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Background: Thyroid cancer survivors experience distinctive, persistent burdens that diminish health-related
quality of life (HRQoL). Utilities from patient preference-based measures are needed for quality-adjusted life-
year estimation and decision-making. Generic instruments lack thyroid-specific content, limiting applicability in
this population. We sought to develop a thyroid-cancer-specific utility measure, Thyroid Cancer Quality of Life
Index (TCQOLI) to support clinical research, cost-effectiveness analyses, and policy applications.

Methods: We conducted a multicenter, multiphase, mixed-method, cross-sectional study. Phase 1 defined the
TCQOLI domains and items using input from multidisciplinary experts and patients with thyroid cancer. Phase 2
evaluated the instrument via cognitive interviews (n =50) and a mailed/phone-assisted psychometric survey in
adults with thyroid cancer (n = 163), followed by confirmatory factor analysis (CFA) and reliability/validity anal-
yses. Phase 3 valued health states in a separate sample (n = 103) using interviewer-administered visual analog
scales (VAS; 0-100) and standard gamble (SG). Levels of morbidity in each health domain with VAS and SG
were used for assessing preferences for three clinical marker states. We derived a weighted dead-to-full-health
lower VAS anchor, estimated a VAS to SG power mapping solution to apply to the model overall, and con-
structed additive, multiplicative, and unweighted indices. Agreement of the indices with direct VAS was sum-
marized by Pearson r, mean absolute error (MAE), overall standard deviation (OSD) of differences, and
intraclass correlation (ICC).

Results: Ten candidate domains were finalized; because one domain, reproduction concern, had the weakest
psychometrics and the lowest model weight, the primary instrument uses nine domains (a 10-domain version
was also evaluated). CFA supported a general HRQoL factor plus a voice/swallow factor with acceptable
composite reliability and model fit. The instrument-level ceiling effect was low (3.8%) with no floor effect. The
9-domain additive multiattribute utility theory index correlated with direct VAS (r = 0.74-0.75) and showed the
best agreement. MAE/OSD was 0.045/0.095 after SG mapping and a good to excellent ICC of 0.74.
Conclusions: TCQOLI is a psychometrically robust, thyroid-cancer-specific, preference-based measure with
patient-anchored valuation, suitable for health-economic evaluations. This concise index supports comparative-
effectiveness research in thyroid cancer and informs resource allocation across clinical and policy settings.
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Introduction

hyroid cancer is common, with over 700,000 survivors

in the United States and a lifetime risk of approximately
1.2%.'? Differentiated thyroid cancer accounts for ~90-
95% of cases, and 10-year survival exceeds 95%.> Despite
these favorable outcomes, thyroid cancer survivors often
face distinctive psychological, physical, and financial bur-
dens.* These concerns result in meaningful decrements in
health-related quality of life (HRQoL) comparable to cancers
with poorer prognoses.>® The relatively young age at diag-
nosis and long survivorship further amplify the importance
of accurately capturing HRQoL impacts.

Health systems increasingly rely on preference-based
measures to quantify how patients value their HRQoL and
health states.”® These instruments yield quality-adjusted life
years (QALYs), the standard currency in cost-effectiveness
analyses, reimbursement, and resource allocation over much
of the world. Widely used generic preference-based instru-
ments (EQ-5D,%!° SF-6D,!! HUI'?) often lack content valid-
ity and have limited sensitivity with notable ceiling effects,
indicating such instruments are unable to detect expected
changes in quality of life in the patients with thyroid cancer.'3
This gap motivates a validated, responsive, patient-centered,
disease-specific utility measure for thyroid cancer.'*

We developed the Thyroid Cancer Quality of Life Index
(TCQOLI), a compact, thyroid-cancer-specific instrument
built around domains prioritized by patients and clinicians.
In this study, we (1) describe the TCQOLI domains and item
development; (2) establish its factor structure, reliability, and
validity; and (3) conduct a valuation survey to derive a scor-
ing algorithm that converts TCQOLI responses to utilities
suitable for QALY-based applications.'?!>~!7 The result is a
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patient-valued, thyroid-cancer-specific utility measure ready
for application in clinical research, health policy, and cost-
effectiveness analyses.

Methods
Study overview and reporting

We conducted a multicenter, multiphase, mixed-methods,
cross-sectional study in three phases. The psychometric analysis
phases include (1) TCQOLI domain and item development and
(2) cognitive interviewing and psychometric evaluation, fol-
lowed by (3) valuation of TCQOLI health states to utilities
(Fig. 1). Institutional review boards (IRBs) at the participating
centers approved all procedures, and participants gave informed
consent (protocols Massachusetts General Hospital [MGH]
2002P002595, The University of Texas MD Anderson Cancer
Center [MDACC] 2021-0793).

Setting and participants

This study was conducted at two tertiary cancer centers
from March 2021 to September 2025. Across phases, we
enrolled adults (=21 years) with a confirmed thyroid cancer
diagnosis (papillary, follicular, medullary, or anaplastic)
within the prior 10 years at any point in the care pathway
(active surveillance, preoperative, postoperative, routine
follow-up, or long-term survivorship). We excluded non-
English speakers, patients with noninvasive follicular thyroid
neoplasm with papillary-like nuclear features, and those with
a prior nonthyroid primary cancer diagnosed or treated
within five years, with exceptions for basal cell carcinomas.
Potential participants were identified in clinic and, according
to the study phase (Fig. 1), were mailed either the
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psychometric survey or the valuation survey. For each phase
of the study, trained research assistants subsequently con-
ducted a structured telephone interview to complete and
verify responses (~20-30 minutes for the psychometric
survey; ~30-40 minutes for the valuation survey). Full
instruments were mailed or emailed to respondents in advance
of the interview so that the person could attempt to complete
the items on their own; if the instrument was not available to
the person, it was resent and the interview rescheduled. Data
were captured in a REDCap database with prespecified survey
flows, branching logic, audit trails, and clinical/sociodemo-
graphic characteristics, which were abstracted from medical
records.'® Patients received a $20 gift card after completing
the survey for remuneration. Two distinct patient cohorts con-
tributed to this study and are reported separately: the psycho-
metric sample (instrument statistical performance) and the
valuation sample (QALY/utility estimation).

