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Thyroid nodules are common; it is estimated that
approximately 4% to 7% of the adult American popula-
tion has a palpable thyroid nodule, and autopsy and
high-resolution ultrasonography studies suggest that up
to 50% of adults may have nodules within their thyroid
gland.1,2 In contrast, malignant thyroid nodules are rela-
tively rare; with approximately 17,200 new cases of
thyroid cancer reported each year, malignant thyroid
nodules represent only 1% of all malignancies and 0.5%
of all cancer-related deaths.3,4 Because the overwhelm-
ing majority of thyroid nodules are benign, the clinician
is faced with the difficult task of trying to identify the
small number of patients with malignant nodules, which
require surgical treatment, among the large number of
patients with benign thyroid nodules. The clinical eval-
uation of a solitary thyroid nodule initially involves
identifying risk factors that may increase the probability
that a given nodule is malignant. These characteristics
include prior neck irradiation; family history; age;

whether or not the nodule is solitary; characteristics of
the nodule, including size, consistency, and/or fixation;
whether there are any enlarged lymph nodes; hoarseness;
and pressure symptoms. Although thyroid function tests
are often done, it is unusual for thyroid cancer to cause
significant alterations in thyroid function.

Other modalities that have been used in differentiating
benign nodules from malignant ones include thyroid
suppression therapy, cervical ultrasonography, and thy-
roid scintigraphy. First, thyroid suppression therapy, al-
though frequently used, has not been shown to cause a
statistically significant decrease in the size of nodules
when compared with placebos in recent studies.5,6 There
are also numerous reports of nodules that decreased in
size during suppression therapy but subsequently turned
out to be malignant.7 Second, cervical ultrasonography
can identify extremely small nodules in the range of 1
mm in diameter; however, there are no ultrasonographic
criteria that are pathognomonic for malignancy.8 Third,
thyroid scintigraphy has been used enthusiastically in the
past to differentiate between benign and malignant nod-
ules. If one looks at the scintigraphic characteristics of all
nodules, 84.0% are cold (nonfunctioning), 10.5% are
warm (having uniform tracer uptake), and 4.0% are hot
(hyperfunctioning).9,10 Cancer is present in approxi-
mately 16% of cold nodules, 9% of warm nodules, and
4% of hot nodules. Therefore, if a nodule is cold, there is
an 87% sensitivity for cancer, but specificity is only
30%.

Over the past 10–15 years, fine-needle aspiration
(FNA) biopsy has emerged as the most accurate and
cost-efficient way to differentiate benign from malignant
nodules with an accuracy rate approaching 95%.11 FNA
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biopsies are performed with 21 to 25 gauge needles,
making three to five aspirations of the nodule. The
smears are then alcohol-fixed and air-dried. Papanico-
laou’s and Giemsa (Diff-Quik) stains are performed, and
smears containing 6–8 medium-sized fragments of fol-
licular epithelium on at least two slides are defined as
adequate. Using this FNA technique has decreased sur-
gical intervention by 25% while increasing the identifi-
cation of cancer in surgically excised specimens from
15% to over 30%.12

Cytological results from FNA biopsies are usually
reported in one of four categories: (1) positive for ma-
lignancy (papillary or medullary carcinoma), (2) indeter-
minate for malignancy (follicular neoplasm), (3) nega-
tive for malignancy (colloid nodule), and (4) inadequate
specimen (insufficient tissue for interpretation). Large
studies have demonstrated that the false-positive rate for
FNA biopsy is close to 0% and the false-negative rate is
0% to 2%.13,14FNA biopsy is safe, reliable, and accurate,
yet approximately 15% to 20% of FNA biopsy results are
interpreted as indeterminate, and 5% to 10% of biopsy
specimens are judged to be inadequate.

Controversy surrounding FNA biopsy involves inde-
terminate cytologies, because 10% to 30% of nodules
reported as indeterminate will turn out to be malignant
after thyroidectomy.15 Most cytopathologists will further
subcategorize the group of indeterminate cytologies as
shown in Table 1.15 Cytologies that are suspicious for
papillary carcinoma are classified as such because they
do not satisfy the criteria for the cytological diagnosis of
papillary carcinoma of the thyroid outlined by Kini.16

Between 60% and 90% of indeterminate FNA biopsy
specimens described as suspicious for papillary carci-
noma will turn out to be malignant.15,17 Therefore, this
cytological result should prompt thyroid lobectomy (see
algorithm in Fig. 1). If the surgeon is a proponent of total
or near-total thyroidectomy for well-differentiated thy-
roid cancer, then a frozen-section analysis of the lobec-
tomy specimen should be performed; if the nodule is
malignant, then the total thyroidectomy is completed. In
contrast, indeterminate FNA cytologies that are inter-
preted as hypercellular follicular aspirates with colloid

are almost always benign; in these cases, observation
with or without thyroid suppression is adequate treat-
ment.15

Indeterminate lesions interpreted as follicular or
Hurthle cell neoplasms can only be deemed malignant if
histological evidence of capsular, lymphatic, or vascular
invasion is identified. These histological findings require
more tissue than can be obtained by FNA biopsy; a
cytopathologist cannot differentiate between follicular or
Hurthle cell adenoma and carcinoma based solely on a
cytological examination.18–20 Use of additional cytolog-
ical parameters, such as the cellular pattern,21–23nuclear
diameter,24 number and margination of nucleoli,25,26and
DNA pattern as measured by flow cytometry,27–29 has
met with limited success in differentiating follicular or
Hurthle cell carcinomas from adenomas. A repeat FNA
biopsy may eliminate the misdiagnosis of benign lesions,
although it cannot differentiate between benign and ma-
lignant follicular lesions.30,31 In addition, the use of thy-

FIG. 2. Management algorithm for indeterminate FNA cytology.
Thyroid scintigraphy is performed in patients with suppressed TSH
levels that suggests a functioning (hot) nodule.

TABLE 1. Subclassification of indeterminate
FNA cytologies

Indeterminate Cytology
Percent indeterminate

FNA biopsies
Percent

malignant

Suspicious for papillary
carcinoma

10 90

Follicular neoplasm 55 20
Hurthle cell neoplasm 20 30
Hypercellular follicular aspirates 15 0

FIG. 1. Management algorithm for indeterminate FNA cytology.
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roid suppression in conjunction with a repeat FNA bi-
opsy has been proposed as a means of observing and
treating individuals with indeterminate FNA biopsy re-
sults.32 Although levothyroxine therapy is commonly
used, recent studies have demonstrated that thyroid-stim-
ulating hormone (TSH) suppression will not shrink or
alter the histological appearance of follicular lesions.6

At the current time, the most useful approach for the
treatment of indeterminate follicular and Hurthle cell
lesions involves assessing the likelihood of malignancy
by examining various clinical parameters. Several stud-
ies have demonstrated an improved, but not perfect,
ability to predict malignant potential using the size of the
lesion and age of the patient.15,33Indeterminate follicular
or Hurthle cell neoplasms in patients over 50 years of age
with nodules.4 cm in diameter have a 40% to 60%
incidence of being malignant compared with an inci-
dence of 10% in individuals with smaller nodules (,4
cm), or under the age of 50. Patients with follicular
neoplasms and a suppressed TSH can be screened using
thyroid scintigraphy. If the patient’s scan shows a hot
nodule (uncommon in the absence of suppressed TSH),
malignancy is very rare.

Although controversial, we perform, at the time of
thyroid lobectomy, an intraoperative frozen-section eval-
uation of the nodule to confirm the suspected patholo-
gy15,34,35 (Fig. 2). If evidence of capsular or vascular
invasion (carcinoma) is identified, a total or near-total
thyroidectomy is performed (the controversy regarding a
unilateral versus bilateral operation for well-differenti-
ated thyroid cancer will be addressed later in this report).
If no evidence of carcinoma can be identified, a bilateral
operation is performed only in patients deemed to be in
the high-risk category on the basis of age (.50 years old)
and nodule size (.4 cm). For low-risk patients, one
should wait for permanent-section evaluation to be com-
pleted and the operation is terminated. In young patients
whose final pathology demonstrates only minimal cap-
sular invasion without vascular invasion, observation
after thyroid lobectomy is reasonable due to their excel-
lent prognosis on the basis of the AMES (age, metasta-
ses, extrathyroidal extension, size) and AGES (age,
grade, extrathyroid extent, size) criteria.36,37 If the final
pathology demonstrates extension beyond the thyroid
capsule or vascular invasion, a completion total thyroid-
ectomy is performed.
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Differentiated Thyroid Cancer: Less Than Total Thyroidectomy

Ashok R. Shaha, MD

The management of thyroid cancer continues to be a
subject of major controversy. Issues related to diagnostic
evaluation and the extent of thyroidectomy have gener-
ated considerable debate. Determining the proper extent
of thyroid resection—routine total thyroidectomy or less-
than-total thyroidectomy—has generated considerable
literature and stimulated many panel discussions at var-
ious national meetings. It has also polarized two groups
of physicians with strongly held beliefs. Unfortunately,
most of the reports in the literature are retrospective and
are therefore difficult to interpret. A prospective random-
ized study of total thyroidectomy versus thyroid lobec-
tomy in patients with well-differentiated thyroid cancer
is almost impossible to complete because of the excellent
outcome of the disease (long survival duration), the
required long-term follow-up, and the large number of
patients needed to show any meaningful statistical dif-
ferences in outcome.

