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Impact of patient age on the iodine/FDG ‘‘flip-flop’’ phenomenon
in lung metastasis from thyroid cancer
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Abstract

Objectives Radioiodine therapy is an effective treatment

for lung metastasis from thyroid cancer. However, cases of

lung metastasis without iodine uptake are often encoun-

tered. In such cases, FDG accumulation in lung lesions is

often observed. There is a reverse relationship between

iodine and FDG accumulation in thyroid cancer lesions, the

so-called ‘‘flip-flop’’ phenomenon. The aim of this study

was to assess the relationship between patient age and the

occurrence of the flip-flop phenomenon.

Methods Eighty-six patients who underwent radioiodine

therapy for lung metastasis were studied retrospectively

(age 17–73 years; median 60 years; males:females 22:64).

We compared the clinical data and imaging findings (size

and FDG uptake of lung nodules) between patients with

(n = 44) and without (n = 42) iodine uptake in lung

metastasis.

Results Significantly more young patients showed iodine

accumulation in lung metastasis than old patients

(p = 0.0025). Lung metastases with larger size or greater

FDG uptake showed no iodine uptake more frequently with

significant difference (p = 0.015 and \0.001, respec-

tively). Among patients with FDG uptake in the lung

metastasis, 57.1 % of young patients (\60 years) and

24.3 % of the old patients (C60 years) showed iodine

uptake (p = 0.0029).

Conclusions Higher patient age and lung nodules with

large size or FDG accumulation are negative factors for

iodine accumulation in lung metastases from thyroid

cancer. In addition, our results show that young patients

have a greater likelihood of iodine uptake even when

FDG accumulates in lung metastasis, in contrast to old

patients.

Keywords Thyroid cancer � Radioiodine therapy �
Flip-flop phenomenon � FDG-PET

Introduction

Radioiodine therapy (RIT) is used for the purpose of thy-

roid bed ablation and treatment of metastatic lesions in

patients with differentiated thyroid cancer (DTC) [1–3].

RIT reduces the cancer-specific mortality, recurrence rate

and progression rate in DTC patients [4, 5]. RIT is effective

only when radioiodine accumulates in the lesions, but we

often encounter patients without iodine uptake in their

thyroid cancer lesions.
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After cervical lymph nodes, the lung is the most fre-

quent site of metastasis from thyroid cancer [6–8]. Judging

whether lung lesions are likely to accumulate radioiodine is

very important to avoid performing RIT for patients who

will not benefit from it.

A study that analyzed prognostic factors in patients with

distant metastasis from DTC showed that extensive

metastases, older age at the diagnosis of the metastases, the

absence of iodine uptake by metastases, and moderately

differentiated follicular cell type were of independent

prognostic significance for survival [9].

Two-[F-18]-fluorodeoxyglucose positron emission

tomography (FDG-PET) has expanded rapidly and is used

for the evaluation of many types of malignant tumor. The

role of FDG-PET or FDG-PET/computed tomography

(CT) is to detect iodine-131-negative lesions in DTC

patients, particularly those with a high thyroglobulin (Tg)

level but without iodine uptake [10–14].

There is a reverse relationship between iodine and FDG

accumulation in thyroid cancer lesions, the so-called ‘‘flip-

flop’’ phenomenon [15]. This phenomenon has been

explained in connection with the dedifferentiation of can-

cer cells [15].

Patient age affects the outcome of RIT for thyroid

cancer; therefore, we thought that the flip-flop phenomenon

might be influenced by patient age. In this study, we

compared the clinical data including patient age and image

findings (size and FDG uptake of lung metastasis) between

patients with and without iodine uptake in lung metastasis,

and also assessed the difference in the flip-flop phe-

nomenon as related to patient age.

