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Abstract
The association between Hashimoto thyroiditis (HT) and 
papillary thyroid carcinoma (PTC) has been originally sug-
gested by retrospective pathological studies and has recent-
ly been re-evaluated and proposed on the basis of several 
fine-needle aspiration cytology (FNAC) studies. In FNAC 
studies, the association between HT and PTC is based on the 
comparison of anti-thyroid autoantibodies (ATA) (anti-thy-
roperoxidase [TPOAb] and anti-thyroglobulin [TgAb]), thy-
roid function (TSH), and cytology with histology of thyroid 
nodules and lymphocytic thyroid infiltration (LTI) of operat-
ed thyroid glands. Most of the pathological studies found a 
high prevalence rate of PTC in HT. In most FNAC studies, the 
risk ratio of PTC in HT patients was evaluated using multi-
variate statistical analysis: increased TSH levels represented 
the main and common independent risk factor of malignan-
cy, although it resulted not consistently related to HT. On the 
other hand, several studies provided a positive relationship 
between ATA and PTC, particularly with TgAb. Two recent 

FNAC studies from the same referral center clearly demon-
strated an independent risk for thyroid malignancy con-
ferred by both TPOAb and TgAb, confirming the role of 
increased TSH levels, and found a significant association 
between PTC and ATA and diffuse LTI at histology. These 
studies are consistent with the hypothesis that autoimmune 
thyroid inflammation and increased serum TSH concentra-
tion may be involved in thyroid tumor growth. The complex 
relationship between HT and PTC, which involves immuno-
logical/hormonal pathogenic links, needs to be further in-
vestigated with prospective studies.

© 2017 European Thyroid Association 
Published by S. Karger AG, Basel

Introduction

Hashimoto thyroiditis (HT) is an autoimmune organ-
specific disease characterized by a wide spectrum of mor-
phological and functional alterations. The pathogenesis 
of HT is based on an abnormal humoral (autoantibodies) 
and cellular immune response against thyroid autoanti-
gens, with the contribution of genetic and environmental 
factors [1–3].
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Thyroid nodules (TN) are very frequently observed, 
but only a small part of them are malignant tumors, most-
ly (85%) papillary thyroid carcinomas (PTC).

An association between HT and PTC has strongly 
been suggested by retrospective analyses of surgical series 
[4–9] and more recently re-evaluated in several studies 
carried out in consecutive patients submitted to fine-nee-
dle aspiration cytology (FNAC) which are believed to be 
less subject to the potential selection bias of surgical series 
[10, 11]. However, according to FNAC studies, the link 
between PTC and HT appears less evident. The aim of the 
present review will be to briefly summarize the clinical 
and biological evidence supporting this link.

Background: Chronic Inflammation and Thyroid 
Cancer

Inflammatory or infectious diseases may be strongly 
associated with human tumors. Several inflammatory/
immune cells, such as lymphocytes, macrophages, mast 
cells, and myeloid-derived suppressor cells, have been 
identified in cancer tissues [12, 13]. Tumor cells secrete 
several molecules, such as cytokines and chemokines pro-
moting cancer cell growth, apoptosis, autophagy, angio-
genesis, and metastasis, and attract inflammatory-im-
mune cells into tumor sites. In response to these stimuli, 
leukocytes produce and secrete highly reactive metabo-
lites inducing the production of peroxynitrite and other 
mutagenic agents which could cause genetic alterations 
(point mutations, rearrangements in the DNA) in prolif-
erating cells [14–16] that may be implicated in cancero-
genesis. On the other hand, an immune response might 
be important in preventing metastasis and recurrence of 
the tumor [17, 18].

