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vascular pedicle remains. When a
parathyroid gland cannot be
mobilized safely from the thyroid
gland it should be removed, and a
small portion biopsied to confirm
that it is parathyroid; the remainder
should be transplanted in 1 mm
pieces into separate pockets in the
sternocleidomastoid muscle.
(Separate pockets are used in case a
hematoma develops so that all pieces
are not lost.) Once the recurrent
laryngeal nerve and parathyroid
glands have been mobilized from the
thyroid, the thyroid lobe is dissected
quickly from the trachea. Small
bleeding sites on the trachea are
coagulated with the Bovie elec-
trocoagulation unit. When a total
thyroidectomy is done, a similar
approach is used for the opposite lobe,
but the isthmus, in general, is not
divided so that entire thyroid gland
can be removed at one time.

Thyroid Surgery—Future

Although we currently separate
patients into high- and low-risk cate-
gories based on the age of the patient,
histological type and differentiation,
tumor stage, and its invasiveness in
the operating room, new methods
will allow better prediction of tumor
behavior. Studies should examine the
detection of specific oncogenes or com-
binations of oncogenes, the presence
of tumor suppressor genes, and the
identification of aberrant signal
transduction pathways. Ideally, data
should be available from analysis of
fine needle biopsy material. Selective
treatment then could be applied to
arrive at critical decisions about the
extent of thyroid and lymph node dis-
section, the of use postoperative radio-
iodine treatment, or, more rarely,
external radiation treatment.

Eliminating environmental risk
factors that increase thyroid cancer,
such as radiation exposure and iodine
deficiency, also should decrease the
incidence of thyroid malignancies. Of
interest is the increased frequency of

K ras mutations in thyroid tumors of
patients who have been exposed to
radiation.808! The high incidence of
cancer at autopsy—28% for Japanese
in Hawaii and 13% for caucasians in
Minnesotad2.83—may be due to both
genetic and environmental factors.

A study by Ron et al .84 suggests
that thyroid cancer develops more
frequently in abnormal than in normal
thyroid tissue and supports the hy-
pothesis that “multiple genetic hits”
(similar to those occurring in colon
cancer), also may be responsible for
the development of various thyroid
cancers.85 Recently, investigators
have identified multiple oncogenes
including ras and gsp, both in benign
and malignant thyroid neoplasms of
follicular origin, the ret oncogene in
papillary thyroid cancers, and the
p53 tumor suppressor gene in ana-
plastic thyroid cancers and in several
follicular cancers that have become
cell lines (Table 3).61.62.65.86 The
presence of multiple oncogenes and
mutated tumor suppressor genes
appears to correlate with tumor aggres-
siveness in some but not all studies.62.64

Thyroid tumors have been induced
in mouse thyroid glands by stimulat-
ing the expression of SV40 antigen,

which manifests tumor suppressor
gene inactivating activity.8” Circu-
lating oncogenes including SIS (which
codes for platelet derived growth
factor [PDGF] receptors) and p53
have been associated with anaplastic
thyroid cancers. Cytoplasmic onco-
genes may be relevant for thyroid
tumors including the nu oncogene,
which codes for an epidermal growth
factor (EGF).88 EGF also has been
shown to be expressed abnormally in
thyroid cancers.89.90 The presence of
ras oncogenes may be more charac-
teristic of follicular cancers.9! The
stimulatory G protein, gsp, has been
identified in follicular adenoma,
especially “hot nodules,” and in some
constitutively activated papillary
and follicular thyroid cancers.63.64.92.93
The TSH receptor oncogene also
recently has been demonstrated in
“hot nodules.”™4 Abnormalities in
signal transduction of the adenylate
cyclase and phospholipase C systems
in response to TSH occur in both
benign and malignant thyroid neo-
plasms.60.95 Thyroid tumors respond
to growth factors other than TSH
such as vasoactive intestinal polypep-
tide (VIP), EGF, insulin-like growth
factor IGF), and other agonists that
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stimulate the adenylate cyclase, phos-
pholipase C, and tyrosine kinase
pathways.57.96 Alterations in these
pathways correlate with tumor
aggressiveness.?.59.89 Studies of the
mechanisms of thyroid cellular
growth and differentiation of the
tumor clearly are important as are
studies of the factors responsible for
thyroid tumor invasion and
metastases.?7

In the future, gene therapy98-101
and the use of agents designed to
block aberrant signal transduction
pathways may provide exciting
methods for treatment. The possibil-
ity of targeting certain tissues and
cells with retroviruses presents
another approach that has already
been demonstrated in the treatment
of hepatomas.100 Such advances in-
evitably will modify or replace
current surgical approaches to the
treatment of thyroid neoplasms.

Conclusions

Public health programs to prevent
endemic goiter should continue to
result in a decrease in thyroidecto-
mies for nodular goiter and thyroid
cancer. Exposure to low-dose thera-
peutic radiation, formerly used to
treat patients for a variety of condi-
tions, has ceased. As a consequence,
fewer thyroid cancers should develop.
Patients with familial thyroid tumors
will be diagnosed earlier and the treat-
ment of these patients by prophylactic
thyroidectomy, as done in patients
with C-cell hyperplasia, will prevent
death from thyroid cancer. Percu-
taneous needle biopsy will continue
to be used to select patients for thyroid-
ectomy, and new methods should be
developed to differentiate follicular
adenomas from follicular carcinomas
and Hirthle cell adenomas from
Hiirthle cell carcinomas preoperatively.

The preoperative diagnosis of
cancer also should allow clinicians to
refer patients to surgeons who are
experienced in thyroid surgery so
that complications such as hypopar-

athyroidism or vocal cord paralysis
will be rare. Prospective studies are
needed to determine the therapeutic
impact of total thyroidectomy and
postoperative radioiodine therapy on
thyroid tumor recurrence rate and
survival. We believe that until such
studies are done, total or near total
thyroidectomy done by experienced
thyroid surgeons will result in fewer
recurrences and improved survival.
We also recommend treatment with
postoperative 1311 therapy and TSH
suppression for all patients with thy-
roid cancer—except for minimally
invasive follicular thyroid cancers
and occult papillary thyroid cancers.
We believe that this treatment is the
safest and most efficient for well-
differentiated thyroid cancer. Follow-
up should include determination of
TSH (with sensitive TSH assays to
be certain that the patient is euthy-
roid), measurement of the serum
thyroglobulin level, and radioiodine
scanning.
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