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There is a continuous debate regarding the classification of thyroid
follicular lesions and the term ‘‘well-differentiated tumor of uncer-
tain malignant potential (WDT-UMP)’’ was recently introduced to
cover this problematic spectrum of tumors. The objective of this
study was to reappraise WDT-UMP using morphological, immuno-
chemical, and molecular analysis and to shed more light on encap-
sulated thyroid follicular-patterned tumors. A total of 30 cases of
WDT-UMP with equivocal papillary thyroid carcinoma-type nuclear
changes (PTC-N) or focal unequivocal PTC-N were examined. As a
control, follicular adenoma (n = 29), follicular carcinoma (n = 8),
hyalinizing trabecular adenoma (n = 5), and PTC (n = 48) were
included. HBME-1, cytokeratin 19, and galectin-3 were positive in
12 (40.0%), 10 (33.3%) and 11 (36.7%) cases of WDT-UMP, respec-
tively. According to the positivity of those markers, significant dif-
ferences were obtained between WDT-UMP and PTC encapsulated
common type (P = 0.028, 0.010, and 0.004, respectively), infiltrative
follicular variant (P = 0.020, 0.026, and 0.008, respectively), and
infiltrative common type (P = 0.004, 0.001, and 0.005, respectively),
but not between WDT-UMP and follicular adenoma or follicular
carcinoma. BRAFV600E mutation was absent but RET ⁄ PTC1 rear-
rangement was found in only two (6.7%) cases of WDT-UMP. None
of the 20 patients with WDT-UMP developed recurrence, with an
average follow-up of 80 months. These findings indicate that
WDT-UMP has a favorable outcome and is distinct from PTC in
morphological, immunohistochemical, and molecular characteris-
tics. We propose that WDT-UMP should be classified as ‘‘well-
differentiated tumor with uncertain behavior’’. (Cancer Sci 2011;
102: 288–294)

P apillary thyroid carcinoma-type nuclear changes (PTC-N)
are the most reliable morphological features in the diagno-

sis of PTC, which include nuclear enlargement, nuclear over-
lapping, nuclear clearing, nuclear grooves, and cytoplasmic
pseudoinclusions. In published reports and textbooks, nuclear
changes are the diagnostic criteria for malignancy in thyroid
tumor, regardless of whether or not the tumor has a capsule, is
invasive, or has a papillary growth pattern.(1) However, there are
exceptions, and PTC-N are not evident in columnar cell variant
or cribriform-morular variant PTC.(2,3) They can be also found
in benign lesions, such as hyalinizing trabecular adenoma
(HTA) and Hashimoto thyroiditis.(4,5) We doubt that these PTC-
N are the golden standard of malignancy, although the majority
of PTC do have them. Many pathologists are also aware that the
distinctions between follicular adenoma (FTA), encapsulated
PTC, and follicular carcinoma (FTC) are not always clear-cut.
When PTC-N are equivocal or incomplete, significant disagree-
ment occurs in the diagnosis of those tumors.(6–12) Therefore, in

2000, Williams(13) proposed a new diagnostic terminology, that
is, WDT-UMP for capsulated follicular-pattern tumors with
equivocal PTC-N and without definite invasion. This group of
tumors has been suggested to be borderline in nature, although
there is no direct proof for this concept at the present
time.(8,14,15)

The purpose of this study was to reappraise the clinicopatho-
logical, immunohistochemical, and molecular features of WDT-
UMP and to establish a new viewpoint on this controversial
entity.

Materials and Methods

Patients and evaluation of the morphological features of WDT-
UMP. The surgical pathology files of 2648 cases with thyroid
lesions, who were treated between 1990 and 2009, were
reviewed from the database of the Department of Human Pathol-
ogy, Wakayama Medical University (Wakayama, Japan). An
approval was obtained from Wakayama Medical University eth-
ics committees and the patients gave their written informed con-
sent. The data regarding age, sex, presentation, gross pathology,
and outcome were obtained by reviewing clinical files and con-
tacting the referring clinicians.

