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Context: Hürthle cell cancer (HCC) of the thyroid remains the subject of controversy with respect
to natural course, treatment, and follow-up.

Objective: The objective of the study was to evaluate the clinical and molecular features associated
with outcome in HCC.

Design: The study was a review of 173 HCC cases treated at Mayo Clinic over 11 years with a median
5.8-year follow-up.

Results: None of the patients with minimally invasive histology had persistent disease, clinical
recurrence, or disease-related death. Male gender and TNM stage were independently associated
with increased risk of clinical recurrence or death in widely invasive patients. The 5-year cumulative
probability of clinical recurrence or death was higher in patients with TNM stage III–IV (females,
74%; males, 91%) compared with patients with TNM stage I–II (females, 0%; males, 17%). Pul-
monary metastases were best identified by computed tomography, whereas radioactive iodine
scans were positive in only two of 27 cases. Thyroglobulin was detectable in patients with clinical
disease, with the notable exception of five patients with distant metastases. The common TERT
C228T promoter mutation was detected in both widely invasive and minimally invasive tumors.
TERT mRNA was below the limit of detection in all samples.

Conclusion: Widely invasive HCC with TNM stage III–IV is aggressive, with low probability of re-
currence-free survival. Males have worse outcomes than females. Minimally invasive HCC appears
to be considerably less aggressive. Radioactive iodine scan performs poorly in detecting distant
disease. Although the TERT gene is mutated in HCC, the role of this mutation remains to be
demonstrated. (J Clin Endocrinol Metab 100: 55–62, 2015)

Differentiated thyroid cancer (DTC) has been classified
as papillary (85%), follicular (10%), and Hürthle

cell (HCC; 3%) (1). Historically, HCC was regarded as a

subtype of follicular thyroid cancer (2); therefore, most
studies reporting the natural behavior of DTCs have in-
cluded HCC as part of follicular thyroid cancer, with only
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Hürthle cell cancer; HR, hazard ratio; MI, minimally invasive; MRI, magnetic resonance
imaging; PD, poorly differentiated; PET, positron emission tomography; RAI, radioactive
iodine; Tg, thyroglobulin; US, ultrasound; WI, widely invasive.
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a few studies specifically focusing on HCC. HCCs are
further defined by the presence and degree of vascular and
capsular invasion: the number of foci of capsular invasion,
the degree of angioinvasion, the extent of capsular dis-
ruption, and invasion of the surrounding thyroid paren-
chyma. There is disagreement among pathologists regard-
ing the use of these criteria in subclassifying HCCs.
Clinically, HCCs are considered as more aggressive, with
a more guarded prognosis (1, 3, 4). They are more likely
to metastasize into neck soft tissue (5) and distant sites (4)
than into cervical lymph nodes, are more iodine resistant,
and have a higher mortality (4, 6) than other DTCs, al-
though that concept has been challenged (7–10). A pop-
ulation-level analysis concluded that HCC has a more ag-
gressive behavior, and a separate staging system and
practice guidelines should potentially be considered (11).
Supporting new evidence indicates that, in fact, HCCs
may have a distinct molecular profile compared to other
DTCs (12).

Patients and Methods

We reviewed medical records of all thyroid cancer patients eval-
uated at the three Mayo Clinic sites between January 2001 and
November 2012 and identified 173 cases of HCC. Clinical in-
formation was also obtained from the Mayo Clinic Cancer Reg-
istry. The study was approved by the Mayo Clinic Institutional
Review Board. Our follow-up analysis started in 2001 when a
sensitive thyroglobulin (Tg) assay with a functional sensitivity of
0.1 ng/mL was introduced to the Mayo Clinic Laboratory. Sev-
enty-three patients had their initial treatment at Mayo Clinic,
and 100 were treated elsewhere. Of the surgeries performed else-
where, pathology slides were available and were reviewed by
in-house pathologists in 72 cases. Of the remaining 28 cases, all
but three had subsequent interventions with pathology speci-
mens evaluated in-house. For the purpose of this clinical study,
HCCs were divided into minimally invasive (MI) and widely
invasive (WI) groups. HCC-WI tumors were defined as having
greater than four foci of angioinvasion with or without capsular
invasion or extrathyroidal extension. In addition, those carci-
nomas showing multiple (� four) foci of capsular invasion with
extrathyroidal extension were also designated as HCC-WI. The
HCC-MI group was defined as tumors with � four foci of cap-
sular invasion without extrathyroidal extension or as tumors
with � four foci of vascular invasion. We acknowledge that some
authors advocate that only tumors with capsular invasion should
be called MI, and those with vascular invasion should be clas-
sified separately as “angioinvasive” (13).

