


dase. Antithyroid drugs also have another locus of activity: at
concentrations even lower than those required to block iodide
organification, they block the coupling reaction. In this step,
mono- and diiodotyrosines are linked to form the thyroid hor-
mones thyroxine (T,) and triiodothyronine (T,), a process also
catalyzed by thyroid peroxidase. Given that antithyroid drugs
block two thyroid peroxidase-catalyzed steps, it would be nat-
ural to assume that antithyroid drugs functioned as simple en-
zyme inhibitors. However, the interactions between antithyroid
drugs and thyroid peroxidase are more complex than that."2/n
vivo, antithyroid drugs are actually substrates of thyroid per-
oxidase, and are ultimately oxidized and degraded. Recent
studies suggest that the antithyroid drugs are iodinated by a
thyroid peroxidase-bound iodinating intermediate, in much the
same way as tyrosines in thyroglobulin are iodinated in the ab-
sence of antithyroid drugs. The evidence suggests that there
is competition between antithyroid drugs and tyrosine residues
for the enzyme-bound iodinating intermediate. The oxidized
iodide is diverted away from the thyroid hormone biosynthetic
pathway and is utilized instead to metabolize the antithyroid
drug. Without oxidized iodide, thyroid hormone biosynthesis
declines dramatically, which ultimately leads to amelioration of
the hyperthyroid state (Figure 1).
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Inhibition of iodination by antithyroid drugs.

A. Thyroid peroxidase (TPO), with its ferric heme group, reacts with
endogenously generated hydrogen peroxide to form oxidized TPO,
depicted as an oxyferryl cation radical {TPO,,).

B. TPO,, reacts with iodide to form an enzyme-bound iodinating
intermediate (TPO-1*).

C. TPO-i* normally iodinates tyrosine residues in thyroglobulin to form
iodotyrosines.(1) However, in the presence of an antithyroid agent,
TPO-I* preferentially iodinates the drug, forming an unstable
intermediate [possibly containing a sulfenyl iodide (S-1) group], which
is ultimately oxidized to desulfurated antithyroid drug and free
suifate.(2) A smaller portion of the antithyroid drug is bound to
thyroglobulin in disulfide or thiosulfonic ester linkage with cysteine
residues.(3) The oxidation of the antithyroid drug by TPO-i*
effectively diverts TPO-1* from the protein iodination process, and
hormone biosynthesis declines.

Although PTU is depicted in the Figure, methimazole probably has a

similar metabolic fate within the thyroid.

As noted above, antithyroid compounds also inhibit the cou-
pling reaction between iodotyrosine residues in thyroglobulin.
Compared to the organification reaction, the coupling process
is poorly understood. Hence, the precise mechanisms by which

antithyroid drugs act in this regard remain undefined. Suffice it
to say that the coupling reaction may be even more sensitive
to inhibition by antithyroid drugs than the organification proc-
ess, so that it may be clinically important when antithyroid drug
levels within the thyroid are very low (ie, with small drug doses
or in the trough period between doses).

In addition to these primary modes of antithyroid drug action,
several others deserve mention. First, antithyroid drugs bind to
thyroglobulin in the thyroid (up to 80% of a dose of PTU is co-
valently linked to thyroglobulin}. In doing so, antithyroid agents
may sterically alter the thyroglobulin molecule in an as yet un-
identified manner, causing disruption of normal thyroid hor-
mone biosynthesis. Second, antithyroid drugs directly inhibit
thyroglobulin biosynthesis in vitro, thereby diminishing the
concentrations of the thyroid hormone precursor. Although these
dual effects on thyroglobulin are of interest, their significance
in vivo remains to be established.

Beside effects on thyroid hormone biosynthesis, the anti-
thyroid agents have important extrathyroidal effects. Propyl-
thiouracil (but not methimazole) is a potent inhibitor of the 5’
deiodinase enzyme system that converts T, into T, in periph-
eral tissues.® The effects of PTU in this regard are somewhat
fortuitous, since they are probably unrelated to the intrathyroi-
dal effects discussed above. Nevertheless, the ability of PTU
to acutely reduce serum T, (by 20% to 50% in a hyperthyroid
patient) may make this drug the antithyroid agent of choice in
patients with severe thyrotoxicosis or thyroid storm (Figure 2).
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Figure 2

Serum T; levels in five hyperthyroid patients after a single oral dose of
PTU (200 mg). *Significantly different from T, at t =0 with p<0.05; **with
p-20.02; ***with p-<0.001.

