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Abstract

Although the incidence of some malignancy has decreased over the recent years, this is not the case of papillary thyroid
microcarcinoma (PTMC), whose incidence has increased worldwide. Most PTMC are found incidentally after histological
examination of specimens from surgery for benign thyroid disease. Hashimoto’s thyroiditis, whose incidence has also increased,
coexists in about one in three PTMC patients. Three different mechanisms have been proposed to clarify the association between
chronic lymphocytic thyroiditis and PTMC, namely tumor development/growth by: (i) TSH stimulation, (ii) expression of certain
proto-oncogenes, (iii) chemokines and other molecules produced by the lymphocytic infiltrate. Whether Hashimoto’s thyroiditis
protects against lymph node metastasis is debated. Overall, autommune thyroiditis seems to contribute to the favorable prognosis
of PTMC. Major limitations of the studies so far performed include: (i) retrospective design, (ii) limited statistical power, (iii) high
risk of selection bias, (iv) and predominant Asian ethnicity of patients. Full genetic profiling of both diseases and identification of
environmental factors capable to trigger them, as well as well-powered prospective studies on different ethnical groups, may help
understand their causal association and why their frequencies are continuing raising.
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1 General aspects

Papillary thyroid carcinoma (PTC) accounts for at least 70% of
thyroid malignancies. According to the largest diameter,
microcarcinomas (i.e. <1 cm, PTMC) are distinguished from
macrocarcinomas (>1 cm) [1]. Although the incidence of certain
malignancies has decreased over the recent years, this is not the
case of PTC, whose incidence has increased worldwide [2-5].
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Indeed, most of this upward trend results from PTMC, which
account for up to 43% of the newly diagnosed PTC [6]. The
reason for this trend is multifactorial. Three causes have been
pinpointed: widespread use of ultrasonography and consequent
detection of thyroid micronodules, widespread use of
ultrasonography-guided fine-needle aspiration cytology
(FNAC), and detailed histopathological examination of speci-
mens after thyroidectomy [7]. PTMC is often found incidentally
after histological examination of specimens from surgery for
benign thyroid disease or from autopsy, and therefore is also
called “occult” carcinoma [8, 9].

In an American study based on data of a national program
from nine registries, PTMC accounted for 49% (95%CI =47—
51%) of the increase in PTC incidence from 1988 to 2002 [10].
Londero et al. demonstrated that the crude incidence of PTMC in
Denmark doubled over 12 years (from 0.35 per 100,000 per year
in 1996 to 0.74 per 100,000 per year in 2008), and about two-
thirds (62%) of PTMC were diagnosed incidentally [11].
Compared with the nonincidental PTMC (i.e. diagnosis based
on FNAC), the incidental ones were diagnosed in older patients,
were less frequently found in male patients, were smaller, less
frequently multifocal and extended outside the thyroid [11]. In a
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Chinese retrospective study from eight cancer registries, the re-
ported proportion of PTMC was zero in the timespan 1972—
1985, but 32% in the timespan 2000-2014 [12].

Hashimoto’s thyroiditis (also known as chronic lymphocytic
thyroiditis or autoimmune thyroiditis) is the most common thy-
roid disorder, and its prevalence has raised by 8-fold over the last
decades [4, 13, 14]. The increasing incidence of Hashimoto’s
thyroiditis and PTC/PTMC led several authors to ascertain wheth-
er or not the first disease predisposes to the second [15-19].
Following the first report by Dailey in 1955 [20], accompanying
chronic lymphocytic thyroiditis (consisting of lymphocytic cell
infiltration, oxyphilic cells, lymphoid follicles, and reactive ger-
minal centers) in histological specimens of PTC, was shown to
range from 10% to 58% of cases [7, 21, 22].

Table 1 summarizes original studies addressing the fre-
quency of Hashimoto’s thyroiditis in PTMC patients or the
frequency of PTMC in Hashimoto’s thyroiditis patients.

