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Abstract The proposed diagnostic criteria for poorly differ-
entiated thyroid carcinoma (known as the Turin classification)
were defined based on growth pattern (solid, trabecular, or
insular) and high-grade morphologic features (nuclear pleo-
morphism, mitoses including abnormal forms, and
coagulative tumor necrosis). The development of this classi-
fication specifically did not include tumors with oncocytic or
Hiirthle cell cytology, and only sparse literature describing
poorly differentiated oncocytic carcinomas is available. In this
study, we examined a cohort of 284 cases of oncocytic follic-
ular carcinoma/Hiirthle cell carcinoma (OFC/HCC) and iden-
tified 17 cases of oncocytic variant of poorly differentiated
carcinoma (OV-PDTC) based on Turin criteria. Compared to
minimally invasive and angioinvasive OFC/HCC, these tu-
mors arose in older patients (range 44—88 years; average
71 years), were larger (average size 4.5 cm), and all had ex-
tensive vascular invasion (5—15 foci), and coagulative tumor
necrosis and the tumor cells were arranged in a trabecular or
solid growth pattern. All showed an admixture of oncocytic
follicular/Hiirthle cells arranged in solid and trabecular growth
pattern. Aggregates of small sized cells with minimal eosino-
philic cytoplasm, comprising 10-20 % of the entire tumor
mass were also seen in 16/17 cases. Clinical follow-up was
available in 12 cases and ranged from 6 to 120 months (aver-
age 41 months). Distant metastases were seen in 10/12 (83 %)
patients; two had lung and one had bone metastases at the time
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of thyroid surgery, and four subsequently developed cervical
lymph node metastases. Two patients died of disease, and ten
are alive either with or free of tumor. The OV-PDTC is a
distinct entity which can be identified based on Turin criteria
and the presence of a distinct “small cell” component. It is
frequently associated with regional recurrence and distant me-
tastases and can lead to tumor-related demise.
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Introduction

Until the publication of the seminal papers [1, 2] defining and
illustrating “insular thyroid carcinoma,” the concept and path-
ological features of poorly differentiated thyroid carcinoma
were not uniformly recognized. Pathologists and clinicians
believed tumors of follicular derivation were either well dif-
ferentiated (papillary or follicular carcinoma) or anaplastic
(undifferentiated) carcinoma. For most pathologists (despite
some controversy), oncocytic follicular or Hiirthle cell carci-
nomas were grouped with follicular thyroid carcinoma.
Carcangiu et al. [1] and Sakamoto et al. [2] described and
illustrated a group of tumors with clinical and pathologic fea-
tures in between the two main existing categories. Carcangiu
et al. termed these as “insular carcinoma” based on micro-
scopic growth pattern [1]. In the next few decades, the concept
of poorly differentiated carcinoma had been discussed in the
literature in small case series [3, 4]; however, many patholo-
gists still continued to classify these tumors as follicular car-
cinomas [5, 6].

In 2006, a group of internationally known thyroid pathol-
ogists defined “Turin criteria” for the diagnosis of poorly dif-
ferentiated thyroid carcinoma (PDTC) [7]. These criteria
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include the following: (1) presence of a solid/trabecular/
insular pattern of growth; (2) absence of the convention-
al nuclear features of papillary carcinoma; and (3) pres-
ence of at least one of the following features: mitotic
activity >3/10 high-power fields (HPFs), tumor necrosis,
and convoluted nuclei.

The criteria were applied to conventional follicular thyroid
carcinoma and papillary thyroid carcinoma, but oncocytic
type/Hiirthle cell thyroid carcinoma (OFC/HCC) was exclud-
ed in that study. However, the World Health Organization
(WHO) classification does recognize oncocytic variant of con-
ventional PDTC based on Turin criteria [8]. Only one study
has established that the Turin criteria can be applied to
oncocytic carcinomas, and this classification can have prog-
nostic implications [9]. The study found that OV-PDTC has
shorter survival time and tumor-specific survival as compared
to differentiated carcinomas. However, this study did not ad-
dress the difference between the OV-PDTC and other types of
oncocytic follicular thyroid carcinoma, such as minimally in-
vasive and angioinvasive types but differentiated lesions. In
this case series, we report our institutional experience with 17
cases of OV-PDTC.

