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Abstract

Background and purpose: Hashimoto thyroiditis (HT) is the most common inflammatory autoimmune thyroid
disease and also the most common cause of hypothyroidism in developed countries. There is evidence of the role of
HT in developing thyroid cancers (TCs). This study investigated the association between HT and different types of TCs.

Methods: Results of a comprehensive search in three major databases, as well as hand searching, were screened in
title/abstract and full-text stages and the relevant data were extracted from the studies that met the inclusion criteria.
Risk of bias (RoB) was assessed using the Joanna Briggs Institute (JBI) critical appraisal tools and the meta-analysis was
conducted with Comprehensive Meta-Analysis software.

Results: Out of 4785 records, 50 studies were included in the systematic review, and 27 of them met the criteria for
quantitative synthesis. The results indicated a significant role for HT in developing papillary TC (OR: 1.65; 95% Cl: 1.04
to 2.61), medullary TC (OR: 2.70; 95% Cl: 1.20 to 6.07) and lymphoma (OR:12.92; 95% Cl: 2.15 to 77.63); but not anaplas-
tic TC (OR: 1.92;95% Cl: 0.29 to 1.90) and follicular TC (OR: 0.73; 95% Cl: 0.41 to 1.27). Also, this study found a significant
association between HT and thyroid malignancies (OR: 1.36; 95% Cl: 1.05 to 1.77).

Conclusion: Although we found a significant association between HT and some types of TCs, High RoB studies, high
level of heterogeneity, and the limited number of well-designed prospective studies, suggested the need for more
studies to reach more reliable evidence.

Keywords: Hashimoto Thyroiditis, Chronic autoimmune thyroiditis, Thyroid neoplasms, Systematic review, Meta-
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Introduction
Chronic lymphocytic thyroiditis also called “Hashimoto

thyroid gland as a result of failure in immune tolerance.
This condition frequently affects females (more than 10:1

thyroiditis” (HT) is the most common inflammatory
autoimmune thyroid disease and the most common cause
of hypothyroidism in regions with adequate amounts
of iodine [1]. HT was first delineated by Japanese sur-
geon Hakaru Hashimoto as an autoimmune disease [2].
HT is characterized by immune cells infiltration of the
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ratio of females to males) [3]. The occurrence of HT has
increased during the last decades. Thyroid cancer (TC) is
the most common endocrine tumor and the occurrence
of TC has increased rapidly worldwide. Papillary thyroid
carcinoma (PTC) is the most common type of thyroid
neoplasms and accounts for 80-90% of all thyroid can-
cers. It occurs more frequently in females.

Rudolf Virchow first described the link between
chronic inflammation and cancer in 1893, which is
now well determined [4]. The association between HT
and PTC was first described by Dailey et al. in 1955 [5].
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Despite several retrospective and prospective studies
performed, the relationship between them remains con-
troversial. A recent meta-analysis of 64,628 patients in
36 studies reported a relation between HT and PTC and
an association between HT and thyroid lymphoma [6].
Consistently with this finding, several studies have been
performed and they reported that HT is associated with a
greater probability of developing PTC [7]. Another meta-
analysis revealed the correlation between HT and PTC
and this systematic review only investigated the inci-
dence of HT in TC patients and not the incidence of TC
in HT patients [8]. In contrast with this finding, Jankovic
et al. reported no significant association between HT and
TC based on 8 fine-needle aspiration studies [9].

Given the selection bias and limitations of previ-
ous studies as well as new publications in this area, an
updated systematic review is needed to better clarify
the association between HT and TC. Therefore, we
elaborated a new meta-analysis via a complete investiga-
tion of the literature aiming to evaluate the association
between HT and TCs, and also the investigation of the
role of HT in different subgroups of TC, based on current
knowledge.

Methods

This systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [10].

Search

After getting the approval of the study protocol, an elec-
tronic search was conducted in 3 major databases includ-
ing Medline via PubMed, EMBASE, and Scopus, with
((Chronic autoimmune thyroiditis) OR Hashimoto) AND
(thyroid neoplasm* OR thyroid carcinoma* OR thyroid
cancer* OR thyroid adenoma* OR thyroid malignanc*)
and related MeSH keywords on 23 February 2021.

