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Background: Follicular variant of papillary thyroid carcinoma (FV-PTC) has been increasingly diagnosed in
recent years. However, little is known about its clinical behavior. The purpose of this study was to determine the
disease characteristics of FV-PTC, and to compare it with classical papillary thyroid carcinoma (C-PTC) and
follicular thyroid carcinoma (FTC).
Methods: All cases of C-PTC, FV-PTC, and FTC larger than 1 cm in the Surveillance, Epidemiology and End
Results (SEER) Cancer Database from 1988 to 2007 were identified. Tumor behavior and patient survival were
compared among these three groups. Different risk factors for disease-specific mortality in each group were
evaluated by multivariate analysis.
Results: More than 36,000 surgical cases were identified, including 21,796 C-PTCs, 10,740 FV-PTCs, and 3958
FTCs. Extrathyroidal extension and lymph-node metastases were more common in FV-PTC than in FTC, but
significantly less common than in C-PTC ( p < 0.0001). Distant metastasis rates were present in 2% of patients
with FV-PTC, in 1% with C-PTC, and in 4% with FTC ( p < 0.0001). The 10-year disease-specific survival for
patients with FV-PTC was 98%, similar to C-PTC (97%) but better than FTC (94%, p < 0.0001). Being over the age
of 45 years remained a strong risk factor for disease-specific mortality in both FV-PTC and C-PTC, while the
presence of extrathyroidal extension and distant metastases were stronger predictors of disease-specific mor-
tality in FV-PTC than in C-PTC.
Conclusions: FV-PTC is a common variant of PTC. Its clinical behavior is unique and represents an intermediate
entity with clinical features that are between C-PTC and FTC. Interestingly, despite the variations in clinical
behavior, the long-term outcome of these patients remains excellent and similar to C-PTC.

Introduction

Thyroid cancer is one of the most rapidly increasing
malignancies in the United States. The incidence rate of

thyroid cancer in 2007 almost doubled since 1997, climbing to
11.99 per 100,000 (1). Approximately 90% of thyroid cancer
cases are well differentiated, and are usually classified as
papillary thyroid carcinoma (PTC) or follicular thyroid car-
cinoma (FTC) based on the predominant histology (2). Over
the past decade, it has been recognized that only about half of
the PTC cases are of classical type (C-PTC), whereas the re-
maining 50% of cases are made up of various histologic var-
iants (3,4). These PTC variants, while sharing similar nuclear
and cytological features, are often diagnosed on the basis of
their distinct histopathologic features (5).

Among all PTC variants, follicular variant of papillary
thyroid carcinoma (FV-PTC) is the most common subtype of

PTC, constituting between 9% and 22.5% of all PTC cases (4,6–
8). In a more recent study, it has been found that FV-PTC
accounts for up to 41% of PTC (9). FV-PTC was first described
by Crile and Hazard in 1953 (10). Microscopically, it pre-
dominantly has a follicular architecture, which is lined by cells
with nuclear features of papillary carcinoma (11). With the
dramatic increasing incidence of thyroid cancer, FV-PTC has
been increasingly diagnosed in recent years (1,12,13).

Despite the high incidence, the clinical behavior and out-
comes of FV-PTC remain controversial, making it a challenge
to establish a standard treatment protocol. Since FV-PTC
contains a mixed histology of both PTC and FTC, it has been
speculated that it inherits the features from both types and is
thus more aggressive than C-PTC (14). Supporting evidence
has been provided by some groups, who have documented
that FV-PTC has a greater tendency for pulmonary metastases
compared with C-PTC (6,15). Additionally, bone metastases
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have been reported in FV-PTC cases, although they are not
very common (16,17). Regarding the prognosis, persistent and
progressive disease rates were reported as 15% and 8% re-
spectively in FV-PTC, which were much higher than those in
C-PTC and FTC patients (18). On the contrary, in many other
series, FV-PTC has been noted to have a less aggressive clin-
ical behavior in terms of a lower incidence of lymph-node and
distant metastasis while having a similar or even better long-
term survival than C-PTC (3,7,9,19,20).