Regarding thyroid carcinoma, it has been noticed for 
a long time [5, 19] that diffuse lymphocytic thyroid infil-
tration (LTI) is frequently associated with PTC (Fig. 1), 
but the role of HT in cancer growth and progression is 
still debated. Pathological series have looked at the pres-
ence of LTI in thyroid glands harboring thyroid cancer 
and reported a rate of associated HT, histologically de-
fined, ranging between 5 and 48% [5, 20, 21]. This wide 
distribution may be due, at least in part, to differences in 
the level of histological examination and criteria of auto-
immunity definition, or indication for surgery. An addi-
tional confounding factor is that the sole presence of tu-
moral or peritumoral LTI is not distinguished from the 
true presence of diffuse HT. Differentiation between 
these 2 pathological features is a critical point, since a 

limited LTI may represent just the response to tumor an-
tigens rather than true HT [22]. A commonly used ap-
proach to study the in vivo interaction between tumors 
and the immune system is to quantify the numbers and 
define the subsets of the lymphocytes in the infiltration, 
and to study their relation with tumor characteristics and 
outcome. Analysis of specific lymphocyte subsets re-
vealed that T regulatory cells (Tregs) suppress anti-tu-
mor immune responses [23], are consistently found 
within and surrounding thyroid tumors, and their num-
ber correlates with disease severity. These findings are in 
contrast with previous studies reporting correlations be-
tween LTI and reduced invasion and recurrence of thy-
roid carcinoma [24, 25]. However, these studies have the 
limitation of not distinguishing between tumor-associat-
ed lymphocytes and background lymphocytic thyroid-
itis.

Also, in several clinical studies (detailed in the next 
paragraphs), a significant association between HT and 
differentiated thyroid carcinoma, particularly with the 
most invasive forms of PTC [26], has been observed, 
while other studies suggest that HT may exert a protective 
effect preventing tumor progression [27]. These studies 
support the concept that in some patients, the immune 
response may play a protective effect preventing thyroid 
cancer progression, while in other patients, it may en-
hance tumor development and unfavorable prognosis 
[12].

Fig. 1. Histology of a case of papillary thyroid carcinoma associ-
ated with diffuse lymphocytic thyroid infiltration.
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Association of PTC and HT: Clinical Studies

The data supporting the association of PTC and HT 
are based on experimental and molecular studies, which 
are briefly summarized in the following paragraphs.

Molecular Studies
The potential pathogenic link between PTC and HT is 

supported by molecular genetic studies on the effects of 
RET/PTC (one of the main oncogenes involved in PTC) 
activation on the immune system [10, 28–30].

The oncogenic potential of RET in PTC derives from 
a genetic rearrangement between the RET tyrosine kinase 
domain and heterologous genes. The consequence of 
these rearrangements is the constitutive activation of 
RET due to dimerization/oligomerization of the oncop-
rotein induced by the different RET-fused genes. Both 
point mutations and genetic rearrangements cause con-
stitutive activation of the tyrosine kinase activity of RET 
in the absence of ligands [31]. RET-induced transcrip-
tional activity depends almost entirely on the integrity of 
the Y1062 residue and on activation of the RAS/BRAF/
MAPK pathway [32]. RET/PTC activation could also ac-
tivate the immune system, in keeping with a series of ex-
perimental studies.

Russell et al. [33] reported that the expression of the 
RET/PTC3 isoform in a rat thyroid cell line (PC Cl3) in-
duced an increase in NF-κB DNA-binding activity and a 
consequent increase in proinflammatory cytokine secre-
tion. In particular, CXCL1/ Groα, CCL2/mcp-1, and GM-
CSF were upregulated upon RET/PTC3 expression, and 
this increase depended on the integrity of residue 1062 of 
RET [33]. GDNF stimulation of the neuroectodermal tu-
mor cell line SK-N-MC, ectopically expressing the hu-
man wild-type RET, induced the production of high lev-
els of IL8, a proinflammatory, mitogenic, and proangio-
genic chemokine [34]. Other cytokines related to RET/
PTC3 activation in thyroid cancer cells are IL1α, IL1β, IL6, 
IL24 [35, 36], prostaglandin E2 (PGE2), microsomal 
prostaglandin E synthase1 (mPGES1), cyclooxygenase2 
(COX2), and several other genes involved in immune re-
sponse and inflammation [37, 38]. The relevance of RET/
PTC in the association between PTC and HT is also un-
derscored by a retrospective pathological study by Muzza 
et al. [30]. In this study, RET/PTC1 rearrangement was 
more frequently observed in PTC associated with HT 
when compared to PTC without HT (31 vs. 13%, p = 
0.02), while BRAF (V600E) mutation, another important 
mutated oncogene associated with PTC [39], was found 
more often in PTC not associated with HT (38 vs. 22%; 

