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Classification of follicular cell tumors of the thyroid gland:
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Prognostic analyses of thyroid carcinomas of follicular cell
origin were carried out on patients treated at Kuma Hospital,
Kobe, Japan. A new histopathological classification based
on the prognostic evidence is proposed in this study, and it
is applicable to the patients treated curatively. Major histo-
logical types of papillary carcinoma, follicular carcinoma
and poorly differentiated carcinoma were combined into
one single entity of follicular cell adenocarcinoma because
(i) they have the same cell origin (follicular cell); (ii) clear-cut
separation of papillary and follicular carcinoma is not
always possible, and 10 year cause-specific survival was
essentially similar when the patients were treated cura-
tively; and (iii) poorly differentiated carcinoma usually has a
background of either papillary or follicular carcinoma. This
adenocarcinoma together with undifferentiated carcinoma
was stratified into four prognostic groups using pure mor-
phological criteria of the degree of cellular differentiation
and histological grade. They are termed well-differentiated
adenocarcinoma, moderately differentiated adenocarci-
noma, poorly differentiated carcinoma and undifferentiated
carcinoma of the thyroid. The 10 year disease-free survival
rates were 86.3–93.1%, 65.4–78.7%, and 43.0–53.8%, and
0%, respectively. The 10 year cause-specific survival rates
were 97.2–100%, 91.5–97.4%, and 71.2–80.0%, and 0%,
respectively.
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It is well known that the incidence, histological types and
even biological behavior of thyroid carcinomas vary among
different geographic areas.1–7 A nationwide cancer registry by
the Japanese Society of Thyroid Surgery collected a total
of 52 109 patients with thyroid carcinoma who underwent
surgery between 1977 and 2005 in Japan. There were
45 683 (87.7%) papillary thyroid carcinomas (PTC), 4910
(9.4%) follicular thyroid carcinomas (FTC), 713 (1.4%) C cell
carcinomas (medullary thyroid carcinoma, MTC) and 803
(1.5%) undifferentiated carcinomas (UC).8 The incidence of
histological type of thyroid carcinoma in Japan differs from
that in Europe, North America and other geographic areas,
and this is postulated to result from iodine intake.2,4–7,9,10 The
different experience of thyroid tumors among pathologists
and different prognostic data from different countries may
create serious problems when establishing histological crite-
ria in the diagnosis of thyroid carcinomas.11–17 Although
several histological classifications of thyroid carcinomas
have been published, a well-accepted classification of differ-
entiated thyroid carcinomas, which links to prognosis, has not
been established as yet, partly because of this problem. The
comparison of prognostic analyses of different series of
thyroid carcinomas from different geographic areas and with
different histological criteria may not be adequate, under
these circumstances, to reach any valid and definite conclu-
sions on prognostic classification of thyroid carcinomas.2

The purpose of the present study was to report on the
prognostic analysis and review of patients with thyroid car-
cinomas treated at a single thyroid hospital, Kuma Hospital,
Kobe, in order to eliminate geographic bias or personal phi-
losophy in diagnosis, and to establish a new prognostic
classification of thyroid carcinoma of follicular cell origin
based on evidence obtained from patients treated at one
hospital.
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MATERIALS AND METHODS

Histological risk group analysis of common type PTC

We reviewed patients with primary thyroid carcinoma who
underwent primary surgical treatment between 1987 and
2006, at Kuma Hospital, Kobe, Japan. A total of 9500 patients
were analyzed in the study. The initial diagnosis was PTC,
n = 8372 (88.1%); FTC, n = 586 (6.2%); MTC, n = 117 (1.2%);
UC, n = 53 (0.56%); malignant lymphoma, n = 345 (3.6%);
and ‘other’, n = 27 (0.28%). The three principal pathologists
responsible for the initial diagnosis were S.K. between 1983
and 1993, K.K. between 1994 and 2005, and M.H. in 2006; all
three pathologists are co-authors of the present paper.
Prognosis and risk group classification of PTC patients

