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% Check for updates The level of thyroidectomy-related regret in patients with clinically low-risk

papillary thyroid microcarcinoma (PTMC) and the determinants of decision
regret are largely unknown. Here, we show that 319 (24.2%) of those who
undergo thyroidectomy and 4 (3.4%) who undergo active surveillance (AS)
express heightened regret based on validated decision regret scale (DRS)
scores in the first online survey (P < 0.00I1). Multivariable analysis and the
second online survey for patients with heightened regret confirm that post-
operative lower thyroid cancer-specific quality of life (QoL) (scar and psy-
chology) (75.5%) is the most common factor for heightened regret of
thyroidectomy, followed by preoperative understanding of disease [not at all]
(15.0%), presentation of complications (3.8%) and other factors (5.7%). These
results highlight that more caution should be exercised when low-risk PTMC
patients are scheduled for thyroidectomy. Information about the various
treatments for clinically low-risk PTMC, the risk of thyroidectomy and post-
operative QoL should be fully communicated during initial counseling,.

The global incidence of thyroid cancer has increased significantly in
recent decades, driven largely by the detection of papillary thyroid
cancer (PTC), particularly papillary thyroid microcarcinoma (PTMC),
which is defined as a PTC with a tumor size <10 mm'". The recom-
mended treatments for PTMC include thyroidectomy?, radiofrequency
ablation®, and active surveillance (AS)* for selected patients. Recent
studies*® have increasingly shown that patients with PTMC do not

benefit from thyroidectomy and impaired physical or psychological
status is observed postoperatively, especially for low-risk patients with
PTMC. However, how patients with clinically low-risk PTMC are asso-
ciated with the development of thyroidectomy-related regret is largely
unknown.

Treatment-related regret, which is defined as remorse or distress
following a treatment decision in healthcare, captures the effects of
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treatment-related functional impairments; oncologic anxiety and
outcomes; and behavioral, emotional, and interpersonal changes
within the context of patient values and expectations’. The level of
treatment-related regret can be measured by the most widely vali-
dated decisional regret scale (DRS), which is the only instrument
developed and tested to specifically measure experienced (and not
anticipated) decision regret in healthcare settings®'. Surgical resec-
tion is a more traumatic means of treatment, and surgery-related
regret has received more attention. Previous studies have investigated
surgery-related regret among localized prostate cancer’" and breast
cancer patients™. Like the above cancers, PTMC is also known as an
indolent cancer with controversial treatment, particularly thyr-
oidectomy for low-risk PTMC™.

To understand this issue, the severity of thyroidectomy-related
regret experienced by clinically low-risk PTMC patients was evaluated
via a multicenter two-step online survey. In addition to the DRS, the
first online survey included the validated thyroid cancer-specific
quality of life (QoL) scale, which aims to evaluate thyroid-specific
symptoms as well as QoL postoperation™". These two scales, which
are highly reliable in the general population®”*"', were applied to
explore the level of thyroidectomy-related decision regret and deter-
mine the predictors of heightened regret in clinically low-risk PTMC
patients. The second online survey comprising the above-identified
predictors was subsequently conducted with patients with
thyroidectomy-related heightened regret to specify what patients
regret about their choice.

Here, we show that 319 (24.2%) of those who undergo thyr-
oidectomy and 4 (3.4%) who undergo AS express heightened regret
and thyroidectomy-related heightened regret is primarily due to lower
postoperative QOL.

Results

Clinical characteristics

The inclusion process of the study population in our study is detailed
in the Methods section and Fig. 1. Among 1805 eligible low-risk PTMC

patients enrolled in the first questionnaire survey, 1432 patients com-
pleted the questionnaires (response rate: 79.3%). Among these
responders, 1316 (91.9%) patients underwent thyroidectomy, and 116
(8.1%) patients underwent AS (Fig. 1). There were 1132 (86.0%) patients
who received thyroid hormone replacement/suppression therapy
postoperatively in the thyroidectomy group, including 438 (100%)
patients who underwent total thyroidectomy and 694 (79.0%) patients
who underwent lobectomy. In the AS group, 21 (18.1%) patients with
high thyroid stimulating hormone (TSH) levels (higher than the normal
upper limit) received thyroid hormone replacement/suppression
therapy, as several studies” ™" revealed that thyroid hormone repla-
cement/suppression therapy was associated with decreased tumor
growth during AS of PTMC. Additionally, of the 1316 responders in the
thyroidectomy group, postoperative pathological reports revealed
that 85 (6.5%) patients presented with gross or microscopic extra-
thyroidal extension, and 399 (30.3%) patients presented with lymph
node metastasis. The comparison indicated that characteristics were
nearly balanced between responders and nonresponders in both the
thyroidectomy group and the AS group. Additionally, in comparison
with the responders in the AS group, although the responders in the
thyroidectomy group tended to be older and have a larger tumor size,
similar progression-free survival rates were observed between the two
groups. The clinical characteristics of the study population are detailed
in Table 1 and Supplementary Fig. 1.

