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Propensity analysis reveals survival disparities between T1a and
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Background: With rising well-differentiated thyroid cancer (WDTC) incidence, the appropriate treatment
choice remains controversial for T1 tumors <2 cm. This study analyzed differences in surgery refusal and
survival outcomes between T'la (<1 cm) and T1b (1-2 ecm) WDTC, examining the demographic and clinical
characteristics associated with patients who decide to either undergo or refuse recommended surgery.
Methods: We studied 81,664 TINOMO WDTC patients in the Surveillance, Epidemiology, and End
Results (SEER) registry [2000-2019]. Treatment with surgery (n=81,565) or refusal (n=99) was compared.
Propensity score matching balanced groups. Cox models assessed mortality predictors.

Results: Among 81,664 patients, the overall mortality rate was 5.7% (n=4,635 deaths). Refused surgery
associated with higher mortality (11.1% vs. 5.7%, P=0.03) and shorter survival times (152.05+7.43 vs.
178.62+0.17 months, P<0.001). Thyroid cancer-specific mortality rates were 2.2% for refused surgery and
0.4% with surgery (P=0.01). Refusing surgery carried over twice the mortality risk [adjusted hazards ratio
(aHR) =2.15, 95% confidence interval (CI): 1.01-4.57, P=0.046]. However, for T'1b patients, refusing surgery
escalated mortality risk over 3-fold (aHR =3.44, 95% CI: 1.43-8.28, P=0.006), yet for T'la patients it showed
no increased risk (aHR =0.41, 95% CI: 0.049-3.46, P=0.42). Other independent risk factors for mortality
included older age (aHR =6.24 for >55 years) and prior malignancy (aHR =2.78).

Conclusions: Our study reveals notable differences in survival and mortality between T1a and T1b
WDTC, underscoring the need for subtype-specific, evidence-based treatment guidelines. For T1b patients,
surgery remains the standard of care with significant improvements in outcomes. In contrast, select Tla
patients may benefit from active surveillance, offering comparable survival rates while potentially enhancing

quality of life.
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Introduction

Thyroid cancer represents the most rapidly increasing
cancer diagnosis nationally, nearly tripling in incidence in
the United States since 1975 even while related mortality
has remained stable (1,2). This rise predominantly involves
differentiated subtypes that include papillary and follicular
histology, which comprise over 90% of cases and carry an
excellent prognosis (1,3). However, optimal management
for early-stage differentiated thyroid cancer (DTC) remains
controversial given lack of prospective data and evolving
practice patterns (4-6).

The American Thyroid Association (ATA) classifies low-
risk papillary thyroid carcinomas as tumors 4 cm or smaller
in diameter with no involvement beyond the thyroid,
including spread to lymph nodes (7). 2009 ATA guidelines
endorsed either lobectomy alone or total thyroidectomy
without the use of adjuvant radioactive iodine (RAI), while
low-risk tumors between 1-4 cm were deemed suitable
for additional RAI in certain patient-specific contexts (7).

Highlight box

Key findings

* Propensity matching analysis demonstrates notable survival
differences when stratifying by T'1 tumor size subgroups.

* Refusing surgery was associated with an over 3-fold increased
mortality risk in T1b well-differentiated thyroid cancer (WDTC),
whereas no statistically significant survival difference was seen for

T1a patients based on treatment choice.

What is known and what is new?

¢ Current treatment recommendations by 2015 American Thyroid
Association (ATA) guidelines remain controversial; most reports
group T'la with T1b cohorts, limiting insight on divergent size-
based outcomes, and allowing clinical ambiguity to permeate
treatment decisions.

* These novel findings indicate significant divergence in health
outcomes based on tumor profile and highlight the need to
consider personalized management approaches tailored to

individual tumor characteristics.

What is the implication and what should change now?

* Given the rising early stage WDTC incidence and controversies
around appropriate extent of treatment, surgery remains imperative
for optimal outcomes in T1b WDTC patients.

* For select T'1a patients, non-invasive monitoring strategies may
provide comparable longevity while conserving thyroid function.

* Findings underscore the need for ATA guidelines to expand upon
and clarify indications for active surveillance and to emphasize
subtype-specific, evidence-based recommendations aligned with
disease biology.
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Increasingly conservative recommendations were announced
in the 2015 ATA guidelines, stating that a lobectomy alone
was sufficient for treatment of all tumors <4 cm in diameter,
among other de-escalation treatment recommendations (7).

