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Long-Term Prognosis of Differentiated Thyroid Cancer
with Lung Metastasis in Korea and Its Prognostic Factors
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Background: Distant metastasis, generally to lung and bone, is rare in differentiated thyroid carcinoma (DTC)
and the prognosis is still elusive. We investigated long-term outcomes of lung metastasis in DTC patients and its
prognostic factors.

Methods: A retrospective review was performed of 4572 patients who underwent surgery for DTC from 1962 to
2009 at Seoul National University Hospital. Among them, 164 patients were identified with lung metastasis and
152 patients were enrolled in the final analysis. Poor prognosis was defined as progressive disease or death.
Results: Of these 152 patients, 10- and 20-year survival rates were 85.0% and 71.0%, respectively. No evidence of
disease, stable disease, progressive disease, and death was identified in 22.4%, 28.3%, 35.5%, and 13.8%, re-
spectively, after 11 years of median follow-up (range 2-41 years). Older age at diagnosis (=45 years), primary
tumor size >2 cm, follicular thyroid cancer, metastasis diagnosed after initial evaluation or 1311 remnant ablation
(late metastasis), multiple metastases other than lung, 131y nonavidity, and the presence of macronodules
(=1cm) were more frequent in poor prognoses. Cox proportional hazard ratio for progression-free survival
showed that '*'T nonavidity was the only independent predictive factor for poor prognosis.

Conclusions: The prognosis of lung metastasis from DTC in Korea within this study was favorable. '*'T non-
avidity, observed more frequently in late metastasis, was the only independent factor predicting poor prognosis.

Introduction

DIFFERENTIATED THYROID CARCINOMA (DTC), which in-
cludes papillary thyroid carcinoma (PTC) and follicular
thyroid carcinoma (FTC), is one of the most curable endocrine
cancers. Distant metastasis occurs in 4-23% of DTC patients
and the lung is the most frequent site of distant metastasis
(1-7). The 10-year survival rate after a diagnosis of metastatic
DTC ranges from 25% to 70%, and patients with metastatic
DTC have markedly varying clinical outcomes from rapid
progression and death to complete remission, suggesting a
heterogeneity in those patients (2,6,8-14). Several retrospec-
tive studies have shown that the prognostic factors for the
survival of metastatic DTC include age at diagnosis (9,14,15),
histology of the tumor (14,16), site of metastasis (14,15), and
BT avidity (9,15,16).

Recently, the incidence of DTC has increased worldwide.
The reason for these increasing incidence rates is not only
explained by early detection from increased health screening
with high-resolution ultrasonography (17-19), but may also

be associated with environmental changes or radiation ex-
posure (20-22). In Korea, the incidence of thyroid cancer is
also rapidly increasing; the incidence rates per 100,000 per-
sons adjusting for age increased from 2.1 (in 1999) to 15.4 (in
2009) in males and 10.4 (in 1999) to 79.6 (in 2009) in females
(23)—rates that are higher than in any other country studied
(24). Furthermore, Korean DTCs have several distinguishing
characteristics: (i) family history of DTC is twofold higher
than in other studies (25), (ii) PTC is more frequent (more than
90%) (26), and (iii) DTC patients had higher rates of BRAF
V600E mutations (58-81%) (27-29) in Korea than in any other
country (30). Environmentally, Korea is one of the iodine-
sufficient areas in the world (31). Based on these distinct fea-
tures, the long-term prognosis of metastatic DTC might be
different from that in other countries.

The present study is a retrospective chart review of 152
DTC patients with lung metastasis, with a median follow-up
period of 12 years. The aim of this study was to investigate the
long-term prognosis of lung metastasis of DTC and the factors
associated with long-term prognosis in Korea. We found that
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patients with lung metastasis of DTC in Korea had usually
excellent long-term survival: the 20-year survival rate was
~65.2% with aggressive treatment that included total thy-
roidectomy, lymph node (LN) dissection, and radioactive io-
dine ablation. '*'T nonavidity in whole-body scan (WBS) was
the most predictive factor for a poor prognosis.

Materials and Methods
Patients

A retrospective chart review of 4572 patients who were
diagnosed with thyroid cancer (International Classification of
Diseases code C73) and treated at Seoul National University
Hospital from 1962 to 2009 was carried out. A total of 4393
patients had DTC and 164 (3.7%) patients were diagnosed
with lung metastasis. Among them, 3 patients who had other
coexisting cancers and 9 patients who did not receive any
further regular follow-ups were excluded; therefore, 152 pa-
tients were finally enrolled in the analysis. This study was
conducted according to the guidelines of the Declaration of
Helsinki, and the research protocol was approved by the In-
stitutional Review Board committee of Seoul National Uni-
versity Hospital (No. H-0912-009-302).

