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BRAFV600E mutation has emerged as a marker of aggressive behavior in papillary thyroid carcinoma but its

significance in microcarcinoma is not entirely clear. One-hundred and twenty-nine papillary thyroid

microcarcinomas were tested for BRAFV600E mutation by single-strand conformation polymorphism, and their

clinicopathologic features (age, sex, tumor size, multifocality, nodal metastases, histologic subtype, tumor cell

morphology, architecture, tumor-associated stromal reaction, tumor interface to non-neoplastic thyroid (well

circumscribed vs infiltrative), extrathyroidal extension, lymphovascular invasion, intratumoral multinucleated

giant cells, and adjacent non-neoplastic thyroid pathology) were examined. Compared with tumors without the

mutation (39/129, 30%), the mutated microcarcinomas (90/129, 70%) showed significantly higher prevalence of

infiltrative tumor borders (78/90 vs 23/39, P¼ 0.001), tumor-associated stromal desmoplasia/fibrosis and/or

sclerosis (80/90 vs 25/39, P¼ 0.002), classic nuclear features of papillary thyroid carcinoma (90/90 vs 35/39,

P¼ 0.008) and cystic change (43/90 vs 11/39, P¼ 0.05). BRAFV600E mutation was more frequent in classic (75%),

tall cell (91%), and other variants (470%) than in follicular variant (21%) of papillary thyroid microcarcinoma.

Tumors without the mutation were significantly more likely to be solid, well circumscribed, and lacked

desmoplasia/fibrosis or sclerosis. However, on multivariate analysis, only the follicular variant of papillary

microcarcinoma was significantly associated with the absence of mutation (odds ratio (95% confidence

interval): 0.09 (0.01–0.54)). Lymph node metastases (n¼ 24) were more frequent in microcarcinomas with

mutation than without (21/24 vs 3/24, P¼ 0.02). All patients with lateral cervical node metastasis (n¼ 9), and all

but one tumor with extrathyroidal extension (n¼ 17/18) showed BRAFV600E mutation. No significant differences

were noted in age, sex, tumor size, multifocality, lymphovascular invasion, psammoma bodies, stromal

calcification, intratumoral multinucleated osteoclastic-type giant cells, and lymphocytic infiltration between the

two groups of tumors. BRAFV600E mutation is an early event in thyroid carcinogenesis, and is associated with

distinctive morphology and aggressive features even in papillary thyroid microcarcinomas.
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Papillary thyroid microcarcinoma defined by the
World Health Organization as a papillary thyroid
carcinoma ofo or equal to 1 cm in size is increasingly

being recognized due to the widespread use of
thyroid ultrasonography, and ultrasound-guided fine
needle aspiration cytology.1 A 2.4-fold increase in the
incidence of thyroid cancer was noted from 1973 to
2002 that was almost entirely due to papillary
carcinoma, approximately half of which were
microcarcinomas.2 In patients older than 45 years,
the most common papillary thyroid carcinoma is
microcarcinoma.3 Fortunately, tumor-related morta-
lity has remained very low, and reported to be 0.5%
for microcarcinoma.4 Despite this, the optimal
management of microcarcinoma remains a subject of
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ongoing debate. A subset of microcarcinoma is
associated with local recurrence and nodal
metastasis.4,5 The identification of this aggressive
subset is critical to better triaging of the patients with
regard to the need for additional therapy.6

Clinicopathological factors, eg, age more than 45
years, tumor size greater than 5mm, male sex,
multifocality, lymph nodes metastasis, and extra-
thyroidal extension have been reported to predict
poor prognosis.4,7,8 In recent years, a T1799A point
mutation in the v-raf murine sarcoma viral oncogene
homolog B1 (BRAF) resulting in a valine-to-glutamic
acid switch at codon 600 (V600E) has emerged as a
marker of aggressive behavior in papillary thyroid
carcinoma.9 A few studies have suggested that this
mutation may predict aggressive behavior in
papillary microcarcinoma too.10–12 Previously we
demonstrated that papillary thyroid carcinoma with
BRAFV600E mutation was morphologically distinc-
tive.13 We now investigate the incidence of
BRAFV600E mutation in papillary microcarcinoma,
and ask if the mutated tumors are morphologically
distinctive and associated with aggressive features
despite their small size.