A second, more controversial extrathyroidal action of an-
tithyroid drugs is on the immune system. it is becoming abun-
dantly clear that Graves’ disease is the result of disordered
immunity, in which circulating antibodies to the thyrotropin (TSH)
receptor stimulate thyroid growth and thyroid hormone over-
production.* In response to antithyroid drug therapy, circulating
anti-TSH receptor antibody titers decrease, and a significant



minority of patients go into remission. The effect of antithyroid
drugs on circulating autoantibodies is specific for thyroid-directed
antibodies since antithyroid drugs do not affect the titers of other
circulating autoantibodies. This suggests that the immunosup-
pressive actions of the drugs may be due to direct effects on
intrathyroidal lymphocytes. Indeed, in vitro studies using cir-
culating lymphocytes have shown that antithyroid drugs can
inhibit lymphocyte function, but at drug concentrations possi-
bly attainable only within the thyroid gland. Thus, antithyroid
drugs may do more than simply inhibit thyroid hormone bio-
synthesis and keep the patient in a euthyroid state untit a
“spontaneous” remission takes place. Many workers believe
that antithyroid agents are in some way responsible for the ob-
served remissions, possibly due to their effects on the immune
system. Caution, however, is necessary in interpreting the nu-
merous studies of antithyroid drugs and thyroid autoimmunity.
In a recently published study, a decline in thyroid autoantibody
titers was observed in patients with Graves’ disease treated with
perchlorate.® This drug simply blocks iodide uptake by the thy-
roid, and is not believed to have any effects on the immune
system. Since thyroid hormones themselves can stimulate the
immune system, it is possible that a simple lowering of serum
thyroid hormone leveis by perchlorate was responsible for the
declining antibody titers. Indeed, a similar mechanism could be
partly responsible for the immune effects seen with antithyroid
agents. Only a more precise understanding of the pathogen-
esis of Graves’ disease will permit a definitive answer.

Clinical Pharmacology

Propylthiouracil and methimazole are well absorbed from the
gastrointestinal tract.®” Peak serum levels are observed 30 to
90 minutes after drug ingestion, and peak concentrations are
linearly related to drug dose (Figure 3). After a single oral 300-
mg dose of PTU, peak serum levels are ~10 p.g/ml; after a sin-
gle oral 30-mg dose of methimazole, serum levels are ~1 pg/
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Serum levels of antithyroid drugs after administering 100-mg or 400-mg
PTU and 30-mg or 60-mg methimazole (MMIl). Note the tonger serum half-
life of methimazole.

ml. Although PTU is protein-bound, its serum half-life is shorter
than that of methimazole (~1.5 hours vs 4 to 6 hours). In hy-
perthyroidism, PTU serum half-life may be slightly shorter (~1
hour) than in euthyroidism, but methimazole haif-life is un-
changed. The metabolism of both antithyroid drugs probably
occurs in the liver and kidneys, but littie is known of circulating
antithyroid drug metabolites in humans. Data in only a few pa-
tients suggest that the clearance of both compounds is slowed
in hepatic or renal disease, but the clinicai consequences are
uncertain.

Therapeutic Considerations

There is no unanimity of opinion about which patients are best
suited to receive antithyroid drugs as initial therapy in Graves’
disease (Table). Aimost ali physicians agree that antithyroid
drugs are the treatment of choice for children and adolescents,
but after a patient's second decade, some prefer to use ra-
dioiodine as the primary therapeutic modality. However, it is fair
to say that most physicians still reserve radioiodine for patients
older than 30 years. Thus, given that the incidence of Graves’
disease peaks in a population between 20 and 40 years of age,
a majority of patients will be given antithyroid agents as initial
therapy. Antithyroid agents are the treatment of choice for
pregnant hyperthyroid patients, and they are also used in sev-
eral other clinical settings: (1) for neonatal Graves’ disease, (2)
in combination with iodide, 3-adrenergic blockers, and gluco-
corticoids in thyroid storm (where PTU may be preferred), (3)
to render hyperthyroid patients euthyroid prior to thyroid sur-
gery, (4) to render some elderly patients or patients with car-
diac disease euthyroid prior to radioiodine therapy, and (5) in
iodine-induced thyrotoxicosis (Jod-Basedow), which is a self-
limited process.

