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Abstr Act

The association of Hashimoto thyroiditis and Graves’ disease 
with papillary, follicular, and medullary thyroid cancer has not 
been comprehensively investigated until now. This comparative 
clinicopathological study of consecutive patients thyroidecto-
mized at a surgical referral center aimed to explore interde-
pendencies between chronic autoimmune thyroiditis and 
thyroid cancer. Altogether, there were 852 (58.4 %) patients 
with papillary thyroid cancer, 181 (12.4 %) patients with folli-
cular thyroid cancer, and 426 (29.2 %) patients with sporadic 
medullary thyroid cancer, of whom 75 (5.1%) patients also had 
Hashimoto thyroiditis and 40 (2.7%) patients also had Graves’ 
disease. Patients with papillary (medians of 42 vs. 48 years; 
P =0.008) and follicular (medians of 33 vs. 63 years; P = 0.022) 
thyroid cancer, unlike patients with medullary thyroid cancer 
(medians of 57.5 vs. 57 years; P = 0.989), were younger at thy-
roidectomy when they had Hashimoto thyroiditis concomi-
tantly. No such associations were seen with Graves’ disease. 
Primary thyroid cancers tended to be more localized in con-
junction with Hashimoto thyroiditis, and less so with Graves’ 
disease, although patterns were not consistent across tumor 
types. In conclusion, Hashimoto thyroiditis, but not Graves’ 
disease, may be associated with differentiated (papillary and 
follicular) thyroid cancer but not with medullary thyroid cancer.

Introduction
Certain cancer types are associated with chronic inflammatory dis-
eases whereas others are not; nevertheless, an inflammatory com-
ponent is present in most human neoplastic lesions [1]. Inflamma-
tion can be a double-edged sword, either promoting tumor growth 
and progression or protecting against tumor development and met-
astatic spread [2]. For the thyroid gland, an association between 
Hashimoto thyroiditis and malignant thyroid neoplasms was de-

scribed as early as 1955 [3]. Hashimoto thyroiditis is characterized 
by a cellular immune response with lymphatic infiltration of the thy-
roid gland by T and B cells, as well as by a humoral immune response 
leading to specific antibody production [4, 5]. The pathology of 
chronic autoimmune thyroiditis, affecting women more often than 
men, includes varying degrees of lymphocytic infiltration and fibro-
sis, with loss (Hashimoto thyroiditis) or without a loss (Graves’ dis-
ease) of thyroid follicular epithelium.
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A large body of evidence has accumulated ever since, indicating 
a link between autoimmune lymphocytic thyroiditis (Hashimoto 
thyroiditis) and papillary thyroid cancer. A recent systematic review 
and meta-analysis estimated the relative risk of Hashimoto thyroid-
itis among 11155 patients with papillary thyroid cancer at 2.36 
(P < 0.001), and the relative risk of papillary thyroid cancer among 
7873 patients with Hashimoto thyroiditis at 1.40 (P = 0.016) [6]. The 
linkage between Hashimoto thyroiditis and papillary thyroid cancer 
is appealing because the concept of chronic inflammation leading 
to a neoplastic condition is well accepted for other tissues. Howev-
er, that systematic review and meta-analysis did not find any asso-
ciation between Hashimoto thyroiditis and follicular or medullary 
thyroid cancer, for which there is a paucity of pertinent studies.

Far fewer data, commonly available case reports or series lim-
ited by small sample size, cross-sectional retrospective design and 
selection bias, have been forthcoming on the association of Graves’ 
disease with differentiated or medullary thyroid cancer. In light of 
this, the present research aimed to explore interdependencies be-
tween chronic autoimmune thyroiditis and thyroid cancer.

Patients and Methods

Study population
This study included all consecutive patients with papillary, follicu-
lar, and sporadic medullary thyroid cancer who underwent initial 
thyroidectomy between November 1994 and April 2021 at the De-
partment of Visceral, Vascular, and Endocrine Surgery in Halle 
(Saale), a national referral center for thyroid cancer. In order not to 
confound the association between chronic autoimmune thyroidi-
tis and medullary thyroid cancer, gene carriers with hereditary 
medullary thyroid cancer were excluded because they are frequent-
ly identified on family screening at a younger age.

Informed consent was obtained before each operation, which 
represented the standard of care in line with the practice guide-
lines of the German Society of Surgery [7]. Systematic lymph node 
dissection was carried out on clinical suspicion by ultrasonography, 
typically on evidence of enlarged nodes, or confirmation of nodal 
disease during clinical work-up or intraoperatively.

For retrospective analysis of existing data sets from routine pa-
tient care, national law and applicable institutional regulations do 
not require institutional review board approval.