Poorly differentiated (PD) HCCs were diagnosed based on
mitosis (� five per 10 high-power fields) and the presence of
necrosis. For consistency in reporting the staging at diagnosis, we
used the 2009 American Joint Committee on Cancer criteria,
seventh edition (AJCC7) (14). Patients in whom we could not
determine a TNM stage were considered “stage X.” In cases
presenting for evaluation more than 1 year after their initial
outside diagnosis, the disease course was recorded from outside
documents and the initial consultation note of the Mayo Clinic

endocrinologist. We defined recurrent or persistent disease when
either a pathology specimen was obtained and interpreted as
malignant or radiological documentation of a metastasis was
reported as “consistent with” or “highly suggestive of” disease,
associated or not with elevation in Tg levels. Images reported as
“indeterminate for malignancy” were not counted as abnormal.
We considered a patient to have persistent disease if the tumor
was reported as incompletely resected or if there was clinical
evidence of disease within 4 months after initial treatment
(surgery followed or not by adjuvant therapy) according to the
AJCC7. In determining a study as false negative, we used as
reference a clinically confirmed positive imaging result ob-
tained within no more than 4 months of a negative report. We
excluded tests performed after systemic therapy or after a
therapeutic intervention targeting that particular metastatic
site. All the Tg values are recorded in the absence of anti-Tg
antibodies (anti-Tg Ab).

We isolated RNA and DNA from 61 formalin-fixed, paraffin-
embedded samples from 13 HCC-MI and 48 HCC-WI cases. We
used 3 � 10-�m formalin-fixed, paraffin-embedded sections
from each tumor for simultaneous purification of DNA and
RNA using QIAGEN AllPrep kit (catalog no. 80 204). The
TERT gene promoter region was sequenced as previously de-
scribed (15). Subsequently, mRNA abundance was measured
using the NanoString cancer panel (GXA-CR1 codeset; Nano-
String Technologies). The results were validated via quantitative
RT-PCR. Two-step quantitative reverse transcriptase-mediated
real-time PCR was used to measure the abundance of TERT
mRNA. Equal aliquots of total RNA from samples were con-
verted to cDNA with the High-Capacity cDNA Archive Kit (Ap-
plied Biosystems), and quantitative PCRs were performed in trip-
licate with 10 ng of cDNA and the TaqMan Universal PCR
master mix (Applied Biosystems). Primer/probe sets were bought
from Applied Biosystems and are TERT (Hs00972656 and
Hs00162669) and POLR2A (Hs0017218). All amplification
data were collected with an Applied Biosystems Prism 7900 se-
quence detector and analyzed with Sequence Detection System
software (Applied Biosystems). WRO cells were used as a pos-
itive control for TERT mRNA, and cDNA was omitted as a
negative control for nonspecific amplification.

