
indirect, currently available, is that offered by retrospective
studies.

Our own series now comprises 394 patients with lung and
bone metastases and provides complementary data to previous
reports (7, 12â€”14)which show that radioiodine treatment has
been clearly beneficial to a remarkable proportion of patients
with lung metastases. It also suggests the need to investigate
other treatment modalities for patients with massive metastatic
dissemination.

METhODS

P@ents
From 1950 to 1992, 2200 patients with differentiated thyroid

carcinoma were treated at our institution, 394 of whom had lung
and/or bone metastases. Two patients with struma ovarii and 16
patients with unusual metastatic sites (brain in seven patients, liver
in three, skin in three, brain and skin in one, adrenal in one and
parotid gland in one) were not included in the study.

The study was terminated on July 3 1, 1992. Twenty-two patients
were lost to follow-up before July 31, 1990. The median follow-up
was 50 mo (range, 1â€”597mo) after discovery of the metastases;
175 patients underwent follow-up for more than 5 yr, 91 for more
than 10 yr and 45 for more than 15 yr.

Thyroid tumors were classified histologically as papillary in 172
patients, follicular welt-differentiated (FWD) in 28 patients and
follicular less-differentiated (FLD) in 173 patients, according to
WHO recommendations (15). Patients with an anaplastic compo
nent as well as those with atypical histologic features and negative
immunostaining for antibodies directed against thyroglobulin (Tg)
were excluded from the study. No surgical specimens were
available from 2 1 patients for microscopic examination; origin of
the metastases in the thyroid was demonstrated by@ II uptake in
the metastases.

ThyroidTumor Treatment
Thyroid surgery had been performed in 87% of the patients and

lymph node dissection in 54% before treatment of the metastases
(16). One-third of the patients treated surgically received postop
erative external radiotherapy to the neck (I 7), while 36% without
detectable metastases were given an ablative dose of 100 mCi â€˜@â€˜I.
Thirteen percent ofthe patients, who had multiple and large distant
metastases at presentation, did not have surgery but rather, were
treated only with radioiodine and/or external radiotherapy to the
neck.

Patient Follow-up
From 1960 on, all patients were given L-Thyroxine (LT4)

treatment postoperatively to suppress TSH secretion; serum TSH
levels were assessed by a radioimmunoassay and by sensitive TSH
measurements. Whole-body@@ II imaging was performed once a
year for the first 2 yr and then every 5 yr thereafter. To achieve
optimal endogenous TSH stimulation (18), LT4 therapy was

We assessed the therapeutic benefits of 1311treatment in patients
with distant metastasesof differentiatedthyroid carcinoma. Meth
ode: Of 2200 pat@ntstreated for dtfferent@atedthyroid carcinomaat
our institution, 394 had lung and/or bone metastases. Results
Two-thirds of the patients had 1311uptake in their metastases,but
only 46% achieved a complete response. Prognostic factors for
complete response were: younger age, presence of 1311uptake in
the metastasesand small extent of disease.The survn,alrate was
33% at 15 yr. As shown by multivariateanalysis,favorableprognos
tic factors for survival were: younger age and time of metastases
detection, well-differentiated histologic type of the thyroid tumor,
presence of 1311uptake in the metastases, small extent of the
diseaseand year of discovery of metastases.Conclusion: In terms
of survival, the benefits of 1311therapy cannot be demonstrated by
prospective controlled studies. The present study clearly demon
strates,however,that treatmentwith 1311is one of the factors WhICh
accounts for survnial;patientswhose metastasesconcentrated 1311
andwhocouldbetreatedwithradiolodinehadhighersurvivalrates.
Patents who achieved complete response foikwing treatment of
distant metastases had a 15-yr survival rate of 89%, Whilethose
who did not achievecomplete responsehad a survival rate of only
8%. The survival rate improvedwith the yearof discovery of distant
metastases,after 1311total-body imaging and serum thyroglobulin
measurementswere routinelyused.
Key Words: metastases; thyroid carcinoma; iodine-131; external
radiotherapy

J Nuci Med 1996;37.598â€”605

DistantmetastasesoccurinS%â€”23%ofpatientswithdiffer
entiated thyroid carcinoma (1â€”11). Follow-up data of the few
large patient groups reported to date, however, are far too
limited to allow assessment ofthe long-term results of treatment
and potential prognostic factors. These variables are closely
interrelated, but multivariate analysis of such factors has been
performed in only three studies (7, 9, 11 ). These obvious short
comings account for the obscure picture ofthe natural history of
metastatic disease in differentiated thyroid carcinoma and of the
real benefits ofradioiodine treatment and external radiotherapy.