The question most frequently posed is, “What is the
best operation for a patient who presents with a solitary
thyroid nodule?” Obviously, if there is gross disease in
both lobes of the thyroid, total thyroidectomy is the most
appropriate surgical procedure. However, in a young
individual with a primary carcinoma,4 cm in diameter,
the controversy continues regarding whether a routine
total thyroidectomy is necessary or a less-than-total thy-
roidectomy is sufficient. The major arguments for a total
thyroidectomy include the presence of microscopic dis-
ease in the opposite lobe, the need for adjuvant radioio-
dine therapy, the ability to use thyroglobulin as a post-
operative tumor marker (it can be used only after total
thyroidectomy), and the hypothetical (small) risk of ana-
plastic transformation. Based on these arguments, au-
thors have advocated the routine use of total thyroidec-
tomy for well-differentiated thyroid cancer.38,39 In
contrast, the treatment of lymph node metastases is well
defined: if clinically obvious, nodal metastases are
treated surgically with neck dissection. If clinically pal-
pable nodes are present in the lateral neck, a modified
neck dissection should be performed, preserving the ster-
nocleidomastoid muscle, accessory nerve, and jugular
vein.

Our understanding of well-differentiated thyroid can-
cer has improved considerably in the past two decades
with identification of prognostic factors and analysis of
risk groups.36,37,40–46Reports from the Mayo Clinic and
Lahey Clinic analyzed various clinical and pathological
factors in patients with well-differentiated thyroid cancer
and defined poor prognostic factors including advanced
age, high tumor grade, the presence of distant metastasis,
increased tumor size, and the presence of extrathyroidal
tumor extension. Based on these prognostic factors, they
divided their patients into low- and high-risk groups. The
mortality rate in the low-risk group was,2%, whereas
in the high-risk group, mortality was 46%.36,37,39,40Re-
searchers at Memorial Sloan-Kettering Cancer Center
(MSKCC) described similar prognostic factors, which
included tumor grade, age, tumor size, and the presence
of distant metastasis or extrathyroidal tumor extension.
The MSKCC authors divided their patients into low-,
intermediate-, and high-risk groups. The long-term (20
years) survival rate in these three risk groups was 99%,
85%, and 57% respectively (Table 2).41,45

The above information is extremely helpful in under-
standing the biology of thyroid cancer and making ap-
propriate decisions regarding the need for total versus
less-than-total thyroidectomy. Obviously, a nodulectomy
or partial thyroidectomy should not be performed be-
cause of the high risk of local recurrence and the inability
to achieve adequate margins of resection. If a patient
belongs to the high-risk group, consideration should be
given to total thyroidectomy at the time of initial surgery
because the patient may need radioiodine therapy in the
future. It is generally believed that 80% of patients will
do well with lobectomy alone; 5% of patients will do
poorly regardless of the surgical procedure performed
because of the aggressive nature of thyroid cancer in
selected patients; and 15% of the patients will need total
thyroidectomy and adjuvant radioiodine or external-
beam radiotherapy to control locally advanced disease.
In patients with papillary thyroid cancer, the clinical
incidence of local recurrence in the contralateral lobe
after unilateral lobectomy is generally,5%, even
though the incidence of microscopic multicentric disease
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may be as high as 40% to 70%. The presence of such
microscopic “laboratory cancer” has little prognostic sig-
nificance.

The routine use of adjuvant radioiodine therapy is also
controversial. When patients are divided into low- and
high-risk groups, no specific indications exist for the
routine use of radioiodine ablation in low-risk patients.
This is because the outcome in these patients is excellent,
and it is unlikely that radioiodine will have a major
impact on long-term survival. Low-risk patients should
receive thyroid suppression therapy (levothyroxine) and
be observed. In the event of recurrence with distant
metastasis, consideration should be given (at that time) to
either completion thyroidectomy or radioiodine ablation
of the other lobe. The argument in favor of total thyroid-
ectomy based on ease of follow-up with thyroglobulin is
also unfounded. Thyroglobulin is a nonspecific weak
tumor marker, and the measurement of thyroglobulin
levels during follow-up in low-risk patients with well-
differentiated thyroid cancer remains investigational.
Considering the above arguments, I believe that the
minimal operation for a well-differentiated solitary thy-
roid cancer is lobectomy and isthmectomy; for the ma-
jority of patients, this is also the maximum operation
required. In reviewing our large database of patients with
papillary or follicular thyroid cancer (.1,000), there was
no significant difference in outcome based on the oper-
ation performed in patients with thyroid cancers#3 cm
in diameter.42,45,46

There are very few circumstances under which a sur-
geon should consider total thyroidectomy. These circum-
stances include a grossly abnormal contralateral lobe, a
high-risk patient with either extrathyroidal tumor exten-
sion or a large primary tumor with major extracapsular
tumor extension, massive lymph node metastases, or an
elderly patient.47,48 However, the routine use of total
thyroidectomy in every patient who presents with a sol-
itary thyroid nodule is not indicated.

One of the most common clinical problems involves a
patient who is found to have a follicular adenoma on

frozen-section analysis that is revealed to be follicular
carcinoma on permanent-section analysis based on his-
tological evidence of capsular invasion. These patients
are often returned to the operating room for completion
thyroidectomy. However, these patients generally fall
into the low-risk group and have excellent long-term
survival. If the patient’s opposite lobe was normal at the
time of initial surgery, the primary tumor should be
reviewed to histologically assess the presence or absence
of capsular and vascular invasion. If there is minimal
capsular or vascular invasion, these patients generally
have “nonthreatening malignancies,” and no additional
treatment is required unless there is major vascular in-
vasion or other poor-risk prognostic factors.

Despite the information given above, there are very
strong proponents of both total thyroidectomy and com-
pletion thyroidectomy. Such proponents are surgeons
who are extremely well trained and have tremendous
experience. There is absolutely no doubt that the com-
plications of total thyroidectomy are minimal for well-
trained, experienced thyroid surgeons. The incidence of
one such complication, permanent hypoparathyroidism,
is directly proportional to the extent of thyroidectomy
and inversely proportional to the experience of the op-
erating surgeon. However, we must recognize that the
bulk of thyroid surgery is still performed by surgeons
outside referral centers, where the incidence of compli-
cations may be higher than reported by experienced
surgeons in major referral centers. The long-term com-
plications of total thyroidectomy may be of greater con-
cern to the patient than the disease itself. It is, therefore,
very important to review prognostic factors and risk-
group classification before the routine use of total thy-
roidectomy, and consideration should be given to the
extent of thyroid resection appropriate for each patient.

Our practical approach to the operative management of
solitary thyroid nodules includes an FNA biopsy and patho-
logical assessment using frozen sections at the time of
surgery. We carefully evaluate the opposite lobe for the
presence of gross disease; if there are clinical abnormalities

TABLE 2. Risk-group definitions in patients with well-differentiated thyroid cancer (MSKCC)

Characteristic Low Intermediate Intermediate High

Age (years) ,45 ,45 $45 $45
Distant metastasis M0 M1 M0 M1
Tumor stage T1, T2 T3, T4 T1, T2 T3, T4

(#4 cm) (.4 cm) (#4 cm) (.4 cm)
Histology and grade Papillary Follicular and

or high-grade
Papillary Follicular

and or
high-grade

5-Year survival rate 100% 96% 96% 72%
20-Year survival rate 99% 85% 85% 57%
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in the opposite lobe, a total thyroidectomy is performed. At
the time of surgery, it is important to evaluate the tracheo-
esophageal, internal jugular, and superior mediastinal
lymph nodes. If any of these nodes are enlarged, a central
compartment dissection is done. Before the initial operation
for a solitary thyroid nodule, the patient’s risk-group clas-
sification should be assessed to determine the need for
adjuvant radioiodine therapy. If the patient belongs to the
high-risk group and radioiodine therapy is planned, it would
be appropriate to consider total thyroidectomy, thereby
avoiding the need for another operation. If the tumor is
either adherent to or invading the tracheal wall, or if bulky
metastatic disease is noted in either the contralateral neck or

superior mediastinum, total thyroidectomy with appropriate
clearance of lymph nodes is performed, followed by radio-
iodine therapy.

