








Figure 2. Dose ofLT4 required to achieve a given TSH range. Cancer patients subjected to thyroid
ablation (black bars); Combined hypothyroid (white bars) patients with hypothyroidism due to spon­
taneous disease or to 1311 treated Graves' disease; spontaneously hypothyroid patients (dashed
bars); hypothyroid patients due to 1311 treatment of Graves' disease (dotted bars).
.:. indicates P < .01 between the designated group and the thyroid ablated cancer patients.

±0.2) but is less when the basal TSH
is either above or below this range.57

Thus, TRH provides no additional
information when basal TSH is
measured by a sensitive method.555s
It is also clear that the terms ''blunted''
or "exaggerated" TSH response to
TRH should be abandoned or appro­
priately qualified when used in con­
nection with contemporary TSH
assays.57

In this connection, the term "sup­
pressed TSH" also needs to be func­
tionally redefined. Previously, this
expression had suggested complete
cessation of pituitary TSH secretion.
The third- and fourth-generation
assays have shown that this is not
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tions for LT4 dosage have varied as
the definition of suppression has
evolved. Since the change in the for­
mulation of Synthroid® (levothyroxine
sodium) by the manufacturer in
1982, dose recommendations in the
American literature to achieve TSH
levels between 0.02-0.2 mUlL have
ranged between 2.06 and 2.56 pgkgfd.6CJ.62
A European study advised a slightly
higher dose (2.7 ± 0.4 p.g/kg).63

A recent study compared the LT4
dose required to achieve a given level
ofTSH in patients with thyroid can­
cer and completely ablated thyroid
glands and patients with either spon­
taneous hypothyroidism or hypothy­
roidism due to prior treatment of
Graves' disease with radioiodine.62

Figure 2 shows the average LT4 dose
required to achieve a TSH in the nor­
mal 0.5-6.2 mUlL range, in the range
of 0.2-0.5 mUlL, and in the range
below 0.2 mUlL in patients where
the dose has been carefully titrated
in small increments. The daily dose
required to normalize serum TSH in
the thyroidectomized cancer patients
is 2.11 ± 0.54 p.g/kg/day, whereas
the comparable dose for the
combined group of hypothyroid
patients was 1.631 ± 0.68 p.g/kg/day
(P=0.005). The serum free T4 and
free T3 index levels in the two
groups were not significantly
different. A similar discrepancy
between the doses of LT4 required
to achieve comparable serum T4
levels in patients with thyroid cancer
and spontaneous hypothyroidism
had been noted previously but was
not fully established because of the
small number of patients studied.45

The lower serum free T4 index
level in unreplaced patients with
thyroid cancer (12.9 ± 9.5 nM)­
compared to that in the combined
group of hypothyroid patients (36 ±
22 nM)-suggests that the residual
mass of functioning thyroid tissue is
greater in the combined group than
in the thyroid cancer group. This
level of residual hormone secretion
in both groups was attained by a
major increase in circulating TSH
(84 ± 61 mUlL in the patients with
cancer and 51 ± 54 mUlL in
patients with benign disease).

< 0.2

TSH/LT4 Dose
Relationships

LT4 is clearly the preparation of
choice in treating thyroid cancer
today, based on the stability of both
circulating T4 and T3 levels achieved
during treatment.59 Recommenda-

true, and that ifthe assay is suffi­
ciently sensitive a small residuum of
TSH generally can be detected. The
current problem is clearly to define
levels ofTSH that are appropriate
to the therapeutic problem.
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A LT4-induced reduction in TSH
production would be expected to cause
a fall in the production of thyroid
hormone from this residual source
and a smaller difference between
the groups in the dose required to
achieve a given TSH. The difference
in dose requirements between those
with thyroid cancer and those with
hypothyroidism due to benign causes
remained relatively constant when
the administered dose lowered TSH
to the range between 0.2-0.5 and to
a TSH value of < 0.2 mUlL. These
findings imply that the effect of
thyroidal secretion from the residual
gland in patients with benign disease
is not inhibited easily by suppression
of pituitary TSH secretion. Other
studies have raised the possibility of
non-suppressible thyroidal output.64,
65 The possibility that patients with
thyroid cancer have a primary abnor­
mality and intrinsically higher
level of TSH secretion, which is not
readily inhibited by thyroid hormone,
does not appear likely, since under
such circumstances one would anti­
cipate that the levels of circulating
TSH and thyroid hormones in un­
treated patients with thyroid cancer
would be higher than normal.