p = 0.07). No evidence of a significant association in PTC 
between BRAF mutation and HT has also been confirmed 
in some recent papers [40, 41]. On the other hand, it has 
been shown that thyroid cell lines expressing both RET/
PTC and BRAF may induce genes coding for molecules 
involved in the immune response [36, 38, 42] including 
chemokines binding to the chemokine receptor CXCR3, 
such as CXCL10 that plays an important role in the first 
steps of HT lymphocytic infiltration [43, 44]. Other pro-
inflammatory proteins (several cytokines and chemo-
kines) induced by these mutated genes are relevant for the 
mobility, proliferation survival, invasiveness of tumor 
cells, stimulation of angiogenesis, and reduction of anti-
tumoral immune response [12].

Surgical and Pathological Studies
The association between HT and PTC in surgical and 

pathological studies was proposed on the basis of the evi-
dence of LTI combined with thyroid cancer at histologi-
cal examination. The relationship between HT and PTC 
has originally been suggested based on retrospective 
pathological studies on surgical series, as listed in Table 
1. Dailey et al. [4] in 1955 firstly reported an unexpect-
edly high prevalence (12.6%) of PTC in patients with HT. 
This link was confirmed 40 years later by an extensive 
study carried out by Okayasu et al. [8] in a very large num-
ber of thyroid surgical specimens from Japanese and US 
American patients. In addition, the degree of association 
between HT and thyroid carcinoma was dependent on 
ethnic origin and gender, being more evident in females 
compared to males and in Japanese patients compared to 
both White American and African-American patients 
[8]. This study also provided evidence that the association 
of HT was significant only for PTC and not observed for 
follicular thyroid carcinoma.

After this pivotal study, several other pathological re-
ports [8, 20, 21, 45–50] provided similar results summa-
rized in 2 meta-analyses published several years apart [9, 
51], reporting very similar odds ratios (OR) for PTC in 
the presence of HT versus non-HT: 2.77 in the study by 
Singh et al. [9] of 1999 and 2.8 in the more recent (2013) 
work by Lee et al. [51].

These results clearly show that PTC and HT are sig-
nificantly associated in patients’ surgical specimens. 
However, this association may be emphasized by the bias 
due to patient selection for thyroidectomy. To circum-
vent this problem, further studies were more recently per-
formed on unselected patients submitted to FNAC for the 
presence of TN. These studies are summarized in the fol-
lowing paragraph.
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Cytological Studies
The association between HT and PTC is suggested by 

several large FNAC series in retrospective and prospec-
tive studies. As shown in Table 2, several parameters, such 
as serum anti-thyroid autoantibodies (ATA), TSH levels, 
cytology, and histology in operated patients, have been 
compared in these studies in an attempt to clarify the 
mechanism(s) involved in the association of PTC with 
HT.

In the first of these studies, Boi et al. [10] in 2005 ret-
rospectively described a higher prevalence (18.8%) of sus-
picious/malignant cytology in patients with positive se-

rum anti-thyroperoxidase (TPOAb) and/or anti-thyro-
globulin (TgAb) than in patients with negative ATA 
(9.28%). By univariate analysis, ATA positivity conferred 
a significant risk (OR 2.29) for suspicious/malignant cy-
tology independently from age and sex. In patients sub-
mitted to total thyroidectomy, PTC was more prevalent 
in ATA-positive (13.7%) compared to ATA-negative 
(8.4%) patients.