Materials and methods

All consecutive cases of papillary thyroid microcarcino-
mas diagnosed at the Department of Pathology at Yale New
Haven Hospital from January 2010 to November 2011 were
reviewed, and microcarcinomas that underwent testing for
BRAFV600E mutation prospectively at the time of initial
diagnosis were included in the study (n¼ 129). Micro-
carcinomas that could not be tested for the mutation were
rejected (n¼ 117). The reasons for not testing/exclusion
included: inadequate tumor tissue, very small tumors
(o1mm), synchronous larger tumors that were preferred
for mutational analysis, and reasons to suspect that the
microcarcinoma was not sampled on fine needle aspira-
tion, such as needle tract associated with a thyroid nodule
in a different location away from the microcarcinoma.
Thus, 129 tumors in 124 patients (total thyroi-
dectomy¼ 110, lobectomies¼ 14) were included in this
study. All thyroids were serially sectioned from superior
to inferior at 3–4mm intervals and the cut-surfaces were
carefully examined. Sixty-four thyroids were entirely
submitted for microscopic examination while representa-
tive sections were submitted in the remaining cases.
Clinicopathologic information gathered from pathology
reports included age, gender, tumor size, number of tumor
foci, non-neoplastic thyroid pathology, laterality, lymph
node involvement, and surgical procedure. Hematoxylin
and eosin stained slides were reviewed by two patholo-
gists (RV and MLP) blinded to the mutational status of the
tumors. The following histological features were evalu-
ated: tumor interface with non-neoplastic thyroid (well
circumscribed or encapsulated vs infiltrative), extrathyr-
oidal extension, characteristics of tumor cells including
tall cells, and polygonal cells with moderate amount of
homogeneous eosinophilic cytoplasm (‘plump pink

cells’), nuclear features, tumor-associated stromal reaction
including desmoplasia, fibrosis and sclerosis, stromal
calcification, lymphocytic infiltrate, psammoma bodies,
lymphovascular invasion, cystic change, back-to-back
arrangement, intratumoral multinucleated giant cells,
and any additional pathology in the non-neoplastic
thyroid. An attempt was made to determine the histologic
variant using the World Health Organization criteria
(2004) for larger papillary thyroid carcinoma and in-
cluded: classic, follicular, tall cell, subcapsular sclerosing,
occult sclerosing, Warthin-like, or oncocytic variant
(Figures 1 and 2).1 The subcapsular sclerosing variant
was defined as a predominantly non-cystic microcar-
cinoma with (1) a peripheral subcapsular location, (2)
abutting and involving the thyroid capsule along at least
20% of the tumor’s circumference, (3) a sclerosing pattern
of infiltration, usually with a central stellate scar, and (4)
with no or few papillae (Figure 2a). Occult sclerosing
variant was differentiated from the subcapsular sclerosing
variant by its more central intraparenchymal location
(Figures 2c and d). The tumor was determined to be
unclassifiable when it did not fit into any of above
categories, and when too small to be classified. Desmo-
plasia, fibrosis, and sclerosis were defined on a spectrum
with a tissue culture like plump fibroblastic proliferation
in loose myxoid stroma (desmoplasia) at one end, and a
paucicellular thick collagenized stroma (sclerosis) at the
other end of the spectrum (Figure 2d). Tall cells were
defined as tumor cells with height at least twice as tall as
wide occupying 450% of the tumor (Figures 1d and e).14

Polygonal tumor cells with moderate to abundant
homogeneous eosinophilic cytoplasm and not meeting
the ‘tallness’ criteria (plump pink cells) were noted
(Figure 2b). The tumor cell nuclei were assessed for six
characteristic features of papillary thyroid carcinoma that
included (1) nuclear enlargement, (2) overlapping, (3)
irregular nuclear membrane, (4) grooves, (5) chromatin
clearing, and (6) intranuclear pseudoinclusions. The
nuclear features were considered well developed or
classic if at least five of six features (Z5) were present
and subtle when fewer features (r4) were present (Figures
1a and c). In the presence of multifocality, the histological
features of only the tumor subjected to mutational analysis
were included in the data analysis. In five cases,
mutational testing was done on two tumor foci in each
patient: both tumors were positive for BRAFV600E mutation
in three patients and negative in two patients. In these
cases, the histological features were separately recorded
for each of the tumors.

