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Table 1

Outcome of I Therapy for Tg Positive Diagnostic 1
Scan Negative Pulmonary Metastases

First Post- Cumulative Last Post-
Rx Scan Initial Tg Total “'1I Last Tg Rx Scan

+ 46 200 mCi > 22

+ 120 214 mCi > 10

+ 153 90 mCi > 84 -
+ 443 227 mCi > 35 -
+ 976 137 mCi > 425 -
+ 150 800 mCi > 58 -
+ 321 470 mCi > 24 -
+ 51 300 mCi > 22 -
+ 13 100 mCi > 5 -

Based on data from: Pacini et al* and Schlumberger et al.”

alone in 6/17 patients, in lung plus
nodal metastases with or without
residual thyroid tissue in 4/17, and
in nodal metastases plus residual
thyroid tissue in 6/17. Only 1/17
patients had completely negative
immediate posttherapy images. Six
of seventeen (6/17) patients subse-
quently were shown to have a
decrease in their serum Tg levels
following treatment, although the
serum Tg levels did not return
entirely to normal in any patient.
Five of the six (5/6) patients with
follow-up after treatment of pulmo-
nary metastases demonstrated this
pattern (Table 1).

Schlumberger et al” described
four patients who had negative
diagnostic *'I scans and chest
X rays but who had elevated serum
Tg levels and positive scans follow-
ing empiric I therapy. Although
the patients were treated to the
point at which they had negative I

posttherapy scans, serum Tg levels
remained measurable or elevated in
all (Table 1). Pineda et al® reported
14 patients with papillary carci-
noma who had elevated serum Tg
levels and negative 5 mCi diagnos-
tic *'I scans. They treated all 14
patients with 150 to 300 mCi of *'1
and, immediately following the
treatment, 13/14 were scan positive.
The abnormal uptake was in the
thyroid bed alone (6/13), thyroid bed
plus lung or mediastinum (2/13), or
in lung/mediastinum and/or cervical
nodes (5/13). In eight patients,
posttreatment scans became nega-
tive; in 4 patients, the serum Tg
levels became undetectable.

The utility of treating Tg positive
but diagnostic *'I scan negative
patients with “'I remains to be
proven, although it represents a
logical extension of the concept of
obtaining a potentially greater
benefit when metastases can be

treated while they are still micro-
scopic. Since accurate tumor dosim-
etry is not possible in these patients
prior to I therapy, an alternate
approach may be one developed 30
years ago by Benua et al.” The
administered activity of *'[ is
designed to give a maximal toler-
able amount that will deliver no
more than 200 rad to the whole
blood, with a whole body retention
of “'I at 48 hours that does not
exceed 80 mCi when lung uptake is
present or 120 mCi when it is not.

Skeletal Metastases

In the case of skeletal metastases,
Schlumberger et al,® Castillo et al,*
and Hermann et al” evaluated the
distribution of skeletal metastases
from well differentiated thyroid
cancer. The combined data indicate
that, at the time of their diagnosis,
skeletal metastases are multiple in
about 70% of patients and single in




about 30% of patients. The most
common sites (in decreasing order
of frequency) are the spine, pelvis,
skull, ribs, sternum, and other
bones. Skeletal metastases from
well differentiated thyroid cancer
are almost always lytic on standard
bone radiographs. Schlumberger et
al® also pointed out that only about
6% of skeletal metastases are seen
only on ™I scans, and DeGroot et
al* found that *'I scans alone
resulted in true positive findings
for skeletal metastases in only

4/29 patients who had such lesions.
DeGroot et al also indicated that
standard technetium-99m
diphosphonate bone imaging was of
little use. We" subsequently evalu-
ated 382 standard bone scans in 85
patients with well differentiated
thyroid cancers over 0.8-10.8 years
following their initial diagnosis and
found that none yielded true posi-
tive results for skeletal metastases.
As mentioned earlier, only about 7%
of skeletal metastases from well
differentiated thyroid cancer resolve
after *'I therapy alone, so treatment
with external radiation therapy
and/or orthopedic surgery is often
required.

Use of Immediate
Posttherapy Images

Scans or images obtained shortly
after the therapeutic administra-
tion of *'I have been reported useful
by a number of workers. In our
recent experience with 92 scans/
images obtained on 75 patients
shortly after *'I therapy, important
new information regarding addi-
tional metastatic foci was found in
approximately 8% of the patients.”
Additional nodal metastases were
found in 4% of the patients, with
unsuspected pulmonary metastases
being found in 3% of patients, and
unsuspected mediastinal
metastases in 1% of patients. It
appears that the optimal time for
such imaging may be 4 to 5 days (96
to 120 hours) after the *'I therapy.”

Side Effects of Acute and
Subacute I Therapy

We have reviewed at length the
adverse effects and complications of
T therapy for thyroid cancer.”
Based on this review, we can predict
that common health problems
occurring shortly after a single 200
mCi administration of *'I for meta-
static thyroid cancer would include
transient radiation sickness (nausea
and/or vomiting, headache, malaise)
in approximately 60% to 70% of
cases; acute or chronic sialoadenitis
in 10% to 15% of patients;
leukopenia or thrombocytopenia
that may persist for up to a year in
10% of patients; and transient
oligospermia or azoospermia that
may last as long as 4 years in up to
70% of males. When administered
activities consist of doses to the
whole blood that exceed 200 to 300
rad in a single administration, then
very serious and even potentially
fatal bone marrow depression may
result.”