Histopathological examination
The diagnosis of papillary, follicular, and medullary thyroid cancer 
was based on immunohistochemistry as per the World Health Or-
ganization criteria. Primary tumor diameter was determined by di-
rect measurements on the surgical thyroid specimens. All lymph 
node metastases were diagnosed using the conventional histo-
pathological methodology.

Concomitant Hashimoto thyroiditis was histopathologically di-
agnosed in the presence of lymphoplasmacytic infiltration with ger-
minative center formation, oxyphilic cell metaplasia, atrophy, and 
fibrosis of thyroid follicles [8].

Concomitant Graves’ disease was defined by a diffusely enlarged 
thyroid gland, supported by proof of stimulating thyrotropin (thy-
roid-stimulating hormone [TSH]) receptor serum autoantibodies.

Statistical analysis
For statistical analysis, the software package SPSS® version 25 (IBM, 
Armonk, New York, USA) was used. Categorical data are given as 
absolute and relative frequencies and were tested with the two-
tailed Fisher’s exact test. Continuous data are presented as medi-
ans with interquartile ranges. The level of statistical significance 
(all values were two-tailed) was set at P < 0.05.

Results

Demographics of the study population
During the study period, 1459 patients with differentiated and 
medullary thyroid cancer underwent thyroidectomy at the authors’ 
institution, of whom 892 (61.1 %) were female and 567 (38.9 %) 
were male (▶table 1).

Altogether, 852 (58.4 %) patients had papillary thyroid cancer, 
181 (12.4 %) patients had follicular thyroid cancer, and 426 (29.2 %) 
patients had medullary thyroid cancer, of whom 75 (5.1%) patients 
also had Hashimoto thyroiditis and 40 (2.7%) patients also had 
Graves’ disease.

Patients with papillary (medians of 42 vs. 48 years; P =0.008) 
and follicular (medians of 33 vs. 63 years; P = 0.022) thyroid cancer, 
unlike patients with medullary thyroid cancer (medians of 57.5 vs. 
57 years; P = 0.989), were younger at thyroidectomy when they had 
Hashimoto thyroiditis concomitantly. No such association was seen 
with Graves’ disease.

Hashimoto thyroiditis was present significantly more often 
among female patients with papillary (88 vs. 67 %; P < 0.001) and 
medullary (83 vs. 47 %; P = 0.073) thyroid cancer, whereas this fe-
male preponderance was less conspicuous among patients with 
follicular thyroid cancer (▶table 1).

In patients with papillary thyroid cancer and concomitant Hashi-
moto thyroiditis, thyroidectomy was performed twice as often for 
suspicious nodules than in patients with papillary thyroid cancer 
and concomitant Graves’ disease (35 of 60 patients or 58 % vs. 8 of 
32 patients or 25 %; P = 0.004; data not shown).

In patients with follicular thyroid cancer, thyroidectomy was car-
ried out for suspicious nodules in one-third of patients (1 of 3) each 
with concomitant Hashimoto thyroiditis and concomitant Graves’ 
disease.

In patients with medullary thyroid cancer, all 12 patients with 
concomitant Hashimoto thyroiditis, and 4 of 5 patients with con-
comitant Graves’ disease presented with increased basal calciton-
in levels > 14 pg/mL suggestive of medullary thyroid cancer (medi-
ans of 192 vs. 103 pg/mL, P = 0.446; data not shown).

Oncological characteristics of the study population
Primary thyroid cancers tended to be more localized in conjunction 
with Hashimoto thyroiditis, and less so with Graves’ disease, although 
patterns were not consistent across tumor types (▶table 2).

In patients with Hashimoto thyroiditis (▶table 2, left column), 
primary tumors were smaller (medians of 28 vs. 47 mm in follicu-
lar thyroid cancer; P = 0.081; and 8 vs. 14 mm in medullary thyroid 
cancer; P = 0.035), exhibiting less often extrathyroid extension (me-
dians of 18 vs. 32 % in papillary thyroid cancer; P = 0.041) or lymph 
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node metastases (medians of 17 vs. 43 % in medullary thyroid can-
cer; P = 0.079).

In patients with Graves’ disease (▶table 2, right column), sim-
ilar trends were observed towards smaller primary tumors (medi-
ans of 4 vs. 14 mm in medullary thyroid cancer; P = 0.075) and more 
infrequently, lymph node metastases (medians of 22 vs. 40 % in 
papillary thyroid cancer; P = 0.062).

Discussion
This is the first clinical investigation to report significantly earlier 
manifestations of both papillary (medians of 42 vs. 48 years; 
P =0.008) and follicular (medians of 33 vs. 63 years; P = 0.022) thy-
roid cancer but not medullary thyroid cancer (medians of 57.5 vs. 
57 years; P = 0.989) with concomitant Hashimoto thyroiditis. In con-
junction with Hashimoto thyroiditis, thyroid cancers tended to be 
more localized although most comparisons were statistically non-
significant.