In a Serbian retrospective study on 2466 patients who
underwent thyroid surgery for presumed benign thyroid dis-
ease from 2008 to 2013, the overall incidence of PTMC was
16.3%, but was significantly greater (22.7%, x> = 10.80,
P <0.001) among patients with histological findings of
Hashimoto’s thyroiditis [2]. Accordingly, Hashimoto’s thy-
roiditis was an independent predictor of PTMC (OR =1.54,
95%CI=1.15-2.05, P <0.003) at the multivariate logistic re-
gression model [2]. In other two series, the rate of PTMC was
even greater (39%) [1, 34]. In a Chinese retrospective, case-
control study on 927 PTMC patients and 927 sex- and age-
matched controls selected from participants of a cross-
sectional study performed in the same population, the rate of
thyroglobulin antibody (TgAb) or thyroperoxidase antibody
(TPOAD) positivity was 23.4% or 18.4% in patients, as com-
pared with the corresponding rates of 12.0% (P=0.001) or
12.7% (P <0.001) in controls [15]. Positivity of either anti-
body resulted in a two-fold increased risk of PTMC (OR =
1.9), this risk being even greater in patients aged 18-30 years
(OR = 11.5). The major limitation of this study was that dura-
tion of Hashimoto’s thyroiditis was not assessed [15].

Very recently, we reported histological evidence of
Hashimoto’s thyroiditis in 168/505 (33.3%) PTC specimens
[23]. This rate was very similar to that reported in a Turkish
study on 919 PTC cases (34.5%) [7], and in a Chinese study
on 1250 PTC cases (29.1%) [26], but it was higher compared
to that reported by a recent Danish study on 11,155 PTC cases
(18.9%) [19]. In our series, when Hashimoto’s thyroiditis
coexisted, the average size of PTC was <1 cm, and was about
3 mm smaller compared with specimens in which
Hashimoto’s thyroiditis was absent (9.39+6.10 vs. 321 12+
9.71 mm, P=0.002) [23]. In the Turkish study mentioned
above, about two-thirds (874/1321) of the papillary lesions
were <1 cm, and among them, those with coexistent autoim-
mune thyroiditis were significantly smaller compared to those
without it (3.84 +2.33 mm vs. 4.24 +2.52 mm, P = 0.026) [7].
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Finally, a number of studies have also reported an increased
prevalence of Hashimoto’s thyroiditis and PTC in patients
with nonthyroid autoimmune diseases, such as systemic lupus
erythematosus [37], systemic sclerosis [38, 39], and hepatitis
C virus-associated mixed cryoglobulinemia syndrome [40,
41], suggesting that the sustained activation of the immune
system in these patients may lead to autoimmune thyroiditis,
and in turn, to PTC. Indeed, in both chronic lymphocytic
thyroiditis and PTC unbalance of T-lymphocytes populations,
namely overactivation of the T-helper 1 lymphocytes, was
demonstrated [41]. These cells secrete interferon-y, which in
turn induces the secretion of interferon-y chemokines
(CXCL9, CXCL10, CXCL11) by thyrocytes, hence perpetu-
ating the autoimmne process [41].

2 Pathogenesis of the association

Three different mechanisms have been proposed to clarify the
association between chronic lymphocytic thyroiditis and
PTMC, namely tumor development/growth by: (i) TSH stim-
ulation, (ii) expression of certain proto-oncogenes, (iii)
chemokines and other molecules produced by the lymphocyt-
ic infiltrate.

TSH plays a pivotal role in regulating growth and differen-
tiation of thyrocytes by its binding with TSH receptor, and via
other growth factors expression, such as the epidermal growth
factor, the insulin-like growth factor, and insulin [42, 43].
Concerning thyroid cancer, TSH may play a causal role in
cancer growth rather than in its initiation [44, 45]. Indeed,
lowering serum TSH levels (i.e. TSH suppression) by
levothyroxine is part of differentiated thyroid cancer treatment
in intermediate to high risk patients [46].