Materials and Methods

The surgical pathology database of Hospital of the University
of Pennsylvania and consultation databases of Drs. V. A.
LiVolsi and ZW Baloch from Jan 2004 to July 2012 were
searched and 284 cases of OFC/HCC (279 primaries and 5
recurrence or metastasis) were identified. There were 136 pri-
mary minimally invasive oncocytic carcinomas and 131 pri-
mary angioinvasive oncocytic carcinomas identified. The di-
agnosis of oncocytic lesion was based on greater than 70 % of
the tumor showing oncocytic cells, i.e., round to polygonal
cells with eosinophilic cytoplasm and round nuclei with prom-
inent nucleoli. The diagnosis of minimally invasive carcinoma
was rendered when the tumor showed broad-based invasion
into and through the tumor capsule without evidence of
angioinvasion, whereas the diagnosis of angioinvasive carci-
noma was rendered when unequivocal tissue fragment(s) of
tumor cells was present within the capsular vessels enveloped
by endothelial cells and attached to the vessel wall. Seventeen
patients (12 primaries, 5 neck recurrence and/or metastasis)
with OV-PDTC were selected for this study. The available
histologic slides were reviewed and the diagnoses were con-
firmed based on the Turin criteria. Clinical follow-up was
obtained from electronic medical records. We compared OV-
PDTC to the minimally invasive and angioinvasive oncocytic
carcinomas by using Student’s ¢ test, chi-squared test, and by
analyzing features such as age, gender, tumor size, and follow-
up data.

Results
Clinicopathologic Features

The 17 cases of OV-PDTC occurred in eight male and nine
female patients with average age of 71 years (range from 44 to
88 years). The size of the primary intrathyroidal tumor was
available in 15 cases (either measured from available slides
and/or from pathology reports); 80 % were larger than 4.0 cm
(average size 4.5 cm). In the 12 primary OV-PDTC examined,
six were partially encapsulated and six were grossly invasive.
Lymph node metastases were seen in two and distant metas-
tases in three (two to lung and one to bone) patients at the time
of thyroid resection. Two patients died of the disease
(Table 1).

All tumors showed an admixture of oncocytic follicular/
Hiirthle cell arranged in solid and trabecular growth pattern
(Fig. 1a, b). Extensive vascular invasion (5-15 foci) and tu-
mor necrosis (Fig. 2) were noted in all except one case. The
one case without necrosis was diagnosed as poorly differenti-
ated carcinoma based on solid and trabecular growth pattern,
marked nuclear pleomorphism, mitoses, and extensive vascu-
lar invasion. When present, the foci of necrosis were

Table 1  Clinicopathologic features of poorly differentiated oncocytic
variant of follicular thyroid carcinoma

Total number 17

Age (years., average) 44-88 (71)
Gender ratio M/F=8:9
Tumor size (CM, average) 2-8.6 (4.5)

Solid growth pattern
Mitosis (/10 HPF)

Tumor necrosis

17/17 (100 %)

2-3 (4 cases); >3 (12 cases)
16/17 (94 %)

17/17 (100 %)

Numbers of patients with follow-up 12

Vascular invasion

Lymph node metastasis At the time of DX Total
2 5

Distant metastases At the time of DX Total
Lung 2 9
Liver 3
Bone 1 4
Brain 1

Alive with/without disease
Follow-up within last year

Death
Lost to follow-up for over 1 year

8/12 (67 %)
212 (17 %)
3/12 (25 %)

Note: For metastases data, at the time of DX=number of patients with
metastatic lesion at the time of thyroid carcinoma diagnosis; total means
the numbers of patients with metastatic lesion at the final follow-up time
(including the data at the time of diagnosis; a total of ten patients had
distant metastases to one or more sites)