Long-term Complications

of I Therapy

The induction of an excessive
number of other malignancies by *'1
therapy for thyroid cancer has not
been convincingly demonstrated in
any single series to date. Our initial
review of cases reported in the
literature suggested that the
reported prevalence of leukemia in
patients treated with relatively
large amounts of *'I for thyroid
cancer might be as high as 5/1000
patients.” However, the actual
prevalence is probably no more than
3/1000 cases, based on reported
instances of types of leukemia
known to occur after radiation and
developing more than 2 years after
exposure {the assumed latent period
for radiation-induced leukemia).
More recent analyses of outcome in
large numbers of patients treated in
Sweden”® have not demonstrated
any excessive risk of leukemia
attributable to “'I therapy. Al-
though Edmonds and Smith*
suggested that there might be an
excess of breast and bladder cancers
posttreatment of thyroid cancer

with *'I, a careful review of their
data in light of known minimum
induction times for solid tumors
following radiation exposure
suggests only a slight increase in
risk for bladder cancer. Subsequent
work by Hall et al* found no in-
crease in the risk for breast or
bladder cancer, although their
data did suggest an increase in
risk for salivary gland, kidney,
stomach, and genital malignancies
in women following ™I therapy

for thyroid cancer.

A maximum (probably unrealis-
tic) estimate of the greatest poten-
tial harm that might result from *'I
therapy for thyroid cancer may be
compared to the hazard noted in
studies of external radiation and of
atomic fallout.”* Based on these
data and an assumed dose of 0.5
rad/mCi to the gonads, permanent
sterility may be predicted in less
than 10% of males but in no females
at 300 mCi, and at 800 mCi cumula-
tive administered activities of *'1
permanent sterility is greater than
90% in males and 60% in females.
Given the same gonadal doses,
potentially harmful genetic effects
in future offspring can be predicted
in 3/1000 live births at the 300 mCi
cumulative level and 8/1000 live
births at the 800 mCi cumulative
administered activity level. The risk
of leukemia, assuming 0.3 rad/mCi
to the red marrow, would be ap-
proximately 8/1000 patients at the
300 mCi cumulative administered
activity level and 22/1000 patients
at the 800 mCi level. The risk of
bladder cancer, assuming a dose of
2 rad/mCi administered activity to
the bladder wall, would be 23/1000
patients at 300 mCi and 62/1000
patients at 800 mCi, while an
increase in breast cancer in women
(assuming a dose of 0.2 rad/mCi of
T to the breast) would be 4/1600
patients at the 300 mCi level and
10/1000 patients at the 800 mCi
level. Thus, chronic health prob-
lems, exclusive of sterility, could be
predicted in a worst-case scenario in
a maximum of about 4% of patients
receiving cumulative administered
activities of 300 mCi and in about
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Table 2

Therapy Based on Quantitative I Dosimetry:
Current Recommendations

Ablation of Thyroid Remnanis

* 30,000 rad"

® 80% complete response

® 50% as outpatients

Treatment of Nodal Metastases

® 10,000 = 2000 rad’
e 80% complete response

» If <3000 rad,” use surgery

Pulmonary Metastases

¢ Limit 200 rad to red marrow and 80 mCi whole body

retention at 48 hours'

e Up to 50% complete response if microscopic

Skeletal Metastases e Limit 200 rad to red marrow and 120 mCi whole body
retention at 48 hours if no lung uptake is present’
e Usually require surgery and/or external radiation since only
7% respond to *'I alone
Isolated Tg Elevation ¢ Under current evaluation

e If patient is to be treated, follow pulmonary

metastases protocol

*Using dosimetry based on University of Cincinnati methodology*
1Using dosimetry based on Memorial Sloan-Kettering approach™

10% of patients receiving 800 mCi
cumulative activity of L.

The actual risks of **'I treatment
appear to be considerably lower
than these worst-case projections
that are based on external radiation
and atomic fallout. For example, an
average administered activity of
470 mCi of *'I and an assumed
marrow radiation dose of 0.3 rad/
mCi would predict a prevalence of
13 excess cases of leukemia per
1000 exposed people compared with
an observed value of 3 cases per
1000. It may be that the relative

lack of risk actually observed after
] is related to ameliorating effects
of the nonuniform dose distribution
from radioiodine and of the protrac-
tion over time of the dose from *'I
compared with external radiation.

Summary

We continue to believe that there
must be a reasonable chance of
achieving the desired benefit of
¥ treatment, while not exposing

patients to excess radiation. For
this reason, as well as for reasons
of appropriate allocation of cost, we
strongly favor the further develop-
ment and institution of radiation-
dose-based approaches to the use
of I in well differentiated thyroid
cancer. Our current approach is
summarized in Table 2.
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