Instrument development and item selection. Multidisci-
plinary coinvestigators (thyroid cancer clinicians, survey sci-
entists, and HRQoL methodologists) from both institutions
met weekly over the course of months to define a domain
framework that blends generic health aspects with disease-
specific concerns covering relevant physical and psychologi-
cal content. We explicitly included a financial toxicity domain
due to the known impact and financial vulnerability of long-
term survivorship.!® Candidate items were drawn from the
patient-reported outcomes measurement information system
(PROMIS) item banks???! (reviewed by the study psychome-
trician, M.M.L.), and considered from thyroid-cancer-specific
or relevant psychometric survey instruments such as the
EORTC QLC-THY34,>> THYCA-QoL,?> FACIT-COST,?*
THYCAT,?> COH QOL-CS,?%?7 and VHI10?® (permissions
were obtained for any final items utilized). For the other
domains needing content, items were developed by our group.
All items used a five-level response set, higher values indicat-
ing worse HRQoL. Given the structural independence needed
in preference-based (utility) indices, a single item was planned
to represent each domain of health.!> For non-PROMIS
domains, we compiled four candidate items per domain and
asked patients to complete all items using past-week recall
concerning their own quality of life and rank each candidate
on subject matter, relevance, and clarity. Participants also
ranked the importance of the 10 proposed domains.

Cognitive testing and psychometric analysis

After item drafting and before the full psychometric sur-
vey, we conducted iterative think-aloud interviews with tar-
geted probes under the supervision of our survey-scientist
coauthor (K.D.). In a sample of 50 adults, interviews (run in
iterative rounds) assessed item relevance, interpretation,
clarity, the past-week recall period, and the consistency of the
five-level response labels, continuing until thematic saturation
(i.e., hearing no new concerns or ways of understanding the
questions). Minimal wording/layout adjustments were antici-
pated to improve clarity and reduce ambiguity. The full cog-
nitive questionnaire is provided in Supplementary Data S1.

Participants completed the psychometric survey using
past-week recall during phone-assisted interviews follow-
ing a mailed survey to minimize missing data. For
item screening, we summarized response distributions
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(frequencies, means, standard deviations, missingness),
computed corrected item-total and inter-item correlations,
and incorporated patient rankings with clinical judgment to
select the final items. Differential item functioning (DIF) by
sex and education was tested with logistic regression. The
goal was a single high-performing item per domain consistent
with index construction.

Psychometric analyses (M.L.), including measures of inter-
pretability, composite reliability, convergent validity, known-
groups validity, and confirmatory factor analysis (CFA), are
detailed in Supplementary Data S2. Psychometric analyses
were performed in R (version 4.5; R Core Team, 2025) by
M.L., and valuation analyses (below) were performed with
MedCalc® Statistical Software version 8.11 (MedCalc Soft-
ware Ltd, Ostend, Belgium; https://www.medcalc.org; 2025)
by J.S.S.

Valuation (converting responses to QALY
measurement/utilities)

Overview. As shown in Figure 1, valuation proceeded in
a structured sequence: (i) collect visual analog scale (VAS)
and standard gamble (SG) inputs, (ii) anchor the “most
disabled state” (MDS) on the dead-full-health scale, (iii)
estimate a VAS to SG mapping using marker states, and (iv)
construct candidate scoring models and compare them with
direct VAS.

Inputs (interview-administered). We obtained VAS (0-
100) ratings for each domain level, a global in-the-past-week
health VAS, and VAS for three clinically progressive marker
states based on clinical expertise, and SG choices for the
same three marker states. These values were put into the mul-
tiattribute utility models (below) and converted to disutilities
(1 — utility). SG preferences were elicited using a probabilis-
tic titration grid with iterative risk adjustment to the point of
indifference.?°-3! Participant materials are shown in Supple-
mentary Data S3, and a detailed procedural description is
shown in Supplementary Data S4.

Anchoring the MDS. To place the VAS on the dead—full-
health (normalized to 0—1) scale while accommodating differ-
ent views about how the worst TCQOLI state relates to
“dead,” 147 respondents chose one of three VAS scales that
best reflected their view of where MDS lies relative to dead.
The scale-specific summaries were combined using a weighted
mean for the overall group to obtain the study’s MDS anchor.
This anchor was applied as a linear rescale to the dead-to-full-
health scale (see Supplementary Data S5for computational
details).

VAS to SG mapping using marker states. Because VAS
and SG diverge at poorer health yet share a natural zero, we fit
candidate mappings (linear, power-utility, power-disutility,
cubic, quadratic) to the marker-state data using regressions
through the origin.'>*? The mapping above gave an estimate of
SG conversion from VAS on an MDS to full-health scale.
Detailed discussion and analysis in Supplementary Data S6-S7.