In a previous report, (7) we showed how limited disease at
the discovery of metastases affected remission and survival
rates after radioiodine treatment, a finding which has been
recently confirmed by an additional multivariate analysis (11).
Notwithstanding, the benefits of radioiodine treatment have
been questioned in the absence of visible metastases on plain
radiographs, and it has been contended that prolonged survival
in patients treated with radioiodine is actually a direct result of
early detection of metastases (9). Unfortunately, prospective
randomized studies addressing this question wilt not be corn
pleted in the near future, and the only evidence, although
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discontinued, T3 was given for 3 wk and then was withdrawn for
2 wk before performing the scan. Serum TSH and Tg levels were
measured, and a TBS was performed 72 hr after the administration
of 2â€”5mCi I31I on a whole-body double-probe rectilinear scanner,
which has since been replaced by a homemade digitized whole
body scanner with two opposed heads equipped with an adapted
collimator and a thick crystal (4â€•)that provides high detection rates
for 131!emitted photons. After the anterior and posterior views
were acquired the geometrical mean of the two images was
calculated to minimize the depth dependance ofthe pixel's content.
The amount ofradioactivity was then determined by drawing ROIs
directly on the geometrical mean image. During calibration, patient
thickness was taken into account. It appeared that the presence of
bones did not significantly affect the counting rate. The sensitivity
of this scanner is 1 p@Ciover the lungs and 0.1 @Cifor point
sources. A chest radiograph was obtained at the time of the â€˜@â€˜I
whole-body scan. Bone radiographs were not performed routinely
but rather, were limited to patients who had positive 13II skeletal
uptake and/or symptoms indicative of bone disease.

Patients without any evidence ofdisease after initial treatment of
the thyroid tumor had an annual clinical examination and serum T4
and TSH measurements. Serum Tg determination was added to the
annual follow-up from 1977 on (19â€”21). In five patients, interfer
ences precluded serum Tg determination. In a previous study,
serum Tg was measured during LT4 treatment in 349 patients who
had no detectable disease after initial treatment. Tg was undetect
able in 345 and ranged from 1 to 2 ng/mt in the other 4. After
thyroid hormone withdrawal, the serum Tg level remained unde
tectable in 88% of these patients and was below 6 ng/mt in the
other patients (21 ). Due to the high specificity ofTg measurement,
a detectable Tg level during LT4 treatment led immediately to a
I3 II whole-body scan.

Estimating Extent of Metastases
The extent of metastases was estimated by evaluating isotope

scan and roentgenograms. Category 1 included patients with
normal chest and bone radiographs whose metastases were visual
ized on I3II whole-body scans. Patients in category 2 had mi
cronodular lung metastases that were radiologically smaller than 1
cm (22) or a single bone metastasis identified by x-ray. Patients in
category 3 had either macronodular lung metastases or multiple
bone metastases.

Treatment of Patients with Metastases
Patients with radioiodine uptake in metastases were treated with

radioactive iodine at a standard dose of 100 mCi in adults and 1
mCi/kg body weight in children. A whole-body scan was per
formed 5 days after each treatment, and LT4 treatment was
resumed to achieve total suppression of TSH secretion. Patients
with any radioiodine uptake in residual metastatic disease under
went another â€˜@ â€˜Itreatment 3â€”6 mo later. No diagnostic whole
body scans were obtained for patients with known metastases
before 1311therapy. A total of 348 patients were treated with 1311
for distant metastases, with a mean cumulative dose of 3 19 Â±239
mCi (range: 3 1â€”1425mCi). There was no theoretical limit for the
maximal cumulative dose of I3I

In patients who had abnormal bone or lung radiographs and high
uptake in the thyroid region, 100 mCi I311were administered to
ablate the thyroid remnant. Even in the absence of detectable
metastatic uptake, another I00 mCi I31I were given 3 mo after
ablation to search for I3II uptake in metastatic disease.

Patients with detectable Tg levels during LT4 treatment, or
increasing serum Tg above 5 ng/mt following LT4 withdrawal and
no other evidence of disease, were administered 100 mCi â€˜@ I@ with
a whole-body scan 5 days later (23 ). When patients with elevated
Tg levels demonstrated no uptake on post-therapy 1311whole-body

scan, a complete work-up was performed, including neck and chest
CT and bone scintigraphy.