Experiences in preoperative decision-making

As shown in Table 1, responder patients in the thyroidectomy group
preferred making the final treatment decision together with their
physician (708 [53.8%]), with 405 (30.8%) leaving the decision primary
up to their physician and 188 (14.3%) patients making the decision
themselves after their physician explained the advantages and dis-
advantages of treatment options. Notably, decision-making made by
someone else was observed in 15 (1.1%) patients. With respect to
knowledge about the disease preoperatively in the thyroidectomy
group, more than half of the patients had a high degree of knowledge
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Fig. 1| Flow diagrams showing the overall study design. PTMC Papillary thyroid microcarcinoma.
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Table 1 | Baseline characteristics of eligible responders and nonresponders in the study

Characteristics Thyroidectomy P value Active surveillance P value P*value
Responders Nonresponders Responders Nonresponders
patients patients (%) (N =352) patients patients (%) (N =21)
(%) (N=1316) (%) (N=116)
Age, mean (SD), years 43.4 (10.7) 43.5(10.7) 0.874 41.2(10.2) 4.7 (9.7) 0.816 0.020
Patient gender 0.658 0.422 0.709
Female 1024 (77.8) 270 (76.7) 92 (79.3) 15 (71.4)
Male 292 (22.2) 82(23.3) 24 (20.7) 6 (28.6)
Patient race/ethnicity 0.872 0.571 0.322
Han 1288 (97.9) 345 (98.0) 112 (96.6) 20 (95.2)
Others 28 (2.1) 7 (2.0) 4(3.4) 1(4.8)
Tumor size, mean (SD), mm 7.0 (1.8) 7.2 (1.6) 0.156 5.2 (1.7) 5.7 (1.8) 0.218 <0.001
Marital status 0.618 0.737 0.194
Married/living as married 1175 (89.3) 311(88.4) 99 (85.3) 19 (90.5)
Others 141 (10.7) 41(11.6) 17 (14.7) 2(9.5)
Current employment status 0.067 0.755 0.340
Employed 1142 (86.8) 292 (83.0) 97 (83.6) 17 (81.0)
Others 174 (13.2) 60 (17.0) 19 (16.4) 4 (19.0)
Comorbidities of thyroid
Nodular goiter 509 (38.7) 121 (34.4) 0.139 51(44.0) 10 (47.6) 0.757 0.263
Hashimoto’s thyroiditis 155 (11.8) 45 (12.8) 0.606 17 (14.7) 3(14.3) >0.999 0.361
Other comorbidities
0] 1061 (80.6) 289 (82.1) 0.530 98 (84.5) 18 (85.7) >0.999 0.310
1 174 (13.2) 38 (10.8) 15 (12.9) 2(9.5)
>2 81(6.2) 25 (7.1) 3(2.6) 1(4.8)
Extent of thyroidectomy 0.432 -
Total thyroidectomy 438 (33.3) 125 (35.5) - -
Lobectomy 878 (66.7) 227 (64.5) - -
Central lymph node 0.241 -
dissection
Unilateral 969 (73.6) 270 (76.7) - -
Bilateral 347 (26.4) 82 (23.3) - -
Thyroid hormone replace- 0.155 >0.999 <0.001
ment/ suppression therapy
Yes 1132 (86.0) 313 (88.9) 21(18.1) 4(19.1)
No 184 (14.0) 39 (11.1) 95 (81.9) 17 (80.9)
TSH, mean (SD), (mIU/L) 1.3(1.4) 1.3(1.3) 0.429 2.4 (0.9) 2.3(1.0) 0.739 <0.001
FT3, mean (SD), (pmol/L) 4.7 (1.6) 4.7 (1.6) 0.724 4.9 (0.6) 4.9 (0.7) 0.874 0.369
FT4, mean (SD), (pmol/L) 19.0 (3.2) 18.9 (3.6) 0.831 16.6 (2.4) 16.3 (2.2) 0.564  <0.001
Postoperative complications 12 (0.9) 3(0.9) >0.999 - - -
Postoperative pathological features
Gross/microscopic ETE 85 (6.5) 16 (4.5) 0.181 - - -
Lymph node metastasis 399 (30.3) 106 (30.1) 0.941 - - -
Median time from operation 34 (6-74) 33 (6-71) 0.843 34 (6-70) 33 (8-72) 0.757 0.745
to distribution of survey
(months)
Disease progression 18 (1.4) - 3(2.6) - 0.239
Decision-making experiences
Completely patient’s 188 (14.3) - 20 (17.2) - 0.386
choice
Primarily based on my doc- 405 (30.8) - 32 (27.6) - 0.475
tor's recommendation
Doctor and patient made 708 (53.8) - 61(52.6) - 0.802
decision together
Someone else’s choice 15 (1.1) - 3(2.6) - 0.174
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Table 1 (continued) | Baseline characteristics of eligible responders and nonresponders in the study

Characteristics Thyroidectomy P value Active surveillance Pvalue P*value
Responders Nonresponders Responders Nonresponders
patients patients (%) (N =352) patients patients (%) (N=21)
(%) (N=1316) (%) (N=116)
Understanding of disease
Not at all 220 (16.7) - 20 (17.2) - 0.885
A little 249 (18.9) - 22(19.0) - 0.991
Quite a bit 501 (38.1) = 45 (38.8) - 0.878
Very much 346 (26.3) - 29 (25.0) - 0.762
Communication quality
High 1262 (95.9) - 11 (95.7) - 0.914
Low 54 (4.1) - 5(4.3) -

Normally distributed quantitative variables were compared via Student’s t-test or one-way ANOVA. Nonnormally distributed parameters were compared via nonparametric Mann-Whitney U tests.
Comparisons of categorical variables were performed via the chi-square test or Fisher’s exact test. Statistical significance was assessed at a two-sided level.
ETE extrathyroidal extension, FT3 free T3, FT4 free T4, SD standard deviation, TSH thyroid stimulating hormone.