The lack of consensus in previous studies could be due to
relative small sample sizes and the short mean duration of
follow-up. Due to the nature of well-differentiated thyroid
cancer, including PTC and FTC, larger patient populations are
required with longer-term follow-up times to evaluate prog-
nosis and risk factors for mortality. Most of the studies on FV-
PTC have reported only a single institutional experience, and
none have included more than a few thousand patients. The
purpose of this study was to determine the disease charac-
teristics of FV-PTC, compare its clinical behavior and survival,
as well as risk factors with C-PTC and FTC in a large patient
population from a national database.

Materials and Methods

Database

A retrospective cohort study was performed using data from
the Surveillance, Epidemiology and End Results (SEER) Cancer
Database (www.seer.cancer.gov) maintained by the National
Cancer Institute. The characteristics and representativeness of
the SEER database have been discussed previously (21–24). The
data set used in the current study was released in April 2010,
based on the November 2009 submission. Current SEER reg-
istries, representing 26% of the U.S. population, consist of
the states of Connecticut, Hawaii, Iowa, Kentucky, Louisiana,
New Jersey, New Mexico, and Utah; the metropolitan areas
of Atlanta, Detroit, San Francisco-Oakland, Seattle-Puget
Sound, and San Jose-Monterey; and the Alaska Native Tumor
Registry, rural Georgia, Greater California, and Los Angeles
County. Cancer incidence and survival data were collected
from the above 17 population-based cancer registries. Aside
from data on patient demographics, primary tumor site, tumor
pathology, stage at diagnosis, and first course of treatment
were also routinely collected by SEER registries. The University
of Wisconsin institutional review board deemed this project to
be exempt from review.

Case definition

All patients with PTC or FTC diagnosed between 1988 and
2007 were identified using a primary tumor site code of C739
(thyroid) in combination with the International Classification
of Disease for Oncology, third edition (ICD-O-3) (25). His-
tology codes listed below were used to select patients of each
category accordingly.

PTC included (i) C-PTC: 8050 (papillary carcinoma not
otherwise specified, NOS), 8260 (papillary adenocarcinoma,
NOS), 8343 (papillary carcinoma, encapsulated); (ii) FV-
PTC: 8340 (papillary carcinoma, follicular variant); and (iii)
other variants: 8052 (papillary squamous cell carcinoma),
8130 (papillary transitional cell carcinoma), 8342 (papil-
lary carcinoma, oxyphilic cell), 8344 (papillary carcinoma,
columnar cell).

FTC included 8330 (follicular adenocarcinoma, NOS), 8331
(follicular adenocarcinoma well differentiated), 8332 (follicu-
lar adenocarcinoma trabecular), and 8335 (follicular carci-
noma, minimal invasive).

Only patients with a tumor size of more than 1 cm were
included in the current study cohort. Patients with more than
one primary site of malignancy were excluded. Cases without
surgery and pathological diagnoses were also excluded from
this analysis.

Data analysis

After identification of the study cohort in the SEER database,
we first compared the demographics, tumor features, and
treatment among the patients with C-PTC, FV-PTC, and FTC.
The continuous variables were presented as mean – standard
deviation (SD). Significance of the differences was calculated
either by chi-square test for categorical variables or one way
analysis of variance (ANOVA) for continuous variables.

The 10- and 15-year overall survivals were estimated using
the Kaplan–Meier method, as well as disease-specific sur-
vivals (DSS). Tests of survival equality were performed dur-
ing the survival analysis by the log-rank test. For multivariate
analysis, Cox proportional hazards model was applied to
assess the association between potential predictors and dis-
ease-specific mortality (26). The potential predictors were all
clinically relevant and selected based on several different
staging systems, including pTNM and AMES (27,28), for well-
differentiated thyroid cancer. All the factors in the multivar-
iate analysis, including tumor size and age, were analyzed as
categorical variables. Age was analyzed either using a cut-off
of 47 years or using 5- or 10-year increments. Hazard ratios
(HR) with confidence intervals [CI] were used to quantify
the strength of the association between predictors and mor-
tality. All statistical analyses were performed using SAS v9.2
(SAS Institute, Cary, NC). All tests were two-sided, and a
p value <0.05 was defined as statistically significant.

