
Hobnail Variant of Papillary Thyroid Carcinoma:
An Institutional Case Series and Molecular Profile

Carrie C. Lubitz,1 Konstantinos P. Economopoulos,1 Amanda C. Pawlak,2 Kerry Lynch,2

Dora Dias-Santagata,2 William C. Faquin,2 and Peter M. Sadow 2

Background: Papillary thyroid carcinoma (PTC) is increasing in incidence while mortality is unchanged.
Identifying patients with higher risk of recurrence and death is essential. Case series identify the hobnail variant
of PTC (HVPTC), which is characterized by micropapillary architecture, apocrine features, and loss of cellular
polarity. Herein, we describe the clinical course, pathologic features, and mutational profile of patients at our
institution with HVPTC.
Methods: A query into the surgical pathologic database (2009–2012) was performed, and clinicopathologic data
were collected on all patients carrying the diagnosis of HVPTC. BRAFV600E testing was performed on paraffin-
embedded blocks using SNaPshot mutational analysis.
Results: Twelve patients with HVPTC were identified, with an average age of 54.1 – 18.8 years. Seven patients
(63.6%) were AJCC Stage III or IV at presentation. Tumors were large (3.7 – 2.0 cm), some were multifocal
(33.3%), and frequently with extrathyroidal extension (58.3%), lymphovascular invasion (41.7%), and lymph
node metastasis (75%). Forty percent of the patients had concomitant tall cell features (TCF), and two had small
foci of undifferentiated (anaplastic) thyroid carcinoma (ATC). Eighty percent of tumors undergoing mutational
analysis had the BRAFV600E mutation, and the remaining 20% harbored a RET/PTC1 gene rearrangement. No
other known thyroid cancer mutations were identified on SNaPshot analysis. At median follow-up of 26 months,
four patients had recurrent or persistent disease, one of whom died from the disease one year after surgery.
Conclusions: The hobnail variant of PTC has an aggressive behavior, with a high incidence of infiltrative
tumors and metastatic disease. Strikingly, all tumors in our series harbored a PTC-associated genetic abnor-
mality, either a BRAFV600E mutation (80%) or a RET/PTC1 rearrangement (20%). This histologic variant
warrants further study, and patients with this diagnosis should be observed closely for recurrence.

Introduction

Papillary thyroid carcinoma (PTC) is the most com-
mon endocrine malignancy, with thyroid cancer being

the fifth most common malignancy in women and the fastest
increasing cancer in both sexes over the past decade in the
United States (1). The increasing incidence of thyroid cancer
is reflected in the projected 60,220 new cases in the United
States in 2013 (1). PTC is by far the most common, com-
prising up to 88% of thyroid malignancies (2,3). Including all
variants, PTC patients have 96% survival at 10 years (1).
While disease-specific mortality from well-differentiated
thyroid carcinomas is low, approximately 15% of patients
with thyroid cancer have local or regional recurrent disease
following initial surgery (4,5). Patients with recurrent dis-
ease have worse outcomes, and recurrent tumors frequently

behave more aggressively and often lose radioiodine avidity.
Moreover, 35% of patients who develop a recurrence die of
PTC (6,7).

Much current work is focused on determining which PTC
patients require more aggressive surgery, adjuvant therapy,
and closer surveillance. Although not a part of the current
American Joint Committee on Cancer (AJCC) staging sys-
tem, histologic variants portend varied prognoses. The im-
portance of histologic variants was acknowledged in the most
recent American Thyroid Association guidelines, which now
cite ‘‘aggressive histology (e.g., tall cell, insular, columnar
cell (papillary) carcinoma)’’ as a criterion for increased risk
in the risk-stratification schema (8). There are numerous
known variants of PTC with varying natural history, with
follicular variant of papillary thyroid carcinoma (FVPTC)
having a better prognosis and tall cell variant (TCV) a worse
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prognosis than classical PTC (9–11). Recently, small series of
patients with an aggressive ‘‘hobnail’’ variant were reported
with very poor disease-specific survival (43–66%) (12–14).
Herein, we report the clinical presentation, tumor character-
istics, and outcomes of patients undergoing thyroidectomy at
our institution showing characteristics of this hobnail variant
of PTC (HVPTC). Importantly, in addition to BRAFV600E and
RET/PTC translocation testing in the majority of the cohort,
we also performed extensive mutational analysis on a subset of
patients using a clinical adaptation of the SNaPshot platform, a
single nucleotide primer extension polymerase chain reaction
(PCR)-based assay (15). This is the first study to examine such
a broad molecular profile in HVPTC.

