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Simple Summary: Hashimoto’s thyroiditis and BRAF-mutation are protective and risk factors for
thyroid cancer aggressiveness, respectively. We assessed the influence of Hashimoto’s thyroiditis and
its influence on recurrence in patients with BRAF-wild type and BRAF-mutant differentiated thyroid
carcinoma. Hashimoto’s thyroiditis was determined to be an independent protective factor against
recurrence only in patients with BRAF-wild type carcinomas.

Abstract: A recent work analyzing the concomitant factors BRAF mutation (risk factor) and Hashimoto’s
thyroiditis (HT) (protective factor) found that the presence of HT reduced lymph node metastasis
in BRAF-mutated papillary thyroid carcinoma. Whether this notion is upheld with respect to
disease recurrence and differentiated thyroid carcinoma (DTC), however, is unknown. We aimed
to investigate the effect of underlying HT in DTC patients and its influence on recurrence with a
specific emphasis in BRAF-mutated tumors. A total of 469 patients were included. Patients were
stratified according to BRAF and HT status. Multivariate regression analysis was conducted to
determine protective and risk factors of disease recurrence in patients with DTC. HT was associated
with less-aggressive carcinomas including more frequent microcarcinomas (HT: 45.0% vs. no-HT:
34.0%, p = 0.02), less lymph node involvement (HT: 16.4% vs. no-HT: 26.1%, p = 0.02), and less
disease recurrence (HT: 2.9% vs. no-HT: 11.9%, p = 0.002). BRAF mutation was also significantly
associated with higher rates of lymph node involvement (BRAF-mutant: 41.9% vs. BRAF-wild type:
14.6%, p < 0.001) and almost two times the rate of recurrence (BRAF-mutant: 14.9% vs. BRAF-wild
type: 6.5%, p = 0.004). Underlying HT was the only protective factor determined, reducing the
odds of developing recurrence by 70% (HR: 0.30, 95%CI: 0.11–0.88). In the BRAF-wild type cohort,
regression analysis continued to determine HT as a protective factor (p = 0.03). However, in the
BRAF-mutant cohort, HT was no longer an independent protective factor (p = 0.20) against recurrence.
Sub-group regression analysis, including PTC patients, similarly found HT as a protective factor only
in BRAF-wild type patients (p = 0.039) and not BRAF-mutant (p = 0.627). The presence of underlying
HT is associated with less aggressive tumors and is an independent protective factor against DTC
recurrence, reducing the risk by 70%. HT remains a protective factor in BRAF-wild type carcinoma,
but not in patients with BRAF-mutant carcinoma. HT may potentially be considered as a parameter
which enhances American Thyroid Association patient risk stratification.
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1. Introduction

Thyroid cancer is the most common endocrine malignancy and is the fastest growing
cancer in the United States [1,2]. Differentiated thyroid carcinomas (DTC) are those which
develop from thyroid follicular cells, including both papillary thyroid carcinomas (PTCs)
and follicular thyroid carcinomas (FTCs). DTCs account for 98% of all thyroid cancers
and have good prognosis [3]. Though DTC patients often have good prognosis, the rate
of recurrence has been suggested to be as high as 30% in PTC patients, which comprises
the majority (~80%) of DTC [4,5], warranting a demand for predictive factors for DTC
aggressiveness and recurrence. One well-studied risk factor of PTC aggressiveness is BRAF
V600E mutation, which is associated with higher TNM staging, decreased patient 10-year
survival, as well as recurrent and persistent disease [6–9].

Hashimoto’s thyroiditis (HT) is the most common thyroid-related autoimmune dis-
order and is characterized by pathologic lymphocytic infiltration and resultant hypothy-
roidism [10]. Analogous to a two-sided sword, HT increases the risk of PTC overall while
simultaneously minimizing tumor progression [6,9,11]. Though a paucity of data has
investigated the notion in DTCs, patients with PTCs and underlying HT have excellent
prognosis, minimizing lymph node metastasis, tumor size, and recurrence rate [12–14].
Therefore, underlying HT may serve as a protective factor in DTCs overall.

Our team recently analyzed the concomitant factors BRAF mutation (risk factor) and
HT (protective factor) and found that the presence of HT reduced lymph node metastasis in
BRAF-mutated PTCs [13]. Whether this notion is upheld with respect to disease recurrence,
however, is unknown. We thought to investigate the effect of underlying HT in DTC
patients and its influence on recurrence with a specific emphasis on BRAF-mutated tumors.