Therapeutic Uses of Antithyroid Agents
Graves’ disease (initial therapy)

Pregnancy complicated by hyperthyroidism
Neonatal Graves' disease

Thyroid storm

Preparation for thyroid surgery

Preparation for radioiodine therapy
lodine-induced thyrotoxicosis

After one decides to treat a patient with antithyroid drugs, the
choice of agent is based largely on personal experience. Pro-
pylthiouracil is available only in 50-mg tablets and methima-
zole is supplied either as 5-mg or 10-mg tabiets. The usual daily
starting doses in a typical patient with Graves’ disease are 300
mg of PTU (100 mg every eight hours and 15 to 30 mg of meth-
imazole (usually as a single dose). Although the potency of
methimazole is said to be ten times that of PTU, recent studies
suggest it may be as much as 20 to 30 times as potent.

A very important therapeutic consideration in choosing an
antithyroid drug is the duration of action or biologic haif-life.
Studies done a number of years ago indicate that a single dose
of methimazole can inhibit iodide organification for aimost 40
hours.8 Although no strictly comparable data are available for
PTU, several reports suggest that the duration of PTU’s effects
are considerably shorter than 40 hours. These observations are
supported by clinical studies showing that methimazole is ef-
fectiveincontrolling hyperthyroidismwhengivenas asingle daily
dose,? while single-dose PTU therapy is less satisfactory.'0 (See
M. Greer, THYROID TGDAY Volume I, Number 1, 1880.) Drug
compliance is related, in part, to the complexity of the drug reg-



imen. Therefore, ali things being equal, single-dose methima-
zole is the treatment regimen of choice. Many physicians use
single-dose methimazole therapy only after a eumetabolic state
has first been induced by multiple daily-dose therapy. Single-
dose therapy is particularly useful in children and adolescents,
in whom compliance is likely to be a major problem.

We usually start patients on 20 to 30 mg of methimazole daily
as a single dose. If PTU is used, it should initially be given in
divided doses (eg, 100 mg every eight hours), although single-
dose PTU therapy is possible once the euthyroid state is
attained. The response to therapy, in terms of attainment of
biochemical euthyroidism, depends on a number of factors,
including drug dose, intrinsic thyroidal activity, and the size of
the thyroid gland. The gland size is particularly important,
because it usually reflects the amount of stored hormone. Since
antithyroid drugs do not affectthyroid hormonerelease, patients
with large glands generally take longer to attain the euthyroid
state than those with small glands. On average, euthyroidism
is reached after six to 12 weeks of therapy, after which the anti-
thyroid drug dose can often be decreased by 50% or more.
Occasionally, larger doses of drug (up to 1,200 mg of PTU or
80 to 100 mg of methimazole) are needed to control severe
hyperthyroidism. Patients who are thought to be refractory or
resistant to antithyroid agents almost always have poor
compliance histories, and are particularly likely to be on a mul-
tiple daily-dose PTU regimen. An increase in thyroid gland size
during therapy with antithyroid agents suggests the possibility
of drug-induced hypothyroidism, which is easily corrected by
decreasing the drug dose.

One of the most controversial aspects of antithyroid drug
therapy of Graves' disease is the duration of treatment. That is,
how long should a patient be treated before the drugs are dis-
continued in the hope that a remission has occurred? Early
studies suggested a treatment period of 12 to 24 months, and,
although this recommendation was not based on any scientific
evidence, it has become standard practice. However, recent
studies by Greer et al®* and others indicate that such a long
treatment period may not be entirely justifiable. These workers
report remission rates (~40%) after only two to six months of
therapy (ie, until the euthyroid state is attained) that are com-
parable to remission rates obtained after more conventional
treatment intervals (ie, one to two years). However, enthusi-
asm for a shorter treatment interval must be tempered by the
fact that other investigators have not observed similarly high
remission rates with short-term therapy. In our own clinic, we
still treat most patients for 12 to 24 months before discontinu-
ing antithyroid drugs. The duration of therapy is an important
consideration, since treatment is prolonged unnecessarily in
those patients destined to have an early remission.

Over the years, a number of clinical findings and laboratory
tests have been suggested as predictors of remission or re-
lapse after a course of antithyroid drug therapy, but none has
been consistently reliable. Clinically, mild disease and a smalil
thyroid gland have been correlated with an increased chance
of remission, but not all studies have noted this association.
Similarly, an abnormal T, suppression test result or an unre-
sponsive thyrotropin-releasing hormone (TRH) test result at the
end of therapy has been suggested as an indicator of relapse,
but neither test accurately predicts relapse. Abnormalities of the
pituitary-thyroid axis may persist despite long lasting bio-
chemical euthyroidism. More recently, titers of thyroid-stimu-
lating immunoglobulins have been used to predict remission,

since relapse is extremely likely if these titers remain high after
a course of therapy. However, relapse also occurs in many pa-
tients whose titers have normalized. Finally, HLA A3 and/or HLA
B8 positivity have been found by some, but by no means all,
investigators to correlate with relapse after antithyroid drug
therapy. (See A. McGregor, B.R. Smith, and R. Hall, THYROID
TobpAy, Volume V, Number 6, 1982.)

