
their responses to radioiodine therapy, their quality of life and
theirsurvivalrate.

MATERIALS AND METhODS

PatientSelection
A retrospective analysis of 121 patients 18 yr and younger

attending the clinic over a period of 33 yr from 1963 to 1996 was
undertaken. Of these, 27 (22.3%) were found to have lung
metastases.

A standard protocol was followed for diagnosis and treatment of
pulmonary metastases. Of the 27 patients, I8 had undergone total
to near-total thyroidectomy and 9 had undergone partial thyroid
ectomy. At the time of initial presentation, all patients had
associated cervical nodal metastases and had undergone modified
or radical neck dissection. All patients were off thyroxine, iodine
containing drugs and ointments and iodized salt for at least 4 wk
before preradioiodine therapy diagnostic studies. Chest radiographs
were done in all patients before the diagnostic study. Serum
thyroglobulin (tg) determination was performed using an in-house
radioimmunoassay procedure.

Diagnostic Radioiodine Studies
Diagnostic 131!studies were performed after oral administration

of 37â€”185MBq (1â€”5mCi) 1311.Using a rectilinear scanner, neck
images were obtained at 48 or 72 hr. Radioactive@@@ I uptake in the
neck was determined with a conventional NaI (TI) detector system.
To assess any abnormal sites 13II retention in the body, a I20-hr,
whole-body profile scan was obtained using a shadow-shield
whole-body counter (14). Any abnormal peak on the profile scan,
corresponding to a particular region of the body, was subjected to
rectilinear scanning to detect metastases. Nineteen patients with
pulmonary metastases were found at the first postoperative evalu
ation.

Pulmonary Function Test
To assess pulmonary function damage due to therapy, pulmo

nary function testing was performed before and after radioiodine
therapy using a microprocessor-based spiroanalyzer. During the
study, the Ellis prediction equation was used and the percentage
predicted values of slow vital capacity (SVC), forced vital capacity
(FVC), FEVJ/FVC (forced expiratory volume at 1 sec/forced vital
capacity), FEV1/SVC (forced expiratory volume at I sec/slow vital
capacity), maximum voluntary ventilation and minute volume were
determined. Study interpretation using the Ellis equation was based
on a regression equation formulated by Knudson et al. (15 ). In all,
10 patients were evaluated by pulmonary function tests.

Technetium-99m-DTPA Aerosol Clearance Study
Pulmonary fibrosis due to radioiodine therapy was assessed by

determining the half-time clearance of 99mTc@diethyIenetriamine
pentaacetic acid (DTPA) aerosols. The procedure for preparing
99mTc..DTpA aerosol generation and administration, data acquisi
tion and analysis were the same as described earlier (16).

In this study, 27 patients less than 18 yr old with pulmonary
metastasesfromwell-differentiatedthyroidcarcinomawereevalu
ated to determine their response to 1311therapy. Methods Of 121
children and adolescents treated with 1311between 1963 and 1996,
27 patients had pulmonary metastases associated with nodal dis
ease. Treatment response from 1311was measured by three param
eters: chest radiograph, scintigraphic images and serum thyroglob
ulin levels. Total activity of 1311administered ranged from 4.6 GBq
(125 mCi) to 38.7 GBq (1.05 Ci). Four patients were given one
treatment, 8 were given two treatments, 4 were given three treat
ments and 11 were given more than three treatments. Radiation
doses to the lungs were estimated in 14 patients using the MIRD
methodology. The minimum duration of follow-up was 6 mo. Re
suits: At the time of initial presentation, diagnostic 131@studies
revealed bilateral radioiodine uptake in the lungs in 19 (70.4%)
patients, whereas 12 (44.4%) patients had abnormal chest radio
graphs. One patient was lost to follow-up and was excluded from
the study. Of the 26 patients studied, complete ablation of pulmo
nary metastases was observed in 8 (30.8%), partial ablation in 17
(65.4%) and there was no response to treatment in 1 (3.8%).
Dosimetric parameters such as radioiodine uptake as a percentage
of therapeutic activity, effective half-lifeand radiation dose delivered
to the lungs were evaluated with each therapy. There was a
progressive decline in each of these parameters with successive
therapies. No correlation was observed between the radiation dose
delivered and the response of pulmonary metastases to therapy.
The number of therapies and amount of radioiodine administered
had no influence on the ablation response. Of the 26 patients, 13
had a follow-up duration of less than 5 yr, 7 had 5â€”10 yr and 6 had
more than 10 yr. One patient developed new metastases after 7 yr of
diagnosis and treatment. One patient died of the disease after 4 yr.
All surviving patients were asymptomatic and leading normal lives.
Conclusion: Complete response of pulmonary metastases after 1311
therapy is difficult to achieve. A partial response with reduction of
metastatic disease is possible and, in general, the patients had a
good quality of life with no further disease progression and a low
mortalityrate.

