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Abstract

Aim: There are conflicting data in the literature regarding the prognosis and aggressiveness of papillary thyroid
carcinoma arising in the background of Graves disease. This study aimed to compare the histopathologic features
of incidentally discovered classic variant papillary thyroid carcinomas in Graves disease and multinodular goiter
backgrounds using propensity score matching.

Methods: Patients who underwent total thyroidectomy for benign indications and were found to have classic var-
iant papillary thyroid carcinoma on histopathologic examination at Cukurova University Balcali Hospital between
2015 and 2025 were retrospectively evaluated. Graves disease diagnosis was established based on the criteria of
at least 2 years of antithyroid drug use, TSH receptor antibody positivity, and presence of clinical/radiologic oph-
thalmopathy. Groups were balanced by propensity score matching at a 1:3 ratio for age and sex. Histopathologic
aggressiveness parameters were compared using non-parametric tests.

Results: A total of 44 patients with incidentally discovered classic variant papillary thyroid carcinoma following
thyroidectomy for benign indications were categorized into Graves disease (n=11) and multinodular goiter (n=33)
groups.After matching, standardized mean difference of <0.10 was achieved for all covariates. Median tumor size
was significantly smaller in the Graves disease group compared to the multinodular goiter group (6.0 mm vs 10.0
mm, p=0.007). While lymphatic invasion was not detected in any patient in the Graves disease group, it was
observed at a rate of 33.3% in the multinodular goiter group (p=0.041). Extrathyroidal extension, perineural inva-
sion, and vascular invasion rates were found to be lower in the Graves disease group. No recurrence was observed
in any patient during a median 44-month follow-up.

Conclusions: Classic variant papillary thyroid carcinomas arising in the background of Graves disease demon-
strate smaller size and less invasive features compared to those arising in multinodular goiter background. These
findings suggest that the autoimmune microenvironment in Graves disease may have a potential protective effect
on tumor invasiveness.

Keywords: Graves disease; multinodular goiter; papillary thyroid carcinoma; classic variant; propensity score
matching; lymphatic invasion

Papillary thyroid carcinoma (PTC) accounts for 80-85% of all
thyroid malignancies.! In some cases, it is incidentally detected in
thyroidectomy specimens performed for benign indications. Con-
current PTC has been reported in 0.5-15% of patients operated for

crease cellular proliferation, creating a potentially tumorigenic mi-
croenvironment.* This mechanism theoretically suggests that PTCs
arising in the background of GD may exhibit more aggressive bio-
logical behavior; however, the evidence is insufficient, and current

Graves disease (GD) and in 3-16% of those operated for multinodu-
lar goiter (MNG).23 Despite similar rates of incidental PTC detection
in these two pathologic backgrounds, they possess different patho-
genesis and tumor microenvironments.

The relationship between GD and PTC has remained controver-
sial for a long time. Early hypotheses proposed that chronic stimu-
lation of follicular cells by TSH receptor antibodies (TRAb) could in-

clinical data demonstrate significant heterogeneity.

Factors involved in MNG pathogenesis, such as chronic nodular
hyperplasia, iodine deficiency, and variable TSH stimulation, consti-
tute a different carcinogenesis process from the autoimmune acti-
vation present in GD.5 Despite this biological heterogeneity, studies
comparing tumor behavior between the two groups have frequently
been conducted on methodologically unbalanced cohorts. Most of
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these studies have been inadequate in controlling for selection bias,
demographic factors such as age and sex, and histopathologic vari-
ant differences.68

As a reflection of this heterogeneity, conflicting results have
been reported regarding the clinical course and prognosis of PTCs
arising in the background of GD. While some studies report that
PTCs arising in this background exhibit aggressive clinical behavior
such as multifocality/multicentricity and distant metastasis at diag-
nosis, other studies support that GD-associated PTCs are mostly
small, indolent foci that do not alter survival outcomes.6910 For ac-
curate analysis of this biological difference and tumor behavior,
comparison groups must be balanced in terms of clinical and histo-
pathologic data. Therefore, the independent effect of background
pathology should be examined through a model homogenized in
terms of variant distribution and other clinical variables.