2. Methods
2.1. Study Design and Recruited Cohort

This retrospective study was conducted following approval by the Tulane University
institutional review board. Patients undergoing thyroid surgery for the treatment of DTC
between the years 2008 and 2021 were included. DTCs included PTCs and FTCs. All
patients underwent thyroidectomy, including hemithyroidectomy, total thyroidectomy,
total thyroidectomy with central lymph node dissection, or total thyroidectomy with both
central and lateral lymph node dissection. Relevant parameters were collected, such as
patient demographics, operative details, tumor cytopathological data, TNM staging, lymph
node metastasis, extrathyroidal invasion, capsular invasion, and disease recurrence. All
patients in this study displayed loco-regional recurrence to the central or lateral neck
determined as biopsy-proven new structural disease.

2.2. Determination of BRAF Mutation and Hashimoto’s Thyroiditis Status

All patients included in the study were evaluated for underlying HT and BRAF
mutation status. HT diagnosis was made in one of the two following scenarios. First,
the patient with overt or subclinical hypothyroidism along with a moderate-to-prominent
heterogeneous as well as an elevated anti-thyroid peroxidase (TPOAb; >50 U/mL) and/or
elevated anti-thyroglobulin (TgAb; >40 U/mL). Second, a histopathological analysis which
determined diffuse lymphocytic infiltration with lymphoid follicle formation along with
reactive germinal centers, regardless of whether the patient was hypothyroid or not.

BRAF mutation analysis was conducted preoperatively or postoperatively. Preopera-
tive samples were attained by core needle biopsy or fine-needle aspiration and evaluated by
Afirma Thyroid FNA Analysis (including both GEC and GSC; Veracyte Inc., San Francisco,
CA, USA) or Interpace Diagnostics ThyGenX/ThyGeNEXT/ThyraMIR (Interpace Bio-
sciences, Parsippany, NJ, USA). Postoperative surgical specimens were analyzed for BRAF
mutation by real-time polymerase chain reaction (PCR) at the University of Pittsburgh
Medical Center in accordance with standard protocol. Frozen specimens which were
formalin-fixed and paraffin-embedded were subject to DNA extraction using Qiagen EZ1
tissue kit (Qiagen, Hilden, Germany) following manufacture guidelines. Samples are
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subsequently subject to a BRAF mutation kit assessment (EntroGen, Woodland Hills, CA,
USA) with a sensitivity of 1–5% in a background of wild type genomic DNA.

2.3. Statistical Analysis

Statistical analysis was performed using SPSS version 27.0 and SAS 9.4. Continuous
variables are reported as the median and its corresponding interquartile range (IQR). Cate-
gorical variables are reported as the count and its corresponding percentage. Two-sided
Chi-square, Student’s t, and Mann–Whitney U tests were used. A p-value of 0.05 was set
for the determination of significance. Descriptive statistics summarizing baseline character-
istics of DTC patients undergoing thyroid surgery were performed, including demographic
data, patient comorbidities, pathological parameters, and disease recurrence. Stratification
of patients by BRAF mutation status allowed univariate determination of the potentially
harmful effect of oncogene genetic mutation. A second analysis sub-grouped by patient HT
status allowed for univariate determination of the potentially protective effect of the under-
lying autoimmune disease. Subsequently, an additional analysis of the concomitant factors,
BRAF mutation and HT, ensued to determine the extent of aggressiveness/protectiveness
of each factor. Finally, regression analyses were conducted to determine protective and risk
factors of disease recurrence in DTCs.

3. Results
3.1. The Study Population

The study population included 469 patients with DTC who underwent thyroid surgery
(Table 1). The study cohort had a mean follow-up of 46.08 ± 58.76 months. The mean age of
all patients was 50.9 ± 15.2 years and was similar between those with HT (49.9 ± 14.1 years)
and without HT (51.4 ± 15.6 years) (p = 0.33). In addition, 29.9% (N = 140) of the population
had HT and 71.1% (N = 329) did not. The population was comprised predominately of
females at 76.3% (N = 358) and White patients at 65.7% of the study population. Patients
with HT were significantly more likely to be female (p = 0.04) and White (p = 0.01), which is
consistent with previous literature [15]. A total of 128 patients had BRAF mutation (27.3%),
while 321 were BRAF wild type (68.4%).