Multiattribute utility theory scoring models and agree-
ment. Patients’ domain importance rankings (1-10) from
Phase 1 were converted to additive weights by reverse-ranking
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and normalization so weights sum to 1.0 (Supplementary
Data S8). We analyzed three index forms of the model on the
most-disabled-to-full-health VAS scale: additive multiattri-
bute utility theory (MAUT),** multiplicative MAUT,!>-33 and
unweighted.>* Agreement with direct VAS was summarized
using Pearson r (association), mean absolute error (MAE),
overall standard deviation (OSD; a measure of population
standard deviation), mean difference, and intraclass corre-
lation (ICC; two-way mixed, single-measures, absolute-
agreement), reported for the most-disabled-to-full-health,
dead—full-health, and SG-mapped scales (details in Supple-
mentary Data S11).

Results

We first summarize how TCQOLI content was defined
and narrowed to one concise item set.

Domain and item selection

Ten candidate domains were finalized by consensus after
iterative multidisciplinary review: recurrence concern,
appearance, financial hardship, voice problems, swallowing
difficulty, reproduction concern, pain interference, depres-
sion, fatigue, and cognitive problems. Four domains (fatigue,
pain interference, depression, cognitive) drew items from
PROMIS; the remaining domains used items adapted from
thyroid-cancer-specific HRQoL instruments or developed de
novo. Review of PROMIS calibrations prioritized items with
strong discrimination.?>3®  Item-response theory-based
parameters were used for selection of items by the study psy-
chometrician (M.L.). The selected PROMIS items were pain
interference (“How much did pain interfere in your day-to-
day activities?”; threshold range “b” —0.2 to 2.0; slope “a”
6.5), depression (“I felt depressed”; b —0.1 to 2.3; a 4.3),
fatigue (“How often did you run out of energy?”; b —1.0 to
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3.2; a 3.4), and cognitive (“My thinking has been slow”;
b —1.9 to —0.1; a 3.2). These items, together with semifinal
candidates for non-PROMIS domains, formed the psycho-
metric survey.

Instrument performance (psychometrics)

We next evaluated feasibility and measurement properties
of the TCQOLI, starting with cognitive testing, followed by
psychometric analyses.

Cognitive testing. Cognitive testing (n = 50) confirmed
that patients understood item wording, the past-week recall,
and the five-level response labels; no structural changes
were required. All potential items were completed without
difficulty, and the within-domain ranking task (subject mat-
ter, relevance, and clarity) was well tolerated. Given no
required revisions, these observations were rolled forward
into the overall psychometric sample.

Psychometric sample. Of 401 patients screened, 26 were
ineligible; 163 completed the psychometric survey (response
rate 40.6%). Noncompletions comprised 20 refusals, 84 con-
tacted but did not attempt, and 108 with no response (Fig. 2).
Study staff obtained demographic and clinical information
from the electronic medical record, under IRB approval.
Median age was 53 years (interquartile range [IQR] 24.5);
66% were female (Table 1, Supplementary Data S10). Most
participants identified as White (85.3%); 10% reported
Hispanic ethnicity. Papillary thyroid cancer predominated
(74.8%), followed by follicular (8.0%), medullary (8.0%),
poorly differentiated/anaplastic (4.9%), and Hiirthle cell
(4.3%). Surgical management included total thyroidectomy
(64%), lobectomy (36%), and completion thyroidectomy
(13%). Approximately half had lymph node metastases at

Patle[ns approachec’ and Ineligible
mailed paper survey (n=26)
(n=401)
Eligible
(n=375)
Completed surveys Incomplete surveys
(n=163) (n=212)
Refusals No response Contacted, survey not
(n=20) (n=108) attempted
(n=84)

FIG. 2. Participant flow for the psychometric evaluation phase. Counts reflect pooled data across both sites.
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TABLE 1. SOCIODEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF THE INCLUDED PATIENT COHORTS
Psychometric sample N = 163 Valuation sample N = 105

Characteristic Overall MGH MDACC Overall MGH MDACC
Number of patients 163 (100) 114 (70.0) 49 (30) 105 (100) 92 (87.6) 13 (12.4)
Age, years (n =2)

Mean (SD) 51.8(159) 524(16.3) 504 (14.8) 51.8(15.3) 50.8(15.7) 58.7(10.6)

Median (IQR) 53 (24.5) 54 (26.3) 51 (23.0) 52 (24) 51 (25) 59 (6)

Range 22-85 22-85 24-77 21-81 21-81 36-77
Sex at birth

Male 55 (33.7) 42 (36.8) 13 (26.5) 29 (28) 28 (30) 1(7.7)

Female 108 (66.3) 72 (63.2) 36 (73.5) 76 (72) 64 (70) 12 (92)
Hispanic/Latinx

Not Hispanic/Latinx 146 (89.6) 105 (92.1) 41 (83.7) 96 (91) 84 (91) 12 (92)

Hispanic/Latinx 17 (10.4) 9(7.9) 8 (16.3) 9 (8.6) 8 (8.7) 1(7.7)
Race

African American, of African 5@.1) 3(2.6) 2 (4.1) 1(1.0) 1(1.1) 0(0)

descent, or Black

Asian or Asian American 10 (6.1) 7(6.1) 3(6.1) 6(5.7) 6 (6.5) 0(0)

Native American/Alaska Native 0 (0.0) 0(0.0) 0(0.0) 0(0) 0 (0) 0(0)

Native Hawaiian or another 0 (0.0) 0(0.0) 0(0.0) 00 0 (0) 0(0)