who underwent primary surgical treatment from 1990 to 1993
were reviewed for analysis of morphological parameters by
two pathologists (K.K. and Y.B.). The diagnostic procedure
and morphological characteristics to identify low-risk and
high-risk patients with PTC were described in detail in our
previous reports.18,19 In brief, low-risk PTC is characterized by
either expansive growth with capsulation or invasive growth
with well-differentiated cellular characteristics (exclusion of
the following high-risk morphology). High-risk PTC is charac-
terized by both invasive growth and at least one of the three
less-differentiated cellular morphologies: (i) tall/columnar cell
features (310%); (ii) solid growth (310%); and (iii) loss of
cellular polarity/cohesiveness (320%). Representative illus-
trations are shown in Fig. 1 for low-risk PTC, and Figs 2–6 for
high-risk PTC. This subclassification is applicable only to
adult PTC patients, because age is a strong predictor in
thyroid carcinomas and PTC in children has been proved
to be low-grade malignancy, even if it has solid growth

pattern.1,2,4,20–22 Microcarcinoma (<10 mm) was not included
in the present study because most demonstrated excellent
outcomes, and persistent/recurrent disease was identified in
only a small number of patients, when they were treated
curatively.23–25 Patients with distant metastasis at surgery
were also excluded from the study. Tumors with anaplastic
transformation and these with both solid/trabecular/insular
carcinoma components and high-grade histology were
excluded.16 Follicular tumor of uncertain malignant potential
(FT-UMP) and well-differentiated tumor of uncertain malig-
nant potential (WDT-UMP) were excluded.26 Malignant lym-
phoma, squamous cell carcinoma, MTC and intrathyroid
epithelial thymoma were also excluded because of their dif-
ferent histogenesis. A total of 476 cases were analyzed for
recurrence, and the results are shown in Kaplan–Meier
survival curves in Fig. 7; some of the results obtained from
a smaller number of patients have been published else-
where.18,19 All patients were treated curatively with either total
thyroidectomy (including subtotal thyroidectomy) or lobec-
tomy (including lobectomy with isthmectomy) with lymph
node dissection. No postoperative chemotherapy, radiation
or I131 treatment was applied in this series of patients. Micros-
copy of the dissected lymph nodes confirmed metastasis in
389 patients (81.72%), and no metastatic carcinoma was
found in 87 patients (18.28%), as shown in Table 1.

Statistical analysis

Time-independent, categorical and continuous data were
evaluated using the c2 test or Fisher’s exact test as appro-
priate. The disease-free survival (DFS) and cause-specific
survival (CSS) were calculated from the time of primary
surgery to the final contact day or the day that recurrence or

Figure 1 Low-risk papillary thyroid carcinoma according to Bai et al.18 and well-differentiated adenocarcinoma according to the present
proposal. Most of the neoplastic follicular cells are tightly arranged as a single layer (HE).

Figure 2 Loss of cellular polarity/cohesiveness of the high-risk papillary thyroid carcinoma according to Bai et al.18 and moderately differ-
entiated adenocarcinoma according to the present proposal. Papillary structures are covered with tall/columnar cells, but most of them are not
tightly arranged (loss of cellular cohesiveness) and their nuclear positions are not basally oriented with hobnail appearance (loss of cellular
polarity; HE).

Figure 3 The loss of cellular polarity/cohesiveness of high-risk papillary thyroid carcinoma and moderately differentiated adenocarcinoma.
Low cuboidal or flattened neoplastic cells (upper half) become spindle shaped in possible epithelial mesenchymal transition (lower half; HE).

Figure 4 Loss of cellular polarity/cohesiveness of high-risk risk papillary thyroid carcinoma and moderately differentiated adenocarcinoma.
The neoplastic papillae are covered with mostly flattened or low cuboidal cells with increased nuclear/cytoplasmic ratio. Note the lack of
high-grade nuclear features (HE).