Key Words: radioiodine; thyroid cancer@pulmonary metastases;
children; adolescents
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AlLIthoughwell-differentiatedthyroidcancerisusuallyassoci
ated with a good prognosis, especially in patients younger than
40 yr. in children it tends to be more aggressive with a higher
incidence of nodal and pulmonary metastases. Pulmonary
metastases may develop in S%â€”9%ofpatients during the course
of the disease, and this may indicate an adverse prognosis
(1â€”13).Therefore, early diagnosis and treatment of pulmonary
metastases would optimize survival. In this study of27 patients
less than 18 yr old with pulmonary metastases, we analyzed
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Chest radiography Scintigraphy

12 19

*Pulrr#*@ymetastases in 5 patients were detected on first post-treat
meritscans and in3 patients were deteCtedon subsequent follow-upafter
the firstablationtherapyfor residualthyroidtissue.

patients. The radioiodine uptake in the neck in these patients
ranged from 0.1% to 29.9%, with a mean (Â± s.d.) uptake of
10.3% Â±10.4%. Among these 19 patients, a diffuse homoge
neous concentration was seen in 16 (84.2%), whereas in 3
(15.8%) patients, there were additional areas of focal uptake. Of
the 8 patients in whom pulmonary metastases failed to show
concentration at the time of their first diagnostic studies, 5
patients had pulmonary metastases after first therapy on post
therapy scans. In these 5 patients, the radioiodine uptake in the
neck ranged from 6.6% to 14.0%, with a mean (Â±s.d.) uptake
of 10.0% Â±2.6%. In the remaining 3 patients, pulmonary
metastases were detected only on follow-up diagnostic studies.
However, in all these patients, there was a considerable uptake
of 131I (3 1.6%, 30.9% and 25.6%, respectively) in the residual
thyroid tissue at initial presentation.

Chest radiography showed lung metastases in 12 (44.4%)
patients and was normal in 15 (55.6%) patients. Of the 12
patients who had metastases on the chest radiograph, 6 (50%)
had bilateral macronodular and focal lesions, whereas the
remaining 6 had diffuse micronodular lesions (Table 1).

Table 2 is a detailed tabulation of all the patients with
pulmonary metastases. Thirteen patients had a follow-up period
ofless than 5 yr, 7 had a follow-up interval of5â€”lOyr and 6 had
more than 10 yr. One patient was lost to follow-up and was
excludedfromthe study.Amongthe 26 remainingpatients, 13
had follow-upofless than 5 yr. 7 had follow-upof 5â€”10yr and
6 had follow-up of more than 10 yr. The long-term follow-up
(> 10yr) in 6 patientswasasfollows: 27 yr for 1patient,20-22
yr for 2 patients, 16 yr for 1 patient and 12â€”14yr for 2 patients.

Table3 showsthe responseof lungmetastasesto radioiodine
therapy and the total amount of administered radioiodine
activity. The maximum individual therapeutic dose administered
was 9.44 GBq (255 mCi). The mean individual dose of radioiodine
given was 4.85 Â± I .89 GBq (13 1.2 Â± 5 1. 1 mCi). A complete
response was demonstrated in only 1 of7 patients (14.3%) despite
total radioiodine activity of3 1.1 Â±4.4 GBq (840.5 Â±118.9 mCi),
resulting from five or more therapies. Five patients showed a
partial response and 1 showed a poor response to treatment. There
was progressive disease in the neck with intratracheal infiltration in
this patient. A complete clearance of pulmonaiy metastases after
three or four therapies was observed in 3 of 8 patients (37.5%),
whereas partial ablation was observed in 5 (62.5%) patients and the
total activity administered was 17.6 Â±5.0 GBq (475.7 Â±135.1
mCi).In thosegivenone or two therapies,therewere4 patients
(36.4%)with a completeresponseand 7 (63.6%)with a partial
response, even with a therapy dose of 8.5 Â±3.0 GBq (229.7 Â±
81.1 mCi).