Results

In the SEER database, there were more than 95,000 thyroid
cancer records. Our selection criteria identified 32,882 PTC
patients and 3958 FTC patients after excluding micro-
carcinomas. All of the selected patients had surgery as the
initial treatment. Among all the PTCs, 21,796 (66%) were C-
PTC, 10,740 (33%) were FV-PTC, while the rest (1%) were of
other variants. Other variants of PTC were excluded from
further analysis.

Patient characteristics, tumor features, and treatments

The demographics, clinicopathologic features, and treatment
of the three histologic subgroups are compared in Table 1. Age
and sex distribution were similar among FV-PTC (46 years; 78%
female), C-PTC (44 years; 76% female), and FTC patients (48
years; 73% female). The majority of FV-PTC patients were
Caucasian (81%), comparable with C-PTC (82%) and FTC (79%).

The mean size of the primary tumor of FV-PTC was
2.8 – 1.9 cm, relatively smaller than that of FTC (3.7 cm) but
larger than that of C-PTC (2.6 cm). Extrathyroidal extension was
more common in FV-PTC than in FTC (15% vs. 9%), but sig-
nificantly less common than in C-PTC (25%, p < 0.0001). The
incidence of pathological confirmed lymph-node metastases
was 16% in FV-PTC, which was eight times more common in
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comparison to FTC (2%), but less than half the rate seen in C-
PTC (34%, p < 0.0001). Distant metastases were present in 2% of
patients with FV-PTC, 1% in C-PTC, and 4% in FTC ( p < 0.0001).

Total thyroidectomies were performed in 91% of pa-
tients with C-PTC, 85% with FV-PTC, and 73% with FTC
( p < 0.0001). Radioactive iodine ablations were administrated
to more than half of patients with C-PTC (58%) and FV-PTC
(56%). Less than half of patients (49%) in the FTC group re-
ceived radioactive iodine ablation ( p < 0.0001).

Overall and disease-specific survival

The 10-year and 15-year overall survival, as well as DSS
rates, are summarized in Table 2. The median follow-up
times for PTC, FV-PTC, and FTC were 4.8 (0–19.9), 4.6 (0–
19.9), and 4.7 (0–19.9) years respectively. The overall sur-
vival for FV-PTC was almost the same as that for C-PTC
( p = 0.533; Fig. 1A). Compared with these two subgroups,
FTC patients revealed a significantly poorer overall survival
( p < 0.0001). The DSS for patients with FV-PTC was also
similar to C-PTC and better than FTC (Fig. 1B). At the same
time, the outcomes were also compared between minimal
invasive FTC and FV-PTC. FV-PTC and minimal invasive
FTC showed very similar overall survival and DSS ( p = 0.612
and 0.110 respectively).

Table 1. Demographics, Clinicopathologic Features,

and Treatment in Classical and Follicular

Variant of Papillary Thyroid Carcinoma

and in Follicular Thyroid Carcinoma

Characteristic
C-PTC

(n = 21,796)
FV-PTC

(n = 10,740)
FTC

(n = 3958)

Age at diagnosis
(years – SD)

44 – 15 46 – 15 48 – 17

Sex
Male (%) 5126 (24) 2320 (22) 1075 (27)
Female (%) 16,670 (76) 8420 (78) 2883 (73)

Ethnicity
Caucasian (%) 17,783 (82) 8724 (81) 3114 (79)
African American (%) 844 (4) 792 (7) 383 (10)
Others (%) 3035 (14) 1152 (11) 434 (11)
Unknown (%) 134 (0.6) 72 (0.6) 27 (0.7)

Tumor size (cm – SD) 2.6 – 1.8 2.8 – 1.9 3.7 – 2.3

Extrathyroidal extension
Yes (%) 5499 (25) 1624 (15) 376 (9)
No (%) 16,041 (74) 8983 (84) 3465 (88)
Unknown (%) 256 (1) 133 (1) 117 (3)

Lymph-node metastasis
Yes (%) 7420 (34) 1668 (16) 85 (2)
No (%) 14,318 (66) 9041 (84) 3859 (98)
Unknown (%) 58 (0.3) 31 (0.3) 14 (0.4)

Distant metastasis
Yes (%) 260 (1) 165 (2) 158 (4)
No (%) 21,536 (99) 10,575 (98) 3800 (96)

Total thyroidectomy
Yes (%) 19,925 (91) 9161 (85) 2899 (73)
No (%) 1871 (9) 1579 (15) 1059 (27)

Radioactive iodine
Yes (%) 12,721 (58) 6021 (56) 1931 (49)
No (%) 9075 (42) 4719 (44) 2027 (51)

p-Values were calculated by either chi-square test for categorical
variables or one way ANOVA for continuous variables. All p-values
among the three groups for different variables were less than 0.0001.