P* value: responders in operation vs responders in active surveillance.

about the disease, including “quite a bit” (501 [38.1%]) and “very much”
(346 [26.3%]). The remaining patients included “a little” (249 [18.9%])
and “not at all” (220 [16.7%]). Overall, 1262 (95.9%) patients in the
thyroidectomy group reported high-quality communication with
physicians. Additionally, the decision-making experiences of the AS
group are presented in Table 1. Taken together, there were no sig-
nificant differences in the experience of preoperative decision-making
between the thyroidectomy group and the AS group (P> 0.05 across
all categories, Table 1).

Distribution of DRS scores and thyroid cancer-specific QoL after
surgery

The patients’ response options for postoperative DRS are detailed in
Table 2. In the thyroidectomy group, the median score was 20.0, and
the range was 0.0-95.0, which was significantly greater than that in the
AS group (median: 7.5, range: 0.0-55.0). Among those patients, 319
patients (24.2%) who underwent thyroidectomy and 4 patients (3.4%)
who underwent AS met the definition of heightened decision regret
(Fig. 2A, B). The remaining patients either experienced no regret or
mild regret (997 [75.8%] in the thyroidectomy group and 112 [96.6%] in
the AS group). In addition, we observed that the incidence of heigh-
tened regret decreased with increasing follow-up time in the thyr-
oidectomy group (Fig. 2C). For patients who underwent lobectomy or
total thyroidectomy, there were no significant differences in terms of
DRS scores (Supplementary Table 6). Four patients with heightened
decision regret transitioned from AS to surgery in subsequent therapy.
The DRS scores of these patients were significantly higher than those
of patients who continued with AS (median: 40.0, range: 30.0-55.0 vs
median: 5.0, range: 0.0-25.0, P<0.001).

Thyroid cancer-specific QoL scores are presented in Supplemen-
tary Table 7. The scores related to the “neuromuscular”, “concentra-
tion”, “psychological”, “sensory”, “scarring” and “tingling” scales were
significantly higher in the thyroidectomy group than in the AS group
(P<0.05 across all categories). Additionally, the univariable and mul-
tivariable analyses of all patients revealed that treatment was positively
associated with heightened regret (odds ratio (OR), 1.531; 95% con-
fidence interval (CI), 1.019-2.298; Supplementary Table 8). These
results highlight a greater level of regret and impaired QoL in the
thyroidectomy group.

Factors associated with heightened decision regret in the
thyroidectomy group

The predictors of thyroidectomy-related heightened regret were fur-
ther explored. Preoperative decision-making experiences (under-
standing of disease [not at all]), presentation of complications and

postoperative lower thyroid cancer-specific QoL (scarring and psy-
chology) were positively associated with heightened regret, with pre-
operative understanding of disease [not at all] (OR, 4.216; 95% ClI,
2.357-9.996), presentation of complications (OR, 3.116; 95% ClI,
1.531-10.782), scarring (OR, 2.907; 95% Cl, 1.527-3.920) and psychol-
ogy (OR, 1.835;95% Cl, 1.248-2.988). In contrast, patients who received
preoperative high-quality communication (OR, 0.451; 95% ClI,
0.232-0.917) or who presented with postoperative lymph node
metastasis (OR, 0.347; 95% CI, 0.104-0.864) were less likely to
experience regret (Table 3). To directly verify those risk factors, the
second questionnaire survey (a questionnaire that includes the above-
identified risk factors) was subsequently conducted on patients with
heightened regret. Patient-reported data revealed that postoperative
lower thyroid cancer-specific QoL (scarring and psychology) (75.5%)
was the most common factor for heightened regret, followed by pre-
operative understanding of disease [not at all] (15.0%), the presence of
complications (3.8%) and other factors, including premature operation

(2.8%), postoperative immunity decline (1.9%), and hair loss
(1.0%) (Fig. 2D).
Discussion
This study highlights the prevalence and risk factors for

thyroidectomy-related regret among patients with clinically low-risk
PTMC. Several strengths could be observed in our study. First, to our
knowledge, few studies have examined the association between thyr-
oidectomy and decision regret in these patients. Although the pro-
portion of low-risk PTMC patients who underwent thyroidectomy has
gradually declined in recent years, the multicenter design facilitates
the inclusion of a relatively large number of eligible patients for a valid
comparison. We believe the results are more reliable because they are
less likely to be skewed by a single institution. Second, compared with
other studies*®?, the higher response rate of 79.3% and the similar
basic characteristics between responder and nonresponder patients
minimized the nonresponse bias as much as possible in the first
questionnaire. Third, we analyzed a relatively wide range of heigh-
tened regret factors, including clinical characteristics, preoperative
decision-making experiences, and postoperative thyroid cancer-
specific QoL, which is likely to have reduced information bias.
Finally, we conducted a targeted secondary questionnaire for low-risk
PTMC patients with heightened regret in the thyroidectomy group
after identifying the potential elements in the multivariable analysis,
which allowed us to investigate the risk factors for heightened regret
more specifically.