Materials and methods

Patients

This retrospective study was approved by the review board

of our institution, and the requirement of written informed

consent was waived. We enrolled a total of 86 DTC

patients (78 papillary carcinomas, 7 follicular carcinomas

and 1 papillary and follicular carcinoma) who received

their first session of RIT against DTC between October

2007 and June 2014, underwent FDG-PET/CT and were

diagnosed as having lung metastasis from thyroid cancer

using the following criteria: (1) pathological diagnosis, (2)

iodine uptake in the lung lesions, (3) interval increase in

either the size or number of pulmonary nodules, and (4)

combination of multiple lung nodules [[10] and either

elevated Tg [[50 ng/mL] or elevated anti-Tg antibody

[[300 IU/mL]. The patients’ ages ranged from 17 to

73 years (median 60 years). All patients underwent com-

plete thyroid hormone withdrawal for 4 weeks before RIT

for the purpose of TSH elevation, and all patients were

given a low-iodine diet for 2 weeks in preparation for

iodine-131 administration (Sodium iodide I-131 Capsule;

Fujifilm RI Pharma, Tokyo). The median serum TSH level

of our patients just before the iodine-131 administration

was 97.2 lU/mL, with a range of 2.44–487.1 lU/mL. The

four patients with very low TSH levels (TSH 2.53–8.85 ng/

mL, free T3 2.80–3.62 ng/dL, free T4 0.73–0.99 pg/mL)

were clinically diagnosed as having hormone-producing

tumors and showed pulmonary iodine uptake. The admin-

istered dose of iodine-131 ranged from 3.07 to 6.05 GBq

(median 4.45 GBq), determined on the basis of clinical

data such as the extent of disease progression, the patient’s

age, and the patient’s weight, but not the results of

pretherapeutic diagnostic scintigraphy.

I-131 scintigraphy

Post-therapy imaging was performed 5–7 days after the

iodine-131 administration. Whole-body scintigraphy was

performed using a dual-head gamma camera (Symbia T6,

Siemens Healthcare, Malvern, PA, or GCA901A/WB,

Toshiba Medical Systems, Tokyo) with high-energy colli-

mators. Single-photon emission computed tomography

(SPECT)/CT images were obtained with a gamma camera

with a six-section spiral CT within the same gantry after

the Symbia T6 was installed and used for the iodine-131

scintigraphy. SPECT/CT scans from the neck to the chest

were obtained. CT-based attenuation correction and no

scattering correction were applied to the SPECT images.

SPECT/CT images were used only for the presentation of

the representative cases (Figs. 1, 2, 3).

Diagnostic CT protocol

The diagnostic neck and chest CT, covering the region

from the skull base to the upper mediastinum, was per-

formed with a 64-multidetector-row computed tomogra-

phy (MDCT) scanner (Aquilion 64; Toshiba Medical

Systems) after I-131 scintigraphy, using the following

parameters: tube voltage 120 kV, effective tube current

300 mA, collimation 0.5 mm, and pitch 27.0. Each

patient received 100 mL of intravenous nonionic contrast

material containing 300 mg I/mL [Iopamiron 300

(Iopamidol) from Bayer Schering Pharma, Osaka, Japan

or Omnipaque 300 (Iohexol) from Daiichi-Sankyo Phar-

maceuticals, Tokyo] at a flow rate of 1.5 mL/s, and

scanning was started 80 s after the start of contrast

injection. Non-contrast-enhanced CT was performed on

four patients because of iodine allergy or renal dysfunc-

tion. The MDCT scan was reconstructed by filtered back

projection into 512 9 512 pixel images with a slice

thickness of 5 mm.
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FDG-PET/CT

All patients underwent FDG-PET/CT at the first session of

RIT for metastasis screening. FDG-PET/CT acquisition

was performed under the TSH-stimulated state. In each

patient, 185 MBq of FDG was intravenously administered

after fasting for at least 4 h. Scans were conducted from the

middle of the thigh to the top of the skull 60 min after the

FDG administration. FDG-PET/CT images were obtained

using an integrated PET/CT scanner, the Discovery STE

(GE Medical Systems, Milwaukee, WI) or Biograph mCT

(Siemens Medical Solutions, Erlangen, Germany). All

emission scans were performed in the three-dimensional

mode, and the acquisition time per bed position was 3 min

for the Discovery STE and 2 min for the Biograph mCT.