Figure 5 Loss of cellular polarity/cohesiveness of high-risk risk papillary thyroid carcinoma and moderately differentiated adenocarcinoma.
Papillary structures are covered with columnar cells of higher nuclear grade when compared with Figs 1–4. The nuclear position becomes more
pseudostratified and sometimes piled up (loss of cellular polarity). Note that the upper left field contains a small focus of spindle-shaped
neoplastic cells (HE).

Figure 6 The tall/columnar cell group of high-risk papillary thyroid carcinoma belonging to moderately differentiated adenocarcinoma in the
present classification. The upper right field contains neoplastic tall cells with basally located nuclei (tall-cell PTC), while the lower left contains
tall cells with nuclear stratification (columnar cell PTC; HE).
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cancer-related death was identified. DFS and CSS analyses
were performed using the Kaplan–Meier method and the
log–rank test. The difference was considered statistically sig-
nificant for P < 0.05. Data analysis was performed using Stat
View-J, version 5.0 (SAS Institute, Cary, NC, USA).

RESULTS

Risk group analysis on common type PTC

Thirty-eight (8.0%) male and 438 (92.0%) female patients
were enrolled in this analysis of common PTC, and their aver-
age age at surgery was 46.9 years old (Table 1). The average
follow-up period for DFSwas 120.97 1 39.29 months (mean 1
SD). The average follow-up period for CSS was 131.71 1
35.22 months. Seven patients died of cancer, all of whom
belonged to the high-risk group, and seven patients died of
other causes, five in the low-risk and two in the high-risk group.
The analysis of recurrence in the 476 cases of PTC con-

firmed that in our previous report obtained from 263 patients
by Bai et al.,18 and the Kaplan–Meier DFS curves of two risk
groups in the 476 cases are shown in Fig. 7. The difference
of DFS between the low-risk PTC (including encapsulated
group and not otherwise specified group, n = 223, 10 year
DFS, 93.0%) and high-risk PTC (including loss of cellular
polarity/cohesiveness group, tall/columnar cell group, and
solid type of PTC, n = 253, 10 year DFS of 82.5%) was
confirmed to be statistically significant (P = 0.0001). The
correlation between clinicopathological parameters and risk
groups of PTC were analyzed and the results are shown
in Table 1. More patients with a larger tumor size were

observed in the high-risk group than in the low-risk group
(P = 0.0372), more patients with extrathyroid extension were
in the high-risk group than in the low-risk group (P = 0.0006),
and more patients with advanced pT stage (TNM classifica-
tion of UICC) were in the high-risk group than in the low-risk
group (P = 0.0144), and the difference was statistically sig-
nificant. More lymph node metastasis was observed in the
high-risk group than the low-risk group but the difference
remained borderline significant.

Review of publications on prognostic analyses of
thyroid carcinomas treated at Kuma Hospital,
Kobe, Japan

Prognosis on PTC patients and poorly differentiated
carcinoma of PTC background

Ito et al. analyzed 1680 cases of PTCwithout distant metasta-
sis at diagnosis from 1987 to 1995 including small carcinoma
(<10 mm) and the results were published elsewhere.27 In brief,
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Figure 7 Disease-free survival rates of (—) low-risk (n = 223) and
(- - -) high-risk (n = 253) papillary carcinoma of the thyroid. A total of
476 patients treated curatively at Kuma Hospital Kobe Japan were
enrolled. Among them, 14 of 223 low-risk and 43 of 253 high-risk
PTC patients developed cancer recurrence. The disease-free sur-
vival difference was statistically significant on Kaplan–Meier method
and log–rank test (P = 0.0001).