BRAFV600E Mutational Analysis

BRAFV600E mutational analysis was performed on fine
needle aspiration samples from thyroid nodules with a
cytologic diagnosis of indeterminate (atypia of undeter-
mined significance), suspicious or positive for papillary
thyroid carcinoma (Bethesda system, 2008).15 After
making direct smears for cytologic evaluation, the needle
was rinsed in Cytorich Red solution (Thermo-Fisher
Scientific, Kalamazoo, MI, USA) for ThinPrep (Hologic,
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Boxborough, MA, USA) and molecular analysis for
BRAFV600E mutation as described previously.16 Tumors
that could not be tested on fine needle aspiration were
tested on formalin-fixed paraffin-embedded tissues from the

thyroid resections after being marked on the hematoxylin
and eosin stained slide under the microscope by a board
certified pathologist to ensure tumor representation. Five to
10 unstained sections (2–5mm thick) from the tumor were

Figure 1 Papillary thyroid microcarcinoma. (a) Classic variant (7mm) in a 35-year-old woman showing papillae with central
fibrovascular cores. Tumor cells have well-developed nuclear features including nuclear enlargement, overlapping, chromatin clearing,
nuclear grooves and irregular nuclear membranes line. (b, c) Follicular variant (10mm) in an 80-year-old man: Well-circumscribed thinly
encapsulated tumor with microfollicular architecture. Higher magnification (c) shows subtle nuclear features of papillary carcinoma.
(d, e) Tall cell variant (9mm) in a 34-year-old woman: the tumor shows trabecular architecture and back-to-back glands with slit-like
spaces. Higher magnification (e) shows tumor cells with moderately abundant pink cytoplasm that are at least twice as tall as wide.
A mutlinucleated giant cell is also present.
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deparaffinized and macro-dissected followed by DNA
extraction using Qiagen tissue kit according to the
manufacturer’s protocol (Qiagen, Chatsworth, CA, USA).
Five to 20ng of extracted DNAwas amplified using 0.2mM
PCR primers flanking the region of T1799A mutation of
BRAF ( flank primer: 50-CTCTTCATAATGCTTGCTCTGA
TAGG-30 and flank primer: 50-TAGTAACTCAGCAGCA
TCTCAGG-30) in a 50ml PCR reaction solution containing
1� PCR buffer, 0.1mM dNTP, 1.5mM MgCl2 and 2.5 units
of AmpliTaq Gold DNA polymerase. PCR started with initial
denaturation at 95 1C for 8min, followed by 35 cycles of
denaturation at 94 1C for 1min, annealing at 55 1C for 1min
and synthesis at 72 1C for 2min, and finished by a final
extension at 72 1C for 10min (ABI Veriti Thermal Cycler,
Applied Biosystems, Foster City, CA, USA). The 250 base
pair amplification product was analyzed by single-strand
conformation polymorphism using 4ml of the PCR product
on MDE non-denaturing gel. Electrophoresis was carried
out on ice for 2h and 45min at 325 volts. The gel was then
stained with SYBR Gold (Molecular Probes) 1:10000 in TE
added for 20min and imaged by BioRad GelDoc UV System

(BioRad, Hercules, CA, USA). BRAFV600E mutation was
determined by comparing the banding pattern of the case
with a positive control.

Statistical Analysis

In papillary thyroid microcarcinomas with and without
BRAFV600E mutation, the association between categorical
and continuous variables was evaluated using the two-
tailed Fisher’s exact test and Student’s t-test, respectively
(GraphPad InStat 3.1, GraphPad, San Diego, CA, USA). A
multivariable unconditional logistic regression model was
constructed adjusting for parameters significant on uni-
variate analysis (SAS v9.1.3, SAS Institute, Cary, NC, USA).
Model fit was assessed by the area under the receiver–
operating curve. For all analysis, a was set at r0.05.

Results

A total of 473 patients were diagnosed with papil-
lary thyroid carcinoma during the study period, of