The difference in dose requirements
in the two groups may be due to the
continued stimulation of residual
thyroid tissue in patients with benign
disease by non-TSH factors. 62 Non­
suppressible thyroidal output might
be explained by the effect ofthyroid­
stimulating immunoglobulin on the
residual thyroid function in the
patients with Graves' disease. Indeed,
74% of the patients in the combined
hypothyroid group (26 of 35) were
treated initially for Graves' disease.
In the group of patients with hypo­
thyroidism due to benign causes only
the subgroup ofthose who became
hypothyroid after radioiodine treat­
ment of Graves' disease showed a
statistically significant difference in
dose requirement from that ofpatients
with thyroid cancer (1.59 ± 0.66
pglkg/day vs. 2.11 ± 0.54 pglkg/day).
Others have reported a similar pat­
tern oflower LT4 dose requirements
in ablated Graves' patients compared
with autoimmune hypothyroidism.66

Whether the non-TSH suppressible
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thyroid function is unique to the set­
ting of treated Graves' disease or if
it may be more widely applicable is
still not well established. These
results suggest that patients under
treatment with LT4 for hypothyroid­
ism following 131I treatment for
Graves' hyperthyroidism derive their
hormone not only from the admini­
stered LT4 but also from the stimula­
tion of residual thyroid tissue by the
thyroid stimulating antibody.
Because fluctuations in the level of
this antibody are known to occur
often years after 1311 treatment, it is
entirely possible that a fall in anti­
body levels may contribute to the
development of post-131I hypothyroid­
ism and changes in the requirements
for LT4. These considerations empha­
size the importance of continued
monitoring of thyroid function tests
131I-treated patients.

TSHlTumor Response
Relationships

Only a few studies have assessed
specifically the relationship between
subnormal TSH levels and measure­
ments of cancer function or growth,
a deficiency due in large part to the
lack of reliable tumor markers. An
exception is a study of radioiodine
uptake that was used as an indirect
measure of thyroid or thyroid cancer
presence and mass.67 In this study,
131I uptake persisted in the residual
thyroid of 15 out of 31 cancer patients
when TSH response to TRH was absent
using a first-generation assay. A 50­
100 pg increase in the daily LT4 dose
eliminated uptake in seven patients
but uptake persisted in another eight.

The introduction of serum thyro­
globulin has given the clinician a use­
ful marker, which in many instances
correlates with tumor mass.68,69 Since
only normal thyroid or differentiated
thyroid cancer is capable of synthe­
sizing thyroglobulin, thyroglobulin
levels should be undetectable in
thyroidectomized and 131I ablated
patients. However, in the presence
of residual thyroidal tissue or meta­
static disease, thyroglobulin levels

may lie inappropriately within the
normal range or may be increased.68,70

It is well established that serum
thyroglobulin levels may increase in
response to a high TSH level.71-7S This
is at least partly due to TSH induced
transcription of the thyroglobulin
gene.79 The effect of hypothyroidism
on thyroglobulin clearance is not well
established. However, the half-life
of thyroglobulin has been reported
to be 3.12 ± .397 days after 1311 ther­
apy in patients with thyroid cancer.so

In euthyroid man, values ranging
from 14 hours to 4 days have been
measured under various circum­
stances.72,81-83 The reason for these
discrepancies is not clear although
some observers have pointed to var­
iations in the clearance rates of
specifically sized thyroglobulin frag­
ments.82 In one study, the 30-hour
half-life thyroglobulin measured in
hyperthyroid patients was not lower
than that obtained in euthyroid
controls.83 Under any circumstance,
an unmeasurable serum thyroglob­
ulin level in the presence of a high
serum TSH is a better indication of
the ablation of functional thyroid
tissue than unmeasurable thyroglob­
ulin in the presence of a low or
normal TSH level.69,75,76,78,84

Euthyroid individuals treated
with T3 respond with a decrease in
thyroglobulin levels.58,85 In another
series of patients with thyroid cancer
and benign goiter treated with LT4,
an increase in the daily dose of LT4
resulted in a fall in serum thyro­
globulin levels.86 The response of a
small number of individual thyroid
cancer patients to progressive lower­
ing ofTSH with increases in LT4
dose levels has also been observed,73,87

Studies by this author and col­
leagues62 have attempted to deter­
mine whether suppression of TSH
from a euthyroid baseline would
result in further depression in serum
thyroglobulin in thyroid cancer
patients who had undergone surgi­
cal and radioiodine ablation. Table
4 shows the relationship of serum
thyroglobulin to TSH in 2 patients
with known metastatic disease in
whom multiple samples of serum
thyroglobulin and TSH were avail­
able during several courses of radio-



