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Hashimoto’s thyroiditis is now considered the most prevalent autoimmune disease, as well as the most common
endocrine disorder. It was initially described in 1912, but only rarely reported until the early 1950s. To celebrate
this centennial, we reviewed the surgical pathology archives of the Johns Hopkins hospital for cases of
Hashimoto’s thyroiditis, spanning the period from May 1889 to October 2012. Approximately 15,000 thyroid-
ectomies were performed at this hospital over 124 years. The first surgical case was reported in 1942, 30 years
after the original description. Then, 867 cases of Hashimoto’s thyroiditis were seen from 1942 to 2012, re-
presenting 6% of all thyroidectomies. Hashimoto’s thyroiditis was the sole pathological finding in 462 cases; it
accompanied other thyroid pathologies in the remaining 405 cases. The most commonly associated pathology
was papillary thyroid cancer, an association that increased significantly during the last two decades. The most
common indication for thyroidectomy was a thyroid nodule that was cytologically suspicious for malignancy.
Hashimoto’s thyroiditis remains a widespread, intriguing, and multifaceted disease of unknown etiology one
century after its description. Advances in the understanding of its pathogenesis and preoperative diagnosis will

improve recognition and treatment of this disorder, and may one day lead to its prevention.

Introduction

HASHIMOTO'S THYROIDITIS IS AN AUTOIMMUNE DISEASE Of
the thyroid gland that has a characteristic pathological
appearance. The main feature is infiltration with hematopoietic
cells, mainly lymphocytes, organized in lymphoid follicles that
often show prominent germinal centers. Other features include
transformation of normal thyrocytes into Hiirthle cells in some
areas, destruction and atrophy of thyrocytes in other areas, and
interstitial fibrosis. These histologic findings vary significantly
among patients so that a clinicopathologic spectrum of con-
ditions, rather than a single disease, falls under the term
Hashimoto’s thyroiditis. This spectrum now includes the
classical, fibrosing, juvenile, painless, and Hashitoxicosis vari-
ants [reviewed in (1)], as well as postpartum thyroiditis (2) and
the more recently reported IgG4-related variant (3).

The classical variant was initially reported by Dr. Hakaru
Hashimoto in 1912 (4). He examined the surgical specimens of
four middle-aged women who had undergone thyroidectomy
because of compressive symptoms, and summarized the

pathological findings in an article written in German con-
taining two Latin words in the title (struma lymphomatosa) and
five microphotographs. The article went unrecognized for
about two decades: only a few cases of struma lymphomatosa
were reported in the literature, often eliciting considerable
controversy as to whether they really represented a distinct
disease or rather an early phase of Riedel’s thyroiditis (5). In
1931, Graham and McCullagh used the term “Hashimoto” for
the first time in the title of an article, strongly arguing that
struma lymphomatosa was indeed distinct from Riedel’s thy-
roiditis (6). In 1939, the prominent British thyroid surgeon
Cecil Joll coined the term “Hashimoto disease” and used it in
the title of a review he wrote about this condition (7). Since
then, Hashimoto’s thyroiditis has gone from being a rarity to
one of the most common autoimmune diseases, as well as the
most common endocrine disease. Its incidence is about 1 case
per 1000 persons per year (8). The prevalence is 8 cases per
1000 when estimated from a review of published articles (9),
and 46 cases per 1000 when estimated from the biochemical
evidence of hypothyroidism and thyroid autoantibodies in
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subjects participating to the Third National Health and Nu-
trition Examination Survey (10).

The pathogenesis of Hashimoto’s thyroiditis has elicited
interest since it was first reported. Dr. Hashimoto himself
speculated on possible explanations of what he saw under the
microscope, eventually concluding “at present we cannot say
anything definite about the cause” (4). Initial theories postu-
lated this disease was due to infection, understandably, since
infections were quite common and a large focus of clinical in-
vestigation, but no clear link with microorganisms was ever
found. Other theories considered the Hashimoto goiter a pre-
malignant condition (11). Some scholars believed the thyroid
itself possessed a lymphogenic secretory capability that be-
came hyperactive in these patients (12). Others viewed the
goiter as secondary to constant anxiety and emotional unrest
(13). In 1951, Hellwig proposed the colloidophagy theory,
based on rodent studies performed in the late 1920s (14) and his
own observations in humans (15) that macrophages exist in the
thyroid gland and are capable of ingesting colloid. He postu-
lated that thyroid macrophages that have engulfed colloid
degenerate and release colloid, which then attracts lympho-
cytes into the thyroid (15). Finally, in the early 1950s, the field of
autoimmunity began to take shape; animal models were being
developed in which injection of a tissue extract was capable of
reproducing a lymphocytic infiltration of that particular organ
(16). This experimental approach was applied to the thyroid
when, in 1956, lymphocytic infiltration of the rabbit thyroid
was induced by injection of rabbit thyroid extracts (17). The
horror autotoxicus dogma was dismantled and autoimmunity
became recognized as an important mechanism of disease.