Table 1. Baseline characteristics of differentiated thyroid cancer patients who underwent thyroid
surgery with subgroup analysis based on underlying Hashimoto’s thyroiditis. Data are presented as
number and percentage, mean and standard deviation, or median and interquartile range. Percentage
is reported per the designated group. Two-sided Chi-Square, Student’s t, and Mann–Whitney U
tests were used. The study cohort had a mean follow-up of 46.08 ± 58.76 months. ATA: American
Thyroid Association, RAI: Radioactive iodine, PTMC: Papillary thyroid micro-carcinoma, PTC:
Papillary thyroid carcinoma, FTC: Follicular thyroid carcinoma, TT: Total thyroidectomy, CLND:
Central lymph node dissection, LLND: Lateral lymph node dissection, SD: Standard deviation, IQR:
Interquartile range.

Characteristics Levels Total No Hashimoto’s
Thyroiditis

Hashimoto’s
Thyroiditis p-Value

Number 469 329 (70.1%) 140 (29.9%)

Demographic data

Age Mean (SD) 50.9 (15.2) 51.4 (15.6) 49.9 (14.1) 0.33

Gender
Female 358 (76.3%) 239 (72.6%) 119 (85.0%)

0.04
Male 111 (23.7%) 90 (27.4%) 21 (15.0%)

Race
White 308 (65.7%) 205 (62.3%) 103 (73.6%)

0.01
African American 161 (34.3%) 124 (37.7%) 37 (26.4%)
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Table 1. Cont.

Characteristics Levels Total No Hashimoto’s
Thyroiditis

Hashimoto’s
Thyroiditis p-Value

Management

ATA Risk Group

Low 275 (58.6%) 188 (57.1%) 87 (62.1%)

0.28Intermediate 137 (29.2%) 96 (29.2%) 41 (29.3%)

High 57 (12.2%) 45 (13.7%) 12 (8.6%)

Type of Surgery

Hemithyroidectomy 90 (19.2%) 72 (21.9%) 18 (12.9%)

0.01

TT 216 (46.1%) 141 (42.9%) 75 (53.6%)

TT with CLND 102 (21.7%) 67 (20.4%) 35 (25.0%)

TT with
CLND + LLND 61 (13.0%) 49 (14.9%) 12 (8.6%)

RAI treatment Positive 167 (35.6%) 125 (38.0%) 42 (30.0% 0.09

Follow-Up Months (IQR) 25.22 (6.01–59.22) 26.43 (6.63–62.82) 24.15 (5.39–55.43) 0.453

Pathological data

Tumor type

PTC 427 (91.0%) 299 (90.9%) 128 (91.4%)) 0.83

FTC 25 (5.3%) 17 (5.2%) 8 (5.7%)

PTC + FTC 17 (3.6%) 13 (4.0%) 4 (2.9%)

PTMC Positive 175 (37.3%) 112 (34.0%) 63 (45.0%) 0.02

T stage

T1 324 (69.1%) 225 (68.4) 99 (70.7) 0.03

T2 67 (14.3) 41 (12.5) 26 (18.6)

T3 69 (14.7) 54 (16.4) 15 (10.7

T4 9 (1.9) 9 (2.7) 0 (0)

N stage
N0 360 (76.8%) 243 (73.9%) 117 (83.6%)

0.02
N1 109 (23.2%) 86 (26.1%) 23 (16.4%)

M stage
M0 453 (96.6%) 314 (95.4%) 139 (99.3%)

0.03
M1 16 (3.4%) 15 (4.6%) 1 (0.7%)

Extrathyroidal extension Positive 54 (11.5%) 43 (13.1%) 11 (7.9%) 0.10

Angioinvasion Positive 48 (10.2%) 37 (11.2%) 11 (7.9%) 0.26

Perineural invasion Positive 5 (1.1%) 3 (0.9%) 2 (1.4%) 0.61

Capsular invasion Positive 126 (26.9%) 86 (26.1%) 40 (28.6%) 0.58

Extranodal extension Positive 39 (8.3%) 33 (10.0%) 6 (4.3%) 0.03

Central lymph node metastasis Positive 106 (22.6%) 83 (25.2%) 23 (16.4%) 0.03

Lateral lymph node metastasis Positive 65 (13.9%) 54 (16.4%) 11 (7.9%) 0.01

Gene Mutation

Mutation BRAF 148 (31.6%) 104 (31.6%) 44 (31.4%) 0.96

Outcomes

Recurrence
Negative 426 (90.8%) 290 (88.1%) 136 (97.1%)