Treatment protocols

All 152 patients underwent thyroidectomy, and neck dis-
section was performed if there was any enlarged lymph node
suspicious for malignancy present in the preoperative radio-
logic examinations. Patients (1 =151) who had extrathyroidal
invasion, LN metastasis, a larger tumor size (=4 cm), or any
evidence of distant metastasis received postoperative '>'T
administration (from 30 to 200mCi) to ablate the normal
thyroid and residual disease or to treat recurrent and meta-
static lesions. One patient who was diagnosed with thyroid
cancer by an initial lung mass did not receive '*'I therapy due
to a rapid disease progression and poor performance status.
To exclude the effects of previous administrations of intra-
venous contrast on 21 uptakes, all 181 therapies were per-
formed at least more than 2 months later from any previous
use of intravenous contrast.

A higher dose (=100 mCi) was given when lung metastases
were detected by a prior WBS. Serum thyrotropin (TSH),
thyroglobulin (Tg) and anti-Tg antibody (Tg-Ab) levels were
measured in all patients immediately before *'I administra-
tion under TSH stimulation (=30 uIU/mL) with the with-
drawal of thyroxine (T4). WBS was performed 3-5 days after
31 administration. All patients were treated with thyroxine
to suppress TSH. Regular follow-up evaluations were per-
formed every 6 months after surgery with clinical assessment
and measurement of serum TSH, Tg, and Tg-Ab.

The WBS images were interpreted by two experienced
nuclear medicine physicians. If any abnormal *'T uptake
suggesting recurrence or metastasis was observed, further
radiological studies, such as chest X-ray (82%), chest com-
puted tomography (CT; 86%) and/or fluoro-18 fluorodeoxy
glucose positron emission tomography (‘*F-FDG-PET, 60%),
were performed. False-positive radioactive iodine uptake was
confirmed when concordant benign lung lesions (e.g., infec-
tions, bronchiectasis, and atelectasis) were observed in the
chest CT. Neck lesions were further evaluated by fine-needle
aspiration cytology. To improve the efficacy of '*'I therapy, all
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patients who had measureable metastatic lesions were con-
sidered for surgical resection whenever possible, whether
those were locoregional or distant. Negative WBSs with
clinically suspected lung metastasis such as elevated Tg levels
with lung lesions in other radiological studies (chest CT or
chest X-ray) were defined as “nonavid” lesions. Collectively,
diagnosis of lung metastases could be categorized into three
different groups according to the timing of metastasis as fol-
lows: (i) diagnosed by radiologic images (chest X-ray or CT)
during initial preoperative work-up (“pre-op metastasis”), (ii)
detected by WBS during initial "*'I remnant ablation (“im-
mediate metastasis”), or (iii) diagnosed by WBS or radiologic
examination performed due to increases in T4-suppressed Tg
or stimulated (off T4) Tg after initial evaluation or 1817 rem-
nant ablation (“late metastasis”).

Diagnosis of lung metastasis

Among the 152 patients, 132 patients were clinically diag-
nosed with lung metastasis by radiologic examinations, in-
cluding 1311 (WBS), chest CT, and/or chest X-ray, and 20 patients
underwent lung biopsy and had a pathologic diagnosis.

Eleven patients were diagnosed by preoperative radiologic
examinations (chest CT/X-ray). Among the 79 patients who
were diagnosed with lung metastasis immediately after the
operation, 56 (71%) patients were diagnosed by *'I WBS, and
23 (29%) were diagnosed by chest CT/X-ray. Fifty-two
patients who were not diagnosed with lung metastasis during
the initial remnant ablation periods underwent further studies
including neck ultrasonography, chest CT/X-ray, or BT WBS
due to increased serum Tg or Tg-Ab levels, and were diag-
nosed with lung metastasis by '*'T WBS (1=15) or chest CT/
X-ray (n=37). Ten patients were diagnosed with lung me-
tastasis incidentally by chest CT.

Except for one patient who had no opportunity to receive
1311 therapy due to a rapid disease progression, all 151 patients
underwent '*'T therapy: 40 were "*'I nonavid, and 111 had
311-avid lesions in the post-therapy WBS. Among the 40 **'T
nonavid patients who had lung lesions in the chest CT with
elevated Tg or Tg-Ab levels, 32 patients had lung lesions in the
®E-FDG-PET/CT. Lung biopsy was performed in 20 of the 40
nonavid patients. The other 20 patients who did not have lung
biopsies performed were clinically diagnosed based on their
compatible CT images of lung lesions (miliary or multiple
lung lesions in both lobes) and elevated T4-off/on Tg levels.
Lung metastasis was defined as lung parenchymal metastases
and did not include mediastinal or pleural metastases.