In this study, decisional regret may not be an experience of a
minority of low-risk PTMC patients undergoing thyroidectomy in
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Parameters were compared via nonparametric Mann-Whitney U tests. Statistical significance was assessed at a two-sided level.

TE thyroidectomy, AS active surveillance.

18 (1.4)/0 (0.0)

The choices did me a lot of harm?® (TE/AS)

The decisions were wise (TE/AS)

560 (42.6)/ 74(63.8)

“ltems were reversed for the purpose of scoring.

comparison with other cancer populations with relatively good
prognoses’”*>**. The rate of regret for thyroidectomy in this cohort was
24.2%. Among patients with localized prostate cancer, 16.0% of
patients who underwent surgery expressed surgery-related regret’. A
systematic review analyzed regret in the surgical decision-making of
patients and reported that the average prevalence of participants
experiencing greater regret was only 14.4%*". These findings suggest
that thyroidectomy for low-risk PTMC patients should be more cau-
tious than that for patients with other malignancies. Notably, 236
patients (17.9%) had a regret score of 25 in the thyroidectomy group,
suggesting that many potentially heightened regret cases might exist.
If this set of patients is added, the rate of heightened regret can reach
41.2%. Additionally, thyroidectomy-related regret was more pro-
nounced in the early stage, and the rate of regret decreased with
increasing follow-up time, which may be related to patients adapting
to scarring and psychological effects after thyroidectomy. Unlike our
study in which a higher DRS score was identified in the thyroidectomy
group, a similar mean DRS score was found in patients who underwent
thyroidectomy or AS for small (<2 cm) low-risk PTC after 1 year in a
recent study’. The advantages of their study include that it is a pro-
spective study and the time for regret assessment is consistent. The
strengths of our study include that it is a multicenter study with a
larger sample size, as mentioned above. However, importantly, the
emergence of this study revealed that thyroidectomy-related decision
regret is beginning to receive attention from some clinicians. With
respect to patients in the AS group, the rate of regret (3.4%) was lower
than that in localized prostate cancer patients with AS’. Among the
four patients with heightened regret, three patients presented primary
lesion enlargement (20% increase in at least two nodule dimensions
with a minimal increase of 2 mm) during follow-up, and one patient
regretted due to worry and anxiety about disease progression. Addi-
tionally, previous studies®*° investigated surgical and clinical out-
comes in patients with low-risk PTMC between thyroidectomy and
delayed thyroidectomy following AS and revealed that there were no
differences in the incidence of unfavorable events between the two
groups. This evidence suggests that AS followed by surgery for low-risk
PTMC patients, even if the disease progresses, will not have a sig-
nificant adverse impact on their prognosis, as discovered in our study:
patients with AS subsequently transitioned from AS to surgery and
eventually met the patient’s therapeutic expectations.

Among the factors associated with heightened regret in the
thyroidectomy group, the importance of initial counseling was high-
lighted. Preoperative decision-making is limited to multiple lines. First,
patients often make decisions with incomplete knowledge about
treatment adverse effects (especially late effects) and prognosis, such
as “alittle” (249 [18.9%]) and “not at all” (220 [16.7%]) for understanding
the disease in our study. Second, not all patients were involved in
decision-making, with 31.9% of patients not involved in decision-
making in this study. Holmes et al. # reported that a full discussion of
all treatment options and their involvement in decision-making, whe-
ther in the outpatient ward or in the ward, may have the power to
mitigate the risk of decision regret. Additionally, shared decision-
making is a model that is worthy of attention®, It is a process by which
physicians communicate with patients (or other decision-makers) that
involves interaction and open communication to explore and con-
textualize treatment choices to maximize patient autonomy®. In the
United States, general surgical planning involves shared decision-
making, which is slightly different from management in the study
population that we followed. This inconsistency may be related to
cultural differences. As described in a previous study”, cultural dif-
ferences are important factors that can influence the attitudes of
Chinese and Westerners toward the general public and healthcare.
Third, cancer treatment decision-making comes at a highly emotional
time because patients are just absorbing the news of the diagnosis.
Highly emotional encounters result in incomplete understanding and
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Fig. 2 | Distribution of the decision regret scale and self-reported reasons for
heightened decision regret among low-risk PTMC patients undergoing thyr-
oidectomy. A, B Histogram of decisional regret scores in the thyroidectomy and AS
groups. C The incidence of heightened regret in low-risk PTMC patients undergoing

thyroidectomy or AS decreases with increasing follow-up time. D Self-reported
reasons for heightened decision regret in the thyroidectomy group. AS Active
surveillance, Qol quality of life.