Using a similar retrospective approach in patients sub-
mitted to FNAC, Boelaert et al. [52] found no significant 
correlation between PTC and ATA, while increased se-
rum TSH concentrations were significantly and indepen-

First author, year [Ref.] TSH ATA TPOAb TgAb LTI

Boi, 2005 [10] NA + (2.29) NA NA NA
Boelaert, 2006 [52] + (2.72–11.18) – – – NA
Fiore, 2009 [53] + (2.66–4.29) – – – NA
Kim, 2010 [59] + (1.72–1.98) NA – + (1.61) –
Fiore, 2011 [22] + (1.1) NA – + (1.001) NA
Boi, 2013 [11] + (3.33–4.39) + (2.21) + (2.15) + (1.67) +
Azizi, 2014 [54] + (1.49) NA – + (2.24) NA

Values in parentheses are risk ratios or odds ratios for papillary thyroid carcinoma risk. 
+, positive; –, negative; ATA, anti-thyroid autoantibodies; TPOAb, anti-thyroperoxidase; 
TgAb, anti-thyroglobulin; LTI, lymphocytic thyroid infiltration; NA, not assessed.

Table 1. Summary of surgical and pathological thyroid studies

First author, year 
[Ref.]

Study method Country Sample size, 
n

Prevalence
of gender

Prevalence of
PTC in HT, %

LTI in PTC vs. 
non-PTC1 

Dailey, 1955 [4] Retrospective USA 278 NA 12.6 NA
Okayasu, 1995 [8] Retrospective USA, Japan 1,046 NA 46.2–76.0 p < 0.01, p < 0.001
Büyükaşık, 2011 [45] Retrospective Turkey 917 NA 19.5 NA
Yoon, 2012 [46] Retrospective South Korea 195 F 28.7 NA
Consorti, 2010 [64] Retrospective Italy 404 NA 36.2 1.62 (p = 0.02)
Cipolla, 2005 [47] Retrospective Italy 225 NA 27.6 p < 0.02
Larson, 2007 [21] Retrospective USA 812 F 37.7 NA
Bradly, 2009 [48] Retrospective USA 678 F 12.0 p < 0.01
Siriweera, 2010 [49] Retrospective Sri Lanka 5,357 F 9.46 4.16 (95% CI 2.87–6.04) 

p < 0.0001
Kim, 2011 [20] Retrospective South Korea 1,329 F 29.9 2.96 (95% CI 1.81–4.85)

p < 0.001
Jankovic, 2013 [50] Review USA 9,431 (8 studies) F 27.56 (mean) Average RR = 1.59
Chen, 2013 [65] Retrospective Taiwan 7,605 F NA OR = 11.8 (p < 0.001)

PTC, papillary thyroid carcinoma; LTI, lymphocytic thyroid infiltration; NA, not available data. 1 Expanded as odds ratio or risk 
ratio, when available.

Table 2. Thyroid autoimmunity and 
thyroid cancer: risk factors for malignancy 
identified in recent large retrospective 
FNAC studies
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dently associated with malignancy (PTC). Moreover, the 
OR for malignancy was directly related to serum TSH 
concentrations reaching 11.2 for TSH levels >5.5 mUI/L.

Fiore and colleagues [22, 53], in 2 large retrospective 
FNAC studies, further confirmed that serum TSH con-
centration was significantly higher in PTC than in benign 
TN both in the cytological and histological series, and sig-
nificantly adjusted OR for the diagnosis of malignancy 
was revealed by logistic regression analysis in subjects 
with the highest values of TSH.

In contrast to the study by Boi et al. [10], the presence 
of circulating ATA – although it was associated with a 
significant increase of TSH – did not contribute signifi-
cantly to thyroid cancer risk. In keeping with Fiore et al.’s 
results, Kim et al. [20] observed that the prevalence of 
detectable TPOAb was not higher in malignant nodules, 
while both TPOAb and TgAb were well correlated with 
TSH levels and LTI at histology. In this study, however, 
no correlation was found at histology between PTC and 
LTI.