Classification of disease status

Based on the radiological images, including WBS and
serum Tg levels, the disease status was classified as follows:
no evidence of disease (NED), stable disease (SD), progressive
disease (PD), and death. NED was defined as undetectable T4-
off Tg levels (<1.0ng/mL) with NED in the WBS or other
imaging studies (neck ultrasonography, chest CT, or '"*F-FDG-
PET/CT scans). The sensitivity of our Tg measurements
changed during the study period: lower detection limits
changed from 1.0 to 0.1 ng/mL. After this sensitivity change,
six patients showed Tg levels ranging from 0.1 to 1.0ng/mL.
They showed NED in the neck ultrasonography, chest CT,
bone scan, and/or PET CT and were classified as NED. SD
was defined as positive Tg levels (suppressed or stimulated)
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with or without persistent cervical uptake and/or metastasis
in WBS, but without progressive elevation of Tg levels and no
new metastatic foci. PD was defined as increasing suppressed
or stimulated Tg levels despite *'I therapy and/or new
metastatic foci detected by imaging modalities. Data on
thyroid-cancer-related death, which was not confirmed by
the medical records, were assessed by the Korean Statistical
Information Service. Patients with NED or SD were defined as
“good prognosis,” and PD or thyroid-cancer-related death
was defined as “poor prognosis.”

Statistical methods

Chi-square or Fisher’s exact test was used to estimate the
differences between groups (p <0.05 was considered signifi-
cant). The Cox proportional hazard model was used to ex-
amine the association of related prognostic factors with the
progression-free survival (PFS). The hazard ratio (HR), 95%
confidence interval (CI), and p-value were reported. Cumu-
lative survival plots were constructed using the Kaplan-Meier
method. Log rank test was performed to evaluate the differ-
ence in the progression-free survival time between groups. All
reported p-values are two-sided. All statistical analyses were
performed using SPSS statistical software.

Results

Clinical characteristics of the patients with lung
metastasis and their long-term prognosis

Among the 152 patient, 119 were women and 33 were men
(F:M=3.6:1). One hundred twenty-five (82.2%) had PTC and
27 (17.8%) had FTC. The median age at diagnosis for the
primary cancer was 48 years (range 10-75 years), and the
median follow-up was 11 years (range 2—41 years). One
hundred forty-one (92.8%) of the 152 patients underwent total
thyroidectomy; 26 (17.1%) patients underwent a second op-
eration consisting of a neck dissection for lymph node recur-
rence; 11 (7.2%) patients underwent a lobectomy or wedge
resection of the lung due to macronodular lung metastasis. Of
the 152 patients who were diagnosed with lung metastasis,
125 (82.2%) patients had lung metastasis only and 21 (13.8%)
patients had both lung and bone metastases.

At last follow-up, 131 (86.2%) patients were alive and 21
(13.8%) were dead. Among the deceased patients, 18 (85.7%)
were found to have disease-specific mortality and 3 (14.3%)
succumbed to hematologic malignancies after receiving a
high cumulative dose of radioactive iodine therapy
(>1000mCi). Among the patients who are alive, 97 (74.0%)
still have evidence of disease and 34 (26.0%) have NED.
Collectively, 77 (50.7%) patients showed a good prognosis
(NED to SD) and 75 (49.3%) showed a poor prognosis (PD to
death) at last follow-up.

The overall survival rate was 86% and the 10- and 20-year
survival rates were 85% and 71%, respectively. The 10-year
survival rate in the lung-metastasis-only group (n=125) was
89%, whereas the 5- and 10-year survival rates in the multiple
metastasis group (n=21) were 72% and 51%, respectively.

Because the survival rates of the present study were very
high, the patients were divided into two groups according to
their prognosis: the good prognosis (NED to SD) group and
poor-prognosis (PD to death) group. The predictable factors
for a poor prognosis were analyzed. Table 1 shows a com-
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parison of the clinical characteristics according to the prog-
nostic groups for lung metastasis. The age at diagnosis for the
primary cancer (52.3+13.0 vs. 39.1+17.3cm, p<0.001) was
higher; the initial size of the primary thyroid tumor was larger
(24+1.7 vs. 3.3£2.0cm, p=0.015), and FTC (10.3% vs. 25.7%,
p=0.012) was more frequent in the poor-prognosis group
rather than in the good-prognosis group. However, other
pathologic findings such as multiplicity, the presence of ex-
trathyroidal invasion, or cervical LN metastasis showed no
difference between the groups.

Several metastasis-related factors, including the timing of
metastasis, site of metastasis (lung only vs. multiple), pattern
of lung uptake in WBS, and size of the lung lesions, were
significantly different between the prognostic groups. Ac-
cording to the timing of metastasis, the pre-op group clearly
had higher rates of poor prognosis (72.7%). Moreover, among
patients who were diagnosed after thyroidectomy, the late
metastasis group frequently had more poor prognoses than
that of the immediate metastasis group (64.5% vs. 32.9%,
p<0.001). Multiple metastatic sites rather than lung-only had
higher rates of poor prognosis. Among the different patterns
of lung uptake in WBS, focal uptake (42.6% vs. 10.3%,
p<0.001) or *'I nonavidity (85.0% vs. 10.3%, p<0.001) was
more frequent in the poor-prognosis group than that of bi-
lateral diffuse uptake. Interestingly, radiologic images such as
chest X-ray or CT revealed that all the metastatic lesions were
multiple with variable sizes. There was no solitary lesion of
lung metastasis. These lung lesions were further classified into
two groups according to their size of largest nodule: micro-
nodules (largest nodule <1cm) and macronodules (largest
nodule =1cm). As expected, 86.2% of the macronodular le-
sions showed a poor prognosis, whereas 52.0% of the micro-
nodular lesions showed a good prognosis. The number of or
the largest size of macronodules within lesions showed no
difference between the various prognoses groups (good/
poor) (data not shown).