In this study,variousdosimetricparametersafter each ther
apeutic dose were estimated and are shown in Figures 1, 2 and

Therapeutic lodine-131 Studies
Patients having residual thyroid tissue, nodal and/or lung metas

tases and showing an@@ II concentration on their diagnostic recti
linear scans were given a therapeutic dosage of radioiodine.

After treatment,the exposure rates using a beta-gamma exposure
rate meter (BGERM) were measured daily over the neck, both
lungs posteriorly and over the thigh. All patients were isolated until
their whole-body â€˜@II activity retained was less than or equal to I .1
GBq (30 mCi). Each patient had a post-therapy whole-body scan to
detect any metastases present that might have been missed on the
diagnostic scan.

We had earlier described a technique for quantitation of 1311
uptake in the lung (16). Based on those findings, we estimated that
37 MBq (1 mCi) â€˜@â€˜idistributed in the lung tissue would corre
spond to an exposure rate of 25 mR/hr measured using a BGERM.
The assumption was that there was a homogeneous distribution of
radioiodine in lung tissue. Using the above relationship, radioio
dine uptake in the lung was estimated as a percentage of the
administered therapeutic activity after converting the BGERM
exposure rate measurement to GBq@@@ I present in the lungs after
subtracting background circulating activity exposure rate as mea
sured over the thigh. From the net sequential readings of exposure
rate, the effective half-life of@@ II in lung metastases was calcu
lated. Lung mass was obtained indirectly for each patient depend
ing on age and gender nomograms and tables obtained for a
standard Indian man (1 7). Since all our patients had a bilateral
diffuse lung uptake with or without micronodular or macronodular
metastases, the lung mass was assumed to correspond to the
metastastic tissue. Using the parameters of uptake, effective half
life and lung mass, the radiation dose to lung after each therapy was
estimated using the Medical Internal Radiation Dosimetry method
(18).

Criteria for Ablation
To assess the efficacy of therapy, diagnostic studies were

repeated with 111â€”185 MBq (3â€”5mCi) 13II, 6â€”12mo after
therapy. A rectilinear I :1 dot scan of the chest was obtained. A
chest radiograph and serum tg estimation were also carried out.

Based on the scan findings, radiograph and serum tg values, the
response of metastases to@@@ I treatment was classified as either
complete response, partial response or no response. Response was
considered complete when there was either no evidence or very
minimal visual evidence of@@@ I concentration on the 1:1 dot scan
in the chest region, the chest radiograph was normal and serum tg
was less than 10 ng/ml in the hypothyroid status (our values for
athyreotic patients with no metastases were less than 10 ng/ml
using an in-house radioimmunoassay). Response was considered
partial when any one of the parameters of the scan, radiograph or
serum tg indicated that the disease presence was less than that
observed at the initial presentation. If after one or more therapies,
the concentration of@@ II on the scans along with high serum tg
levels and chest radiograph findings appeared the same as observed
earlier, the response was classified as no response.

RESULTS.Thehistologicalclassificationofdifferentiatedthyroidcarci
noma was mixed papillary/follicular carcinoma in 6 (22.2%)
patients, papillary in 19 (70.4%) patients and follicular in 2
(7.4%) patients.Eight (29.6%) patientswere younger than 10
yr, 13 (48.2%) patients were 10â€”!5 yr and 6 (22.2%) patients
were older than 15 yr. There was a preponderance of female
patients (n = 19), with a female-to-male ratio of 2.4: 1. All
patients had associated cervical nodal metastases.

At the time of initial presentation, diagnostic 1311 studies
revealed the presence of pulmonary metastases in 19 (70.4%)

TABLE I
Detection of Pulmonary Metastases at InitialPresentation by

Radiology and D@gnostic WhOle-BOdyRadk@odine
Scintigraphy Studies

Bilateral
D@fusem@ronodular
Diffusemacronodular

Unilateral
Nom@al

6300158*
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PatientChest
radkgraph1311 scanSerum tg(ng/mF)(%

FEy1)clearance (mm)Overallfollow-upTreatmentno.lnitial*lnitial*@ftlnitial*[@t(yr)response

*Findi@at initialpresentation.
t@j@yJ@@ at last follow-up.

