@ Elaine
W CONNECTIONS

RESEARCH

Health-related quality of life following
FDG-PET/CT for cytological indeterminate
thyroid nodules

Elizabeth ] de Koster(2', Olga Husson?3#, Eveline W C M van Dam?, G Sophie Mijnhout®, Romana T Netea-Maier’,
Wim ) G Oyen'®°, Marieke Snel'’, Lioe-Fee de Geus-Oei''"'2, Dennis Vriens'2""! for the EfFECTS trial study group

'Department of Radiology and Nuclear Medicine, Radboud University Medical Centre, Nijmegen, The Netherlands

2Department of Psychosocial Research and Epidemiology, Netherlands Cancer Institute, Amsterdam, The Netherlands

3Division of Medical Oncology, Netherlands Cancer Institute, Amsterdam, The Netherlands

“Division of Clinical Studies, Institute of Cancer Research, London, UK

>Department of Internal Medicine, Division of Endocrinology, location VU University Medical Center, Amsterdam University Medical Centers, Amsterdam,
The Netherlands

5Department of Internal Medicine, Isala Hospital, Zwolle, The Netherlands

’Department of Internal Medicine, Division of Endocrinology, Radboud University Medical Centre, Nijmegen, The Netherlands

8Department of Radiology and Nuclear Medicine, Rijnstate Hospital, Arnhem, The Netherlands

“Department of Biomedical Sciences and Humanitas Clinical and Research Centre, Department of Nuclear Medicine, Humanitas University, Milan, Italy
%Department of Medicine, Division of Endocrinology, Leiden University Medical Center, Leiden, The Netherlands

""Department of Radiology, Section of Nuclear Medicine, Leiden University Medical Center, Leiden, The Netherlands

2Biomedical Photonic Imaging Group, University of Twente, Enschede, The Netherlands

Correspondence should be addressed to O Husson: olga.husson@icr.ac.uk

Abstract

Objective: This study assessed the health-related quality of life (HRQoL) in patients Key Words
undergoing 2-[18F]fluoro-2-deoxy-D-glucose (FDG)-PET/CT for an indeterminate » health-related quality of
(Bethesda I11/1V) thyroid nodule. FDG-PET/CT accurately rules out malignancy and life

prevents 40% of futile diagnostic surgeries in these nodules. thyroid nodule

Design: Secondary analyses of HRQoL data from a randomised controlled multicentre
trial (NCT02208544) in 126 patients from 15 hospitals in the Netherlands were done.
Methods: Longitudinal HRQoL assessment was performed using the EuroQol 5-dimension
5-level (EQ-5D-5L), the RAND 36-item Health Survey v2.0 (RAND-36), and the Thyroid
Patient-Reported Outcome (ThyPRO) questionnaire on baseline, 3, 6, and 12 months,
relative to the date of the FDG-PET/CT scan.

Results: Patients who were randomised to active surveillance following an FDG-negative
nodule instead of diagnostic surgery reported stable HRQoL scores throughout the

year. Univariate analysis indicated better HRQoL for patients undergoing surveillance
than surgical patients with benign histopathology on multiple physical and psychosocial
domains. Univariate within-group analysis suggested both temporary and continued
HRQolL deteriorations in patients with benign histopathology over time. Multivariate
within-group analysis demonstrated no significant longitudinal HRQoL changes

in patients undergoing active surveillance. In contrast, in patients with benign
histopathology, worse HRQoL was observed with regard to ThyPRO cognitive impairment
(P=0.01) and cosmetic complaints (P = 0.02), whereas goitre symptoms (P <0.001) and
anxiety (P =0.04) improved over time. In patients with malignant histopathology, anxiety
also decreased (P =0.05).

Conclusions: The reassurance of a negative FDG-PET/CT resulted in sustained HRQoL
throughout the first year of active surveillance. Diagnostic surgery for a nodule with benign
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histopathology resulted in more cognitive impairment and physical problems including

cosmetic complaints, but improved goitre symptoms and anxiety. Anxiety was also reduced

in patients with malignant histopathology.

Endocrine Connections
(2022) 11, e220014

Introduction

Palpable thyroid nodules have a prevalence of
approximately 5%. Due to the increased use of imaging
techniques for indications unrelated to the thyroid,
however, occult thyroid nodules will be detected in
up to approximately 65% of the general population
(1, 2). Ultrasound and fine-needle aspiration cytology
(FNAC) are the first steps in the diagnostic workup (3).
Approximately 25% of cytology results are indeterminate,
including atypia of undetermined significance or follicular
lesion of undetermined significance (Bethesda III) and
(suspicious for a) follicular neoplasm or Hiirthle cell
neoplasm (Bethesda IV) (1, 4). Following an established
indeterminate cytological diagnosis (including repeat
FNAC in Bethesda Il nodules) and consideration of clinical
features, ultrasound characteristics, and the patient’s
treatment preferences, diagnostic thyroid surgery is often
recommended (3).