In the ensuing five decades, numerous studies have greatly
expanded our understanding of the pathogenesis of Ha-
shimoto’s thyroiditis and helped translating research findings
into clinical practice. We have known since the mid-1980s that
thyroperoxidase is a dominant protein antigen targeted by the
patient’s immune system in Hashimoto’s thyroiditis (18), and,
as a result, antibodies to thyroperoxidase are now considered
the most sensitive and specific biomarkers to establish this
diagnosis. They also have a predictive value since their
presence precedes a clinical diagnosis of Hashimoto’s thy-
roiditis by at least 7 years (19). We have also known since 1971
(20) that Hashimoto’s thyroiditis, like other autoimmune
diseases, has a genetic basis. Substantial efforts have been
devoted to identify the genes that predispose to Hashimoto’s
thyroiditis, but results have been less fruitful than expected
(21). Genome-wide association studies and candidate gene
approaches have identified a handful of confirmed suscepti-
bility genes (MHC class II region, CTLA-4, PTPN22, and
ARID5B) (22), each making, however, only a small contribu-
tion to the disease phenotype and through mechanisms that
remain to be discovered.

To celebrate the centennial of the original description of
Hashimoto’s thyroiditis, we reviewed the complete surgical
pathology archives of the Johns Hopkins Hospital (May 1889—
October 2012) for cases of Hashimoto’s thyroiditis.

Materials and Methods

Data sources

We compiled a database of all thyroidectomies performed
at the Johns Hopkins Hospital (no consult slides included)
using both paper and electronic records.
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The paper surgical pathology records encompassed a
period of 95 years, from the time the Johns Hopkins Hospital
opened its doors (May 1889) to the time the recording system
became electronic (March 1984). The paper archives were
contained in 265 log books and comprised a total of 561,762
specimen records, of which only 10,456 (1.8%) were missing
or lost. Each line in the log books reported one specimen de-
fined by a unique identification number, date of surgery,
medical record number, patient’s name, age, sex, hospital
location, surgeon’s name, type of surgery, and gross appear-
ance of the specimen, information that was written by hand as
the specimen arrived from surgery. The last section of each
line reported the final pathological diagnosis, which was
added a few days later, once the pathologist had completed
the microscopic analysis of the specimen. We reviewed all log
books page by page to identify cases of thyroidectomy, which
were then entered into a FileMaker database (FileMaker, Inc.,
Santa Clara, CA). We also assigned a diagnostic code to each
case to classify it into one of seven disease categories: devel-
opmental lesions, inflammatory lesions, nonautoimmune
goiter, autoimmune thyroid diseases (Hashimoto’s thyroid-
itis, Riedel’s thyroiditis, and Graves’ disease), hyperplasia,
benign tumors, and malignant tumors (Table 1). Most speci-
mens processed during this paper period were described, in
addition to the log book record indicated above, in a detailed
surgical pathology report. Here the pathologist summarized
the clinical history of the patient, expanded upon the gross
appearance of the specimen, included the microscopic find-
ings, and provided the final pathological diagnosis (which
was then added to the specimen entry in the log book). These
detailed surgical pathology reports were type-written and
later scanned to microfilm. Reports of the initial years (1889-
1923) have been lost, but microfilms for the 1924-1984 period
were available and were consulted when the final patholog-
ical diagnosis reported in the log books was unclear or miss-
ing.

The electronic surgical pathology records encompassed the
ensuing period of 29 years, from March 1984 to the present.
They comprised, as of October 30, 2012, a total of 1,422,424
specimens. Electronic records contained the full pathology
report, with detailed gross appearance, microscopic findings,
and final pathological diagnosis. These records were queried
using the keywords “thyroid,” “Hashimoto,” or “Graves.”
Cases containing these keywords were then reviewed one
by one for accuracy, classified based on reanalysis of the
pathology report, and combined into the same FileMaker
database mentioned above.