As a result of the indolent nature of treatment risks
associated with low-risk DTC, revised 2015 ATA guidelines
consider active surveillance (AS) as a recommended
treatment regimen, although less data supports this
approach for T1b (8,9). AS is a strategy that entails close
monitoring of the cancer with consistent symptom
management without pursuing upfront invasive treatment
such as surgical procedures (10). Patients that qualify as
candidates for AS include those with well-defined solitary
<1 or 1.5 cm intrathyroidal papillary thyroid carcinoma.
Qualifying criteria also included older patient age, robust
normal parenchyma surrounding the tumor, and absence
of aggressive features or nodal disease (9,11,12). A 10-year
Japanese study comparing immediate surgery with AS for
patients meeting strict entry criteria found comparable
outcomes, although 8% experienced size progression and
3.8% developed node metastasis on observation, while
postsurgical groups suffered vocal cord palsy (4.1%)
and para/hypoparathyroidism (16.7%) (13). In a prior
prospective trial comparing AS for T1b tumors to T1a
tumors, no significant differences were found in the
development of lymph node metastasis or increased tumor
burden between both groups, postulating that AS could be
used for patients with T'1b tumors (14).

These findings reveal complex tradeoffs between benefits
and risks for early-stage patients considering treatment
options. However, most reports group Tla with T1b
cohorts, limiting insight on divergent size-based outcomes,
and allowing clinical ambiguity to permeate treatment
decisions. This investigation therefore leverages a large,
national dataset to analyze the extent of treatment refusal
and associated survival impacts specifically comparing
T1la to T1b subtype DTC patients in order to inform
optimized evidence-based recommendations aligned with
disease biology. We present this article in accordance with
the STROBE reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-24-327/rc).

Methods
Data source

This retrospective cohort study utilized data from the
Surveillance, Epidemiology, and End Results (SEER)
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database (Registry 17) to investigate the factors associated
with patients’ refusal of recommended cancer surgery.
The SEER database is a nationally representative source
that includes patients diagnosed with thyroid cancer. The
SEER database contains a specific variable that captures
whether surgery was recommended but not performed,
refused by the patient, or performed. This variable enables
identification of patients who were recommended surgery
but refused it, as well as those who underwent surgical
treatment. In this study, surgical treatment includes both
partial and total thyroidectomy procedures, encompassing
total thyroidectomy, subtotal thyroidectomy, lobectomy
and/or isthmectomy, and local tumor destruction. The study
period spanned from 2000 to 2019. Ethical approval was
waived by the Tulane Human Research Protection Office
(IRB #2023-449). This study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

Study population and variables

The study included well-differentiated thyroid cancer
(WDTC) patients of any age with T1 stage tumors less
than 2 cm in size, who either underwent cancer-directed
surgery or refused the recommended surgery. Patients
with missing tumor size data and those with nonspecific
surgery information were excluded. Additionally, only
patients diagnosed incidentally at autopsy or through death
certification, as well as those with unspecified radiation,
were excluded. The subset of patients with T'1 stage as a or
b were retained for analysis. Following exclusion of patients
via the aforementioned criteria, 81,664 patients with
positive histological confirmation of WDTC were selected
for and included in the final data set. The variables analyzed
spanned a wide range of demographic, clinical, as well as
therapeutic factors, including age, sex, racial background,
Hispanic/Latino ethnicity, urban or rural residency
status, annual household income, histopathological
subtype, prior malignancies, tumor size, and tumor-node-
metastasis (TNM) staging based upon the American Joint
Committee on Cancer (AJCC) 8" system. Extension of the
cancer, nominally accounted for by subdivision into local,
regional, and distant, was additionally considered. Surgical
interventions targeting cancer and radiation therapy were
investigated as well. Time-to-surgery was treated as a binary
variable in this survival model (“early” <4 months vs. “late”
>4 months) to stratify surgery patients for comparison
within the surgery group only. This dichotomization was
determined using receiver operator characteristic analysis to

© AME Publishing Company.
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identify the optimal cutoff for predicting outcomes. Time-
to-surgery was used specifically during the subset analysis of
surgery patients. However, in comparing surgery operated
vs. refused patients, time-to-surgery was not used, as there
are no corresponding values for the non-surgery group.
This covariate was removed from regression analyses to
maintain the integrity of our primary comparison. Follow-
up time was determined using a variable provided in the
SEER database; this variable measures the time from
diagnosis to either death or last follow-up, whichever
occurred first.