To improve the workup of indeterminate thyroid
nodules and potentially avoid diagnostic surgery for
approximately 75% benign nodules, a range of additional
diagnostics is currently available, including various
ultrasound classification systems, molecular testing, and
2-[8F]fluoro-2-deoxy-D-glucose (FDG)-PET/CT (4, 5, 6). Our
recent randomised controlled multicentre trial confirmed
that a negative FDG-PET/CT scan accurately rules out
malignancy with a 94% sensitivity, avoiding 40% of futile
diagnostic surgeries for benign nodules (6, 7). Moreover,
FDG-PET/CT proved cost-effective in a Dutch setting, with
lower societal lifelong costs while maintaining the long-
term health-related quality of life (HRQoL) in patients
undergoing FDG-PET/CT-driven management as compared
to routine diagnostic surgery or molecular testing (8, 9).

HRQoL has been studied extensively in both benign
and malignant thyroid diseases and is often impaired as
compared to the general population (10, 11, 12). Thyroid
surgery negatively affects short-term HRQOL, recovering
as the time since surgery passes (10, 13, 14, 15, 16, 17).
The consequences of surgery, including long-term
postoperative thyroid hormone substitution therapy,
potential voice changes, scar cosmesis, and surgical
complications such as permanent hypoparathyroidism
and vocal cord paralysis, also impair HRQoL (10, 18, 19,
20, 21). In thyroid carcinoma, long-term HRQoL may be

worse than in other types of cancer with worse prognosis,
partly due to periodic thyroid hormone withdrawal
during the follow-up (10, 11, 16). In papillary thyroid
microcarcinoma, patients managed by active surveillance
had fewer HRQoL problems than patients who underwent
hemithyroidectomy (22).

There are few studies, however, on HRQoL in patients
managed with or without surgery and additional
diagnostics for indeterminate thyroid nodules. Two recent
studies showed that molecular testing in Bethesda III/IV
nodules resulted in sustained HRQoL for patients managed
without surgery following a benign molecular test result,
with HRQoL levels similar to patients with a benign
cytology result. Patients with a suspicious as compared
to a benign molecular test result initially showed poorer
HRQoL, which improved after diagnostic surgery (23, 24).
Our cost-utility study reported that the general 1-year and
lifelong HRQoOL, assessed using the EuroQol 5-dimension
5-level (EQ-5D-5L) questionnaire, was similar in patients
undergoingFDG-PET/CT-drivenmanagementordiagnostic
surgery and that cost-effectiveness was most sensitive
to changes in HRQoL following hemithyroidectomy for
a histopathologically benign nodule (8). Therefore, we
hypothesised that temporary and/or domain-specific
HRQoL differences may exist between patients undergoing
active surveillance following a negative FDG-PET/CT scan
and patients undergoing diagnostic surgery, specifically for
a benign nodule.

In the current study, we performed a comprehensive
evaluation of the HRQoL in patients undergoing
FDG-PET/CT for a Bethesda III/IV thyroid nodule.

Material and methods
Study population

All patients who participated in the previously reported
prospective, randomised controlled multicentre trial on
the efficacy of FDG-PET/CT in cytologically indeterminate
(Bethesda III/IV) thyroid nodules (EfFECTS trial, registered
as NCT02208544) were assessed for eligibility. This trial
was performed in eight academic and seven community
hospitals in the Netherlands between July 2015 and
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December 2019 and included adult patients with a Bethesda
III or IV thyroid nodule, without increased risk of thyroid
malignancy based on their presentation or medical history,
who were literate in Dutch or English. Based on cytology,
clinical characteristics, and ultrasound features, diagnostic
thyroid surgery was scheduled for all patients, in accordance
with current international guidelines (3). Patients who
could notbe randomised due to a strong preference for either
surgery (e.g. for goitre symptoms or cosmetic complaints) or
active surveillance were not included in the trial.

The current study comprised secondary analyses of
HRQoL data acquired during this trial. Trial participants
were only eligible for inclusion in the current study if they
had completed all trial procedures per protocol; patients
with nonadherence to the trial protocol were excluded. The
EfFECTS trial, including the current study, was approved
by the Medical Research Ethics Committee on Research
Involving Human Subjects region Arnhem-Nijmegen,
Nijmegen, the Netherlands. Written informed consent was
obtained from each of the participants prior to any study
activity.