absorption of news. Our previous study revealed significant changes in
psychological distress during the screening, diagnosis, and treatment
of thyroid nodules®**, Finally, clinicians’ knowledge regarding low-
risk PTMC treatment may also be insufficient in the past>**. Recent
studies*® have increasingly supported the use of AS for low-risk PTMC
patients, which may gradually update the perceptions of clinicians.
Patients with cancer tend to overestimate the potential benefits of
surgery, often believing that surgery is very likely to cure them®?,
Lobectomy is the most common approach for patients with low-risk
PTMC, and 33.4% of patients with low-risk PTMC who underwent total
thyroidectomy in our study was mainly due to the presence of nodules
in the contralateral thyroid gland or patients’ preference. The extent of
surgery was not associated with heightened regret, but our study
directly linked postoperative complications with heightened regret.
Low-risk PTMC generally does not progress in the short term. How-
ever, the complications of thyroidectomy, such as recurrent laryngeal
nerve injury and hypoparathyroidism, can result in changes in voice
and numbness in the hands and feet. The occurrence of these com-
plications significantly affects the QoL of patients after thyroidectomy.
To attenuate complication-related regret, Cohan et al.*’” indicated that
the patient should be actively engaged and fully informed about
complications, and a treatment decision should be made that can
reflect patient values and preferences. In addition, obvious scarring
after thyroidectomy may negatively affect the QoL of patients with
PTMC**°, As most patients with PTMC are young and the prognosis of
the disease is good, a considerable number of female patients worry
about the formation of a noticeable scar on the anterior neck. Pro-
blems with a noticeable scar include difficulty in choosing clothes, fear
of communication with others, becoming inferior, and even affecting
career development. Endoscopic surgery* is an alternative treatment
for low-risk PTMC that can effectively prevent obvious scar formation,
but it is not widely used at present. Additionally, radiofrequency
ablation® has gained increasing interest as a minimally invasive pro-
cedure to treat low-risk PTMC and the long-term (58.5 months) out-
comes have been verified. With the extensive application of these
technologies, we believe that the impact of scarring will be significantly

alleviated in the future. Additionally, according to the 2015 ATA
guidelines®, the suppression of TSH is commonly used to treat
patients with differentiated thyroid cancer in an effort to decrease the
risk of recurrence. Hence, patients who undergo total thyroidectomy
need to be orally administered the synthetic hormone L-T4, and
patients who undergo lobectomy will also proceed with replacement/
suppression therapy on the basis of patients’ preferences after we fully
communicate with patients regarding the benefits and disadvantages.
Additionally, if patients with high TSH levels (higher than the normal
upper limit) or low FT4 levels (lower than the normal lower limit)
during follow-up for patients undergoing lobectomy, thyroid hormone
replacement is recommended. The dosage of the drug can directly
affect hormone levels in the body and adversely affect psychological-
related indicators*’. Although similar thyroid hormone levels were
observed in our study in different groups, these levels can fluctuate
over time, and the potential role of thyroid hormone therapy in con-
tributing to the DRS and QoL questionnaire could be further evaluated
via a long-term multiple monitoring study.

This study also has several limitations. First, this is a domestic
multicenter study in China, and the evidence from a global multicenter
study is needed to further support our findings. Furthermore, impor-
tantly, survey studies may be subject to nonresponse bias. However,
our response rate was 79.3% higher than that of other studies***, and
the characteristics were nearly balanced between responders and
nonresponders in our study. Additionally, recency bias, recall bias, and
inconsistency in scale assessment times exist in this retrospective
study. Finally, scarring is an essential factor of heightened regret. As
those technologies to prevent scarring become more widely available,
such as endoscopic surgery and radiofrequency ablation, whether they
could improve regret remains to be further studied.

In summary, more caution should be exercised when low-risk
PTMC patients are scheduled for thyroidectomy. To achieve good
communication quality and reduce the risk of surgery regret, the
various treatments for low-risk PTMC, the risk of treatment and the
postoperative QoL should be fully communicated during initial
counseling.
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Table 3 | Univariable and multivariable logistic regression model for the heightened regret in patients undergoing

thyroidectomy
Characteristics Univariable analysis Multivariable analysis
Heightened No or mild Pvalue Oddsratio 95% Cl P value
regret (N=319) regret (N=997)
Age, mean (SD), years 43.9(9.9) 43.3 (10.2) 0.392
Patient gender 0.264
Female 241 (75.5) 783 (78.5)
Male 78 (24.5) 214 (21.5)
Patient race/ethnicity 0.589
Han 311(97.5) 977 (98.0)
Others 8 (2.5) 20 (2.0)
Tumor size, mean (SD), mm 7.1(2.9) 7.0 (1.8) 0.858
Marital status 0.156
Married/living as married 278 (87.1) 897 (90.0)
Others 41(12.9) 100 (10.0)
Current employment status <0.001 1.343 0.688-2.612 0.387
Employed 302 (94.7) 840 (84.3)
Others 17 (5.3) 157 (15.7)
Comorbidities of thyroid
Nodular goiter 165 (51.7) 344 (34.5) <0.001 1.193 0.739-1.926 0.470
Hashimoto's thyroiditis 56 (17.6) 99 (9.9) 0.004 1.094 0.852-2.809 0.515
Other comorbidities
0] 253 (79.3) 808 (81.0) 0.496
1 43 (13.5) 131(13.2)
22 23(7.2) 58 (5.8)
Extent of thyroidectomy 0.180
Total thyroidectomy 116 (36.4) 322 (32.3)
Lobectomy 203 (63.6) 675 (67.7)
Central lymph node dissection <0.001 0.599 0.278-1.292 0.191
Unilateral 207 (64.9) 762 (76.4)
Bilateral 112 (35.1) 235 (23.6)
Thyroid hormone replacement/ suppression therapy 0.299
Yes 280 (87.8) 852 (85.5)
No 39 (12.2) 145 (14.5)
TSH, mean (SD), (mlIU/L) 1.2 (1.1) 1.3(1.4) 0.220
FT3, mean (SD), (pmol/L) 4.7(1.8) 4.7 (1.5) 0.921
FT4, mean (SD), (pmol/L) 18.8 (3.2) 19.0 (3.2) 0.498
Postoperative complications 12 (3.8) 0(0.0) <0.001 3.116 1.531-10.782 0.016
Postoperative pathological features
Gross or microscopic ETE 0(0.0) 85 (8.5) <0.001 0.612 0.222-1.076 0.088
Lymph node metastasis 0(0.0) 399 (40.0) <0.001 0.347 0.104-0.864 <0.001
Median time from operation to distribution of survey 35 (6-73) 34 (6-74) 0.869
(months)
Disease progression 7(2.2) 1 (1.7) 0.144
Decision-making experiences
Completely patient’s choice 37 (11.6) 151 (15.1) 0.115
Primarily based on my doctor’s recommendation 107 (33.5) 298 (29.9) 0.219
Doctor and patient made decision together 166 (52.0) 542 (54.4) 0.468
Someone else’s choice 9 (2.9) 6 (0.6) 0.001 5.086 0.839-30.845 0.077
Understanding of disease
Not at all 14 (35.7) 106 (10.6) <0.001 4.216 2.357-9.996 <0.001
A little 73 (22.9) 176 (17.7) 0.038
Quite a bit 60 (18.8) 441 (44.2) <0.001 0.752 0.314-1.422 0.110
Very much 72 (22.6) 274 (27.5) 0.083
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Table 3 (continued) | Univariable and multivariable logistic regression model for the heightened regret in patients undergoing