Table 1 Clinicopathological parameters vs risk group of papillary
thyroid carcinoma

Group
Low risk High risk

Pn = 223 n = 253

Age (years) 0.1213
<60 187 198
360 36 55

Gender 0.2790
Male 21 17
Female 202 236

Tumor size (cm) 0.0372‡
<2 96 81
32 and 24 98 138
>4 29 34

Ex 0.0006‡
0 144 119
1 56 96
2 23 38

pT† 0.0144‡
1 74 54
2 51 55
3 75 105
4a 23 39

Lymph node metastasis† 0.0629
0 50 37
1a 32 33
1b 141 183

Stage grouping† 0.9075
I 109 119
II 5 7
III 30 31
IVa 79 96

†TNM classification of International Union against Cancer.
‡c2 test.
Ex, extrathyroid invasion, classified according to the 6th edition of

General Rule for the Description of Thyroid Cancer, Japanese Society of
Thyroid Surgery.
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there were only 14 (0.8%) poorly differentiated carcinoma
(PDC) according to the World Health Organization (WHO)
definition (PDC-WHO: solid/trabecular/insular growth pattern
in the majority of tumor together with an infiltrative growth,
necrosis and vascular invasion) and four (0.2%) according to
the Turin proposal definition (PDC-Turin: solid/trabecular/
insular carcinoma with increased mitosis or necrosis).4,16,28,29

There were 182 (10.8%) PDC according to the Sakamoto
definition (PDC-S: solid/trabecular/schirrous growth regard-
less of high grade histology)30 and 61 cases (3.6%) tall cell
variant of PTCaccording to theWHOdefinition (tall cell feature
>50%) among 1680 PTC.27 The prognostic data were incor-
porated into Table 2. In brief, the 10 year DFS of PDC-S was
77.0%, PDC-WHO, 53.8%; and PDC-Turin, 25%, while the
10 year DFS of common type and non-solid type PTC
(n = 1498) was 88.8%, and the 10 year DFSof tall cell variants
of PTC was 75.5%. The CSS was evaluated for 1707 PTC
patients, including 27with distantmetastasis at diagnosis. The
difference of CSS between PDC-S (n = 189) and other PTC
(n = 1518) was significantly different (P = 0.0001), and the
10 year CSS rates were 94.2% and 98.4%, respectively. The
10 year CSS of PDC-WHO (n = 15) was 80% and that of
PDC-Turin (n = 5) was 60%, while that of PTC of the tall cell
variant (n = 63) was 90.5%.

Prognosis on FTC patients and PDC of FTC background

For analysis of FTC, 280 FTC patients (including 224 with
minimally invasive and 56 with widely invasive disease) who
were receiving curative surgery at Kuma Hospital, Japan from
1983 to 2004 in addition to 10 FTCpatients (fivewithminimally
invasive and five with widely invasive disease) with distant
metastasis at surgery in the same period were analyzed and
the details were published elsewhere by Ito et al.31 The mean

follow-up period of 290 patients was 73.8 months, and 36
patients developed recurrence, including distant metastases
in 29 patients. The prognostic data are incorporated into
Table 2. In brief, the 10 year DFS rate was 86.3% in 224
patients with minimally invasive FTC, in comparison with
65.4% in 56 patients with widely invasive FTC, and the DFS
difference was statistically significant between the two groups
of FTC patients (P = 0.0319, Kaplan–Meier). The 10 year
CSS of all 229 patients with minimally invasive FTC was
97.2% and that of all 61 patients with widely invasive FTCwas
84.2%, and the CSS difference was statistically significant
between the two groups of FTC patients (P = 0.0113, Kaplan–
Meier). The 10 year CSS, however, of 224 patients with mini-
mally invasive FTC receiving curative surgery was 97.2% and
that of 56 patients with widely invasive FTC receiving curative
surgery was 97.4%, and the significant difference vanished in
the survival analysis of patients with curative surgery.29

PDC-WHO were collected from the aforementioned
review, and the data from 36 patients receiving curative
surgery and eight patients with non-curative surgery were
analyzed, and the details reported by Ito et al.31 In brief, the
10 year DFS of PDC-WHO patients receiving curative
surgery (n = 36) was 43.0% and the 10 year CSS of all PDC-
WHO patients (n = 44) was 71.2%.