Materials and Methods

Patients

Query of the surgical pathology database at Massachusetts
General Hospital from 2009 to 2012 for ‘‘hobnail’’ resulted
in 12 patients with hobnail features described in the report
with PTC. We included patients with diagnostic features of
papillary carcinoma and hobnail morphology (Fig. 1) (16). A
single case was reported as TCV with hobnail features, better
classified as HVPTC on review, but this was the index case
seen at our institution following its first report in the litera-
ture. All patients with hobnail morphology had their pathol-
ogy (re)reviewed at our institution (P.M.S.). All data were
obtained in accordance with the institutional internal review
board at the Massachusetts General Hospital.

Clinical and pathologic characteristics

Demographic information and clinical data were obtained
from the electronic medical record. Surgical pathology
specimens were reviewed (P.M.S.) for tumor size and lymph
node involvement, as well as the presence of multifocality,
lymphovascular invasion, necrosis, and extrathyroidal ex-
tension. If multiple foci of tumor were present, the largest
tumor dimension was noted. Tumor staging was based on the
AJCC 7th edition TNM staging (17).

BRAF and SNaPshot mutational analysis

All available tumors were assessed for the BRAFV600E

mutation, which leads to valine (V) being substituted for by
glutamate (E) at codon 600. In 9 out of 10 patients in which
BRAFV600E testing was performed, genotyping analysis was
carried out using the SNaPshot platform as previously de-
scribed (15). In two patients, BRAFV600E testing was ordered
clinically at the discretion of the surgeon. One of those cases

was tested at our institution using the SNaPshot platform, and
the other tumor was tested at an outside facility for the
BRAFV600E mutation. In brief, total nucleic acid (TNA) was
isolated from formalin-fixed paraffin-embedded tissue (FFPE)
and subject to multiplex PCR followed by a single nucleotide
primer extension step that generates allele-specific fluores-
cently labeled probes (15). The SNaPshot tumor genotyping
assay (Applied Biosystems, Foster City, CA) was developed at
the MGH Translational Research Laboratory for clinical tumor
genotyping. It can detect low-level somatic mutations in TNA
extracted from archival material and was designed to query 68
hotspot loci in 14 genes commonly mutated in cancer (AKT1,
APC, BRAF, CTNNB1, EGFR, IDH1, KIT, KRAS, MEK1,
NOTCH1, NRAS, PIK3CA, PTEN, and TP53) (15).

RET/PTC rearrangements

All available tumor samples were also tested for RET/PTC1
and RET/PTC3 rearrangements, as these translocations are not
assessed by SNaPshot analysis. To obtain pure RNA, 200 ng of
TNA was first treated with DNase I (Invitrogen, Grand Island,
NY). Then, 100–150 ng of total RNA was reverse transcribed
using the SuperScript III First-Strand Synthesys Super Mix for
qRT-PCR (Invitrogen). RT-PCR was performed using previ-
ously published conditions and gene-specific primers designed
to flank the RET/PTC1 and RET/PTC3 fusion sites, as well as
GAPDH control primers to ensure sample integrity (18).
Samples were run in triplicate in conjunction with two positive
control RNAs obtained from two tumors known to harbor the
RET/PTC1 and RET/PTC3 rearrangements respectively.