The aim of this study was to compare the histopathologic fea-
tures of classic variant papillary thyroid carcinomas (CV-PTC) inci-
dentally detected in GD and MNG operated for benign indications.
By achieving demographic homogeneity between groups through
propensity score matching (PSM), we aimed to evaluate the effect of
concomitant background pathology on tumor biology and aggres-
siveness parameters.

This retrospective, matched cohort study was conducted on pa-
tients who underwent total thyroidectomy and were diagnosed
with CV-PTC on histopathologic examination at the Department of
General Surgery, Cukurova University Balcali Hospital between
2015 and 2025. Clinical and imaging data were obtained from the
hospital electronic medical record system, and histopathologic data
were obtained from the pathology archive. Approval for the study
protocol was granted by the Clinical Research Ethics Committee of
Cukurova University Faculty of Medicine under decision number 25,
dated January 9, 2026.

https://dergipark.org.tr/en/pub/jocass

-GD Group

At least 2 years of antithyroid drug use (methima-
zole/propylthiouracil), hyperthyroidism uncontrolled by medical
therapy, acceptance of surgery in patients for whom radioactive io-
dine ablation or surgery was recommended, TRAb positivity, pres-
ence of clinical or radiologic ophthalmopathy, regular follow-up, un-
dergoing total thyroidectomy, detection of CV-PTC on postoperative
histopathology.

These criteria were aimed at selecting GD cases in a more homo-
geneous manner clinically and immunologically.

-MNG Group

Clinical-radiologic diagnosis of MNG, detection of CV-PTC arising
in MNG background, undergoing total thyroidectomy.

PTC subtypes other than CV-PTC (follicular variant, tall-cell, dif-
fuse sclerosing, etc.), incomplete/unavailable pathologic data, pa-
tients who underwent lobectomy or subtotal thyroidectomy.

All ultrasonographic examinations were evaluated by a single
experienced radiologist blinded to the pathology results, thereby
minimizing potential observer bias. Histopathologic examinations
were performed and reported by two independent pathologists.

SPSS 25.0 software package was used for the statistical analysis
of the data. Propensity scores were calculated using a logistic re-
gression model based on age and sex. To achieve demographic bal-
ance, patients were matched at a 1:3 ratio using the nearest neigh-
bor matching algorithm without replacement. The success of the
matching process was confirmed by ensuring that the standardized
mean difference (SMD) for all covariates remained below the 0.10
threshold Categorical measurements were summarized as numbers
and percentages, while continuous measurements were summa-
rized as Median (IQR: 25th-75th percentile). The conformity of var-
iables to normal distribution was examined using the Kolmogorov-
Smirnov test. Fisher’s Exact test was applied to compare categorical
expressions.

Love Plot: Covariate Balance Between Groups After Propensity Score Matching

Love Plot: Balance Between Groups After Matching
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This plot illustrates the covariate balance achieved following a 1:3 propensity score matching based on age

d Mean Difference (SMD)

and sex. The blue dots represent the standardized

mean difference (SMD) for each variable. The SMD values for all covariates remain below the 0.10 threshold (indicated by the red dashed line), demonstrating a

successful statistical balance between the GD and MNG groups.
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For parameters that did not show a normal distribution, the
Mann-Whitney U test was used to examine the differences between
the two groups. The statistical significance level was set at 0.05 for
all tests.

Atotal of 44 patients included in the study were divided into two
groups using PSM at a 1:3 ratio. The groups consisted of 11 patients
with CV-PTC detected in GD background and 33 patients with CV-
PTC detected in MNG background.

After matching, Standardized Mean Difference (SMD) values for
all variables were found to be below the targeted threshold of 0.10
(Figure 1). This confirmed that complete covariate balance was
achieved between groups prior to the main analyses.