Clinical characteristics and prognosis of patients
according to timing of metastasis

The clinical characteristics according to the timing of the
metastasis are summarized in Table 2. The pre-op metastasis
group had the highest rate of poor prognosis, with 75.0%
having macronodular lung lesions. Because the initial path-
ologic findings (pathology, size, and LN status) or charac-
teristics of the metastatic lesions (site of metastasis and the
pattern of WBS) showed no distinctive features compared to
the other groups (immediate or late metastasis), pre-op di-
agnosis of lung metastasis might be a valuable predictive
factor for a poor prognosis.

Among patients who had no metastasis at the time of the
diagnosis of the primary cancer (n=141), the immediate
(n=79) and late (n=62) metastasis groups clearly showed
different clinical characteristics and prognoses. The patho-
logic findings of the primary tumors showed that the late
metastasis group had higher rates of extrathyroidal inva-
sion (47.4% vs. 20.4%, p=0.028) and LN metastasis (40.0%
vs. 67.7%, p=0.013). In terms of metastasis-related factors,
the late metastasis group showed higher rates of '*'I non-
avidity (56.0% vs. 14.7%, p<0.001) and poor prognosis
(64.5% vs. 32.9%, p<0.001) than that of the immediate me-
tastasis group.
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TABLE 1. CLINICAL CHARACTERISTICS ACCORDING TO PROGNOSIS

Good prognosis® Poor prognosis®

n=78) n=74) P

Mean age at diagnosis (years) 39.1+17.3 52.3+13.0 <0.001
Male:female (male %) 13:65 (16.7) 20:54 (27.0) 0.121
Pathology of primary tumor

Size (cm) 24+1.7 3.3£2.0 0.015

PTC:FTC (FTC %) 70:8 (10.3) 55:19 (25.7) 0.012

Multiplicity, present % 40.0 48.6 0.443

Extrathyroidal invasion, gross, present % 27.8 30.8 0.783

LN metastasis, present % 42.6 58.5 0.123
Timing of metastasis® <0.001

Pre-op, n (%) 3 (27.3) 8 (72.7)

Immediate, n (%) 53 (67.1) 26 (32.9)

Late, n (%) 22 (35.5) 40 (64.5)
Sites of metastasis

Lung only:multiple (multiple %) 73:3 (3.9) 52:18 (25.7) <0.001
Pattern of lung uptake in WBS <0.001

Bilateral diffuse, n (%) 35 (89.7) 4 (10.3)

Focal, n (%) 27 (57.4) 20 (42.6)

Nonavid, n (%) 6 (15.0) 34 (85.0)
Size of lung lesions from radiologic exam?

Micro:macro (macro %) 13:12 (48.0) 8:50 (86.2) <0.001

?Good prognosis: no evidence of disease or stable disease.
Poor prognosis: progression of disease or death.

“Pre-op: lung metastasis diagnosed during initial preoperative work-up; immediate: metastasis diagnosed by WBS during initial '*'I
remnant ablation; late: diagnosed by WBS or radiologic examination performed due to the increases of T4-suppressed Tg or stimulated (off
T4) Tg after initial evaluation or *'T remnant ablation.

Micro: micronodule, where the largest size of the nodule is <1cm; macro: macronodule, where the largest size of the nodule is >1cm.

FTC, follicular thyroid carcinoma; LN, lymph node; PTC, papillary thyroid carcinoma; T4, thyroxine; WBS, whole-body scan.

Progression-free survival of lung metastasis

Further analysis evaluating prognostic factors was per-
formed with the 141 patients who were diagnosed with lung
metastasis after surgery (immediate or late metastasis
groups), excluding the pre-op metastasis group because of
their distinct characteristics, having markedly higher rates of
poor prognosis. Data on progression-free survival for the 141

patients were further analyzed by Kaplan-Meier survival
analysis. Survival curves for age at diagnosis over 45 years
(Fig. 1A; p<0.001, by log-rank test), primary tumor size larger
than 2cm (Fig. 1B; p=0.037, by log-rank test), FTC (Fig. 1C;
p=0.030, by log-rank test), late metastasis group (Fig. 1D;
p<0.001, by log-rank test), multiple metastases (Fig. 1E;
p<0.001, by log-rank test), focal uptake or nonavidity of ra-
dioactive iodine in WBS (Fig. 1F; p<0.001, by log-rank test),