New classification of thyroid tumors of follicular cell origin
and proposal of well differentiated and moderately
differentiated adenocarcinoma

Minimally invasive FTC and the low-risk group (encapsulated
group and NOS group) of PTC have and excellent prognosis,
as shown in the present study and by others.20,31–33 It is
our proposal that these two histotypes of thyroid carcinoma
can be grouped together in one comprehensive category,
because of their excellent prognosis and the same cell origin
(Table 3). This group was designated as well-differentiated

Table 2 DFS and CSS of thyroid carcinomas, Kuma Hospital,
Kobe, Japan

10 year DFS
% (n)

10 year CSS
% (n)

FTC†
Minimally invasive 86.3 (n = 224) 97.2 (n = 224)
Widely invasive 65.4 (n = 56) 97.4 (n = 56)

PTC†
Low risk 93.0 (n = 223) 100 (n = 223)
High risk 82.5 (n = 253) 91.5 (n = 253)

PDC
PTC type (WHO) 53.8 (n = 14) 80.0 (n = 15)
PTC type (Sakamoto) 77.0 (n = 182) 94.2 (n = 189)
PTC type (Turin) 25.0 (n = 4) 60.0 (n = 5)
FTC type (WHO) 43.0 (n = 36) 71.2 (n = 44)

†Patients with distant metastasis at surgery were not included in cal-
culations of the 10 year CSS.
CSS, cause-specific survival; DFS, disease-free survival; FTC, follicu-

lar thyroid carcinoma; PDC, poorly differentiated carcinoma; PTC, papil-
lary thyroid carcinoma; WHO, World Health Organization.

Table 3 New classification of thyroid follicular cell carcinomas

Benign:
Follicular adenoma

Borderline:
Follicular tumor of uncertain malignant potential†
Well-differentiated tumor of uncertain malignant potential†

Malignant:
1 Well-differentiated adenocarcinoma (low-risk PTC and
minimally invasive FTC)
Subtype: PTC and FTC

2 Moderately differentiated adenocarcinoma (high-risk PTC,
aggressive variants of PTC and widely invasive FTC)
Subtype: PTC and FTC

3 Poorly differentiated carcinoma
Subtype: PTC background and FTC background

4 Undifferentiated carcinoma

†reported by Williams.26

FTC, follicular thyroid carcinoma; PTC, papillary thyroid carcinoma.

Classification of thyroid tumors 363

© 2009 The Authors
Journal compilation © 2009 Japanese Society of Pathology



adenocarcinoma (WDA) of follicular cell origin (well-
differentiated follicular cell carcinoma of the thyroid) whose
10 year DFS rate was 86.3–93.1% and 10 year CSS rate was
97.2–100% in Japan. Concerning the intermediate risk group
between WDA and PDC, we propose to set up a new group
of carcinoma of follicular cell origin, a moderately differenti-
ated adenocarcinoma (MDA; moderately differentiated folli-
cular cell carcinoma of the thyroid). In our proposal, MDA
includes widely invasive FTC and high-risk PTC, including
aggressive variants of PTC.1,4,34,35 Solid-type (solid area
310%) PTC in adult patients had a higher recurrence rate, as
clarified by Bai et al.,18 and solid variant (solid area 370%) of
PTC in adult patients also had a slightly worse (90%) mor-
tality rate reported by Nikiforov et al.21 Although conflicting
data on solid variant (solid area 350%) of PTC in adult cases
exist, for example, Carcangiu et al. reported that it did not
have an aggressive prognosis,36 and Noguchi et al. reported
no prognostic difference between well-differentiated carcino-
mas and their solid/trabecular carcinomas.37 It is our proposal
that PTC with solid growth (solid area: both 310% and 350%)
without high-grade histology should be included in the MDA
category. A borderline lesion of follicular cell tumor, between
benign follicular adenoma and malignant tumors, has been
proposed by Williams, and we also recommend this termi-
nology in our classification shown in Table 3.26,38