Hematoxylin–eosin-stained slides of all patients were
reviewed with attention to PTC-N by two pathologists (Z. L.
and K. K.). Thirty encapsulated follicular-patterned tumors with
equivocal PTC-N and without capsular or vascular invasion,
well demarcated from the surrounding thyroid parenchyma,
were selected as WDT-UMPs according to the following crite-
ria, which was modified from those proposed by Williams.(13)

When PTC-N were observed equivocally, such as only nuclear
clearing and nuclear grooves without nuclear pseudoinclusions,
we classified them as WDT-UMP (n = 18). When unequivocal
PTC-N were seen in the entire part of the tumor we classified
them as encapsulated follicular variant PTC (EFV-PTC; n = 2).
When unequivocal PTC-N were found in only part of the tumor
we classified them as WDT-UMP (n = 12), as explained in Fig-
ure 1. Therefore, the incidence of WDT-UMP in the thyroid
specimens was 1.1%; 501 cases (18.9%) of conventional PTC
were examined in the same period. The cellularity of the tumor
cells was evaluated according to the criteria proposed by
Thompson et al.(16) One thousand tumor cells were counted
randomly for each case and the nuclei size was evaluated by
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the ratio of tumor cells compared with normal thyroid follicular
cells as described by Mai et al.(17)

As the control groups, FTA (n = 16), HTA (n = 5), infiltrative
common type PTC (C-PTC; n = 24), and encapsulated common
type PTC (EC-PTC; n = 10) were selected according to the
criteria of the World Health Organization classification.(1) The
follicular variant PTCs (FV-PTCs) were selected by strictly
following the criteria of entire or almost complete follicular
pattern and with clear-cut PTC-N, as proposed by LiVolsi
et al.(18,19) Encapsulated follicular-patterned tumor with diffuse
and unequivocal PTC-N but without definite invasion were
included as EFV-PTC (n = 2) (Fig. 1). Those with definite inva-
sion or metastasis were included as infiltrative follicular variant
PTC (IFV-PTC; n = 12).

Immunohistochemical staining. Five-micrometer-thick paraf-
fin sections of all tumors were dewaxed, rehydrated in graded
alcohols, and processed using a Dako EnVision detection kit
(DakoCytomation, Carpinteria, CA, USA). Briefly, antigen
retrieval was carried out as follows: galectin-3 (GAL-3) was
heated in a microwave oven five times in 3-min period in
10 mM Tris–EDTA buffer (10 mM Tris base, 1 mM EDTA
solution, 0.05% Tween-20; pH 9.0); trypsin solution digestion
was carried out (pH 7.8) for cytokeratin 19 (CK19) for 30 min
at 37�C; and no antigen retrieval was used for HBME-1. End-
ogenous peroxidase activity was blocked with a 1.7% H2O2-
methanol solution for 30 min, then the slides were incubated in

WDT-UMP (WDT-UB) FTA

Atypia

FTA with atypia

PTC-N

Obvious Equivocal Negative

EFV-PTC

Encapsulated follicular thyroid tumor

Diffuse Focal No atypia

Fig. 1. Nomenclature for encapsulated thyroid follicular tumors
(modified with permission from Williams’ proposal(13)). EFV-PTC,
encapsulated follicular variant papillary thyroid carcinoma; FTA,
follicular thyroid adenoma; PTC-N, papillary thyroid carcinoma-type
nuclear changes; WDT-UB, well-differentiated tumor with uncertain
behavior; WDT-UMP, well-differentiated tumor of uncertain
malignant potential.

Table 1. Clinicopathological features and immunohistochemical scores of well-differentiated thyroid tumors of uncertain malignant potential

(or well-differentiated thyroid tumors of uncertain behavior)

Case
Age

(years)
Gender

Tumor

size (cm)

Nuclei

size (T ⁄N)
Nuclear

clearing

Nuclear

grooves (%)