The survival of patients with well-differentiated thy-
roid cancer is generally decades long, making it difficult
to develop clear recommendations for the extent of thy-
roid resection appropriate in all patients. A randomized
prospective trial in low-risk patients will be virtually
impossible because each patient is quite different, the
treatment must be individualized, and the survival rate is
so good that the study will not generate any meaningful
statistical difference despite a long period of postopera-
tive observation.
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Differentiated Thyroid Cancer: Less Than Total Thyroidectomy

Robert A. Udelsman, MD, FACS

Few areas in endocrine surgery are more controversial than
the management of well-differentiated thyroid cancer. Well-
differentiated thyroid cancers are derived from the thyroid
follicular cells and include papillary cancer (including mixed
papillary-follicular carcinoma) as well as the follicular variant
of papillary carcinoma. Follicular and Hurthle cell carcinoma
are also considered to be well differentiated and, for the most
part, are managed much like papillary carcinoma. Papillary
thyroid carcinoma is the most common epithelial thyroid tu-
mor, accounting for approximately 80% of all thyroid cancers.
The major ongoing debate in the management of well-differ-
entiated thyroid cancer is the proper extent of surgery at the
time of initial thyroidectomy. Two schools of thought in this
debate have emerged: one suggests that a total or near-total
thyroidectomy is the ideal operation for the vast majority of
patients with well-differentiated thyroid cancer, whereas the
other suggests that patients can be stratified preoperatively
according to identifiable risk factors to allow those who are at
low risk (for both recurrence and death) to undergo a lesser
procedure, usually in the form of a thyroid lobectomy. The
arguments for total thyroidectomy are summarized in Table 3.

Mazzaferri and associates7,49,50 have shown that for
patients with tumors.1.5 cm in diameter, both recur-
rence and cancer-related mortality are reduced with near-
total or total thyroidectomy in combination with adjuvant
radioiodine ablation and long-term thyroid hormone sup-
pression. The ability to perform radioiodine scans and/or
therapy is dependent upon the residual amount of thyroid
tissue left in situ. Therefore, if a thyroid lobe is left in
situ, radioiodine therapy is, for the most part, impracti-
cal. In Mazzaferri’s study,49 successful ablation was

achieved in 94% of patients who had,2 g of thyroid
tissue compared with 68% of patients who had a large
thyroid remnant. Radioiodine therapy itself has been
shown to prolong survival and reduce recurrence rates in
several studies.49,51–53These results have also been dem-
onstrated in a series of nearly 1600 patients who were
treated for well-differentiated thyroid cancer, at The Uni-
versity of Texas M. D. Anderson Cancer Center, in
which radioiodine therapy was found to be the single
most powerful prognostic indicator for increased dis-
ease-free survival.53 Similar findings have been demon-
strated by Mazzaferri as well as DeGroot and associ-
ates.49,51

Total or near-total thyroidectomy may also allow for
the administration of lower doses of radioiodine for
successful ablation. In general, radioiodine doses in the
range of 75–100 mCi are used for ablation. Smaller
doses, usually 29.9 mCi, are now frequently used, mak-
ing outpatient treatment possible for patients who have
undergone total or near-total thyroidectomy. Addition-
ally, low-dose ablative therapy was far more successful
in patients who had total or near-total thyroidectomy
compared with patients who had lesser procedures.54

Serum thyroglobulin has been shown to be the most
sensitive marker for recurrent papillary carcinoma of the
thyroid.55 After ablating remnant thyroid tissue with ra-
dioiodine, serum thyroglobulin becomes a useful marker
for recurrent disease. Furthermore, radioiodine scans can
be used to diagnose and localize recurrent disease. This
is important because the probability of persistent disease
or death after treatment of recurrent thyroid cancer is less
for patients with radioiodine-detected recurrent disease
than for those with clinically diagnosed recurrence (9.5%
vs. 54.0%).56 With the use of recombinant thyroid-stim-
ulating hormone (r-TSH) testing, which is likely to re-
place thyroid hormone withdrawal, patients will not have
to experience the side effects of hypothyroidism associ-
ated with additional radioiodine scans.57,58It is likely that
r-TSH will significantly change the manner in which
patients with thyroid cancer are treated.

Total thyroidectomy is also associated with increased
survival in subsets of patients.49,51,59,60Clark61 reported

TABLE 3. Rationale for total thyroidectomy

1. Improves ability to use postoperative radioiodine therapy.
2. Lowers dose of radioiodine needed for ablative therapy.
3. Allows monitoring of recurrence with radioiodine scans and

serum thyroglobulin.
4. Improves survival in high-risk subsets of patients.
5. Decreases recurrence rates in all patients.
6. Reduces the risk of developing pulmonary metastases.
7. Can be performed with the same morbidity and mortality as that

of a unilateral procedure.
8. Decreases the small risk of a differentiated cancer from becoming

an undifferentiated cancer.
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that total thyroidectomy reduced the thyroid cancer death
rate from 5% to 2%. Also, DeGroot and Kaplan62 found
that total or near-total thyroidectomy in patients with
papillary thyroid tumors.1 cm in size resulted in a
decreased risk of death from cancer. Mazzaferri and
colleagues49,50 also reported improved mortality in pa-
tients with stage II or III disease who had a total or
near-total thyroidectomy versus lesser procedures. Fur-
thermore, researchers at the Mayo Clinic found that
bilateral thyroid resection resulted in lower death rates in
high-risk patients.63 Therefore, the data overwhelmingly
suggest that in high-risk patients, total or near-total thy-
roidectomy plus radioiodine therapy improves survival.

Similar studies have shown that total or near-total
thyroidectomy reduces the recurrence rate in patients
with papillary thyroid cancer.7,50,51 These results have
been demonstrated by McConahey and associates,64 who
demonstrated that the recurrence rate after thyroid lobec-
tomy was 4 times higher than that after total or near-total
thyroidectomy. Furthermore, DeGroot and Kaplan62 re-
ported that in all patients with papillary thyroid cancer,
bilateral thyroid resection reduced the recurrence rate.
Similar data have been shown in series from both Maz-
zaferri and the Mayo Clinic. Preventing recurrence is
important because 50% of the patients who have a re-
currence in the central neck ultimately die of thyroid
cancer.65 Furthermore, even low-risk patients, as defined
by Cady and associates,66 can develop recurrence after
thyroid lobectomy; one-third of these patients will ulti-
mately die of thyroid cancer. Additional data suggest that
total thyroidectomy is associated with decreased risk of
pulmonary metastases. Massin et al.59 reported that of
831 patients with well-differentiated thyroid cancer, 58
(7%) developed subsequent pulmonary metastases. A
clear stratification was noted in that the prevalence of
pulmonary metastases was 1.3% in patients who had
total thyroidectomy and radioiodine therapy, 5% in those
who had subtotal thyroidectomy and radioiodine therapy,
and 11% in those who had only partial thyroidectomy. In
addition, in patients who develop pulmonary metastases,
radioiodine therapy can be used more successfully when
all thyroid tissue has been resected.60,67

An additional theoretical argument in favor of total
thyroidectomy in papillary thyroid cancer is that histo-
logical evidence of multicentric bilateral disease is
present in up to 80% of patients.68 Although some report
that these microscopic tumor foci have little clinical
significance, others have shown that patients with mul-
tiple intrathyroid tumors are 2 times more likely to have
nodal metastases and 3 times more likely to have pul-
monary metastases and persistent disease.50,69 Further-
more, Mazzaferri’s data49 suggested that multiple intra-

thyroidal tumors were an important prognostic factor,
which increased the 30-year mortality rate. There is also
the theoretical risk that a small-differentiated thyroid
cancer can dedifferentiate into anaplastic thyroid cancer.
Although this is an extremely rare occurrence, total thy-
roidectomy would obviate this possibility.

Proponents of a less-than-total or near-total thyroidec-
tomy have argued that there is an increased risk of
complications when performing total thyroidectomy.
However, several authors have demonstrated that total
thyroidectomy, when performed by experienced thyroid
surgeons, can be accomplished with the same morbidity
and mortality as a thyroid lobectomy.61,70–72

Optimal Surgery for Papillary Thyroid Carcinoma

The unresolved debate regarding the choice of operation
for well-differentiated carcinoma of the thyroid has not and
will not be resolved in the absence of appropriately de-
signed trials. That considered, we performed a power study
and analyzed the feasibility, scope, sample size, and length
of follow-up required to determine the optimum operation
for papillary carcinoma of the thyroid.73 A statistical ap-
proach was used to design a randomized prospective trial
that compared end points such as complications, recurrence,
and cause-specific mortality. A comparison of complica-
tions is prohibitive, because of the large sample size re-
quired. Specifically, approximately 12,000 randomized pa-
tients would be needed for such a study. A trial analyzing
the end point of recurrence seems feasible based on a more
attainable sample size. In such a trial, between 360–800
patients would be needed and follow-up would require
6–10 years. However, an inherent bias would be present in
such a trial because detection of recurrence would be se-
verely compromised in the lobectomy arm; the use of
radioiodine or serial thyroglobulin measurements would not
be possible if an entire thyroid lobe remained in situ. Ac-
cordingly, a unilateral lag-time bias would occur in the
lobectomy arm. Therefore, a cause-specific mortality trial is
the least objectionable. Such a trial would require a sample
size of approximately 3,100 patients. It could be performed
in a multi-institutional setting; however, such a study would
be challenging because of the long follow-up required and
the inherent difficulties of working with multiple institu-
tions in which disease management is likely to change.73