*Pulmonary metastases were detected in 3 patients on subsequent f@w-up after the first ablation therapy for residual thyroki tissue.
@Pulmonarymetastases were detected in 5 patients on firstpost-treatment scans.
@Bilateralbasal bronchiectasisdevelOped.

tg = thyroglobulin; PR' = pulmonary function tests; + + + = avid concentration; + + = mild concentration; + = minimal 1311concentration in pulmonary
metastases- = absence of 1311concentration ND = not done CR = complete response PR = partial response NA= no response.

No. ofRange
of 1311activity

administered(GBq)ResponseCompletePartialNonetherapies(Mean
Â±s.d.)(n = 8)(n = 17)(n =1)1

or24.6â€”13.747â€”(n
= 11)(8.5 Â±3.0)(36.4%)(63.6%)3or410.4-26.435â€”(n

= 8)(1 7.6Â±5.0)(37.5%)(62.5%)5
ormore24.7-38.7151(n

= 7)(31 .1 Â±4.4)(14.3%)(71 .4%)(14.3%)

TABLE 2
Investigations, Follow-Up and Treatment Response in Children and Adolescents with Pulmonary Metastases

1NormalNormal+ ++â€”ND226.6CR2NormalNormal-@-ND321.8CR3PositiveNormal+

+ +â€”NDND21.0CR4NormalNormal+
++-NDND13.7CR5PositivePositive+

+ +++593163667812.9PR6PositivePositive+

++â€”20005756016.2PR7NormalNormal+

+++212302.3PR8NormalNormal+++â€”14465.6CR9PositivePositive+

++â€”216159.1PR10PositivePositive+

+ ++ ++243220009.8NA1

1PositivePositive@+ +++7623122468.1PR12NormalNormalâ€”@â€”21742935.5PR13PositivePositive+

+++100037367847.3PR14NormalNormal+++-2273801103.8CR15PositiveNormal+

++-1000552CR16NormalNormalâ€”@-683153.4PR17NormalNormal+

+ ++1 10781.7PA18PositivePositiveâ€”@â€”10674796463.0PA19NormalNormal++++129193964.7PR20PositivePositive+

+ ++ +56210001.4PA21NormalNormal-@+163731.0PR22NormalNormalâ€”@+

+218102800.7PA23NormalNormal-@-ND91

.0CA24NormalNormal-@+ND3600.8PR25PositivePositive+

+ +++ND0590.7PA26NormalNormal+

+ +-66500.7PA

3. The radioiodine uptake (Fig. 1) in the pulmonary metastases
at the time of the first therapy ranged from 2.7% to 49.4% with
a mean ( Â±s.e.m.) of I7.7% Â±3.0%, and the effective half-life
(Fig. 2) ranged from 8.1 hr to 120 hr with a mean (Â±s.e.m.) of
46.8 Â±7.2 hr. The radiation dose delivered to the lungs (Fig. 3)
from the first therapy varied from 47 cGy to 4736 cOy with a
mean (Â±s.e.m.) of 1094 Â±309 cGy. With each therapy, there
was a progressive reduction of lung uptake, effective half-life
and radiation dose delivered to the lungs. The maximum fall
was observed between the first and second therapies and the
next maximum between the second and third therapies. There
after, the changes were minimal.

The cumulative dose (sum of the radiation dose from all
treatments) ranged from a minimum of 47 cGy to 7482 cGy.

Table 4 is an analysis of the radiation dose delivered and the
response of pulmonary metastases. Of the 26 patients, complete
dosimetric data from consecutive therapies were available for
only 14. Three patients showed a complete response and the
mean (Â±s.d.) cumulative dose to the lungs in this group was
795 Â±285 cGy. Ten patients showed a partial response and the
mean (Â± s.d.) cumulative dose was 1784 Â±2232 cGy. One
patient showed no response to radioiodine therapy and the
cumulative dose in this patient was 5655 cOy. An analysis for
predicting the response to radioiodine therapy on the basis of
the initial lung uptake,effectivehalf-lifeand radiationdose to
the lungs showed no correlation with the final response. None
of the dosimetric parameters was able to predict the eventual
response to therapy. The reduction in lung uptake of radioiodine

TABLE 3
Radioiodine Therapy and Response of Pulmonary MetaStaSeS
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Response to
treatmentTotal
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Mean Â±s.d.

*@mpl@e and consecutive dosimetric data from all therapies were
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25 1,600@

I ,400@
WIlts. ai* Uses Â±8EM

n=17

n19

nzllI + nâ€”3

nâ€”I? VWiiis ais N.m Â±SEM

nâ€”i.