Figure 2 (a) Subcaspular sclerosing variant of papillary thyroid microcarcinoma (9mm) in a 23-year-old woman. The tumor extends into
extrathyroidal soft tissue and shows fibrosis and sclerosis. (b) Microcarcinoma (7mm) in a 33-year-old woman showing desmoplastic
stroma and plump pink cells at the peripheral infiltrative front of the tumor. Non-neoplastic thyroid follicles are appreciated on the right
side. (c) Occult sclerosing variant (1mm) in a 57-year-old woman: The tumor is intraparenchymal. Higher magnification (d) shows tumor-
associated sclerosis and characteristic nuclear features of papillary thyroid carcinoma.
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which 246 patients had microcarcinoma (52%). Of
these, 124 patients with 129 microcarcinomas met
the inclusion criteria. Twenty-three microcarcino-
mas (18%) were incidental as they were not detected
by fine needle aspiration or imaging studies pre-
operatively, and the thyroidectomy was performed
for other reasons, eg, goiter (n¼ 17), Graves’ disease
(n¼ 3), Hashimoto’s thyroiditis (n¼ 1), and Hurthle
cells neoplasm (n¼ 2, one each in ipsilateral and
contralateral lobe). Seventy-eight microcarcinomas
were tested for BRAFV600E mutation upon thyroi-
dectomy, ie, formalin-fixed paraffin-embedded tu-
mor tissues, whereas in 51 tumors the mutational
analysis was performed on the fine needle aspirate
needle rinses. The detection rate for the mutation
was slightly higher in the former (57/78, 73%
positive) than the latter samples (33/51, 65%
positive).

Table 1 summarizes the patient demographics of
90 BRAFV600E mutation-positive (70%) and 39
mutation-negative (30%) microcarcinomas. The ma-
jority (83%) of the patients was women and 63% of
patients were older than 45 years. Multifocality was
seen in 47% of all tumors. No significant differences
were noted in age, sex, tumor size, location, and
multifocality between the mutated and non-mutated
microcarcinomas.

Lymph nodes were available for histologic evalua-
tion in 87 of 124 (70%) patients (Table 2). The mean
number of central lymph nodes examined were
similar in mutated and non-mutated tumors (five
lymph nodes), but when combined with lateral
cervical node dissection, the mean number in-
creased to 10 lymph nodes in the mutated group.
Lateral cervical lymph node dissection was under-
taken only after confirmation of metastasis by
ultrasound-guided fine needle aspiration, and was

exclusive to mutation-positive microcarcinomas.
BRAFV600E mutational analysis was available in
40% of tumors (n¼ 51) preoperatively on fine
needle aspiration. However, the presence of muta-
tion did not apparently influence the decision to
dissect lymph nodes (53% node dissection in
mutated vs 68% in non-mutated tumors).

Table 3 shows histopathologic features of
BRAFV600E mutation-positive and negative papillary
thyroid microcarcinomas. Twenty-eight microcarci-
nomas (22%) were well circumscribed including 18
completely encapsulated tumors and the remaining
101 microcarcinomas (78%) displayed infiltrative
tumor borders (Figures 1 and 2). Significantly, 57%
of the circumscribed tumors (16 of 28) were
BRAFV600E mutation negative in contrast to 23% of
infiltrative (23 of 101) microcarcinoma (P¼ 0.001).
Cystic change but not back-to-back arrangement of
tumor cells was significantly associated with the
mutation, as noted in nearly 80% (43 of 54) of

Table 1 Patient demographics and tumor characteristics in 129 papillary thyroid microcarcinoma in 124 patients

Clinical features BRAFV600E mutation-positive
tumors (n¼90; 70%)

BRAFV600E mutation-negative
tumors (n¼ 39; 30%)

P-value

Age (years)
Mean (range) 50.6 (range: 23–80) 48.2 (range: 13–81) 0.34
r45 years (n¼ 46) 31/87 (36%) 15/37 (41%) 0.33
445 years (n¼ 78) 56/87 (64%) 22/37 (59%) 0.69
445 years with 45mm tumor (n¼58) 45/87(52%) 13/37 (35%) 0.18

Female: Male (103:21) 71:16 (4.3:1) 32:5 (6.8:1) 0.45

Location
Right lobe (n¼58) 39/90 (43%) 19/39 (49%) 0.70
Left lobe (n¼ 54) 37/90 (42%) 17/39 (43%) 0.84
Isthmus (n¼16) 13/90 (14%) 3/39 (8%) 0.39
Pyramidal lobe (n¼ 1) 1/90 (1%) 0 —

Tumor size (mm)
Mean (range) 6.6 (1–10) 6.1 (1–10) 0.22
r5mm (n¼ 37) 22/90 (24%) 15/39 (38%) 0.14
45mm (n¼ 92) 68/90 (76%) 24/39 (62%) 0.14

Multifocality (n¼ 61) 45/90 (50%) 16/39(41%) 0.44
Mean number of foci (range) 2.8 (2–45) 2.1 (2–3) —

Table 2 Lymph node status in papillary thyroid microcarcinoma
with and without BRAFV600E mutation