We considered as “Hashimoto’s thyroiditis” those cases
that contained the word “Hashimoto” in the report and
pathological findings consistent with this diagnosis. We also
considered as Hashimoto’s thyroiditis those reports that, de-
spite lacking the term “Hashimoto,” featured a description
containing lymphocytic infiltration of the thyroid gland with
germinal center formation and Hiirthle cell metaplasia.
However, the presence of a simple lymphocytic infiltration
was not considered indicative of Hashimoto’s thyroiditis. This
less-marked type of infiltration, often referred to by patholo-
gists as “chronic nonspecific thyroiditis,” differs from that
seen in Hashimoto’s thyroiditis because of its focal nature,
absence of germinal centers, and lack of Hiirthle cells
(1,23,24). For specimens collected during the electronic
period, we classified this milder lymphocytic infiltration as



144

CATUREGLI ET AL.

TABLE 1. PATHOLOGICAL CLASSIFICATION OF 14,867 THYROIDECTOMIES
PERFORMED AT THE JoHNS HoprkiNs HosPiTAL BETWEEN MAY 1889 AND OcCTOBER 2012

Diagnosis n %

Developmental lesions (1=627)

Thyroglossal duct cyst 598 4.0
Aberrant thyroid 16 0.1
Congenital goiter 13 0.1
Inflammatory lesions (1n=312)
Acute thyroiditis 4 003
Subacute thyroiditis 18 0.1
Granulomatous thyroiditis 13 0.1
Chronic infectious thyroiditis 8 01
Atrophy, scarring, or fibrosis 59 04
Amyloidosis of the thyroid 3 002
Chronic nonspecific 207 14
lymphocytic thyroiditis
Nonautoimmune goiter (1=4998)
Simple colloid goiter (diffuse 1027 6.9
nontoxic goiter)
Adenomatoid hyperplasia 3216 21.6
(multinodular goiter)
oncocytic adenomatoid hyperplasia 64 04
with lymphocytic infiltration 343 23
with Hashimoto’s thyroiditis 94 0.6
Thyroid cyst 254 1.7
Autoimmune thyroid diseases (n=1511)
Graves’ disease 1024 6.9
Hashimoto’s thyroiditis (isolated) 462 3.1

Riedel’s thyroiditis 25 0.2
Hyperplasia (n=472)

Follicular hyperplasia 409 28
with lymphocytic infiltration 38 03
C-cell hyperplasia 25 0.2
Benign tumors (1n=2927)
Adenoma, not otherwise categorized 640 4.3
Colloid adenoma 929 6.3
Follicular adenoma 519 3.5
with lymphocytic infiltration 82 0.6
with Hashimoto’s thyroiditis 27 0.2

Diagnosis n %
Hiirthle cell adenoma 340 23
with lymphocytic infiltration 15 0.1
with Hashimoto’s thyroiditis 19 0.1
Cystic adenoma 57 04
Fetal adenoma 71 05
Mixed adenoma 162 1.1
Papillary adenoma 52 0.3
Parathyroid adenoma
with Hashimoto’s thyroiditis 14 0.1
Malignant tumors (n=3591)
Carcinoma, not otherwise categorized 72 05
Papillary carcinoma (1=2972) 2233 15
with lymphocytic infiltration 508 3.4
with Hashimoto’s thyroiditis 231 1.6
Follicular carcinoma (n=162) 145 1.0
with lymphocytic infiltration 12 0.1
with Hashimoto’s thyroiditis 5 0.03
Hiirthle cell carcinoma (1n=98) 84 06
with lymphocytic infiltration 8§ 0.1
with Hashimoto’s thyroiditis 6 0.04
Medullary carcinoma (n0.=160) 138 0.9
with lymphocytic infiltration 13 0.1
with Hashimoto’s thyroiditis 9 0.06
Anaplastic carcinoma (1 =>59) 55 04
with lymphocytic infiltration 4 0.03
Lymphoma of the thyroid 28 02
Sarcoma of the thyroid 4 0.03
Metastasis to the thyroid 28 02
Paraganglioma of the thyroid 2 001
Teratoma of the thyroid 2 001
Langerhans cell histiocytosis 1 0.01
Solitary fibrous tumor (spindle cell tumor) 1 001
Castle disease” 1 0.01
Insular carcinoma 1 0.01
Unknown pathological diagnosis 188 1.3
Normal thyroid tissue 241 1.6
Total 14,867 100

