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Continuing Controversies in the Management of Thyroid Nodules

M. Regina Castro, MD, and Hossein Gharib, MD

Although thyroid nodules are common, few are malignant and
require surgical treatment. A systematic approach to their evalua-
tion is important to avoid unnecessary surgery. Fine-needle aspi-
ration biopsy has resulted in substantial improvements in diag-
nostic accuracy, cost reductions, and higher malignancy yield at
time of surgery. The preferred approach when repeated fine-
needle aspiration biopsy fails to yield an adequate specimen re-
mains a challenge. Management of patients with nodules “suspi-
cious for follicular neoplasm” is difficult, since only 15% to 20%
of such lesions have been shown to be malignant. Inmunohisto-

chemical markers, such as galectin-3 and human bone marrow
endothelial cell (HBME-1), have shown promise in preliminary
studies. Routine calcitonin measurement in patients with thyroid
nodules has been advocated for early detection of medullary thy-
roid cancer. However, the low frequency of this cancer, coupled
with the high cost associated with case detection, has resulted in
a lack of general acceptance of this recommendation.
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hyroid nodules are very common, with an estimated

prevalence that ranges from 4% by palpation (1) to
67% by ultrasonography (2). Autopsy data from patients
with no history of thyroid disease report a prevalence of
50% (3). The Framingham Study estimated the annual
incidence, by palpation, at 0.09% (1), which translates into
approximately 300 000 new nodules in the United States
in 2005. With the use of ultrasonography for evaluating
thyroid and nonthyroid neck disease, the incidental finding
of unsuspected thyroid nodules has dramatically increased.
Thyroid “incidentalomas” have been reported in up to
40% of patients undergoing examination for suspected
parathyroid disease (4) and in 13% of patients undergoing
carotid ultrasonography (5). Because thyroid nodules are
common but only malignant or large symptomatic nodules
require surgery, a systematic approach to their evaluation is
important to avoid unnecessary surgery.

NONDIAGNOSTIC SMEARS: ROLE OF
ULTRASONOGRAPHY-GUIDED FINE-NEEDLE ASPIRATION

Fine-needle aspiration (FNA) biopsy of thyroid nod-
ules is an accurate and cost-effective method for distin-
guishing benign from malignant nodules. Most centers us-
ing this procedure have achieved a 35% to 75% reduction
in the number of patients requiring surgery, while still
doubling or tripling the malignancy yield at thyroidectomy
(6-9). Despite its effectiveness and diagnostic accuracy,
the “nondiagnostic” smear (approximately 15% of all spec-
imens) remains a management dilemma (10-12). Al-
though criteria to consider a specimen “adequate” vary
among institutions (13—15), a commonly accepted defini-
tion includes 6 or more groups of 10 to 20 well-preserved
follicular epithelial cells per group on at least 2 slides (13).
Inadequate sampling has been cited as the most common
cause of false-negative biopsy results (16).

Repeated FNA, under ultrasonography guidance, can
reduce the rate of nondiagnostic smears from 15% to 3%
(11, 12, 17) (Table 1). Ultrasonography guidance is par-
ticularly valuable in small nodules (<1.5 ¢cm) and is essen-
tial for nonpalpable nodules, helping to ensure proper
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placement of the needle tip for precise sampling (Figure 1).
In complex or cystic nodules, ultrasonography guidance
helps direct the needle tip to the solid component, avoid-
ing areas of central necrosis, which often yield inadequate
specimens (18) (Figure 2). In patients with multiple nod-
ules, targets for biopsy, besides the dominant nodule, in-
clude hypoechoic nodules and those containing microcal-
cifications, vascular spots, or irregular borders, which are
features associated with increased risk for malignancy (19).

“Suspicious” CYTOLOGY

The finding of “suspicious” cytology on FNA biopsy
of thyroid nodules is a challenging dilemma for the endo-
crinologist (20-22). This category includes cytologic find-
ings commonly called “follicular neoplasms,” which in-
clude hyperplastic nodules, follicular adenomas, follicular
carcinomas, and follicular variants of papillary carcinoma
(23) (Table 2). Approximately 10% of all FINA specimens
fall into this category (10). The overlapping features in this
group make the microscopic distinction difficult, leading
most clinicians to recommend surgical excision for a defin-
itive diagnosis. Because only 15% to 20% of these lesions
are malignant (21, 24, 25), up to 85% of patients in this
subgroup may undergo unnecessary surgery.

Many studies have attempted to determine predictors
of malignancy in this subgroup of patients, but results are
discordant (26-29). Electron microscopy, flow cytometry,
and immunohistochemical and genetic markers have been
evaluated to determine whether they improve diagnostic
reliability in this subgroup. Although overall results have
been generally disappointing, 2 of these markers (human
bone marrow endothelial cell [HBME-1] and galectin-3)
have shown promise in their ability to predict malignancy
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Table 1. Comparison between Palpation- and Ultrasonography-Guided Fine-Needle Aspiration*

Author, Year (Reference) Patients Failure Rate Sensitivity Cancer Yield at Time of
(p-FNA/US-FNA), n (n/n) (Nondiagnostic), % (Specificity), % (%) Surgery, %

p-FNA US-FNA p-FNA US-FNA p-FNA US-FNA
Carmeci et al., 1998 (11) 497 (370/127) 16 7 89 (69) 100 (100) 40 59
Danese et al., 1998 (12) 9683 (4986/4697) 8.7 35 92 (69) 98 (71) 16 19

*p-FNA = palpation-guided fine-needle aspiration biopsy; US-FNA: ultrasonography-guided fine-needle aspiration biopsy.

and their potential for ease-of-use in any laboratory or in
academic or community settings (30).