More recently, in an extended retrospective study, Boi 
et al. [11] reported a full concordance of all HT parame-
ters with malignancy. In this study, cytological classes 
were compared to ATA (both TgAb and TPOAb), TSH 
levels, and histological data in patients submitted to total 
thyroidectomy. The results obtained confirmed that the 
prevalence of malignant cytology was significantly relat-
ed to the presence of high serum ATA titers and to high-
er serum TSH concentrations. In particular, the mean 
TSH concentration was higher in ATA-positive patients 
than in ATA-negative patients. In the group of thyroid-
ectomized patients, a higher prevalence of PTC was con-
firmed in ATA-positive TN (66%) compared to ATA-
negative TN (52.7%, p < 0.05) and a higher prevalence of 
PTC associated with diffuse LTI (60.3%) compared to 
negative LTI (44.5%, p < 0.05) was found. In partial agree-
ment with this study, in a prospective cytological study, 
Azizi et al. [54] reported a significant association between 
PTC, TSH levels, and serum TgAb, but not TPOAb.

Taken together, all these FNAC studies suggest a po-
tential positive association between HT and PTC, al-
though the relative role of ATA, thyroid function (TSH), 
and LTI remains to be further elucidated.

Some retrospective cytological studies analyzed by 
Castagna et al. [55] and Matesa-Anić et al. [56] did not 
find an increased risk of thyroid cancer in patients with 
HT. In the latter study, the prevalence of PTC was lower 
in HT patients (1.9%) than in patients without HT (2.7%); 
the same result was also confirmed by a previous FNAC 
prospective study [57].

Discussion

This review shows different rates of the relative risk of 
PTC in the presence of HT between surgical and FNAC 
studies. The highest prevalence rate of PTC in HT in sur-
gical series may be explained because of the bias due to 
patient selection for thyroidectomy and the absence of 
homogeneous control groups. Furthermore, the wide dis-
tribution of the prevalence of PTC in HT may be related 
to the ethnic, geographic, and gender differences of the 
clinical records and may be also due to different histo-
logical criteria used to define HT. In fact, as a critical 
point, in some studies [12], diffuse LTI was not clearly 
reported and not differentiated from LTI surrounding 
thyroid cancer, which may represent just the response to 
tumor rather than true HT.

Some retrospective FNAC studies [22, 52, 58] suggest 
increased TSH levels as the main potential link between 
PTC and HT, although TSH concentrations were not al-
ways related to ATA positivity or to clinically relevant 
HT. Interestingly, 2 studies from the same Institution [10, 
11] clearly demonstrated an increased independent risk 
ratio for malignancy conferred by any ATA, TPOAb and 
TgAb. In the last largest study [11], strong evidence was 
provided for the association between HT and PTC com-
paring serological parameters with pathological data by 
multivariate logistic regression analysis. Not only the 
positivity, but also the titers of serum ATA (both TPOAb 
and TgAb) conferred a significant and independent pre-
dictive risk for thyroid cancer; the association of ATA 
positivity and risk of malignancy was not affected by gen-
der. This study also demonstrated the importance of in-
creased TSH levels (>1.0 μU/mL) as an independent pre-
dictive risk factor for PTC, which was consistently higher 
in ATA-positive compared to ATA-negative TN, con-
firming the known relationship between ATA titers and 
increased serum TSH levels. The association between HT 
and PTC was clearly confirmed at histology in a represen-
tative subgroup of operated patients, in whom PTC was 
significantly associated with both ATA positivity and dif-
fuse LTI. As expected, a high significant correlation was 
also demonstrated between serum ATA and diffuse LTI, 
suggesting that in most cases ATA were markers of un-
derlying relevant autoimmune thyroiditis. In conclusion, 
this study found a full concordance of all autoimmune 
parameters (TPOAb, TgAb, TSH, and LTI) with PTC. Fi-
nally, this study is in agreement with a recent paper re-
porting increased risk of thyroid malignancy for TgAb 
combined to increased TSH levels [53, 59].
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The discrepancies of the relationship between TSH 
levels with ATA positivity and HT diagnosis reported in 
the above studies are mostly due to differences in ATA 
assays performances, in the predictivity for HT of ATA 
tests employed in different studies, as well as in the “back-
ground” thyroid autoimmunity linked to genetic/envi-
ronmental factors of the population studied. Interesting-
ly, the studies that reported a strong association between 
HT and PTC [10, 11] and the most aggressive behavior of 
PTC in HT [26] were performed in countries (Sardinia, 
Turkey, and Greek) from the same geographical area of 
the Mediterranean Basin, which may share similar genet-
ic/environmental HT backgrounds potentially linked to 
the development and progression of PTC.