“Castle disease is a neoplasm that arises from ectopic intrathyroidal thymic tissue, or from intrathyroidal branchial pouch remnants.

chronic nonspecific thyroiditis when it was the only patho-
logical feature present in the report, or added the note “with
lymphocytic infiltration” when it accompanied other thyroid
pathologies. For specimens collected during the paper period,
we reviewed the glass slides of all records containing the
terms “thyroiditis,” “lymphoid (lymphocytic) infiltration,” or
“chronic inflammation” in the final diagnosis.

The study was approved by the Johns Hopkins Institutional
Review Board. Statistical analyses were performed using Stata
statistical software, release 12 (Stata Corp., College Station, TX).

Results

A total of 14,867 thyroidectomies were performed at the
Johns Hopkins Hospital between May 1889 and October 2012
(Table 1). Following the initial years, the number of yearly
thyroidectomies oscillated around 100 (108+38) for eight
decades (1914-1994), and then increased 3-fold (330%157) in
more recent times (1995-2012). Thyroidectomies (Fig. 1, da-
shed line) represented overall less than 1% of the total

(1,984,186) surgical pathology specimens (Fig. 1, solid line)
processed by the department of pathology.

The term “Hashimoto” first appeared in the Johns Hopkins
surgical pathology archives in 1942 (Fig. 1, arrow by the
dotted line), 30 years after the original publication by
Dr. Hashimoto. It was a specimen from a 37-year-old woman
who underwent bilateral thyroidectomy for compressive
goiter. The pathologist opened his microscopic description by
writing “the appearance of this thyroid is very unusual” and
concluded it with “the appearance of this gland is compatible
with the entity described by Hashimoto in 1912.” Before this
specimen, however, we identified three cases, one in 1928, one
in 1935, and the third in 1939, featuring descriptive terms that
suggested to us a diagnosis of Hashimoto’s thyroiditis, such
as “extraordinary lymphoid infiltration in the thyroid.” Re-
view of the original glass slides showed they were indeed
cases of full-blown Hashimoto’s thyroiditis. They all showed
massive lymphocytic infiltration organized into follicles with
prominent germinal centers, and an almost complete trans-
formation of the remaining thyroid follicles into Hiirthle cells.
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FIG. 1. Annual number of Hashimoto’s thyroiditis cases
(dotted line) among the thyroidectomies (dashed line) per-
formed at the Johns Hopkins Hospital between May 1889
and October 2012. The numbers of all surgical specimens
processed by the Department of Pathology (solid line) is also
shown. The arrow indicates year 1942, the time when the
term “Hashimoto thyroiditis” was first used in a pathology
report at this hospital.

A total of 867 cases of Hashimoto’s thyroiditis were iden-
tified from 1942 to October 2012, representing approximately
6% of all (14,867) thyroid surgical specimens (Tables 1 and 2),
a prevalence nearly identical to the one recently reported in
Krakow, Poland (452 cases of 7545 thyroidectomies) (25).
Approximately half of our cases (n=462, Table 2) were iso-
lated, meaning that the report indicated Hashimoto’s thy-
roiditis as the sole pathological finding. Of them, we were able
to derive the reason for the thyroidectomy in 167 cases oper-
ated after 1984 (Table 2). The majority (100 of 167, 60%) were

TABLE 2. CLASSIFICATION OF 867 CASES OF HASHIMOTO'S
THYROIDITIS OPERATED AT THE JOHNS HOPKINS HOSPITAL
BETWEEN 1942 AND OCTOBER 2012

Isolated Hashimoto’s thyroiditis (1 =462)

Operated for nodule with suspicious cytology 100 11.5
Operated for compressive symptoms 52 6.0
Operated upon patient’s request 12 14
Operated for refractory hyperthyroidism 3 03
Reason for thyroidectomy unknown 295 34

Hashimoto’s thyroiditis found in association with (1=405)