TABLE 2. COMPARISON OF THE CLINICAL CHARACTERISTICS BETWEEN DIFFERENT TIMING OF METASTASIS

Pre-op Immediate Late
(n=11) n=79) (n=62) p* p*
Mean age at diagnosis (years) 49.61£22.1 45.2+17.7 453+14.2 0.713 0.519
Male:female (male %) 1:10 (9.1) 16:63 (20.3) 16:46 (25.8) 0.380 0.436
Pathology of primary tumor
Size (cm) 34+19 27+£17 29422 0.566 0.234
PTC:FTC (FTC %) 9:2 (18.2) 65:14 (17.7) 51:11 (17.7) 0.999 0.997
Multiplicity, present % 55.6 37.5 522 0.380 0.243
Extrathyroidal invasion, gross, present % 42.9 20.4 47.4 0.063 0.028
LN metastasis, present % 44 .4 40.0 67.7 0.043 0.013
Pattern of lung uptake in WBS <0.001 <0.001
Bilateral diffuse, n (%) 2 (25.0) 29 (42.6) 8 (16.0)
Focal, n (%) 4 (50.0) 29 (42.6) 14 (28.0)
Nonavid, n (%) 2 (25.0) 10 (14.7) 28 (56.0)
Size of lung lesions from radiologic exam
Micro:macro (macro %) 2:6 (75.0) 9:17 (65.4) 10:39 (79.6) 0.414 0.184
Prognosis <0.001 <0.001
Good:poor (poor %) 3:8 (72.7) 53:26 (32.9) 22:40 (64.5)

*p-Value by one-way analysis of variance, chi-square test, or Fisher’s exact test between three groups.
#p-value by t-test, chi-square test, or Fisher’s exact test between immediate and late groups.
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and macronodule group (Fig. 1G; p=0.040, by log-rank test)
showed markedly poor progression-free survival.

Independent risk factors for prognosis of lung
metastasis

To further analyze the predictive variables for a poor
prognosis, Cox proportional HR for progression-free survival
was used (Table 3). Variables were selected from factors that
showed a significant difference between the good and poor
prognostic groups except for the largest size of lung lesions
(macro- or micronodules) from the radiologic examination,
which had many missing values. Cox analysis with age at

—l— Age <45 B
-d-. Age>45

Survival
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diagnosis for primary cancer, primary tumor size, pathology,
sites of metastasis, timing of metastasis, and the pattern of
lung uptake in WBS showed "'l nonavidity (HR 10.44 [CI
2.59-45.05], p=0.001) was the only independent predictive
variable for a poor prognosis.

311 avidity and its predictive factors

Since "*'T nonavidity was the most predictable value for a
poor prognosis, clinical characteristics according to the pat-
tern of lung uptakes in WBS were further analyzed (Table 4).
Of the 38 patients with '*'I nonavid lung lesions, 34 (89.5%)
patients showed a poor prognosis, whereas only 22 of 80

—L— Primary tumor < 2cm

=<~ Primary tumor > 2cm

Years Followed

—L_PTC
-d--F1C

Survival
Survival

Years Followed
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== Late

FIG. 1. Progression-free sur-
vival for the patients with lung
metastasis by (A) age at diag-
nosis, (B) tumor size of primary
cancer, (C) type of histology, (D)
timing of metastasis, (E) sites of
metastasis, (F) the pattern of
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lung uptakes in WBS, and (G)
the presence of macronodules in
the lungs on radiological exam-
ination. Immediate, metastases
that were diagnosed during the
time of '*'I remnant ablation;
late, metastases that were diag-
nosed during the follow-up pe-
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TABLE 3. Cox MODELS OF PROGNOSTIC FACTORS
IN PATIENTS WITH LUNG METASTASIS

HR  [95% CI] p

Age at diagnosis of primary 194 [0.77-4.88] 0.160

cancer =45 years

Primary tumor size >2cm 2.05 [0.95-4.43] 0.069
Follicular pathology 149  [0.47-4.68] 0.500
Multiple site of metastasis 247  [0.81-7.55] 0.113
Late metastasis 1.76  [0.74-4.22] 0.204
Pattern of lung uptake in WBS

Bilateral diffuse 1 Reference

Focal 2.09 [0.51-8.56] 0.304

Nonavid 1044 [2.59-42.05] 0.001

HR and 95% CI were based on Cox proportional hazard models
for risk prediction. HR, hazard ratio; CI, confidential interval.

(24.4%) patients showed a poor prognosis in the *'I-avid
group. The "*'T nonavid group showed higher rates of initial
LN metastasis, the presence of macronodules, and later timing
of metastasis compared to the '*'I-avid group (Table 4).
Within the '*'T-avid groups, the bilateral diffuse group was
related to a good prognosis (94.6% vs. 53.5%, p<0.001) com-
pared to the focal group. Younger patients and micronodular
lung lesions were more frequent in the bilateral diffuse group
than in the focal or nonavid group. Among patients less than
45 years of age, bilateral diffuse uptake (28/43, 65.1%) was
more frequent, whereas focal uptake (32/43, 74.4%) was more
frequent among patients over 45 years of age (p <0.001).