0.002
Positive 43 (9.2%) 39 (11.9%) 4 (2.9%)

Patients with and without HT had overall-similar risk stratification (p = 0.28), with
the majority of patients (58.6%) characterized as low-risk. The extent of surgery patients
underwent differed between patients with and without underlying HT (p = 0.01). Hemithy-
roidectomy was performed for 21.9% of patients without HT, but only in 12.9% of pa-
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tients with HT. Conversely, total thyroidectomy with both central and lateral lymph node
dissection was more common in patients without HT (HT: 8.6% vs. no-HT: 14.9%). Ap-
proximately one-third of patients underwent radioactive iodine (RAI) ablation therapy
(HT: 30.0% vs. no-HT: 38.0%, p = 0.09).

Concerning pathological parameters, HT was associated with significantly less-aggres-
sive carcinomas. The study population comprised 91% of PTC, 5.3% of FTC, and 3.6% of
patients with features of both PTC and FTC. Carcinoma histopathology was not associated
with HT (p = 0.83). The majority of patients had T1 staged carcinomas, including 69.1% of
patients. Only 1.9% of patients had T4 staged tumors, with the remaining 29.0% comprised
of T2 and T3 carcinomas. Patients with HT were more likely (HT: 45.0% vs. no-HT: 34.0%)
to have microcarcinomas (p = 0.02). The presence of HT was associated with smaller tumor
sizes, specifically fewer T3 (HT: 10.7% vs. no-HT:16.4%) and T4 (HT: 0.0% vs. no-HT: 2.7%)
staged tumors (p = 0.03). HT was also significantly associated with less lymph node involve-
ment, specifically 16.4% as compared to 26.1% in patients without HT (p = 0.02). Patients
with HT were also significantly more likely to have less distant metastasis, including less
than 1% of HT patients (0.7%) and 4.6% in non-HT patients (p = 0.03). Patients with HT
were less likely to present with extranodal extension (HT: 4.3% vs. no-HT: 10.0%, p = 0.03).
Importantly, patients with underlying HT had a recurrence rate of only 2.9%, which was
significantly less than those without HT (11.9%, p = 0.002).

3.2. Stratification by BRAF Mutation

Patients with BRAF mutation had significantly higher risk thyroid carcinomas (Table S1).
Patients with BRAF mutation were less likely to have tumors in the T1 staged tumors
(BRAF-mutant: 62.8% vs. BRAF-wild type: 72.0%) and more T3 staged (BRAF-mutant:
20.9% vs. BRAF-wild type: 11.8%) and T4 staged (BRAF-mutant: 2.7% vs. BRAF-wild type:
1.6%) tumors (p = 0.052). BRAF mutation was also significantly associated with higher rates
of lymph node involvement (BRAF-mutant: 41.9% vs. BRAF-wild type: 14.6%, p < 0.001),
but not distant metastasis (p = 0.60). Importantly, patients with BRAF-mutant tumors had a
recurrence rate of 14.9%, which was more than two times as common as the 6.5% observed
in the BRAF-wild type cohort (p = 0.004).

3.3. Recurrence

To determine parameters associated with thyroid cancer recurrence, we stratified the
population into those who demonstrated recurrence and those who did not (Table 2). A total
of 43 patients had disease recurrence, comprising 9.2% of the study population. Patients
with recurrence were more likely to have BRAF-mutant tumors (p = 0.004). Specifically,
51.2% of patients exhibiting recurrence had BRAF-mutant tumors. Importantly, patients
with underlying HT had significantly less rates of recurrence (p = 0.002), including a
total of only four patients. A single patient with underlying HT without BRAF-mutation
displayed recurrence (2.3% of the population with recurrence) while three patients with
recurrence had HT and BRAF-mutant tumors (7.0% of the population with recurrence).
Patients with BRAF-wild type tumor and without underlying HT had similar incidences of
recurrence and non-recurrence (p = 0.84). Similarly, patients with BRAF-mutant carcinomas
with underlying HT had similar incidences of recurrence and non-recurrence (p = 0.57).
Patients with HT and BRAF-wild type tumors were more likely to display non-recurrence
(22.3% vs. 2.3%, p = 0.002). Patients without HT and BRAF-mutant carcinomas were more
likely to exhibit disease recurrence (44.2% vs. 20.0%, p < 0.001).