Pacific Islander

Other or more than one race 9(5.5) 6 (5.3) 3(6.1) 7(6.7) 7 (7.6) 0(0)

White or Caucasian 139 (85.3) 98 (86.0) 41 (83.7) 91 (87) 78 (85) 13 (100)
Thyroid cancer subtype (n=1)

Papillary 122 (74.8) 82 (71.9) 40 (81.6) 90 (87) 77 91) 13 (100)

Follicular 13 (8.0) 9(7.9) 4(8.2) 7(6.7) 7 (8.2) 0(0)

Oncocytic 7(4.3) 6(5.3) 1(2.0) 1(1.0) 1(1.2) 0(0)

Medullary 13 (8.0) 11 (9.6) 2(4.1) 4 (3.8) 44.4) 0(0)

Poorly differentiated/Anaplastic 8 (4.9) 6(5.3) 2 (4.1) 2(1.9) 2(2.2) 0(0)
Type of surgery

Hemithyroidectomy 59 (36.2) 39 (34.2) 20 (40.8) 37 (35) 34 (37) 3(23)

Total thyroidectomy 105 (64.4) 74 (64.9) 31 (63.3) 65 (62) 55 (60) 10 (77)

Completion thyroidectomy 21 (12.9) 18 (15.8) 3(6.1) 12 (11) 12 (13) 0(0)
Lymph node metastases at initial

diagnosis

No lymph node metastases 79 (48.5) 55 (48.2) 26 (53.1) 57 (54) 51 (55) 6 (46)

Central level VI 66 (40.5) 54 (47.4) 12 (24.5) 38 (36) 38 (41) 0(0)

Ipsilateral level 1I-V 41 (25.2) 29 (25.4) 12 (24.5) 20 (19) 17 (18) 3(23)

Contralateral level 1I-V 13 (8.0) 11 (9.6) 2(4.1) 2(1.9) 2(2.2) 0 (0)
Distant metastases at initial

diagnosis (n=4)

0 139 (85.3) 104 (91.2) 35(71.4) 90 (89) 84 (93) 6 (55)
Yes 19 (11.7) 7(6.1) 12 (24.5) 4 (4.0) 2(2.2) 2 (18)
Don’t know 5@.1) 3(2.6) 2(4.1) 7(6.9) 44.4) 3(27)

Recurrence since diagnosis (n = 3) 34 (20.9) 27 (23.7) 7 (14.3) 8 (7.8) 8(9.0) 0(0)

Continuous variables are reported as median (IQR); for age, we additionally report mean (SD) and range. Categorical variables are shown
as 1 (%). The number of missing observations is shown in parentheses immediately after the variable label. Percentages use the nonmissing
denominator and may not total 100 due to rounding. Additional data on education level, household income, and site-specific response rate
details are shown in Supplementary Data S10.

IQR, interquartile range; MDACC, The University of Texas MD Anderson Cancer Center; MGH, Massachusetts General Hospital; SD,

standard deviation.

diagnosis (52%); distant metastasis was present in 11.7%,
and recurrence was documented in 21%.

Iltem behavior and final item set. We analyzed 163 sur-
veys (114 at Massachusetts General Hospital [MGH]; 49 at
MDACC) with low missingness (two refusals on recurrence
concern; six on reproduction concern). Non-PROMIS candi-
dates were screened on distributions, missingness, patient
rankings, and DIF. Corrected item to total correlations and

inter-item correlations were obtained, which are measures of
internal consistency of a group of items, or the degree of
measurement of the same underlying psychological construct
that a scale purports to measure. The selected items and their
origin were voice (internally developed, “Changes in my
voice have been troubling to me”), swallowing (THYCA-
QoL,?* “Have you had trouble swallowing?”), appearance
(COH QOL-CS,?%?7 “Has your illness or treatment caused
negative changes in your appearance?”’, wording clarified
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with “negative” added), reproduction concern (internally
developed, “Is your ability to have [more] children a concern
for you?”), recurrence concern (COH QOL-CS, “To what
extent are you fearful of recurrence of your cancer”), finan-
cial hardship (FACIT-COST,?* “My illness has been a finan-
cial hardship to my family and me”, plus PROMIS pain
interference, depression, fatigue, and cognitive problems as
above. The response sets are shown in the valuation survey.
Item—total correlations ranged from 0.174 to 0.586, and
inter-item correlations ranged from 0.105 to 0.341 (Table 2).
The reproduction item showed poor variability and the
weakest associations.

Patient-prioritized domains.  Participants ranked the impor-
tance of the ten proposed domains, with recurrence concern
as most important and reproduction concern as least impor-
tant overall (Fig. 3). Among those aged 21-35 years (n = 32),
reproduction concern remained second-least important (Sup-
plementary Data S8).

Factor structure and invariance. CFA supported a two-
factor solution, comprising a general HRQoL factor and a
voice/swallow factor. Model misfit was minor. Pain showed
the lowest factor loading. Invariance testing supported com-
bining our two sites into one for analysis. Further details are
shown in Supplementary Data S9.

Reliability and interpretability. Item-level response distri-
butions showed ceiling effects at the best (least severe)
response option ranging from 10.6% to 67.5% (mean 44.3%
excluding reproduction; 47.9% including reproduction) and
floor effects from 0.6% to 18.0% (mean ~ 5%). At the full
instrument level, TCQOLI total scores showed minimal
range restrictions: 3.8% of respondents achieved the maxi-
mum score (ceiling) and none scored at the minimum (floor).
The patient-reported global VAS showed 10.7% at the ceil-
ing and no floor effect. Composite reliability from the final
nine-item structure was acceptable: omega 0.767 (general
factor) and 0.699 (voice/swallow factor); coefficient H 0.788
and 0.714, respectively.