DISCUSSION

There are many reports on the prognostic factors of differen-
tiated thyroid carcinomas in the literature, particularly on PTC.
Some included histological parameters, such as histological
grade and cellular differentiation, and immunohistochemistry,
in addition to well established clinical parameters, such as age
and gender of patients, size of tumors, extrathyroid extension,
completeness of surgery and distant metastasis and so
on.1,5,22,39–44 All of the prognostic stratifications of patients
before surgical treatment (exclusion of parameters obtainable
from histological examination of surgical samples) are useful
in predicting low-, intermediate- and high-risk groups of
patients. Unfortunately, some patients in the low-risk group
still develop recurrence and/or metastasis, and eventually die
of so-called differentiated thyroid carcinoma. Therefore,
tissue-based prognostic predictors are obviously necessary,
particularly for the low-risk and common-type differentiated
carcinoma.15 For pathologists, the most promising predictors
were histopathological parameters, such as growth pattern,
cellular differentiation and histological grade and so on,
because all of them are established prognostic parameters in
the other organs. Tscholl-Ducommun and Hedinger claimed
that their PTC subtypes, based on their grade of differentia-
tion, correlated well with prognosis,45 and Schelfhout et al.
also reported that their histological differentiation was an
independent prognostic factor.46 As far as we can judge from

the illustrations and description, the Tscholl-Ducommun and
Hedinger undifferentiated papillary carcinoma in their fig. 11
was non-solid type PTC different from the PDC-WHO or UC,
and was an example of MDA of high-risk PTC in our classifi-
cation, as shown in Fig. 5 of the present study. Histological
grading using the Broders’ classification was reported by
McConahey et al. to be a cause-specific important prognostic
factor in PTC.41 Akslen compared the prognostic significance
of morphological subclassification of PTC with histological
grade using combined assessment of marked nuclear atypia,
tumor necrosis and vascular invasion.47 The histological grade
proved to be a strong prognostic factor whereas morphologi-
cal subclassification of PTC had only minor impact.47,48

D’Avanzo et al. divided 132 FTC patients into three groups
using their terminology, minimally invasive, moderately inva-
sive and widely invasive FTC defined by invasive patterns,
and showed difference in recurrence and mortality among the
three groups.49 In the present group a poorly differentiated
category was proposed for medullary (C cell) carcinoma of the
thyroid with ultrastructural features, doubling time and prog-
nostic data.50 The histological grade and differentiation clas-
sification of thyroid carcinomas had been introduced by
several groups but this approach did not become popular and
has not been widely used. Only small numbers of differenti-
ated carcinomas were routinely graded in diagnosis, because
the majority of differentiated carcinomas were grade 1.4,9,41

The other approach to identify aggressive carcinoma in PTC
and FTC was PDC, which was applied to solid carcinoma with
or without high grade histology,15,16,30,36,51 and it was incorpo-
rated in the 2004 edition of the WHO classification of thyroid
tumors.4 It was not applicable, however, to non-solid type
aggressive PTC or FTC.Alternatively several aggressive vari-
ants of PTC are well known to have prognostic significance,
such as tall cell variant, columnar cell variant and solid variant
and so on.1,4,28,29,31,35,52,53 These variants are grouped as
intermediate differentiated,moderately differentiated or poorly
differentiated carcinoma in various manners by various
authors.34,35,54–56 The diagnosis of aggressive variants is
sometimes difficult because of the presence of composite
tumors with different components.57 To solve these issues, we
proposed here our new classification and new histological
criteria, which can classify prognostically different thyroid
carcinomas into WDA, MDA, PDC and UC. This classification
is applicable to all follicular cell tumors and had a significant
prognostic impact on tumor recurrence for patients treated
curatively.
In the present paper we have described four important