DX diagnosis, DOD died of disease
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Fig.1 Oncocytic poorly differentiated thyroid carcinoma. a, b Oncocytic
tumor cells arranged in insular/solid and trabecular growth patterns (he-
matoxylin and eosin stain, 10x and 60x)

multifocal and comprised between 10 and 30 % of the total
tumor size. These showed definite coagulative necrosis of
tumor cells and were devoid of reactive changes such as gran-
ulation tissue formation and hemosiderin laden macrophages
due to preoperative fine-needle aspiration. Nuclear pleomor-
phism was readily evident; this was characterized by large
nuclei with bizarre shapes, irregular nuclear membranes, and
dense chromatin (Fig. 3). None of the cases demonstrated
convoluted nuclei as described by Volante and colleagues
[9]. Interestingly, 16/17 (94 %) cases also had one or more
aggregates of a distinct population of small sized cells with
hyperchromatic irregular nuclei, lack of prominent nucleoli
with scant eosinophilic cytoplasm, comprising 10-20 % of

Fig. 2 Spontaneous necrosis in oncocytic poorly differentiated thyroid
carcinoma (hematoxylin and eosin stain, 40x)
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the entire tumor mass (Fig. 4). Four cases showed two to three
mitotic figures/10 HPFs while 12 showed more than three
mitoses/10 HPFs (Table 2).

Immunohistochemical stains were performed in seven
cases in which tissue blocks were available, the poorly differ-
entiated component demonstrated minimal to or lack of stain-
ing for thyroglobulin (Fig. 5). Ki-67 immunostaining was per-
formed in three cases and showed 8-40 % proliferative index
correlating with the increased mitotic count.

Statistical Analysis

We compared the OV-PDTC (17 cases) to minimally invasive
(13 cases) and angioinvasive ODC/HCCA cases by
employing Student’s # test and chi-squared test.

Gender The ratios of male and female were 1:6, 1:2, and 1:1
for minimally invasive, angioinvasive, and OV-PDTC groups,
respectively (Table 1). Statistically (»<0.01, chi-squared test),
there is a relationship between the gender and tumor subtype,
with the advanced disease noted more frequently in male
patients.

Age and Size The average age was 54.3, 57.3, and 71 years
for minimally invasive, angioinvasive, and OV-PDTC groups,
respectively (Table 1). The Student’s ¢ test showed no signif-
icant difference between minimally invasive and
angioinvasive groups (p=0.23). However, significant differ-
ences were noted between minimally invasive and PDTC
(»<0.001) and angioinvasive and OV-PDTC (p<0.001)
groups, respectively. The average size of the tumors was
2.78,3.87, and 4.5 cm for minimally invasive, angioinvasive,
and OV-PDTC groups, respectively (Table 1). There were
significant differences between minimally invasive and
angioinvasive (p<0.001), angioinvasive and OV-PDTC (p=
0.008), and minimally invasive and OV-PDTC (p<0.001)
groups, respectively [10].

Clinical Follow-Up The follow-up data was available in 18,
43, and 12 cases for minimally invasive, angioinvasive, and
OV-PDTC, respectively (Table 2). The follow-up period
ranged from 5 to 147 (average 105 months), 1-212 (average
57 months), and 4-120 months (average 51 months) for these
three groups, respectively. One case (6 %) of minimally inva-
sive group developed lung and lymph node metastases after
90 months. Ten patients (23 %) in the angioinvasive group
developed either recurrences or remote metastases after 4-96
months of follow-up. Three patients with minimally invasive
tumors (17 %) and 17 with angioinvasive lesions (40 %) have
been lost to follow-up after 1 year without recurrence. The
remaining patients in these two groups are alive either with
or free of tumor. For OV-PDTC group, two patients suffered
from recurrences and ten (10/12; 83 %) had distant metastases
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Fig. 3 Marked nuclear pleomorphism in oncocytic poorly differentiated
thyroid carcinoma characterized by large nuclei with nuclear membrane
changes and prominent nucleoli (hematoxylin and eosin stain, 60x)

(lung, liver, brain, and/or bone) to one or more sites. Of these,
two had lung, two had lymph node, and one had bone metas-
tasis at the time of thyroid surgery. Subsequently, three pa-
tients developed cervical lymph node metastases and seven
developed distant metastases. Two patients (17 %) died of
the disease, and 10 (67 %) are alive either with tumor or are
free of tumor. The remaining five patients were lost to follow-
up after 1 year without disease.