C-PTC, classical papillary thyroid carcinoma; FV-PTC, follicular
variant of papillary thyroid carcinoma; FTC, follicular thyroid
carcinoma.

Table 2. Overall and Disease-Specific Survival

in Patients with Classical and Follicular

Variant of Papillary Thyroid Carcinoma

and in Follicular Thyroid Carcinoma

Survival C-PTC FV-PTC FTC

10-year overall 93% 93% 87%
15-year overall 89% 89% 79%
10-year disease-specific 97% 98% 94%
15-year disease-specific 96% 97% 92%

FIG. 1. (A) Kaplan–Meier estimates for overall survival in
three groups of patients ( p < 0.0001, between follicular thy-
roid carcinoma (FTC) and papillary thyroid carcinoma (PTC);
p < 0.0001 between FTC and follicular variant of papillary
thyroid carcinoma (FV-PTC); p = 0.533 between PTC and
FV-PTC, by log-rank test). (B) Kaplan–Meier estimates for
disease-specific survival of patients with PTC, FV-PTC, and
FTC ( p < 0.0001 between each two groups, by log-rank test).
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Multivariate survival analyses for risk factors
of disease-specific mortality

Cox proportional hazards models were applied to quantify
the prognostic significance of demographic, tumor factors,
and treatment with adjustment to competing risk factors
(Table 3). Being over the age of 45 years remained the
strongest risk factor for disease-specific mortality in both FV-
PTC and C-PTC (HR = 18 and 23 respectively; p < 0.0001). It
also significantly impacted the mortality of FTC but with a
relatively lower HR of around 8 ( p < 0.0001). The impacts of
age increment on disease-specific mortality were assessed as
well. The HR for each 10-year increase in age was 2.3 in both
C-PTC and FV-PTC groups, which was a little higher com-
pared with FTC (HR = 1.8, p < 0.0001). Moreover, the HR for
the five-year age increment was calculated as 1.5, 1.5, and 1.3
for C-PTC, FV-PTC, and FTC respectively ( p < 0.0001). Male
sex did not increase the risk for disease-specific mortality in
any of the three subgroups. Each tumor feature, such as tu-
mor size, extension, or metastases, had a significant impact
on disease-specific mortality, but with different power de-
pending on the histological types. FV-PTC patients with
extrathyroidal extension of their tumor or distant metastases
had higher risks (HR = 8, p < 0.0001, and HR = 5, p = 0.0005,
respectively) to develop disease-specific mortality compared
with C-PTC patients (HR = 5 and HR = 4 respectively;
p < 0.0001). The presence of distant metastases served as a
very strong predictive factor for unfavorable survival in FTC
patients as well (HR = 8, p < 0.0001). The presence of lymph-
node metastases was a better predictor of disease-specific
mortality for FTC (HR = 6, p < 0.0001) than for C-PTC or FV-
PTC (HR = 3 and 2 respectively). A tumor size larger than
3 cm had a moderate predictive value for mortality among
all three groups.

It was noticed in this multivariate analysis (Table 3) that
C-PTC patients who underwent total thyroidectomy or
radioactive iodine ablation had a significantly lower risk for
disease-specific mortality (HR = 0.6 and 0.7 respectively).
However, total thyroidectomy and administration of radio-
active iodine ablation did not significantly benefit the DSS in
FV-PTC patients (HR = 0.8 and 0.9 respectively; p > 0.05 for
both variables). Similarly, total thyroidectomy and radio-
active iodine ablation did not provide a significant survival
benefit for FTC patients (HR = 1.1 and 0.7 respectively; p > 0.05
for both variables).