T4-off Tg concentrations and prognosis

Bone metastasis is a well-known major determinant factor
for elevating T4-off Tg concentrations. T4-off Tg concentra-
tions in the multiple metastasis group (median 932; range 22—
25,000 ug/L) showed a marked elevation compared to the
lung-metastasis-only group (median 66; range 0-8150 ug/L,
p<0.001). Therefore, subgroup analyses were performed
within the lung-metastasis-only patients (1 =125). The T4-off
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Tg levels at the time of lung metastasis were significantly
different based on the different times of metastasis groups.
The median T4-off Tg values of the immediate, late, and pre-
op metastasis groups were 30 (range 0-3000), 82 (range
2-8150), and 407 (range 121-7850), respectively (p<0.01).
Among the 125 patients, 76 patients who had serial T4-off Tg
levels over the different times were further evaluated using
the delta values of the T4-off Tg levels [ATg =Tg (at the time of
last "' WBS) - Tg (at the time of diagnosis of lung metasta-
sis)]. Nineteen (25%) of them showed a ATg>1.0ng/mL, and
this group had significantly higher rates of poor prognosis
than that of the ATg<1.0ng/mL group (58% vs. 28%,
p<0.05).

One of the notable findings was that 9 patients showed
undetectable T4-off Tg levels without elevation of the
Tg-Ab levels over the different times, although 19 patients
had undetectable Tg levels with increased Tg-Ab (range 41—
7690IU/mL). These 9 patients were diagnosed with lung
metastasis immediately after thyroid surgery by WBS with
multiple micronodular lesions (3-5mm) in the chest CT
(n=6) or positive mediastinal (n=7) lesions on WBS. All
lesions were ablated after at least 3 sessions of '*'T therapy
with 160-450 mCi of cumulative '*'T doses and the patients
have currently an NED status.

Discussion

In this study, we show that Korean DTC patients with lung
metastasis have very good long-term survival. Older age at
diagnosis, a larger size of the primary cancer, follicular thy-
roid cancer, later timing of metastasis, multiple sites of me-
tastasis, *1 nonavidity in metastatic lung lesions, and the
presence of macronodules in radiologic examination pre-
dicted a poor prognosis. Among them, '*'I nonavidity was
proven as the only independent factor of predicting a poor
prognosis.

The 5- and 10-year survival rates of DTC lung metastasis
patients in this study were 93% and 85%, whereas they were
99% and 97% in all the DTC patients at our hospital (n =4393)

TABLE 4. COMPARISON OF CLINICAL CHARACTERISTICS ACCORDING TO THE PATTERN
oF LunG UprTAKE IN WHOLE-BoODY ScaN

Bilateral diffuse Focal Nonavid
(n=37) (n=43) (n=38) p
Mean age at diagnosis (years) 32.7+17.1 49.4+14.3 51.7+11.7 <0.001
Male:female (male %) 7:30 (18.9) 6:36 (14.0) 11:27 (28.9) 0.531
Pathology of primary tumor
Size (cm) 2.8+1.9 27+19 29+1.8 0.905
PTC: FTC (FTC %) 33:4 (10.8) 32:11 (25.6) 35:3 (7.9) 0.080
Multiplicity, present % 40.0 44.0 429 0.958
Extrathyroidal invasion, gross, present % 36.4 20.6 33.3 0.335
LN metastasis, present % 33.3 46.7 70.8 0.020
Time of metastasis
Immediate:late (late %) 29:8 (21.6) 29:14 (32.6) 10:28 (73.7) <0.001
Sites of metastasis
Lung only:multiple (multiple %) 35:2 (5.4) 32:11 (25.6) 33:5 (13.2) 0.044
Size of lung lesions from radiologic exam
Micro:macro (macro %) 6:2 (25.0) 8:14 (63.6) 5:32 (86.5) 0.002
Prognosis
Good:poor (poor %) 35:2 (5.4) 23:20 (46.5) 4:34 (89.5) <0.001
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(32). The survival rates in this study were much higher than
those demonstrated in previous studies (Table 5) (9,14,16,33).
The higher rate of PTC (82%) among DTC in this study is one
possible explanation. This rate is consistent with other Korean
data (26), but much higher than those in other countries (75—
51%) (Table 5). Therapeutic factors, including initial total
thyroidectomy and postoperative '*'I ablation therapy,
showed no differences (Table 5). The 10- and 20-year survival
rates of the PTC subgroup from DTC with lung metastasis in
an Italian study (33) were 81.1% and 70.7%, which were very
similar to our results. These similarities in the survival rates
from two different ethnic groups suggest that histologic type
should be a critical factor in determining the survival of DTC
patients with lung metastasis. PTC has been known to be
more commonly associated with lung metastasis than with
FTC (36% vs. 25%), and inversely, FTC has been identified to
be more frequent in bone metastasis than in PTC (44% vs.
19%) (34). In association with the higher frequency of PTC
(82%), the present study also showed higher rates of metas-
tasis limited to the lungs (86.2%) compared to other studies
(45-51%) (9,14,16), while patients with both lung and bone
metastases had a relatively higher frequency of FTC than
patients with lung metastasis only (55.6% vs. 11.1%). Collec-
tively, we deduced that our favorable long-term prognosis is
due to the higher frequency of PTC with consequently much
less bone metastasis in Korean patients than in patients from
other countries. However, one previous study with patients
who had lung-only metastasis showed poor survival (44% for
20-year survival rate) (33) compared to the present study,
indicating that other factors could be involved in long-term
outcomes.