Study design and procedures

The full methodology of the EfFECTS trial was reported
prior, including comprehensive descriptions regarding
patient eligibility, selection, randomisation, blinding,
FDG-PET/CT procedures, and sample size calculation
(6). In summary, all patients underwent FDG-PET/CT
and were randomly allocated to an FDG-PET/CT-driven
group or diagnostic surgery group. Dependent on their
allocation and the FDG-PET/CT result, patients were
advised to proceed with the scheduled diagnostic thyroid
surgery (i.e. patients with an FDG-positive nodule in the
FDG-PET/CT-driven group and all patients allocated to
the diagnostic surgery group) or were advised to refrain
from surgery and undergo active surveillance (i.e. patients
allocated to the FDG-PET/CT-driven group with an FDG-
negative nodule). Treatment allocation and the result
of the FDG-PET/CT were undisclosed in case diagnostic
thyroid surgery was advised. Patients who were advised
active surveillance were counselled that their negative
FDG-PET/CT result had a remaining risk of malignancy
of less than 5%, based on performance characteristics of
FDG-PET/CT that were established in the literature (7) and
confirmed by the trial (6). Active surveillance consisted
of at least one ultrasound procedure and a follow-up visit
with the patient’s local endocrinologist 1 year after the
FDG-PET/CT; additional intermediate follow-up visits
were allowed at the discretion of the local physicians.

Inboth study groups, the patientand his/herlocal physician
were free to deviate from the study treatment advice at any
time. Postoperative management adhered to the Dutch
national guidelines (25). The current study adhered to the
local histopathological diagnosis as a reference standard,
as this diagnosis determined the individual patients’
postoperative course of treatment and likely best reflects
the patient’s illness perception and perceived HRQOL.
For the primary trial endpoints, a central histopathology
review was performed, causing minor discrepancies
between the current and previous papers (6). Patients with
a non-invasive follicular thyroid neoplasm with papillary-
like nuclear features or follicular tumour of uncertain
malignant potential were categorised as benign, as patients
were counselled and postoperatively treated as such.

For the current study, patients were categorised into
three groups: patients who underwent diagnostic surgery
and had (i) benign or (ii) malignant histopathology,
and (iii) patients who had an FDG-negative nodule and
underwent active surveillance.

HRQoL assessment

HRQoL was assessed through self-administered
questionnaires at baseline and 3, 6, and 12 months,
counted from the date of the FDG-PET/CT scan. Upon
study inclusion, patients indicated whether they preferred
to receive electronic questionnaires with email invitations
or printed questionnaires that were sent to their home
address with a stamped return envelope included. At each
time point, in case of an incomplete or missing HRQoL
assessment, patients were reminded up to four times by
email or phone call, starting approximately 2 weeks and
ending 2 months after the mailing date.

Three questionnaires were used: the Thyroid Patient-
Reported Outcome (ThyPRO), the EQ-5D-5L, and the RAND
36-item Health Survey v2.0 (RAND-36) questionnaire (26,
27, 28, 29). The 98-item ThyPRO is a validated, thyroid-
specific HRQoL questionnaire. It uses a five-point scale
to address 14 domains over a 4-week recall period: 4
thyroid disease-related symptom domains (symptoms of
neck-related goitre, hyper- and hypothyroidism, and eye
symptoms), 5 domains of physical and mental functioning
and well-being, and 5 domains examining the impact of
the thyroid disorder on essential HRQoL aspects. Within
each domain, the five-point-scale item scores are averaged
and linearly transformed to a 0-100 scale, with higher
scores indicating worse health states (29). A composite score
is additionally calculated, summarizing 22 items (30). We
used the predefined minimally important change (MIC)
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values to assess observed HRQoL differences within and
between groups (31). The MIC represents ‘the smallest
difference in a score from a HRQoL questionnaire that
is perceived by patients as important, either beneficial
or harmful, and that is therefore likely meaningful
to patients and physicians (32). Descriptions of the
EQ-5D-5L and RAND-36 questionnaires are presented in
the Supplementary Data (see section on supplementary
materials given at the end of this article).

Statistical analysis

Baseline characteristics were compared between groups
using the Pearson chi-square test for categorical data
and the one-way ANOVA, Kruskal-Wallis test, or Mann-
Whitney U test for (log-)normally or non-normally
distributed continuous data, where appropriate. We used
multiple imputation to account for possible selectively
missing data in the questionnaires, using age at baseline,
sex, allocation (i.e. study arm in EfFECTS trial), EQ-5D-5L
utilities, and time-dependent variables for thyroid surgery,
and the benign or malignant local histopathological
diagnosis as predictor variables. Univariate comparison
of HRQoL scores between groups was performed using
independent samples t-test with unequal variances; within-
group differences over time were assessed using paired
t-tests. Next, we constructed a mixed linear model for each
of the EQ-SD-5L, RAND-36, and ThyPRO scales to analyse
repeated measures and evaluate longitudinal changes in
HRQoL within and between groups. First, we constructed
a model to assess the changes over time within each of
the three groups separately. The final model was a random
intercept model that used longitudinal data from all four
HRQoL assessments and adjusted for fixed effects of the
time of the questionnaire, and for a random component
of within-subject correlations between the repeated
Secondly, we constructed a random
intercept model to assess between-group differences over
time, which additionally included fixed effects for the
group and the interaction between time and group. For
all analyses, a P value <0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS Statistics (version 27, IBM Corp.).

measurements.