Two recent meta-analyses have shown that preoperative
serum TSH is a risk factor for thyroid cancer, and that the
higher TSH the higher the risk of malignancy [47, 48]. In
particular, in the meta-analysis by Zheng et al., which is the
largest one performed so far (56 studies and over 20,000 thy-
roid cancer cases included), the positive association between
TSH levels and likelihood of thyroid cancer was maintained
regardless of the tumor size [48]. Concerning PTMC, 6 out of
28 studies meta-analyzed by McLeod [49] focused on serum
TSH levels. Three studies found at least one positive correla-
tion between TSH levels and adverse prognostic indicators.
Unfortunately, because of the small number of cases, results
were inconsistent [49]. Another three studies did not find any
significant difference in preoperative TSH between patients
with PTMC and those with benign nodular goiter [S0-52].

Fiore et al. demonstrated that serum TSH levels are signif-
icantly higher in patients with PTC compared with those with
benign nodular disease, and in thyroid antibody-positive pa-
tients compared with antibody-negative patients [53]. More
recently, it was found that TSH levels >2.26 mU/L are
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Table 1

Original studies addressing the frequency of Hashimoto’s thyroiditis in PTMC patients or the frequency of PTMC in Hashimoto’s thyroiditis

patients. In two studies risk of developing PTMC based on Hashimoto’s thyroiditis was also calculated (%)

First author [ref.]  Timespan Country Design of the study ~ Diagnosis of HT ~ Results

Slijepcevic [2] ¥ May 2008-May 2013 Serbia Retrosp. Histolog. PTMC/HT =72/317 (22.7%) vs. PTMC/All *
=403/2466 (16.3%), P <0.001

Ieni [23] 2007-2015 Italy Retrosp. Histolog. PTMC/HT = 110/168 (65.5%) vs.
PTMC/nonHT = 168/337 (49.8%),
P=0.0009

Akin [24] Jan 2010-Dec 2014 Turkey Retrosp. Histolog. HT/PTMC =37/141 (26.2%) vs.
HT/PTC=17/82 (20.7%), P=0.354

Lim [25] June 2009-Jul 2012 South Korea  Retrosp. Histolog. HT/PTMC =711/2124 (33.5%) vs.
HT/PTC =253/823 (30.9%), P=0.17

Baser [7] Jan 2007-Dec 2014 Turkey Retrosp. Histolog. HT/PTMC =44/158 (27.9%) vs.
nonHT/PTMC = 114/158 (72.1%)

Qu [26] Jan 2005-Dec 2010 China Retrosp. Histolog. HT/PTMC =364/1250 (29.1%) vs.
nonHT/PTMC = 886/1250 (70.9%)

Zhang [27] Jan 2008-June 2010 China Retrosp. Histolog. HT/PTMC =42/178 (23.6%) vs.
nonHT/PTMC = 136/178 (76.4%)

Yang [28] June 2007-Dec 2010 China Retrosp. Histolog. HT/PTMC =92/291 (31.6%) vs.
nonHT/PTMC = 199/291 (68.4%)

Li[29] June 2014-June 2016  China Retrosp. Histolog. HT/PTMC =42/273 (15.4%) vs.
nonHT/PTMC =231/273 (84.6%)

Choi [30] June 2011-Jul 2012 South Korea  Retrosp. Histolog. HT/PTMC =22/101 (21.8%) vs.
nonHT/PTMC = 79/101 (78.2%)

Kim [31] 2003-2007 South Korea  Retrosp. Histolog. HT/PTMC = 105/323 (32.5%) vs.
nonHT/PTMC =218/323 (67.5%)

Lai [32] Jan 2013-Dec 2014 China Retrosp. Ultrason. HT/PTMC<5 mm =47/181 (26.0%) vs.
HT/PTMC>5 mm =47/186 (25.3%),
P=0.905

Liu [15]" Jan 2014-June 2015 China Retrosp., case-ctrl ©  Serolog.® TgAb+ve/PTMC =217/927 (23.4%) vs.
TgAb+ve/Ctrl = 111/927 (12.0%),
P<0.001; TPOAb+ve/PTMC = 171/927
(18.4%) vs. TPOAb+ve/Ctrl = 118/927
(12.7%), P=0.001

Giordano [33] Jan 1998-Dec 2007 Italy Retrosp. Histolog. HT/PTMC =25/ 97 (25.8%)