The HBME-1 is a monoclonal antibody developed
against the microvillous surface of mesothelial cells and
subsequently applied to the diagnosis of malignant thyroid
conditions (30). In a study of 463 benign and malignant
thyroid tumors, strongly positive staining was seen in most
tumor cells of all papillary (145 of 145) and follicular (27
of 27) thyroid carcinomas, and no reactivity or only focal
staining was observed in one third of cases of nodular goi-
ter or papillary hyperplasia (31).

Galectin-3, a protein involved in the regulation of cell-
cell and cell-matrix interactions, is typically expressed only in
malignant transformed thyroid cells (32, 33). This differential
expression has allowed the use of this immunohistochemical
marker in the evaluation of thyroid tumors. Bartolazzi and
colleagues (34) conducted a retrospective analysis of 618 tissue
specimens and 165 cell blocks and a prospective analysis of
226 FNA specimens. In the retrospective review of surgical
specimens, 94% of 311 malignant cases stained positive for
galectin-3. Fewer than 6 0of 201 (3%) papillary carcinomas did
not express this marker. Thirty-seven of forty (93%) mini-

mally invasive follicular thyroid carcinomas were positive for
galectin-3, and this marker was not expressed in any case of
nodular hyperplasia or thyroiditis.

Bartolazzi and colleagues’ prospective analysis focused
on 90 cases with inconclusive conventional cytology, where
the addition of galectin-3 allowed the correct identification
of all malignant nodules. The sensitivity of galectin-3 for
detecting malignancy in that study was 100%, specificity
was 98%, positive predictive value was 92%, negative pre-
dictive value was 100%, and overall diagnostic accuracy
was 99%.

MICRONODULES AND MICROCARCINOMAS

The advent of high-resolution ultrasonography has led
to the discovery of small, asymptomatic, and previously
unrecognized thyroid nodules. These thyroid incidentalo-
mas, usually smaller than 1.5 cm, are often diagnosed dur-
ing ultrasonographic evaluation for nonthyroid neck dis-
ease, posing a management dilemma for the clinician.

Using ultrasonography, several studies have estimated
the prevalence of thyroid nodules in the general population

Figure 1. Ultrasonography-guided fine-needle aspiration with needle tip accurately placed in the nodule.
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Figure 2. Cystic lesion.

The lesion was nondiagnostic on direct fine-needle aspiration and benign
by ultrasonography-guided fine-needle aspiration.

as between 19% and 35% (35, 36). Most of these nodules
are benign (37). In the absence of features suggestive of
malignancy (19), observation has been recommended for
incidentalomas smaller than 1 c¢m and ultrasonography-
guided FNA has been recommended for larger nodules or
those with suspicious ultrasonographic appearance.

Papillary microcarcinomas are being increasingly diag-
nosed at earlier stages because of the widespread use of
high-resolution ultrasonography, resulting in reduced met-
astatic lesions and improved 5-year survival (96%) (38).
An autopsy study from Finland found a prevalence of oc-
cult papillary thyroid cancer of 36% (39). The prevalence
of clinically apparent thyroid cancer is only 0.1% in adults
between 50 and 70 years of age (40), and thyroid cancer
accounts for only 0.3% of cancer deaths in the United
States annually (41). Hence, most types of subclinical can-
cer will never become apparent. A study of 162 patients
who elected close follow-up without surgical intervention
for FNA-proven papillary microcarcinoma showed that
more than 70% of these tumors did not change in size over
a median follow-up of up to 5 years (42). A retrospective
study from Japan demonstrated nodal metastatic lesions in
up to 60% of patients without palpable cervical adenopa-
thy who underwent thyroidectomy with prophylactic node
dissection for papillary microcarcinoma (43).

Is total or near-total thyroidectomy warranted in this
group of patients, or would lobectomy be sufficient? Lo-
bectomy may preserve thyroid function and results in
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lower incidence of hypoparathyroidism and recurrent la-
ryngeal nerve injury. However, Farkas and colleagues (44)
showed that approximately 50% of patients will require
L-thyroxine replacement after lobectomy and, ultimately,
most will need this therapy. The rate of permanent hypo-
parathyroidism and laryngeal nerve injury is very low in the
hands of experienced surgeons. Papillary carcinoma is fre-
quently multifocal, with a high incidence of local meta-
static lesions at diagnosis (42, 43, 45—47). Therefore, total
or near-total thyroidectomy is often recommended (45, 47,
48). Several studies have shown higher recurrence in pa-
tients treated with lobectomy compared with those treated
with total thyroidectomy (45, 49). Other studies argue that
such aggressive surgery is not warranted (42, 50). Whether
completion thyroidectomy should be performed for micro-
carcinomas found incidentally after lobectomy for sus-
pected benign disease remains controversial (50-52).