Study selection

Results of the electronic search were imported into
EndNote 20 and after removing the duplicated stud-
ies, the remaining records were screened in two title/
abstract and full-text stages. Two independent authors
screened the studies and in case of any disagreements,
a third author deemed the issue. For full coverage of any
published studies, after selecting the final articles to be
included in this systematic review, the reference lists of
these articles and recently published reviews have been
checked for possible inclusion in our study.

Eligibility criteria
We included the journal articles which assess the possi-
ble relation between HT and TC with both retrospective
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and prospective study designs. In case of lack of a control
group, the study was included in our systematic review
but excluded from the meta-analysis. We only selected
the articles which have been written in English and ani-
mal studies, case reports, review articles, editorials, let-
ters, conference abstracts, and withdrawn articles were
excluded from our study.

Data extraction

Data extraction was conducted by two authors with an
electronic table in Microsoft Word. The following data
were extracted from each study: the name of the first
author of the study, the year of study publication, the
study design which could be retrospective or prospective,
the setting of the study, the method for diagnosis of thy-
roid cancer, the sample size, the mean and standard devi-
ation of ages, the number of female and male cases, the
type of thyroid cancer and finally the rate of TC between
HT cases and control group, or rate of HT between TC
and control group.

Risk of Bias assessment

The risk of bias (RoB) in included studies was assessed
using the Joanna Briggs Institute (JBI) critical appraisal
tools for cohort or case-control studies based on the
study design [11]. The checklist for case-control studies
includes 10 questions and the cohort studies’ checklist
includes 11 questions. These tools assess the similarity
of case and control groups, using a standard and similar
method for assessing the condition, appropriate dealing
with cofounding factors, enough period of interest, and
appropriate statistical analysis.

Statistics

All the statistical analyses were conducted using the sec-
ond version of Comprehensive Meta-Analysis (CMA.2)
software with 95% confidence intervals and a 0.05 level
of significance. I* model was used for assessing the het-
erogeneity between the studies, and for outcomes with
more than 50% level of heterogeneity, a random effect
model was used. The number of events in case and con-
trol groups in both study designs and also the size of the
group was imported into the CMA and the odds ratio
(OR) was collected for each study. Then the results were
then combined in both random and fixed effect models
and the ORs for each subgroup (based on the type of thy-
roid cancer) as well as the overall result were calculated
and presented by forest plot.

Results

Globally, 7141 records were identified through data-
base searching, and after removing the duplicated stud-
ies, 4785 studies were screened. Finally, 50 studies were
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selected for qualitative synthesis and 27 of them, were
included in the quantitative synthesis (Fig. 1). Among
them, 23 studies found the rate of HT in TC cases; on
the other hand, 29 of them assessed the rate of TC in HT
cases, whereas 3 of them reported both of these findings.
The characteristics of the included studies are summa-
rized in Table 1. Figure 2 summarized the results of the
meta-analysis.

Papillary thyroid cancer

45 of the included studies investigated the possi-
ble relation between HT and PTC. In these stud-
ies, the rate of HT in PTC cases was ranged between
4.75 to 38.4%, whereas the rate of PTC in HT ranged
between 0.12 to 64.3%. The meta-analysis of 23 stud-
ies with an appropriate control group, found 1.65 OR
(95% CI: 1.04 to 2.61; I? test for heterogeneity: 96.48%)
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and the difference between the groups was significant
(p=0.03).

Follicular thyroid cancer

13 studies assessed the possible association between
HT and follicular thyroid cancer (FTC). In these stud-
ies, the rate of HT in the FTC group ranged between
2.08 to 9.62% and the rate of FTC in HT ranged between
0 to 9.2%. The meta-analysis of the 7 studies that met
the proper inclusion criteria, reached 0.73 OR (95% CI:
0.41 to 1.27; I? test for heterogeneity: 0%) and the differ-
ence between the groups was not statistically significant
(p=0.26).