Bircan [1] Jan 1999-Dec 2012 Turkey Retrosp. Histolog. HT/PTMC =67/172 (38.9%)

Fu [34]° 2012-2014 China Retrosp. Histolog. HT/PTMC = 100/254 (39.4%)

Kim [35] Jan 1997-June 2015 South Korea  Retrosp. Histolog. HT/PTMC = 1623/5656 (28.7%)

Noguchi [36] Jan 1966-Dec 1995 Japan Retrosp. Histolog. HT/PTMC = 188/2070 (9.1%)

Abbreviations: Ctrl controls, HT Hashimoto’s thyroiditis, PTMC papillary thyroid microcarcinoma, P7C papillary thyroid carcinoma, 7gAb thyroglob-

ulin antibody, TPOAb thyroperoxidase antibody

# Denominator includes the following diseases coexisting with PTMC: Hashimoto’s thyroiditis, Graves’ disease, Plummer disease, multinodular goiter,
solitary hyperfunctional thyroid nodule, and benign tumors (colloid adenoma, follicular adenoma, Hurthle-cell adenoma and thyroid cyst)

## At univariate linear regression: OR=1.61, 95%CI=1.21-2.15, P<0.001. At multivariate linear regression: OR =1.54, 95%CI=1.15-2.05,

P<0.003

~ Conditional logistic regression: OR =1.87, 95%CI 1.49-2.34, P < 0.001

° Controls were selected from participants of a cross-sectional study performed in the same population

¥ Hashimoto’s thyroiditis was diagnosed based on either TPOAb or TgAb positivity

@ Paper written in Chinese

associated with a three-fold higher risk of malignancy [54].
Conversely, subnormal TSH levels (< 0.4 mU/L) protect
against the risk of PTC [53].

A South Korean study demonstrated that malignancy rate
of thyroid micronodules was higher in euthyroid patients (n =

315, 10.8%) with serum TSH above the population mean
(>1.37 mU/L) compared to those with serum TSH below the
population mean (n =168, 4.8%, P =0.025). Both univariate
and multivariate logistic regression revealed that TSH levels
were a risk factor for thyroid malignancy [55]. A very recent
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Turkish retrospective study, investigated the association be-
tween preoperative TSH levels and clinicopathological fea-
tures of PTC >1 cm (n=279), PTMC (n=384), and benign
nodular disease (n = 969) [45]. The authors found that median
serum TSH was the highest in patients with PTC >1 cm
(1.57 mU/L), higher in patients with PTMC (1.30 mU/L),
and the lowest in benign patients (0.98 mU/L, P <0.001 for
all comparisons). Also, TPOAb and TgAD positivity rate, and
lymphocytic thyroiditis was greater in patients having malig-
nant thyroid disease (PTC >1 cm and PTMC) compared with
patients having benign thyroid disease [45]. Upon excluding
TPOAD and/or TgAb positive patients and those with autoim-
mune thyroiditis from the analysis, patients with either PTMC
or PTC >1 cm had significantly greater TSH levels compared
with those with benign histopathology, with a 1.3-fold in-
crease of malignancy risk for each 1 mU/L increase in serum
TSH. Finally, there was no difference in serum TSH according
to the size of the malignant lesion. The authors concluded that
serum TSH increases the malignancy risk regardless of auto-
immunity [45]. Qu demonstrated that preoperative serum TSH
in PTMC patients is significantly higher in presence of auto-
immune thyroiditis than in absence of it (2.39 +1.92 vs. 2.0 +
1.45 mU/L, P=0.001) [26]. However, TSH level does not
correlate with pathologic features of the tumor such as size,
bilaterality, multifocality, and extrathyroidal extension [26].

Whether thyroid autoimmunity is the cause or the conse-
quence of thyroid cancer is still debated. On one hand, neo-
plastic cells trigger chronic inflammatory response aimed at
destroying cancer cells [26]. For instance, Fas pathway acti-
vation together with IL-1 and cytotoxic T cells, either directly
or indirectly, suppress cancer cells growth and promote their
apoptosis [56, 57]. On the other hand, the inflammation-
induced mileu consisting of growth factors, chemokines, cy-
tokines, and metalloproteinases fuels cancer cell proliferation
[58]. In addition, environmental triggers may promote cancer
cell growth [59-62].