recommendations and proposals. The first was that PTC
(>87%of all thyroid carcinomas in Japan) could be divided into
high-risk and low-risk groups for recurrence usingmorphologi-
cal features alone. In the Bai et al. study their low-risk group
had a 10 year DFS of 93.1%, and there were no cancer-
related deaths among the 151 patients during a >150 month
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mean follow-up period, while in their high-risk group, the 10
year DFSwas 78.7% and tumor death occurred in six (10 year
CSS, 91.5%) of 71 patients.18 Their results were confirmed in
the present study using a larger number of patients. Low-risk
PTC comprised 223/476 patients (46.8%) and had a 10 year
DFS of 93.0%, while high-risk PTC comprised 253/476
patients (53.2%) and had a 10 year DFS of 82.5%.
The second was differential diagnostic criteria that define

high-risk PTC, and they were (i) tall/columnar features; (ii)
solid growth; and (iii) loss of cellular polarity/cohesiveness
in addition to capsulation and invasiveness. Epithelial–
mesenchymal transition (EMT) is a common event in thyroid
carcinoma and it is characterized by loss of epithelial prop-
erties and acquisition of mesenchymal properties. They
include the loss of apical-basal polarity, loss of cell–cell adhe-
sion, loss of E-cadherin expression and overexpression of
vimentin in the tumors.58 One of these EMT-related features,
loss of cellular polarity/cohesiveness, was first applied by our
group in the histological criteria to differentiate low-risk and
high-risk PTC.19 The tall/columnar cell features and loss of
cellular polarity/cohesiveness are often seen in adencarcino-
mas of various organs, and they are usually not in a category
of poorly differentiated adenocarcinoma.52,57 It is our conclu-
sion that thyroid carcinomas with these features should be
included in MDA rather than PDC, because they form papil-
lary, tubular or follicular structures morphologically and retain
follicular cell differentiation, such as the production of thyroid
hormone and uptake of radioiodine functionally.
The third important point was that less-differentiated mor-

phology in a minority of tumor area is already an indicator for
lower DFS (i.e. higher chance of recurrence), while most
textbooks use the majority of tumor area for the diagnostic
threshold.1,4 Bai et al. showed that their PTC with tall/
columnar cell feature involved lower DFS of 63.2% in a
113 month follow-up period, and CSS of 78.9%, even though
the feature were defined by the lowest cut-off value (310% in
tumor area).18

The fourth was unification of PTC and FTC as a single entity
of follicular cell carcinoma, although our current understand-
ing of the genetics of thyroid tumors failed to support this
proposal.59,60 The classification of tumors is primarily morpho-
logical but usually it reflects current concepts of embryogen-
esis and histogenesis of the organs in which tumors occur.
Traditionally, it has not been fully applied to the classification of
thyroid tumors and examples were FTC and PTC. FTC and
PTC are both low-grade differentiated carcinomas and have
the same histogenesis, but they are distinct entities in thyroid
pathology and separately classified in diagnosis, due to differ-
ences in clinical management and in pattern of metastasis,
greater lymphatic spread in PTC and greater hematogenous
spread in FTC.1,4,5,7,40,61 The classification proposed here com-
bined all carcinoma of follicular cell phenotype into one com-
prehensive diagnostic category of follicular cell carcinomaand

tried to subdivide this carcinoma into WDA, MDA and PDC
according to different prognosis and cellular differentiation
(Table 3). The distinction of PTC and FTC was not empha-
sized in the present classification, and they were one of the
subtypes of WDA, MDA and PDC. This is because the two
subtypes had an essentially similar 10 year CSS rate in the
present studywhen the patients were treated curatively, which
has also been reported by others,20,37,43,62,63 although many
conflicting data have been published, which included signifi-
cant numbers of patients with advanced stages.5,7,9,40,61,64–66