Immunohistochemistry

The following immunostains were used, including clone
information and stain preparation: Cytokeratin 7 (Dako
IR619, Clone OV-TL 13/30, 1:3 citrate, pH 6, 20 min); epi-
thelial membrane antigen (Leica RTU cat# PA0035 clone
GP1.4); thyroid transcription factor 1 (TTF-1; Diagnostic
Biosystems MOB 285 clone SPT24, 1:25 citrate, pH 6,
30 min); Ki-67 (Dako M7240 Clone MIB1, 1:200 EDTA pH
9, 20 min); E-cadherin (Leica RTU cat# PA0387 clone 36B5
ER2 pH 9, 30 min); Cytokeratin 19 (Leica RTU cat# PA0799
clone b170 ER1 pH 6, 30 min); b-catenin (Leica RTU cat#
PA0083 clone 17C2 ER1 pH 6, 30 min); and p53 (Leica RTU
cat# PA0057 clone DO7 ER2, EDTA pH 9, 20 min).

Statistical analysis

Continuous outcomes were expressed as mean – standard
deviation (SD) or median, interquartile range (IQR) as needed.

FIG. 1. Case of hobnail variant
papillary thyroid carcinoma (HVPTC)
showing (A) the micropapillary ar-
chitecture and (B) loss of cellular po-
larity with apocrine snouting of cells
(hematoxylin and eosin, 100 · and
200 · respectively). Color images
available online at www.liebertpub
.com/thy
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All data were analyzed using SPSS v20.0 (IBM Corp., Ar-
monk, NY).

Results

Demographics and clinical characteristics

Twelve patients met our inclusion criteria, constituting 1%
of PTC at our institution during the same time period (Table
1). Nine out of 12 patients (75%) were female, with a mean
age of 54.1 – 18.8 years (range 21–80 years). Seven out of 12
patients (58.3%) were Stage III or IV at presentation. Eleven
patients were treated with total thyroidectomy and one with
lobectomy. Ten out of 12 patients (83.3%) had radioactive
iodine (RAI; one patient did not return for treatment).

Pathology

Preoperative diagnosis with fine-needle aspiration (FNA)
resulted in classical variant PTC in eight patients (66.6%),
suspicious for PTC in two (16.6%), and TCV-PTC in one
patient (8.3%). Tumors were large (3.7 – 2.0 cm), some mul-
tifocal (33.3%), and frequently with extrathyroidal extension
(58.3%), lymphovascular invasion (41.7%), and lymph node
metastasis (75%). Tumor necrosis was not identified in any of
the 12 specimens. Forty percent of the patients had con-
comitant tall cell features (TCF), comprising < 50% of tumor
morphology, and two had small foci of undifferentiated
(anaplastic) thyroid carcinoma (ATC; one with 5% ATC who
died of disease at one year, and one with < 1% who is cur-
rently without evidence of disease). This subset of patients
with TCF had large tumors (4.1 – 2.2 cm), with 50% of them
presenting with lymphovascular invasion (LVI) and 33.3%
suffering a recurrence. The six patients without coexistent
TCF had comparable clinicopathologic features: large tumors
(3.2 – 1.8 cm), 33.3% of them having LVI, and 20% with
recurrent locoregional disease. We performed a subgroup
analysis excluding the two patients with ATC. The 10 pa-
tients without ATC had comparable clinicopathologic fea-
tures to the whole cohort: large tumors (3.3 – 1.9 cm), 30%
of them having LVI, and 22.2% with recurrent locoregional
disease.

Immunohistochemistry

Immunohistochemistry was performed on select cases for
comparison with the data seen in the initial paper by Asioli
et al. (12). b-Catenin was membranous (intact), indicating no
change in normal distribution often seen in mutated b-catenin,
which manifests with nuclear retention/staining, including in
undifferentiated areas of this tumor where b-catenin mutations
are known to occur. There was increased expression of tumor
suppressor p53 (nuclear), as seen in many high-grade thyroid
cancers. E-cadherin expression was intact (membranous), and
ki-67 proliferative index was moderate at 8% (increased is
generally > 5% in endocrine neoplasms). The cytokeratin
profile was similar to other PTC variants, with strong cyto-
plasmic and membranous staining; TTF1 was positive (nu-
clear; Fig. 2).