Results

Of the 132 patients who participated in the EfFECTS trial,
126 were included in the current study (Fig. 1). Patients
with thyroid malignancy were less frequently female as

compared to benign histopathology and patients under
surveillance (P<0.001). Other baseline characteristics
were evenly distributed across the three groups (Table 1).
One hundred fifteen (91.3%) patients fully completed the
baseline assessment, and 108 (85.7%), 104 (82.5%), and
106 (84.1%) patients completed the 3-month, 6-month,
and 12-month assessments, respectively. The baseline
HRQoL assessment was completed 3 days (median, IQR
0-17) after the FDG-PET/CT was performed. Patients
under surveillance completed the 12-month assessment
38 days (median, IQR 10-69) after their protocolled 1-year
follow-up ultrasound.

ThyPRO

Longitudinal, within-group  comparison  (Fig. 2,
Supplementary Table 3) indicated that patients in all
three groups experienced an improvement of the negative
influence of their thyroid disorder on their QoL over time.
Besides that, patients who underwent active surveillance
for an FDG-negative nodule generally reported stable
HRQoOL scores throughout the year; no statistically
significant or clinically relevant longitudinal changes were
observed in this group.

In all patients undergoing diagnostic surgery, goitre
symptoms improved from 3 to 12 months. In patients
with benign histopathology, goitre symptoms deteriorated
between baseline and 3 months but had improved at
12 months as compared to baseline.

Furthermore, patients with benign histopathology
reported more tiredness, social impairment, daily life
impairment, and sex life impairment at 3 and/or 6 months
as compared to baseline. At 12 months, these differences
were not statistically significant relative to baseline.
Daily life impairment significantly improved from 3 to
12 months. In contrast, more cognitive impairment and
cosmetic complaints were observed at 3, 6, and 12 months
relative to baseline. The ThyPRO composite QoL score
showed worse HRQoL at 3 months as compared to baseline.
Finally, an unexpected increase in hyperthyroid symptoms
was observed at 12 months as compared to baseline in
patients with benign histopathology. Subgroup analysis
showed that this difference could not be explained by the
10 of 74 (14%) patients who developed hypothyroidism
and started levothyroxine substitution following their
diagnostic surgery: these patients reported a similar
increase in hyperthyroid symptoms as compared to the
64 (86%) patients without postoperative hypothyroidism
(mean difference between baseline and 12 months +3.9
and +4.7, respectively, P=0.86).
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103 diagnostic surgery
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. ) after initial TT for malignancy; two patients
74 benign 29 malignant underwent cTT for malignancy but no RAI cTT,
[ completing total thyroidectomy; F/u, follow-up;
l l HT, hemithyroidectomy, including isthmus
y resection (n = 3) and hemithyroidectomy plus
gsr:::st;gﬁl- Ilfﬂ 185: ;ééTT#;?:RA” nodulectomy (n = 2); POHT, postoperative
’ levothyroxine-dependent hypothyroidism after
I partial thyroidectomy procedure; PSC, permanent
surgical complication, including recurrent nerve
12-month 23 complete 1-year paralysis (n = 3); RAl, adjuvant radioiodine
QoL active surveillance therapy: TT. ) ) )
py; TT, total thyroidectomy; TSC, transient
assessment ¢ A 4 v surgical complication, including haematoma with

126 complete 1-year follow-up and included in HRQoL analysis

re-exploration surgery, wound infection, seroma,

Patients with malignant histopathology experienced
more cognitive, social, and daily life impairment at
6 months as compared to baseline. They reported less
anxiety at 12 months as compared to baseline.

Univariate between-group comparison (Table 2)
suggested better HRQoL in patients under active
surveillance than patients with benign histopathology,
with statistically significant and/or clinically important
differences on multiple domains and measurement points.
Patients under active surveillance reported less goitre
symptoms, tiredness, anxiety, emotional susceptibility,
social impairment, cosmetic complaints, and negative
influence on QoL at 3 and/or 6 months. At 3, 6, and
12 months, less cognitive impairment, depressivity,
and daily life impairment were reported. The ThyPRO
composite QoL score also showed statistically significant
and/or clinically important differences at 3, 6, and
12 months between these groups.

Between histopathologically benign and malignant
groups, only a difference in anxiety at 12 months was
observed. No other statistically significant and/or clinically
relevant differences were observed between these two
groups.

and transient hypoparathyroidism.

EQ-5D-5L and RAND-36

Results concerning the univariate and multivariate
analysis of the EQ-5D-5L and RAND-36 are presented in
the Supplementary Data.

Multivariate assessment of changes in HRQoL
over time

Multivariate  within-group  analysis showed that
hyperthyroid symptoms (B=1.6, P=0.01), cognitive
impairment (B=2.1, P=0.01), and cosmetic complaints
(B=1.9, P=0.02) significantly worsened over
for surgical patients with benign histopathology
(Supplementary Table 4). Goitre symptoms (B=-2.7,
P<0.001) and anxiety (B=-1.8, P=0.04) improved between
baselineand 12 months. Patients with malignancy reported
a statistically significant improvement in anxiety (B=-2.5,
P=0.05). There were no significant longitudinal changes
in patients undergoing active surveillance. Lastly, on
multivariate analysis no statistically significant differences
were observed in the HRQoL patterns over time between
the three groups.

time
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Table 1 Patient baseline demographics, clinical characteristics, and HRQoL timing.