The Student’s ¢ test analysis data showed that there is no
significant difference between OV-PDTC and angioinvasive
carcinomas for the time to develop either recurrence or metas-
tasis (p=0.78). However, the recurrence and metastasis rate
for OV-PDTC was higher than minimally and angioinvasive
groups (p<0.01, chi-squared test).

Discussion

In general, oncocytic change of cells is defined as cellular
enlargement characterized by an abundant eosinophilic gran-
ular cytoplasm as a result of the accumulation of altered mi-
tochondria [11, 12]. In the thyroid, these cells are often

carcinoma characterized by small pleomorphic nuclei with even
chromatin, lack of nucleoli and scant cytoplasm (hematoxylin and eosin
stain, 60x)

referred to as oncocytic follicular/Hiirthle cells (OF/HC),
which are characterized by large size, polygonal to square
shape, distinct cell borders, voluminous granular, and eosino-
philic cytoplasm, and a large hyperchromatic nucleus with
prominent “cherry pink” nucleoli [13]. Studies of thyroid neo-
plasms composed predominantly (>75 %) of OF/HC have
shown that the larger the lesion, the more likely it is to show
invasive characteristics. Hence, an OF/HC tumor that is 4 cm
or greater has an 80 % chance of showing histological evi-
dence of malignancy [14-21]. However, small OF/HC carci-
nomas (less than 2 cm) can occur and can be associated with
aggressive clinical course.

It has been reported that OF/HC carcinomas with wide-
spread metastatic spread have a worse prognosis that do
nononcocytic follicular carcinomas matched for stage and pa-
tient parameters; this might be attributable to the reduced ca-
pacity for radioactive iodine uptake that these lesions may
exhibit [22-24]. The loss of effectiveness of this targeted treat-
ment results in increased morbidity and mortality.

As with follicular carcinomas, malignancy is based on the
identification of capsular and/or vascular invasion. We believe
that vascular invasion warrants identification with specific
classification as angioinvasive carcinoma. The criteria are
similar to those applied to diagnose follicular carcinoma.

The term “poorly differentiated carcinoma of the thyroid
gland” (PDTC) was first described in 1963, but no diagnostic
criteria were provided at that time [25]. Since then, numerous
studies have shown that patients with these tumors have an
adverse outcome compared to conventional well-
differentiated carcinomas of the thyroid [26-31]. It is now
generally accepted that PDTC is an entity biologically located
midway in the spectrum between classic well-differentiated
follicular epithelium-derived carcinomas and anaplastic thy-
roid carcinomas [8]. An attempt to establish diagnostic criteria
for PDTC occurred in 2006 when these tumors were defined
based on both growth pattern and high-grade features [7].
Consequently, oncocytic PDTC can be regarded as a variant
of conventional PDTC [8]. However, this variant was explic-
itly excluded from the Turin criteria, although it has long been
known that oncocytic thyroid tumors can have an adverse
outcome [5, 7-9, 32].

The present study can answer whether the Turin criteria can
be applied to oncocytic variant follicular carcinoma in the
affirmative. In our 17 OV-PDTC cases, all had vascular inva-
sion and more importantly, PDTC’s features, solid/trabecular
growth pattern, necrosis, and high mitotic rates [3, 9]. The
finding of “small cell” component characterized by cells with
hyperchromatic nuclei and scant eosinophilic cytoplasm was
an interesting finding in our cases; this has not been reported
previously. These foci were limited in quantity, i.e., 10-20 %
of the entire tumor mass and were devoid of necrosis.