Instead of performing any of these expensive, time-consum-
ing, and often unreliable tests, we merely decrease or stop
therapy and observe the patient. Relapses almost invariably
occur within the first three months after therapy is discontin-
ued, and either a second course of drug therapy is initiated or
an alternate therapy (radiociodine or surgery) is selected. In
general, the chances of remission are lower after a second
course of therapy. We treat most relapsing patients with
radioiodine.

In a recent study, the remission rate was found to be much
higher in patients treated with very large doses of antithyroid
drug supplemented with L-thyroxine, compared with patients
treated with more conventional doses.'" The lower relapse rates
correlated with lower thyroid-stimulating immunoglobulin titers
in the high-dose treatment group. However, the rate of side
effects was much higher in this group, making a high-dose drug
regimen a less attractive alternative.

It is essential to recognize that antithyroid drugs are rarely
curative, and that relapses continue to occur months to years
after a putative remission. In addition, in some patients who do
have a long-term remission, hypothyroidism can develop many
years later. This is probably a reflection of the natural history of
Graves’ disease.' For these reasons, life-long follow-up is
essential for all patients given antithyroid agents as primary
therapy.

Although the majority of patients are treated with antithyroid
agents for several months to several years, some patients have
been maintained on low-dose therapy for as long as 10 to 20
years without sequelae. This form of therapy is most suitabie
for conscientious patients who can be managed on single daily-
dose regimens.

Use in Pregnancy and Lactation

Approximately one of every 1,000 pregnancies is complicated
by hyperthyroidism. At present, the treatment of choice for the
pregnant hyperthyroid patient is antithyroid drugs, rather than
surgery. Obviously, radioiodine therapy is contraindicated in this
situation. Despite their excellent record, major concerns arise
whenever a pregnant patient is treated with antithyroid agents,
since these drugs cross the placenta. Studies performed by
Marchant et al show that PTU crosses the placentai barrier only
about one-fourth as well as methimazole.' The reasons for this
relate to PTU’s protein binding, solubility, and partially ionized
state, which makes it less able to cross cell membranes. Fur-
thermore, methimazole exposure has been rarely associated
with congenital scalp abnormalities (aplasia cutis), while PTU
has not been noted to be teratogenic. For these reasons, pro-
pylthiouracil is preferable to methimazole in pregnancy.
Despite its low potency and limited placental transfer, PTU
causes goiter (and, by implication, mild hypothyroidism) in about
10% of exposed infants. Recent studies suggest that more subtle
hiochemical abnormalities (increase in serum TSH) occur in
many infants born to mothers taking PTU.'™* Although there is
no simple dose/response relationship between PTU dose and
the development of neonatal hypothyroidism, it is prudent to use



the lowest possible dose. in practice, PTU is usually started in
doses of 100 mg every eight hours, and the dose is gradually
reduced as the euthyroid state is achieved. It should be re-
called that because of increased thyroid binding globulin levels
induced by placental estrogen, normal serum thyroid hormone
concentrations are higher in pregnancy than in the nonpreg-
nant state. Therefore, one aims for serum levels of thyroxine
between 12 and 16 ng/dl rather than the usual nonpregnant
normal range of 5 to 12 pg/dl. Frequently, it is possible to dis-
continue antithyroid therapy altogether in the last trimester, since
the disease tends to ameliorate spontaneously at this time.
However, since itoftenredevelopsduringthe postpartum period,
patients require careful follow-up.

Long-term studies of PTU-exposed children have not re-
vealed any intellectual or physical impairment compared with
siblings or age-matched controls.’® Thus, there is no evidence
that antithyroid drug exposure in utero, if kept to a minimum,
has any long-term sequelae. However, the number of exposed
children that have been tested is small, and further, more de-
tailed developmental studies are warranted.

Some physicians treat hyperthyroid pregnant women with
antithyroid drugs plus supplemental L-thyroxine, to avoid ma-
ternal hypothyroidism. However, we do not recommend this
combination therapy in pregnancy or in any other circum-
stance. Thyroid hormone crosses the placenta so poorly that
this combination does not prevent neonatal hypothyroidism.
Furthermore, it could, by masking endogenous maternal thy-
roxine levels, lead the physician to give unnecessarily high doses
of antithyroid drugs.

