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Abstract

Background: Over the past few decades, the incidence of differ-
entiated thyroid cancer (DTC) has continued to rise, largely attrib-
uted to advances in diagnostic imaging and increased surveillance.
Whether the presence of concomitant thyrotoxicosis alters the be-
havior or prognosis of DTC remains uncertain and continues to be
debated. We conducted a retrospective matched cohort study to ad-
dress this question.

Methods: We retrospectively analyzed 11 patients with thyrotoxico-
sis and DTC and compared them with 415 euthyroid DTC patients
treated between 2010 and 2020. To minimize confounding, a 1:4 pro-
pensity score matching analysis was performed. Risk stratification
and outcomes were assessed according to the 2015 American Thyroid
Association (ATA) guidelines.

Results: Papillary thyroid carcinoma was the predominant type in
both groups (90.9% in thyrotoxic vs. 89.6% in euthyroid/hypothy-
roid). Among thyrotoxic patients, six out of 11 (54.5%) had papillary
microcarcinomas. After matching, no significant differences were
found between the groups in ATA risk category (P = 0.12), or disease
outcome at 1 year (P =0.29).

Conclusions: These findings may suggest that thyrotoxicosis facili-
tates earlier detection of DTC, reflected by the higher proportion of
microcarcinomas, but it does not appear to substantially influence tu-
mor behavior or short-term outcomes.
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Introduction

Over recent years, the worldwide incidence of differentiated
thyroid cancer (DTC) predominantly driven by papillary thy-
roid carcinoma (PTC) has notably increased, PTC comprises
more than 90% of cases [1]. By 2019, PTC was ranked as the
third most common cancer in women in the United States and
the second most common in countries such as Saudi Arabia
[2]. Despite this growing incidence, death rates from thyroid
cancer have not increased. This trend is largely explained
by the increased use of imaging and more careful diagnostic
work, which often pick up very small, slow-growing tumors
like papillary microcarcinomas at an earlier stage [3].

Thyrotoxicosis, defined as the clinical state of thyroid
hormone excess, commonly arises from Graves’ disease (GD),
toxic multinodular goiter (TMNG), or autonomously function-
ing thyroid nodules (AFTNs). In patients undergoing thyroid-
ectomy to treat hyperthyroidism, incidental thyroid cancer
- defined as carcinoma identified unexpectedly on histology
after surgery for presumed benign disease - has been report-
ed at variable rates, from 6.4% in GD to as high as 22.3%
in TMNG [4, 5]. A meta-analysis of 33 studies found that the
odds of developing thyroid cancer in patients with GD were
not significantly different from those with TMNG or AFTN
[6]. This discrepancy raises two concerns: first, possible un-
derdiagnosis of cancer in hyperthyroid patients who do not un-
dergo surgery; and second, the potential for surveillance bias,
where increased thyroid radiology use may artificially inflate
cancer detection rates.

The clinical impact of thyrotoxicosis on the behavior
and prognosis of thyroid cancer remains uncertain. Previous
studies have suggested more aggressive tumor behavior and
worse outcomes in patients with underlying thyrotoxicosis [7,
8]. Other investigations, however, did not identify significant
prognostic differences, suggesting that thyrotoxicosis may not
independently affect outcomes [9]. The inconsistency of prior
findings underscores the need for methodologically robust
studies.
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We therefore conducted a retrospective matched cohort
study to examine whether thyrotoxicosis influences the clin-
icopathological features and outcomes of thyroid cancer, using
propensity score matching to minimize confounding.

Materials and Methods

Study design, setting

A retrospective study was done in King Abdulaziz University
Hospital (KAUH), Jeddah, Saudi Arabia.

Study participants

The inclusion criteria were: 1) Adult DTC patients managed
at the study setting between 2010 and 2020; 2) Patient with
at least 1 year of follow-up to determine outcomes; 3) Pa-
tients with available preoperative biochemical/radiological
workup to establish thyroid function status. The exclusion cri-
teria were: 1) Pediatric patients (age < 14 years per institution
regulation); 2) Patients with thyroid lymphoma, medullary,
and anaplastic thyroid cancers; 3) Patients who did not have
available preoperative full thyroid biochemical tests or enough
follow-up information.