Patients with radiographically visible bone metastases received
external radiotherapy (17) [30 Gy (3000 rads) in 15 days or 45 Gy
in 28 days], in association with 1311therapy in I 15 patients, or as
the sole treatment in 22 patients whose metastases did not concen
trate I31I Iodine- I3 1 treatment was given before external irradia
tion and in case of â€˜@ 11uptake, therapy was repeated 3 mo or later
after its completion.

Seventy-one patients with bone metastases had surgery because
of orthopedic or neurological complications or because they had a
high risk of such complications. Total excision was performed in
only one patient with a single vertebral metastasis.

No response was found in 48 patients with progressive disease
treated by chemotherapy using either a single agent, such as
doxorubicin, cisplatinum, bleomycin, methotrexate, ettipticinum,
etoposide or mitoxantrone, or a combined regimen (24).

Evaluation of Therapeutic Efficacy in Patients with Distant
M@tases

Patients were followed every 2 mo with clinical examination,
TSH and Tg measurements and radiographs of all metastatic sites.

Iodine- 13 1 whole-body scans were performed as previously de
scribed. Response to treatment was evaluated by radiographs and
I3 II whole-body scans; for this study, serum Tg measurements CT

and bone MR images were not taken into account when assessing
tumor response to treatment but, rather, were studied separately. A
complete response of metastatic lung disease was defined as the
disappearance of lung â€˜@ â€˜I uptake for more than 1 yr. as shown by
post-therapy I3â€˜I-TBSand verified 1 yr later by 13II whole-body
scanning with a diagnostic or a therapeutic dose of I31@ and a
normal chest radiograph. A complete response to therapy for bone
metastases was defined as the disappearance of I31@ bone uptake
and clinical symptoms for more than 1 yr and recalcification of
radiological lytic lesions.

Results of Tg determination and chest CT scans were then
studied in each group of patients.

Patients who had achieved a complete response were followed
every 6 mo with clinical examinations, TSH and Tg determinations
and radiographs. No@@@ I whole-body scans were obtained in these
patients.

Statistical Analysis
The prognostic value of each variable was studied individually

by log-rank testing and, taking the other variables into account, by
Cox's model (25).

The expected number of teukemias in our cohort was estimated
using incidence rates of leukemia by age and sex in France from
1978 to 1982 (26). No variation in the incidence of leukemia in
Europe has been observed for more than 30 yr (27). This was not
possible for solid tumors because there is no national cancer
registry in France and because the incidence ofsotid tumors differs
among countries (11).

RESULTS
The clinical characteristics of the 394 patients are summa

rized in Tabte 1. Metastases were present in 47% of the patients
at initial treatment of the thyroid tumor, while they were
discovered from 6 mo to 41 yr after the initial treatment in the
other 53% (median 42 mo) (Fig. I ). Twenty-two percent of the
latter patients experienced a neck relapse before the discovery
of distant metastases.

Radiological Findings
Clinical symptoms such as thoracic pain and dyspnea were

present in 21% of the 2 14 patients with isolated lung metasta
ses. Chest radiographs revealed macronodutes in 34% of these
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No.ofRelativeriskofpdeathsdeathvalue

TABLE I
UnivatiateAnalysisof Prognostic Factors

10-yr
suMval
rate(%)

No.ofRemissionFactor
patients(%)

<1o@

0.1

<io@

<io@

<io@

0.4

0.1

<io@

Age(yr)4â€”1937781003120-39976081203.540â€”59158151911326.760-8210213138340.4SexFemales24335451311Males1512633882.1HistoiogyPap1725364601FWD281440192.1FLD17313191243.3Radiolodine

uptakeYes26346571081No120281025Site

ofmetastasesLung2145061811Bone1081021822.5Lung

+bone72713463.4Extent
ofmetastasesCategoryl84829191Category

2994063373.5Category321171117216.7Year

ofdiscoveryBeforel96O341521322.31960-197613925391021Â£After

19762213849851.0Discovery
ofmetastasesEarly18330391021Late20334441091.1Local

relapsebeforemetastasesYes782936481.3No31332421681TgiT4@1â€”204367807121â€”100593954232.0>10053621304.4T@ITSH1â€”100636975131101â€”1000653661201.6>100053417344.4

*Pap = papdlary;FWD= folbcularwelldifferenbated;FLD= follicularless differentiated.
1Tglevelat thed@coveryof metastases.Tg1F4= Tg levelduringLT4treatment.T@/TSH= Tg levelfol@ng LT4withdrawal(ng/ml).