Surgeon Experience: Clinical and Economic
Outcomes After Thyroidectomy

The debate about the appropriate operation for well-
differentiated thyroid cancer has raged for years and is
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unlikely to be resolved. What is clear, however, is that
surgeon experience counts. This has recently been dem-
onstrated in a large statewide retrospective analysis of
the results of thyroid surgery.72 A cross-sectional analy-
sis of all patients who underwent thyroidectomy in
Maryland from 1991 through 1996 was conducted, using
a computerized statewide hospital discharge database.
Surgeons were categorized into four groups by the vol-
ume of thyroidectomies they performed over this time
period: group A performed 1–9, group B performed
10–29, group C performed 30–100, and group D per-
formed more than 100. Multivariant statistical regression
was used to assess the relationship between surgeon case
load, hospital complications, length of stay, and total

hospital charges, adjusting for case mix and hospital
volume. The highest-volume surgeons performed the
greatest proportion of total thyroidectomies and were
more likely to operate on patients with cancer. Those
surgeons also had the shortest length of stay and lowest
complication rates. Length of stay and complication rates
were determined by the experience of the surgeon, not by
the volume of cases performed at individual hospitals.
This association between surgeon volume and outcome
does have important implications. The results suggest
that 20% of the complications could have been prevented
and 1700 hospital days could have been saved if all
thyroidectomies had been performed by high-volume
surgeons.72
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Differentiated Thyroid Cancer: Adjuvant Radioiodine Therapy
and Thyroid Hormone Suppression

Steven I. Sherman, MD

Once a patient with differentiated thyroid carcinoma
has undergone surgical therapy, several possible adju-
vant modalities can be considered depending on the
patient’s extent of disease. Unfortunately, data from pro-
spective randomized clinical trials of these various ther-
apies are generally lacking, and conclusions regarding
the selection of treatment must be based on retrospective
data. Similarly, the published standard guidelines for
long-term follow-up of these patients leave considerable
room for variation in the frequency and selection of
monitoring procedures.74

Adjuvant Therapy

131I, when concentrated in thyroid tissue, permits vi-
sualization of that tissue by scanning to detect the
gamma radiation emitted by131I, and causes thyroid cell
death by emission of short-path-length beta rays. Addi-
tionally, radioiodine uptake is dependent on adequate
stimulation by TSH. After thyroidectomy, a patient’s
serum thyroid hormone concentration must decline suf-
ficiently to allow the serum TSH concentration to rise
above 25 mU/L, which typically takes 4–5 weeks.75 To
minimize the symptoms of this induced hypothyroidism,
the shorter-acting hormone liothyronine (T3) can be
given at a dose of 25mg 2–3 times per day; lower doses
should be given in elderly patients and those with isch-
emic heart disease.76 After cessation of T3 therapy, the
serum TSH concentration rises above 25 mU/L within
1–2 weeks. Another way to minimize hypothyroid symp-
toms in patients already taking thyroxine (T4) is to
reduce the T4 dose by 50% for approximately 1 month
rather than stopping T4 therapy entirely.77 Whichever
preparative regimen is used, serum TSH should be mea-
sured before any radioiodine is given to confirm that the
concentration is sufficiently elevated.

Radioiodine scans for localization of uptake before
ablation or therapy are usually performed using oral
radioiodine doses of 2–5 mCi (74 to 185 MBq of131I).78

Greater sensitivity for the detection of residual or meta-
static tumor can be attained by using higher doses,79,80

but higher doses can lead to “stunning,” in which there is
reduced uptake of the subsequent ablative or therapeutic
dose due to sublethal radiation delivered in the diagnos-
tic dose.81,82Between 24 to 96 hours after administration
of the diagnostic dose, whole-body scans are performed
with a large field-of-view gamma-scintillation camera
fitted with a high-energy parallel hole collimator. Spot
images of the neck and other areas of uptake can be
obtained using either this equipment or a rectilinear
scanner. Quantitative dosimetry can be performed to
determine lesion uptake and predict an effective radia-
tion dose, but this requires specialized equipment and
software.54 Between 75% and 100% of patients have
radioiodine uptake in the thyroid bed after thyroidec-
tomy. Metastatic disease in the lungs or in bone can also
be frequently visualized on these scans. Certain histolog-
ical subtypes, such as oxyphilic follicular carcinoma
(commonly called Hurthle cell carcinoma), concentrate
radioiodine less often. Older patients and women may
also be less likely to have adequate uptake in metasta-
ses.54,83

In the absence of known residual or metastatic disease
visualized on a low-dose radioiodine scan, adjuvant ab-
lation of residual thyroid tissue after primary surgery has
three purposes: (1) destroy any residual microscopic foci
of carcinoma, (2) increase the sensitivity of radioiodine
scanning for detection of recurrent or metastatic disease
due to the elimination of uptake by residual normal
thyroid tissue, and (3) improve the value of measure-
ments of serum thyroglobulin as a tumor marker. Com-
bining retrospective data from multiple studies, radioio-
dine ablation may be associated with as much as a 50%
reduction in locoregional relapse; also, long-term dis-
ease-specific mortality is probably reduced in patients
with primary tumors that are at least 1.0 to 1.5 cm in
diameter, are multicentric, or have soft-tissue invasion at
presentation.49,51,84,85Opinions about the value of adju-
vant radioiodine ablation vary widely, but postoperative
radioiodine should probably be administered to all pa-
tients with differentiated thyroid carcinoma who are age
45 or older at diagnosis, whose primary tumor was at
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least 1.0–1.5 cm in diameter, or who have had histolog-
ical evidence of extrathyroidal tumor extension, either by
direct invasion outside the gland or locoregional soft
tissue or lymph node metastases. In the presence of
postoperative radioiodine uptake in the thyroid bed, 100
mCi of radioiodine is administered as an empiric dose,
resulting in effective ablation in about 80% of patients.86

A posttherapy scan is performed several days after ad-
ministration of the radioiodine dose, and significant new
foci of uptake are seen in up to 10% of patients.82 When
metastatic uptake is detected on the low-dose scan,
higher doses (150–200 mCi) of radioiodine are admin-
istered. Alternatively, dosimetric calculations can permit
individualization of the radioiodine doses necessary to
ablate a thyroid remnant or treat metastatic disease.

Thyroid Hormone Suppression

After initial therapy consisting of surgery with or
without radioiodine administration, patients require life-
long thyroid hormone treatment to prevent hypothyroid-
ism and minimize TSH stimulation of tumor growth.87

Several studies have suggested that thyroid hormone
therapy improves survival, causing a 2- to 3-fold im-
provement in relapse-free survival associated with TSH
suppression.49,83,88,89However, potential morbidity from
overly aggressive thyroid hormone suppression therapy
may include acceleration of osteopenia90,91 and cardiac
tachyarrhythmias.92 Some studies have also suggested
that TSH-suppressive therapy leads to induction of car-
diac hypertrophy and dysfunction;93–95 however, these
findings have recently been disputed.96,97 It seems most
appropriate to treat patients with suppressive doses of T4
after initial therapy, and to base the degree of TSH
suppression on the patient’s initial clinicopathologic fea-
tures and disease status during follow-up. I suggest the
following guidelines:

● primary tumor ,1 cm in diameter: maintain TSH
within the lower half of the normal range;

● primary tumor .1 cm in diameter: maintain TSH
between 0.1 and 0.5 mU/L;

● locoregional nodal disease: maintain TSH between
0.05 and 0.10 mU/L;

● extrathyroidal invasion or extracervical metastatic dis-
ease: maintain TSH below 0.05 mU/L.

Patients who remain disease-free for 5–10 years may
have their degree of TSH suppression reduced by low-
ering their doses of thyroid hormone. Other mitigating
factors, such as concurrent cardiac disease, may also
dictate a need for reduced hormone doses.

Long-Term Follow-Up

Recurrence of differentiated thyroid carcinoma can
occur decades after initial therapy, mandating the need
for careful monitoring to detect and treat recurrence in
order to reduce morbidity and mortality.49 No single
diagnostic tool can detect all recurrences; therefore, com-
binations of diagnostic modalities must be employed. In
addition to radioiodine scans, routine monitoring can
include measurement of serum thyroglobulin, chest ra-
diographs, and cervical ultrasonography.

Radioiodine scanning is also valuable during the long-
term follow-up of patients to detect recurrent or meta-
static disease. After successful ablation therapy, the ab-
sence of residual iodine uptake in the thyroid bed or
metastatic locations on two consecutive annual scans has
a predictive value of 97% for 10-year recurrence-free
survival.98 Although T4 withdrawal has previously been
required, exogenously administered r-TSH can now be
substituted for endogenous TSH elevation.57 Two intra-
muscular injections of 0.9 mg of thyrotropin 24 hours
apart provide sufficient TSH stimulation to allow radio-
iodine scanning, although the diagnostic efficacy of such
scanning is somewhat lower than after traditional hor-
mone withdrawal.