The pathogenic links between environmental factors 
(radiation, etc.), genetic background, autoimmune in-

flammation, and thyroid cancer development are dis-
played in Figure 2. It is well known that thyroid carcino-
genesis induced by radiation is a phenomenon mainly re-
lated to rearrangements of RET-PTC oncogenes and 
more rarely with point BRAF mutations. Increased TSH 
due to nonautoimmune thyroid failure, induced by ra-
diation, may play an important role as cofactor in pro-
moting PTC development and progression. The complex 
relations between HT and PTC are still debated. The 
above studies provide evidence that multiple factors re-
lated to thyroid autoimmunity (serum ATA, inflamma-
tory molecules, and free radicals with secondary RET/
PTC rearrangements), genetic/environmental condi-
tions, and increased TSH represent independent risk fac-
tors for PTC, supporting the notion that overt HT rather 
than nonspecific serologic reactivity, may be linked to 

Assotiation of PTC and HT: pathogenetic considerations

Primary event: PTC Primary event: HT

Nonautoimmune
thyorid failure

Compensatory
hyperplasia

Genetic background Environmental factors

Radiation: cytolytic effect, DNA breaks

Genetic background Loss of tolerance

Diffuse accumulation of
autoreactive lymphocytes

within the thyroid

Development of full
autoimmune reaction

CTL, NK

Auto-
antibodies

Pro-apoptotic
cytokines

↑ TSH

↑↑ TSH

↑↑ TSH

↑↑ TSH

PTC (micro)

Growth factors

Free radicals

↑ TSH

↑ TSH

PTC micro

Point
mutations

Compensatory
hyperplasia

Accumulation of
lymphocytes in tumoral
tissue with development
of immune response to

tumor

PTC invasive

Advanced papillary carcinoma Advanced papillary carcinoma

↓ T3, T4

Oncogene
expression
– RET-PTC
– BRAF Oncogene

expression
– RET-PTC
– p69

Fig. 2. The relationships between Hashimoto thyroiditis (HT) and 
papillary thyroid carcinoma (PTC) with their immunological/hor-
monal pathogenic links. The left part shows the relevance of envi-
ronmental factors and genetic background in thyroid carcinogen-
esis. Radiation may cause PTC development by RET-PTC onco-
gene rearrangements and more rarely with point BRAF mutations. 
Increased TSH levels due to nonautoimmune thyroid failure in-

duced by radiation play an important role both in promotion and 
progression of PTC. The right part displays the complex relation 
between HT and PTC. Multiple factors related to thyroid autoim-
munity (serum anti-thyroid autoantibodies, inflammatory mole-
cules, free radicals with secondary RET/PTC rearrangements), ge-
netic/environmental conditions, and high TSH values (conse-
quence of autoimmune thyroid failure) are involved.
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thyroid malignancy. Thus, thyroid autoimmunity could 
exert a promoting effect on thyroid tumor growth either 
directly or through secondary increase of TSH values as a 
consequence of initial autoimmune thyroid failure. The 
pathogenic link between inflammation and cancer has 
been well described in different models of human carci-
nogenesis [60, 61], and the relevant role of TSH of as a 
trophic factor on thyroid cancer growth and progression 
has been well documented [62, 63]. Furthermore, several 
biomolecular markers, such as RET/PTC rearrange-
ments, may be potentially involved in neoplastic transfor-
mation from HT to PTC [12], although, so far, no causal 
genetic linkage has been confirmed.

In summary, this review shows that several clinical and 
pathological parameters related to HT could be associat-
ed with PTC and some of these (particularly TSH and 
ATA) represent independent predictor markers of thy-
roid malignancy in HT patients with TN. This evidences 

is consistent with the hypothesis that autoimmune thy-
roid inflammation is per se tumorigenic and HT-related 
hypothyroidism may also cause tumor growth through 
TSH receptor stimulation.
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