Papillary thyroid cancer 231 26.6
Multinodular goiter 94 10.8
Follicular adenoma 27 3.1
Hiirthle cell adenoma 19 22
Parathyroid adenoma 14 1.6
Medullary thyroid cancer 9 1.0
Hiirthle cell carcinoma 6 07
Follicular thyroid cancer 5 0.6
Total 867 100

Isolated (n1=462) and associated cases (1=405) are classified
according to the reason for thyroidectomy.
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patients with a nodular goiter and a cytology suspicious for
malignancy. A third (52 of 167, 31%) were patients with a
goiter causing symptoms from compression of airways,
esophagus, or laryngeal nerve. A minority were cases oper-
ated upon patient’s request (12 of 167, 7%), or because of an
initial phase of hyperthyroidism clinically interpreted as
Graves’ disease that was refractory to medical treatment (3 of
167, 2%).

The remaining half of the Hashimoto’s thyroiditis cases
(n=405) were those in which Hashimoto’s thyroiditis was
found incidentally in association with other thyroid pathol-
ogies (Table 2). The most common associated condition was
papillary thyroid cancer. This cancer was found in 231 of the
total 867 Hashimoto’s thyroiditis cases (26.6%, Table 2), a
prevalence that is very similar to the one recently reported
in Krakow (106 of 452, 24%) (25). The coexistence of
Hashimoto’s thyroiditis with papillary cancer (231 of 2972
total papillary cancer cases, 7.7%) was significantly greater
than the coexistence with a multinodular goiter (94 of 3717,
2.5%, p<0.0001 by the chi-squared test), follicular carcinoma
(5 of 162, 3.1%, p=0.03), or follicular adenoma (27 of 628,
4.3%, p=0.002; Fig. 2). However, it was not a unique feature
of papillary thyroid cancer, since a similar prevalence was
found for the coexistence with Hiirthle cell carcinoma (6 of
98, 6.1%, p=0.70) and medullary thyroid cancer (9 of 162,
5.6%, p=0.44; Fig. 2).

The number of yearly Hashimoto’s cases (Fig. 1, dotted
line) has changed considerably over time. Following the
initial 53 years of surgeries (1889-1942) in which basically no
case was reported, the incidence increased significantly over
the ensuing 25 years (1943-1967, beta coefficient for trend
[$1=0.63, p <0.0001). It then remained fairly constant for the
next 25 years (1968-1992, ff=—-0.02, p=0.791), before in-
creasing again over the past two decades (1993-2012,
p=1.76, p<0.0001). There were, in fact, 207 cases reported
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FIG. 2. Prevalence of the coexistence of Hashimoto’s thy-
roiditis (HT) with papillary thyroid cancer (PTC), Hiirthle
cell cancer (HCC), medullary thyroid cancer (MTC), follicu-
lar adenoma (FA), follicular thyroid cancer (FTC), and nod-
ular goiter (NG). p-Values compare by chi-squared the
coexistence of HT and PTC to the coexistence with other
thyroid pathologies.



146

1992 2002 2012

Calendar Year

1982

1972

FIG. 3. Annual numbers of HT cases associated with PTC
(dotted line), HT cases associated with multinodular goiter
(dashed line), and isolated cases of HT (solid line).

during the first period (for an average of 8 cases per year),
172 cases in the second period (average of 7 yearly cases),
and 488 in the last two decades (24 cases per year). The
main contributor to the recent increase in incidence was
Hashimoto’s thyroiditis associated with papillary thyroid
cancer (Figs. 3 and 4, dotted line). Interestingly, the increased
yearly counts of isolated papillary thyroid cancer (Fig. 4,
dashed line) were accompanied not only by increases in
cases associated with Hashimoto’s thyroiditis (Figs. 3 and 4,
dotted line), but also by increases in cases of papillary thy-
roid cancer associated with the less prominent lymphocytic
infiltration sometimes referred to as chronic nonspecific
thyroiditis (Fig. 4, solid line).