Study outcomes

This study sought to comprehensively assess the outcomes
of refusal of recommended surgery (n=99) or surgical
intervention (n=81,565) in WDT'C patients. Primary
surgical treatment included all thyroidectomy procedure
types. The primary surgical treatment as defined by the
SEER database is a procedure that “modifies, controls,
removes, or destroys cancerous tissue at the site of the
cancer’s origin” and selects surgical procedure codes
hierarchically based on the most definitive surgical
procedure (15). Regarding the timeframe, SEER calculates
months from diagnosis to treatment using the month and
year treatment started and the month and year of diagnosis.
Treatment could include surgery, radiation therapy,
chemotherapy, hormone therapy, immunotherapy, and/or
AS. Specifically, the months from diagnosis to treatment is
calculated as: months from diagnosis to treatment = [(year
initial treatment started * 12) + month initial treatment
started] — [(year of diagnosis * 12) + month of diagnosis] (16).

The study also aimed to analyze disease outcomes, based
on different cancer stages (T'1a vs. T1b). First examining
the relationship between variables by way of unmatched
analysis, the data underwent matching modifications to
determine outcomes after controlled correction.

Propensity matching analysis

To reduce bias and create balanced comparison groups,
propensity score matching analysis was conducted using
the R package ‘Matchlt’. Covariates adjusted for in the
matching process included age, gender, race, ethnicity,
residency, household income, TNM stage, and prior
malignancies. Nearest neighbor matching with a control-
to-treatment ratio of 4:1, a caliper of 0.2, and a threshold
line of 0.1 was employed. No replacement was allowed,
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and logistic regression was used for distance computation.
Sensitivity analyses were performed to assess the balance
of covariates across different matching ratios to ensure
robustness and validity of the results. QQ and jitter plots
were used for visualization, and histograms were generated
for covariate balance assessment.

Statistical analysis

The statistical analyses were performed using the R
Statistical language (version 4.2.2; R Core Team, 2022) on
macOS Ventura 13.3.1 and SPSS version 28.0 IBM Corp.,
Armonk, NY, USA). A significance level of 0.05 was used
for all analyses, and all tests were two-sided. Categorical
variables were presented as frequencies and percentages,
while continuous variables were reported as mean (standard
deviation) or median (interquartile range) as appropriate.
The data on treatment modalities and time to treatment
were analyzed using descriptive statistics to determine
the proportion of patients in each category. Descriptive
statistics, such as Chi-squared or Fisher’s exact tests for
categorical variables and Student’s 7-test or Mann-Whitney
U test for continuous variables, were used. Chi-squared
tests indicated the association between treatment modalities
and T'1 stage subgroups (T'1la and T'1b), as well as between
time to treatment and T1 stage subgroups. Thus, for
demographic and clinical analysis, baseline characteristics
were compared between the two groups using suitable
statistical tests.

Logistic regression models were employed to identify
independent predictor risk factors for recurrence and
second primary malignancy, adjusting for potential
confounders. Secondary malignancy analysis was completed
by determining the incidence of recurrence in both groups
and investigating the potential risk factors using multivariate
regression models. Odds ratios (ORs) with 95% confidence
intervals (Cls) were reported. Thyroid cancer-specific and
overall survival analyses were conducted using the Kaplan-
Meier method, and the log-rank test was used to assess
differences in survival between groups. Prognostic factors
for survival were identified using univariate and multivariate
Cox proportional hazards regression models. Multivariate
models were built using variables that were significant in
the univariate analyses, and adjusted hazard ratios (aHRs)
with 95% CIs were reported.

© AME Publishing Company.
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Results
Characteristics of the study population

Of the 81,664 total TINOMO thyroid cancer patients,
81,565 (99.9%) underwent surgery, while only 99 (0.1%)
refused the recommended operation. Compared to the
surgery group, the refusal cohort displayed a significantly
higher composition of racial minorities (33.3% vs. 16.7%
non-White, P<0.001) and higher income (45.5% vs. 33.6%
with income >$75,000 annually, P=0.01). Refusers also more
frequently had T1b tumors (66.7% vs. 38.7%, P<0.001;
Table 1).

Treatment approach in surgery cobort

Most patients (67 %) received surgery alone. However,
T1b tumors were twice as likely as T'1a tumors to undergo
additional therapies like RAI (T'1b 49.7% vs. Tla 21.1%,
P<0.001). Overall, 46.3% of the cohort had surgery with
systematic adjuvant treatment, again more commonly for
T1b than T1la subgroups (52.4% vs. 42.6%, P<0.001).
Over two-thirds underwent treatment within 1 month of
diagnosis, though Tla patients were more likely to have
such expedient intervention (76.5% wvs. 50.5% for T1b,
P<0.001; Table S1).