thyroidectomy
Characteristics Univariable analysis Multivariable analysis
Heightened No or mild Pvalue Oddsratio 95% Cl P value
regret (N =319) regret (N =997)

Communication quality
High 289 (90.6) 973 (97.6) <0.001 0.451 0.232-0.917 0.002
Low 30 (9.4) 24 (2.4)

Thyroid cancer-specific QoL
Neuromuscular (high/low) 148 (46.4)/171 (53.6) 311 (31.2)/686 (68.8) <0.001 1.231 0.720-2.104 0.448
Voice (high/low) 150 (47.0)/169 (53.0) 369 (37.0)/628 (63.0) 0.002 0.992 0.611-1.610 0.974
Concentration (high/low) 162 (50.8)/157 (49.2) 334 (33.5)/663 (66.5) <0.001 1.593 0.918-2.766 0.098
Sympathetic (high/low) 122 (38.2)/197 (61.8) 276 (27.7)/721 (72.3) <0.001 1.281 0.766-2.141 0.346
Throat/mouth (high/low) 145 (45.5)/174(54.5) 310 (33.1)/687 (68.9) <0.001 0.903 0.542-1.506 0.697
Psychological (high/low) 187 (58.6)/132 (41.4) 464 (46.5)/533 (53.5) <0.001 1.835 1.248-2.988 0.039
Sensory (high/low) 152 (47.6)/167 (52.4) 407 (40.8)/590 (59.2) 0.032 1.073 0.567-1.753 0.778
Scarring (high/low) 213 (66.8)/106 (33.2) 445 (44.6)/552 (55.4) <0.001 2.907 1.527-3.920 0.021
Chilly (high/low) 174 (54.5)/145 (45.5) 447 (44.8)/550 (55.2) 0.003 0.996 0.590-1.582 0.892
Tingling (high/low) 149 (46.7)/170 (53.3) 300 (30.1)/697 (69.9) <0.001 1.488 0.872-2.539 0.145
Weight gain (high/low) 48 (15.0)/271 (85.0) 134 (13.4)/863 (86.6) 0.469
Headache (high/low) 155 (48.6)/164 (51.4) 376 (37.7)/621 (62.3) <0.001  0.996 0.599-1.658 0.898
Sex (high/low) 57 (17.9)/262 (82.1) 99 (9.9)/898 (90.1) <0.001 1.984 0.917-3.607 0.077

Logistic regression was used to evaluate factors associated with heightened regret. Statistical significance was assessed at a two-sided level.
ETE extrathyroidal extension, FT3 free T3, FT4 free T4, QoL quality of life, SD standard deviation, TSH thyroid stimulating hormone.