Diagnostic surgery

Malignant Benign Active surveillance
n=29 % n=74 % n=23 % P
Female 16 55% 65 88% 21 91% <0.0012
Age (years) (mean +s.p.) 56.3+14.5 53.5+12.4 54,7 £16.0 0.61°
General medical history 26 90% 63 85% 19 83% 0.75°
Cardiovascular disease (incl. stroke) 11 38% 21 28% 6 26% 0.572
Malignancy 3 10% 7 9% 2 9%  0.98°
Haematological disease (incl. malignancy) 3 10% 6 8% 1 4%  0.732
Neurological disease (excl. stroke) 6 21% 15 20% 6 26%  0.83°
Otolaryngology disorders 5 17% 14 19% 4 17%  0.97°
Lung disease 4 14% 11 15% 3 13% 0.97°
Gastro-intestinal disease 8 28% 21 28% 5 22%  0.822
Urological or gynaecological disease 9 31% 27 36% 7 30% 0.80°
Endocrine disease (excl. thyroid) 6 21% 9 12% 4 17%  0.52°
Musculoskeletal disorder 14 48% 26 35% 7 30%  0.35°
Psychiatric disorder 2 7% 4 5% 1 4%  0.92°
Thyroid function
TSH, mU/L (median, IQR) 1.61(1.09-2.35) 1.54 (0.92-2.40) 1.42 (0.48-2.20) 0.46¢
fT4, pmol/L (median, IQR) 14.45 (13.18-16.20) 14.30 (13.10-15.95) 15.05(13.43-17.18) 0.62¢
Thyroid US
Solitary nodule 22 76% 53 72% 13 57%  0.282
Multinodular disease 7 24% 21 28% 10 43%
US nodule size, mm (median, IQR) 37 (27-50) 35 (25-40) 36 (16-47) 0.47¢
TNM stage
Tla 1 3%
T1b 5 17%
T2 13 45%
T3 10 34%
NO/x 27 93%
N1a 2 7%
N1b 0 0%
MO 29 100%
Highest educational level completed (n = 118)
Primary school 0 0% 4 6% 2 9%  0.12°
Pre-vocational secondary education 7 10% 7 25% 6 27%
High school 1 4% 5 7% 2 9%
Vocational education 7 25% 12 18% 4 18%
Higher professional education 5 18% 30 44% 6 35%
University 8 29% 10 15% 2 9%
Employment status (n =115)
Fulltime job 7 26% 14 21% 3 14%  0.15°
Parttime job 9 33% 37 55% 8 38%
Unemployed 1 41% 16 24% 10 48%
Average work hours (hours/week) 18 (0-36) 24 (6-32) 8 (0-30) 0.21¢
(median, IQR)
Time from baseline HRQoL assessment in months (median, IQR)
to FDG-PET/CT scan (n =115) —0.1 (-0.3-0) —-0.2 (-0.7-0) 0 (-0.6-0) 0.28¢
to diagnostic surgery (n =94) 1.9 (1.3-3.6) 1.8 (1.2-3.5) 0.52d
tocTT(n =17) 5.6 (2.7-6.8)
to RAI (n =16) 6.3 (3.6-8.4)
to follow-up US (n =21) 10.6 (9.3-11.4)

to 3-month HRQoL assessment (n = 105)® 3.1(3.0-3.4) n=23 3.0(2.8-3.3) n=62 3.0(2.9-3.6) n=20 0.30¢

to 6-month HRQoL assessment (n = 103)¢ 5.9 (5.9-6.0) n=23 6.0 (5.8-6.4) n =60 6.0 (5.8-6.6) n=20 0.81¢

to 12-month HRQoL assessment 11.9(11.8-12.1) n=23 11.9(11.8-12.2) n=60 12.0(11.8-12.3) n=21 0.95°
(n =104)°

aPearson’s chi-square test. Pone-way ANOVA. “Kruskal-Wallis test. “Mann-Whitney U test. ¢Three, one, and two patients completed the 3-, 6-, and
12-month HRQoL assessment, respectively, but not the baseline HRQoL assessment.

cTT, completing total thyroidectomy; Excl., excluding; fT4, free thyroxine; reference range approximately 10-25 pmol/L (sex and age dependent); HRQoL,
health-related quality of life; Incl., including; IQR, interquartile range; RAI, radioiodine therapy; TSH, thyroid-stimulating hormone; reference range
0.4-4.0 mU/L; US, ultrasound.
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Discussion

To the best of our knowledge, our prospective multicentre
study was the first to assess HRQoL in patients undergoing
an FDG-PET/CT-driven diagnostic workup and subsequent
surgical management or active surveillance for a Bethesda
II/IV  thyroid nodule. These HRQoL evaluations are
essential to improve the understanding of the impact that
diagnostics and successive management consequences
have on patients and to include HRQoL considerations in
shared-decision-making processes.