We reconstructed the PET images using the ordered-

subset expectation–maximization method (VUE Point

Plus) with two full iterations of 28 subsets for the Dis-

covery STE and iterative True-X algorithm and TOF (Ultra

HD-PET) with two full iterations of 21 subsets. The True-

X algorithm incorporates an additional specific correction

for the point-spread function. The full-width at half max-

imum values of the Discovery STE and Biograph mCT

were 5.2 and 4.4 mm, respectively. A low-dose 16-slice CT

(tube voltage, 120 kV; effective tube current, 30–250 mA,

Discovery STE) and a low-dose 32-slice CT (tube voltage.

120 kV; the use of angular and longitudinal dose modu-

lation, CAREDose4D�, Biograph mCT) from the vertex to

the proximal thigh were performed for attenuation correc-

tion, and for determining the precise anatomic location of

the lesions before acquisition of the PET image. The CT

scan was reconstructed by filtered back projection into

512 9 512 pixel images with a slice thickness of 5 mm

to match the PET scan. The FDG-PET/CT, diagnostic CT,

Fig. 1 A whole-body scan for iodine-131 (a), CT (b), SPECT/CT (c),

and FDG-PET/CT (d) images in a 26-year-old man at his first RIT

session. The whole-body scan for iodine-131 showed diffuse uptake

in the bilateral lung fields and focal strong uptake in the right lower

lung field. The greatest dia. of the largest lung nodule was \5 mm.

SPECT/CT showed strong iodine uptake in the lung nodule but no

FDG uptake

Fig. 2 A whole-body scan for iodine-131 (a), CT (b), SPECT/CT (c),

and FDG-PET/CT (d) images in a 55-year-old man at his first RIT

session. The whole-body scan for iodine-131 showed no uptake in

bilateral lung fields. The greatest dia. of the largest lung nodule was

[1 cm. No iodine uptake on SPECT/CT but strong FDG uptake on

FDG-PET was found in the nodule

520 Ann Nucl Med (2016) 30:518–524
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and iodine-131 scintigraphy were performed within 5 days

of each other.

Analysis

The clinical data (age, sex, Tg level, and initial or recurrent

disease) and the image findings (size and FDG uptake of

lung nodules) were compared between the patients with

and without iodine uptake in their lung metastases. The

patients with high anti-Tg antibody were excluded from the

analysis of Tg.

In this study, the patients with recurrent disease were

those diagnosed with lung metastasis more than 1 year

after surgery for thyroid cancer. The patients with higher

iodine uptake in the lung compared to the mediastinum and

the patients with higher FDG uptake in lung nodules than

in the background were defined as positive for iodine and

FDG uptake, respectively.

For the analysis of lung nodule size, the greatest diam-

eter of the largest nodule was measured and classified into

the following three groups: (1) dia.\5 mm; (2) dia. 5 mm

to\1 cm; (3) dia. C1 cm.

Statistics

Statistical analyses were performed using JMP 11 software

(SAS Institute, Cary, SC). The Wilcoxon rank sum test and

Chi-square test were performed to analyze the differences

between cases with and without iodine uptake in lung

metastasis.

Results

Forty-four of the 86 patients (51.2 %) with lung metastasis

showed iodine uptake in the lung. There was no significant

difference in TSH level between the patients with and

without iodine uptake in the lung, both including and not

including the four patients with hormone-producing tumors

(data not shown).

The patients in the group without iodine uptake in lung

metastasis (n = 42, 48.8 %) were significantly older than

those with iodine uptake (n = 44, 51.2 %; p = 0.0005,

Table 1). Only 15 of the 46 patients (32.6 %) aged

60 years or older showed iodine uptake in the lung

metastasis, whereas 29 of the 40 younger patients (72.5 %)

did (Table 2).

Male patients (9 of 22 patients, 40.9 %) and patients with

recurrent disease (16 of 34 patients, 47.1 %) showed pul-

monary iodine uptake less frequently compared to the female

patients (35 of 64 patients, 54.7 %) and patients at their

initial diagnosis (28 of the 52 patients, 53.8 %) although

these differences were not statistically significant (p = 0.20

and p = 0.54, respectively, Table 1). The median Tg level in

Fig. 3 A whole-body scan for

iodine-131 (a), FDG-PET MIP

(Maximum Intensity Projection)

(b), SPECT/CT (c), and FDG-

PET/CT (d) images in a

57-year-old woman at her first

RIT session. The whole-body

scan for iodine-131 and FDG-

PET MIP image both showed

uptake in bilateral lung. Iodine-

131 and FDG uptake in the lung

nodules were detected on the

fusion images of SPECT/CT

and PET/CT
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patients without pulmonary iodine uptake (230 ng/mL) was

less than those with the uptake (401.5 ng/mL); however,

there was no significant difference in Tg level between these

two groups (p = 0.36, Table 1).