Methods

Cohort and study population

This multicenter online survey cohort study enrolled clinically low-
risk PTMC patients who underwent thyroidectomy or AS (diagnosed
with PTMC postbiopsy but not subjected to thyroidectomy) at four
tertiary hospitals between June 2016 and June 2021 (n=2441),
including the West China Hospital of Sichuan University (Sichuan,
China), Meishan City People’s Hospital (Sichuan, China), Sanya Peo-
ple’s Hospital (Hainan, China) and Chongqing University Three Gor-
ges Hospital (Chongqing, China). The patients in the AS group
underwent physical examinations, thyroid function tests, and high-
resolution ultrasound examinations every 6-12 months*. Clinically
low-risk PTMC is defined as PTMC with a lack of definite evidence of
extrathyroidal extension, lymph node metastasis, and distant
metastasis preoperatively, which is measured mainly by preoperative
imaging examinations, including high-resolution ultrasound and
computed tomography****. Individuals without complete basic
information (n=345), who suffered from uncontrolled chronic dis-
ease (n=133), who had other tumors (n=78), who had mental dis-
orders (n=48), and who could not complete the questionnaires
independently or with the assistance of others (n=32) were exclu-
ded. Among the 1805 eligible patients, 1668 underwent thyr-
oidectomy, and 137 underwent AS. Ultimately, 1432 (79.3%) patients
effectively completed the survey and were enrolled in the final ana-
lysis, including 1316 patients who underwent thyroidectomy and 116
patients who underwent AS. In addition, the second questionnaire
survey (a questionnaire that includes identified risk factors in our
study) was conducted on patients with heightened decision regret.
The study design and inclusion/exclusion process are depicted in
Fig. 1. This study was approved by the West China Hospital of Insti-
tutional Ethics Review Board (Number: 2022 (423)) and followed the
Strengthening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) reporting guidelines. The informed consent to parti-
cipate was obtained by all participants and participant compensation
was not implemented in this study.

Data collection

DRS score. Thyroidectomy-related regret, which was measured via the
validated Chinese version of the DRS**¢ (Supplementary Tables 1,
3 and 5), was the primary outcome of this study. This series of five
questions assesses the extent to which patients regret healthcare,
which s scored on a scale of 1to 5: a score of 1 indicates the least regret
and a score of 5 indicates the most regret. The total score can be
translated into a score ranging from O to 100 via a decrease of 1 point
and multiplied by 25, with 100 representing maximal regret. According
to the scores, the low-risk PTMC patients were categorized into two
groups as previously specified: those with heightened regret (score >
25) and those with no or mild regret (score < 25)".

Additional data sources. To identify the potential factors associated
with thyroidectomy-related regret, we hypothesized relationships
between heightened regret and the clinical characteristics of patients,
preoperative decision-making experiences, and postoperative thyroid
cancer-specific QoL on the basis of prior work on cancer-related
decisional involvement’'>*’,

Clinical characteristics of the patients. For the examinees enrolled
in the study, information on subject age, sex, race, tumor size, marital
status, employment status, comorbidities, surgical options, thyroid
hormone replacement/suppression therapy, thyroid function indica-
tors postoperation, complications, postoperative pathological fea-
tures, recurrence/disease progression, and follow-up time was initially
obtained. Common chronic comorbidities, including coronary artery
disease, hypertension, diabetes mellitus, chronic kidney disease, liver
disease, chronic lung disease such as chronic bronchitis or emphy-
sema, and arthritis, were assessed by requesting information related to
these comorbidities from the subjects. The number of self-reported
comorbidities was categorized as 0, 1, or 2%,

Preoperative decision-making experiences. To demonstrate the
experience of decision-making, the final decision for patients to
undergo thyroidectomy will be identified. They were offered the fol-
lowing options (choose one): completely my choice (with or without
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input from my family or friends), primarily based on my doctor’s
recommendation; my doctor and I made the decision together (with or
without input from my family or friends); and someone else’s choice
(other than me and my doctor). In addition, how much the patient
knows about the disease when making decisions preoperatively was
evaluated. The response categories were “not at all”, “a little”, “quite a
bit” and “very much”. Finally, the communication quality of decision-
making experiences was assessed at two levels, high or low, on the
basis of the patient’s subjective feelings.

Postoperative thyroid cancer-specific QoL. To assess post-
operative thyroid-specific symptoms as well as QoL in low-risk PTMC
patients, a Chinese version of the thyroid-specific QoL questionnaire
was used*®° (Supplementary Tables 2-5). This is a 24-item ques-
tionnaire that includes seven multi-item scales: neuromuscular, voice,
concentration, sympathetic, throat/mouth, psychological and sensory
symptoms, and six single scales. All the items were scored from 1 to 4
as follows: 1="not at all”, 2="a little”, 3 ="“quite a bit”, and 4 = “very
much”. A higher score indicates more complaints caused by that
symptom. In our study, the patients were divided into two groups on
the basis of the median thyroid cancer-specific QoL score in the mul-
tivariable model.

Reliability and validity of the Chinese version of the ques-
tionnaires used in our study

Study population. To further validate the Chinese version of the
questionnaires used, 500 PTC patients who underwent thyroidectomy
at West China Hospital of Sichuan University between June 2020 and
December 2020 were first randomly selected via a random number
table. Individuals without complete basic information (n=36), who
suffered from an uncontrolled chronic disease (n =12), who had other
tumors (n=11), who had mental disorders, and who could not com-
plete the questionnaires independently or who were assisted by others
(n=5) were excluded. Ultimately, 436 eligible PTC patients were
enrolled in the first questionnaire survey in the validation study.

Study procedures. The questionnaires containing the Chinese ver-
sions of the DRS and the thyroid-specific QoL questionnaire were
distributed and collected twice, 3 weeks apart’. The second survey was
conducted for those who responded to the first survey, which aims to
perform a test-retest correlation as a reliability analysis when testing
the validity of the scales.

All questionnaires in this study were administered by two trained
clinical research coordinators. To facilitate data collection, patients
were contacted via telephone, and WeChat was added after patient
consent was obtained. The questionnaires were available in electronic
format and can be completed by scanning the QR code via WeChat.