:@:::::: nâ€”il

...........@ nâ€”s

r@!ir+1r@irz:

20

15

10

5

0.

wz
0
0

p
I 2 3 4 5 6 7

NO.OFTHERAPIES

FIGURE1.Radioiodineuptakeinlungswitheachtherapy. FIGURE3. Cumulativeradiationdoseto lungswitheach radioiodinetherapy.

with each therapeutic dose may indicate the degree of treatment
response.

Serum tg levels were estimated before therapy and at every
follow-up. At our center, an in-house radioimmunoassay for
serum tg was developed in 1980, so data of serum tg at the time
of initial presentation in patients who attended the clinic before
1980 was not available. Of the 24 patients in whom serum tg
was estimated on follow-up, 8 (33.3%) had a serum tg concen
tration of less than 10 ng/ml, a cutoff value for disease-free
status in the hypothyroid condition.

Chronic radiation fibrosis was evaluated by 99mTc..DTPA
aerosol clearance studies. The half-time of normal clearance

was 5 1 Â±17 mm. Six patients were studied annually for 4 yr
before radioiodine therapy was given. One showed a low
normal value of aerosol clearance. Spirometry studies to assess
pulmonary function were also completed for 10 patients. One of
these showed evidence of severe restrictive lung disease, 3
showed moderate restrictive disease, 2 showed mild restrictive
disease and the remaining 4 were normal. The patient with
severe restrictive lung disease and low normal@ mTc..DTPA
clearance has remained unchanged for up to 4 yr until the last
follow-up 1 yr ago. This patient was symptomatic with dyspnea
on exertion and repeated attacks of lower respiratory tract
infection. The patients with moderate and mild restrictive
disease were asymptomatic, and their 99mTc@DTPAclearance
values remained normal.

Recurrence of Metastases
Recurrence of metastatic disease was observed in 1 of the 26

patients studied. This patient developed cervical nodal and bony
metastases after an interval of 4 and 7 yr, respectively.

DISCUSSION
Thyroid cancer in children has been associated with the onset

of puberty, a fact that was corroborated by our own study and
by several other authors (8, 19â€”25). Pulmonary metastases in

TABLE 4
Response of Pulmonary Metastases and Total Cumulative

Radiation Dose*

nâ€”li

I ValuesareMeanÂ±SEM
nâ€”IS

n-Il

.............. .............. J nâ€”s

I@+in-l
@ ..:â€¢... :.::.::@ :@:::.:::::.:@:@

NO. OF THERAPIES

50

@40
-J

@30

0
Complete(n=3)584â€”1198795Â±285Partial

(n = 10)47â€”74821784 Â±2232None
(n = 1)5655

FiGURE2. Effectivehalf-lifeofradioiodineinlungswitheachtherapy.
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children, usually present with cervical nodal enlargement and a
diffuse micronodular pattern on chest radiographs, can often be
misinterpreted as tuberculosis especially in areas where tuber
culosis is endemic. This often leads to a delay in diagnosis
because antitubercular treatment is given for several months. A
significant number of children in this study were initially given
antitubercular treatment.

Postoperative radioiodine evaluation immediately after pri
mary thyroid disease surgery plays an important diagnostic role
in pulmonary metastases. In the 27 patients, 12 (44.4%) had a
normal chest radiograph, and 19 (70.4%) had bilateral radioio
dine concentration in the lungs at the time of initial presenta
tion. Five patients (1 8.5%) were diagnosed with pulmonary
metastases only on a post-therapy scan after the first treatment,
at which time there is always some residual tissue in the thyroid
bed. However, in 3 patients who had considerable neck uptake
(>25%), even the post-therapy scan failed to show concentra
tion in the lungs. After ablation of the residual thyroid tissue,
pulmonary metastases were detected on the follow-up diagnos
tic studies in these 3 patients. The prevalence of pulmonary
metastases in children varies from 5% to 20%. The variations in
prevalence of lung metastases could be attributed to the bias of
the referral pattern in various studies (1â€”3).In those studies that
depended on only chest radiographs as evidence of lung
metastases, the prevalence was lower than for those that
depended on the lung concentration of radioiodine. If residual
thyroid is not ablated either surgically or with radioiodine,
detection of pulmonary metastases may be missed, as suggested
by our data.