Medullary thyroid cancer

The possible role of HT in developing medullary thyroid
cancer (MTC) was investigated in 6 studies. All of these
studies assessed the rate of MTC in the HT group and it
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Table 1 characteristics and summary of findings in the included studies

Study Study Setting Study Sample size Mean Female: Thyroid Rate of Hashimoto's
design method age+SD Male cancer type thyroiditis (in percent)
Thyroid Control
cancer group
Alcantara- Retrospec- Brazil Thyroidec- 49 48.5 303 Papillary 27.27 31.25
Jones 2015 tive tomy (9/33) (5/16)
[12]
Zeng 2016 Retrospec-  China Thyroidec- 619 459 484:135 Papillary 3586
[13] tive tomy (222/619)
Campos Retrospec- Brazil Thyroidec- 315 44.9 347 Papillary 2683 (11/41) 1.2
2012[1] tive tomy (3/268)
Ye 2013 [14]  Retrospec- China Thyroidec- 2052 - 828:176 Papillary 18.63 6.42 (66/1028)
tive tomy (187/1004)
Cipolla 2005  Retrospec- [taly Thyroidec- 178 - 68:21 Papillary 26.76
[15] tive tomy (19/71)
Kim 2011 Retrospec- Korea Thyroidec- 1329 475 821:207 Papillary 29.86 9.64 (24/249)
[1é] tive tomy (307/1028)
32:20 Follicular 9.62
(5/52)
Ahn 2011 Retrospec- Korea Thyroidec- 303 428 22544 Papillary 21.56
7 tive tomy (58/269)
Huang 2011 Retrospec-  China Thyroidec- 1997 399 1450:338 Papillary 4.75
[18] tive tomy (85/1788)
153:56 Follicular 383
(8/209)
Lun 2013 Retrospec-  China Thyroidec- 2478 413 538:138 Papillary 18.79 7.16
[19] tive tomy (127/676) (129/1802)
Moshynska ~ Retrospec-  Canada Thyroidec- 20 - - Lymphoma 60
2008 [20] tive tomy (12/20)
Singh 1999 Retrospec- United Thyroidec- 453 41 267:121 Papillary 14.69
[21] tive States tomy (57/388)
- Follicular 2.08
(1/48)

- Lymphoma  5.88
(1/17)

Zhang 2014 Retrospec-  China Thyroidec- 8524 43.1 - Papillary 2846
[22] tive tomy (592/2080)
Nemetz 2011 Retrospec- Brazil Thyroidec- 52 513 484 Papillary 3269
[23] tive tomy (17/52)
Jeong 2012 Retrospec- Korea Thyroidec- 1357 44.5 1176:181 Papillary 2646
[24] tive tomy (359/1357)
Kashima Retrospec- Japan Thyroidec- 1533 426 1402:131 Papillary 1833
1998 [25] tive tomy (281/1533)
Kebebew Retrospec- United Thyroidec- 136 455 95:41 Papillary 30.15
2001 [26] tive States tomy (41/136)
Yoon 2012 Retrospec- Korea Thyroidec- 195 459 166:29 Papillary 28.72
[27] tive tomy (56/195)
Graceffa Retrospec- Italy Thyroidec- 305 506 258:47 Papillary 286 7.7
2019 [28] tive tomy (36/126) (11/142)
Selek 2016 Retrospec-  Turkey Thyroidec- 870 47 £12 Papillary 30 31
[29] tive tomy (172/577) (907 293)
Topaloglu Retrospec-  Turkey Thyroidec- 427 Malignant: 341:86 Papillary 384 29.5
2016 [30] tive tomy 49.10+12.23 (73/190) (70/237)
Benign:
477841239
Zeng 2018 Retrospec-  China Thyroidec- 258 17.31£321 21246 Papillary 17.8 1.6

[31] tive tomy (23/129) (2/129)
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Table 1 (continued)

Study Study Setting Study Sample size Mean Female: Thyroid Rate of Hashimoto's
design method age+SD Male cancer type thyroiditis (in percent)

Thyroid Control
cancer group

Osorio 2019 Retrospec-  Colombia Thyroidec- 1136 475+£143 1047:89 Papillary 24 13.11

[7] tive tomy (44/183) (125/953)

Youssef Retrospec- Egypt Thyroidec- 80 - 22:58 Papillary 20

Mohamed tive tomy 16/80

2020 [32]

JNawarathna Retrospec- Sri Lanka Thyroidec- 684 484125 611:73 Papillary OR: 0.867 (0.25-2.99)

2018 [33] tive tomy

Follicular OR: 1.02 (0.22-4.58)

Rate of thyroid cancer (in
percent)