Clinical characteristics of patients included in the validation of
questionnaires. Among the 436 eligible PTC patients enrolled in the
first questionnaire survey, 366 patients completed both the Chinese
version of the DRS and the thyroid-specific QoL questionnaire
(response rate: 83.9%). The second questionnaire survey, which was for
test-retest correlation, was sent to the 366 people who responded to
the first survey, and of those, 312 valid responses (85.2%) were
received. The comparison indicated that characteristics were nearly
balanced between responders and nonresponders in both the first
survey and second survey groups. The clinical characteristics of the
study population are detailed in Supplementary Table 3.

Reliability of the Chinese versions of the questionnaires used in
our study. With respect to internal consistency reliability, Cronbach’s
alpha coefficient was 0.912 for the Chinese version of the DRS. The
Cronbach’s alpha coefficient for each domain of the Chinese version of
the thyroid-specific QoL questionnaire ranged from 0.601 to 0.892.
For the test-retest correlation, the correlation between measurement

values from the first and second surveys was greater than 0.800 for all
domains of the Chinese version of the DRS and the thyroid-specific
QoL questionnaire, suggesting a strong correlation between them
(Supplementary Table 4). Taken together, these results indicate that
the Chinese version of the questionnaires used in our study has good
reliability.

Validity of the Chinese version of the questionnaires. To qualita-
tively assess the content validity of the Chinese version of the DRS and
thyroid-specific QoL questionnaire, an expert panel comprising 4
clinicians (one physician/internist, two surgeons, and one psycholo-
gist) was invited to rate the items. For the Chinese version of the DRS,
the content validity index (CVI) for clarity was 0.987, and the CVI for
relevance was also 0.996. For the Chinese version of the thyroid-
specific QoL questionnaire, the CVIs for clarity and relevance were
0.952 and 0.964, respectively. These results demonstrated that
experts believe that the items of the Chinese version of the ques-
tionnaires used in our study can be used to evaluate the decisional
regret and postoperative QoL of thyroid cancer patients.

To test construct validity, exploratory factor analysis (EFA) was
then performed in this study. The initial eigenvalues evolve as shown in
Supplementary Table 5. One common factor was extracted via prin-
cipal component analysis, and the cumulative contribution rate of
variance was 87.217% in the Chinese version of the DRS. For the Chi-
nese version of the thyroid-specific QoL questionnaire, the questions
were divided into three factors, and the cumulative contribution rate
for the three factors was 63.428%. Taken together, these results
demonstrated that the Chinese versions of the DRS and the thyroid-
specific QoL questionnaire presented good construct validity.

Taken together, the Chinese versions of the DRS and thyroid-
specific QoL questionnaire used in our study have been proven to be
reliable and valid.

Statistical analysis

Statistical analysis was performed via SPSS software, version 25.0
(SPSS, Chicago, IL, USA), and GraphPad Prism (version 8.0). Normally
distributed quantitative variables are presented as the means+
standard deviations and were compared via Student’s t-test or one-way
ANOVA. Nonnormally distributed parameters are expressed as the
median, and the two groups were compared via nonparametric
Mann-Whitney U tests. Comparisons of categorical variables were
performed via the chi-square test or Fisher’s exact test. Univariable and
multivariable logistic regression were used to evaluate factors asso-
ciated with heightened regret. The OR and 95% CI reflect the inde-
pendent association of each factor with treatment regret.
Kaplan-Meier product-limit method was applied to assess survival in
the cohorts, and the log-rank test was used to determine significant
differences. Statistical significance was assessed at a two-sided level.

Reliability Testing for the Chinese version of the questionnaires.
Reliability was validated by internal consistency and test-retest cor-
relation. The test of internal consistency was evaluated via Cronbach’s
alpha coefficient, and we determined that a value above 0.7 was ade-
quate. For the test-retest correlation, reappearance was assessed by
the correlation between measurement values from the first and second
questionnaire surveys.

Validity Testing for the Chinese version of the questionnaires. The
content validity and construct validity were used to validate the
validity. The content validity (the clarity and relevance of the items)
was evaluated by four specialists in this professional field. We calcu-
lated the clarity of construction and wording as well as the content
relevance via a 4-point ordinal scale of 1=item is not clear, 2 =item
needs major revisions to be clear, 3 = item needs minor revisions to be
clear, 4 =item is clear for clarity, and a 4-point ordinal scale of 1=item
is not relevant, 2 = item needs major revisions to be relevant, 3 = item
needs minor revisions to be relevant, and 4=item is relevant for
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relevance. We summed the items rated as 3 or 4 by the four specialists
and divided the sum by the total number of items rated to measure the
CVI. For construct validity, EFA (Varimax method) was applied to
determine whether the construct idea we are trying to measure can be
measured by the Chinese version of the questionnaires.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The authors declare that all relevant data used to conduct the analyses
are available within the article. To protect the privacy and con-
fidentiality of patients in this study, the detailed clinical data are not
made publicly available in a repository or the supplementary material
of the article but can be requested at any time from the corresponding
author J.L. (leijianyong@scu.edu.cn). Any requests will be evaluated
within a time frame of 4-5 weeks by the corresponding author and
Institutional Ethics Review Board to verify whether the request is
subject to any intellectual property or confidentiality obligations. The
data will be made available for 1 month. Source data are provided with
this paper.
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