Most patients with pulmonary metastases had a papillary or a
folliculopapillary variant of well-differentiated thyroid cancer.
Follicular carcinoma was rare. This is at variance with a higher
prevalence of follicular carcinoma with lung metastases in
adults.

The treatment of lung metastases with radioiodine has been
recommended by several physicians (22â€”27).The amount of
radioiodine and the number of therapies required are usually
more than that needed for ablation of residual thyroid and
cervical nodal metastases. Reports indicate that up to 18.5 GBq
(500 mCi) in five to six separate doses may be needed for lung
uptake to diminish and chest radiographs to become negative,
and this may take 6â€”75mo. We made a similar observation. In
patients who showed a partial response, the reduced tumor
burden persisted during the follow-up period, but the patients
were stable and asymptomatic. It was also interesting to note
that the effective half-life of radioiodine in the lungs was
shortened and the radioiodine uptake in the lung metastases was
lower with each therapy, which suggests either a reduction in
the tumor burden or a loss of function of the metastatic cells for
retaining radioiodine. Because chest radiographs cleared with
treatment and the serum tg levels also reduced progressively, it
is possible to assume that the reduction of radioiodine uptake
and the effective half-life were related to the reduction in tumor
burden.

For all age groups, the response of pulmonary metastases
from well-differentiated thyroid carcinoma after 13II therapy
has been reviewed recently, wherein the rate of complete
response of pulmonary metastases has been reported to range
from 17% to 83% (27). In this study, a complete response was
observed in 8 of 26 patients (30.8%).

The probable explanation for requiring a larger amount of
radioiodine and several therapies could be the fact that the
tumor was spread over a large volume (mass) of the lung and,
as shown in our data, the radiation dose that could be delivered
was small and spread over a wide area. The cumulative

radiation dose from all therapies in the group of patients who
showed a complete response ranged from 584 cGy to I I98 cGy,
in the partial response group it ranged from 47 cGy to 7482 cGy
and in the patient who showed no response it was 5655cGy.
There was no statistical difference observed in the dose deliv
ered in these groups (j > 0.4). The possible explanation for this
observation could be that although there is a concentration of
I3 1! in pulmonary metastases, the cancer may have been so

small that the beta particles emanating from I3I@possibly exited
the tumor and much ofthe energy ofthe radionuclide decay was
deposited outside the target cell. It has been shown that, for
cervical nodal metastases, 8000 cGy should be deposited in the
tumor tissue for its effective ablation and destruction. This dose
ofradiation can never be delivered to the lungs in one treatment
unless therapy doses of22.2â€”25.9 GBq (600â€”700mCi) or more
are given, and the lung uptakes are very high. The gradual
reduction in the metastatic burden needs to be achieved over
several therapies. The major limitation in the estimation of
radiation dosages to lung metastases is determining the meta
static mass. On diagnostic radioiodine studies, even though a
uniform distribution of 131! in the lungs is visualized, the
metastases are usually micronodular and not seen on chest
radiographs. Since it is impossible to calculate the mass of
pulmonary metastases, mass of the lung tissue can only be
assumed to estimate the dose delivered to the lungs.

Radiation fibrosis as a result of several therapies could be an
anticipated complication. In this study, we evaluated the 99mTc
DTPA aerosol clearance as a measure of radiation fibrosis.
Values of less than 21 mm are considered indicative of
interstitial fibrosis induced by radiation. One of the 6 patients
studied had shown evidence of rapid 99mTc@DTPA clearance,
indicating radiation injury or pneumonitis. The values returned
to normal 4 yr after the last treatment despite the persistence of
severe restrictive disease leading to early bronchiectasis. This
suggests that 99mTc..DTPA clearance is a better indicator of
radiation pneumonitis or injury than of delayed changes of
fibrosis. This patient also had symptoms of exertional dyspnea
and a tendency toward repeated respiratory tract infections.
Pulmonary function tests indicated by the FEV1 and VC
showed evidence of moderate to severe restrictive lung disease
in 4 of 10 patients, indicating that the restriction of pulmonary
ventilation was due to the extent of pulmonary metastases.

One patient got married and had three pregnancies and
deliveries without experiencing any complications.

One patient with Hurthle cell carcinoma not included in the
study had rapidly progressive disease spreading to the bones
and brain, which resulted in death within 2 yr. Recurrence of
metastases at other sites after treatment was observed in only I
of the 26 patients. In this patient, recurrent nodal metastases
developed after 4 yr and metastases to the ribs after 7 yr.