Follow-up

(months)
HBME-1 CK19 GAL-3

BRAF

mutation

RET ⁄ PTC1
rearrangement

1 39 F 4.6 3 + 3.0 )† +++ ) ) ) )
2 58 M 3.0 3 + 3.0 )† ++ ) ++ ) )
3 47 F 3.0 2 + 1.0 )† ) ) ) ) )
4 43 F 1.3 3 + 1.0 206 ++ ++ ++ ) )
5 63 F 1.7 2 + 3.0 185 ) ) ) ) )
6 29 M 2.0 3 + 1.0 130 ) + ) ) )
7 41 F 2.8 3 + 1.0 )† ) ) ) ) )
8 36 F 1.1 3 + 3.0 )† ) ) ) ) )
9 44 F 2.0 3 + 3.0 109 +++ ) ) ) )
10 33 F 1.8 3 + 3.0 )† ++ ) ) ) )
11 50 F 1.0 3 + 3.0 89 ) ) ) ) )
12 44 F 1.5 3 + 3.0 87 +++ ) + ) )
13 35 F 0.9 3 + 3.0 74 ++ +++ +++ ) )
14 46 F 1.6 2 + 1.0 )† +++ + ++ ) )
15 73 F 2.7 2 + 3.0 71 ) ) ) ) )
16 17 F 3.2 2 + 1.0 68 ) ) ) ) )
17 30 F 1.0 2 + 3.0 66 ) ) ) ) )
18 52 F 1.3 3 + 1.0 65 ++ ) ) ) )
19 50 F 2.2 2 + 1.0 61 ) +++ ) ) )
20 44 M 2.5 2 + 3.0 61 +++ +++ +++ ) )
21 38 F 2.8 3 + 3.0 56 ) ) ) ) )
22 74 F 2.5 3 + 1.0 56 ) +++ ) ) )
23 73 F 2.8 3 + 3.0 56 +++ ) ++ ) +

24 41 F 1.1 3 + 3.0 56 ) ) ) ) )
25 68 M 2.8 2 + 3.0 )† ) ) ) ) )
26 80 F 1.5 2 + 1.0 43 ) ) ) ) )
27 64 F 2.6 2 + 1.0 42 ) ) ++ ) )
28 35 F 1.5 3 + 3.0 35 ++ + ++ ) )
29 53 M 1.0 3 + 3.0 )† ) ++ ++ ) +

30 80 F 1.3 2 + 1.0 )† ) +++ +++ ) )

†Follow-up was not available. ), negative; +, positive; CK19, cytokeratin 19; F, female; GAL-3, galectin-3; M, male, T ⁄N, nuclei size of the tumor
cells versus that of normal thyroid follicular cells.
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10% normal goat serum for 30 min to prevent non-specific bind-
ing. They were incubated overnight at 4�C with a primary anti-
body at an appropriate dilution: HBME-1 (1:100, clone HBME-
11; DakoCytomation), GAL-3 (1:100, clone Glectin-3; DakoCy-
tomation). and CK19 (1:100, clone b170; Vision BioSystems
Novocastra, Newcastle upon Tyne, UK). Positive controls were
PTC for GAL-3 and HBME-1 and colon mucosa for CK19.
Phosphate-buffered saline was used instead of the first antibody
as negative controls.

Detection of BRAFV600E mutation and RET ⁄ PTC1 rearrange-
ment. To further examine the molecular features, DNA
sequencing was used to analyze BRAFV600E mutation and

RET ⁄PTC1 rearrangement for all WDT-UMPs. DNA and RNA
was extracted from the formalin-fixed, paraffin-embedded tis-
sues according to the method described by Jing et al.(20) Briefly,
two sections of 10-lm thickness were taken from each paraffin
block and deparaffinized by xylene. The tissues for DNA extrac-
tion were digested with proteinase K (0.5 mg ⁄mL; Qiagen,
Tokyo, Japan) at 55�C overnight. After extraction with phe-
nol ⁄ chloroform, genomic DNA was precipitated and 100 ng
DNA was used in PCR. All tumor samples were analyzed for
the thymine (T) to adenine (A) missense mutation at nucleotide
1799 in exon 15 of the BRAF gene, as described in our previous
study.(21)

Total RNA was extracted using the Ultraspec RNA isolation
system (Biotecx, Houston, TX, USA). Two micrograms of total
RNA was reverse transcribed by Superscript II (Invitrogen,
Carlsbad, CA, USA) in a 25 lL total reaction volume containing
RT buffer random hexamers (Invitrogen), deoxynucleotide tri-
phosphate, and RNase inhibitor (Roche Applied Science, India-
napolis, IN, USA). Two sets of PCR primers were synthesized
by Integrated DNA Technologies (Operon Biotechnologies,
Tokyo, Japan) to detect the RET ⁄PTC1 rearrangement.(21)

All PCR products were purified using a QIAEX II gel extrac-
tion kit (Qiagen). Amplified DNA fragments were sequenced
using a DNA sequencing kit (Bigdye Terminator v3.0 Cycle-
Sequencing Ready Reaction; Applied Biosystems, Foster City,
CA, USA) and subjected to direct sequencing in both directions.
The sequencing results were analyzed by ABI Prism DNA
sequencing analysis software (Applied Biosystems).