The modern-day pathological features of Hashimoto’s
thyroiditis (Fig. 5B, D, F, H, J) are nearly identical to the ones
originally reported by Dr. Hashimoto in 1912 (Fig. 5A, C,E, G,
I). At low power (Fig. 5A, B), the most striking feature is the
infiltration of the thyroid gland with lymphocytes. They often
organize into bona fide lymphoid follicles with germinal cen-
ters, assuming the compartmentalization typically observed
in lymph nodes and spleen. At high power, it is easy to
identify lesions of the interstitium and lesions of the thyroid
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FIG.4. Annual numbers of isolated PTC (dashed line), PTC
associated with HT (dotted line), and PTC associated with
chronic nonspecific lymphocytic thyroiditis (solid line).
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cells. The key interstitial lesion is the infiltration with hemato-
poietic cells, mainly represented by lymphocytes, but also
plasma cells and some macrophages (Fig. 5C, D), overall
conferring a pale and gray-tan color to the cut surface. Lym-
phocytes are seen to come in contact with thyrocytes, and in
some instances even penetrate into the cytoplasm of the
thyrocyte, a phenomenon known as emperipolesis (Fig. 5E, F).
The other interstitial feature is the increase in connective tissue
fibers (Fig. 5G, H), which impart a firm consistency to the
gland. In the fibrosing variant of Hashimoto’s thyroiditis, this
interstitial fibrosis is extensive, still remaining contained
within the thyroid capsule (in contrast to what is seen in Rie-
del’s thyroiditis). Lesions of the thyrocytes vary in composition
and intensity from one section of the thyroid to another. In
some areas, thyroid cells are atrophic and encircle small folli-
cles with scanty colloid. In other areas (Fig. 5E, F), thyroid cells
appear enlarged, with a granular and deeply eosinophilic cy-
toplasm and a hyperchromatic nucleus, and are commonly
called Hiirthle cells.

Discussion

Hashimoto’s thyroiditis is now the most common auto-
immune disease in humans (9,26), and the most frequent
cause of hypothyroidism (27,28). Its diagnosis is typically
established on clinical grounds from typical clinical features,
reduced echogenicity of the thyroid parenchyma on thyroid
ultrasound, and the presence of serum autoantibodies against
key thyroid antigens (mainly thyroperoxidase). Its treatment
is symptomatic and based on the administration of synthetic
thyroxine to correct the hypothyroidism when present and/or
to decrease thyroid volume by lowering serum thyrotropin
concentrations. In contemporary practice, pathology is rarely
needed to establish a diagnosis of Hashimoto’s thyroiditis,
and surgery is seldom used as a form of treatment (29-31).
Yet, analysis of surgical pathology records over a prolonged
period of time provides insights about the natural history of
the disease, as well as the practice of medicine.

The first interesting finding of our study is the changing
trend in the incidence of surgical Hashimoto’s thyroiditis. The
disease was not described during the first 53 years of the
hospital’s operations (1889-1942), even though approxima-
tely 2500 thyroidectomies were performed. This absence
could be, in part, explained by an information bias, since the
disease was unknown to the medical community for a great
part of this initial period. However, even after reviewing the
glass slides from all cases in which thyroid lymphocytes were
mentioned in the surgical pathology report, we identified
only 3 cases of Hashimoto’s thyroiditis. This low prevalence
period (3 of 2500, 0.12%, in 50 years) may suggest the intro-
duction of an environmental change that caused the appear-
ance of, or increased incidence of, Hashimoto’s thyroiditis.

