understand the ACA questionnaire,

can complete it in a reasonable amount of time

and most conform to the assumption of com-

pensatory decision making. Also, in these long-

term survivors, the exercise assessed mean

outcome importance in a stablemanner over time.

ACA methodology therefore seems a valid treat-

ment outcome preference elicitation method that

captures preferences reliably over time. Treat-

ment preferences derived from the holistic TTM

and thedecomposedACAmethodologies differed

greatly. Different methods ask participants to

performdifferent tasks, andmayas a result invoke

entirely different cognitive processes.42 Which

method should be preferred will thus strongly

depend on the specific context and decision.
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