Scoring of immunostaining and statistical analysis. Immuno-
reactivity was scored using a semiquantitative scoring method.

(A) (B)

(C) (D)

(E) (F)

Fig. 2. Comparison of morphology in different
follicular thyroid lesions. (A) Normal thyroid
epithelium. (B) Follicular variant papillary thyroid
carcinoma, which shows typical nuclear changes
of papillary thyroid carcinoma. (C,D) Well-
differentiated tumor of uncertain behavior, which
shows 2–4-times enlargement of nuclei size, ground
glass features, and 3–4% of nuclear grooves, but
pseudoinclusions are rare or absent. (E) Follicular
thyroid adenoma, which shows 1–4-times
enlargement of nuclei size, the obvious difference
is that the nuclei are hyperchromatic. (F)
Hyalinizing trabecular adenoma, which is
encapsulated, with trabecular growth pattern,
polygonal and elongated cells, pseudoinclusions,
and cytoplasmic yellow bodies. There is an
accumulated hyaline substance in the basement
membrane between trabeculae and alveoli.
Original magnification: (C,F) ·100; (A,B,D,E) ·200.

Table 2. Immunohistochemistry of HBME-1, CK19 and GAL-3 in

thyroid tumors

Groups
n (Frequency, %)

HBME-1 CK19 GAL-3

WDT-UMP (WDT-UB) (n = 30) 12 (40.0) 10 (33.3) 11 (36.7)

PTC (n = 48)

EC-PTC (n = 10) 8 (80.0) 8 (80.0) 9 (90.0)

C-PTC (n = 27) 19 (70.4) 19 (70.4) 18 (66.7)

EFV-PTC (n = 2) 2 (100.0) 1 (50.0) 1 (50.0)

IFV-PTC (n = 9) 8 (88.9) 7 (77.8) 8 (88.9)

FTA (n = 29) 6 (20.7) 9 (31.0) 7 (24.1)

FTC (n = 8) 4 (50.0) 3 (37.5) 3 (37.5)

HTA (n = 5) 0 (0.0) 0 (0.0) 1 (20%)

CK19, cytokeratin 19; GAL-3, galectin-3.
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A case was scored as positive only when strong signals in the
cytoplasm or along cell membranes were detected for GAL-3,
HBME-1, and CK19, respectively. Based on the evaluation of
the heterogeneous positive distribution and the differing inten-
sity of the simultaneous staining, all the cases were scored as
negative, focally positive (+, <25%), positive (++, 25–50%), or
diffusely positive (+++, more than 75%).

The data were analyzed by SPSS for Windows, version 14.0
(SPSS, Chicago, IL, USA). Associations between categorical
variables were evaluated by the chi-square or Fisher’s exact
tests. All statistical tests were two-sided. Probability values
<0.05 were considered statistically significant.

Results

A summary of the clinicopathological information of the
patients with WDT-UMP is shown in Table 1. The patients
included 25 females and five males, with a female:male ratio of
5:1. Age at surgery ranged from 17 to 80 years old with an aver-
age of 50 ± 16 (mean ± SD) years. The WDT-UMP ranged in
size from 1.0 to 4.6 cm, with an average size of 2.0 ± 0.9 cm
(mean ± SD). Ten cases were originally diagnosed as adenoma-
tous nodule, 20 cases as FTA, and only simple excision or
lobectomy was done; lymph node dissection was not carried out.

No invasion to thyroid parenchyma or lymph node metastasis
(LNM) was identified in any of the cases at surgery. Twenty
cases were available for follow-up analyses at a range of
35–206 months (average, 81 months), and all of these patients
were alive at latest follow-up without recurrence (Table 1).