sustained HRQoL during the
first year of active surveillance in patients with a
cytological indeterminate thyroid nodule and negative
FDG-PET/CT scan. These results suggest that the
negative FDG-PET/CT reassured the patients of the
low malignancy risk and that no meaningful concerns
arose during active surveillance. Patients undergoing
diagnostic surgery, however, experienced worsened
HRQoL on various physical and psychosocial domains
throughout the 1-year follow-up, especially during
the first 3-6 months. This was primarily observed in
patients with benign histopathology, even though
visual assessment of Fig. 2 and Supplementary Figs 1,
2 suggested quite similar patterns for patients with
malignancy without reaching statistical significance,
possibly as this group was smaller (n =29 vs n=74). As
hypothesised, the decrease in HRQoL in patients with
benign histopathology appeared temporary on most
scales, gradually recovering over time and no longer
showingastatistically significant differenceat 12 months
relative to baseline. On some scales, however, HRQoL was
still worse than baseline after 1 year, including cognitive
impairment and cosmetic complaints scales, and the
EQ-5D-5L and RAND-36 physical component score.
Goitre symptoms and anxiety had improved beyond
baseline levels at the 12-month assessment.

The observed deteriorations in HRQoOL during
the 3-month assessment are likely attributable to the
diagnostic surgery and the first weeks postoperative,
considering the 4-week recall periods of the RAND-36 and
ThyPRO (26, 27, 29). As presented in Table 1, diagnostic
surgery was performed after a median of 1.8 months in
patients with benign histopathology and 1.9 months in
patients with malignancy. Our findings are in line with
previous studies that demonstrated a temporary decrease
in HRQoL following thyroid surgery and subsequent
improvement up to 12 months postoperatively, including
an improvement in goitre symptoms and anxiety (10, 13,
14, 15, 16, 17, 23).

We observed

Visual assessment of Fig. 2 and Supplementary Figs 1,
2 suggests that patients with malignant histopathology
perceived a persistent decrease in HRQoL at 6 months,
which was statistically significantly lower as compared
to baseline for the ThyPRO cognitive impairment and
impaired daily life scales, EQ-5D-5L, and RAND-36 physical
role functioning. These within-group HRQoL effects may
be related to the completion of thyroidectomy followed by
radioactive iodine (RAI) therapy that approximately half
of the patients with malignancy underwent after a median
of 5.6 and 6.3 months relative to baseline, respectively.
Subgroup analysis was not appropriate due to the limited
subgroup sizes. In previous studies, RAI was related to
decreased HRQoL, mostly due to physical problems. Worse
HRQoL is observed with higher doses of RAI and following
thyroid hormone withdrawal as compared to recombinant
human thyrotropin admission (10, 33, 34). In the current
study, 12 of 16 (22%) patients received RAI after thyroid
hormone withdrawal for at least 4 weeks, the remaining
after recombinant TSH administration.

HRQoL was recently assessed in patients undergoing
molecular testing for a Bethesda III or IV nodule using
the ThyPRO (39-item version) (23, 24). Similar to the
results of the current study, patients under ultrasound
surveillance following a benign molecular test result
showed unchanged HRQoL from baseline to median of
15 months of follow-up (23). HRQoL scores in patients
with a benign molecular test result were similar to patients
with a benign cytology result, suggesting that a benign
molecular test result provided similar reassurance of a low
risk of malignancy (24). Patients who underwent diagnostic
surgery for a suspicious molecular test result showed
deteriorated goitre, depression, and anxiety scores at the
first assessment after molecular testing, all of which had
improved 8 months after surgery. Short-term postoperative
HRQoL measurements were not available (23).
previously hypothesised that patients
undergoing active surveillance may experience some
degree of long-term, cyclic psychological
concentrated around their periodic follow-up, caused
by the suspense and uncertainty of repeated ultrasound
and/or FNAC procedures and the outcome thereof (35).
No indications of such an effect were observed during the
1-year follow-up of the current study, which included one
protocolled follow-up visit.

We assessed the MIC to estimate which HRQoL
differences could be perceived as important by the
patient, but only for the ThyPRO. Following a systematic
literature search, we identified no suitable country- and/
or disease-specific MIC values for the EQ-5D-SL and
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Figure 2

Within-group changes in mean ThyPRO scores over time. For the ThyPRO, scores range from 0 (best score) to 100 (worst score). The P value indicates the
statistically significant within-group differences between two assessments over time, using a paired samples t-test. Full data, including mean differences and
other P values, are presented in Supplementary Table 3. *Indicates clinically relevant difference using the MIC values established by Nordqvist et al. (31).
MIC, minimally important change; ThyPRO, Thyroid Patient-Reported Outcome.
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Table 2 Univariate between-group differences in ThyPRO scale scores.