The biochemical parameters to define thyrotoxicosis were
the suppressed thyroid-stimulating hormone (TSH) (< 0.3
mlIU/L) level. Overt thyrotoxicosis was defined when TSH
was suppressed in conjunction with elevated free T3 and/or
free T4 (normal ranges: free T4, 10.3 - 22 pmol/L; free T3,
3.5 - 6.4 pmol/L). Radiological studies included thyroid tech-
netium scan and thyroid ultrasound. The underlying cause of
hyperthyroid was identified based on thyroid technetium scans
that were assessed and reported by experienced nuclear medi-
cine physicians.

Data collection

A checklist was used to obtain data about patients’ clinico-
pathological features. We identified the thyrotoxicosis patients
based on the typical overt or subclinical hyperthyroidism bio-
chemical and radiological data upon their diagnosis. We col-
lected the preoperative biochemical and radiological data for
each patient with confirmed thyrotoxicosis and thyroid cancer.
For all the cohort, demographic data, detailed postoperative
histopathological features, and subsequent long-term out-
comes were acquired. Long-term outcomes and initial risk
assessment were defined based on the 2015 American Thy-
roid Association guidelines [10], where response to therapy
was categorized into excellent, indeterminate, biochemical or
structural incomplete response to therapy. Each patient’s tumor
markers and imaging were assessed to place the patient in the
appropriate category.

Comparison of risk assessment between patients with and
without thyrotoxicosis in the complete cohort with complete
outcome data was done. In addition, a comparison of clin-

icopathological features between patients with and without
thyrotoxicosis of the cohort after propensity score matching
was done.

Ethical considerations

The study was approved by the Research Ethics Committee
of King Abdulaziz University Hospital (Jeddah, Saudi Arabia)
and conducted in accordance with the principles of the Decla-
ration of Helsinki.

Data analysis

To reduce potential confounding effects and selection bias, 1:4
propensity score matching was conducted, in a ratio of one thy-
rotoxic to four non-thyrotoxic cases. The variables that were tak-
en into consideration in the matching are the ones affecting the
outcome. We matched the age, sex, pathology, and the overall
initial risk assessment to evaluate if thyrotoxicosis independent-
ly affects DTC outcome. Propensity scores were estimated using
logistic regression, with thyrotoxicosis status as the dependent
variable. Covariates included age, sex, tumor size, multifocal-
ity, and histological subtype. A 1:4 nearest-neighbor matching
without replacement was applied using a caliper of 0.2 standard
deviations (SDs) of the logit of the propensity score. Covariate
balance was assessed using standardized mean differences and
visual inspection of distributions. Post-matching analyses were
conducted on the matched cohort (n = 55).

SPSS Statistics for Windows, version 26.0 (IBM Corp, Ar-
monk, NY, USA) was used for data analysis. Continuous data
were described as mean + SD and compared using Student’s #-
test. The assumptions for applying Student’s #-test were formally
assessed. Specifically, we verified: 1) Normality of the continu-
ous variables using the Shapiro-Wilk test and visual inspection
via Q-Q plots; 2) Homogeneity of variances using Levene’s test;
3) Independence of observations ensured by study design (no
repeated measures or paired data). Where these assumptions
were met, the Student’s #-test was applied. This approach en-
sures statistical validity and robustness of our comparisons. Cat-
egorical data were described as numbers and percentage (%) and
compared with the Chi-squared test. Statistical significance was
determined using a P value of < 0.05 as the threshold.

Results

Before propensity score matching

We had a total of 415 thyroid cancer patients without thyro-
toxicosis, and 11 patients with thyrotoxicosis. The mean age
of the thyrotoxic group was slightly younger (39.9 £+ 9.8 vs.
41.9 £ 13.4 years) than the non-thyrotoxic group. Majority of
patients were females in both groups. In the thyrotoxic group,
81.8% of patients were females, and in the non-thyrotoxic
group, 74.2% of the patients were females. The common-
est pathological type was PTC in both groups, as 10 patients
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(90.9%) in the thyrotoxic group and 372 patients (89.6%) of
the non-thyrotoxic group had PTC.