Regarding the breakdown of partial vs. total
thyroidectomy, 63,114 (77.4%) patients underwent
total thyroidectomy, while 18,451 (22.6%) had a partial
thyroidectomy performed. Partial thyroidectomy included
3,133 patients with subtotal thyroidectomy, 15,315 with
lobectomy and/or isthmectomy, and 3 cases of local tumor
destruction.

Survival outcomes

Vital status data revealed an overall mortality rate of 5.7%
(n=4,635 deaths), significantly higher for the refusal group
(11.1%, n=11) compared to the surgery group (5.7%,
n=4,624, P=0.03). Thyroid cancer-specific mortality reached
2.2% (n=2) among refusers vs. 0.4% (n=346) for the surgery
cohort (P=0.01). Other leading causes of death included
other cancers (35.8%) and heart disease (18.2%) (Figure I).
Kaplan-Meier curves displayed lower median overall survival
times for those refusing surgery (152.05 vs. 178.62 months,
P<0.001). Similar trends appeared for thyroid cancer-specific
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Table 1 Demographic and clinicopathological characteristics of the study population

Characteristics Levels Total patients (N=81,664) Surgery performed (N=81,565) Patient refused (N=99) P value

Age (years) Mean + SD 49.9+14.5 49.9+14.5 51.7+16.6 0.21
<55 years 50,206 (61.5) 50,145 (61.5) 61 (61.6) >0.99
>55 years 31,458 (38.5) 31,420 (38.5) 38 (38.4)

Gender Female 65,754 (80.5) 65,680 (80.5) 74 (74.7) 0.16
Male 15,910 (19.5) 15,885 (19.5) 25 (25.3)

Race White 68,019 (83.3) 67,953 (83.3) 66 (66.7) <0.001
Black 4,924 (6.0) 4,919 (6.0) 5(5.1)
API 8,234 (10.1) 8,210 (10.1) 24 (24.2)
AAN 487 (0.6) 483 (0.6) 4(4.0)

Ethnicity Not Hispanic/Latino 69,779 (85.4) 69,694 (85.4) 85 (85.9) >0.99
Hispanic/Latino 11,885 (14.6) 11,871 (14.6) 14 (14.1)

Metropolitan Rural 8,103 (9.9) 8,093 (9.9) 10 (10.1) 0.87
Urban 73,561 (90.1) 73,472 (90.1) 89 (89.9)

Household annual  <$75,000 54,234 (66.4) 54,180 (66.4) 54 (54.5) 0.01

income >$75,000 27,430 (33.6) 27,385 (33.6) 45 (45.5)

Previous No 71,011 (87.0) 70,928 (87.0) 83 (83.9) 0.37

malignancies Yes 10,653 (13.0) 10,637 (13.0) 16 (16.2)

T stage Tia 50,047 (61.3) 50,014 (61.3) 33 (33.9) <0.001
Tib 31,617 (38.7) 31,551 (38.7) 66 (66.7)

N staging NO 68,845 (84.3) 68,757 (84.3) 88 (88.9) 0.27
N1 12,819 (15.7) 12,808 (15.7) 11 (11.1)

M staging MO 81,600 (99.9) 81,501 (99.9) 99 (100.0) >0.99
M1 64 (0.1) 64 (0.1) 0

Extension Localized 68,509 (83.9) 68,421 (83.9) 88 (88.9) 0.38
Regional 13,000 (15.9) 12,989 (15.9) 11 (11.1)
Distant 155 (0.2) 155 (0.2) 0

Data are presented as number and percentage or mean + SD. Two-sided Chi-squared or Student’s t-tests were used. Statistical
significance was set at P value <0.05. SD, standard deviation; API, Asian or Pacific Islander, AI/AN, American Indian/Alaska Native.

survival (170.53 vs. 190.02 months, P=0.002; Figure 2).

Impact of surgery timing on survival

Survival times were also analyzed across different
comparisons. The timing of surgery showed a trend toward
better outcomes, with early surgery (defined as <4 months
from diagnosis) demonstrating a slightly higher overall
survival time (178.8+0.18 months) compared to late surgery

© AME Publishing Company.

(172.7+1.30 months, P=0.06). A similar trend was noted in
thyroid cancer-specific survival, with early surgery patients
having a slightly higher survival time of 190.1+0.05 months
against 188.9£0.48 months for late surgery patients (P=0.13).