Statistical analysis
The 5-year cumulative probability of survival was estimated

using the Kaplan-Meier method in the entire cohort and sepa-
rately according to M stage at initial diagnosis. Among the pa-
tients with nonmetastatic HCC-WI disease, Cox proportional
hazards regression models were used to explore associations of
patient demographics and tumor characteristics with the hazard
of recurrence or death after initial diagnosis, where hazard ratios
(HRs) and 95% confidence intervals (CIs) were estimated.
P values �.05 were considered statistically significant. Owing to
the relatively small number of patients included in this study, the
possibility of a type II error (ie, false-negative association) should
be considered when interpreting the findings. Variables signifi-
cantly associated with the primary endpoint in univariate anal-
ysis were included in a multivariable model controlling for age.
The Kaplan-Meier method was used to estimate the cumulative
probability of recurrence or death after initial diagnosis of non-
metastatic HCC-WI according to factors associated with the
endpoint in multivariable analysis. All statistical analyses were
performed using SAS version 9.3 (SAS Institute, Inc) and R Sta-

56 Chindris et al Prognostic Factors in Hürthle Cell Cancer J Clin Endocrinol Metab, January 2015, 100(1):55–62

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/100/1/55/2812718 by guest on 19 April 2024



tistical Software version 2.11.0 (R Foundation for Statistical
Computing).

Results

A total of 173 cases with a diagnosis of HCC were eval-
uated: 118, 32, and 23 at Mayo Clinic Rochester, Florida,
and Arizona, respectively. The cohort of patients with
HCC was 54% female and ranged in age from 18 to 85
years at the time of diagnosis (median, 62 y). Metastatic
disease was detected in 11% of patients at the initial di-
agnosis. Median size of the primary tumor was 3.5 cm
(range, 0.4–18.5 cm), with 73% classified as WI, 25% as
MI, and 2% as PD. The 126 WI tumors included two that
exhibited extensive angioinvasion in the absence of cap-
sular invasion. Among the 44 MI tumors, 20 had capsular
invasion only, seven had vascular invasion only, and seven
had both vascular and capsular invasion. Vascular inva-
sion status was not reported for 10 MI patients. Table 1
summarizes patient demographics and tumor character-
istics for WI, MI, and PD tumors.

Initial diagnosis and therapy
Initial diagnosis was made at the time of the thyroid

surgery in 163 cases, by biopsy at a distant site in nine

(bone in six cases; lung, mediastinum, and adrenal gland
in one case each), and in one inoperable case by neck in-
cisional biopsy. Thyroid surgery was performed in 171 of
173 patients. One case was deemed inoperable due to ex-
tensive local disease, and the second had advanced con-
comitant lung adenocarcinoma. Seventy patients had total
thyroidectomy, 63 had lobectomy (followed in 54 cases by
completion thyroidectomy), and 33 patients had subtotal
(n � 5) or near-total (n � 28) thyroidectomy. Five patients
had prior lobectomy at locations other than the Mayo
Clinic (reportedly for benign disease) and presented later
with advanced HCC. Nodal surgery was done in 73 cases,
and 16 patients had lymph node involvement. After initial
surgery, ablative radioactive iodine (RAI) treatment was
administered in 148 patients. The initial dose was known
in 129 cases (median, 100 mCi; range, 27.3 to 230.0 mCi).
Three cases with moderately advanced disease had exter-
nal beam radiotherapy (EBRT) instead of RAI.

Imaging and follow-up
A variety of imaging methods were employed in follow-

up, including radiography (x-ray), recombinant TSH-
stimulated or hypothyroid RAI scans, computed tomog-
raphy (CT), positron emission tomography (PET) with or

Table 1. Clinical and Tumor Characteristics of 173 Patients With HCC

Characteristic All HCC HCC-MI HCC-WI HCC-PD

n 173 44 126 3
Male gender, n (%) 80 (46.2) 19 (43.2) 60 (47.6) 1 (33.3)
Age at diagnosis, median (range), y 62 (18–85) 61 (18–85) 63 (19–84) 68 (57–74)
Tumors

n 153 43 107 3
Median size (range), cm 3.5 (0.4–18.5) 2.7 (1.0–7.5) 4.0 (0.4–18.5) 3.0 (1.9–6.0)
Size �4 cm, n (%) 56 (36.6) 7 (16.3) 48 (44.9) 1 (33.3)