A number of molecular markers have been investigated
in PTMC in the past years. BRAF(V600E)/TPO-Cre mice,
in which the oncogene BRAFV600E was knocked-in, de-
velop severe hypothyroidism together with a short-latence,
invasive PTC [63]. Upon crossing these mice with TSH
receptor knockout mice, resulting mice [BRAF(V600E)/
TPO-Cre/Gnas-E1(fl/fl)] have PTC with attenuated pheno-
type, namely smaller and less invasive tumors, which re-
semble the indolent PTMC that are commonly encountered
in humans [63]. Finally, suppression of TSH in mice with
wild-type TSH receptor [BRAF(V600E)/TPO-Cre] does
not revert cancer phenotype. These pioneering experiments
demonstrate that the higher TSH the higher the risk of
larger, aggressive malignancies [63].

BRAF mutations are found in up to half of PTMC cases,
with the highest frequency in the tall cell variant and in the
sclerosing variant [64, 65], and associate with tumor
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aggressiveness (large tumor size, extrathyroidal extension,
multifocality, lymph nodal metastasis, and advanced stage)
[64, 66]. Jung reported that the frequency of BRAF-mutated
PTMC did not change over the timespan 1974-2009,
confirming that the growing incidence of PTMC is not only
derived from detection of incidental, nonprogressing tumors,
given that BRAF mutations occur mainly in aggressive,
progressing tumors [67]. Interestingly, BRAF mutations rate
is significantly lower in PTMC compared with PTC [68]. The
presence of concomitant autoimmune thyroiditis is associated
with a lower prevalence of BRAF mutations in PTC [25].
Moreover, Marotta showed that concurrent lymphocytic infil-
tration of Hashimoto’s thyroiditis is a protective factor against
PTC progression, regardless of BRAF status [69]. Finally, a
meta-analysis that evaluated clinico-pathological features
of PTMC in relation to BRAF V600E status, found that
the latter did not correlate with accompanying
Hashimoto’s thyroiditis [70].

RET/PTC rearrangements (—1, —2 and — 3), resulting in
aberrant activity of RET protein tyrosine kinase receptor,
transform thyrocytes in culture, and give rise to thyroid carci-
noma in transgenic mice, recapitulating microscopic features
of human PTC [71]. Tallini reported that RET activation,
which was found in 81/201 (40.3%) PTC, correlated with
tumors exhibiting features of the classic variant PTC or with
PTMC (P=0.017) [72]. About 40% of PTMC harbor RET/
PTC rearrangements, but it is not clear whether their preva-
lence in PTMC is higher compared with PTC [73, 74].
Similarly to BRAF mutations, RET/PTC rearrangements are
more frequent in PTC with aggressive phenotype and in ag-
gressive variants of PTC [75, 76]. Furthermore, both BRAF
mutations and RET/PTC rearrangements are capable to trigger
proinflammatory programmes in thyrocytes [17], and in turn,
BRAF and RET expression is enhanced in oxyphil cell meta-
plasia in Hashimoto’s thyroiditis specimens [77].

Other molecular markers of PTC/PTMC aggressiveness,
such as cyclin D1 and galectin-3, have been also studied in
Hashimoto’s thyroiditis, but their impact on prognosis of can-
cer patients in whom PTC/PTMC and Hashimoto’s thyroiditis
coexist is still unknown [78-80].

3 Histopathological aspects

In general, PTMC is associated with a favorable prognosis,
and its course is indolent, the reported mortality being <0.5%
[81]. Indeed, in autopsy series the frequency of PTMC is up to
36% [82]. Accompanying Hashimoto’s thyroiditis may also
contribute to the favorable prognosis, as it may protect against
cancer progression [36, 83, 84] and aggressiveness [7] (see 2.
Pathogenetical aspects).