Risk factors for mortality

Our multivariate analysis identified several key predictors
for increased mortality risk in patients. These include
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Surgery group (N=81,565) Refuse group (N=99)

Die from any cause (N=4,635) P=0.03

Die thyroid cancer (N=348) P=0.01

B M Percent

Other malignancies (n=1,534)
Diseases of heart (n=781)

Unknown causes (n=741)

Cerebrovascular diseases (n=204)

Accidents and adverse effects (n=177)

Chronic obstructive pulmonary disease
(n=146)

Nephritis, nephrotic syndrome and
nephrosis (n=119)

Diabetes mellitus (n=108)

Alzheimers syndrome (n=90)

Septicemia (n=75)

Pneumonia and influenza (n=65)
Hypertension without heart disease (n=60)
Suicide and self-inflicted injury (n=54)

Chronic liver disease and cirrhosis (n=42)

Other infectious and parasitic diseases
including HIV (n=40)

Aortic aneurysm and dissection (n=14) I 0.3%
Other diseases of arteries, arterioles ®
capillaries (n=12) | 057
Homicide and legal intervention (n=11) I 0.3%
Atherosclerosis (n=8) | 0.2%
Congenital anomalies (n=4) | 0.1%
Complications of pregnancy, childbirth, | 01%

puerperium (n=2)

11.1%

o]

35.8%
18.2%

Figure 1 Overall mortality and cause-specific death analysis. (A) Mortality rates in the study population. Percentage is calculated form the
group. A two-sided Chi-squared test was used. Statistical significance was set at P<0.05. (B) Non-thyroid causes of death. Frequency and

percentage were estimated from deceased cohorts. HIV, human immunodeficiency virus.

being 55 years or older (aHR =4.87), male gender (aHR
=1.63), Black race (aHR =1.57), lower income levels (aHR
=1.23), rural residency (aHR =1.28), presence of positive
lymph nodes (aHR =1.13), a history of prior malignancy
(aHR =2.81), and refusal of surgery (aHR =2.63) (all P<0.05;

Tuble 2).

Propensity matching analysis

After matching on demographics and clinical variables (1zble 3
and Figure S1), surgery refusal remained associated with
over twice the mortality risk (aHR =2.15, 95% CI: 1.01-
4.57, P=0.046; Figure 3).

However, this risk was localized to T'1b patients (aHR
=3.44, 95% CI: 1.43-8.28, P=0.006) rather than the T1a

© AME Publishing Company.

subgroup (aHR =0.41, 95% CI: 0.049-3.46, P=0.42).
Advanced age (=55 years) emerged as a mortality predictor
for both Tla (aHR =6.27, P=0.02) and T'1b (aHR =7.13,
P<0.001). Prior malignancy was also associated with higher
T1b mortality (aHR =2.78, P=0.03; Table 4).

Kaplan-Meier curves showed T1la surgery patients
had marginally longer survival (168.191+5.274 months)
compared to those refusing surgery (163.269+4.639 months,
P=0.39), while T1b surgery patients had significantly
longer survival (174.224+3.861 months) than those refusing
surgery (141.587+10.235 months, P=0.004; Figure 4).

Discussion

The current findings provide important insight into the
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Figure 2 Survival analysis and Kaplan-Meier survival times in thyroid cancer patients with surgery versus refusal of surgery. (A) Overall

survival. Patients who underwent surgery showed a significantly longer overall survival time of 178.62+0.17 months compared to patients

who refused surgery, with an overall survival time of 152.05+7.43 months (P<0.001). (B) Thyroid cancer-specific survival. Those who

underwent surgery showed a higher survival time of 190.02+0.05 months, compared with those who refused operation, in which the survival

time was 170.53+5.31 months (P=0.002). Log-rank test was used for comparison.

Table 2 Predictor risk factors for overall mortality

Risk factor Comparison aHR 95% ClI P value
Age >55 vs. <55 years old 4.87 4.53-5.23 <0.001
Sex Male vs. female 1.63 1.53-1.73 <0.001
Race Black vs. White 1.57 1.42-1.75 <0.001
Race APl vs. White 0.87 0.77-0.98 0.02
Race Al/AN vs. White 1.20 0.83-1.75 0.33
Ethnicity Hispanic/Latino vs. none 1.00 0.90-1.10 0.92
Residency Rural vs. urban 1.28 1.18-1.39 <0.001
Household income <$75,000 vs. =$75,000 1.23 1.16-1.32 <0.001
T stage Tibvs. T1a 0.96 0.90-1.02 0.15
N stage N1 vs. NO 1.13 1.04-1.24 0.006
Prior primary malignancy Prior malignancy vs. none 2.81 2.64-2.99 <0.001
Surgery Refused vs. operated 2.63 1.45-4.76 <0.001

Multivariate Cox regression hazards proportional test was used. aHRs and 95% Cls were reported. Statistical significance was set at P
value <0.05. aHR, adjusted hazards ratio; Cl, confidence interval; API, Asian or Pacific Islander; AI/AN, American Indian/Alaska Native.

factors influencing D'T'C health implications and survival,
offering guidance for clinicians to devise personalized
management and follow-up strategies for patients. Prior
studies have investigated factors impacting surgery refusal
in all stages of thyroid cancer patients and correlated
with survival outcomes (17-19). However, little research
has explored differences specifically between Tla and

© AME Publishing Company.