The interpretation of what constituted PTC-N varies among
pathologists.(11,13,22,23) In this study, the normal thyroid follicu-
lar cells were small, oval, or round and arranged regularly
(Fig. 2A). In FV-PTC, the tumor cells were arranged in a follic-
ular pattern with typical PTC-N, including nuclear clear-
ing ⁄ground glass, pseudoinclusions, and nuclear grooves. The
nuclei were nearly always overlapping or crowded (Fig. 2B).
All WDT-UMPs had an intact capsule (Fig. 2C), the follicles
contained colloid and were lined by cuboidal or oval epithelium
in variable sizes. The epithelial cells had polarity and were
crowded but rarely overlapping. The nuclei size was 2–4 times
of that of normal thyroid follicular cells, as shown in Figure 2D.
The nuclei were located in the middle or apical of the cyto-
plasm, and they showed clear nuclei different from the hyper-
chromatic nuclei of FTA (Fig. 2E). Nuclear grooves were
observed in 1–3% of the tumor cells. However, pseudoinclusion
was rare or absent in all 30 cases because of our diagnosis crite-
ria. In contrast, approximately 3–8% of nuclear pseudoinclu-
sions were observed in FV-PTC (Fig. 2B) and HTA (Fig. 2F).

(A) (B) (C)

Fig. 3. Immunohistochemistry of HBME-1, GAL-3, CK19 in well-differentiated tumor of uncertain behavior (WDT-UB), follicular thyroid adenoma
(FTA), and follicular variant papillary thyroid carcinoma (FV-PTC). (A) In WDT-UB, the reaction of the three markers increased, but was mainly in
the cell membrane, and the staining was less intense. (B) In FTA, only occasional reaction with the three markers was found. (C) In infiltrative
FV-PTC, all of the three markers showed intense and diffuse reaction with the carcinoma cells. Original magnification: (A,C) ·200; (B) ·100.

Liu et al. Cancer Sci | January 2011 | vol. 102 | no. 1 | 291
ªª 2010 Japanese Cancer Association



Immunostaining of HBME-1, GAL-3, and CK19 showed dif-
ferent reactivity among the six groups of follicular tumor
(Tables 1,2). In WDT-UMPs, 12 (40.0%) cases showed positive
reaction with HBME-1, 10 (33.3%) cases for CK19, and 11
(36.7%) cases for GAL-3. As summarized in Table 1, there
were five cases that were reactive with all three markers, three
more cases were positive for HBME-1 and GAL-3, and two
more cases were positive for CK19 and GAL-3. However, no
further cases were positive for HBME-1 and GAL-3. Overall,
the reaction was much more extensive and intense in WDT-
UMP (Fig. 3A) than in FTA (Fig. 3B). No reaction with
HBME-1 or CK19 was observed in the five HTAs, however,
GAL-3 was focally reactive with the tumor cells in one case. In
FV-PTC, all three markers were diffusely reactive with the
tumor cells, and were more intense in the cytoplasm than the
reactivity in WDT-UMP (Fig. 3C). Univariate analysis revealed
that statistically significant differences were obtained between
WDT-UMP and three groups of PTCs (EC-PTC, IFV-PTC, and
C-PTC) according to the three markers, but no significant dif-
ference was observed between WDT-UMP and FTA (Fig. 4).
The comparison between WDT-UMP and HTA, EFV-PTC was
not effective because of the case limitation of HTA and EFV-
PTC.

BRAFV600E mutation was absent in all cases. However,
RET ⁄PTC1 rearrangement was indicated in two (6.7%) cases of
WDT-UMP (Table 1, Fig. 5). These findings indicated that
BRAFV600E mutation is absent in WDT-UMP, but RET ⁄PTC1
rearrangement may occur in a few cases.

Discussion

As emphasized recently by the debate regarding the terminology
for encapsulated follicular tumors with equivocal PTC-N, an
important impetus for overdiagnosis of WDT-UMP or EFV-
PTC is the litigation climate, whereby the pathologists make the
diagnosis using lax criteria to avoid being sued after missing the
malignancy. However, this diagnosis method causes overtreat-
ment to a certain extent and results in psychological burden for
the patient.