In contrast, no significant associations were noted between 
Graves’ disease and papillary, follicular, or medullary thyroid can-
cer, arguing against a protective role of Graves’ disease described 
elsewhere [9].

These findings showed that Hashimoto thyroiditis may be asso-
ciated with differentiated (papillary and follicular) thyroid cancer, 
but not with medullary thyroid cancer.

For this study, medullary thyroid cancer was a valuable refer-
ence standard to put the prevalence of Hashimoto thyroiditis and 
Graves’ disease in papillary and follicular thyroid cancer into per-
spective. Biologically, medullary thyroid cancer derives from the 
parafollicular C cells, which synthesize and secrete calcitonin. How-
ever, Hashimoto thyroiditis, Graves’ disease, and papillary and fol-
licular cancers involve the follicular epithelium of the thyroid gland, 
which produces and secretes thyroxine and triiodothyronine. Con-
ceptually, this difference could have accounted for some of the dif-
ferences in the coexistence between Hashimoto thyroiditis and 
Graves’ disease on one hand, and papillary, follicular, and medul-
lary thyroid cancer on the other.

Patients with Hashimoto thyroiditis often develop hypothyroid-
ism with an elevation of TSH levels in the course of their disease, 
due to the destruction of thyroid follicles by the autoimmune pro-
cess. Although the role of TSH was not an objective of the present 
study, TSH is believed to play an important role in the etiology of 
thyroid cancer. In a systematic review and meta-analysis [10], high-
er serum TSH concentrations were associated with moderately 
higher odds of developing thyroid cancer even at normal and sub-
normal TSH levels. Studies controlling for autoimmunity reported 
markedly attenuated odds ratios for the TSH-thyroid cancer rela-
tionship [10]. Despite the presence of lymphocytic infiltration, such 
follicular destruction is absent in Graves’ disease, a condition char-
acterized by hyperthyroidism with a decline in TSH levels due to 
stimulating thyrotropin receptor autoantibodies.

The present work has strengths and limitations. A key asset was 
the controlled clinical environment of a tertiary surgical center with 
standardized histopathologic examination of thyroid specimens, 
creating straightforward case definitions of autoimmune disease 
and thyroid cancer. People with Hashimoto thyroiditis, in general, 
may be younger than patients with papillary and follicular thyroid 
cancer alone. Thus, it could not be completely ruled out that pa-
tients with either form of cancer and concomitant Hashimoto thy-
roiditis may have been younger just because of this possibility. 
However, patients with concomitant Hashimoto disease were op-
erated more often in this study for suspicious thyroid nodules than 
patients with Graves’ disease (58 vs. 25 %; P = 0.004; data not 
shown) and had larger primary tumor diameters (medians of 
14 mm for concomitant Hashimoto’s disease vs. 7 mm for concom-
itant Graves’ disease; ▶table 2).

To study the complete tumor spectrum, incidental and nonin-
cidental thyroid cancers were retained irrespective of surgical in-
dication and evaluated together. Because clinical work-up in health 
care can vary a great deal, in particular regarding the use of fine-
needle aspiration cytology, the same thyroid tumor can be inciden-
tal in one setting, and nonincidental in another setting, depending 
on the circumstances of the case. By implication, there is always 
some form of selection in clinical research which cannot be avoid-
ed altogether, whatever the study design.
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▶table 1 Demographics of the study population.

Demographic variables thyroid cancer Hashimoto 
thyroiditis

P Neither 
condition * 

P Graves’ disease

Age at thyroidectomy, in 
years, median [IQR]

papillary  
(n = 852)

42 [30 ; 52.5] 
(n = 60)

0.008 48 [35 ; 61] 
(n = 760)

0.487 48.5 [31 ; 57.5] 
(n = 32)

follicular  
(n = 181)

33 [10 ; - ]  
(n = 3)

0.022 63 [51 ; 72] 
(n = 175)

0.821 63 [30 ; - ]  
(n = 3)

medullary  
(n = 426)

57.5 [43 ; 67] 
(n = 12)

0.989 57 [46 ; 66] 
(n = 409)

0.974 56 [49 ; 65]  
(n = 5)

Sex, no. of female 
patients

papillary  
(n = 852)

53 (88)  
(n = 60)

 < 0.001 508 (67)  
(n = 760)

0.443 24 (75)  
(n = 32)

follicular  
(n = 181)

2 (67)  
(n = 3)

 > 0.999 97 (56)  
(n = 175)

0.257 3 (100)  
(n = 3)

medullary  
(n = 426)

10 (83)  
(n = 12)

0.073 190 (47)  
(n = 409)

0.065 5 (100)  
(n = 5)

Values in parentheses denote column percentages IQR, interquartile range.  * Most patients in this category had thyroid cancer against a background 
of nodular thyroid disease.
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Because patients with suspicious nodules are preferentially re-
ferred for thyroidectomy in Germany, a previously iodine-deficient 
country [11], the present study may have been enriched with thy-
roid cancer patients, some of whom exhibited advanced disease.