T stage, n (%)
T1a 5 (2.9) 3 (6.8) 2 (1.6) 0 (0.0)
T1b 21 (12.1) 10 (22.7) 11 (8.7) 0 (0.0)
T2 56 (32.4) 22 (50.0) 33 (26.2) 1 (33.3)
T3 59 (34.1) 9 (20.5) 50 (39.7) 0 (0.0)
T4a 17 (9.8) 0 (0.0) 15 (11.9) 2 (66.7)
T4b 1 (0.6) 0 (0.0) 1 (0.8) 0 (0.0)
Tx 14 (8.1) 0 (0.0) 14 (11.1) 0 (0.0)

N stage, n (%)
N0 57 (32.9) 13 (29.5) 43 (34.1) 1 (33.3)
N1a 7 (4.0) 0 (0.0) 6 (4.8) 1 (33.3)
N1b 9 (5.2) 0 (0.0) 9 (7.1) 0 (0.0)
Nx 100 (57.8) 31 (70.5) 68 (54.0) 1 (33.3)

M status, n (%)
M0 154 (89.0) 44 (100.0) 109 (86.5) 1 (33.3)
M1 19 (11.0) 0 (0.0) 17 (13.5) 2 (66.7)

TNM stage, n (%)
I 20 (11.6) 8 (18.2) 12 (9.5) 0 (0.0)
II 16 (9.2) 5 (11.4) 11 (8.7) 0 (0.0)
III 20 (11.6) 3 (6.8) 17 (13.5) 0 (0.0)
IVA 10 (5.8) 0 (0.0) 10 (7.9) 0 (0.0)
IVB 0 (0.0) 0 (0.0) 16 (12.7) 2 (66.7)
IVC 18 (10.4) 28 (63.6) 60 (47.6) 1 (33.3)
No TNM stage assigned (X) 89 (51.4) 8 (18.2) 12 (9.5) 0 (0.0)
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without CT for attenuation correction, magnetic reso-
nance imaging (MRI), bone scan, and octreoscan. In de-
termining a study to be false negative, we used as reference
a clinically confirmed positive imaging result obtained
within no more than 4 months of a negative result. Tests
performed after chemotherapy or a therapeutic inter-
vention targeting that particular metastatic site were ex-
cluded. CT, PET/CT, and MRI have low false-negative
rates in detecting mediastinal and osseous lesions (Table
2). The data suggest that pulmonary metastases were best
identified by CT (false-negative rate � 2%). RAI scans
(either TSH-stimulated or hypothyroid) exhibited a very
high false-negative detection rate; in most cases (31 of 40),
the tumors did not take up iodine, irrespective of the site.

Tg levels in follow-up
Sensitive Tg assays have been available for over a de-

cade, and in patients who do not have anti-Tg Ab, an

increase in Tg levels after thyroidectomy is suggestive of
recurrence. Of 82 patients with recurrent/persistent dis-
ease in this study, suppressed Tg measurements ranged
between �0.1 and 234 000 ng/mL, and stimulated Tg
measurements ranged between �0.1 and 132 000 ng/mL.
However, in five patients with metastatic disease, sup-
pressed and/or stimulated Tg levels remained undetectable
throughout their follow-up, despite the presence of histo-
logically confirmed metastatic disease. None of these pa-
tients expressed anti-Tg Ab; neither could any of the clin-
ical characteristics of these patients, described in Table 3,
account in any obvious way for the failure of these tumors
to secrete Tg.

Outcome
The published data on outcome among HCC patients

are, in some cases, contradictory (3, 4, 7). We therefore felt
that it would be useful to summarize the outcome from a
large number of HCC patients treated at a single institu-
tion. Median follow-up time in the present study, defined
as the time from the initial diagnosis to last contact or
death, was 69.8 months (range, 0.1 to 400.0 mo). In two
cases, patient follow-up was less than 4 weeks because
patients were not followed at the Mayo Clinic. The 5-year
cumulative probability of survival was 85% (95% CI, 79–
91%) among the entire cohort of 173 HCC patients, but
only 24% among patients with M1 stage at presentation
(95% CI, 0–50%), and 91% among patients who pre-
sented with M0 stage disease (95% CI, 86–96%). The
cumulative probability of death after initial diagnosis is
presented in Figure 1A, separated according to M stage.