On the basis of the criteria proposed by Williams,(13) we
developed an intimate description of the nuclear changes of
WDT-UMP, including 2–4 times nuclear enlargement, 1–3%
nuclear grooves and rare or absent nuclear pseudoinclusions.
Papillary carcinoma-type nuclear changes are the most impor-
tant morphology when diagnosing non-invasive encapsulated
follicular thyroid tumors. As can be seen in Figure 1: if PTC-N
are negative, the classification should be FTA; if PTC-N are
equivocal, it should be WDT-UMP; if PTC-N are unequivocal
but focal, it should be WDT-UMP; and if PTC-N are unequivo-
cal but diffuse, it should be EFV-PTC. Thus, our concept of
WDT-UMP contains both Williams’ WDT-UMP and encapsu-
lated follicular tumors with focal PTC-N, therefore, a new termi-
nology of ‘‘well-differentiated tumor with uncertain behavior
(WDT-UB)’’ is proposed to distinguish it from that of Williams.
However, morphological comparison between FTA, WDT-
UMP, and EFV-PTC may be confusing, because it rests on the
pathologist’s perception of the nuclear characteristics, which
unfortunately is subjective.(12) Observer variations occur when
assessing these lesions and up to 61% of these types of tumors
often meet diagnostic discrepancy even among expert patholo-
gists.(7,11,12,24) Because of the good biological behavior, low
LNM, and almost no recurrence and no patient death after lobec-
tomy,(25) Chan recommended that strict criteria should be
applied in the diagnosis of these tumors.(12)

Galectin-3, HBME-1, and CK19 have been shown to be sen-
sitive markers for diagnosis of PTC(26–28) and were applied to
further examine the immunochemical features of WDT-UB in
this study. The positive frequency of GAL-3, CK19, and

HBME-1 was 36.7%, 33.3%, and 40.0%, respectively, which
was consistent with previous reports.(6,15,29,30) Surprisingly, no
statistical difference was observed between WDT-UB and FTA
or FTC for the positive frequencies of these markers, which
indicates that it is difficult to discriminate WDT-UB from the
FTA ⁄FTC group with these markers. However, significant
differences were found between WDT-UB and each PTC group,
except EFV-PTC. This observation suggests that WDT-UB may
be a distinct entity different from EC-PTC, IFV-PTC, and
C-PTC.
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Fig. 4. Different expression of HBME-1, cytokeratin 19 (CK19), and
galectin-3 (GAL-3) in well-differentiated tumor of uncertain behavior
(WDT-UB) and the other five groups of thyroid tumors. P-values
obtained using the chi-square or Fisher’s exact test. C-PTC, infiltrative
common type papillary thyroid carcinoma; EC-PTC, encapsulated
common type papillary thyroid carcinoma; FTA, follicular thyroid
adenoma; FTC, follicular thyroid carcinoma; IFV-PTC, infiltrative
follicular variant papillary thyroid carcinoma.
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In addition to the immunochemical findings, molecular char-
acteristics of WDT-UB confirmed the absence of BRAFV600E

mutation and the rare occurrence of RET ⁄PTC1 rearrangement,
which is consistent with previous reports.(6,14,31) BRAFV600E

mutation has been shown to be an infrequent event in FV-
PTC(32–35) and absent in benign thyroid lesions,(6,31,34,36,37) but
RET ⁄PTC1 rearrangement has been found in both PTC and
benign lesion, such as Hashimoto thyroiditis.(38) These results
suggest that examination of BRAF mutation and RET ⁄PTC1
rearrangement is not reliable to differentiate WDT-UMP from
benign thyroid lesions.

In the present study, we clearly showed that WDT-UB behave
as if they are benign tumors, even if they have PTC-N, either
focal or equivocal. Although the case number is small, none in
our study had invasion or cervical LNM in our 30 cases at
surgery, and no recurrence was shown in 20 cases at a median
follow-up of 80 months, which is completely different from
EFV-PTC previously reported.(25,39)

In conclusion, we have introduced details of the histological
criteria of WDT-UMP, which included the focal PTC-N tumor
group in addition to the tumor with diffuse but equivocal PTC-
N. Well-differentiated tumor of uncertain malignant potential
has a favorable outcome and shows distinct morphological,
immunohistochemical, and molecular features compared to C-
PTC. We rename both WDT-UMP and non-invasive encapsu-
lated follicular patterned thyroid tumors with focal PTC-N as a
borderline tumor of WDT-UB, which share PTC-N to a certain
extent.
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