214 patients and micronodules in 30%. Chest radiographs were

normal in the other 36%; lung metastases were demonstrated by
whole-body scans. Prior to 1977, 4% of the patients with lung
metastases had normal chest radiographs. Once serum Tg
measurements became an integral part of the follow-up proto
col, however, the proportion of patients with normal radio
graphs at detection of metastases rose to 40%. This may be due
to the fact that the discovery of an elevated serum Tg level
immediately resulted in obtaining a whole-body 13II scan.

One hundred eight patients had bone metastases only, while
72 patients had both bone and lung metastases. Pain, swelling or
orthopedic complications occurred in 87% ofthese 180 patients.
Thirty-three percent of these patients had a single bone rnetas
tasis (involving the base of the skull in 14), and 7% had no
radiological abnormality.

The lungs were the only site of metastases in 75% of patients

with papillary carcinoma and in the 41% with follicular carci
noma.Ninety-fourpercentof patientsbelow20 yr of age at the
time of metastases discovery had only lung metastases; this
percentage decreased to 33% in patients over 60.

S@ntigraphic Findings
Iodine-l3 1 whole-body scans demonstrated metastases in

67% ofpatients. The frequency ofuptake was similar in patients
with lung or with bone metastases. Uptake was observed in 79%
of metastases from papillary carcinoma and in 54% of metas
tases from FLD carcinoma, in 90% of patients less than 40 yr
and in 56% of patients over 40 yr. Among patients with lung
metastases only, uptake was found in 95% ofthose with normal
chest radiographs, in 88% of those with micronodules and in
37% of those with macronodules. In 15 patients with only lung
metastases and a normal chest radiograph, 131! uptake in the
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TABLE 2
MultivariateAnalysisof Prognostic Factors for Complete

Response (Logistic Regression Analysis)

I Age (yr)*
Radiolodineuptake
(Yes/No)

Extentof disease
Category1/Category2
Category1/Category3

0.96
22.7(5.0â€”100)

6.03(2.7-13.2)
30.7(12.9â€”73.4)

<io@
<10'

â€¢R@fr@@risk was estimatedfor the first grouprelativeto the second
except for age at discoveryof metastasesthat was consideredas a
continuousvariable.

either with 13II alone (n = 12), with external radiotherapy alone
(n = 2) or with a combination of both modalities (n = 2).

Logistical regression analysis for complete response showed
that age at the time of metastases discovery, 13II uptake and ex
tent of metastases had significant prognostic implications when
all variables were considered (Table 2). Complete responses
occurred in 46% ofthe patients with radioiodine uptake, in 82%
of the 84 patients with a normal radiograph examination at
discovery of metastases and in 15% of the 310 patients with
metastases visible on the initial radiograph (p < 0.001).

Fourteen of the 15 patients whose lung metastases were
documented only after administration of 100 mCi 13Il had
complete response, since no uptake was seen after the last
100-mCi administration of 131! Serum Tg levels during LT4
treatment were detectable in all patients before treatment for the
metastases and became undetectable in nine after treatment; it
remained undetectable in six following LT4 withdrawal. A lung
CT scan showed micronodules in eight patients before treat
ment and normalized in six after radioiodine treatment.

The mean cumulative dose of 1311 administered before
complete response in the 124 patients was 293 mCi (Â±188
mCi). Patients who had only lung metastases received 253
mCi (Â±136 mCi) when chest radiographs were normal, 323
mCi (Â±202mCi) when metastases were micronodular and 408
mCi (Â±244mCi) when they were macronodular. Ninety-two
percent of the 124 complete responses were observed after a
cumulative dose equal to or less than 600 mCi (i.e., six
treatment sessions). Among the 46 patients who received more
than 600 mCi, only eight achieved complete response.

Serum Tg levels measured during LT4 treatment in 106 patients
in whom complete response was obtained were undetectable in 54
patients, less than 10 ng/m.l in 31 and above 10 ng/ml in 21. Serum
Tg levels measured in 1 13 patients after LT4 withdrawal were

undetectable in only 22%. A whole-body scan with 100 mCi was
performed in 34 patients treated for lung metastases more than 1yr
after having achieved complete response: all these patients had
detectable Tg levels following LT4 withdrawal,but no uptake was
found. None of these 34 patients have relapsed.

Five recurrences were observed among patients whose Tg
levels were measured at the time of complete response, two in
patients with undetectable Tg levels and three in patients with
detectable Tg levels at the time of complete response. Tg levels
were detectable in all five patients at the time of recurrence.