In evaluating risk factors for clinical recurrence or
death, patients were excluded from the analysis if they had
metastatic disease at initial diagnosis (n � 19), persistent
disease that did not respond to initial treatment (n � 11),
or fewer than 3 months of follow-up at our institution (n �
9). Of the 134 patients remaining (94 HCC-WI, 39 HCC-
MI, and 1 HCC-PD), 59 patients had a clinical recurrence

Table 2. Imaging Tests Utilized in Follow-Up and Their
False-Negative Detection Rate at Three Most Frequent
Metastatic Sites

Test Type

Clinically Confirmed Metastases
With a False-Negative Test

Lung Mediastinum Osseous

CT 1/49 (2) 0/11 (0) 1/16 (6)
PET 4/24 (17) 0/12 (0) 0/13 (0)
MRI — 0/1 (0) 0/14 (0)
Radiography 5/19 (26) 4/5 (80) 2/5 (40)
Octreoscan — — 0/3 (0)
Bone scan — — 1/8 (13)
RAI scan 25/27 (93)a 4/7 (57) 2/6 (33)

Data are expressed as fraction (percent). In determining a study as false
negative, we used as reference a clinically confirmed positive imaging
result obtained within no more than 4 months of a negative result. The
tests performed after chemotherapy or a therapeutic intervention
targeting that particular metastatic site were excluded. Dashes signify
that no cases were reported.
a Eight of 27 RAI scans were post-therapy scans; one diagnostic and
one post-therapy scan identified disease.

Table 3. Clinical Characteristics of Five Patients With Distant Disease and Undetectable Tg

Gender/
Age, y

TNM Stage
at Initial
Diagnosis

Histology
at Initial
Diagnosis

Distant
Disease
Location

Initial Method
of Detection

Treatment of
Distant Disease

Status
at Last
Follow-Up

Months From
Initial Diagnosis
to Last
Follow-Up

Months From
Distant Disease
Diagnosis to
Last Follow-Up

Type of Tg
Measurement
With Distant
Disease

M/80 T3N0M0 HCC-WI 8th left rib, L1
vertebra

CXR, MRI Rib resection and
reconstruction

DOD 40 20 Tg supp, Tg stim

M/58 T3N0M0 HCC-WI Liver Chest CT,
confirmed on
MRI and biopsy

Pazopanib � 11 mo
(escape) followed
by metastasis
resection

Alive with
disease

43 31 Tg supp, Tg stim

M/67 T3N0M0 HCC-WI Lung, ilium Chest CT, MRI EBRT (bone) DOD 97 38 Tg supp
F/57 T4N0M1 HCC-PD Lung, L2

vertebra
Chest CT Pazopanib Alive with

disease
25 25 Tg supp

M/55 TxN0M0 HCC-WI Lung, T6
vertebra, skin

Post-therapy scan EBRT (bone),
pazopanib

DOD 161 84 Tg supp, Tg stim

M, male; F, female; CXR, chest x-ray; DOD, death of disease; Tg supp, suppressed Tg; Tg stim, stimulated Tg.
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or death. Among the 39 patients with HCC-MI, there were
no clinical recurrences and no HCC-related deaths. Ow-
ing to the absence of clinical recurrence and HCC-related
death among HCC-MI patients in our study, we limited
our analysis of potential risk factors to the 94 patients with
HCC-WI.