Patient score, between-group difference

Baseline 3 months 6 months 12 months

ThyPRO Mean S.D. P2 Mean S.D. P2 Mean S.D. P2 Mean S.D. P2
Goitre symptoms

Malignant 21.4 18.5 0.93 25.5 21.5 0.71 21.5 215  0.80 15.7 17.7  0.84

Benign 21.7 16.2 ref. 27.3 21.2 ref. 20.3 20 ref. 14.9 17.4 ref.

Active surveillance 20.2 14.1 0.67 17.5 14.9 0.01° 17.0 120 034 19.2 149 0.25
Hyperthyroid symptoms

Malignant 13.3 16.3 0.33 16.1 19.0 0.67 17.5 19.8  0.61 16.4 169  0.21

Benign 16.8 18.0 ref. 17.8 18.0 ref. 19.8 21.2 ref. 21.4 211 ref.

Active surveillance 15.6 14.8 0.75 16.9 15.4 0.81 14.9 152 0.22 15.1 139 0.10
Hypothyroid symptoms

Malignant 20.6 234 0.72 21.7 25.6 0.74 24.1 254  0.96 22.2 23 0.75

Benign 22,5 25.0 ref. 19.9 233 ref. 244 26.2 ref. 23.9 26.1 ref.

Active surveillance 21.0 27.2 0.82 22.2 24.0 0.69 23.9 223 092 19.5 225 043
Eye symptoms

Malignant 10.8 18.5 0.84 16.3 21.3 0.62 15.5 19.7  0.75 11.5 148 034

Benign 11.5 17.4 ref. 14.0 18.9 ref. 14.1 16.5 ref. 14.8 17.3 ref.

Active surveillance 13.2 17.6 0.69 12.4 18.3 0.71 12.7 156  0.69 12.2 17.8  0.54
Tiredness

Malignant 29.6 241 0.35 32.9 23.9 0.12 33.7 236  0.59 324 234 047

Benign 34.5 231 ref. 41.2 25.0 ref. 36.5 25.5 ref. 36.1 233 ref.

Active surveillance 31.3 20.4 0.52 30.1 19.1 0.02 31.3 202 031 294 175 0.14
Cognitive impairment

Malignant 15.3 20.8 0.34 22.6 23.8 0.72 22.8 229 0.62 19.2 18.7  0.10

Benign 19.7 20.9 ref. 24.5 21.8 ref. 25.3 21.8 ref. 26.3 23.1 ref.

Active surveillance 16.6 20.0 0.52 16.4 20.0 0.09° 15.7 21.5  0.06° 16.8 20.0  0.05°
Anxiety

Malignant 23.2 21.1 0.15 253 23.8 0.36 221 227 031 16.0 185  0.05

Benign 29.8 20.1 ref. 30.1 24.3 ref. 27.2 25.1 ref. 24.7 23.4 ref.

Active surveillance 21.0 19.8 0.06 18.2 21.1 0.02° 18.8 183  0.08 19.5 224 033
Depressivity

Malignant 235 24.0 0.44 26.7 24.5 0.78 26.4 249 0.44 21.7 19.0 0.17

Benign 27.5 22.8 ref. 28.2 23.1 ref. 30.6 26.2 ref. 27.8 23.1 ref.

Active surveillance 21.9 19.7 0.25 16.3 15.8 0.005° 20.2 176 0.03° 20.1 17.8  0.09°
Emotional susceptibility

Malignant 23.8 23.2 0.25 28.1 22.7 0.42 26.6 235 0.27 23.0 20.5 0.08

Benign 29.5 19.5 ref. 32.2 22.7 ref. 323 24.4 ref. 31.3 233 ref.

Active surveillance 214 18.9 0.08 19.7 18.1 0.007° 20.7 149  0.005°  24.0 184 012
Social impairment

Malignant 9.8 16.5 0.99 14.6 19.7 0.68 16.1 24.1 0.55 10.6 189  0.65

Benign 9.8 16.8 ref. 12.8 18.7 ref. 19.3 26.2 ref. 12.5 22.8 ref.

Active surveillance 1.2 14.8 0.70 6.9 15.2 0.12 8.8 175 0.03° 7.3 13.0 0.16
Impaired daily life

Malignant 13.0 21.4 0.54 229 28.2 0.93 19.7 22.8 1 15.7 23.8 077

Benign 10.3 15.9 ref. 22.4 26.2 ref. 19.7 26.2 ref. 14.3 21.6 red

Active surveillance 9.1 16.6 0.76 7.0 12.6 <0.001° 8.1 15.2  0.007° 4.9 11.2  0.006°
Impaired sex life

Malignant 17.6 28.4 0.67 22.0 31.4 0.40 22 33.1 0.81 19.4 326 0.53

Benign 20.3 29.9 ref. 27.8 31.7 ref. 23.8 31.9 ref. 23.8 31.7 ref.