Discussion

As a very common variant of papillary carcinoma, FV-PTC
has been increasingly diagnosed in recent years. However, the
clinical behavior and long-term outcome of FV-PTC has re-
mained controversial based on the previous literature. Most
published series documenting clinicopathologic features and
outcomes of FV-PTC have suffered from drawbacks such as
inclusion of relatively few cases, the lack of long-term follow-
up, and single institutional bias (7,18–20,29). Therefore, it is
necessary to obtain a more comprehensive view of FV-PTC
from population-based studies. The present study, using a
national database, compared the clinicopathologic features
and long-term survival of FV-PTC with that of C-PTC and
FTC from more than 36,000 patients.

FV-PTC accounted for around one third of all PTC cases in
this study after excluding microcarcinomas, which confirmed
FV-PTC as the major subtype of papillary carcinoma. Pre-
vious studies have reported the percentage of FV-PTC in re-
lation to all PTC to vary widely from 9% to 41% (4,6–9). This
big difference among the series could result from inconsistent
inclusion and exclusion criteria. In two studies reporting
FV-PTC as a relative low proportion of around 10%, micro-
carcinomas were categorized as a separate subtype (3,4).
Microcarcinomas were regarded as part of FV-PTC in another
study, which documented a higher percentage of FV-PTC (9).
To obtain a clear picture of FV-PTC, we excluded all micro-
carcinomas in this analysis, which may help to avoid an im-
pact from occult tumors on the disease outcome of the whole
subgroup. The other important reason for the variant per-
centages of FV-PTC documented in the literature can be the
institutional variation on the diagnostic criteria for FV-PTC.
Although several studies have tried to use well-defined his-
topathologic features to improve the consistency in diagnos-
ing the subtypes of PTC (3,9), the diagnosis of FV-PTC is
variable even among experienced thyroid pathologists (30).
Since variation due to human factors is sometimes unavoid-
able, a large sample size is one of the best ways to compensate
for it.

In term of tumor features and behavior, FV-PTC seems to
be quite a unique entity according to our data when compared
with C-PTC and FTC. It has been debatable whether FV-PTC
acts more aggressively than C-PTC. Several studies have ob-
served less frequent lymph-node or distant metastases in FV-
PTC compared with C-PTC (9,19), while FV-PTC has been

Table 3. Multivariate Analysis for the Risk Factors of Disease-Specific Mortality in Classical

and Follicular Variant of Papillary Thyroid Carcinoma and in Follicular Thyroid Carcinoma

HR [CI]

Risk factors C-PTC FV-PTC FTC

Age >45 years 23.2 [14.5–36.9]* 17.6 [7.1–43.5]* 8.0 [4.0–16.0]*
Male sex 1.2 [0.9–1.5] 1.4 [0.9–2.1] 0.9 [0.6–1.4]
Tumor size >3.0 cm 3.1 [2.5–3.9]* 3.7 [2.4–5.9]* 2.4 [1.4–4.0]*
Extrathyroidal extension 4.4 [3.4–5.7]* 8.1 [5.1–13.1]* 3.8 [2.5–5.9]*
Lymph node metastases 2.5 [2.0–3.1]* 1.8 [1.2–2.8]* 5.8 [3.3–10.3]*
Distant metastases 3.8 [2.0–7.2]* 5.4 [2.1–13.8]* 7.5 [3.8–14.7]*
Total thyroidectomy 0.6 [0.4–0.8]* 0.8 [0.4–1.4] 1.1 [0.7–1.7]
Radioactive iodine 0.7 [0.5–0.8]* 0.9 [0.6–1.4] 0.7 [0.4–1.0]

p-Values were obtained by Cox proportional hazards model; *p < 0.05.
HR, hazard ratio; CI, confidence interval.
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considered more aggressive in another study showing evi-
dence of higher rates of extensive extrathyroidal local spread,
bilateral lesions, and vascular invasion than C-PTC (18).
However, we demonstrated in this systematic study that FV-
PTC represented an intermediate entity with clinical features
that are between C-PTC and FTC: the mean tumor size of FV-
PTC was slightly larger than that of C-PTC, but smaller than
FTC; extrathyroidal extension and lymph-node metastases
were more common in FV-PTC than in FTC, but less common
than in C-PTC; distant metastasis were present in 2% of pa-
tients with FV-PTC, which doubled the rate in C-PTC, but was
only half of the rate in FTC.