T1b WDTC subtypes, potentially warranting tailored
treatment recommendations (20). The traditional
approach to management of T1 tumors has consisted
of recommendations for treatment conforming to ATA
guidelines (20,21), yet evidence-based studies backing the
distinction between treatment for T1la and T1b tumors
continues to lag. Characterizing the available evidence
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Table 3 Characteristics of matched cohorts

Landau et al. Impact of surgery refusal in WDTC

Characteristics Levels Total patients (N=495)  Surgery performed (N=396) Patient refused (N=99) P value

Age <55 years 269 (54.3) 208 (52.5) 61 (61.6) 0.12
>55 years 226 (45.7) 188 (47.5) 38 (38.4)

Gender Female 371 (74.9) 297 (75.0) 74 (74.7) >0.99
Male 124 (25.1) 99 (25.0) 25 (25.3)

Race White 332 (67.1) 266 (67.2) 66 (66.7) 0.97
Black 28 (5.7) 23 (5.8) 5(5.1)
API 118 (23.8) 94 (23.7) 24 (24.2)
AI/AN 17 (3.4) 13 (3.3) 4 (4.0)

Ethnicity Not Hispanic/Latino 441 (89.1) 356 (89.9) 85 (85.9) 0.28
Hispanic/Latino 54 (10.9) 40 (10.1) 14 (14.1)

Metropolitan Metropolitan >1 M pop 444 (89.7) 355 (89.6) 89 (89.9) >0.99
Metropolitan >250 K=1 M pop 51 (10.3) 41 (10.4) 10 (10.1)

Household Income <$75,000 276 (55.8) 222 (56.1) 54 (54.5) 0.82

annualincome e 675,000 219 (44.2) 174 (43.9) 45 (45.5)

Previous No 422 (85.3) 339 (85.6) 83 (83.8) 0.64

malignancies v ¢ 73 (14.7) 57 (14.4) 16 (16.2)

T stage T1a 327 (66.1) 261 (65.9) 66 (66.7) 0.91
T1b 168 (33.9) 135 (34.1) 33 (33.3)

N staging NO 427 (86.3) 339 (85.6) 88 (88.9) 0.51
N1 68 (13.7) 57 (14.4) 11 (11.1)

A nearest neighbor matching with a control-to-treatment ratio of 4:1 was employed. Data of matched groups is presented as number and
percentage. Two-sided Chi-squared or Student’s t-tests were used. Statistical significance was set at P value <0.05. API, Asian or Pacific
Islander; AlI/AN, American Indian/Alaska Native; pop, population.
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Figure 3 Predictor risk factors for overall mortality in matched cohort. Multivariate Cox regression hazards proportional test was used.

Hazards ratios and 95% confidence intervals were reported. Statistical significance was set at P<0.05. API, Asian or Pacific Islander; AI/AN,
American Indian/Alaska Native.
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Table 4 Predictor risk factors for overall mortality stratified by tumor size

2343

T1a

Risk factor for mortality

T1b

aHR (95% Cl) P value aHR (95% Cl) P value
Age: = 55 vs. <55 years old 6.27 (1.32-29.8) 0.02 7.13 (2.31-22.0) <0.001
Sex: male vs. female 2.98 (0.75-11.9) 0.12 1.54 (0.69-3.43) 0.29
Race: Black vs. White 0.34 (0.03-3.32) 0.35 0.32 (0.03-2.68) 0.29
Race: API vs. White 0.87 (0.16-4.63) 0.87 0.69 (0.24-1.98) 0.49
Residency: urban vs. rural 0.53 (0.08-3.35) 0.50 1.57 (0.37-6.74) 0.54
Household income: high vs. low 0.46 (0.11-1.88) 0.28 0.43 (0.17-1.09) 0.07
N stage: N1 vs. NO 1.62 (0.74-3.51) 0.82 1.73 (0.58-5.12) 0.32
Prior malignancy vs. none 0.57 (0.11-2.98) 0.50 2.78 (1.10-7.04) 0.03
Surgery: refuse vs. operated 0.41 (0.049-3.46) 0.42 3.44 (1.43-8.28) 0.006