Despite diffuse lung involvement, no clinical respiratory
sequellae were observed. The functional respiratory tests, in
cluding CO diffusion studies, performed in 52 of these patients
were normal in 49.

FIGURE 1. Cumulative inddence of distant metastases. Hall of the distant
metastases were present initially, and 15% were discovered more than 10 yr
afterinitialtreatmentof thethyroidtumor.

lungs was documented only after the administration of 100 mCi
1311 Lung CT performed in these 15 patients showed micronod

ulesineight.

Serum Tg Measurements
Serum Tg levels were measured in 155 patients upon detec

tion of metastases during LT4 treatment. Tg levels were above
10 ng/ml in 130 and undetectable in three patients. Two of these
three patients had normal chest radiographs and one had lung
micronodules; a whole-body scan obtained with 2 mCi I311
demonstrated lung uptake in all three patients.

After thyroid hormone withdrawal, the serum Tg level was
above 5 ng/ml in all 181 patients in whom it was measured. It
was above 10 ng/ml in 175 of these patients, above 40 ng/ml in
154 and above 100 ng/ml in 118.

Serum Tg levels, both on and off LT4 treatment, were higher
in patients with FLD carcinoma than in those with papillary
carcinoma, in those with bone metastases than in those with
isolated lung involvement, and in those with lung macronodules
than in patients with lung micronodules or with normal radio
graphs.

ClinicalCourse
Complete Response. One hundred twenty-four patients had

complete response, as defined above, after treatment for distant
metastases. Only two of 120 patients, whose bone metastases
did not concentrate radioiodine, achieved complete response
after external radiotherapy. Sixty-six percent of the 124 corn
plete responses occurred within 5 yr after initiation of meta
static treatment. Follow-up after complete response tasted from
1 to 38 yr (mean Â± s.d.: 8 Â± 6 yr), and seven relapses occurred

from 2 to 15 yr after complete response (two in the bones, three
in the lungs, one in the brain and one in the neck). Thirteen
patients who had achieved complete response died: five from
thyroid carcinoma (after recurrence at distant sites), four from
another carcinoma, one from an intercurrent disease and two
from unknown causes.

One hundred eight of these 124 patients had lung metastases
only and were treated with 131!. The remaining 16 patients had
bone metastases (1 1 had a single bone metastasis, localized at
the base of the skull in nine; only three of these nine patients
had radiological abnormalities). These patients were treated
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TABLE 3
MuttivariateAnalysisof Prognostic Factors of Survival

(Cox's Model)*
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Age (yr@
Histoiogy
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Radioiodineuptake
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Year of discovery of metastases
1960/After1976
1960-197&After1976

*R@tiverisk was estimatedfor the first grouprelativeto the second
groupexceptfor ageat discoveryof metastasesthatwasconsideredasa
continuousvariable.

Persistent Disease. Seventy-three patients alive at the end of the
study had evidence of disease shown either by radiographs or 1311
whole-body scan. Serum Tg levels measured during LT4 treatment
were undetectable in ten and detectable in the other 63 patients.
They were detectable in all patients after LT4 withdrawal. Detect
able Tg levels were significantly higher in these patients, both
during LT4 treatment and after LT4 withdrawal, than in those who
had achieved complete response (p < 0.01) (7). Of note, 78% of
the patients have been treated for less than 5 yr. As previously
stated, one-third of the complete responses occurred 5 yr or more
after the initiation of treatment.

Surnval
Two hundred nineteen patients died, 144 from thyroid cancer,

17 from intercurrent disease, nine from another malignancy and
49 from unknown causes. The overall survival rate from the

time of metastases detection was 55% at 5 yr. 40% at 10 yr and
33% at15yr.

PrognosticFactors
The prognostic significance of each variable for survival, as

evaluated by univariate analysis, is summarized in Table 1. Age
at discovery of metastases, histologic type,@@ II uptake, the site
(i.e., lung or bone), extent of metastases, year of discovery of
metastases and Tg levels at discovery of metastases were all
significant prognostic factors. Gender, the interval between
treatment of the thyroid tumor and discovery of metastases and
the occurrence of a local relapse before discovery of metastases
were not considered significant.