The comparison showed no significant difference between
the two groups regarding the age at diagnosis, sex, pathologi-
cal type of the thyroid cancer, stage at diagnosis, vascular inva-
sion, margin involvement, extranodal extension, multifocality
or the size of the tumor (P > 0.05). The rate of lymph node
(LN) metastasis was significantly higher in the non-thyrotox-
ic group (39.8% vs. 9.1%, P = 0.04). Significant differences
emerged in papillary carcinoma variants. Papillary microcar-
cinoma was the most frequent subtype among thyrotoxic pa-
tients (54.5%), whereas the classical variant predominated in
the non-thyrotoxic group (55.9%; P = 0.004). Table 1 presents
a comparison of the clinicopathological features between pa-
tients with and without thyrotoxicosis in the complete cohort.
Comparing the risk assessment and 1-year outcome between
patients with and without thyrotoxicosis in the complete co-
hort showed that there was no significant difference between
the two groups (P > 0.05) (Table 2).

After propensity score matching

After matching for age, sex, pathology, and the overall initial
risk assessment, we compared the clinicopathological features
between patients with and without thyrotoxicosis. After pro-
pensity score matching, no significant differences were found
between the two groups considering T, N, M staging, LN me-
tastasis, stage at diagnosis, vascular invasion, margin involve-
ment, extranodal extension, or multifocality (P > 0.05). Vari-
ants of papillary cancer differed significantly between patients
with and without thyrotoxicosis. Papillary microcarcinoma
was the most common variant in the thyrotoxic group (54.5%),
while the classical variant predominated in the non-thyrotoxic
group (47.8%, P =0.035). Table 3 illustrates the detailed com-
parison.

The 1-year outcome between patients with and without
thyrotoxicosis in the cohort after propensity score matching
was compared, and no significant difference between the two
groups was found (P > 0.05) (Table 4).

Discussion

This study explored the clinicopathological profile and 1-year
outcomes of DTC in patients with and without thyrotoxico-
sis, using propensity score matching to minimize confound-
ing. Our preliminary findings suggest that thyrotoxicosis is not
independently associated with more aggressive pathological
characteristics or worse short-term outcomes.

PTC was the main histological subtype in both groups
(90.9% vs. 89.6%), consistent with its predominance in DTC
worldwide [11]. The higher frequency of papillary microcarci-
nomas among thyrotoxic patients (54.5%) likely reflects ear-
lier or incidental detection, as surgery in this group is often
performed to control hyperthyroidism rather than suspected
malignancy. Yoon et al [12] also noted a higher prevalence of
microcarcinomas in GD, which they attributed to earlier detec-

tion during surgical management.

We found no significant differences in tumor size, stage,
vascular invasion, extrathyroidal extension, or multifocality
after matching. An apparent lower rate of LN metastasis in thy-
rotoxic patients (9.1% vs. 39.8%) was no longer significant af-
ter matching, suggesting this difference was more likely attrib-
utable to confounding than to thyroid hormone excess. Reports
in the literature have not been consistent. Pazaitou-Panayiotou
et al [13] in a review of previously published studies, high-
lighted conflicting evidence regarding the aggressiveness of
thyroid carcinoma in patients with GD. While several reports
described higher rates of LN metastasis and locally advanced
disease, others found no significant differences compared with
cuthyroid patients. The authors emphasized the heterogeneity
of study designs and the lack of prospective data, underscoring
the need for larger, methodologically robust studies. Menon et
al [14] observed no difference in baseline pathological features
between the two groups. During follow-up, however, their GD
cohort had more disease progression, mainly in the form of
new skeletal metastases.