In the analysis performed after matching, no statistically signifi-
cant difference was found between the two groups in terms of age
and sex distribution (p > 0.05). The median age of the GD group was
55.0 (IQR: 40.0 - 58.5) years, while the median age of the MNG group
was 51.0 (IQR: 42.0 - 57.0) years (p = 0.724). Homogeneity was
achieved in both groups in terms of sex distribution, with the fe-
male/male ratio in the GD group matching that in the MNG group
one-to-one.

In the preoperative evaluation, the demographic data of the
groups and the presence of nodules on ultrasonography are summa-
rized in Table 1.

Demographic characteristics and presence of preoperative nodules
between the groups

https://dergipark.org.tr/en/pub/jocass

difference did not reach statistical significance (p > 0.05). A similar
distribution was observed between groups in terms of tumor loca-
tion and concomitant background pathologies (Table 3).

In the immunohistochemical evaluation performed on tumor
foci, HBME-1 expression was observed positive in 72.7% (n=8) of
patients in the GD group and in 51.5% (n=17) of patients in the MNG
group (Table 4). Although HBME-1 positivity was numerically
higher in PTC cases arising in the background of GD, this difference
did not reach the level of statistical significance (p = 0.301) (Figure
2).Norecurrence was detected in any patient during the median fol-
low-up period of 44 months.

Preoperative Ultrasonographic Nodule Characteristics of the
Groups

Variable G]()n(:;(;l)lp Ml\(II(l;=G31:';o)up p-Value
Nodule Size (mm), Median 16.0 (11.0-

(1QR) 9.0 (7.0-20.0) 20,0) 0.094
Hypoechogenicity, n (%) 3 (33.3%) 20 (60.6%)  0.257
Microcalcification, n (%) 1(11.1%) 17 (51.5%)  0.055
Solid Structure, n (%) 3(33.3%) 26 (78.8%)  0.015
Irregular Border, n (%) 2 (22.2%) 18 (54.5%) 0.135

IQR: Interquartile range (25th-75th percentiles). n: Number of patients. For
statistical analyses, the Mann-Whitney U test was used for continuous varia-
bles, and Fisher’s exact test was used for categorical variables. GD: Graves
Disease. MNG: Multinodular Goiter

Histopathologic Characteristics of the GD and MNG Groups

. GD Group MNG Group i
Variable (n=11) (n=33) p-value
ﬁ%eRgYears)' Median oo 1 (40.0 - 58.5) 51.0 (42.0-57.0)  0.724
Gender, n (%)

Female 5 (45.5%) 15 (45.5%) 1.000
Male 6 (54.5%) 18 (54.5%)

Presence of Nodule,

n (%)

Present 9 (81.8%) 33 (100.0%) 0.059
Absent 2 (18.2%) -

IQR: Interquartile range (25th-75th percentiles). n: Number of patients. For
statistical analyses, the Mann-Whitney U test was used for continuous varia-
bles, and Fisher’s exact test was used for categorical variables. GD: Graves
Disease. MNG: Multinodular Goiter

When preoperative ultrasonographic findings of the patients
were examined, the median nodule size was 9.0 mm in the GD group,
while it was 16.0 mm in the MNG group (p = 0.094). No statistically
significant difference was found between groups in terms of the
presence of hypoechogenicity, microcalcification, and irregular
margins (p > 0.05). However, solid composition of nodules was ob-
served at a significantly higher rate in the MNG group (78.8%) com-
pared to the GD group (33.3%) (p = 0.015) (Table 2).

When tumor characteristics between groups were compared,
the median tumor size in the GD group was 6.0 mm (5.5 - 7.5), while
it was 10.0 mm (8.0 - 17.0) in the MNG group, and this difference
was statistically significant (p = 0.007). Although multifocality and
multicentricity rates were lower in the GD group (18.2% and 27.3%,
respectively) compared to the MNG group (42.4% and 45.5%), this
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GD Group MNG Group

Variable (n=11) (n=33) p-Value
Tumor Size (mm), Me-
dian (10R) 6.0 (5.5-7.5) 10.0 (8.0-17.0) 0.007
Multifocality, n (%) 2 (18.2%) 14 (42.4%) 0.278
Multicentricity, n (%) 3 (27.3%) 15 (45.5%) 0.309
Tumor Location, n (%) 0.641