TABLE 2. ITEM-TOTAL AND INTER-ITEM CORRELATIONS

Item-total Average
Item for each index correlation inter-item correlation
domain of TCQOLI (corrected) by item®
Appearance 0.505 0.293
Depression 0.489 0.288
Financial hardship 0.483 0.285
Fatigue 0.586 0.341
Pain 0.393 0.234
Recurrence concern 0.480 0.284
Thinking 0.513 0.301
Reproduction concern 0.174 0.105
Swallowing 0.500 0.292
Voice 0.439 0.266

“Overall average inter-item correlation was 0.269 including all
items.

Item-total correlations measure how related an item is to the sum
of all the other items’ responses and discriminatory power (expected
correlations > 0.3). Inter-item correlations assess each item’s corre-
lation to each other item (expected correlations 0.2-0.5).

CUNNINGHAM ET AL.

Known-groups validity. We compared patients with
lymph-node metastases at diagnosis to those without (n = 50
vs. 48). The voice/swallow factor mean was worse in the
nodal group (p = 0.012-0.034) as expected, suggesting
worse HRQoL. Model fit for this comparison was good by
all usual measures of model fit, which is discussed in detail
in Supplementary Data S9.

Valuation (converting to utilities)

We next converted TCQOLI responses to utilities by summa-
rizing the valuation cohort, describing the MDS anchor choices
and VAS-SG mapping, and estimating a final scoring model.

Valuation sample. In total, 250 patients were approached
and mailed the valuation survey. Nine were ineligible, leaving
241 eligible patients. Of these, 92 completed the survey
(response rate 38.2%). Among the 149 nonrespondents, 54
refused, 51 were contacted but did not attempt the survey, and
44 did not respond. Among participants who initiated the survey
at the primary site (n = 93), all but one completed it (Fig. 4).
We enrolled 105 patients (92 at MGH; 13 at MDACC). The
median age was 52 years (IQR: 39-63); 72% were female.
Most identified as White (87%); 8.6% were Hispanic/Latinx.
Papillary thyroid cancer predominated (87%), followed by
follicular (6.7%), oncocytic (1.0%), medullary (3.8%), and
poorly differentiated (1.9%). Surgery was performed in 97%;
procedures comprised total thyroidectomy in 64%, hemithy-
roidectomy in 24%, and hemithyroidectomy with completion
thyroidectomy in 12%. At diagnosis, 46% had lymph node
metastases; distant metastases were present in 4%, and recur-
rence occurred in 7.8%. Detailed characteristics are shown in
Table 1 and Supplementary Data S10; U.S. race/ethnicity
benchmarks are also provided in Supplementary Data S10.

Response quality and task performance. VAS and SG
tasks were completed in interviewer-administered sessions.
We excluded 30 (31.5%) participants’ SG data who failed
comprehension and logical checks.

Most Disabled State (MDS) anchoring. Of 147 respond-
ents in an early phase of the study, 119 (81%) selected scales
1 and 2, and 28 (19%) selected scale 3. The 20% trimmed
means were 0.2610 for scales 1 and 2, and —0.4212 for scale
3 after transformation. Weighting by scale endorsement fre-
quencies yielded an MDS estimate of 0.13 on the dead (0)—
full-health (1.0) VAS (Supplementary Data S5).

Visual Analog Scale (VAS) to Standard Gamble (SG)
mapping. The power-utility form SG = VAS®*®, which
resulted from our marker state regression analyses on an
MDS to full-health scale, outperformed linear, power-
disutility, and published cubic and quadratic alternatives
(Supplementary Data S6).

Estimating and validating utilities: decrements, weights,
and agreement analyses. We estimated additive MAUT
models for both the 9-domain (summarized in Table 3, detailed
in Supplementary Data S11) and 10-domain TCQOLI specifi-
cations (Supplementary Data S12-S13). In each model, single-
domain disutility increased across response levels (Level 2 ~
0.13-0.20; Level 3 ~ 0.35-0.47; Level 4 ~ 0.68-0.75. In the
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FIG. 3.

Importance ranking (1-10) frequencies of TCQOLI Domains by all reporting patients (n = 162), with lower

numbers equating with higher importance. Ranking frequencies are shown along with mean (X) importance by domain

and overall rank in parentheses.

9-domain additive model, domains with the largest weights
were recurrence concern (0.14) and cognitive issues (0.14), fol-
lowed by pain (0.13), depression (0.12), fatigue (0.12), swal-
lowing (0.11), voice issues (0.10), finance (0.08), and
appearance (0.06). In the 10-domain additive MAUT model,
weights were relatively similar overall, with reproduction
receiving the smallest weight (0.04).