Mutational analysis and RET/PTC rearrangements

Tumor was available in 10 out of 12 patients for mutational
testing. One case had conventional BRAF testing, and nine
tumors were subject to SNaPshot analysis. Eight out of 10

(80%) tumors tested had the BRAFV600E mutation, including
all three patients without coexistent TCF that were tested
(P.M.S. identified areas of hobnail features in the mixed tu-
mors for mutational analysis). The mean percentage of
BRAFV600E alleles was 25.3%, ranging from 19% to 31%.
Other than identifying BRAFV600E in the eight patients un-
dergoing SNaPshot analysis, there were no other mutations
identified in the additional 13 genes studied. Eight out of 12
patients were tested for RET/PTC1 and RET/PTC3 re-
arrangements, and the two tumors that were BRAF wild type
were both found to be positive for RET/PTC1 (Table 1).

Follow-up

At median follow-up of 26.5 months (IQR 14–35.5), four
patients had recurrent or gross persistent disease: one with
coexistent ATC (5% of the tumor) and TCF, two with TCF
alone, and one without ATC or TCF. The patient with co-
existent 5% ATC who recurred died within one year of pre-
sentation of her disease. One patient was lost to follow-up.

Discussion

In this paper, we describe the clinical course, pathologic
features, and mutational profile of 12 patients with HVPTC,
defined as > 30% of examined tumor morphology. While this
represents a limited, heterogeneous group, there are a number
of commonalities: namely, in half of the patients, the hobnail
features were also associated with tall cell and/or undiffer-
entiated components. Extrathyroidal extension and locor-
egional lymph node metastases were common, while
multifocality of the hobnail component was not. Interest-
ingly, all 10 tumors available for molecular testing were
positive for genetic abnormalities known to be associated
with thyroid malignancy. Eight out of 10 (80%) patients
tested for the BRAFV600E mutation were positive, a preva-
lence much higher than the one cited in the literature for other
PTC variants (19). The mean percentage of BRAFV600E al-
leles in our study was 25.3%, ranging from 19% to 31%. This
is comparable to the group of patients in the Guerra et al.
study, which recently showed that recurrence of PTC was
5.3-fold higher in the tumors with percentages of the
BRAFV600E allele of 30% compared with tumors with per-
centages of the BRAFV600E allele of < 30% (20). The two
BRAFV600E-negative tumors carried the RET/PTC1 gene re-
arrangement, which is present in 20–70% of PTC but has not
been previously described in HVPTC (21). No other
‘‘known’’ thyroid carcinoma mutations were identified by the
SNaPshot profile, examining 68 commonly mutated loci in
14 cancer genes. Of note, the SNAPshot clinical assay was
developed to cover recurrent mutations across multiple tumor
types and was particularly focused on genetic abnormalities
targeted by FDA-approved therapies or by drugs in clinical
trials. The panel is well suited to test oncogenes, which are
affected by mutations at a very limited number of loci, but has
limited coverage for tumor suppressors such as TP53.

HVPTC has been described in other case reports and case
series (12–14,22–30). The architectural growth pattern for
HVPTC is micropapillary (i.e., small papillae). Other com-
mon characteristics include loss or inversion of cellular po-
larity, increased eosinophilic cytoplasm, increased nuclear to
cytoplasmic ratios, and pleomorphic nuclei mostly located in
the apex of the cytoplasm that gives the characteristic
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‘‘hobnail’’ appearance (Fig. 1). Kakudo et al. were the first to
describe a thyroid tumor with micropapillary structures and
hobnail features (22). Motosugi et al. reported a case of an
aggressive PTC with ‘‘micropapillary structure and hobnail
appearance’’ (13). In this case, there were no associated TCF,
and the tumor stained positively for TTF-1, Tg, and focally
for p53. The largest series to date reported 24 patients from
the Mayo Clinic and University of Turin (29). Their inclusion
criteria included patients with loss of polarity/cohesiveness
with hobnail/micropapillary features in 10% or more of the
tumor, and availability of clinical and follow-up data and of
pathologic material (Table 2) (29). A subgroup of eight pa-
tients from this cohort had been included in a previous study

(12). Another retrospective study reported on seven PTC
cases from Mexico with micropapillary features, and con-
cluded that emphasizing the micropapillary component of
PTC in the diagnosis is important, as it is associated with
lymphovascular invasion, lymph node and distant metasta-
ses, and reduced survival rates (14).