Prognostic variables were strongly interrelated. Cox's regres
sion analysis of survival showed that five variables were
significant when all other factors were considered (Table 3)
(Figs. 2â€”6).Patients who were older at the time ofdiscovery of
metastases had a higher risk ofdeath due to cancer than younger
patients. Patients with FLD had lower survival rates than
patients with papillary or FWD tumors. No difference was
observed between the latter two histologic types when all other
factors were taken into account. Positive 1311uptake indicated a
favorable prognosis. The risk of death was highest in patients
with macronodular lung metastases or multiple bone metasta
ses; this risk was moderate for patients with micronodutar lung
metastases and a positive chest radiograph or with a single
radiographically detectable bone metastasis. The lowest risk
was observed for patients with lung metastases and normal

1.04(1.0â€”1.1)

1.5(1.1â€”2.0)
0.4(0.3-0.5)

1.9 (0.9-4.0) 0.08
5.3(2.7â€”10.5) <i0@

2.4(1.5â€”3.8)
1.3(1â€”1.8)

0.003
0.07
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FIGURE2. Survivalafter discoveryof distant metastases as a functionof
age.Prognosisis favorablefor patientsyoungerthan40 yr and worsens
above 40 yr.

chest radiograph or with a single bone metastasis not detectable
radiologically. Patients whose metastases were discovered be
fore 1960 (the year when I3II whole-body scanning was
introduced at our institution), had the highest risk of death,
whereas those whose metastases were discovered from 1977 on
(the year when Tg measurement became routinely available)
had the lowest risk of dying from the disease.

Three groups of patients can be distinguished according to
age at the discovery of metastases and to extent of disease. The
survival rate at 10 yr was 96% in the 56 patients who were less
than 40 yr of age and had normal radiographs and only 7% in
the 156 patients over 40 yr of age with macronodular lung
metastases or muttiple bone metastases. The survival rate was
63% for the I 82 other patients (Fig. 7).

Finally, the survival rate for the 124 patients who achieved
complete response was 96% at 5 yr. 93% at 10 yr and 89% at
15 yr. This was significantly higher (p < 0.001) than the
survival rate for the 270 patients who did not achieve complete
response (37% at 5 yr. 14% at I0 yr and 8% at 15 yr) (Fig. 8).
No difference in survival was observed among patients whose

FIGURE3. Survivalafterdiscoveryofdistantmetastasesasa functionof
histologictypeof thyroidtumor(15).
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FIGURE4. Survivalafterdiscoveryofdistantmetastasesasa functionof
radiolodineuptake.

serum Tg levels were undetectable or detectable at the time of
complete response.

Secondary Malignancies
A total of 19 secondary malignancies occurred in 16 patients

treated for metastases of differentiated thyroid carcinoma. They
included five cutaneous carcinomas, four colon carcinomas, three
patients with acute nonlymphocytic leukemia (ANLL), two lung
carcinomas and one of each of the following: breast, pancreas,
tracheal, adrenal carcinoma and bone sarcoma. Four ofthe patients
were men and 12 were women, with a mean age of 56 yr at
discovery of the metastases (range: 21â€”81yr) and a mean age of
65 yr at diagnosis of the second primary tumor (range 31â€”81yr).
All 19 secondary malignancies occurred in patients previously
treated with 1311but 10 had external radiotherapy to the neck and
11 had external irradiation to bone metastases as well. The bone

IC

FIGURE5.SurVivalafterdiscoveryofdistantmetastasesasafunctionofthe
extent of the disease. Category 1 includes patients withnormalchest and
bone radiographswhosemetastaseswere revealedby 1311whole-body
scanning.Category2 includesmicronodularlung metastasesthat were
radiokgicallysmallerthan 1cm (22)or a singlebonemetastasis @entifiedby
rad@iographs.Category3 includeseithermacronodularlungmetastasesor
multiplebone metastases.

FIGURE6. Survivalafterdiscoveryofdistantmetastases as a functionofthe
yearof discovery.lodine-131Whole-bodyscanningwasintroducedin 1960
andserumTgmeasurementin 1977.

sarcoma occurred in an irradiated bone and the three patients with
ANLL were also treated with external radiotherapy, one to the
neck and two to distant metastases.

A total of0.84 ANLL cases were expected, as compared to the
three cases observed, leading to a standardized incidence ratio of
3.5 (IC 95%: 0.7â€”10.2).The cumulative probability ofa secondary
malignancy 10yr after treatment ofmetastases was 6.5% Â±4.1%;
it was 1.7% Â±2% for ANLL and 4.7% Â±3.6% for solid tumors.

Multivariate analysis for the occurrence of a second solid
tumor indicated two prognostic factors: age of the patient at
discovery of metastases (RR = 1.08 per year of age, 95% CI:
1.04â€”1.22,p < 0.001) and external radiotherapy (RR = 3.6,
95% CI: 0.8â€”16.7,p = 0.1). The cumulative dose of 1311and
genderwere not significant.