We compared the additive index, multiplicative index,
and the unweighted scale against direct VAS under three
scaling conditions. In the 9-domain model, agreement was
similar with ICC ~0.73-0.74 throughout the additive mod-
els, with MAE/OSD best after mapping to SG 0.045/0.095
(Table 4). In the 10-domain model, we observed a similar
pattern (ICC ~0.74-0.75) in additive models (Supplementary

Patients approached and .
. Ineligible
mailed paper survey (n=9)
(n=250)
Eligible
(n=241)
Completed surveys Incomplete surveys
(n=192) (n=149)
Refusals No response Contacted, survey not
(n=54) (n=44) attempted
(n=>51)

FIG. 4. Participant flow for the valuation evaluation phase. Note: This flow diagram reflects the primary site data
only. The completed response data (n = 13) are not shown because nonresponse/refusal counts are unavailable.
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TABLE 3. FINAL TCQOLI MULTIATTRIBUTE DISUTILITY FUNCTION (9-DOMAIN MODEL): LEVEL-SPECIFIC DISUTILITIES
AND PATIENT-IMPORTANCE WEIGHTS

Domain Level 1 Level 2 Level 3 Level 4 Level 5 Weight
Recurrence 0.00 0.16 0.40 0.72 1.00 0.14
Appearance 0.00 0.16 0.42 0.73 1.00 0.06
Finance 0.00 0.17 0.43 0.75 1.00 0.08
Voice 0.00 0.17 0.40 0.72 1.00 0.10
Swallowing 0.00 0.19 0.45 0.75 1.00 0.11
Pain 0.00 0.19 0.41 0.71 1.00 0.13
Depression 0.00 0.13 0.38 0.69 1.00 0.12
Fatigue 0.00 0.14 0.37 0.68 1.00 0.12
Cognitive 0.00 0.13 0.35 0.69 1.00 0.14

Normalized single-domain disutilities on the MD-FH VAS scale and patient-importance weights (sum = 1).
n

Additive multiattribute disutility model: u(x) =Y wjuj(xj).

j=1
u(x) = multiattribute disutility value of an overall health state x (most-disabled-

to-full-health scale here).

u(x) = multiattribute utility value (utility = 1 — disutility, most-disabled-to-full-health scale).

itj(x;) = single attribute disutility value of attribute or domain j.

> = summation symbol, indicating addition through all attributes/domains of health as below.

wj = attribute or domain j’s weight.

J =1 refers to the first domain or attribute, or starting point of additive function
n = number of domains or attributes, stopping point of additive function.
Example Calculation.

For example, TCQOLI survey responses are as follows: recurrence (level 2), appearance (level 2), finance (level 2), voice (level 1), swallowing (level 2), pain

(1), depression (1), fatigue (level 3), and cognitive (level 1).

i(x) = (0.14 x 0.16) + (0.06 x 0.16) + (0.08 x 0.17) + (0.1 X 0) + (0.11 X 0.19) + (0.13 X 0) + (0.12 x 0) + (0.12 X 0.37) + (0.14 x 0).
i(x) = 0.1109, u(x) = 1 — 0.1109; thus, the utility value of health state u(x) = 0.8891 on a 0-1.0 scale.
MD-FH, most-disabled—full-health; SG, standard gamble; VAS, visual analog scale.

Data S13). The final user-facing, publicly available survey is
downloadable from Supplementary Data S11. A detailed expla-
nation of TCQOLI scoring for both the 9- and 10-domain speci-
fications is provided in Supplementary Data S12 and S13).

Discussion
Main findings

This study delivers a new preference-based, thyroid-cancer-
specific utility measure (TCQOLI) with a strong psychometric

foundation and a patient-anchored scoring function. Using
PROMIS item-bank parameters for included PROMIS items
and reasonable psychometrics for the other items, multidisci-
plinary review, and patient rankings, we selected one high-
performing item per domain. The reproduction-concern item
showed the weakest psychometric performance and the lowest
weight in the weighted index options; therefore, our primary
specification is a 9-domain index. For potential use in settings
where reproduction is salient (e.g., younger women planning
pregnancy), we also report a 10-domain TCQOLI. We then

TABLE 4. COMPARISON OF STANDARD VAS TO ANALYZED MAUT SCALES REPRESENTING AGREEMENT BETWEEN VAS

AND TCQOLI: 9-

DoMAIN MODEL

VAS vs. additive VAS vs. additive

VAS vs. additive

VAS vs. multiplicative VAS vs. unweighted VAS vs. unweighted

index® index® index" index" scale® scale"
MAE? 0.108 0.069 0.045 0.319 0.096 0.083
0SD® 0.163 0.141 0.095 0.421 0.184 0.160
Mean Diff® 0.115 0.020 0.013 0.318 0.058 0.051
Pearson correlation (r) 0.752 0.752 0.743 0.727 0.734 0.734
Pearson CI, p value 0.654-0.825, 0.654-0.825, 0.641-0.819, 0.620-0.807, 0.630-0.812, 0.630-0.812,

) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
ICC, CT 0.744, 0.744, 0.734, 0.180, 0.683, 0.683,
0.641-0.820 0.641-0.820 0.630-0.813 0.087-0.450 0.478-0.802 0.478-0.802

Multiattribute utility theory (MAUT)-related indices.

“Mean absolute error (MAE): y; = index or predicted value, x; = direct VAS or other compared value. n = total number of data points.

"Overall standard deviation: OSD =
number of datapoints in the group.

“Mean difference: mean of individual paired differences between comparators.

Comparators are on the:

“Most-disabled-to-full-health scale.

“Dead-to-full-health scale.

[Z(x — ,u)z/(n —1)], x is each predicted value, p is the overall 20% trimmed mean for the variable (group), n = total

"Most-disabled-to-full-health scale standard gamble, from derived power function: VAS®*® = standard gamble, all where 0 = most disabled and 1.0 = full health.