Since our patients showed high survival rates, we then
analyzed the Cox model with progression-free survival in-
stead of disease-free survival to investigate the prognostic
factors for DTC with lung metastasis. Among the factors that
were significantly different between the good- and poor-
prognosis groups, size of the lung lesions (macro- or micro-
nodules) was excluded because of its many missing values. As
a result, the Cox proportional HR identified 181y nonavidity as
the only independent factor for a poor prognosis. '*'T avidity
is one of the well-characterized prognostic factors in lung
metastasis of DTC. Sampson et al. (16) showed that patients
with "*'I nonavid lung metastasis had a higher risk of death
(HR 3.4 [CI 1.2-9.2], p=0.02) and 3-year survival rates were
much lower in the '*'I nonavid group (57% vs. 82%) than in
the'*'T-avid group. Several other studies also reported that
DTC patients with '*'T avidity showed longer survival rates
than those with nonavid lung metastasis (35-37). In agree-
ment with the previous studies, we show that '*'T nonavidity
is the strongest predictive factor for a poor prognosis and
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related to older age at the initial cancer diagnosis, later me-
tastasis, and more frequent macronodules compared to '*'I-
avid lung lesions. The reason for '*'I nonavidity has been
explained by the dedifferentiation of DTC cells, which is ac-
companied by decreased expression of the sodium iodide
symporter NIS, the TSH receptor, and thyroid peroxidase (38—
40). The ability of Tg production is also reduced. Because of
these molecular changes, they are more difficult to monitor
than '*'T-avid lesions, resulting in later diagnosis and poor
prognosis.

One of our limitations in accessing '*'I-avid lesions was
that we could not distinguish the mixed responses from
homogenous responses. We defined '*'T nonavidity only in
the cases that had a negative WBS image despite lung lesions
in the chest CT/X-ray and elevated Tg levels. Although "*'I-
avid and nonavid lesions could co-exist in one patient, we
could not find any of those mixed responses in this study.
The limited sensitivity of our WBS used in this study is one
possible explanation for this finding. Currently, we are using
single-photon emission computed tomography—CT and can
easily determine mixed responses; hence, further study is
needed. Another limitation consists in the diagnosis of lung
metastasis in '*'I nonavid patients. Among 40 patients, 20 of
them could not be evaluated with a lung biopsy because of
the location or small size of the lesions. Therefore, they were
clinically diagnosed based on their CT images (miliary or
multiple lung lesions in both lobes) and elevated T4-off/on
Tg levels. However, we cannot completely rule out the
possibility of other conditions, such as incidental primary
lung cancers or benign lung diseases such as inflammations
or bronchiectasis.

In addition, our study shows that among patients with **'I-
avid lung metastasis, the pattern of lung uptake in WBS could
also predict the prognosis; bilateral diffuse uptakes had better
prognoses than the focal uptakes. Previously, Casara et al. (15)
showed that micronodular metastasis susceptible to '*'I
therapy had a good prognosis, whereas macronodular me-
tastasis of '*'T nonavid lesions had a poor prognosis. In the
present study, our goal was to predict the prognosis of lung
metastasis by the initial WBS images. We clearly proved that
within the "*'I-avid groups, focal uptake had a worse prog-
nosis than bilateral diffuse uptake even though it had a better
prognosis than the *'I nonavid group. Since micronodular
lesions as well as macronodular lesions with focal uptakes
had a poor prognosis, we suggest that the prognosis of lung
metastasis could be predicted by the pattern of lung uptake in
WS instead of the size of the metastatic lesions.