The environmental factor most commonly discussed in the
thyroid community is iodine. Iodine is ingested from a variety
of sources and its intake is currently assessed by urinary
concentration. Urinary iodine values of 100-199 ug/L (150—
249 in pregnancy) are considered indicative of adequate
iodine intake (32). There are no U.S. population data on urinary
iodine before 1970, but landmark studies by David Marine
during the World War I period showed a high prevalence of
goiter in the Great Lakes area and the serious consequences
of iodine deficiency (33,34), marking de facto the beginning of
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FIG. 5. Histopathological features of
Hashimoto’s thyroiditis. Left panels: Micro-
photographs originally presented by Dr.
Hashimoto in 1912. Right panels: Corre-
sponding hematoxylin and eosin (H&E) his-
topathological features. (Legends for the left
panels are our translation of the original
legends.) (A) Low-power view showing
pronounced lymphoid follicles within the
thyroid parenchyma. a, lymphoid follicles
with germinal center; b, diffusely hypertro-
phic interstitium; ¢, atrophic thyroid follicles
containing scarce colloid. (B) A 20x magni-
fication showing similar features as those
described in (A). (C) Interstitial changes. a,
lymphoid follicle; b, blood vessel; ¢, nest of
lymphocytes; d, abnormal thyroid follicles
showing atrophy, ill-defined borders, and
scarce colloid; e, nuclear division. (D) A 64x
magnification illustrating features similar to
(C). The inset (252x) depicts a cell undergo-
ing nuclear division. (E) Thyroid follicle
changes. a, thyrocytes are bold, stratified in
some regions, and with undefined bound-
aries; b, the colloidal space contains infil-
trating leukocytes; ¢, leukocytes migrating
through the follicular wall; d, mononuclear
cells in the interstitium. (F) A 160x magni-
fication showing the metaplastic transfor-
mation of the thyroid epithelium we now
refer to as Hiirthle cells, as well as the
penetration of lymphocytes into the thyroid
cell, named emperipolesis. (G) Marked pro-
liferation of the interstitial connective tissue.
a, hypertrophic connective tissue; b, small
atrophic thyroid follicles with near-absent
colloid; ¢, pronounced mononuclear (lym-
phocytic) infiltration; d, blood vessel. (H) A
64x magnification showing abundant fibro-
sis, small remaining thyroid follicles sur-
rounded by lymphocytes. (I) Notable
changes. a, lymphoid follicle with germinal
center; b, thyroid follicles with scanty colloid
and dense appearance; ¢, multinucleated
giant cell; d, interstitial proliferation with
mononuclear infiltration. (J) A 64x magni-
fication summarizing features illustrated in
previous panels, as well as a rare multinu-
cleated giant cell (inset).
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iodine supplementation in this country. Urinary iodine was
first assessed on a population basis during the first NHANES
survey (1971-1974), and found to be elevated with a median
concentration of 320 ug/L (35). This concentration then de-
creased to the normal range in the third NHANES survey
(1988-1994, 145 ug/L) (35), and remained normal in NHA-
NESs 2001-2002 (168 ug/dL), 2003-2004 (160 ug/dL), 2005—-
2006 (164 ug/dL), and 2007-2008 (164 pg/dL) [from Table 1 in
(36)]. More recent epidemiological studies support a connec-
tion between dietary iodine and Hashimoto’s thyroiditis. For
example, Teng and colleagues analyzed cross-sectionally
three regions in China with low (84 ug/dL), more than ade-
quate (243 ug/dL), and excessive (651 ug/dL) iodine intake,
reporting a cumulative incidence of autoimmune thyroiditis
of 0.2%, 1%, and 1.3%, respectively (37,38). Similar results
were obtained by Bjergved et al., who analyzed longitudinally
thyroid function and antibodies in Denmark before (1997-98)
and after (2008-10) the introduction of a mandatory program
for iodization of salt. The authors found a rising incidence of
hypothyroidism (elevated serum thyrotropin), which was
accompanied by the appearance/increase in thyroperoxidase
antibodies (39). Nevertheless, despite epidemiological studies
and animal experiments clearly indicating that more dietary
iodine increases the incidence of autoimmune thyroiditis
(40,41), the mechanism for the proimmunogenic effect of io-
dine remains to be explained (42).

The association between Hashimoto’s thyroiditis and
papillary thyroid cancer was responsible for the significant
increase in the number of surgical Hashimoto’s thyroiditis
cases observed during the last two decades (1993-2012) in our
study. This association, documented since 1955 (43), remains
mysterious. Scholars have debated as to whether it represents
the mere co-occurrence of two relatively common conditions,
which are ascertained now more frequently due to the in-
creased usage of thyroid ultrasound, or if instead it indicates a
true cause—effect relationship. In the case of the latter scenario,
it is unclear whether cancer or autoimmunity comes first. The
clinical consequences of this association have also been de-
bated, although most recent studies suggest that papillary
thyroid cancer follows a more benign course when accom-
panied by Hashimoto’s thyroiditis (44,45). Our analysis pro-
vides some insights into this association. It shows that the
increased incidence of papillary thyroid cancer observed in
recent years (46—49), and reflected in our data, was paralleled
by increases in both the form of papillary thyroid cancer as-
sociated with Hashimoto’s thyroiditis and in the one associ-
ated with the milder form of lymphocytic infiltration referred
to as chronic nonspecific thyroiditis. These findings suggest
that papillary thyroid cancer is the initial lesion, which then
induces a lymphocytic infiltration that in some patients pro-
gresses to assume the features of full-blown Hashimoto’s
thyroiditis, whereas in others remains at the stage of chronic
nonspecific thyroiditis. Rather than being part of the same
causal pathway, the lymphocytic infiltration of the thyroid
thus seems to be the consequence of the neoplastic transfor-
mation of the thyroid cell. This view is also supported by our
observation that the coexistence of Hashimoto’s thyroiditis
was not unique to papillary thyroid cancer, but also found at
similar frequencies for Hiirthle cell carcinoma and medullary
thyroid cancer.