Measurement of the serum concentration of thyroglob-
ulin aids the detection of residual, recurrent, or meta-
static disease, particularly given the rough correlation
between tumor size and thyroglobulin level. The pres-
ence of a significant amount of residual normal thyroid
tissue after surgery can reduce the reliability of thyro-
globulin measurements. Once the thyroid gland has been
resected and completely ablated using radioiodine, the
serum thyroglobulin concentration should approach the
limits of assay detectability.99 During follow-up, the
thyroglobulin level may take 1 or more years to decline
to an undetectable nadir after primary therapy.100 Given
the dependence on TSH for thyroglobulin production,
one important factor in the interpretation of thyroglobu-
lin concentration is the concurrent level of TSH. Thus,
the sensitivity for detection of residual cancer is only
about 50% during TSH-suppressive T4 therapy but may
be as high as 85% to 90% after T4 withdrawal and TSH
elevation.55,100–102False-negative results can occur, how-
ever, particularly in patients with small lymph node
metastases from papillary carcinoma or in the setting of
tumor dedifferentiation. Whereas a detectable thyroglob-
ulin level, even during TSH-suppressive thyroid hor-
mone therapy, likely signifies disease, the absence of
detectable thyroglobulin during TSH stimulation sug-
gests the absence of disease. After r-TSH injections, the
combination of radioiodine scanning and thyroglobulin
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determination yields adequate diagnostic sensitivity for
metastatic disease to permit its substitution for T4 with-
drawal scans during long-term follow-up.

In immunometric assays, reported thyroglobulin con-
centrations can be falsely lowered by autoantibodies that
bind thyroglobulin and prevent antigen interaction with
the assay’s antibodies.103 For the 25% of patients with
differentiated thyroid cancer who have antithyroglobulin
autoantibodies, the serum thyroglobulin level must be
interpreted with caution or not used at all in disease
management. Notably, the persistence of antithyroglobu-
lin autoantibodies in a differentiated thyroid cancer pa-
tient after thyroidectomy and radioiodine ablation likely
indicates the presence of residual thyroid tissue and may
predict an increased risk of recurrence.104 Use of sensi-
tive polymerase chain reaction methods that detect thy-
roglobulin messenger RNA circulating in the peripheral
blood of patients with thyroid cancer, presumably con-
tained within circulating tumor cells, may bypass the
problem of antithyroglobulin antibodies interfering with
immunoassay techniques.105

Ultrasonography of the thyroid bed and cervical
lymph node compartments can accurately identify lo-
coregional metastases and disease recurrence measuring
only several millimeters in diameter.106 Additionally,
identification of suspicious lesions can be followed by
ultrasound-guided FNA. For example, in one study, 50%
of patients with locoregional disease diagnosed using
high-resolution ultrasonography had undetectable thyro-
globulin levels and 80% had negative radioiodine
scans.107 Ultrasonography should be used as part of the
follow-up of patients with lymph node metastases or
extrathyroidal tumor extension at initial presentation.
Computed tomography is probably not as sensitive in
detecting such small recurrences, but the technique is
more readily standardized and less operator-dependent
than ultrasonography. Routine chest radiographs have

limited sensitivity, particularly in the setting of mi-
cronodular metastases, but may identify macronodular
metastases that do not concentrate radioiodine. Other
imaging modalities may be beneficial in evaluating pa-
tients with elevated or rising thyroglobulin levels, such
as scintigraphy with 111-indium-DTPA-Phe-octreo-
tide,108 99mTc-tetrofosmin,109 or 201-thallium;110 positron
emission tomography; and magnetic resonance imaging.
Given the propensity of follicular thyroid carcinoma to
metastasize to bone, skeletal imaging with99mTc-pyrophos-
phate may also be of value.

In summary, individual clinicopathologic features may
allow development of a routine follow-up strategy, as
follows:111

● Years 1–3: clinical examination and serum free-T4,
TSH, and thyroglobulin estimation every 6 months;
chest radiography, cervical ultrasonography, radioio-
dine scanning and potential therapy annually (after T4
withdrawal or r-TSH injections) until two successive
negative scans are done (every 6 months in patients
with extracervical disease).

● Years 4–10: clinical examination, serum free-T4,
TSH, thyroglobulin level, and chest radiography an-
nually; neck ultrasonography every 2 years; radioio-
dine scanning if a rising thyroglobulin level or recur-
rence is detected.

● Years 11–20: clinical examination and serum free-T4,
TSH, and thyroglobulin level annually; chest radiog-
raphy and neck ultrasonography every 3 years; radio-
iodine scanning if a rising thyroglobulin level or re-
currence is detected.

● Years 211: clinical examination and serum free-T4,
TSH, and thyroglobulin level annually; chest radiog-
raphy and neck ultrasonography every 3–5 years; and
radioiodine scanning if a rising thyroglobulin level or
recurrence is detected.
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Hurthle Cell Neoplasms

Norman W. Thompson, MD

In 1894, Hurthle described an interfollicular cell of the
thyroid gland found in a normal dog and noted that Baber
had previously described the same cell in the thyroid of
a variety of laboratory animals.112 In fact, Hurthle had
described the parafollicular C cell in the dog but not the
cell that subsequently became associated with his name.
Instead, it was Ewing who, when describing a thyroid
tumor in 1928, credited Hurthle with the original descrip-
tion of its cell type and as a result called this lesion a
“Hurthle cell tumor”.113 To complicate this situation
further, the tumor described by Ewing had previously
been described by Langhans and was composed of a
different cell than that described by Hurthle.114 This
distinct cell was originally described by Askanazy.115

Therefore, to be precise, we should call Hurthle cell
tumors either Askanazy-cell or Langhans tumors. The
characteristic cells in these tumors are morphologically
similar to those occurring in other organs, such as the
salivary glands, parathyroid glands, and kidney; these
cells have been referred to as oncocytes, and their tumors
have been referred to as oncocytomas.

Hurthle cell thyroid tumors are composed of large,
frequently polygonal eosinophilic cells with an abun-
dance of fine granular cytoplasm. The Hurthle cell is a
distinctive oxyphilic cell filled with cytoplasmic mito-
chondria. Such cells are also frequently found in thyroid
glands with lymphocytic thyroiditis, Graves’ disease,
nodular goiters, and surrounding well-differentiated car-
cinomas. These cells have round to oval nuclei that are
larger than the nuclei of normal follicular cells. They
often contain one or more nucleoli, intranuclear cytoplas-
mic invaginations, and single or multiple homogeneous
electron-dense bodies within the mitochondrial matrix.
The Hurthle cell is generally believed to arise, from or be
a variant of, follicular cells within the thyroid gland. The
evidence that Hurthle cell tumors are of follicular-cell
origin includes histological studies demonstrating nu-
merous transition forms between follicular and Hurthle
cells within the same thyroid gland, the presence of
thyroglobulin immunoreactivity (but none for thyrocal-
citonin), and a higher concentration of Hurthle cells in
stimulated and inflammatory thyroid tissue than in nor-

mal thyroid tissue.113,116–118Also, it has been demon-
strated that there is a functional TSH receptor-adenylate
cyclase system in benign Hurthle cell neoplasms.119

Despite the fact that Hurthle cell neoplasms may be
closely related to other well-differentiated neoplasms of
the thyroid, we feel that they should be classified as a
distinct entity in that their biologic behavior is different
from that of follicular neoplasms. In our experience, the
incidence of metastasis of Hurthle cell tumors to lymph
nodes and either multicentricity or intraglandular lym-
phatic spread is higher than that in follicular can-
cers.113,120Furthermore, true Hurthle cell carcinomas fail
to concentrate radioiodine sufficiently to be imaged or
treated. Despite the differences noted above, there are
many classifications of thyroid neoplasms that include
Hurthle cell tumors as a variant of follicular neoplasms.
Furthermore, the nomenclature is not standardized, be-
cause Hurthle cell tumors are also referred to as onco-
cytomas, oxyphilic tumors, and follicular neoplasms
with Hurthle cell change. In 1988, the World Health
Organization formally classified Hurthle cell carcinoma
as an oxyphilic variant of follicular carcinoma. A number
of groups, however, are convinced that it should be
classified separately as a Hurthle cell neoplasm.113,120–123

Diagnosis

The presence of a large collection of Hurthle cells
(nodule) within a thyroid gland does not necessarily
imply that it is a true neoplasm. Benign Hurthle cell
nodules can be associated with other nonneoplastic in-
flammatory conditions, such as thyroiditis, Graves’ dis-
ease, and colloid-nodular thyroid lesions. The presence
of multiple nodules composed of Hurthle cells without
encapsulation and found in association with these dis-
eases represents a nonneoplastic, inflammatory, or reac-
tive process. This type of nodule has no neoplastic po-
tential but should always be considered in the differential
diagnosis when an FNA of a thyroid nodule shows only
Hurthle cells. There has been considerable controversy
regarding whether reliable criteria existed for differenti-
ating between benign and malignant Hurthle cell neo-
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plasms.116,120–122,124–126There are no specific immuno-
histochemical markers or features seen on electron
microscopy that permit one to distinguish between be-
nign and malignant Hurthle cell tumors.117 Cellular
atypia expressed as the nuclear size and degree of
anisokaryosis is not a relevant criterion. Aneuploidy has
been noted in both benign and malignant tumors; how-
ever, several studies have shown that the presence of
aneuploid nuclear DNA content in a Hurthle cell neo-
plasm is associated with an increased risk of recurrence,
distant metastases, and death. Diploid nuclear DNA con-
tent is associated with a benign clinical course, even
when other criteria for malignancy are present.116,127–130

The role of FNA biopsy in establishing the diagnosis
of Hurthle cell lesions has been addressed in a number of
studies.118,125,131 In summary, these all show that the
distinction between benign and malignant Hurthle cell
neoplasms based on cytopathology alone probably can-
not be made with a high degree of accuracy. Hurthle cell
lesions, like follicular lesions of the thyroid diagnosed
using FNA biopsy, require careful histopathologic eval-
uation before concluding whether they are benign or
malignant. The diagnosis of a Hurthle cell neoplasm
using FNA biopsy should be followed by a thyroid
lobectomy and isthmectomy, as well as a more extensive
procedure, when appropriate, based on final histopatho-
logic studies.