Table 4

Relationship of Serum Thyroglobulin in Patients
With Metastatic Disease

Patient A

TSH Course 1 Course 2 Course 3 Course 4
130 65 (0)

73 570 (0) 167 (0)

22 2250 (0)

1 22512)
""""0'__ '_"·'-'-__- '>....__"v_,_.'w.w"'_,_'w_,_~_.,·,.,_

0.84
,_",_w",ww·"w""""''''''·''"'''_'_

35 (2)

0.7 72(1)
0.07 23 (3)

0.06 30 (l)

0.04 102 (4)

0.03 66 (2)

0.02 267 (1) 54 (2) 48 (1)

0.02 117 (3)

Patient B

TSH Course 1 Course 2 Course 3
85 690 (0)

67 87 (0)

59 540 (-1)

2 150 (1)

0.6 60 (,2)
."~.---,,

_..'w.____,......,._·".~.···,

0.4 38 (1)

0.3 24 (4)

0.28 30 (l)

Note: Each column represents a treatment course with radioiodine. The sequence in which the
paired TSHIthyroglobulin values were determined is given by the number in the parenthesis:
(-1), representing the values during the period before radioiodine administration when the patient
had been withdrawn from thyroid hormone supplementation; (0), at the time of radioiodine
administration, and subsequent intervals (1.. ...5) each separated from the previous determin-
ation by at least 6 weeks. The shaded area represents the normal TSH range. Adapted from
Burmeister et al. (62) with permission of the publisher.

iodine treatment and treatment with
various doses ofLT4.62 When LT4
lowered the level of TSH from high
to normal, the corresponding levels
of serum thyroglobulin also fell. How­
ever, there appeared to be no further
effect when serum TSH was reduced
from the normal range to a value
below 0.4 mUlL. Findings from two
additional patients were similar.
Subsequent clinical observations at
the University of Minnesota have
revealed no apparent exceptions to
this generalization (J.B. Oppenheimer,
personal communication, 1993).

Table 4 also illustrates the ability
o£1311 to reduce the level ofcirculating

serum thyroglobulin, an effect that
can be seen by comparing thyroglob­
ulin levels corresponding to the same
TSH in various treatment courses.
The data suggest that after repeated
courses of 131I treatment, a minimal
level of serum thyroglobulin is
established in the TSH-suppressed
patient, which cannot be further
lowered by either 1311 administra­
tion or increasing the dose of LT4'

Are there patients who would
benefit from further lowering TSH
levels to 1-2 orders of magnitude
below the 0.1-0.2 mUlL range? Some
have suggested that this may be the
case,65,86 but further documentation

that this is the case would be impor­
tant. Given the limited data available,
any sweeping generalization appears
inappropriate. Further, the physi­
cian always has the option oftesting
for a limited period the effect of
additional TSH suppression on the
level of thyroglobulin. In this fashion,
potentially sensitive patients can be
identified. If the patient does not
respond to the higher doses of LT4
with a decrease in thyroglobulin, he
or she can be treated with a lower
dose, thus avoiding any potential
adverse effects oflong-term over­
replacement. In order to prevent
undesirable random excursion of
the TSH level into the hypothyroid
range, my colleagues and I propose
that patients with differentiated
thyroid cancer be maintained at a
TSH level between 0.1 and 0.4 mUlL,
just below the lower limits of the
normal range (0.5-6.2 UIL).62

Conclusions and
Recommendations

Although the use of thyroid prep­
arations is clearly indicated for the
treatment of hypothyroidism induced
by ablative procedures in patients
with differentiated thyroid cancer,
the benefit of suppressing the level
of TSH substantially below the nor­
mal range has not been documented.
However, TSH levels elevated into
the hypothyroid range frequently
induce a rise in serum thyroglobulin
and stimulates tumor growth. The
problem of providing a precise TSH
target for replacement or suppres­
sion of TSH has become more acute
with the development of assay pro­
cedures that can accurately measure
TSH concentrations within the
subnormal range. Moreover, the
potentially adverse effect of prolonged
thyroid hormone over-replacement
on the skeletal and cardiovascular
systems has raised important ques­
tions about the risklbenefit ratio of
such TSH-suppressive management.
Given the lack of documentation of
beneficial effects ofTSH suppression
to below the normal TSH range, it
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appears reasonable to test individ­
ually the effect of gTaded supraphysi­
ological doses of LT4 in patients who
exhibit inappropriate levels of serum
thyroglobulin. In the absence of an
inappropriate serum thyroglobulin
level, we advise maintenance of the
level ofTSH in the 0.1 to 0.4 mUlL
range, just below the lower limit of
the normal range.
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