Associations of patient demographics and tumor char-
acteristics with clinical recurrence or death among pa-
tients with HCC-WI are presented in Table 4. In univariate
analysis, only male gender (P � .023) and TNM stage (P �
.001) were associated with clinical recurrence or death. In

the final multivariable model (con-
trolling for age at diagnosis), male
gender (HR, 1.85; P � .029) and
TNM stage III–IV (HR [vs TNM
stage I], 14.36; P � .001) remained
significantly associated with clinical
recurrence or death among patients
with HCC-WI. Figure 1B displays
the cumulative probability of clinical
recurrence or death according to
TNM stage among patients with
HCC-WI. The 5-year cumulative
probability of recurrence or death
among patients with TNM stage I–II
was 0% among females (95% CI,
0–60%) and 17% among males
(95% CI, 0–47%), as shown in Sup-
plemental Table 1. Among patients
with TNM stage III–IV, the 5-year
cumulative probability of recurrence
or death was 74% among females
(95% CI, 44–100%) and 91%
among males (95% CI, 73–100%).

TERT promoter mutations
Mutations to the TERT promoter

(so-called C228T and C250T) have
been previously reported in HCC.
Landa et al (16) analyzed a small co-
hort of HCC patients and observed
that such mutations were limited to
HCC-WI tumors. A possible link be-
tween TERT promoter mutations
and progression in DTC has been
suggested (17). We extracted DNA
and assayed for TERT promoter se-
quence variation in 48 HCC-WI and
13 HCC-MI samples, as described in
Patients and Methods. Among these,
eight tumors harbored C228T mu-
tations, and there were six cases of
HCC-WI and two cases of HCC-MI

(one with both capsular and vascular invasion and one
with vascular invasion only). We did not identify any sam-
ple with the C250T mutation. An additional exon 1 de-
letion mutation was detected in one sample (as described
in Supplemental Figure 1). The number of samples avail-
able for analysis precludes any definitive conclusion about
the distribution of TERT promoter mutations in HCC-WI
vs HCC-MI tumors, but the data are inconsistent with the
conclusion that such mutations are limited to more ag-
gressive tumors. A recent report described the presence of

Figure 1. Kaplan-Meier estimates of the outcome of HCC patients. A, Estimate of the
cumulative probability of death among HCC patients with metastasis (M1 stage) and without
metastasis (M0 stage). B, Estimate of the cumulative probability of recurrence or death among
patients with nonmetastatic (M0) HCC-WI separated according to tumor stage (TNM). Estimates
were given separately for TNM stage I–II, TNM stage III–IV, and unstaged (TNM stage X).
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TERT promoter mutations in follicular adenomas and
showed that such mutations are associated with increased
TERT mRNA expression (18). However, as shown in Sup-
plemental Table 2, we were unable to detect TERT mRNA
in our HCC samples using either NanoString technology
or quantitative real-time PCR under conditions that were
capable of detecting TERT mRNA in a positive control sam-
ple (WRO cells). Because of the negative nature of the data
and the difficulty of proving a negative result, it is difficult to
reach any definitive conclusions about the potential func-
tional significance of TERT promoter mutations in HCC.

Discussion

Our study reports the Mayo Clinic’s experience with HCC
over the past decade. Our patient characteristics were sim-
ilar to those reported by other referral centers (3, 19). The
5-year overall survival rate in our cohort was 85%. Several
other studies reported 5-year survival ranging from 74 to
91.3% (10, 11, 20, 21). Our data emphasize that precise
histological characterization is an important factor in
prognostic evaluation. Despite including minimally an-
gioinvasive tumors as HCC-MI, we did not find any cases
of metastatic disease in any of the 44 patients with HCC-
MI. The literature reports that HCC-MI is associated with
a less aggressive profile (19, 22, 23). In conclusion, our
results, in association with several other studies of smaller

numbers of patients indicate that there is very little risk of
recurrence with HCC-MI. Although our median follow-up
time of 5.8 years is shorter than the one reported in other
studies (22), it exceeds the time to first recurrence reported
in one study as being less than 3.5 years (24).

We found male gender and TNM stage III–IV as inde-
pendent risk factors for poor outcome (recurrence or
death) consistent with data in the literature (3, 11, 19–21).
In our study, most disease-related deaths occurred among
older males with M1 stage at diagnosis. Despite the fact
that incidence of disease is higher among the females (10,
11), cumulative probability of recurrence or death within
5 years was 91% for males with stage III–IV disease com-
pared with 74% for females with same stage disease. M1
status was, however, by far the most important predictor
for poor outcome.