Right Lobe 5 (45.5%) 19 (57.6%)

Left Lobe 3 (27.3%) 9 (27.3%)

Isthmus 3(27.3%) 5 (15.2%)

IQR: Interquartile range (25th-75th percentiles). n: Number of patients. For
statistical analyses, the Mann-Whitney U test was used for continuous varia-
bles, and Fisher’s exact test was used for categorical variables. GD: Graves
Disease. MNG: Multinodular Goiter

Extrathyroidal Extension and Invasion Characteristics of GD and
MNG Groups

GD Group MNG Group

Variable (n=11) (n=33) p-Value
Capsular Invasion, n (%) 4(36.4%) 17 (51.5%) 0.494
Vascular Invasion, n (%) 1(91%) 5(152%) 1.000
Lymphatic Invasion, n (%) 0(0.0%) 11(33.3%) 0.041
Extrathyroidal Extension o o

(ETE), n (%) 0(0.0%) 4(12.1%) 0.558
Perineural Invasion (PNI), n 0(0.0%) 6(18.8%) 0.312

(%)
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HBME-1 Expression in GD and MNG Groups

HBME-1 Exprassion Rates by Group
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The bar chart compares HBME-1 expression between the GD (n=11) and MNG (n=33) groups. Although the positivity rate was numerically higher in the GD
group (72.7%) than in the MNG group (51.5%), this difference was not statistically significant (p=0.301).

The analyses performed in this study, balanced by PSM for age
and sex, demonstrated that CV-PTCs arising in GD background had
statistically significantly smaller tumor size compared to those aris-
ing in MNG background, and histopathologic aggressiveness param-
eters such as lymphatic invasion, vascular invasion, ETE, and PNI
were present at higher rates in the MNG group. These findings sug-
gest that background pathology may have a potential modulatory
effect on the biological behavior of tumors.

In our study, the median tumor size of PTC foci detected in the
GD group (6.0 mm) was found to be significantly smaller than that
in the MNG group (10.0 mm) (p=0.007). This finding is consistent
with the smaller tumor size (mean 1.0 cm, p=0.002) reported by Go-
pinath et al. in their study of GD-associated differentiated thyroid
carcinomas.!! This may be explained by an early detection effect due
to closer follow-up of GD patients, as well as the possibility that in-
tense lymphocytic infiltration and autoimmune activation in GD cre-
ate a microenvironment that suppresses tumor progression.12 How-
ever, whether the small tumor size in the GD group truly reflects a
more indolent biological behavior or is solely due to early detection
effect could not be distinguished with the current retrospective de-
sign.

When histopathologic features were evaluated, lymphatic inva-
sion was not detected in any patient in the GD group, while it was
observed at a rate of 33.3% in the MNG group (p=0.041). Although
there was no lymph node metastasis in any case in our study, this
finding suggests that PTCs in GD background may have less aggres-
sive biological behavior, as the presence of lymphatic invasion is an
independent risk factor that negatively affects disease-free sur-
vival.13 In the study by Kwon and Moon using PSM (114 GD-PTC vs
570 controls), the rate of lymphatic invasion in PTC cases in GD
background was reported to be significantly lower than in the non-
GD group (1.8% vs 6.7%, p=0.037).6

While ETE and PNI were not detected in the GD group, vascular
invasion was observed in only a single case. In contrast, all invasion
parameters were observed at higher rates in the MNG group (ETE
12.1%, PNI 18.8%, vascular invasion 15.2%, capsular invasion
51.5%). These findings are consistent with the study by Giiden etal.,
which reported that ETE and PNI were not observed in PTCs in GD
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background, and the rate of vascular invasion was lower.14 Although
the underlying mechanism for the low invasion parameters in the
GD group is not clear, the potential protective effect of intense lym-
phocytic infiltration and the autoimmune microenvironment has
been proposed. However, these findings should be interpreted with
caution due to the limited sample size.