Clinical Features

The peak age of incidence of Hurthle cell neoplasms is
in the 5th and 6th decades of life. Patients with Hurthle
cell carcinoma tend to be older than those with other
Hurthle cell neoplasms, with the peak age of incidence in
the 7th and 8th decades of life. The majority of patients
($60%) present with a solitary thyroid mass, which is
most frequently nonfunctioning on thyroid scintigrams.
Approximately 30% of patients with Hurthle cell carci-
nomas have a history of pre-existing or coexisting non-
malignant thyroid disease, including nontoxic nodular
goiter, Graves’ disease, toxic nodules, or subacute thy-
roiditis. Also, well-differentiated thyroid carcinomas
have been found within the resected thyroid glands in
approximately 40% of patients with Hurthle cell neo-
plasms. These consisted of small papillary carcinomas
(79%) and follicular carcinomas (20%). It should be
noted, however, that most of these patients had under-
gone previous head and neck irradiation. Overall, the
incidence of previous head and neck irradiation in vari-
ous reports of Hurthle cell neoplasms ranges from
7–39%, which strongly suggests that irradiation may be

a predisposing factor in the development of Hurthle cell
neoplasms.113,120,122–124,132,133

Seventy to eighty percent of patients with Hurthle cell
carcinomas will have disease confined to the thyroid
gland, 11% will present with lymph node metastases, and
approximately 15% will present with distant metastases.
The association between tumor size and malignancy in
Hurthle cell neoplasms remains unclear; we previously
regarded all Hurthle cell neoplasms larger than 2 cm in
diameter as possibly malignant.120 However, subsequent
review of 12 consecutive Hurthle cell neoplasms$ 4 cm
in diameter revealed that 80% were malignant as deter-
mined by the presence of capsular or vascular inva-
sion.113

Surgical Management

Twenty-eight percent of all Hurthle cell neoplasms are
malignant.113 Therefore, we currently recommend that
any patient with an FNA biopsy sample that demon-
strates a predominance of Hurthle cells undergo a thyroid
lobectomy and isthmectomy for a definitive diagnosis. If
gross and/or microscopic (frozen-section) analysis show
Hurthle cell nodules in association with Hashimoto’s
thyroiditis, colloid nodular goiter, or any other benign
process, then the procedure should be terminated. When
a true Hurthle cell neoplasm (encapsulated tumor com-
posed of Hurthle cells) has been identified using frozen-
section analysis, several extra sections should be taken
through the capsule and evaluated carefully for the pres-
ence of either vascular or capsular invasion. If none of
the accepted criteria for malignancy are demonstrated
and the contralateral lobe is grossly normal, the proce-
dure should be terminated with the understanding that a
definitive diagnosis must await permanent histopatho-
logic analysis. If a subsequent diagnosis of Hurthle cell
carcinoma is made, a completion total thyroidectomy
should be performed within a few days of the initial
procedure. However, there are several exceptions to
these policy guidelines. First, if the patient has a history
of previous head and neck irradiation, we frequently
proceed with a total thyroidectomy, even when the pa-
thologist cannot determine whether the Hurthle cell neo-
plasm is benign or malignant at the time of frozen-
section analysis. This is because such patients frequently
have multicentric disease, including concomitant papil-
lary carcinoma. Second, in patients with a palpable nod-
ule in the contralateral lobe, but without a colloid goiter,
we also frequently complete the total thyroidectomy in
one stage. Finally, although tumor size cannot be directly
correlated with malignancy, the majority of Hurthle cell
carcinomas are$4 cm in diameter. Because many of the
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true Hurthle cell neoplasms of that size or larger show
capsular or vascular invasion after careful histological
review, we consider tumor size a factor in determining
whether to proceed with a total thyroidectomy. Although
tumor size is a relative indication for total thyroidectomy
that is currently used on an individual basis (and with the
preoperative informed consent of the patient), total thy-
roidectomy has avoided the need for reoperation in the
majority of our patients with lesions.4 cm in diameter.

When a Hurthle cell carcinoma has extended into
contiguous structures, every effort is made to totally
excise all gross tumor. Perithyroidal lymph nodes should
be carefully sampled, and if positive for carcinoma,
regionally resected (central compartment). If jugular
nodes are grossly involved, a modified radical neck
dissection is indicated.113Although lymphatic metastases
from follicular carcinoma are unusual in all but advanced
cases, Hurthle cell carcinomas may spread via lymphat-
ics to cervical and/or anterior mediastinal lymph nodes in
the absence of hematogenous spread; such disease may
still be cured if surgery includes an appropriate regional
lymphadenectomy.

Radioiodine and Metastatic Disease

One of the features that distinguishes Hurthle cell
carcinoma from follicular carcinoma has been its appar-
ent inability to concentrate radioiodine. Our previous
experience in attempting to image or treat known meta-
static Hurthle cell carcinomas led us to the conclusion
that such tumors rarely, if ever, take up sufficient radio-
iodine for it to be therapeutic.113,120As a result, we have

not subjected patients who have this diagnosis to a pro-
longed period of thyroid hormone deprivation and sub-
sequent scintigraphy unless a distant metastasis has been
detected using other types of imaging. Nevertheless, we
and others have found that the majority of Hurthle cell
carcinomas are capable of synthesizing thyroglobulin.
Because of the limited therapeutic options available for
patients with distant metastases from Hurthle cell carci-
nomas, scintigraphy should be considered after thyroid
deprivation in such cases, particularly if the serum thy-
roglobulin level is markedly elevated.113,120,121,123,124,132

For example, in one report of two cases of Hurthle cell
carcinoma, distant metastases were shown to accumulate
radioiodine. In patients whose tumor biopsy immunohis-
tochemical stain shows thyroglobulin within tumor cells
and who have an elevated serum thyroglobulin level,
radioiodine scintigraphy should be performed 6 weeks
after thyroid hormone administration is discontinued.
Thus far, there has been no reported experience using
r-TSH in patients with Hurthle cell neoplasms, which
would alleviate the morbidity of prolonged hypothyroid-
ism in a situation in which the benefit is likely to be very
small. With the use of r-TSH scanning, if the scan were
positive, only then would thyroid deprivation be initiated
in preparation for radioiodine therapy.

External-beam irradiation is useful in patients who
have painful bone metastases, but it is certainly not
curative. In patients with isolated bone metastasis, par-
ticularly in a long bone, surgical resection should be
considered. The use of either single-agent or combina-
tions of chemotherapy in patients with metastatic disease
has been universally disappointing.
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The Surgical Treatment of Familial Medullary
Thyroid Carcinoma

Jeffrey F. Moley, MD

Definition and Clinical Presentation

Medullary thyroid carcinoma (MTC) arises from the
thyroid C cells. These are neuroendocrine cells that se-
crete the hormone calcitonin. MTC accounts for approx-
imately 5–9% of all thyroid cancers seen in the United
States. Approximately 75% of MTCs are sporadic, and
25% occur in hereditary settings. MTC is the predomi-
nant feature of the multiple endocrine neoplasia (MEN)
type 2 syndromes, which include MEN 2A, MEN 2B,
and familial non-MEN medullary thyroid carcinoma
(FMTC).134These are autosomal dominant inherited syn-
dromes that are caused by germ line mutations in the
RET proto-oncogene. In these syndromes, MTC is mul-
tifocal and bilateral and occurs at a young age. In patients
affected by MEN 2A, MEN 2B, or FMTC, there is
almost complete penetrance of MTC: all individuals who
inherit the disease allele develop MTC. Other features of
the syndromes are variably expressed with incomplete
penetrance. These features are summarized in Table 4.

