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Thyroid Nodules 2006: Managing what has been known

for over 50 years

Jeffrey R. Garber

Division of Endocrinology, Harvard Vanguard Medical Associates, Massachusetts, USA

The 50" anniversary of the publication of Mor-
tensen, Woolner and Bennet’s paper entitled Gross
and microscopic findings in clinically normal thyroid
glands has just passed.' Their paper reported that at
autopsy at the Mayo Clinic approximately half of
those not known to have thyroid disease pre-mor-
tem had thyroid nodules (Table 1). Although we
need to bear in mind that those who died of thyroid
disease were excluded from the study, the vast ma-
jority of thyroid nodularity that was discovered at
autopsy appeared to be clinically unimportant.

What have we learned since then? During the
last five to ten years the answer to this question has
been as important as, if not more important than, it
has ever been since Mortensen’s landmark descrip-
tion. This is not simply due to the substantial increase
in thyroid nodularity following exposure to head and
neck radiation. There are additional reasons for this.
In the USA, for example, physicians receive more
of their training in ambulatory settings than they did
several decades ago. Training programs, at least at
some academic centers such as our own, presently
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devote more time to instructing trainees in the phys-
ical examination of the thyroid than my training pro-
gram in the 1970s did. Imaging has also contribut-
ed. Carotid artery ultrasound, cervical Magnetic
Resonance Imaging (MRI), and chest and neck
Computed Tomography (CT), which are ordered for
a myriad of reasons unrelated to the evaluation of
the thyroid, regularly disclose “incidental” thyroid
nodules.

However, the increasing application of thyroid
ultrasound may be the major reason we are discov-
ering more thyroid nodules. This is because addi-
tional nodules are regularly found when thyroid ul-
trasound is employed for the purpose of evaluating
or aspirating a previously discovered nodule. More-
over, its use is likely to increase as a result of the
American Association of Clinical Endocrinologists
(AACE)/Associazione Medici Endocrinologi (AME)
and the American Thyroid Association (ATA) newly
published guidelines.”® ATA’s guideline states:
“Thyroid sonography should be performed in all pa-
tients with one or more suspected thyroid nodules”.
AACE/AME’s guideline also recommends that “All
patients with palpable thyroid nodules or multinod-
ular goiter should undergo ultrasound”, citing “to
look for coincidental nodules” as a reason to do so.
Thus, in a real sense sensitive ultrasound has en-
abled us and is being promoted, both intentionally
and unintentionally, to “incidentally” detect thyroid
nodularity as efficiently as Mortensen and his co-
pathologists could by inspecting and sectioning thy-
roid glands at autopsy. As a result, we are confront-
ing a previously silent epidemic of subclinical nodu-
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Table 1. Thyroid nodules detected at autopsy at the Mayo Clinic in the 1950s 1000 consecutive cases: 113 whose thyroid glands were not

clinically examined and 66 with known thyroid disorders were excluded.

Thyroid Clinical Exam Direct Palpation Direct Palpation Macroscopic Macroscopic Inspection
Intact Thyroid Intact Thyroid Inspection of Serial of Serial Sections
Cases per Cent Sections Cases per Cent
Non-Nodular 821 649 79 415 51
Uni-Nodular 0 71 9 100 12
Multi-Nodular 0 101 12 306 37

Based on Mortensen et al. JCEM, 1955

lar thyroid disease that we have known about for a
long time but were hoping, with good reason, to con-
tinue largely to ignore.

I will review some of what we have learned or
re-learned since then. This overview will touch upon
older diagnostic techniques and their refinements
as well as some methods that may help us deal with
our present dilemma, which can be framed as fol-
lows: How do we rationally deal with a growing ep-
idemic of thyroid nodules while promoting ultra-
sound for diagnostic precision which, at the same
time, increases the magnitude of the problem?

PALPATION VS. SUBCLINICAL DISEASE

Since 1955, additional autopsy, ultrasound, and
surgical series have confirmed what Mortensen
taught us,* namely that subclinical disease is present
about ten times as often as we suspect it clinically.
Uncovering more subclinical nodular disease not
only increases the number of nodules that we have
to evaluate but, as studies have shown, causes the
number of detected cancers to rise more or less pro-
portionally.” If we extrapolate from the Framingham
Study data on the prevalence of thyroid nodules in
adults, specifically 1.5% in males and 6.4% in fe-
males,” we could potentially be confronted with a
15% prevalence of thyroid nodules in males and 64%
in females. The latter, arguably, could become the
largest epidemic known to man. However, compar-
ing a pre-mortem prevalence of thyroid cancer of
0.25%’ to a prevalence in one autopsy series of 3.6%"
leads to an estimate that only about 1 in 15 cases of
thyroid cancers are diagnosed pre-mortem.’ This is
consistent with the following observation. Despite a
substantial rise in the incidence of thyroid cancer in

the USA, the overall death rate from thyroid can-
cer has declined, with the possible exception of old-
er white males.'*"" This accords with what endocri-
nologists have long appreciated, namely that most
thyroid cancers, even when not diagnosed, do not
have an impact on survival, nor even probably on
morbidity. Therefore, which population or subsets
of populations might benefit from the detection of
an enormous number of previously undetected thy-
roid nodules and cases of thyroid cancer? Posed in
another way, what cost in human and economic
terms would result from evaluating and treating
many patients who would have been better off not
worrying about thyroid cancer, undergoing surgery,
or becoming dependent on thyroid hormone, calci-
um or pharmacologic doses of vitamin D?