Multivariate Cox regression hazards proportional test was used. aHRs and 95% Cls were reported. Statistical significance was set at P
value <0.05. T1b patients derive survival benefit from surgery, while select T1a patients may opt for active surveillance without significantly
impacting longevity. aHR, adjusted hazards ratio; Cl, confidence interval; API, Asian or Pacific Islander.
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Figure 4 Kaplan-Meier survival times. (A) Overall survival in T1a thyroid cancer patients. (B) Overall survival in T1b thyroid cancer

patients. Log-rank test was used for comparison. PTC, papillary thyroid cancer.

for WDTC remains critical for understanding distinct
treatment needs, particularly as it pertains to the influence
of surgery refusal. Therefore, this study aimed to identify
key outcome disparities in these WDTC subgroups to
inform evidence-based guidelines promoting survival while
mitigating risks.

Comparing those refusing vs. undergoing surgery
revealed demographic and clinicopathological variations.
T'1b patients were more inclined to forgo surgery while T1a
patients mostly opted for operation, potentially attributable

© AME Publishing Company.

to racial disparities as white individuals composed a greater
fraction of the surgery cohort and racial minorities formed a
larger fraction of the surgery refusal group reflecting trends of
increased healthcare access and adherence to guidelines (22).
These findings remain concerning given specific ATA
guidelines advise against non-invasive strategies for those
with T'1b tumors. While this discrepancy undoubtedly
deserves further clinical investigation into barriers to
undergoing surgery for this subtype, the patterns derived
from this study illuminate the need for providers to consider
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racial disparities when counseling patients, building trust,
and facilitating informed choices, while also taking into
consideration the need for personalization of treatment
regimens.

Surgery was associated with improved overall survival
and thyroid-cancer specific survival in patients with
WDTC. Notably, patients who do opt for surgery typically
do so within one month of diagnosis. Patients who are over
55 years old, male, black, live in rural areas, and make less
than $75,000 in annual income tend to fair worse in terms
of overall mortality, in addition to lymph node metastasis,
history of a prior malignancy and refusal of surgery. Poor
outcomes with systemic therapy may be attributed to the
relatively good prognosis in terms of overall survival in
the T1 group, discouraging the use of systemic therapy
in the absence of thyroid cancer metastasis (23). These
predictors warrant incorporation into clinical assessments
for treatment planning and follow-up attuned to individual
risks. Nonetheless, these factors must not overshadow the
potential differences in presentation and needs between T'1a
and T'1b groups.

When propensity matched analysis was performed,
rendering many of the differences in demographic
characteristics similar between those who underwent
surgery and those who refused, splitting the T'1 group into
Tla and T1b demonstrated stark contrast in treatment
outcomes. One previous study points to differences in
outcomes and treatment of WDTC converging over time (1).
However, this longer-term investigation revealed
substantially improved survival for T1b patients undergoing
surgery vs. refusal, unlike T'la patients showing no statistical
distinction. Surgery did not significantly extend lifespan
for T1a patients, questioning the viability of conflating the
efficacy of surgery with non-invasive treatment options
for this tumor subtype. Promisingly, prior work has
proposed to expand criteria for AS (24), suggesting that,
this powerful modality for patient care may benefit from
further development should it be utilized as a primary
treatment regimen in the context of WDTC. Despite poor
outcomes among T1b patients relative to the T1a group
when refusing recommended surgery, not all patients who
refuse surgeon-recommended surgery should by default be
selected for and monitored under AS protocols.

Of note, T'1b patients, even after propensity score
matching were more likely to have had a prior malignancy.
Given a history of prior cancer, a greater proportion of
T1b patients undergoing surgery would be expected due to
indication of potential tumor aggressiveness (25). Yet, the

© AME Publishing Company.
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opposite effect is observed in our study, where T'1b patients
are more likely than T'la patients to refuse surgery. As such,
structuring recommendations with a greater understanding
of differences in surgical outcomes between tumor types
could profoundly improve the framework of T1-subtype
management.

The difference between a T1la and T1b diagnosis
significantly influences patient decision-making, potentially
driven by provider recommendations based on the current
set of ATA guidelines for surgery. As AS is gaining attention
for its proposed suitability as an alternative to immediate
surgery for selected patients, particularly in those with T1a
tumors, it is crucial to thoroughly review recent evidence
and ongoing trials related to AS for low-risk thyroid cancer.
By assessing the efficacy, safety, and long-term outcomes of
AS, guidelines can be refined and offer informed treatment
options for T1la and T1b patients. The notion that T1b
patients benefit from receiving surgery, yet have a higher
refusal rate than Tla patients, sheds light on the concept
that the difference in subclassification can affect patients’
decisions. With proper education, the difference in staging
recommendations may be made more transparent for the
patient, leading to more informed choices.