In MEN 2A, all patients develop multifocal, bilateral
MTC and C-cell hyperplasia. Approximately 42% of
affected patients develop pheochromocytomas, which
may also be multifocal and bilateral. Hyperparathyroid-
ism develops in 25–35% of patients and is caused by
hyperplasia. Cutaneous lichen amyloidosis and Hirsch-
sprung’s disease are infrequently associated with MEN
2A. In MEN 2B, 40–50% of patients develop pheochro-
mocytomas, and all patients develop neural gangliomas,
particularly in the mucosa of the digestive tract, conjunc-

tiva, lips, and tongue. MEN 2B patients also have mega-
colon, skeletal abnormalities, and markedly enlarged pe-
ripheral nerves. However, MEN 2B patients do not
develop hyperparathyroidism. MTC in MEN 2B patients
develops during infancy and appears to be the most
aggressive form of hereditary MTC. Finally, in FMTC,
patients develop MTC without any other endocrinopa-
thies. In these patients, MTC has a later age of onset and
a more indolent clinical course than in patients with
MEN 2A or MEN 2B. Occasionally, FMTC patients will
never manifest clinical evidence of MTC (symptoms or a
lump in the neck) even though biochemical testing and
histological evaluation of the thyroid indicates MTC.

Calcitonin is a specific tumor marker for MTC. It is
extremely useful in the screening of individuals predisposed
to the hereditary forms of the disease and in the follow-up
of patients who received treatment. C cells also secrete
other hormones, including carcinoembryonic antigen
(CEA), which is also useful in the follow-up of patients
with MTC.

Hereditary MTC and Preventive Thyroidectomy

In 1993, point mutations associated with MEN 2A and
FMTC were identified in the RET proto-oncogene, which
encodes a transmembrane protein tyrosine kinase recep-
tor.135,136These mutations usually result in the nonconser-
vative substitution of a cysteine residue in exons 10, 11, 13,
14, or 15, although other amino acid changes have been

TABLE 4. Clinical features of sporadic MTC, MEN 2A, MEN 2B, and FMTC

Clinical setting Features of MTC
Inheritance

pattern Associated abnormalities Genetic defect

Sporadic MTC Unifocal None None Somatic RET mutations in.20% of tumors
MEN 2A Multifocal, bilateral Autosomal

dominant
Pheochromocytoma

hyperparathyroidism
Germline missense mutations in extracellular

cysteine codons of RET
MEN 2B Multifocal, bilateral Autosomal

dominant
Pheochromocytoma, mucosal

neuromas, megacolon, skeletal
abnormalities

Germline missense mutation in tyrosine kinase
domain of RET

FMTC Multifocal, bilateral Autosomal
dominant

None Germline missense mutations in extracellular or
intracellular cysteine codons of RET
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found. In MEN 2B, a single mutation in exon 16 (codon
918) is present, although in one family, a codon 883 mu-
tation has been described. The mutations have been shown
to result in gain of function in the RET protein product, with
increased intrinsic tyrosine kinase activity and/or alterations
of substrate recognition, and transforming capability.

Individuals with MEN 2A, MEN 2B, and FMTC are
virtually certain to develop MTC at some point in their lives
(usually before 30 years of age). Therefore, at-risk family
members who have inherited an RET gene mutation are
candidates for thyroidectomy regardless of their stimulated
plasma calcitonin level. In children with nonpalpable dis-
ease detected by genetic screening, lymph node metastases
are rarely present, and the calcitonin level is normalized
postoperatively in the majority of patients. At our institu-
tion, we have performed 67 preventive thyroidectomies in
RET mutation carriers.137 Forty-three of these patients had
a normal preoperative stimulated calcitonin level. Postop-
erative calcitonin levels remained normal in all patients
except one who had MEN 2B.

Surgical Management

Cases of hereditary MTC not detected by genetic
screening and most cases of sporadic MTC present as a
neck mass detected on physical exam. Surgical treatment
of established MTC is influenced by several factors.
First, the clinical course of MTC is usually more aggres-
sive than that of differentiated thyroid cancer, with
higher recurrence and mortality rates. Second, MTC cells
do not take up radioiodine, and external-beam radiother-
apy and chemotherapy for MTC are largely ineffective.
Third, MTC is multicentric in 90% of patients who have
the hereditary forms of the disease and 20% of patients
who have the sporadic form. Fourth, the majority of
MTC patients with palpable disease have lymph node
metastases. Lastly, the ability to measure postoperative
stimulated calcitonin levels in MTC patients has allowed
assessment of the adequacy of surgical extirpation. Con-
sequently, it has been found that thorough surgical ex-
tirpation is the only curative treatment of MTC. Total
thyroidectomy is the appropriate treatment for the pri-
mary tumor, accompanied by a lymph node dissection. In
a recent report of lymph node involvement in patients
with palpable MTC, we found that the incidence of
central (levels VI and VII) lymph node metastases was
extremely high (79%) regardless of the size of the pri-
mary tumor.138 There was also frequent involvement of
ipsilateral (75%) and contralateral (47%) level II, III, and
IV lymph nodes, which supports our recommendation

that these lymph nodes be removed routinely in patients
with palpable MTC. We also recommend that parathy-
roidectomy with autotransplantation be performed at the
time of primary surgery for MTC. We do this for two
reasons. First, it is usually not possible to perform a
thorough central neck dissection and preserve the para-
thyroids. Second, if the patient requires reoperation for
recurrence in the central neck, the parathyroids are not
jeopardized if they have been autotransplanted.

Surgical Management of Residual or
Recurrent Disease

After primary surgical treatment, the calcitonin level
remains elevated in over 50% of patients who present with
palpable MTC. We have demonstrated liver metastases by
laparoscopy in 25% of these patients, despite their having
normal livers on CT or MRI.139In patients with no evidence
of distant metastases, we often re-explore the neck if there
is evidence of tumor remaining in the neck or if residual
thyroid and nodal tissue remain in the central and lateral
neck compartments. This operation, which has been termed
microdissection by Tisell and others, has resulted in nor-
malization of the stimulated calcitonin level in one-third of
patients.140 Between August 1992 and November 1996, we
evaluated 115 patients who had recurrent or persistent cal-
citonin-level elevation after primary surgery for MTC.141

Sixty-two of the 115 patients (54%) underwent surgery. In
10 (16%) of these 62 patients, laparoscopic or open exam-
ination revealed liver metastases. In seven (11%) patients,
palliative debulking of cervical tumor was carried out. In
the remaining 45 patients, 51 operations were carried out
with curative intent. Reoperative central dissection of level
VI and VII lymph nodes was done in all patients. Bilateral
(30 patients) or unilateral (15 patients) functional neck
dissection (level II, III, IV, and V lymph nodes) was also
carried out. The mean decrease in stimulated calcitonin
level after surgery was 73.1%. In 22 of 45 patients (49%),
the postoperative stimulated calcitonin level dropped more
than 90% below the preoperative value. Seventeen (38%)
patients had a postoperative stimulated calcitonin level
within the normal range; the remaining patients had a
.35% reduction in the stimulated calcitonin level. These
results indicate an improvement in outcome from reopera-
tion compared with those of our previous series.141,142This
improvement has occurred mainly because of improved
preoperative selection of patients, including routine preop-
erative laparoscopic liver examination, which in our study
identified metastases in 10 patients, 9 of whom had normal
CT and MRI of the liver.
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Large institutional and cooperative-group studies of
MTC have demonstrated that the stage of disease at diag-
nosis most accurately predicts length of survival.143–145In
the absence of metastatic or progressive, unresectable local-
regional disease, long-term survival ($10 years) is com-
mon (60%–90%). In contrast, MTC patients with metastatic
disease have a 5-year survival rate of approximately 50%.
Similar to the case with differentiated carcinoma of the
thyroid, factors associated with an increased rate of MTC
recurrence and decreased survival duration include ad-
vanced age, extracapsular (thyroid) tumor extension, pro-
gression of cervical lymph node metastases to the medias-
tinum, extranodal tumor extension, and incomplete surgical
resection of the primary tumor and adjacent lymph node
metastases. In contrast to patients with papillary carcinoma
of the thyroid, the presence or absence of these prognostic
variables does not mandate specific adjuvant treatments.
This is because radioiodine ablation and thyroid suppres-
sion are ineffective therapies for MTC. The use of external-
beam irradiation remains controversial owing to its toxicity
profile and the conflicting evidence in support of its effi-
cacy.146,147

The management of MTC is further complicated by
our ability to measure serum levels of calcitonin and
CEA, which are highly sensitive markers of persistent or
recurrent disease. Unlike with other solid tumors, it is
possible to detect MTC by measuring the calcitonin or
CEA level at a stage when there is no disease detectable
using any other technique. There is general agreement
that individuals with detectable calcitonin after resection
of the primary tumor have residual MTC. However, there
are no data to accurately predict what percentage of
patients with detectable calcitonin or CEA will develop
identifiable metastases and what percentage will die of
metastatic disease. It remains impossible to accurately
predict the course of MTC in patients with nonmetastatic
disease based on the calcitonin level after thyroidecto-
my.148 Despite the often indolent course of MTC, man-
agement is complicated by the frequent progressive rise
in the calcitonin level seen during outpatient follow-up.
The absence of prospective, long-term follow-up data on

patients with an elevated postoperative calcitonin level
(without measurable distant-organ metastatic disease)
has contributed to the controversy over appropriate treat-
ment (as discussed by Dr. Moley).