Lymph node
status (n¼ 87)

BRAFV600E

mutation positive
(n¼ 63/87, 72%)

BRAFV600E

mutation negative
(n¼ 24/37, 65%)

P-
value

Positive lymph
nodes (n¼ 24/
87; 28%)

21/63 (33%) 3/24 (12%) 0.02

Central lymph
nodes: N1a
(n¼15)

12/63 (19%) 3/24 (12%) 0.53

Lateral lymph
nodes: N1b
(n¼9)

9/63 (14%) 0/24 (0%) 0.03

Percentages rounded-off to the nearest integer.
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microcarcinoma with cystic change. Tumor-asso-
ciated stromal reaction, eg, desmoplasia, fibrosis
and/or sclerosis (Figures 1 and 2) was significantly
more frequent in mutation-positive tumors
(P¼ 0.002), but stromal calcification, psammoma
bodies, and lymphocytic infiltrate were not. Classic
nuclear features of papillary thyroid carcinoma were
significantly associated with the mutation. Eighteen
microcarcinomas showed minimal microscopic ex-
trathyroidal extension and all but one were positive
for BRAFV600E mutation (Figure 2a). Mutated tumors
were more frequently associated with tumor cells
with moderate amount of homogeneous eosinophi-
lic cytoplasm (plump pink cells), especially at the
infiltrating front (Figure 2b), intratumoral osteo-
clast-like multinucleated giant cells (41 of 52, 79%;
Figure 1e) and lymphovascular invasion (14 of 17,
82%) but these findings did not reach statistical
significance.

Table 4 shows histologic subtypes of the tumors.
BRAFV600E mutation was significantly more com-
mon (470%) in classic, tall cell, subcapsular
sclerosing, and occult sclerosing variants of papil-
lary thyroid microcarcinoma as compared with the
follicular (21%) variant (Po0.05).

On multivariate analysis only follicular variant of
papillary microcarcinoma remained significantly
associated with the absence of BRAFV600E mutation
(odds ratio (95% confidence interval): 0.09 (0.01–
0.54)). No other histologic features were found to be
significant on multivariate analysis.

Discussion

Previously we showed that BRAFV600E mutation-
positive and negative papillary thyroid carcinomas
have distinctive morphology.13 Now we extend our
investigation to microcarcinomas (tumor size r1 cm),
and show that even microcarcinomas have a high
prevalence of BRAFV600E mutation, and tumors with
the mutation are significantly associated with lymph
node metastasis, in particular lateral cervical lymph

Table 3 Histopathologic features in 129 papillary thyroid microcarcinoma

Histopathologic features
BRAFV600E mutation-positive
tumors (n¼90)

BRAFV600E mutation-negative
tumors (n¼39)

P-
value

Tumor interface with non-neoplastic thyroid
Well-circumscribed tumors including encapsulated

tumors (n¼ 28)
12/90 (13%) 16/39 (41%) 0.001

Infiltrative tumor borders (n¼ 101) 78/90 (87%) 23/39 (59%) 0.001

Architecture
Cystic change (n¼54) 43/90 (48%) 11/39 (28%) 0.05
Back-to-back arrangement (n¼ 34) 26/90 (29%) 8/39 (21%) 0.39

Tumor stroma
Desmoplasia with or without sclerosis and/or fibrosis
(n¼ 43)

35/90 (39%) 8/39 (21%) 0.04

Desmoplasia/fibrosis/sclerosis (n¼ 105) 80/90 (89%) 25/39 (64%) 0.002
Stromal calcification (n¼43) 32/90 (36%) 11/39 (28%) 0.5
Psammoma bodies (n¼55) 39/90 (43%) 16/39 (41%) 0.85
Tumor-associated lymphocytes (n¼54) 33/90 (37%) 21/39 (54%) 0.08

Tumor cell morphology
Classic nuclear features (n¼125) 90/90 (100%) 35/39 (90%) 0.008
Plump eosinophilic cells (n¼63) 49/90 (54%) 14/39 (36%) 0.058

Other features
Extrathyroidal extension (n¼ 18) 17/90 (19%) 1a/39 (2%) 0.01
Intratumoral multinucleated giant cells (n¼52) 41/90 (46%) 11/39 (28%) 0.08
Lymphovascular invasion (n¼ 17) 14/90 (16%) 3/39 (8%) 0.27
Additional thyroid pathology (n¼102) 68/90 (76%) 34/39 (87%) 0.16

aThis tumor was tested twice for BRAFV600E mutation. Extrathyroidal extension was minimal and microscopic in all 18 tumors.