It is interesting to reflect on the reasons for which patients
with Hashimoto’s thyroiditis today undergo thyroidectomy,
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since the disease is largely a medical disease. The most com-
mon reason in our series was a thyroid nodule with a cytology
suspicious for malignancy, in keeping with previous re-
ports (29). These patients had a long-standing history of
Hashimoto’s thyroiditis, were usually on thyroxine replace-
ment, and developed thyroid nodules with time. As shown in
the results section, interstitial fibrosis is one of the key path-
ological features, and thus, nodularity is to be expected in
Hashimoto glands. Fine needle aspiration of these nodules
shows a polymorphic population of lymphoid cells (small
mature lymphocytes, larger activated lymphocytes, and oc-
casional plasma cells) typically accompanied by Hiirthle cells,
which may show anisonucleosis and nuclear atypia. Lym-
phocytes are often seen to make intimate contact with groups
of thyroid cells, a feature that has recently been considered
useful to distinguish Hashimoto’s thyroiditis from thyroid
neoplasms (50). Some aspirates, however, lack lymphoid cells
and consist almost exclusively of Hiirthle cells. In these in-
stances, the cytopathologist cannot determine with certainty
whether the Hiirthle cells are those found in Hashimoto’s
thyroiditis or instead are those found in other oncocytic
lesions of the thyroid, such as the oncocytic adenomatoid
nodule, Hiirthle cell adenoma, or Hiirthle cell carcinoma (51).
The cytopathologist uses the term “atypia of undetermined
significance” (52) to indicate cytological features that are
neither definitely benign nor definitely malignant. Although
the recommendation of the Bethesda reporting system for
thyroid cytopathology for atypia of undetermined signifi-
cance is conservative management (53), many patients are
referred to a surgeon, and then undergo thyroidectomy. Thus,
even one century after the original description, there are still
patients who might be spared from a thyroidectomy if a more
accurate preoperative diagnosis of Hashimoto’s thyroiditis is
established. This is especially relevant if we consider that
thyroidectomy in patients with Hashimoto’s thyroiditis cau-
ses more surgical complications, both transient and perma-
nent, than thyroidectomy performed for other pathologies
(54).

Finally, it is interesting to contemplate the ontogeny and
significance of the Hiirthle cells, by some authors considered
to be the wild card (55) in the pathogenesis of Hashimoto’s
thyroiditis, traditionally focused on the infiltrating lympho-
cytes rather than on the thyroid cells themselves. Hiirthle cells
represent a form of metaplasia where thyrocytes become en-
larged and display a pink, granular cytoplasm and a hyper-
chromatic nucleus with a prominent nucleolus (56). The
cytoplasmic granularity is caused by the increased number of
mitochondria that appear abnormal in size, shape, and con-
tent on analysis by electron microscopy (57). We reported that
mice genetically engineered to produce interferon gamma in
the thyroid develop Hiirthle cells by inducing the expression
of an immunoproteasome component called LMP2, and that
pharmacologic blockade of LMP2 ameliorated the Hiirthle
phenotype (58), overall highlighting the immunoproteasome
as a novel therapeutic target for Hiirthle cell lesions. The role
of the immunoproteasome has been recently confirmed in a
mouse model of thyroiditis induced by iodine where selective
blockade of LMP7 decreased thyroiditis severity (59). We
more recently reported in interferon gamma transgenic mice
of different genetic backgrounds that the presence of Hiirthle
cells has functional implications, since they are the strongest
predictor of hypothyroidism (60).
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In conclusion, Hashimoto’s thyroiditis remains an intriguing
and multifaceted disease one century after its original descrip-
tion. Improvements in the preoperative diagnosis, advances in
the understanding of disease pathogenesis, and development of
novel therapies based on mechanisms rather than symptoms
will improve the quality of life for this patient population.
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