Nevertheless, at the time of thyroidectomy, 15-40% of
PTMC patients have extrathyroidal involvement, mainly
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lymph node metastasis [9, 85], and very rarely (0.3%) distant
metastases [5]. Lymph node metastases, most frequently in-
volving the central compartment (VI level), are frequently
occult, namely found at histological examination in absence
of clinical evidence at physical examination and ultrasonog-
raphy [27]. According to the “nodes beget nodes” concept,
nodal involvement is considered a predictor of cancer recur-
rence and is associated with a poor prognosis [5], as demon-
strated in a Danish registry study [11]. In this study, lymph
node metastasis was the only risk factor affecting significantly
the recurrence-free survival of PTMC patients [11].

Baser et al. reported a higher number of lymph node me-
tastases in PTC patients without histopathological signs of
autoimmune thyroiditis compared to those with them (581
metastases in 879 patients vs. 312 in 442, P=0.012) [7].
This difference was confirmed when considering only
PTMC (329 in 594 vs. 162 in 280, P=10.015) [7]. In a large
retrospective study on over 5000 PTMC the authors found that
male gender, conventional variant, tumor size >5 mm,
bilaterality and extrathyroidal extension predicted central
lymph node involvement, but per 10-years age increment
and histologically proven chronic lymphoctytic thyroiditis
protected against VI level metastasis [35]. Zhang et al. evalu-
ated 178 patients with PTMC who had undergone prophylac-
tic VI level dissection [27]. Occult metastases were found less
frequently in Hashimoto’s thyroiditis patients compared with
patients without signs of thyroiditis (17.8% vs. 27.6%), this
difference being nonsignificant [27]. Recently, Yu et al. found
a trendwise significant negative association between TPOAb
positivity and VI level metastasis (OR =0.998, P=0.08) in
917 PTMC [86]. A large meta-analysis by Qu on 21 retrospec-
tive studies and 4 prospective studies including over 7000
patients found that age > 45 years and lymphocytic thyroiditis
protected against central nodes metastasis (OR =0.65 and
OR =0.70, respectively), whereas male gender, tumor size
>5 mm, multifocality, capsular invasion, extrathyroidal exten-
sion, lymphovascular invasion, and lateral lymph node metas-
tasis, were associated to VI level involvement [87].

Yet, other studies found neither difference in the rate of
central lymph node metastasis in patients with and without
autoimmune thyroiditis nor any influence of autoimmune
thyroiditis in the risk of central lymph node involvement
[1, 28]. In a Turkish retrospective study on 141 PTMC and
82 PTC >1 cm, sex, age, tumor size, multifocality,
bilaterality, extrathyroidal extension, clinical suspicion,
and chronic lymphocytic thyroiditis did not predict VI lev-
el metastasis at multivariate logistic regression analysis
[24]. Similarly, Li et al. showed that Hashimoto’s thyroid-
itis was neither a positive nor a negative predictor of cen-
tral lymph node involvement in a series of 273 PTMC
cases [29]. These findings were consistent with those by
Kim et al. [31], although in metastatic patients,
multifocality and bilaterality were more frequent in those

with autoimmune thyroiditis compared to those without it
(44.4% vs. 29.2%, and 29.6% vs. 14.6%) [31].

The lack of association between Hashimoto’s thyroiditis
and central lymph node metastasis was confirmed by a
meta-analysis on six studies including 1668 Asian PTMC pa-
tients without clinically cervical lymph node metastasis [88].
Importantly, significant heterogeneity between studies was
found (I = 62.4%, P=0.021) [88]. These findings were con-
sistent with those of a larger meta-analysis on 14 studies, six
of which evaluated the incidence of central node metastasis in
PTMC with and without autoimmune thyroiditis [89].
Furthermore, a recent Chinese study reported no association
between Hashimoto’s thyroiditis and both central and lateral
lymph node metastasis [26].

Another factor influencing thyroid cancer prognosis is size.
A number of studies have shown that larger PTMC are more
aggressive compared to smaller PTMC, suggesting tailored
therapeutic approach according to the tumor size. Indeed, dif-
ferent largest diameters (5 mm [32, 90], 6 mm [32], or 7 mm
[91]) have been proposed as cut-off thresholds to distinguish
larger, aggressive PTMC from smaller, indolent PTMC. In
this regard, Hashimoto’s thyroiditis does not influence
PTMC size [32, 90].