For the analysis of lung nodule size, we classified the

patients into three groups depending on the size of the

largest lung nodule. The patients with larger nodules were

significantly less likely to show iodine uptake (p = 0.015,

Table 3; Figs. 1, 2). In addition, we investigated the

relationship between FDG uptake and iodine uptake in the

lung lesions. The patients with FDG uptake in the lung

lesions were significantly more likely to have no iodine

uptake in the lung metastasis (p\ 0.0001, Table 3; Figs. 1,

2).

The patients were divided into two groups depending on

their age to assess the relationship between the flip-flop

phenomenon and patient age. The cutoff age was set at

60 years because the possibility of pulmonary iodine

uptake became less than 50 % when the patients were

60 years or older (Table 2). Among patients with FDG

uptake in the lung metastasis, 57.1 % of the young patients

(\60 years) showed iodine uptake while only 24.3 % of

the old patients (\60 years) did (p = 0.029, Table 4).

There was no significant difference in the possibility of

pulmonary iodine uptake between young and old patients

when FDG did not accumulate in lung metastasis

(p = 0.40, Table 4).

Discussion

In the present study, the relationship between patient age

and iodine uptake in lung metastasis was analyzed in detail.

Twenty-nine of 40 young patients under 60 years of age

(62.5 %) showed iodine uptake in lung metastasis, in

contrast to only 15 of 46 patients who were 60 years old or

older (32.6 %). Furthermore, 15 of 19 patients under

50 years of age (78.9 %) showed pulmonary iodine uptake

while only 2 of 11 patients who were 70 years old or older

(18.2 %) did. Our results showed a significant correlation

between patient age and iodine uptake in lung metastases,

which strongly coincides with the finding that older DTC

patients with distant metastases have worse prognoses

[7, 9, 16, 17].

In the present study, there was no significant difference

in pulmonary iodine uptake between male and female

patients, consistent with previous reports showing no sig-

nificant relationship between prognosis and gender

[7, 9, 18]. The previous report analyzing thyroid cancer of

children showed a better prognosis in patients whose dis-

tant metastasis was already detected when their thyroid

cancer was diagnosed [19]. On the other hand, no such

difference was found in a previous study on adult patients

Table 1 Clinical characteristics

of the 86 patients with

differentiated thyroid cancer

Age

(median)

Sex

(M:F)

Thyroglobulin

(median, ng/mL)

Initial:Recurrent

disease (Int:Rec)

Iodine uptake (?) n = 44 55 9:35 401.5 28:16

Iodine uptake (-) n = 42 63.5 13:29 230.0 24:18

p value 0.0005 0.20 0.36 0.54

The Wilcoxon rank sum test was used for the statistical analysis of age, sex, and Tg level. The comparison

of disease onset (initial or recurrent disease) was performed using the Chi-square test

Table 2 Patients’ age distribution according to iodine uptake

Age \40 40–49 50–59 60–69 C70

Iodine uptake (?) 6 9 14 13 2

Iodine uptake (-) 2 2 7 22 9

The number of patients in each range of age is shown

Table 3 Imaging findings in DTC patients with and without iodine

uptake

Size of the largest lung

nodulea\5:5 mm to

\1:C1 cm

FDG uptake

(positive:

negative)

Iodine uptake (?) 22:16:6 17:27

Iodine uptake (-) 13:12:17 34:8

p value 0.015 \0.001

The analysis of lung nodule size was performed by classifying the

patients into three groups according to the greatest dia. of the largest

nodule. The presence of FDG uptake was also compared between the

patients with and without iodine uptake in the lung lesions. The Chi-

square test was used for the statistical analysis
a Greatest diameter

Table 4 Relationships among patient age, FDG uptake and iodine

uptake

FDG (?) FDG (-)

Age\60 Age C60 Age\60 Age C60

Iodine uptake (?) 8 9 21 6

Iodine uptake (-) 6 28 5 3

p value

0.029 0.40

The numbers of patients are shown. Chi-square test was used for

statistics
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with thyroid cancer [7]. Our result showed no significant

difference depending on the timing of lung metastasis

onset, consistent with the previous study on adult patients.