Table 4 Correlation of BRAFV600E mutation with histologic
subtypes of papillary thyroid microcarcinoma

Papillary thyroid
microcarcinoma
subtypes (n¼ 129)

BRAFV600Emutation-
positive tumors
(n¼90; 70%)

BRAFV600E

mutation-negative
tumors (n¼39;
30%)

Classic (n¼61; 47%) 46 (75%) 15 (25%)
Follicular (n¼14;
11%)

3 (21%) 11 (79%)

Subcapsular
sclerosing (n¼17;
13%)

12 (71%) 5 (29%)

Occult sclerosing
(n¼ 13; 10%)

10 (77%) 3 (23%)

Tall cell (n¼11; 9%) 10 (91%) 1 (9%)
Warthin-like (n¼ 3;
2%)

1 2

Oncocytic (n¼ 1;
o1%)

1 0

Unclassifiable (n¼9;
7%)

7 (78%) 2 (22%)
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node metastasis, extrathyroidal extension, infiltrating
tumor borders, tumor-associated fibrosis and desmo-
plasia, cystic change, and classic nuclear features of
PTC.

We report a 70% incidence of BRAFV600E mutation
in papillary thyroid microcarcinoma, similar to larger
papillary thyroid carcinoma.13,17 Others have
reported BRAFV600E mutation in o50% of microcar-
cinoma.9–11,18 Interestingly, a recent study from
Korea reported BRAFV600E mutation in 65.6% in
papillary thyroid microcarcinoma similar to the
current study, but the authors attributed the higher
prevalence to population differences.19 In our study
as in the Korean study, the microcarcinomas were
marked on the hematoxylin and eosin stained glass
slide by a pathologist, and macro-dissected for the
extraction of tumor DNA. Tumor sampling in surgical
pathology material was improved by extracting DNA
from 5 to 10 unstained sections depending upon
tumor size, whereas on fine needle aspiration, tumor
sampling may be limited by one pass or by needle
rinse. A validation of single-strand conformation
polymorphism for the detection of BRAFV600E in
surgical pathology material against direct PCR-Sanger
sequencing in our laboratory also showed 76%
incidence of the mutation in papillary thyroid
carcinoma and confirmed the superior sensitivity
and specificity of the former technique over the
latter.20 In another study from Italy, Marchetti et al21

reported a prevalence of 74% BRAFV600E mutations
in 85 papillary thyroid microcarcinomas. The authors
(all cytopathologists) identified tumor cells on
stained cytology smears before scraping them off for
DNA extraction, and used polymerase chain reaction
with direct sequencing for BRAFV600E. Thus, the
higher prevalence may be due to technical
differences in mutation testing methods, specifically
technical steps that ensure tumor representation. In
our experience, the involvement of well-trained
pathologists has been critical in avoiding false
negative results and in improving detection rates of
molecular events.

Lymph node metastasis and extrathyroidal exten-
sion are predictors of persistent/recurrent disease.6 In
papillary thyroid microcarcinoma, nodal metastases
have been reported in the range of 6–66.4%
cases.4,5,7,19,22–24 In the present study, node dissec-
tion was performed in 70% (n¼ 87) of the patients.
Of these, 28% of patients had metastatic lymph
nodes, and 88% of patients with nodal metastasis
had microcarcinomas positive for the mutation.
Lymph node metastasis was significantly more
frequent in BRAFV600E-mutated microcarcinomas,
and more importantly, metastases to lateral cervical
lymph nodes were exclusively seen in mutated
microcarcinomas. However, on multivariate ana-
lysis, this association was not significant sugges-
ting that there may be other molecular events in the
natural history of microcarcinomas.

Extrathyroidal extension has been reported in
0.02–52.2% in papillary thyroid microcarcino-

mas.5,10,12,19,25 We found microscopic extra-
thyroidal extension in 14% of the microcarcinomas
and all but one harbored the mutation. Our study
shows the incidence of extrathyroidal extension in
relatively less proportion of cases compared with
some of the studies in the literature. In our
institution, we define extrathyroidal extension
conservatively as the thyroid capsule is ill defined
and incomplete. Moreover, benign thyroid follicles
can be frequently seen outside of the capsule
separate from the thyroid parenchyma. In addition,
intrathyroidal fat and skeletal muscle can be seen
within normal thyroids, further complicating the
assessment of extrathyroidal extension.