ROUTINE CALCITONIN MEASUREMENT

Medullary thyroid carcinoma represents approximately
5% of all malignant thyroid nodules. Most (75%) are spo-
radic, with the remainder occurring as part of either famil-
ial medullary thyroid cancer or multiple endocrine neopla-
sia type 2 (MEN-2) syndromes. When medullary thyroid
cancer presents as nodular disease, it has usually metasta-
sized to cervical nodes or distant sites; early diagnosis and
total thyroidectomy offer the best chance for cure (53). In
1994, Pacini and colleagues (54) recommended routine
calcitonin measurement in patients with thyroid nodules to
screen for medullary thyroid cancer. Since then, several
authors have supported (55-60) or refuted (61) this. Stud-
ies have estimated that 0.4% to 1.37% of patients present-
ing with thyroid nodules have medullary thyroid cancer
(54-56, 60, 62). Most authors agree that medullary thy-
roid cancer should be strongly suspected if basal serum
calcitonin levels are markedly elevated (>28.57 pmol/L)
and that surgery will probably be necessary (58, 63, 64).
Mild or moderate elevations in basal serum calcitonin lev-
els of 2.85 to 28.57 pmol/L are considered a “gray zone”
(61); among several series, values in this range were predic-
tive of medullary thyroid cancer in only 13% of cases (61,
64). No absolute threshold value for basal calcitonin dis-
criminates between benign and malignant disease.

Table 2. Suspicious Fine-Needle Aspiration Results in 2175
Smears with 73% Tissue Examination (1980-2001) at the
Mayo Clinic*

Cytologyt Histology, Malignant
n Tumors, n (%)
Follicular neoplasm 561 83 (15)
Huarthle cell neoplasm 548 77 (14)
Papillary carcinoma 489 318 (65)
Total 1598 478 (29)

* Data from Sebo T and Gharib H (unpublished data).
+ Labeled by cytopathologist as “suspicious for” follicular neoplasm, Hiirthle cell
neoplasm, or papillary thyroid carcinoma.
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In 1997, Vierhapper and colleagues (57) estimated the
cost of detecting a new case of C-cell hyperplasia or med-
ullary thyroid cancer at approximately $3000 (or $6000 if
only malignant cases were considered). Serum calcitonin
measurement cost $35 at their institution. The average cost
of this assay in the United States is $100 (59). Given an
estimated prevalence of medullary thyroid cancer of ap-
proximately 0.5% (5456, 60), the cost of screening per
case detected would approach $20 000. Since many cases
in the gray zone will require additional testing with penta-
gastrin  stimulation (no longer available in the United
States) or the short calcium infusion test (which at our
institution costs approximately $280), the costs of routine
screening would increase dramatically.

TREATMENT OF BENIGN THYROID NODULES

Because thyroid-stimulating hormone (TSH) has been
regarded as a growth factor for thyroid epithelial cells (65,
66), treatment with L-thyroxine in doses sufficient to sup-
press TSH has been used for years to prevent or reduce
growth of thyroid nodules. However, its effectiveness re-
mains controversial.

Several studies have reported that suppressive 1-thy-
roxine therapy results in statistically significant reduction
in nodule volume (67-72). Other studies do not support
this finding (73, 74). These discrepancies are due to several
factors, including lack of control groups or randomization
in some studies, the heterogeneous group of patients eval-
uated (single nodule vs. multinodular goiter), variable
treatment doses and duration of therapy, different defini-
tions of response to treatment, level of TSH suppression,
and method used to assess nodule volume. Several meta-
analyses evaluating the effectiveness of such therapy have
yielded conflicting results (71, 75, 76), although most ob-

serve at least a trend toward reduction in nodule volume.

CONCLUSIONS AND RECOMMENDATIONS

Thyroid nodules are usually benign. Only malignant
or large symptomatic nodules require surgical excision.
Fine-needle aspiration biopsy, guided by ultrasonography
when possible, results in substantial reduction of unneces-
sary surgery. When FNA results are inconclusive, clinical
judgment must be used. In patients with multinodular goi-
ter, selecting the target for biopsy may be challenging.
Nodules with ultrasonographic features associated with in-
creased risk for malignancy (19) should be considered, and
we recommend periodic follow-up with ultrasonography.
Nodules that demonstrate substantial growth should be
considered for repeated biopsy. Despite its utility in thy-
roid nodule management, ultrasonography has added an-
other level of complexity by revealing incidental, nonpal-
pable nodules, which pose another clinical dilemma.

The effectiveness of L-thyroxine suppressive therapy in
reducing nodule volume remains controversial. Because
such therapy has been associated with adverse cardiovascu-
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lar (77) and skeletal effects (78, 79), we advise a careful
risk—benefit assessment before recommending this treat-
ment.
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