In patients with BRAF-wild type tumors, HT was associated with decreased risk
of recurrence (HT: 2.3% vs. no-HT: 46.5%, p = 0.009). In patients with BRAF-mutant
DTC, HT tended to be associated with decreased risk of recurrence (HT: 7.0% vs. no-HT:
44.2%, p = 0.07).
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Table 2. Recurrence and non-recurrence in patients by Hashimoto’s thyroiditis and BRAF mutation.
Percentage is reported per the designated group. Data are presented as number and percentage.
Two-sided Chi-Square, Student’s t, and Mann–Whitney U tests were used.

Characteristics Non-Recurrence Recurrence p-Value

Number 426 43

Parameters

Hashimoto’s thyroiditis 136 (31.9%) 4 (9.3%) 0.002

BRAF mutation 126 (29.6%) 22 (51.2%) 0.004

Pathological groups

Hashimoto negative, BRAF negative 205 (48.1%) 20 (46.5%) 0.84

Hashimoto positive, BRAF negative 95 (22.3%) 1 (2.3%) 0.002

Hashimoto negative, BRAF positive 85 (20.0%) 19 (44.2%) <0.001

Hashimoto positive, BRAF positive 41 (9.6%) 3 (7.0%) 0.57

3.4. Regression Analysis—Whole Cohort

Two parameters were determined to be independent factors associated with disease re-
currence. Independent predictors of disease recurrence are shown in Figure 1. Lymph node
metastasis (HR: 2.88, 95%CI: 1.20–6.86) was a risk factor associated with recurrence. BRAF-
mutation tended to increase the risk of recurrence by 74%, though this was statistically
insignificant (HR: 1.74, 95%CI: 0.86–3.50). Underlying HT was the only protective factor de-
termined, reducing the odds of developing recurrence by 70% (HR: 0.30, 95%CI: 0.11–0.88).
A sub-group regression analysis was conducted to determine whether HT remained protec-
tive in BRAF-mutant and BRAF-wild type patients (Table 3). In the BRAF-wild type cohort,
regression analysis continued to determine HT as a protective factor (p = 0.03). However,
in the BRAF-mutant cohort, HT was no longer an independent protective factor (p = 0.20)
against recurrence.
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Table 3. Multivariate logistic regression analysis determining independent predictors of recurrence
sub-grouped by BRAF mutation status.

BRAF-Wild Type Variable p-Value HR Lower CI Upper CI

Age < 55 0.141 2.215 0.769 6.377

Male 0.909 1.071 0.330 3.472

AA race 0.925 0.951 0.335 2.702

Hashimoto 0.030 0.097 0.012 0.799

PTMC 0.571 0.690 0.191 2.493

Focality 0.457 0.614 0.170 2.219

Laterality 0.220 0.358 0.070 1.845

LNM 0.000 10.778 3.247 35.775

ETE 0.132 2.854 0.730 11.158

BRAF-mutant Variable p-value HR Lower CI Upper CI

Age < 55 0.815 0.885 0.317 2.467

Male 0.970 1.022 0.327 3.190

AA race 0.594 1.326 0.470 3.740

HT 0.204 0.403 0.099 1.637

PTMC 0.699 1.311 0.332 5.179

Focality 0.179 2.306 0.682 7.802

Laterality 0.548 1.428 0.447 4.563

LNM 0.084 3.041 0.862 10.726

ETE 0.896 0.924 0.284 3 006

3.5. Regression Analysis—PTC Patients

Since BRAF mutation is a significant driver mutation and associated with PTC, a
sub-group analysis including only patients with PTC was conducted (Table 4). In this
sub-population, HT and BRAF-mutation each only tended to decrease and increase the
risk of recurrence, respectively. HT tended to reduce the risk of recurrence by 65% (HR:
0.35, 95%CI: 0.12–1.032), while BRAF mutation tended to increase the risk of recurrence
(HR: 1.94, 95%CI: 0.94–3.99). Given the limited patient population experienced recurrence,
it is worth noting that this sub-group analysis may have been underpowered to elicit a
statistical significance.

Table 4. Multivariate logistic regression analysis including only PTC patients to determine indepen-
dent predictors of recurrence.