Lupi et al9 found the absence of the tumor capsule
to be the only histological parameter significantly
associated with BRAFV600E mutation. We noted that
BRAFV600E-mutated tumors typically had infiltrative
borders and lacked an intact capsule. We also found
that mutated microcarcinomas were significantly
more likely to have tumor-associated stromal
changes (fibrosis, sclerosis or desmoplasia). Koperek
et al26 reported tumor-associated desmoplasia in 74%
of papillary thyroid microcarcinomas, and it was
significantly associated with lymph node metastasis
and tumor diameter. BRAFV600E has been implicated
in extracellular matrix remodeling, invasiveness, and
desmoplasia.27 The stromal alterations are considered
to be a critical step toward tumor progression.

We assigned a histologic subtype to the papillary
thyroid microcarcinomas based upon the criteria
used for larger papillary thyroid carcinomas. A high
prevalence of BRAFV600E mutation was noted in
certain histologic subtypes, ie, classic, tall cell,
subcapsular and occult sclerosing variants in con-
trast to the follicular variant of papillary thyroid
microcarcinoma. We first noticed this trend in our
previous study on BRAFV600E mutation-positive
larger tumors.13 Similar to larger papillary thyroid
carcinomas, the prevalence of the mutation in tall
cell microcarcinomas was 490%, and in classic
variant was 470%, whereas the follicular variant
consistently showed low prevalence or the absence
of the mutation.28,29 The subcapsular/superficial
location of papillary thyroid microcarcinoma is
believed to be a significant risk factor for
aggressive behavior.30 Therefore, we studied them
separately from the classic and the intraparen-
chymal occult sclerosing types of microcarcinomas
but found no significant difference in the prevalence
of BRAFV600E mutation. The small size of papillary
thyroid microcarcinomas makes histologic sub-
typing difficult or unclassifiable, and possibly
poorly reproducible among pathologists. Despite
these limitations, we show that papillary thyroid
microcarcinomas have distinctive morphology
that correlates significantly with BRAFV600E

mutation. Indeed, upon multivariate analysis,
only the follicular variant of papillary thyroid
microcarcinoma was significantly associated with
the absence of BRAFV600E mutation. We conclude
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that most papillary thyroid microcarcinoma can be
and should be histologically subtyped.

Interestingly, mutated microcarcinomas tended to
show classic nuclear features of papillary thyroid
carcinoma, whereas tumors with subtle nuclear
features were mutation negative. Another interest-
ing morphologic feature was the presence of mod-
erate to abundant eosinophilic cytoplasm in tumor
cells that were polygonal or somewhat tall but did
not quite meet the criteria for tall cell variant
(450% of tumor cells at least twice as tall as wide).
For lack of a better terminology, we documented
these tumor cells as ‘plump pink cells’. ‘Plump pink
cells’ were more common in BRAFV600E-mutated
tumors, especially at the infiltrating edge of the
tumor, within extrathyroidal extension, in lymph
node deposits and in intravascular tumor emboli.
No significant association with age, gender, multi-
focality, tumor size, and other histological features
was found with BRAFV600E mutation.

The current study is limited by the lack of clinical
follow-up including recurrence, persistence, and
progression. Despite this limitation, we show that
BRAFV600E-mutated papillary thyroid microcarcino-
mas demonstrate aggressive features at presentation.
Niemeier et al30 have suggested a combined
molecular-pathologic scoring system for risk
stratification of papillary thyroid microcarcinoma
that included: BRAFV600E mutation, superficial
location, fibrosis, and multifocality/intraglandular
tumor spread but their study too was limited by the
absence of follow-up. We found the first three
features to be generally present together in mutated
microcarcinoma. Further studies with long-term
follow-up are needed in the risk stratification of
microcarcinomas with BRAFV600E mutation.

In conclusion, our findings suggest that
BRAFV600E mutation is an early and phenotypically
defining molecular event in papillary thyroid carci-
noma. The mutation is associated with features
predictive of a high risk of local recurrence, eg,
extrathyroidal extension and nodal, specifically
lateral cervical lymph node metastasis, even in
microcarcinomas. Despite their small size, the
phenotype of microcarcinomas with regard to the
BRAFV600E mutation is distinctive, and the inci-
dence of mutation remains similar to larger papillary
thyroid carcinoma.
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