The level of Tg is related to the amount and activity of

normal thyroidal or thyroid cancer cells, and the Tg level

increases noticeably when TSH stimulation is performed at

the RIT [20]. Our study showed a higher Tg level in patients

with pulmonary iodine uptake compared to those without it

though the difference was not statistically significant. The

production of Tg is low in patients with poorly differentiated

thyroid cancer and absent in those with anaplastic thyroid

cancer [20]. Our results might indicate a relationship

between the absence of iodine uptake in lung lesions and the

dedifferentiation of thyroid cancers.

The size of the largest lung metastasis was negatively

correlated with iodine uptake in the lung metastases of the

present patient population. The size of the largest lung

metastasis is probably correlated with either the period

from the occurrence of metastasis or the growth speed. It

was reported that macroscopic lung metastasis has a rela-

tionship with poor prognosis [9]. In that study, the size of

lung metastasis was analyzed on a chest X-ray, and was

[1 cm dia. Lung nodules were associated with a poor

prognosis. Here, we examined the size of lung nodules on

CT in greater detail, and the results suggested that simply

measuring the greatest diameter of the largest lung nodule

enables the prediction of iodine accumulation in lung

metastasis.

In our study, only 33.3 % of the patients with FDG-avid

pulmonary lesions had iodine uptake in the pulmonary

lesions, whereas 77.1 % of the patients with non-FDG-avid

pulmonary lesions had iodine uptake. This result is con-

sistent with the so-called ‘‘flip-flop phenomenon,’’ which

means that thyroid cancer lesions tend to not accumulate

iodine if they are FDG-avid [15]. This phenomenon can be

explained by the findings of a previous report in which

glucose transporter 1 (GLUT-1) expression was observed

in sodium iodine symporter (NIS)-negative specimens, and

NIS was expressed in most GLUT-1-negative specimens

[21].

The old patients were less likely to accumulate iodine in

lung metastasis when their lesions showed FDG uptake (9

of 37 patients, 24.3 %). However, more than a half of the

young patients with FDG uptake in lung metastasis also

showed iodine uptake (8 of 14 patients, 57.1 %). FDG

accumulation generally indicates dedifferentiation of thy-

roid cancer and decreased NIS expression. Thyroid cancer

is a unique malignancy because age is a key indicator of its

prognosis, although the reason for the relationship between

age and prognosis has not yet been fully defined [22].

Juvenile thyroid cancer has some differences with adult

thyroid cancer including a high NIS expression close to

normal thyroidal tissue [23]. This evidence suggests that

the lung metastases of young patients possess a high NIS

expression, which is sufficient to show iodine uptake even

when they somewhat dedifferentiate. Our results indicate

that the FDG-avidity of lung metastasis from thyroid can-

cer does not have the same implications for patients of

different ages.

One of the limitations is that this is a retrospective study,

although the consecutive patients who underwent FDG-

PET and RIT for DTC with lung metastasis were included.

Most lung metastases were diagnosed clinically. The

lesion-based analysis could be more informative to assess

the flip-flop phenomenon. However, it was difficult to

perform lesion-based analysis for several reasons including

the fusion of iodine/FDG uptake, misregistration of iodine/

FDG uptake in lung nodules and the large difference in the

number of lung nodules among the cases.

Conclusion

Our results show that higher patient age, larger size of lung

nodules, and FDG-avid lung nodules are related to a lack of

iodine uptake in the lung metastasis of patients with dif-

ferentiated thyroid cancer. There is an age difference in the

iodine/FDG ‘‘flip-flop’’ phenomenon of lung metastasis

from thyroid cancer; among patients whose lung lesions are

FDG-avid, young patients still have a good chance of

pulmonary iodine uptake while the chances of old patients

are much lower.
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