Variable p-Value HR Lower CI Upper CI

BRAF-wild type 0.073 1.937 0.940 3.992

ETE 0.620 0.782 0.296 2.067

LNM 0.102 2.152 0.860 5.386

Age < 55 0.117 1.717 0.874 3.375

AA race 0.066 1.926 0.958 3.869

Capsular Invasion 0.272 1.478 0.737 2.967

Locality 0.785 1.119 0.498 2.514

PTMC 0.940 0.967 0.401 2.330

Angioinvasion 0.607 0.713 0.196 2.589
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Table 4. Cont.

Variable p-Value HR Lower CI Upper CI

Male 0.881 0.942 0.435 2.042

Laterality 0.393 0.703 0.314 1.576

HT 0.057 0.353 0.121 1.032

A second sub-group analysis was conducted to elucidate whether HT or other pa-
rameters were independent predictors of recurrence with respect to BRAF mutation status
(Table 5). Two parameters, one risk factor and one protective factor, were elicited on multi-
variate regression analysis of BRAF-wild type PTC. Lymph node metastasis increased the
risk of recurrence by greater than 4-fold (HR: 4.12, 95%CI: 1.15–14.78), while HT reduced
the risk of recurrence by almost 90% (HR: 1.94, 95%CI: 0.01–0.89). In BRAF-mutant PTC,
however, neither lymph node metastasis (HR: 1.34, 95%CI: 0.35–5.09) nor HT (HR: 0.69,
95%CI: 0.16–3.03) remained independent predictors of recurrence. These findings were
consistent with regression analyses of the overall study population.

Table 5. Multivariate logistic regression analysis including only PTC patients to determine indepen-
dent predictors of recurrence sub-grouped by BRAF mutation status.

BRAF-Wild Type Variable p-Value HR Lower CI Upper CI

ETE 0.802 1.239 0.233 6.599

LNM 0.030 4.117 1.147 14.778

Age < 55 0.056 2.925 0.973 8.795

AA race 0.948 1.037 0.348 3.090

Capsular
Invasion 0.902 0.916 0.227 3.705

Locality 0.471 0.574 0.127 2.591

PTMC 0.384 0.559 0.151 2.067

Angioinvasion 0.654 0.557 0.043 7.211

Male 0.620 1.388 0.379 5.079

Laterality 0.341 0.337 0.036 3.162

HT 0.039 0.102 0.012 0.894

BRAF-mutant Variable p-value HR Lower CI Upper CI

ETE 0.227 0.415 0.100 1.728

LNM 0.665 1.343 0.354 5.093

Age < 55 0.797 1.138 0.425 3.045

AA race 0.067 2.882 0.930 8.930

Capsular
Invasion 0.153 1.954 0.779 4.898

Locality 0.152 2.592 0.704 9.549

PTMC 0.496 1.584 0.422 5.954

Angioinvasion 0.837 1.210 0.198 7.381

Male 0.928 1.055 0.334 3.329

Laterality 0.467 0.650 0.204 2.075

HT 0.627 0.694 0.159 3.030
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4. Discussion

Thyroid cancer is the fastest growing cancer in the United States, largely attributed
to increased surveillance and detection rates. The most recent 2015 revision of the ATA
guidelines cautions against overdiagnosis and overtreatment [16]. BRAF is a common
mutation associated with increased tumor aggressiveness, including higher TNM staging
and increased recurrence rates [6–9]. HT is the most common reason for hypothyroidism
and is an autoimmune disease associated with chronic inflammation. Though works
have suggested BRAF mutation as a risk factor for tumor aggressiveness and HT as a
protective factor against tumor aggressiveness, few works have investigated the two
simultaneously [11,17]. One potential explanation for the protective effect of HT, however,
is the increased medical attention these patients already receive, and consequently, the
detection of carcinomas earlier. To our best knowledge, this is the first work to investigate
the risk-reducing effect of HT in BRAF-mutant DTC. Our work suggests HT as a protective
factor against DTC risk of recurrence only in patients with BRAF-wild type carcinomas.