Multivanate analysis for the occurrence of ANLL indicated
three prognostic factors: age of the patient at discovery of

w.@ I.

FiGURE7. Survwalafterdiscoveryofdistantmetastases as a functionofthe
prognosticgroup.Group1includesthe56patientsyoungerthan40yrof age
withsmallmetastases(Gategory1);group3 inclUdeSthe156patientsabove
age40withlargemetastases(Category3);group2 inClUdeStheother182
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favorable prognostic indicators (29). Alt patients who survived
15 yr or more after the discovery of the metastases, however,
had been treated with radioiodine alone, or in combination
with external radiotherapy in case of bone involvement. It is
very unlikely that this large number of patients would be alive
for such a long period of time after the discovery of the
metastases without@@ I@ treatment.

In the absence of uptake, only two complete responses were
observed. Patients treated with external radiotherapy to bone
metastases, however, experienced rapid pain relief and recalci
fication of osteotytic abnormalities (13, 17). Therefore, external
radiotherapy should be the method of choice for bone metasta
ses which cannot be readily excised surgically, even if they
concentrate radioiodine, as it can deliver a uniform dose of 40
Gy with little additional toxicity. Indeed, external irradiation
will decrease subsequent radioiodine uptake, but this is often
related to its beneficial therapeutic effects (13,17). Further
more, radioiodine treatment is still possible thereafter.

Radioiodine uptake was observed in 67% of patients, which
is in accordance with other series (1â€”11), and yet only 46% of
them achieved complete response. This underscores the role of
other prognostic factors. Indeed, complete response was also
found to be dependent on the age of the patient at discovery of
metastases and on extent of metastatic disease. Younger pa
tients and those with smaller metastases did respond better to
radioiodine treatment, whereas tow response rates were ob
served in patients with extensive metastatic dissemination.
Bone metastases were associated with low response rates and
with poor prognosis when they were visible on radiographs,
which is generally the case. On the other hand, patients with
metastases at the base of the skull achieved complete response
far more frequently than patients with skeletal metastases
elsewhere (7, 13). This factor may be related, as implied above,
to the limited extension of these metastases.

Although distant metastases, and in particular lung metasta
ses with radioiodine uptake, may be stable for years or decades,
the present data stress that all metastases should be treated at an
early stage. Favorable responses to therapy have been observed
in patients with small metastases, even if radioiodine uptake
was low. It has been stated that if the calculated dose to the
tumor is less than 35 Gy, it is unlikely to respond to 131!
treatment, and that the outcome ofradioiodine therapy is related
to the effective radiation dose (30,31 ). Although accurate
dosimetry is not possible when metastases cannot be visualized
on radiographs, these data suggest that neoplastic foci are more
radiosensitive at an early stage. In fact, iodine uptake much
lower than 0. 1% of the administered activity can be easily
detected by our scanner. This is in close agreement with
previous data (23,28), which have been recently confirmed
(32), on the effectiveness of 13â€˜Itherapy in patients with
elevated Tg levels and negative diagnostic scans. The reasons
why large metastases become radioresistant, however, is not
clear. Radioresistance may be due to poor vascularization or the
appearance of radioresistant subclones. Also, the cumulative
dose of radioiodine necessary for cure can be reduced if
metastases are treated early. Although the risk of secondary
malignancies was not significantly increased for cumulative
doses equal to or less than 600 mCi, which is consistent with
previous data (33), the risk of acute leukemia was increased with
limitedbenefits in terms ofcomplete response for doses above 600
mCi when administered together with external radiotherapy.

Similarly, the decrease in radioiodine uptake with the pa
tient's age suggests an accumulation of biochemical defects in
tumors arising in older patients.â€¢

The present data, even in the presence of a negative whole
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metastases (RR = 1. 13, 95% CI: 1.0â€”12.7, p < 0.06), external
radiotherapy (RR 8.5, 95% CI: 0.7â€”94.1,p = 0.1) and a
cumulative dose of 1311exceeding 600 mCi (RR = 8.8, 95% CI
= 0.7â€”1 1 1 , p = 0.09). Because of the small number of ANLL

patients, we were not able to test for an interaction between the
effects of I3II and external radiotherapy.

DISCUSSION
This study relates the tong-term follow-up of 394 patients

with distant metastases of differentiated thyroid carcinoma
treated at a single institution. The large patient accrual is related
to the referral pattern prevalent at our institution.