Recommended follow-up for DTC consists of serum Tg,
I123, or I131 uptake and scan and neck ultrasound (US).
Additional imaging modalities such as 18F-fluorodeoxy-
glucose-PET are also recommended in high-risk patients
(1, 25, 26) for initial staging and follow-up; however, its
impact on cure, survival, and progression-free survival is
not yet well defined. We found that RAI scans performed
poorly in detecting distant disease, as also reported by
others (21, 27, 28). Follow-up with Tg, neck US, and chest
CT (as in our practice) or with PET/CT as suggested by
others are reasonable alternatives (29, 30).

Table 4. Associations With Clinical Recurrence or Death Among 94 Patients With HCC-WI

Variable

Associations With Clinical Recurrence or Death

Single Variable Analysis Multivariable Model

HR (95% CI) P Value HR (95% CI) P Value

Gender .023 .029
Female 1.00 (reference) 1.00 (reference)
Male 1.90 (1.09–3.29) 1.85 (1.07–3.21)

Age at diagnosis (10 y) 1.05 (0.84–1.32) .66
Size of primary lesion (1 cm)a 1.12 (0.96–1.31) .15
T stage .49

T1–T2 1.00 (reference)
T3–T4 1.32 (0.70–2.50
Tx 1.61 (0.71–3.64)

N stage .30
N0 1.00 (reference)
N1 1.64 (0.61–4.44)
Nx 0.79 (0.43–1.44)

TNM stage .001 �.001
I 1.00 (reference) 1.00 (reference)
II 1.34 (0.08–21.49) 1.37 (0.08–23.10)
III–IV 12.27 (1.64–91.99) 14.36 (1.77–116.78)
X 4.53 (0.61–33.47) 4.94 (0.63–38.43)

Cox proportional hazard regression was use to estimate the hazard of developing clinical recurrence or death after initial treatment of non-
metastatic HCC-WI in patients who responded to initial treatment and had at least 3 months of follow-up. The multivariable model included
variables with P values �.05 in single variable analysis while controlling for age at diagnosis.
a Size of the primary lesion was not available for 11 patients.
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A rise in Tg level after thyroidectomy is suggestive of
recurrence. However, patients can present with widely
metastatic HCC and undetectable Tg (stimulated or sup-
pressed) and negative neck US. We report here five such
cases among 126 HCC-WI patients. This is acknowledged
in the American Thyroid Association guidelines (1), where
it is specified that “an aggressive or poorly differentiated
tumor may be present despite low basal or stimulated Tg.”
Therefore, clinical judgment needs to be used in choosing
follow-up methods for HCC patients, especially in high-
risk cases.

One study reported detection of TERT promoter mu-
tations in fourof17HCC-WIandnoneof theeightHCC-MI
tumors (31). We observed a similar frequency of TERT pro-
moter mutations; however, such mutations were not re-
stricted to HCC-WI among our patients. Furthermore, our
inability to detect TERT mRNA in any HCC tumor sug-
gests that any conclusions about the role of TERT muta-
tions, TERT expression, and HCC progression will re-
quire additional consideration.

Summary
To our knowledge, this study represents the largest clin-

ical analysis of patients with HCC performed in a single
institution. HCC-MI appears to have a benign behavior
and may benefit from a less aggressive therapeutic ap-
proach, whereas patients with distant disease at diagnosis
have a poor prognosis. Because RAI scans have a very low
sensitivity to detect distant disease, alternative imaging
methods should be routinely used in follow-up, at least in
high-risk patients. We agree with the suggestion that HCC
may benefit from an individualized staging system and
management guidelines (11). Additionally, due to the rar-
ity of this disease, a national HCC tissue repository would
allow studies to elucidate the molecular mechanisms re-
sponsible for HCC clinical behavior.
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