The coexistence of HT and thyroid carcinoma is not uncommon, with a range of
14.2–37.7% [18–20]. Interestingly, several works have suggested that nearly half of patients
diagnosed with PTC have underlying HT [17,19,21]. For example, a 2017 meta-analysis of
27 studies (N = 76,821) reported two times (OR = 2.12, 95%CI: 1.78–2.52) the risk of PTC
in HT patients as opposed to non-HT patients [15]. The etiology and pathophysiological
mechanism underlying this phenomenon are still not well understood. One hypothesis
suggests HT is a consequence of the initially present carcinoma, with malignancy inducing
a sustained immune response stimulating lymphocytic infiltration of the thyroid gland and
consequent HT [22]. Conversely, carcinoma may develop in response to the initially present
HT, with chronic inflammation inducing a favorable environment for malignant transfor-
mation and subsequent dysregulation of the follicular cells [23]. In addition, destructive
hypothyroidism in the setting of TSH stimulation (hypothyroidism) may further stimulate
follicular proliferation and hyperplasia, which promotes carcinogenesis [24]. Irrespective of
etiology, which may be a combination of both hypotheses, multiple works have suggested
that HT is associated with less aggressive tumor stage and lower rates of recurrence [25–27].
For example, Dvorkin et al. reported smaller primary tumors (17.9 vs. 21.2 mm, p = 0.01),
less lymph node metastasis (23% vs. 34%, p = 0.02), and higher rates of no evidence of
disease at final follow-up (87.7% vs. 76.2%, p = 0.02) [26]. Our work similarly demonstrated
decreased lymph node metastasis, extranodal extension, and distant metastasis in patients
with underlying HT, suggesting underlying HT as a protective factor against DTC risk.

DTC includes both PTC and FTC and has a relatively favorable prognosis in compari-
son to other forms of thyroid malignancy with a low disease-specific mortality rate [28].
Still, multiple works have reported worrisome rates of recurrence in DTC patients ranging
from 10% to 43.5% [29–31]. One single-institution experience of 2444 PTC reported a recur-
rence rate of 14% over 25 years [32]. Other studies cited recurrence rates up to 30% [32,33].
Witte et al. reported the rate of recurrence in FTC in their cohort to be 43.5%, with the
majority of these recurrences occurring within the first 3 years following surgery [31].
We found an overall rate of recurrence of 9.2%, the majority of these (90.7%) being those
without underlying HT. It is worth noting that a considerable portion of the DTC in our
study was T1 (69.1%), potentially suggesting the overdiagnosis and treatment of low-risk
carcinoma, which are less likely to exhibit recurrence. On multivariate regression analysis,
HT was the only protective factor, reducing the risk of recurrence by 70%. Importantly,
HT continued to be a protective factor only in the BRAF-wild type cohort, but could not
elicit a protective effect in the BRAF-mutant group. A similar situation was upheld in the
sub-group analyses including only patients with PTC, where HT was a protective factor
only in the BRAF-mutant PTC cohort. Several works have investigated the overall role of
HT and reported similar findings, including the works of Loh et al. and Huang et al. who
found 24% versus 6% and 53.2% versus 0% rates of recurrence in non-HT and HT patients,
respectively [34,35]. Importantly, our work allows an understanding of the extent of the
protective ability of HT as our cohort analyzed the risk of recurrence in the whole patient
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population as well as those with and without underlying HT. In BRAF-wild type DTC,
HT was a protective factor. In BRAF-mutant patients, HT only tended to decrease the risk
of recurrence (44.2% of recurrences were BRAF-mutant without HT, 7.0% of recurrences
were BRAF-mutant with HT). Considering the ATA’s patient risk stratification, which is
based on recurrence, HT could potentially be considered as a parameter which enhances
risk stratification.