Conflicting results have been reported in the literature regard-
ing multifocality/multicentricity in PTC in GD background; in the
study by Mekraksakit et al, an increased risk of multifocali-
ty/multicentricity was found in PTCs in GD background (OR 1.45,
95% CI 1.04-2.02).8 In contrast, Sayiner et al. reported that multifo-
cal involvement in PTC cases arising in GD background was lower
compared to other PTC cases.15 In our study, although multifocality
(18.2% vs 42.4%, p=0.278) and multicentricity (27.3% vs 45.5%,
p=0.309) rates were numerically lower in the GD group, they did not
reach statistical significance. This result can be explained by low sta-
tistical power due to insufficient sample size and carries a risk of
Type Il error. Validation studies in larger cohorts are needed.

In preoperative ultrasonographic evaluation, solid nodule com-
position was detected at a significantly higher rate in the MNG group
compared to the GD group (78.8% vs 33.3%, p=0.015). Although hy-
poechogenicity, microcalcification, and irregular margin features
were also numerically higher in the MNG group, they did not reach
statistical significance. These findings can be explained by the more
prominent suspicious ultrasonographic features for malignancy due
to the larger nodule size in the MNG group (median 16 mm vs 9
mm). The failure to detect nodules on preoperative ultrasonography
in two patients (18.2%) in the GD group may be related to radiologic
masking of very small foci in the background of diffuse hy-
poechoic/heterogeneous parenchyma and prominent hypervascu-
larity characteristic of GD.16

Literature data regarding the prognosis of thyroid carcinomas
detected in GD background are heterogeneous. While some studies
report higher rates of multifocality and distant metastasis in GD-
associated PTCs,8 others report that these tumors are indolent foci
and do not adversely affect survival outcomes.1517 It has particularly
been emphasized that prognosis in tumors <1 cm may be independ-
ent of GD presence.18 In the PSM analysis by Kwon and Moon, re-
currence-free survival was found to be similar after matching, and
GD was shown not to be an independent risk factor for recurrence.6
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Although the findings of our study support the indolent phenotype
hypothesis, the median 44-month follow-up period is insufficient
for evaluating recurrence and long-term oncologic outcomes.

In immunohistochemical analysis, HBME-1 positivity was found
to be numerically higher in tumors in the GD group (72.7% vs
51.5%); however, this difference did not reach statistical signifi-
cance (p=0.301). In the literature, HBME-1 is accepted as a diagnos-
tic marker with high sensitivity in distinguishing PTC from benign
lesions.19.20 n our study, despite higher HBME-1 positivity in the GD
group, the smaller size of tumors and low invasion parameters sug-
gest that the prognostic value of this marker is limited. Further stud-
ies analyzing HBME-1 expression profiles in different background
pathologies are needed.

Our study has several limitations. First, some clinical and labor-
atory data could not be accessed due to the retrospective design.
The limited sample size increases the risk of Type II error. Although
homogeneity was achieved in terms of age, sex, and histopathologic
variant through PSM, other potential confounding variables such as
body mass index, smoking status, and iodine intake could not be
controlled. Our study reflects single-center experience, and the gen-
eralizability of the findings is limited. Additionally, only CV-PTCs
were included in the study, and other histopathologic subtypes
were not evaluated. Finally, the median follow-up period of 44
months was insufficient for evaluating long-term oncologic out-
comes.

This PSM-controlled cohort study demonstrates that CV-PTC
foci incidentally detected in GD background are smaller in size
(p=0.007) and histopathologically more indolent compared to the
MNG group. While our results suggest that the autoimmune micro-
environment in GD may exert a potential protective effect against
tumor invasiveness, these findings should be considered hypothe-
sis-generating due to the study's retrospective design and sample
size. Further large-scale, molecularly-based prospective studies are
required to elucidate the underlying biological mechanisms.

Approval for the study protocol was granted by the Clinical
Research Ethics Committee of Cukurova University Faculty of
Medicine under decision number 25, dated January 9, 2026.
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