4 Discussion

PTMC is considered a well-differentiated, slow-growing, in-
dolent tumor. It is still debated whether the concomitant in-
crease in PTMC and Hashimoto’s thyroiditis incidence over
the last years is true or stems from increased interest in these
diseases, access to improved diagnostic tools (such as FNAC,
ultrasonography and thyroid antibodies assays), and/or in-
creased environmental factors capable to trigger these diseases
[4, 13, 74, 92, 93]. Major limitations of the studies so far
performed include: (i) retrospective design, (ii) limited statis-
tical power, (iii) high risk of selection bias, (iv) and predom-
inant Asian ethnicity of patients.

Detection and characterization of small nodules by ultraso-
nography in the context of inhomogeneous echotexture such
as in autoimmune thyroiditis is challenging [94]. For this pur-
pose, elastosonography has been proposed to help discrimi-
nate low-suspicion nodules from high-suspicion nodules. Li
et al. evaluated the stiffness of 558 micronodules by measur-
ing their strain ratio by elastosonography, namely reference
tissue strain divided by lesion strain [95]. The higher the strain
ratio the harder the nodule compared to surrounding thyroid
parenchyma, with harder nodules having greater chances of
being malignant. Strain ratio measurements were lower in the
181 malignant nodules coexisting with Hashimoto’s thyroid-
itis compared with the 377 such nodules without Hashimoto’s
thyroiditis. Also, strain ratio correlated inversely with TPOAb
titer [95].
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Even though PTMC is considered the initial stage of
macrocarcinoma, as both share a number of biological, mo-
lecular and histological features, there is mounting evidence
that some tumors grow slowly and remain quiescent for many
years, while others show aggressive behavior [96]. Therefore,
certain tumor features at diagnosis have been proposed to
guide the subsequent therapeutic approach.

About one in three PTMC patients have lymph node me-
tastasis, either central or lateral, irrespective of coexisting
chronic lymphocytic thyroiditis [88]. However, ultrasonogra-
phy has a relatively low sensitivity in detecting lymph node
metastasis, which has been estimated at around 40% for VI
level lymph nodes >5 mm [86, 97]. Therefore, at least two-
thirds of such patients may not be diagnosed preoperatively.
Also, the risk of node involvement and multifocality is higher
in larger papillary microcarcinomas (>5 mm) [34, 98]. In light
of these findings, although the recent American Thyroid
Association guidelines recommend central lymph node dis-
section only in case of either clinically evidence of lymph
node metastasis (cN1) or uninvolved lymph nodes (cNO) with
advanced primary tumor (T3 or T4 stage) [46], prophylactic
VI level dissection has been proposed for high-risk patients,
namely those with large, bilateral, multifocal tumors, those
with nonclassic variants, and for young patients [24, 29, 75,
86, 87, 89]. Whether autoimmune thyroiditis is associated
with a less frequent nodal involvement in PTMC patients
is debated. While some papers found an apparent associ-
ation [7, 80], others showed no difference in VI level
involvement [1, 24, 28, 29].

At diagnosis, advanced stage and aggressive tumors are
associated also to higher levels of serum TSH [45]. It is un-
clear whether high TSH levels per se or underlying autoim-
munity, are capable to predispose to PTC. Indeed, Kim and
Park have shown that TSH levels, even in the normal range,
correlate positively with an advanced TNM stage regardless of
autoimmune thyroiditis [99].

In conclusion, PTMC and Hashimoto’s incidence has risen
obviously over the last decades. The contribution of
Hashimoto’s thyroiditis on biological behavior of PTMC is
still controversial, given that accompanying Hashimoto’s thy-
roiditis might be not powerful enough to improve PTMC out-
come significantly. Full genetic profiling of both diseases and
identification of environmental factors capable to trigger
them, as well as well-powered prospective studies on different
ethnical groups, may help understand their causal association
and why their frequencies are continuing raising.
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