Hashimoto’s Control
thyroiditis  group

Repplinger ~ Retrospec- United Thyroidec- 1198 21577 Papillary 29.03 2334
2008 [34] tive States tomy (63/217) (229/981)
Paparodis Retrospec- United Thyroidec- 2718 Papillary 42.68 26.27
2014 [35] tive States tomy (242/567) (565/2151)
Follicular 1.76 2.14
(10/567) (46/2151)
Anil 2010 Prospective  Turkey FNA 715 Papillary 1.22 345
[36] (2/164) (19/551)
Konturek Retrospec- Poland Thyroidec- 7545 535 Papillary 2345 747
2013 [37] tive tomy (106/452) (530/7093)
Mukasa 2011 Retrospec-  Japan FNA 2036 Papillary 1.77
[38] tive (36/2036)
Lymphoma  0.10
(2/2036)
Matesa-Anic  Retrospec- Croatia FNA 10,508 50 236:33 Papillary 1.95 2.72
2009 [39] tive (42/2156) (227/8352)
Dailey 1955 Prospective  United Thyroidec- 2336 375 Papillary 1043
[5] States tomy (29/278)
Larson 2007  Retrospec- United Thyroidec- 812 41 142:37 Papillary 347 204
[40] tive States tomy (34/98) (145/710)
16:5 Follicular 9.2 1.69
(9/98) (12/710)
3.0 Anaplastic 1.02 0.28
(1/98) (2/710)
Zayed 2015  Retrospec-  Jordan Thyroidec- 180 513 9:6 Medullary 385 1.53
[41] tive tomy (3/78) (12/785)
102:35 Papillary 10.26 1643
(8/78) (129/785)
189 Follicular 0 344
(0/78) (27/785)
Gul 2010 [42] Retrospec-  Turkey Thyroidec- 613 43 Papillary 4348 (40/92) 25.14
tive tomy (131/521)
Follicular 1.09 1.92
(1/92) (10/521)
Medullary 0 0.96
(0/92) (5/521)
Lymphoma  1.09 0
(1/92) (0/521)
Mazokopakis  Retrospec- Greece Thyroidec- 140 493 257 Papillary 2857 2041

2010 [43] tive tomy (12/42) (20/98)
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Study Study Setting Study Sample size Mean Female: Thyroid Rate of Hashimoto's
design method age+SD Male cancer type thyroiditis (in percent)
Thyroid Control
cancer group
Sclafani 1993 Retrospec- United Thyroidec- 48 517 Papillary 12.5
[44] tive States tomy (6/48)
Peterson Retrospec-  United Thyroidec- 757 Papillary 2.60 2.06
1957 [45] tive States tomy (2/77) (14/680)
Zhang 2014 Retrospec-  China Thyroidec- 647 433 Papillary 3796 17.25
[46] tive tomy (41/108) (93/539)
Follicular 0 037
(0/108) (2/539)
Medullary 1.85 037
(2/108) (2/539)
Anaplastic 0 0.56
(0/108) (3/539)
Lymphoma 093 0
(1/108) (0/539)
Holm 1985 Prospective ~ Sweden FNA 1656 Papillary 0.12 0.12
[47] (1/829) (1/829)
Follicular 0.12 0.12
(1/829) (1/829)
Lymphoma 048 0
(4/829) (0/829)
Moris 2019 prospective  United Thyroidec- 9851 522415 8263: Undefined 2238 154
[48] States tomy 1588 (606/2651) (1105/7200)
FNA Undefined 73 4.7
(284/3895) (473/10168)
Jackson 2020 retrospective  United Thyroidec- 359 Incidental 15 10
[49] States tomy thyroid (8/52) (31/307)
cancer
Thyroid 37 (19/52) 37 (114/307)
cancer
Keskin 2016 prospective  Turkey FNA and 300 121431 238:62 Papillary 0.66
[50] Thyroidec- (2/300)
tomy
Liu2017 [51]  retrospective  China Thyroidec- 927 46+0 706: Papillary
tomy 221
Radetti 2019  prospective  Italy FNA 904 106432 709: Papillary 1.1
(52] 195 (10/904)
Won2018 retrospective Korea FNA 89 1.1+ 76:13 Papillary 7.9
[53] 37 (7/89)
Boi 2017 [54] retrospective Italy FNA 645 289 74
(44/152) (12/161)
Thyroidec- Papillary 64.3 351
tomy (45/70) (13/37)
Thyroidec- Follicular 43 54
tomy (3/70) (2/37)
Thyroidec- Medullary 2.8(2/70) 2.7
tomy (1/37)
Gabalec retrospective  Czech Thyroidec- 4947 Undefined 295 15.2
2016 [55] republic tomy (26/88) (231/1515)
FNA 14.2 152
(85/592) (662/4348)
BuyUkasi retrospective  Turkey Thyroidec- 917 adult 743174 All Cancer 194 9.8
2011 [56] tomy Types (15/77) (82/840)
Papillary 60.0 6341
(9/15) (52/82)
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Table 1 (continued)
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Study Study Setting Study Sample size Mean Female: Thyroid Rate of Hashimoto's
design method age+SD Male cancer type thyroiditis (in percent)
Thyroid Control
cancer group
Follicular 6.6 1341
(1/15) (11/82)
Medullary 200 4.87
(3/15) (4/82)
Chen 2013 prospective  Taiwan 7605 adult 6845:755 1.58 0.14
[57]
Cipolla 2005  Retrospec- [taly Thyroidec- 178 68:21 Papillary 276
[15] tive tomy (13/47)
Zhang 2014 Retrospec-  China Thyroidec- 8524 43.1 - Papillary 14.24 70
[22] tive tomy (247/839) (592/839)
Graceffa Retrospec- [taly Thyroidec- 305 506 258:47 Papillary 28.83
2019 28] tive tomy (47/163)
Follicular 1.84
(3/163)
Medullary 0.61
(17163)
Uhliarova prospective  Slovakia Thyroidec- 2117 111437 1738:379 All cancer 83.64%)
2017 [58] tomy types (266/318)