BRAF mutation is a commonly mutated oncogene in thyroid cancer associated with
advanced tumor progression and decreased 10-year survival [36–38]. A plethora of liter-
ature suggests BRAF mutation in DTC increases the risk of multifocality, extrathyroidal
extension, and lymph node metastasis [39–41]. Importantly, patients with BRAF-mutant
PTC are almost two times as likely (RR = 1.90, 95%CI: 1.43–2.53) to experience disease
recurrence [38]. Still, only a few works have investigated the co-existence of BRAF mutation
and HT. It has been suggested that BRAF mutation is less common among patients with
HT [42,43]. For example, Kim et al. in their study, including 101 PTC, reported BRAF muta-
tion to be more frequent (95.3% vs. 72.9%, p = 0.003) in the cohort without Hashimoto’s
thyroiditis [43]. Another work from Korea reported similar findings in their study of
3332 PTC (76.9% vs. 86.6%, p < 0.001) [42]. While the incidence of BRAF-mutated PTC was
high in this study, multiple works from South Korea have reported similar ranges of BRAF
mutation from 73.4% to 86% [44–46]. Importantly, one study including 146 PTCs, of which
116 were BRAF-mutant, suggested HT to serve as a protective factor even in the setting
of BRAF mutation [11]. The authors reported decreased rates of extracapsular extension
(57.6% vs. 29.6%, p = 0.001) and smaller primary tumor sizes (T1 staging 77.8% vs. 60.8%,
p = 0.028). Another work including 3332 PTC (83.7% BRAF-mutated, N = 2789), found HT
to serve as an independent predictor of decreased risk of both extrathyroidal extension and
central lymph node metastasis in patients with and without BRAF-mutant tumors [42]. The
authors did not investigate the risk of recurrence in their cohort [42]. In our study, a total
of four patients with HT experienced disease recurrence (N = 4/43, 9.3% of all patients
with recurrence), with only a single patient (N = 1/43, 2.3% of all patients with recurrence)
having HT and a BRAF-wild type carcinoma. In our study, HT was determined to be a
protective factor when considering the whole study population. Importantly, however,
HT was only a protective factor in patients with BRAF-wild type carcinomas, but not the
BRAF-mutant subpopulation. While future studies with larger cohorts are warranted to
corroborate these findings, our work suggests HT to be an independent protective factor
against disease recurrence in patients with BRAF-wild type DTC.

DTC recurrence is associated with advanced disease. For example, tumor-specific
factors predicting recurrence include tumor maximal diameter, higher T stage, presence
of extrathyroidal extension, aggressive histological tumor, and positive lymph node in-
volvement at the time of diagnosis [47–49]. These tumor-specific factors are often found
at advanced/higher stages in patients with BRAF-mutant carcinomas and lower stages in
patients with underlying HT. It is worth noting, however, that one potential explanation
for this could be increased surveillance of patients with HT allowing earlier detection, and
consequently, less-aggressive malignancies [50].

Current American Thyroid Association (ATA) guidelines specify BRAF mutation as
a parameter associated with a higher risk of recurrence [16]. However, the guidelines do
not specify or highlight the potential role of HT as a protective factor. While future studies
are warranted to validate our findings, patients with underlying HT may be candidates
to potentially be treated appropriately with less aggressive management options. Less
aggressive management is associated with less complication [51,52]. For patients with
small PTC or both small PTC and underlying HT, minimally-invasive treatment options,
such as radiofrequency ablation (RFA) may be an appropriate management option. Several
works, including a prospective multi-institutional work of our own, have demonstrated
RFA to be a safe and effective modality for the management of benign thyroid nodules
and PTC [53–55]. More recently, however, RFA has been reported to be both safe and
efficacious for PTC patients with HT [56,57]. For patients with small PTC preferring to
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minimize treatment aggressiveness, active surveillance (non-surgical management) may
be an appropriate treatment, as well [58]. Given the protective nature of HT, medical
management may be an especially suitable option for this patient population with small
PTC without complaint of symptomatic hypothyroidism. Since HT can counteract the effect
of BRAF mutation and neutralize the risk of lymph node metastasis in PTC patients [17],
this specific subset of patients may maintain treatment as if harboring a wild type PTC.

Our study has strengths and limitations. One limitation of the study includes the
mean follow-up of just under four years. A previous work including 1020 PTC patients
reported that recurrence all incidencies of recurrence occurred within the first 8 years of
follow-up, 76.9% within 5 years, and 46.2% within 3 years [59]. Therefore, while our study
captures the majority of patients who would demonstrate recurrence, future studies are
warranted with longer follow-up to determine a long-term perspective. Another limitation
is the retrospective nature of the study which allows inherent biases. One other limitation
is the limited population of patients with BRAF-mutant tumors who exhibited disease
recurrence, which may have allowed for an underpowered analysis. Future investigation
with larger sample sizes are necessary to corroborate our findings. One strength of the
study was the large overall and racially-diverse patient population, which allows for the
generalizability of the data.

5. Conclusions

The presence of underlying HT is associated with less aggressive tumors and is an
independent protective factor against DTC recurrence, reducing the risk by 70%. HT
remains a protective factor in BRAF-wild type DTC, but not in patients with BRAF-mutant
DTC. HT may potentially be considered as a parameter which enhances ATA patient
risk stratification.
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