MTC is characterized by early spread to regional
lymph nodes.149 It is likely that the majority of patients
with invasive MTC have metastasis to regional lymph
nodes at the time of diagnosis. This is supported by the
frequent finding of persistent elevations of the calcitonin
level after primary tumor resection (thyroidectomy) and
the high rates of cervical recurrence (in regional lymph
nodes) reported in retrospective studies (21–65%). These
data have provided the rationale for surgeons to perform
a more extensive lymphadenectomy at the time of initial
thyroidectomy. Dralle et al.150 coined the term “compart-
ment-oriented cervical lymphadenectomy” for the re-
moval of lymph nodes from anatomically defined com-
partments. Distant metastases occur in the liver, lung,
bone, and occasionally, brain. Similar to metastases from
other neuroendocrine tumors, liver metastases are poorly
visualized using CT and are best seen using MRI or
good-quality ultrasonography. The frequency at which
early-stage MTC spreads to the liver and other extracer-
vical sites is unknown. Data allowing one to correlate the
extent of cervical disease and calcitonin-level elevation
with the likelihood of subclinical distant-organ metasta-
ses does not exist. Diagnostic techniques such as hepatic-
vein sampling after pentagastrin stimulation and scintig-
raphy using anti-CEA monoclonal antibodies or
octreotide may allow identification of patients with sub-
clinical extracervical metastases. The extent of cervical
surgery could then be based on the presence or absence
of metastatic disease.

Surgical Treatment

The majority of patients who have a diagnosis of
sporadic MTC first receive medical attention when a
dominant thyroid nodule is discovered on physical ex-
amination. The diagnosis of MTC is accurately estab-
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lished using FNA cytology in which the tumor-cell cy-
toplasm stains positively with calcitonin antiserum. All
patients with a preoperative diagnosis of MTC should be
screened for pheochromocytoma via 24-hour urine col-
lection for metanephrine, vanillylmandelic acid, and free
catecholamines, and blood should also be drawn for
DNA testing (RET proto-oncogene analysis). We use
cervical ultrasonography to assess the central and lateral
neck, as well as the supraclavicular region for the pres-
ence of lymph node metastases. In patients with a pal-
pable primary tumor or evidence of regional lymph node
metastases, a metastatic survey should be performed that
includes CT of the chest, MRI of the liver, and radionu-
clide bone scanning.

The majority of MTC patients (75%) have the spo-
radic form of the disease. We advocate an aggressive
treatment approach for this disease based on published
data that demonstrate improved local-regional disease
control and suggest improved survival in patients who
undergo compartment-oriented lymphadenectomy at the
time of total thyroidectomy.150–152Therefore, in patients
with a palpable thyroid nodule diagnosed as MTC by
using FNA cytology, we perform a total thyroidectomy
with in-continuity clearance of the central neck and a
standard modified radical neck dissection on the side of
the lesion.153 Central neck dissection is defined as the
removal of all fibrofatty and lymphatic tissue from the
level of the hyoid bone down to the innominate vessels.
An adequate dissection requires full mobilization of the
sternohyoid muscles and resection of the underlying ster-
nothyroid muscles. This resection is necessary to ade-
quately expose the deep central neck at the level of the
thoracic inlet. All soft tissue and lymphatics between the
recurrent laryngeal nerve and trachea should also be
removed; the upper aspect of the thymus is removed with
the paratracheal lymph nodes. The lateral limits of the
dissection are the internal jugular veins. The inferior
parathyroids are usually inseparable from the cluster of
lymph nodes and thymic horn that extends from the
lower pole of the thyroid gland just inferior and anterior
to the junction of the inferior thyroid artery and recurrent
laryngeal nerve. Therefore, a standard central neck dis-
section often involves removal of the inferior parathyroid
glands. These should be identified when possible, con-
firmed histologically (so as not to autograft a lymph node
metastasis), and autografted into either the sternocleido-
mastoid muscle in the neck or the brachioradialis muscle
in the nondominant forearm.

Total thyroidectomy and central neck dissection are
safely performed in MTC patients who have not had
previous cervical surgery. The incidence of permanent
hypoparathyroidism and/or palsy of the recurrent laryn-

geal nerve in these patients should be no.1–2%. How-
ever, when they do occur, these complications signifi-
cantly impact the quality of life and are obvious to both
the surgeon and endocrinologist. The potential for such
visible complications combined with the known indolent
biologic behavior of MTC is likely responsible for the
inadequate lymphadenectomies (at least in the central
neck compartment) that accompany many thyroidecto-
mies performed for this disease. It has been clearly
demonstrated that compartment-oriented systematic
lymphadenectomy decreases the local-regional recur-
rence rates and may improve length of survival in MTC
patients.150,151

Because of the high incidence of subclinical lymph
node metastases in the ipsilateral jugular chain, ipsilat-
eral modified radical neck dissection is performed at the
time of thyroidectomy in all patients with sporadic MTC
even if there is no clinical or radiographic evidence of
lymph node metastases. Modified radical neck dissection
uses as its limits of dissection the posterior belly of the
digastric muscles superiorly, the 11th nerve posterolat-
erally, and the clavicle and thoracic inlet inferiorly. The
sternocleidomastoid muscle, jugular vein, carotid artery,
and vagus nerve are skeletonized and preserved, and the
omohyoid muscle is resected with the specimen. Data
from our institution have demonstrated that lymph node
metastases in the central neck and ipsilateral jugular
chain are present in almost all patients with a grossly
evident MTC, regardless of size, at the time of diagno-
sis.153 Contralateral cervical lymph node metastases are
present in at least one-third of patients with measurable
primary tumors. Importantly, one can only assess the
incidence of lymph node metastasis by performing ana-
tomically defined, compartment-oriented lymphadenec-
tomy followed by careful pathologic analysis. Classify-
ing patients as node-positive or -negative after
thyroidectomy, which may or may not have included
some form of lymphadenectomy, artificially understages
the disease in many patients.

The extent of primary surgery for MTC should also be
based on the anticipated plan for postoperative follow-up
and management. For example, the vast majority of
patients with a palpable (.1 cm) primary tumor will
have a persistent postoperative elevation in calcitonin
level if a central compartment lymphadenectomy is not
performed at the time of thyroidectomy. The postopera-
tive calcitonin level is routinely measured during fol-
low-up and invariably continues to rise slowly. Because
of increasing patient and physician anxiety, often
prompting multiple radiologic studies, MTC patients are
referred for a second opinion regarding the potential
benefit of reoperative cervical lymphadenectomy. How-
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ever, patients who have undergone adequate (compart-
ment-oriented) initial surgery need to be considered for
reoperative cervical procedures only in the presence of
documented recurrent disease, as seen by the use of
imaging studies.

Adjuvant External-Beam Radiotherapy

Adjuvant external-beam radiotherapy should be con-
sidered for MTC patients who have a high risk of local-
regional tumor recurrence after maximal surgical ther-
apy. Although prospectively acquired data are lacking,
postoperative external-beam radiotherapy should be con-
sidered for patients with positive surgical margins of
excision, extranodal soft tissue extension, and extensive
mediastinal tumor extension (often requiring median
sternotomy). In such patients, tumor recurrence in the
central neck compartment or anterior mediastinum
would result in invasion of the trachea and/or esophagus,
causing loss of speech and/or swallowing. However,
external-beam radiotherapy should not be used as a re-
placement for surgical excision in MTC patients who
have potentially resectable recurrent or locally advanced
cervical disease. The radiotherapy treatment field ex-
tends from the mastoid to approximately the carina based
on the individual clinical situation. AP/PA fields are used
to deliver approximately 44 Gy (spinal cord tolerance
,45 Gy) at a rate of 2 Gy per fraction; the total dose is
taken to 60 Gy with a boost to the region that is at the
highest risk of recurrence.

Brierley and colleagues146 recently reported on the use
of adjuvant cervical external-beam radiotherapy in high-
risk MTC patients who were defined as those who have
microscopic residual disease, lymph node metastasis, or
extraglandular tumor invasion; patients with gross resid-
ual disease were excluded. Twenty-five patients received
postoperative external-beam radiotherapy, and 15 pa-
tients received surgery alone. The local-regional recur-
rence rate was 14% in patients who received postopera-
tive adjuvant radiotherapy compared with 48% in those
who received surgery alone. Brierley and colleagues146

were the first to recommend postoperative adjuvant ex-
ternal-beam radiotherapy in patients with an elevated
calcitonin level after adequate cervical surgery. Their
suggested radiotherapy program encompasses cervical,
supraclavicular, and upper mediastinal lymph node dis-
tribution to a total dose of 40 Gy; patients who had
microscopically positive surgical margins then received
a 10-Gy boost. This more liberal application of external-
beam irradiation in MTC patients warrants further con-
sideration; however, patient numbers are likely to be too
small to conduct a randomized clinical trial.
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