The findings of this study suggest that patients with
T1b tumors benefit from surgery for improved overall
survival and thyroid-cancer specific survival. However,
surgery does not statistically improve the overall chance
of survival for patients with T1a tumors. These findings
call for clinical practice guidelines to specify the impact
of surgery refusal in treatment recommendations with the
outcomes specific to T1a and T'1b tumors. By incorporating
subtype-specific recommendations, clinicians can optimize
patient management and improve survival rates. It is vital
to evaluate the balance between cost and benefit of surgery
vs. perpetual non-invasive strategies for Tla patients.
Additionally, further research and analysis are warranted to
assess the long-term survival outcomes, quality of life, and
healthcare expenditures associated with AS compared to
immediate surgery in this patient population. This analysis
will provide a comprehensive understanding of the optimal
management strategy for T'la patients.

This study does present several limitations. Although this
is most likely a significant driving force behind decisions,
there is no qualitative data provided that shows a difference
in patient beliefs between the two groups. These beliefs
could also potentially play significant roles in patient
decisions, yet exploration of these variables in the current
analysis is inherently limited by the scope of the SEER
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cancer registry database. Generally, potential reasons for
refusal could include patient preference, perceived risks
of surgery, fear of complications, underlying comorbid
conditions, monetary concerns, and advice from non-
medical sources. Perceived risks have been documented
in a study evaluating patient decision making in AS vs.
immediate surgery in papillary thyroid microcarcinoma
patients, which included family history of thyroid-related
or other cancers, family matters, trust in the medical
system and physician advice, and treatment timing amidst
miscellaneous life circumstances (26). These trends yield
insight that can equip physicians with the knowledge of
which patients are likely to refuse surgery, and in cases
where surgery is pertinent, facilitate timely discourse
regarding appropriate treatment regimens.

Additionally, this study design limits causality and
generalizability. While the SEER database provides a
large sample size and standardized data collection, it is still
essential to consider the limitations of retrospective data
collection; confounding by indication limits the utility of
SEER data to be used to estimate outcomes by treatment,
and controlling for income, race, and other demographic
variables limit representation of the nuances involved in
treatment decision making, particularly in regard to why
individuals decide to prioritize one treatment over another.
As such, robust clinical investigation into the social aspects
of treatment decisions for WDTC would be of great value
to future practice.

In the original dataset from the SEER database, a large
discrepancy was found in sample size between the two
groups: patients who underwent surgery and those who
refused surgery. Because the cohort of surgery refusal
patients was indeed much smaller proportionally to the
overall composite population of the two groups combined,
the study data required 4:1 propensity matching analysis to
ensure a statistically sound method for group comparisons.
This method runs the risk of incomplete matching;
however, with new sample sizes of 396 and 99 in the surgery
and refusal groups, respectively, generalizability of the study
results is preserved due to new values for cohort sample
sizes remaining sufficiently powered.

The narrowed focus on patients in the T'1 tumor stage
group in this study is a strength, allowing for a more specific
understanding of the outcomes by direct comparison of
WDTC subgroups made possible by SEER. Database
driven approaches as exhibited in this context subsequently
provide large-scale analysis of empirical evidence from
which to deduce trends that deserve further investigation.

© AME Publishing Company.
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To advance the interpretation of management and treatment
surrounding WDT'C, there is potential for future research
to examine the impacts of different surgical approaches
and adjuvant treatments in T'1 thyroid cancer patients.
Additionally, studies could explore the inclusion of time-
to-surgery as a time-dependent variable and subsequently
use landmark analysis by using an alternative data source to
shed light on timing and outcomes of surgical intervention
specifically. Subsequent work may also seek to identify the
effect of social factors influencing surgical or surveillance
decisions, in addition to assessing the cost-effectiveness and
financial implications of different treatment strategies to
improve outcomes. Qualitative data collection to capture in-
depth reasons for refusal could offer greater understanding
of patient behaviors and help design effective, patient-
centered counseling and decision-making support.

Conclusions

This study contributes to the growing body of evidence on
risk factors and treatment outcomes in WDTC, specifically
the Tla and T1b subtypes. Our findings suggest that
Tla and T1b thyroid cancers may benefit from different
treatment approaches: While surgery appears to offer
significant survival benefit for T1b patients, the same
benefit was not observed for T'la patients in our study.
These results indicate a need for further research into
treatment strategies that consider tumor subtype. Future
studies and guidelines may benefit from exploring how
these subtype-specific outcomes relate to different surgical
and non-surgical management options, to further optimize
patient care.
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