Multiplicative MAUT Index is similarly transformed on the most-disabled-to-full-

ENon-MAUT 0-1 unweighted scale, with max—min normalization.

health scale.

f‘Non—MAUT 0-1 unweighted scale, with max—min normalization then rescaled with 0.13 VAS value for the most-disabled state on dead-to-healthy scale.
'Intraclass correlation coefficient (ICC): 2-way mixed model, for single measures and absolute agreement.
CI, confidence interval; ICC, intraclass correlation coefficient; MAE, mean absolute error; OSD, overall standard deviation (SD of paired differences, index —

VAS); SG, standard gamble; VAS, visual analog scale.
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converted TCQOLI responses into utilities on a 0—1 scale eli-
cited directly from patients. TCQOLI thus provides utilities
suitable for cost-effectiveness and QALY-based analyses, mov-
ing the instrument from HRQoL measurement to decision-
analytic applicability.

Psychometric properties

Missing data were modest with phone-assisted administra-
tion, and item response patterns supported selecting one high-
performing item per domain. Items behaved as expected and
were not redundant, showing good internal consistency; the
reproduction-concern item was the exception, showing lim-
ited variability and the weakest associations. Item total corre-
lations show how related each item is to the sum of all the
other items’ responses in the scale and also each item’s dis-
criminatory power for the construct of interest (can the item
discriminate people with high versus low total scores). Such
correlations are expected to be at least 0.3. Inter-item correla-
tions assess each item’s correlation to each other item. Items
are expected to show correlations of at least 0.2-0.5, with
greater than 0.5 suggesting redundancy. As is shown in
Table 2, all items perform adequately with the exception of
the reproduction concern item. This result likely reflects the
cohort’s age (mean ~ 52 years), which matches the average
age at thyroid cancer diagnosis in the United States, when
reproduction is typically less important.’” Preliminarily, in
the younger subgroup, reproduction was ranked second least
important. Clinically, fertility is usually preserved after thy-
roid cancer treatment, though pregnancy may be delayed,
which may further attenuate concern.’

CFA supported a parsimonious two-factor structure (a
general HRQoL factor plus a voice/swallow factor) with fit.
The pain item loaded lower than the other indicators, likely
because pain is less prominent for many thyroid cancer sur-
vivors.>3° We retained the pain domain to preserve coverage
of generic HRQoL constructs relevant for QALY estimation,
and pain may be more salient in aggressive subtypes.*° In
our use of scalar invariance measurement for known groups
validity, a significant difference in swallowing and voice
troubles was seen in the patients with lymph node metastasis
versus those without. Composite reliability, or how consis-
tently items within each factor measure the same concept,
was acceptable.*! Together, these findings indicate that the
TCQOLI classification is psychometrically coherent and
suitable for subsequent valuation and scoring.

At the instrument level, the TCQOLI showed a low ceil-
ing effect of 3.8% and no floor effect, both well below the
conventional 15% threshold for concern.*? This ceiling is
lower than ranges reported for widely used generic utility
indices, including PROPr and EQ-5D-5L.*>** By contrast,
item-level ceilings were higher, which is expected in survi-
vorship cohorts with generally good health. These distribu-
tional properties support good interpretability and adequate
headroom to detect differences and meaningful changes in
thyroid-specific symptoms.

The result of strong correlation of the current health VAS
with the summated items and, in turn, the additive model
suggests content and construct validity of the TCQOLI
health classification system. Rescaling, whether it is linear as
was done with 0.13 or nonlinear, with the 0.48 power trans-
formation of VAS to SG, appears to increase agreement.

Valuation interpretation

TCQOLI Pearson correlations were above 0.70, and the
additive MAUT model achieved good—excellent absolute
agreement (ICC ~0.73-0.75 across the 9- and 10-domain
models),*> superior to multiplicative MAUT (low ICC). For
context, head-to-head comparisons of established utility indi-
ces often show only fair agreement (ICCs ~0.3-0.5), for
example, SF-6D versus HUI3 (ICC = 0.41)* and PROPr
versus EQ-5D-3L (ICC = 0.27).%” Likewise, individual-level
SG-HUI agreement has been reported around 0.45-0.57 in
rheumatoid arthritis and was described as moderate to
strong;*® therefore, our ICCs in the ~0.7 range represent
comparatively strong agreement. Details of the multiplica-
tive MAUT and unweighted models are shown in Supple-
mentary Data S14-S15.

Clinical implications and relation to existing measures

Beyond generic measures, such as PROPr,*® which maps
PROMIS domains to a preference-based index, cancer-
specific utility systems offer closer alignment with oncology
constructs of interest in trials and ongoing care. Condition-
specific approaches have emerged in other cancers, including
the FACT-LUI for lung cancer®® and the PORPUS-U for pros-
tate cancer,’! each deriving utilities from disease-targeted con-
tent. In thyroid cancer, the European cancer-specific EORTC
QLU-C10D has demonstrated good validity, minimal ceiling
effects, and higher statistical efficiency than EQ-5D-5L in
most head-to-head comparisons.>?> These findings highlight
how instrument choice shifts utility levels and sensitivity to
change. Our TCQOLI complements this landscape by using
thyroid-cancer-specific content prioritized by patients and
clinicians, yielding utilities tailored to thyroid cancer deci-
sion contexts. Unlike generic preference-based measures and
tumor-agnostic cancer utilities, the TCQOLI is designed to
capture thyroid-specific burdens while remaining compact
enough for utility valuation and routine use. For decision
modeling, we recommend future sensitivity analyses that
compare TCQOLI-based utilities with the QLU-C10D to
quantify downstream effects on QALY and cost-effectiveness
conclusions.