One 18-yr-old woman died 4 yr after onset of pulmonary
metastases of a papillary carcinoma. Her response to radioio
dine after the first therapy was poor, the pulmonary disease
progressed, she had intratracheal disease necessitating a perma
nent tracheostomy and she died of respiratory failure. This
indicates that, although mortality is low (3.7%), it does occur,
and the disease is not as uncomplicated and benign as suggested
by other studies (19â€”24).

CONCLUSION
In general, the prognosis was good. The patients led normal

lives despite persistent, but stable, pulmonary metastases and
were asymptomatic.
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patient-by-patient basis and of 91 % (78%â€”100%)on lesion-by
lesion basis for 18F-FDG.The sensitivity of se@@@Tc@furffosminappears
to be poor,evenforcervicaland mediastinaltumormanifestations
where the value of 20111-chlorideis established.

Key Words technetium-99m-furifosmin; differentiated thyroid car
cinoma; fluorine-i 8-fluorodeoxyglucose; PET

J NucI Med 1998; 39:1536-1541

Tec@metium-99m-t'urifosminis a newtechnetium-labeled
agent for myocardial perfusion imaging (1â€”5).It is composed
ofan equatorial Schiffbase ligand and two transaxial phosphine
ligands (l,2-bis(dihydro-2,2,5,5-tetramethyl-3(2H)-furanone-4-
methyleneamino)ethane and tris(3-methoxy-propyl))phosphine.
It is a lipophilic cationic agent (4 ). Rosetti et al. (2 ) described
good heart uptake without significant washout up to 5 hr.

There is a variety of cardiac perfusion agents with a@glica
tions in oncolo@ical imaging, such as, 201Tl-chloride, mTc..
sestamibi and 9@'Â°'Tc-tetrofosmin(6). The myocardial kinetics
of 201T1-chloride, 99mTc@sestamibi, 99mTc..tetrofosmin and
99mTcffirifosmin are different (5). In the literature, 201T1-
chloride imaging in metastases of differentiated thyroid carci
noma (DTC) is an established method (7â€”14). Because of
superior physical charcteristics of 99mTc and reduced radiation
exposure there is a trend to prefer technetium-labeled agents
(14â€”20). None of the approved radiopharmaceuticals has per
fect diagnostic accuracy. Therefore, the investigation ofthe new
agent 99mTc4.@rifosmin for thyroid cancer imaging seems to be
justified. The uptake-mechanism of99mTc@furifosmin in normal

Tumor scintigraphy with flow tracers, such as 20111-chloride,has an
established role in the follow-up of differentiated thyroid cancer. We
investigated a new tracer, @â€˜Tc-furifosmin(Technescan Q12,
Mallinckrodt Diagnostika, Hennef, Germany), in patients with ele
vated thyroglobulin levels or sonographic suspicion of lymph node
metastases or recurrent disease. Methods: In a prospective study,
we examined 20 patients with @Tc-furffosmin.Allpatients under
went a 18F-fluorodeoxyglucose (FDG) PET scan of the neck and
chest Positive se@@Tc@furffosminfindings were validated by biopsy,
1311 scan, CT or 18F-FDG PET examinations. Results: In three
patients with cervical lymph node metastases detected on a planar

@Â°Tc-furifosminscan, we found a rapid tracer accumulation in the
tumor (maximum < 2 mm) and a significant washout in 2 of 3
patients after 4 hr. The visual contrast and the tumor-to-nontumor
ratio was rather poor (average 1.2:1). In 3 additional patients, 3
pulmonary and 2 mediastinal lymph node metastases were de
tected by the @â€œTc-furifosminSPECT scan. Two patients were
true-negative, and in 13 of 18 patients, the tumor could be localized
by â€˜8F-FDGPET (10 cervical, 6 mediastinal, 4 pulmonary metasta
ses, 1 bone metastasis); 5 patients were false-negative. In3 of these
false-negative cases we could not localize the tumor with other
diagnostic methods. Two patients had a true-negative PET exami
nation. Conclusion: The statistical analysis of our data on
furifosmin reveals that the sensitivity and 95% confidence interval of
33% (11%â€”56%)on a patient-by-patient basis and of 34% (17%â€”
57%) for the lesion-by-lesion analysis is significantly lower than the
sensitivity and 95% confidence interval of 72% (50%â€”89%)on a
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