These areas of “small cells” were distinctly noticeable
within the tumor at low magnification as they stand out
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Table 2 Follow-up data for

various types of oncocytic variant Minimal invasive Angioinvasive PD-OVTC
of follicular thyroid carcinoma
Total patients 136 131 17
Total numbers of patients with follow-up 18 43 12
Follow-up period months (average) 5-147 (105) 1-212 (57) 4-120 (51)
DOD 0 0 2/12 (17 %)

Lost to follow-up for over 1 year

Numbers of patients with recurrence

3/18 (17 %)
0/18 (0 %)

17/43 (40 %)
2/43 (5 %)

3/12 (25 %)
2/12 (17 %)

LN metastases at the time of DX/Total

Numbers of patients with D metastasis
D metastases at the time of DX/total

Lung
Liver
Bone
Brain

Spleen

0/1 03 2/5
15 %) 8/43 (19 %) 10/12 (83 %)

0/1 0/5 2/9
0/0 0/0 0/3
0/0 1/4 1/4
0/0 0/0 0/1
0/0 0/0 0/1

For metastasis data, at the time of diagnosis=numbers of patients with metastatic lesion at the time of thyroid
carcinoma diagnosis; total=numbers of patients with metastatic lesion to one or more sites at the final follow-up
time (including the data at the time of diagnosis)

PD poorly differentiated, OV'TC oncocytic variant of thyroid carcinoma, DOD died of disease, LN lymph node, D

distant

against a background of oncocytic cells with abundant cyto-
plasm. In two of our cases, these small cell foci appeared in
metastatic sites (lung); small biopsies (transbronchial speci-
mens) were difficult to interpret as metastases from the thyroid
tumors since they showed immunoreactivity for TTF-1 but not
for thyroglobulin. Hence, a separate primary lung carcinoma
was considered. On review of the original thyroid tumors in
these cases, the small cell areas shared similar immunostain-
ing results while the oncocytic areas demonstrated staining for
thyroglobulin (often focal) as well as TTF-1.

Compared to minimally invasive and angioinvasive
cases, patients with OV-PDTC are older (average age
71 years old) and the behavior of the tumors is more
aggressive with more numerous foci of vascular invasion

oncocytic poorly differentiated oncocytic follicular carcinoma
(peroxidase immunostain, 40x)
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and a higher tumor-related mortality. Statistical signifi-
cance was noted among these three groups. The OV-
PDTC occurred equally in both genders; however, ad-
vanced disease was more frequent in male patients. Com-
paring the sizes, the OV-PDTC presented as a large tu-
mors with local and distant metastases at the time of di-
agnosis. The clinical follow-up of our cohort demonstrated
significant differences between the minimally invasive and
OV-PDTC; however, the differences were negligible be-
tween angioinvasive OF/HC carcinoma and OV-PDTC.
Papotti et al. identified a group of OF/HC carcinomas of
the thyroid with solid or trabecular growth pattern (they
called it poorly differentiated oxyphilic (Hiirthle cell) car-
cinoma) in 1996 and found that these patients had a worse
prognosis comparing with Hiirthle cell carcinoma with a
predominant follicular pattern [33]. Most recently, Dettmer
et al. demonstrated that there is a significant difference in
the overall and tumor-specific survival for poorly differen-
tiated oncocytic thyroid carcinoma (OV-PDTC) compared
to conventional PDTC [9]. However, they did not address
the difference between the OV-PDTC and other types of
oncocytic thyroid carcinoma, as in this study.

Based on our data, we concluded the Turin criteria
can be applied to “poorly differentiated oncocytic vari-
ant/Hiirthle cell follicular thyroid carcinoma” and OV-
PDTC are associated with a more aggressive clinical
behavior and more serious prognosis than minimally
invasive and angioinvasive oncocytic thyroid follicular
carcinoma.
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