Although the clinical behavior of FV-PTC varied from C-
PTC, the long-term outcome of these patients remains excellent
and was similar to C-PTC. In the current study, the 10-year and
15-year overall survivals for FV-PTC were 93% and 89% re-
spectively, which were quite similar to the survival rate of
C-PTC, but were much better than that of FTC. The 10-year DSS
of FV-PTC was even better than that of C-PTC. However, there
is no doubt that FV-PTC is not homogeneous (31), and 2% of
the FV-PTC patients with higher-risk tumors did die of the
disease. We found all the risk factors in the conventional
staging systems for well-differentiated thyroid carcinoma re-
mained significant in the three histologic subgroups, but with a
different risk index after the factors of treatment were con-
trolled. The high-risk profile for FV-PTC was similar to that for
C-PTC. However, it was noticeable that FV-PTC patients who
presented with extrathyroidal extension or distant metastases
had a higher risk of developing disease-specific mortality than
C-PTC patients with the same presentation, suggesting that
FV-PTC is not biologically identical to C-PTC.

Additionally, we found that total thyroidectomy and
radioiodine ablation benefitted the DSS significantly in C-
PTC patients, while they did not benefit the survival for FV-
PTC and FTC patients. Since 1997, many studies have re-
ported the outcomes of PTC and FTC patients who were
subjected to radioactive iodine ablation after bilateral lobe
resection. It was recognized later on that most of these pa-
tients are truly at ‘‘low risk’’ of developing life-threatening
recurrences (32). This may explain our finding that the in-
appropriate selection criteria during the late 1990s could
have failed to identify the true high-risk FV-PTC or FTC
patients, which largely masked the significant effectiveness
of total thyroidectomy and radioactive iodine ablation. Be-
sides, the differences of the tumor biological and clinical
features among these three types of thyroid cancer could
contribute to this observation. Since C-PTC is often multi-
focal (33), total thyroidectomy could be more effective for C-
PTC patients than for FTC patients. Radioactive iodine ab-
lation may benefit C-PTC more than FV-PTC due to more
patients with iodine avid tumors in the C-PTC group. Ad-
ditionally, in our study, fewer patients in the FV-PTC group
were treated with total thyroidectomy compared to the C-
PTC group, which may have impacted both the receipt and
efficacy of radioactive iodine ablation.

Despite the above findings, this study does possess some
limitations. As a large administrative database, the SEER
database cannot capture every subtle factor, some of which
may be critical for clinicians. Factors such as the presence of
invasive or encapsulated tumors may impact outcomes
(5,34,35). It has been reported that noninvasive encapsulated
FV-PTC could be quite indolent and the same as invasive

encapsulated FV-PTC without distant metastasis (34). In ad-
dition, we had little information on disease-free survival due
to the lack of recurrence records in the database. Moreover,
the variability of the diagnostic criteria and level of scrutiny
from different eras and institutions may cause a portion of
cases to be misclassified in the SEER database.

The molecular profiles of FV-PTC and C-PTC tumors have
been extensively studied recently. It was reported that en-
capsulated FV-PTC had a molecular profile absent of BRAF
mutations while the infiltrated FV-PTC, which is a more ag-
gressive phenotype, frequently harbored BRAF mutations
(36). Using microarray expression analysis, 15 transcripts,
including CD14, CD74, and DPP6, were identified as being
significantly associated with FV-PTC morphology compared
with C-PTC (37). These studies suggest that the specific mo-
lecular markers or their combination may be helpful to de-
termine the character and prognosis of the disease. If this is
supported by further evidence, routine collection of these
variables into the national database could be considered in
future.

In conclusion, FV-PTC is a very common variant of PTC,
constituting about one third of all cases. Its clinical behavior
is unique and represents an intermediate entity with clinical
features that are between C-PTC and FTC. Interestingly,
despite the variations in clinical behavior, the long-term
outcome of these patients remains excellent and similar to C-
PTC.
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