As previously reported, clinical signs, symptomatic of distant
spread, appear late in the disease course. The early discovery of
distant metastases is based on the combined use of serum Tg
levels and â€˜@ â€˜Iwhole-body scanning (7, 19,23,28). Our data
confirm that Tg measurement is a highly sensitive means of
detecting metastases.

Response to treatment was assessed on the basis of radiological
and scintigraphiccriteria. The Tg level was not taken into account
in the analysis of response, although it was detectable during LT4
treatment in 50% of the patients who had achieved complete
response. The presence of detectable Tg levels in these patients
was undoubtedly related to the persistence of microscopic foci of
neoplastic tissue, but had no prognostic value regarding relapse,
despite a mean follow-up of 8 yr. Long phases of dormancy and
the long doubling time of most differentiated carcinomas could
account for this lack ofprognostic significance.In addition,clinical
emergence of relapses is known to occur rapidly in patients with
poorly differentiated carcinoma characterized by short doubling
time and tow Tg secretion. The tow sensitivity ofTg measurement
during LT4 treatment after radioiodine therapy is also shown by
the 14% of patients with persistent disease, i.e., patients with
uptake on radioiodine post-therapy scans, with undetectable Tg
levels. These data confirm that the last negative post-therapy scan
has to be checked 1â€”2yr later by another post-therapy 1311
whole-body scan without performing a preceding diagnostic scan.

Overall survival at 15 yr from the time of metastases
detection was 33%; this is in accordance with other series
(1â€”11). Survival rate was 89% in patientswho achieved
complete response but only 8% in those who did not. This
finding does not demonstrate that prolonged survival is due to
treatment alone, since response to therapy was related to other
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body scan following a diagnostic dose of radioiodine
(19,20,23,28,32), argue for the administration of therapeutic
doses of radioiodine to patients with elevated Tg levels and no
other evidence of disease. They indicate that a whole-body scan
is necessary for tumor detection after an ablative or therapeutic
dose of radioiodine, because total radioiodine uptake in the
lung is low in some ofthese patients. Similarly, â€˜@ Ij whole-body
scanning with 2 to 5 mCi appears to be of limited clinical value
if it is to be followed by a 100-mCi treatment. Therapeutic 13I1
will decrease the Tg level to an undetectable value, and uptake
should disappear on the post-therapy whole-body scan, as
should lung micronodules when detected on CT scans. We, like
others (1,3,4,5, 11,23,28,32), have found that a high proportion
of patients with diffuse lung metastases and normal plain
radiographs can undergo complete response with radioiodine
alone for long periods of time without any apparent sequetae.

Other treatment modalities should be sought for patients with
extensive metastatic disease, even if metastases show radioio
dine uptake. Surgery may be beneficial, in that it will reduce the
tumor mass.

Multivariate analysis of survival confirms previous data
(7,9,11) andhighlightsthe independentprognosticeffect of age
at discovery of metastases, histologic type of thyroid tumor,
presence of radioiodine uptake, extent of metastases and the
year of their discovery.

As previously reported (9), two factors (age and extent of
tumor) establish three discrete groups ofpatients in whom the risk
of death from thyroid cancer differs considerably. Iodine-l31
uptake or its absence in metastases was not considered. It has been
argued that 1311treatment does not affect survival (9) and that the
better survival rates found in patients with small metastases may be
linked only to earlier detection ofdistant spread. Caution, however,
must prevail because prognostic factors are closely interrelated,
and in such subgroupmgs over 95% of younger patients with
limited disease exhibited â€˜@11uptake and invariably responded to
131! therapy, whereas 56% of patients over 40 yr of age had 1311

uptake and only 19% responded to therapy.
Further evidence ofthe effect oftreatment is the 140% increase

in survival when metastases were discovered after 1976 compared
to those discovered before 1960 and the 30% survival increase
compared to metastases discovered between 1960 and 1976. The
independent prognostic effect of this factor (year of discovery of
metastatic disease) may be related to the introduction ofthe routine
use 131!whole-body scanning (in 1960) and serum Tg measure
ment (in 1977), as welt as a more efficient application of radioio
dine therapy, its association with external radiotherapy and a better
assessment of LT4 treatment controlling TSH secretion.

CONCLUSION
The present study highlights the prognostic significance of

the early discovery of distant metastases and demonstrates
improvement in the survival of patients treated during recent
years. With the combined use of Tg measurement and I311
whole-body scanning, distant metatastic disease is detected
earlier and can therefore be treated more efficiently.
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