After matching, there were no significant differences in
the 1-year response to treatment between groups. The absence
of significant differences in early outcomes supports the idea
that thyrotoxicosis does not negatively affect prognosis within
the first year after treatment. These findings are in line with
a propensity score-matched study by Kwon et al [15], which
demonstrated no significant difference in recurrence-free
survival between PTC patients with GD and euthyroid con-
trols, with 5-year recurrence-free survival rates of 100% and
98.4%, respectively. In addition, a systematic review and me-
ta-analysis by Mekraksakit et al [8] highlighted that patients
with hyperthyroidism may have a significantly higher risk of
distant metastasis and multifocal tumors. Nevertheless, this
was not associated with cancer-related mortality or recurrence
or persistent disease during follow-up. Conversely, another
meta-analysis by Song et al [16] reported that patients with
hyperthyroidism experienced significantly worse outcomes,
including higher recurrence rates and mortality compared to
euthyroid patients. Such divergent findings may reflect dif-
ferences in study design, patient selection, length of follow-
up, and how thyrotoxicosis was defined. Taken together, they
highlight the need for future research that stratifies patients by
etiology (Graves’, TMNG, AFTN), applies uniform defini-
tions, and examines long-term outcomes.

Our data contribute to a growing body of evidence sug-
gesting that while thyrotoxicosis may influence the detection
pattern of thyroid cancers - particularly favoring early or inci-
dental diagnosis - it does not appear to be associated with more
aggressive disease phenotypes or drive a worse early outcome.
The incidence of incidental thyroid malignancy in patients
with hyperthyroidism is higher than the historically reported
rates of 3-5% [17, 18]. These observations raise the possibility
that broader use of imaging in GD, even when thyroid receptor
antibodies are positive, might facilitate earlier cancer detec-
tion. Currently, the American Thyroid Association guidelines
endorse a 23] or ™Tc pertechnetate scan to be obtained only
when clinically suspecting an AFTN or TMNG [19]. Addition-
ally, nuclear imaging of the thyroid is recommended in the
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Table 1. Comparison of Clinicopathological Features Between Patients With and Without Thyrotoxicosis in the Complete Cohort (N

= 426)
Variable Thyrotoxic (n = 11) Non-thyrotoxic (n = 415) P value
Age at diagnosis (years), mean + SD 39.9+9.8 419+ 134 0.620
Sex
Male 2 (18.2%) 107 (25.8%) 0.569
Female 9 (81.8%) 308 (74.2%)
Pathology
Papillary 10 (90.9%) 372 (89.6%) 0.219
Follicular 0 26 (6.3%)
Poorly differentiated 0 7 (1.7%)
Hurthle cell cancer 0 5(1.2%)
NIFTP 1(9.1%) 5 (1.2%)
Size of largest focus (cm), mean + SD 1.7+1.7 2.7+25 0.191
Lymph node metastasis
Present 1(9.1%) 165 (39.8%) 0.040
Absent 10 (90.9%) 250 (60.2%)
Distant metastasis
Present 0 24 (5.8%) 0.411
Absent 11 (100%) 390 (94.2%)
Stage at diagnosis
1 11 (100%) 371 (89.4%) 0.729
2 0 26 (6.3%)
3 0 6 (1.4%)
4 0 12 (2.9%)
Vascular invasion
None 10 (90.9%) 270 (70.9%) 0.703
Present 1(9.1%) 90 (23.6%)
Margin involvement
Present 2 (18.2%) 86 (22.9%) 0.711
Absent 9 (81.8%) 289 (77.1%)
Variants of the papillary cancers
Classical 2 (18.2%) 185 (55.9%) 0.004
Follicular 2 (18.2%) 68 (20.5%)
Papillary microcarcinoma 6 (54.5%) 57 (17.2%)
Warthin-like 1(9.1%) 1(0.3%)
Hobnail 0 1 (0.3%)
Solid 0 2 (0.6%)
Columnar 0 1 (0.3%)
Diffuse sclerosing 0 5 (1.5%)
Oncocytic 0 1(0.3%)
Tall cell variant 0 9 (0.9%)
Cribriform-morular 0 1 (0.3%)
Multifocality
Present 5 (45.5%) 191 (48.5%) 0.843
Absent 6 (54.5%) 203 (51.5%)

SD: standard deviation; NIFTP: noninvasive follicular thyroid neoplasm with papillary-like nuclear features.
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Table 2. Comparison of Risk Assessment and 1-Year Outcome Between Patients With and Without Thyrotoxicosis in the Complete

Cohort (N = 426)