To provide useful information for clinical decisions such as
the dose of *'I therapy, it is important to analyze the pre-
dictive factors for '*'T avidity. In our data, younger age and

TABLE 5. COMPARISON OF LONG-TERM SURVIVAL OF METASTATIC DIFFERENTIATED THYROID CANCER

Follow-up Total Survival rate (%)
duration Lung  Follicular  thyroidectomy B3y
n  (median, year) only % % % ablation 5 years 10 years 20 years

Cho et al. (present study) 90 12.0 90 84 89 88 93 85 71
Sampson et al.'® 49 3.5 45 51 82 88 50 - -
Huang et al."* 126 9.6 42 75 100 85 - 71 -
Mihailovic et al.’ 77 6.0 51 71 - - 58 48 40
Ronga et al.? 9% 4.1 100 67 100 100 79 60 44
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micronodular lesions tended to have bilateral diffuse uptake,
whereas late metastasis had '*'I nonavidity more frequently.
Taken together, we suggest that patient age over 45 years,
macronodular lesions, or late metastasis can be associated
with poor uptake of '*'T; thus, a higher dose of '*' or the use
of differentiating agents such as retinoic acid (41-43) or Se-
lumetinib (44), which could increase the susceptibility of '*'T
therapy, might be helpful in increasing the efficacy of the '*'T
therapy.

One of the aims of this study was to evaluate the prognostic
values of the pattern of lung lesions, such as single-macro-
nodule or multiple-macronodule or multiple-miliary micro-
nodular lesions. However, to our surprise, all patients with
lung metastasis had multiple lesions. We could further divide
these lung lesions into three different groups: (i) multiple
miliary micronodules (n=21), or (ii) single or several macro-
nodules with multiple micronodules (1=>56), or (iii) multiple
macronodules without any micronodules (n=6). However,
the number or the size (the longest diameter) of the macro-
nodular lesions had no effect on disease progression. Only the
presence of a macronodule was associated with poor prog-
nosis. Most of our macronodules were sized between 1 and
2 cm except two patients, who had 6- or 10-cm-sized macro-
nodules with tiny multiple micronodules. Their initial tumor
burden of the lung was comparably bigger than that of the
others; however, they were currently in an NED status with
surgical management (lobectomy) of the lung lesions, fol-
lowing "' therapy for the remaining lesions. Although this is
a very small number of patients, in combination with other
studies (16,45), we could carefully deduce that large lung le-
sions could achieve good prognosis with optimal surgical
intervention.

The age at diagnosis of the initial cancer is known to be a
valuable prognostic factor for the recurrence and mortality of
DTC (1546). Our data showing a higher rate of bilateral dif-
fuse uptake in younger patients than in older patients could
explain the reason for the particularly high survival rates in
young patients with DTC lung metastasis.

As with the 131 avidity, timing of metastasis was a valuable
prognostic factor. Among 3 metastasis groups classified ac-
cording to the timing of metastasis detection, 11 patients in the
pre-op metastasis group had markedly higher rates of poor
prognosis (73%), mortality (30%), and macronodular lesions
(75%). Although early lung metastasis before the diagnosis of
the primary tumor is a strong predictable factor for a poor
prognosis, it is still hard to recommend an evaluation of
metastatic lesions at the initial diagnosis of thyroid cancer
because it is very rare and there is no effective treatment other
than "*'T therapy until now. Late metastasis was found in
~40% of the DTC patients during a median of 11 (range 2-41)
years of follow-up, and was significantly related to a poor
prognosis compared to immediate metastasis (64.5% vs.
32.9%) in association with a higher frequency of "*'I non-
avidity (53.7% vs. 15.3%).

Interestingly, we found that 9 patients diagnosed with lung
metastasis by *'I WBS lesions immediately after the opera-
tions had undetectable Tg and Tg-Ab levels. Because 6 of them
had multiple (3-8) micronodular (3-5 mm) lesions in the chest
CT and 7 of them had positive uptake of **'T in the medias-
tinum, we considered them as having lung metastasis. All 9
lesions were ablated after at least 3 sessions of "*'T therapy
with 160450 mCi of cumulative **'T doses (none had false-
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positive lesions). Consistent with our data, Huang et al. (14)
also reported on five patients with thyroid cancer lung me-
tastasis who showed undetectable Tg and Tg-Ab levels and
who had favorable outcomes. One of the possible explana-
tions for the good prognosis of *' WBS-positive, Tg-negative
lesions is that this is early detection of a very small cancer load
with a minute secretion of Tg can be associated with a good
prognosis.

One of the critical limitations of this study is its retrospec-
tive design. During the four decades of the study period, some
important clinical data were missing, which might cause a
bias in the data selection. Indeed, WBS images acquired in the
early 1980s were not available to check for the pattern of lung
lesions (~17%), and chest CT and/or chest X-ray were per-
formed more frequently in the 1817 nonavid group (99%) than
in the '*'T-avid group (~40%). Further prospective studies are
needed.

In conclusion, lung metastasis from DTC showed good
overall and progression-free survival rates in patients from
Korea. The higher prevalence of PTC with less frequent
bone metastasis in our patients might be one of the reasons
for this favorable long-term prognosis. The age at diagnosis
or tumor size for the primary cancer, type of histology,
timing of metastasis, site of metastasis, 1317 avidity, and size
of lung lesions could predict the prognosis. Among them,
31T nonavidity was the only independent factor for a poor
prognosis.
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