The clinical and pathologic characteristics of HVPTC
cases in our institution showed similarities and differences
with those published in the largest case series (Table 2).
Tumors were larger (3.7 cm vs. 3.3 cm) on average, had less
lymphovascular invasion (41.7% vs. 71%), increased inci-
dence of lymph node metastasis (75% vs. 60%), and de-
creased incidence of distant metastasis (25% vs. 43.3%)

FIG. 2. Immunohistochemical
staining of a patient with HVPTC. (A)
cytokeratin 7, (B) cytokeratin 19, (C)
epithelial membrane antigen, (D)
thyroid transciption factor (TTF-1),
(E) b-catenin, (F) E-cadherin, (G)
p53, H. Ki-67. b-catenin is membra-
nous (intact) with increased expres-
sion of tumor suppressor p53
(nuclear), normal E-cadherin, and
Ki67 is moderate at 8%. The cyto-
keratin profile is similar to other PTC
subtypes, with strong cytoplasmic and
membranous stain; TTF-1 is positive
(nuclear). Color images available on-
line at www.liebertpub.com/thy
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compared to prior published data. Disease-specific survival
was also higher (90.9% vs. 61.3%), but our median follow-up
was shorter (2.2 years vs. > 6 years).

Given that HVPTC was only recently characterized, it is
likely that reported series of other aggressive variants include
not previously identified hobnail variants or other PTC var-
iants with hobnail features, which may account for < 30% of
overall tumor morphology but comprise an appreciable tumor
component. With these limitations in mind, it appears as
though, in HVPTC, tumors on average are larger (3.7 cm)
compared with FVPTC (2.8 cm), classical PTC (2.6 cm), and
TCV-PTC (2.6 cm) (31,32). Moreover, HVPTC shows ex-
trathyroidal extension (58.3% vs. 15% in FVPTC vs. 25% in
PTC vs. 54% TCV-PTC) and metastasize to the lymph nodes
more frequently (75% vs. 16% in FVPTC vs. 34% in PTC vs.
40% in TCV-PTC) (31,32).

Our study is retrospective, with a relatively short follow-up
(median, 26 months) due to the novelty of the described en-
tity. However, it is the second largest case series published to
date from a single institution and extends our knowledge of
this rare variant of PTC, especially in respect of the muta-
tional profile of these tumors.

HVPTC maintains characteristic nuclear features of PTC
with well-formed fibrovascular cores. Micropapillary archi-
tecture is found in a subset of adenocarcinomas where it is
often associated with poor prognosis, such as in the breast,
ovary, lung, and urinary bladder (33–36). HVPTC is bio-
logically aggressive, with prominent primary tumor infiltra-
tion, metastatic disease, and BRAFV600E mutation. We along
with others have reported that BRAF positive mutations
correlate with aggressive features, recurrence, and, on univar-
iate analysis, disease-specific mortality (4,16,19,37). The im-
pact of RET/PTC rearrangements for PTC aggressiveness and
prognosis is controversial. While our knowledge of this rare
PTC variant is in its infancy, our results suggest that some
patients with hobnail morphology may have better outcomes if
treated early in the natural history of the disease, since, in our
cohort, only one out of three patients recurred, and there has
been only one disease-related death to date. However, this also
may be due to the relatively short follow-up in comparison to
other large case series (Table 2). Asioli et al. (29) included
cases with hobnail features in ‡ 10% of tumor cells and in-
vestigated the association of clinicopathologic variables with
the presence of a hobnail pattern in at least 30% of the tumors,
concluding that even a small percentage of hobnail features can
be associated with aggressive tumor behavior. Lino-Silva et al.
(14) used cases with neoplastic cells with papillary morphol-
ogy; abundant, clear, or oncocytic cytoplasm; pleomorphic and
hyperchromatic nuclei; nuclear grooves; and reverse polarity.

HVPTC clearly warrants further study, and patients with
this diagnosis should be observed closely for recurrent dis-
ease. Identification of the hobnail pattern, as either HVPTC in
cases of > 30% of the tumor morphology or hobnail features
in cases with a smaller component, and labeling as such in
surgical pathology reports and future prognostic analyses will
be essential in elucidating the true natural history of this
‘‘new’’ aggressive PTC variant.
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