Variable Thyrotoxic (n = 11) Non-thyrotoxic (n = 415) P value
Initial risk stratification
Low 7 (63.6%) 124 (46.4%) 0.466
Intermediate 3 (27.3%) 85 (31.8%)
High 1 (9.1%) 58 (21.7%)
Outcome at 1 year
Excellent response 6 (54.5%) 184 (65.5%) 0.459
In-determined response 3 (27.3%) 41 (14.6%)
Biochemically incomplete 0 23 (8.2%)
Structurally incomplete 2 (18.2%) 33 (11.7%)

Table 3. Comparison of Clinicopathological Features Between Patients With and Without Thyrotoxicosis of the Cohort After Propen-

sity Score Matching (N = 55)

Variable Thyrotoxic (n = 11) Non-thyrotoxic (n = 44) P value
Age at diagnosis (years), mean = SD 39.9+9.8 40.0+10.3 0.968
Sex
Male 2 (18.2%) 8 (18.2%) 1.00
Female 9 (81.8%) 36 (81.8%)
Pathology
Papillary 10 (90.9%) 40 (90.9%) 1.00
Follicular 0 0
Poorly differentiated 0 0
Hurthle cell cancer 0 0
NIFTP 1 (9.1%) 4 (9.1%)
Size of largest focus (cm), mean + SD 1.7+1.7 1.8+ 1.0 0.696
Lymph node metastasis
Present 1(9.1%) 15 (34.1%) 0.102
Absent 10 (90.9%) 29 (65.9%)
Distant metastasis
Present 0 0 =
Absent 11 (100%) 44 (100%)
Stage at diagnosis
1 11 (100%) 43 (97.7%) 0.614
2 0 1(2.3%)
3 0 0
4 0 0
Vascular invasion
None 10 (90.9%) 35 (79.5%) 0.382
Present 1 (9.1%) 9 (20.5%)
Margin involvement
Present 2 (18.2%) 12 (27.3%) 0.536
Absent 9 (81.8%) 32 (72.7%)
Variants of the papillary cancers
Classical 2 (18.2%) 21 (47.8%) 0.035
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Table 3. Comparison of Clinicopathological Features Between Patients With and Without Thyrotoxicosis of the Cohort After Propen-

sity Score Matching (N = 55) - (continued)

Variable Thyrotoxic (n = 11) Non-thyrotoxic (n = 44) P value
Follicular 2 (18.2%) 12 (27.3%)
Papillary microcarcinoma 6 (54.5%) 11 (25%)
Warthin-like 1(9.1%) 0
Hobnail 0 0
Solid 0 0
Columnar 0 0
Diffuse sclerosing 0 0
Oncocytic 0 0
Tall cell variant 0 0
Cribriform-morular 0 0
Multifocality
Present 5 (45.5%) 18 (40.9%) 0.785
Absent 6 (54.5%) 26 (59.1%)

SD: standard deviation; NIFTP: noninvasive follicular thyroid neoplasm with papillary-like nuclear features.

European Thyroid Association guidelines solely when thy-
roid nodularity is detected with hyperthyroidism and before
administering therapy [20]. Notably, in a retrospective study
of patients with confirmed GD hyperthyroidism and no pal-
pable nodules by examination, 8.5% had concomitant thyroid
nodules [21], suggesting that malignancy may be under-recog-
nized in this population and that surgical management could be
favored when carcinoma coexists with thyrotoxicosis.

Our study is limited by its single-center design, the rel-
atively small number of thyrotoxic patients, and the short
follow-up, which warrant cautious interpretation. Further re-
search with larger cohorts and longer follow-up will be needed
to determine whether thyroid functional status has any impact
on recurrence or survival.

Conclusions

In this retrospective matched analysis, thyrotoxicosis did not

appear to be independently associated with more aggressive
clinicopathological features or adverse short-term outcomes
at 1 year. The higher incidence of papillary microcarcinoma
in thyrotoxic patients may be attributed to increased surveil-
lance rather than distinct biological behavior. These prelimi-
nary findings may suggest that thyroid functional status does
not determine thyroid cancer behavior at the first postoperative
year, and it is likely derived by other clinical and histopatho-
logical data.
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