Active surveillance 23.8 34.1 0.66 17 28.7 0.12 19.2 29.8 0.53 16.7 316 035
Cosmetic complaints

Malignant 8.5 15.5 0.30 16.7 21.9 0.89 13.4 227 0415 11.5 204  0.20

Benign 12.3 18.5 ref. 17.3 20.3 ref. 20.7 24.5 ref. 17.4 22.8 ref.

Active surveillance 13.7 15.7 0.73 7.7 11.6 0.004° 12.7 189 0.10 10.5 13.8  0.08
Negative influence on QoL

Malignant 235 33.7 0.78 31.5 353 0.82 24.5 29.0 0.68 17.9 30.7  0.96

Benign 25.5 32.7 ref. 29.7 40.7 ref. 21.9 29.1 ref. 18.3 30.8 ref.

Active surveillance 20.5 28.2 0.49 14.1 27.6 0.03° 14.2 229 0.20 10.7 183 0.15
ThyPRO composite QoL

Malignant 21.5 19.7 0.33 26.7 20.9 0.48 255 19.7  0.40 21.1 17.1 0.17

Benign 25.5 15.7 ref. 29.9 19.4 ref. 29.2 20.5 ref. 26.4 18.8 ref.

Active surveillance 20.4 16.0 0.19 18.0 15.6 0.002° 18.7 13.7  0.005°  19.1 142 0.05

For the ThyPRO, scores range from 0 (best score) to 100 (worst score).
2P value indicates the between-group difference for that assessment, using an independent samples t-test and using the benign histopathology group as
reference category (ref.); PIndicates clinically relevant difference using the MIC values established by Nordqvist et al. (31).
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RAND-36 questionnaires for our study population.
As cultural differences play an important role in the
perception of HRQoL and the EQ-5D-SL uses country-
specific algorithms to calculate utilities, we did not use the
available generic EQ-5D-SL MIC values for other countries
(36, 37, 38). For the ThyPRO questionnaire, MIC values were
recently established in 435 Danish patients with benign
thyroid disease, including 135 (31%) nontoxic goitre
patients (31). The ThyPRO does not apply country-specific
algorithms to calculate its scale scores (29). Finally, because
the ThyPRO was considered the most relevant for the
current study and because of the limitations of the small
group sizes, we chose not to apply Norman’s rule of thumb
to assess the MIC for the EQ-5D-5L and RAND-36 (39).

Our previous of the
EQ-5D-5L results demonstrated non-inferiority of an
FDG-PET/CT-driven workup with regard to general
HRQoL based on QALYs (6, 8). For the current
comprehensive HRQoL study, a per-protocol analysis with
exclusion of crossovers was considered most appropriate,
despite its known drawbacks with regard to bias (40).
As we aimed to compare the perceived HRQoL of active
surveillance after a negative FDG-PET/CT (i.e. reassurance
by a negative test result that the risk of malignancy was
low, followed by the effects of active surveillance in
absence of a definitive histopathological diagnosis) to the
HRQoL of diagnostic surgery (i.e. a definitive diagnosis
at the cost of effects caused by recovery from surgery and
potential surgical complications), patients who crossed
over between strategies fitted neither group in light of the
counselling and treatment they received.

A main limitation of the current study is the limited
sample size of the malignancy and active surveillance
groups. Designed as a secondary, explorative analysis of
HRQoL data acquired during a randomised controlled
trial, the study was not a priori powered to distinguish
HRQoL effects (6). Post hoc sensitivity analysis, however,
showed that in the smallest cohort (i.e. active surveillance
group, n=23) we have 80% power to detect an effect
size of approximately 8.9 points on the ThyPRO scales
(i.e. 0.539 standard deviations of the observed mean
difference between two dependent groups), a number
smaller than considered clinically relevant, predefined
by MIC data (31). Yet, the limited group sizes may have
caused underreporting of the statistical significance of any
smaller effects, especially as compared to similar-sized
effects in the larger benign histopathology group. Also, it
limited the multivariate analysis by lacking the statistical
power to construct a mixed linear model with random
intercept and slope, much less to assess other covariates

intention-to-treat analysis

using fixed or random effects, resulting in a simple random
intercept model (41). Despite evident univariate within-
and between-group differences, no significant HRQoL
changes were observed between the groups over time on
multivariate analysis.

In conclusion, the current study underpins the
importance of an accurate diagnostic workup to sustain
HRQoL by preventing futile diagnostic surgeries
for indeterminate thyroid nodules. Following an
FDG-PET/CT-driven workup in the current study, the
reassurance of a negative FDG-PET/CT resulted in sustained
HRQoL throughout the first year of active surveillance.
Diagnostic surgery for a benign Bethesda III/IV nodule
resulted in decreased HRQoL after 1 year with regard to
cognitive impairment and physical problems, including
cosmetic complaints, but improved goitre symptoms and
anxiety. Anxiety was also reduced in patients undergoing
surgery for a malignant nodule. Further prospective studies
in larger populations are needed to address long-term
HRQoL changes between groups.
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