ranged between 0 to 20%. The meta-analysis of 5 studies
with an appropriate control group, reached 2.70 OR for
this outcome (95% CI: 1.20 to 6.07; I* test for heterogene-
ity: 0%) and the difference between the groups was sig-
nificant (p=0.01).

Lymphoma

6 studies investigated the relation between HT and lym-
phoma and the rate of HT in the lymphoma group was
5.88 and 60% in two studies. The range of lymphoma
in HT was between 0.1 to 1.09%. The meta-analysis of
3 studies concerning this outcome reached 12.93 OR
(95% CI: 2.15 to 77.63; I* test for heterogeneity: 0%)
and the difference between these groups was significant
(p=0.01).

Anaplastic thyroid cancer

Only two studies assessed the relation between anaplastic
thyroid cancer (ATC) and HT and the rate of TC in the
HT group was 0 and 1.02% in these studies. The meta-
analysis reached 1.92 OR (95% CI: 1.90 to 0.29; I* test for
heterogeneity: 0%) and the difference between groups
was not statistically significant (p =0.05).

All cancer types

Twenty seven studies had an appropriate control group
which allowed us to calculate the OR and include them in
the meta-analysis. The results showed 1.36 OR (95% CI:
1.05 to 1.77; I* test for heterogeneity: 93.66%) and there

was a significant difference between case and control
groups in terms of incidence of TCs (p =0.01).

Risk of Bias

The RoB assessment based on the JBI checklist is pre-
sented in Fig. 3. Based on our assessment, appropriately
dealing with confounding factors was the most prevalent
source of bias in included studies. The appropriate and
complete follow-up period was the other source of bias
in these studies. Generally, there is a concerning risk of
bias in these studies which can affect these outcomes.
The details of the RoB assessment are presented in Sup-
plementary material 1.

Discussion

This study investigated the possible relationship between
HT and different types of TCs. The results indicated a
significant correlation between HT and thyroid malig-
nancies in particular with PTC, MTC, lymphoma but not
with ATC and FTC. Also, this study found a significant
association between HT and thyroid malignancies.