There is no definitive reasonwhyPTCandFTCsubtypesmust
be separated into two distinct entities in the classification of
thyroid carcinomas. Many pathologists are aware that the
distinctions between FTC and PTC are not always clear-cut,
andWilliams proposed newdiagnostic terminology for a group
of carcinomas with definite capsular invasion and question-
able PTC-type nuclear changes, as well-differentiated carci-
noma not otherwise specified (WDC-NOS), and LiVolsi and
Asa referred to such cases as hybrid tumors.13,26,38 Those
studies showed that significant numbers of thyroid carcinomas
had both FTC and PTC characteristics and the distinction
between FTC and PTCwas not always possible under current
diagnostic criteria.1,4,11,14,26 The current proposal in the classi-
fication of thyroid follicular cell carcinoma solved this issue
differently, needless to say FTC and PTC were subtypes of
WDA, MDA or PDC, and are not essential in diagnosis when
the distinction is not clear-cut.
Another reason as to why we combined FTC and PTC into

one diagnostic category, was that iodine supplementation in
food led to a corresponding decrease of the incidence of
FTC.2,6,7,67 This finding indicates that both types of thyroid
carcinoma may be two phases of one low-grade carcinoma,
because the incidences of each were inversely influenced by
environmental factors. The occurrences of PTC and FTC are
usually mutually exclusively present but, interestestingly, a
few cases of PTC in the bone associated with origin of FTC
in the thyroid have been found.
In our new classification, both FTC and PTC are core

members of WDA, MDA and PDC. It is recommended that a
low-grade PTC should be diagnosed with additional com-
ments as a WDA, papillary type. For minimally invasive FTC,
it should be WDA, encapsulated FTC type, with or without
capsular invasion. PTC with tall/columnar cell features, solid
growth or loss of cellular polarity/cohesiveness should be
MDA, PTC type. For widely invasive FTC, it should be MDA,
widely invasive FTC with angioinvasion etc.
The prevalence of FTC, PTC, PDC and UC seems to vary

among different geographic areas.1,4,5,7,8,10,66 An example is
PDC, and its incidence was reported as 2–3% in North
America and 15% in North Italy,10 but it was extremely rare in
Japan, in <1% of the present patients. It may be a rare tumor
in some other geographic areas and we doubt that there are
sufficient numbers of patients to form a distinct diagnostic
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entity in such countries. We agree that solid/trabecular/
insular growth with high-grade histology is an important mor-
phological feature to predict patient prognosis,16,27,31,51,63 but
we suspect that PDC is a transient form of carcinoma from
differentiated carcinoma to UC rather than a stable form of
carcinoma, because we often found this feature focally in
advanced stage tumors, and sometimes with anaplastic
transformation. Usually PDC cases show a mixture of differ-
ent histological features, such as PTC, FTC or UC in addition
to PDC, because the definition of PDC applies to the cases
whose majority of tumor area contain PDC features. No one
case had pure PDC features throughout in all of the tumor
samples from the primary lesion, recurrent lesion, and meta-
static lesion in our experience. Some authors believe that the
vast majority of PDC are in fact examples of PTC or FTC with
unusual growth pattern.52,57 We agree that this type of carci-
noma has more aggressive biological behavior than WDA
and MDA, and have retained it as a subtype of follicular cell
carcinomas in the present classification to reflect the WHO
classification (Table 3).
In conclusion, we have proposed here a new prognostic

classification of the thyroid follicular cell carcinomas. It is
based on pure histopathological parameters and applicable
to patients at curative stages. The low-risk follicular cell car-
cinoma is termed WDA and it is characterized by capsulation
with or without minimal invasion, or invasive carcinoma
without less differentiated morphology. The intermediate-risk
group between WDA and PDC is named MDA and this
carcinoma was defined as invasive carcinoma with less-
differentiated morphology, published in detail in our previous
studies.18,19 Although different types of follicular cell origin
carcinoma harbor different genetic background, the present
subclassification was proved to be significant on prognostic
analysis, and it will demonstrate its value in determination of
patient prognosis. In Japan, most thyroid carcinomas are
differentiated carcinomas and are treated with curative
surgery. Therefore this subclassification of early-stage differ-
entiated thyroid carcinoma is extremely important for patient
care in countries where most patients are treated curatively.
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