Preference weighting clarifies which domains and severity
levels mostly decrease patient’s quality of life, supporting
shared decision-making and informing policy and reimburse-
ment where incremental cost per QALY is considered.
Importantly, utilities depend on who values the health states.
A cross-sectional, time-trade-off study of low-risk thyroid
cancer states showed that general-population volunteers
assigned consistently lower utilities than thyroid cancer sur-
vivors.>® This indicates that the choice of source population
can shift QALY estimates for thyroid cancer. Because values
were derived from patients, the TCQOLI aligns with patient-
centered care and may better reflect experienced burden than
population-based tariffs in this context.

TCQOLI utilities can also be integrated with the thyroid
cancer policy model (TCPM), a state-transition microsimula-
tion that follows individual patients through thyroid cancer
natural history, treatments, and survival.>*>> TCQOLI weights
can be assigned to TCPM health states (e.g., active surveil-
lance; postlobectomy or total thyroidectomy with/without
complications; adjuvant therapies; biochemical or structural
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recurrence; and survivorship) to compute state-specific and
lifetime QALYs. Using disease-specific TCQOLI utilities
within the TCPM strengthens cost-utility analyses and sce-
nario testing (e.g., surveillance intensity, operative strategies,
systemic therapy choices), thereby improving the clinical and
policy relevance of the model outputs.

Strengths and limitations

This multiphase, multicenter study combined rigorous, iter-
ative instrument development with patient-centered valuation.
Items were selected with patient input and cognitive inter-
views, then supported by CFA across sites, yielding a com-
pact classification that captures thyroid-specific concerns
without sacrificing usability (one item per domain as required
for utility indexes). Utilities were elicited directly from
patients and calibrated into a transparent, additive scoring
function suitable for clinical research and cost-effectiveness
applications. To balance the theoretical appeal of choice-
based SG with respondent burden and feasibility, we paired
SG with VAS; this approach is consistent with arguments
that VAS can validly capture health-state preferences.3?>%
Finally, multicenter enrollment across disease types and care
pathways supports generalizability, and we provide ready-to-
use calculators for both the 9- and 10-domain specifications
to facilitate transparent implementation.

Several limitations warrant consideration. Smaller sample
sizes were seen due to pandemic-related delays, falling short
of the conventional ~ 200 participants often cited for CFA.
Nevertheless, the sample was adequate for our planned anal-
yses, and prior work shows smaller samples can yield stable
solutions.>”° Our case-to-item ratio (~ 16:1 for 10 items)
exceeds typical rules of thumb (=5-20:1),%° supporting the
suitability of the dataset for these psychometric procedures.
In prior studies of this type, we have achieved higher rates of
response. Previously, we were able to place clinical research
coordinators in clinics to have a so-called “warm handoff”
between the clinical team and the research team. This was
not possible during the pandemic and even after the pan-
demic when virtual visits became commonplace. Second,
valuation was cross-sectional; responsiveness and longitudi-
nal validity of utilities were not assessed. Third, the English-
language eligibility requirement likely contributed to the
underrepresentation of Hispanic/Latinx participants (9—10%
in our samples vs. ~20% in the U.S. population®!-6?),
thereby reducing the precision and representativeness of
preference estimates for this group. Fourth, these types of
questions cover complex medical issues. To minimize the
cognitive burden, we provide the instrument to the person
and conduct these interviews by phone rather than as self-
administered paper or online surveys. We included basic
measures of literacy and numeracy in these surveys, and our
past research has shown that people with a range of literacy
or numeracy challenges are less likely to participate in the
research but can do so with assistance. Although comprehen-
sion checks and interview support were used, cognitive bur-
den inherent to SG tasks could introduce noise for some
respondents.®® Thirty participants failed logical checks and
were excluded from SG-based mapping analyses. These
exclusions, while necessary for data quality, further reduced
the SG sample size and may bias results toward more numer-
ate respondents. Finally, the expression of utilities on a
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dead—full-health SG scale relied on an indirect, two-step
approach (MDS anchoring and VAS — SG power mapping).
While this strategy is pragmatic and benchmarked for plausi-
bility, it introduces model dependence and additional uncer-
tainty that warrants external validation.

Future Work

Future work should include external validation in broader,
multilingual, and international cohorts to assess transferabil-
ity and measurement invariance. Conducting this work in
academic medical centers and comprehensive cancer centers
may mean that recruited patients have more advanced ill-
ness, and validation will be needed to assess generalizability.
In addition, head-to-head comparisons with the other instru-
ments will allow direct assessment of downstream conse-
quences of utility differences per instrument for surveillance
strategies, surgical approaches, and related management
decisions. We plan implementation studies that integrate
TCQOLI utilities into clinical pathways and economic mod-
els. Embedding the index in registries or electronic health
record workflows and linking it to decision models (e.g., the
TCPM) will enable estimation of lifetime QALY's and sup-
port guideline-relevant choices on diagnostic strategies,
treatment, and surveillance intensity. These pragmatic evalu-
ations will test whether TCQOLI-based utilities change
model outputs relative to generic instruments and whether
they improve patient-centered decision-making.

Conclusion

The TCQOLI is a thyroid-cancer-specific, preference-
based measure with strong psychometric properties and
patient-anchored valuation. It shows initial evidence of
validity and may be considered for health economic evalua-
tions. It converts thyroid-cancer-specific outcomes into util-
ities that enable QALY estimation to support clearer
resource allocation across clinical and policy settings.
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