For almost 40 years, breast feeding was held contraindi-
cated in women taking antithyroid agents. Recent studies, us-
ing more sensitive analytic techniques than were employed
previously, reveal that PTU actually crosses into breast milk
poorly,'®* whereas methimazole concentrations in breast milk are
equal to those in maternal serum.” These dissimilarities are due
to differences in drug protein binding, solubility, and ionization,
discussed above. Considering PTU's comparably low potency,
the data suggest that PTU levels in milk are probably low enough
to be an insignificant threat to the nursing baby's thyroid sta-
tus. A theoretical risk is drug-related side effects in the infant,
but this has never been reported. Although we do not encour-
age breast feeding in this situation, it would appear that the risks
are low. If a woman taking PTU strongly desires to breast feed,
she may do so if she is apprised of the possible risks and if the
baby’s thyroid function is monitored closely.

Side Effects

Side effects occur in approximately 1% to 5% of individuals
taking antithyroid drugs, which is similar to the frequency of re-
actions seen with most other commonly prescribed therapeutic
agents. The most typical manifestations of antithyroid drug
toxicity are fever, rash, urticaria, arthralgias, arthritis, and tran-
sient benign leukopenia (WBC < 4,000/mm?). Side effects are
seen more frequently with high drug doses. Mild leukopenia is
the most common side effect, being seen in 5% to 10% of adults
and up to 25% of children taking antithyroid agents. Leuko-
penia does not presage the development of agranulocytosis; it
is not associated with infection, and it is not a reason to dis-
continue therapy. Mild leukopenia is also frequently seen in
untreated Graves' disease. Minor skin reactions may dis-
appear with continued treatment. With other reactions, sub-
stitution of the other drug is reasonable, but cross-reactivity
is common.

Agranulocytosis is the most dreaded complication of antithy-
roid drug therapy, occurring in approximately 0.5% of individ-
uals exposed to these agents. The onset is explosive, so that
routine monitoring of the white blood cell count is of little value.
Agranulocytosis (granulocyte count <250/mm?) is character-
ized by high fever, toxicity, and evidence of infection, particu-
larly of the oropharynx. If antithyroid drugs are discontinued,
the syndrome is reversible after several days to several weeks.
If there is evidence of infection, treatment should be similar to
that given to any immunocompromised host. One recent study
suggests that glucocorticoid administration (prednisone 40-mg
to 80-mg/day) may hasten the recovery process."”

The etiology of agranulocytosis is unknown, but a large
amount of experimental evidence suggests that it is an autoim-
mune rather than a toxic phenomenon, with circulating anti-
neutrophil antibodies demonstrable in many patients. The risk
of agranulocytosis is dose-related with respect to methima-
zole, but not PTU. A recent retrospective study indicated that
small doses of methimazole were safer, in terms of agranulo-
cytosis, than larger doses of methimazole (>40 mg/day) or
conventional doses of PTU (Figure 4).7® In addition, individuals
older than 40 years were noted to be at higher risk for devel-
oping this complication. Individuals who have previously had a
benign exposure to antithyroid drugs can develop agranulo-
cytosis upon re-exposure. In this circumstance, agranulocy-
tosis often occurs within days of starting the drug.

. Agranulocytosis (n=8): Mean MMI Dose = 44*|0 mg/d
p<0.00l

Hyperthyroid Controls (n=21): MMI Dose = 30£10 mg/d
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Figure 4

Distribution of hyperthyroid patients developing agranulocytosis during
methimazole (MMI) therapy (black), compared with hyperthyroid patients
not developing agranuiocytosis (shaded). The methimazole doses in the
patients who developed agranulocytosis were significantly higher than in
the patients who did not develop agranulocytosis.

Before any patient begins therapy with antithyroid drugs, he
or she should be warned to discontinue the drug at the first sign
of fever, sore throat, or other evidence of infection, and then to
have a white blood cell count performed as soon as possible.
Treatment can resume when the physician is assured that the
leukocyte count is normal. Agranulocytosis almost invariably
occurs within the first 12 weeks of therapy, so concerns about
this problem are considerably lessened as time goes on.

A number of other more unusual side effects have been re-
ported in association with antithyroid drugs, including toxic
hepatitis {(with PTU), cholestatic jaundice (with methimazole),
vasculitis, a lupus-like syndrome, and, very rarely, aplastic
anemia and a vitamin K responsive coagulopathy (with PTU).
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