As the most common cause of hypothyroidism in
developed countries [59], the role of HT in developing
thyroid malignancies, should be considered by the clini-
cians. As fine needle aspiration (FNA) has poor accuracy
in the diagnosis of TCs in patients with thyroiditis, diag-
nosis of TC in the presence of HT is challenging. Previ-
ous studies have found a better prognosis for TC in case
of coexistence of HT, because of earlier diagnosis based
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Model  Grouj Study name Statistics for each study Incidence / Total Subgroup within study 0dds ratio and 95% CI
Sulbgroup withia susdy, 0Odds Lower Upper
ratio limit limit  p-Value Hashimoto Control
Anaplastic Larson 2007 ¢ 3649 0328 40.626 0.292 1/98 2/710 Anaplastic
Anaplastic Zhang 2014 d 0.706 0.036 13774 0819 0/108 3/539 Anaplastic
Fixed Anaplastic 1902 0293 12356  0.501 T
Random Anaplastic 1902 0.293 12356  0.501 F
Follicular Paparodis 2014 a 0822 0412 1638 0577 10/567 46/ 2151 Follicular —_—0—
Follicular Zayed 2015 ¢ 0.176 0.011 2908 0225 0/78 27/785 Follicular
Follicular Gul 2010b 0562 0.071 4.440 0.584 1/92 10/521 Follicular
Follicular Zhang 2014 b 0991 0.047 20.782 0995 0/108 2/539 Follicular >
Follicular Holm 1985 b 1000 0.062 16.014 1000 1/829 1/829 Follicular
Follicular B0i 2017b 0.784 0.125 4911 0.795 3/70 2/37 Follicular
Follicular Blyukasi 2011 b 0461 0.055 3.863 0475 1/15 11/8 Follicular F
Fixed Follicular 0730 0418 1275 0.268 -
Random Follicular 0730 0418 1275 0.268 ——
Lymphoma Gul 2010d 17.098 0691 422965 0.083 1/92 0/521 Lymphoma F
Lymphoma Zhang 2014 e 15056 0609 372062 0.097 1/108 0/539 Lymphoma
Lymphoma Holm 1985 ¢ 9044 0486 168240 0140 4/829 0/829 Lymphoma
Fixed Lymphoma 12935 2155 77.632 0.005
Random Lymphoma 12935 2155 77.632 0.005
Medullary Zayed 2015 a 2577 o711 9334  0.150 3/78 12/785 Medullary ——— Y —
Medullary Gul 2010¢ 0.508 0.028 9.258 0.647 0/92 5/521 Medullary
Medullary Zhang 2014 ¢ 5.066 0.706 36.363 0107 2/108 2/539 Medullary S
Medullary B0i 2017 ¢ 1059 0093 12078 0963 2/70 1/37 Medullary 1
Medullary Blyukasi 2011 ¢ 4875 0.969 24526 0.055 3/15 4/82 Medullary —_—
Fixed Medullary 2707 1.207 6.073 0.016 —_—
Random Medullary 2707 1207 6073 0.016 e Dp—
Papillary Alcdntara-jones 2015 0.825 0.224 3.044 0773 9/33 5/16 Papillary _—
Papillary Ye 2013 3336 2482 4484 0.000 187/1004 66 /1028 Papillary ——
Papillary Kim 2011 3992 2567 6.208 0.000 307 /1028 24/249 Papillary R ™ ]
Papillary Lun 2013 3.000 2306 3904 0000 127/676 129/1802 Papillary b ol
Papillary Mazokopakis 2010 1560 0.680 3579 0294 12/42 20/98 Papillary ——
Papillary Graceffa 2019 4764 2303 9.851 0.000 36/126 11/142 Papillary s ® e
Papillary Selek 2016 0.958 0.706 1300 0783 172/577 90/293 Papillary -
Papillary Topaloglu 2016 1489 0994 2230 0054 73/19% 70/ 237 Papillary ——
Papillary Zeng 2018 13.778 3175 59.789 0.000 23/129 2/129 Papillary ——
Papillary Osorio 2019 2097 1423 3.090 0.000 44/183 125/953 Papillary ——
Papillary Repplinger 2008 1343 0967 1866 0078 63/217 229/981  Papillary ——
Papillary Paparodis 2014 b 2090 1725 2533 0000 242/567 565/2151 Papillary -0
Papillary Anil 2010 0346 0.080 1.500 0.156 2/164 19/551 Papillary —_—l
Papillary Konturek 2013 3794 2999 4798 0000 106/452 530/7093 Papillary -0
Papillary Matesa-Anic 2009 0711 0510 0.992 0.045 42/2156 227/8352 Papillary -
Papillary Zayed 2015 b 0581 0273 1237 0.159 8/78 129/ 785 Papillary —_——
Papillary Gul 20102 2290 1450 3618 0000 40/92 131/521  Papillary e
Papillary Peterson 1957 1269 0.283 5689 0.756 2/n 14/ 680 Papillary —_—
Papillary Zhang 2014 a 2935 1874 4595 0.000 41/108 93 /539 Papillary e
Papillary Holm 1985 a2 1000 0.062 16.014 1000 1/829 1/829 Papillary r
Papillary Boi 2017 2 3323 1448 7647 0005 45/70 13/37 Papillary e —
Papillary Blyukasi 20113 0912 0.29 2.809 0.872 9/15 51/82 Papillary — e
Papillary Zhang 2014 0174 0.141 0.215 0.000 247/839 592/839 Papillary 0=
Fixed Papillary 1475 1363 1596 0.000 o
Random Papillary 1654 1047 2612 0031 —_—l—
Undefined Moris 2019 1635 1463 1826 0.000 606/2651 1105/7200 Undefined E=2
Undefined Jackson 202 0975 0530 1794 0935 19/52 114/307 Undefined e
Undefined Gabalec 2016 0933 0.731 1192 0581 85/592 662/4348 Undefined -
Fixed Undefined 1468 1329 1622 0.000 o
Random Undefined 1179 0746 1862 0480 —_——
Fixed Overall 1469 1382 1562 0.000 L ]
Random Overall 1369 1057 1774 0017 ——
Fig. 2 forest plot of the studies included in the meta-analysis