Although patients referred for thyroidectomy had thyroid au-
toantibodies measured at the referring institutions over the years, 
these outside assays were not sufficiently standardized to allow for 
further analysis. Compared with other studies, the strong focus of 
the authors’ institution on thyroid cancer surgery may explain the 
lower prevalence of papillary thyroid cancer among Hashimoto thy-
roiditis and Graves’ disease patients (7.0 vs. 19.6–30 %, and 3.8 vs. 
6.1–10.3 %) [9]. Alternatively, because the diagnosis of Hashimoto 
thyroiditis was largely histology-driven, milder forms of this condi-
tion may have gone unaccounted for. Enrichment of the study with 
more clear-cut cases of advanced disease may have augmented the 
effect size of some associations, which may not equally extend to 
primary care facilities.

Including patients with benign conditions who underwent total 
thyroidectomy would have broadened the study base further, prob-
ably at the cost of introducing more heterogeneity into the present 
investigation, which would have made controlling for confounding 
harder.

As in all cross-sectional studies, it was not possible to determine 
whether Hashimoto thyroiditis preceded papillary and follicular 
thyroid cancer; whether both conditions occurred simultaneously; 
or whether papillary and follicular thyroid cancer may have induced 

Hashimoto thyroiditis. This rendered it difficult to decide whether 
patients developed Hashimoto thyroiditis prior to their cancer.

Using stringent clinical criteria, prospective studies would have 
to recruit, and follow up on prohibitively large numbers of patients 
over extended periods of time to confirm a modest, though bio-
logically plausible tissue-specific sequence from Hashimoto thy-
roiditis to differentiated thyroid cancer. Defining dose-response re-
lationships and putting the severity of Hashimoto thyroiditis in pro-
portion to the frequency of differentiated thyroid cancer are 
challenging in a population-based study because patients with 
Hashimoto thyroiditis frequently receive thyroxin supplementation 
to normalize otherwise increased TSH levels.

Conclusion
Hashimoto thyroiditis, but not Graves’ disease, may be associated 
with differentiated (papillary and follicular) thyroid cancer but not 
with medullary thyroid cancer.
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▶table 2 Oncological characteristics of the study population.

Oncologic variables thyroid cancer 
type

Hashimoto 
thyroiditis

P Neither 
condition * 

P Graves’ disease

Largest primary tumor 
diameter, in mm, median [IQR]

papillary  
(n = 825)

14 [5 ; 19] 
(n = 59)

0.695 10 [4 ; 22]  
(n = 734)

0.348 7 [4 ; 15]  
(n = 32)

follicular  
(n = 164)

28 [11 ; - ]  
(n = 3)

0.081 47 [26 ; 65] 
(n = 159)

0.254 28 [20 ; - ]  
(n = 2)

medullary 
(n = 412)

8 [5 ; 13]  
(n = 12)

0.035 14 [7 ; 25]  
(n = 395)

0.075 4 [2 ; 17.5]  
(n = 5)

Extrathyroid extension, no. 
of patients

papillary  
(n = 852)

11 (18)  
(n = 60)

0.041 240 (32)  
(n = 760)

0.846 9 (28)  
(n = 32)

follicular  
(n = 178)

0  
(n = 3)

0.269 72 (42)  
(n = 172)

 > 0.999 1 (33)  
(n = 3)

medullary 
(n = 425)

0  
(n = 12)

0.136 84 (21)  
(n = 408)

 > 0.999 1 (20)  
(n = 5)

Tumor multifocality, no. of 
patients

papillary  
(n = 852)

14 (23)  
(n = 60)

0.217 129 (17)  
(n = 760)

0.473 7 (22)  
(n = 32)

follicular  
(n = 181)

0  
(n = 3)

 > 0.999 2 (1)  
(n = 175)

 > 0.999 0  
(n = 3)

medullary 
(n = 426)

0  
(n = 12)

 > 0.999 28 (7)  
(n = 409)

 > 0.999 0  
(n = 5)

Lymph node metastases, 
no. of patients

papillary  
(n = 852)

24 (40)  
(n = 60)

 > 0.999 301 (40)  
(n = 760)

0.062 7 (22)  
(n = 32)

follicular  
(n = 181)

0  
(n = 3)

 > 0.999 32 (18)  
(n = 175)

0.462 1 (33)  
(n = 3)

medullary 
(n = 426)

2 (17)  
(n = 12)

0.079 177 (43)  
(n = 409)

0.396 1 (20)  
(n = 5)

Values in parentheses denote column percentages  IQR, interquartile range.  * Most patients in this category had thyroid cancer against a background 
of nodular thyroid disease.
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