on routine medical follow-up [18]. Moreover, a less
aggressive form of malignancy in PTC patients in the
top of HT has been reported, though but this conclusion
was associated with controversies in an endemic area of
iodine deficiency goiter [60].

Despite multiple hypotheses in this regard, the under-
lying mechanism of developing malignancies in HT
patients is not fully understood [61, 62]. One of these
mechanisms may rely on the inflammatory process in HT.
Inflammatory reactions create free radical oxygen, result-
ing in DNA damage and mutations that finally cause the
development of PTC [9]. Another hypothesis states that
malignant transformation is caused by increased levels of
TSH that stimulate thyroid tissue epithelial proliferation
[61]. A recently published study assessed the prognostic

value of FOXP3 in PTC and the difference in its expres-
sion in concomitant HT. FOXP3 is a PTC-related marker
and its expression by HT infiltrating lymphocytes sug-
gested a relationship between HT and PTC [32].

Despite the historical discussion about the possible
role of HT in developing TCs, current guidelines didn’t
accept HT as a risk factor for developing thyroid malig-
nancies [63]. Some experts believe that a good prognosis
of TCs and particularly PTC, as the most incident thyroid
malignancy, leads to a decrease in allocation of resources
toward designing and conducting well-designed studies
to identify predictive factors and improving the man-
agement of outcomes [64]. The controversial outcomes
of the studies highlighted a need for more prospective
studies with appropriate control groups and considering
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Fig. 3 Risk of Bias in the studies based on Joanna Briggs Institute (JBI) checklist

the possible cofounding factors to reach more reliable
evidence.

Our meta-analysis as the most reliable evidence in
this regard found a significant association between HT
and MTC based on 5 published studies. This finding is
obtained based on a retrospective point of view and only
11 cases of MTC were reported in 526 investigated cases
of HT in our included studies. MTC is the third most
common TC that originates from the parafollicular cells
with an unfavorable prognosis [65, 66]. Previously the
reports of this relation were limited to case reports [67—
72]. One of the suggested pathophysiological bases for
this relation is the occurrence of HT in response to MTC,
so future prospective studies can give better insight in
this regard. Also, the results of Zayed et al. only found
such an association only in female patients [41], which
should be more investigated in future studies.

One of the limitations of this study was the high level
of heterogeneity between different studies. These dif-
ferences can arise from multiple sources. Differences in
pathological interpretation of HT, genetic factors, diag-
nostic methods for thyroid malignancies including the
ENA and total thyroidectomy can cause variations in
the reported rate of coexistence of HT and TC in our
included studies. Besides, the variation in OR can arise
from differences in defining the control groups.

A comprehensive search in three major databases
and the adding of hand searching results was one of
the strengths of this study that led to full coverage
of published studies that met our inclusion. Besides,
carefully selecting and extracting the data, was the
other strength of this systematic review. Unlike pre-
vious studies, we conducted our meta-analysis based

on OR, therefore, the studies without an appropriate
control group were excluded from our meta-analysis.
This made the findings of our study more practical and
obvious.

Conclusion

Based on the current knowledge, HT is associated with
developing thyroid malignancies, particularly PTC,
MTC, lymphoma but not with ATC and FTC. Studies
with high RoB, the high level of heterogeneity between
different studies, and the limited number of well-
designed prospective studies make the available evi-
dence uncertain, so there is a need for more studies to
reach more reliable conclusions.
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