ALGORITHM

Until relatively recently the limitations of physi-
cal examination of the thyroid gland could be viewed
as a mixed blessing. The bad news was that we missed
many thyroid nodules.” The good news is that the
vast majority of nodules that we missed were des-
tined to remain asymptomatic and harmless.

Our current approach or “algorithm” (Figure 1)
still starts with a history and physical examination.
Patients should be questioned about exposure to
ionizing radiation, family history of either medul-
lary or papillary thyroid cancer, or familial syn-
dromes such as Gardner’s syndrome, Carney Com-
plex, and Cowden’s syndrome. Symptoms sugges-
tive of rapid growth or obstruction should also be
elicited. This is generally followed by a serum TSH
determination. If the serum TSH value is low, iso-
topic imaging should follow, preferably with '*I (To-
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Figure 1. Algorithm of thyroid nodule management.

dine-123), as opposed to “"Tc (Technetium-99m),
according to many but not all authors."” If the TSH
value is not low, fine needle aspiration (FNA) should
be performed. At this juncture, many in the United
States and Italy are already following ATA and
AACE/AME’s recommendation for a confirmato-
ry ultrasound.* In addition, ultrasound guided FNA
is rapidly becoming the standard technique for even
an initial, as opposed to repeat, FNA in the event of
a previously failed procedure, the downside of dis-
covering many “incidentalomas” notwithstanding.

Deciding how many and which clinically appar-
ent and ultrasonographically discovered nodules
should be aspirated has generated considerable dis-
cussion and controversy.'*'® Ultrasonographic fea-
tures offer some guidance. Nodules that are princi-
pally solid, hypoechoic, have irregular margins, lack
a halo, contain microcalcifications, or have increased
vascular flow are more likely to be malignant. As
the specificity of each discriminatory feature increas-
es, its incidence and, therefore, its sensitivity tend
to drop."”" In those without a history of ionizing ra-
diation or a worrisome family history, small nod-
ules, whether or not they are hypoechoic or solid,
should not be aspirated unless there are other sus-
picious ultrasonographic features.’

There is substantial variation in the way FNA
results are reported and even used by different au-
thorities. For example, the AACE/AME guideline®
refers to “suspicious” as synonymous with “indeter-
minate” in their text. The term includes follicular
neoplasms, Hurthle cell neoplasms, and lesions sus-
picious for papillary cancer and lymphoma. Yet their

181

algorithm for palpable nodules groups “malignant”
with “suspicious” while their incidentaloma algo-
rithm omits the designation “suspicious” entirely,
using “follicular neoplasia” for “indeterminate”. The
ATA’ uses the term “indeterminate” to cover “sus-
picious, follicular lesion”, or “follicular neoplasm”
as well as “suspicious” for “papillary carcinoma or
Hurthle cell neoplasm”. Yet their algorithm sepa-
rates “indeterminate” into “suspect for neoplasia”
and “suspect for cancer”. I favor the Mayo Clinic’s
approach" which categorizes those aspirates with
sufficient material to make a diagnosis as benign,
malignant or suspicious. Within the suspicious or
indeterminate group are those consistent with folli-
cular neoplasm, Hurthle cell lesion, or suspicious
for papillary thyroid carcinoma (PTC). The former
two designations carry a risk of malignancy of ap-
proximately 15%,” while the latter according to the
Mayo and others carries a risk in excess of 50% of
being malignant.*"*

Most would proceed with a radioiodine scan to
establish if a lesion consistent with a follicular neo-
plasm is autonomous, which essentially though not
entirely rules out the possibility of malignancy.”

Although Hurthle lesions may be autonomous,*
removal without scanning’ is generally recommend-
ed. This has become standard practice, even though
there is no compelling basis for removing an auton-
omous Hurthle cell lesion. In the era when scans
were done before FNA, a higher percentage of au-
tonomous or “hot” nodules were never aspirated.
No doubt some of these were undiagnosed, innocu-
ous Hurthle cell adenomas.

In the case of the lesion that is suspicious for
papillary thyroid carcinoma, virtually no data exist
to support the role of isotopic imaging. Because,
according to many authors, the odds are greater than
a 50% chance that the lesion is malignant, removal
is recommended.

We generally recommend an ipsilateral thyroi-
dectomy in those cases presenting lesions consistent
with follicular neoplasms that are not autonomous
or Hurthle cell neoplasms. This is because the re-
spective odds of malignancy are only about 15%
each,” making unilateral surgery, which does not
cause profound hypothyroidism and avoids the risk
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of permanent hypoparathyroidism and bilateral la-
ryngeal nerve injury resulting from a bilateral pro-
cedure, sufficient in 85% of cases. On the other
hand, in cases of lesions suspicious for papillary thy-
roid carcinoma, bilateral surgery is the preferred
strategy for most. This is because the odds are great-
er than 50% that it will be necessary once a final
diagnosis is made. In any event, in my opinion it is
critical for physicians to discuss the pros and cons
of unilateral vs. bilateral thyroidectomy with pa-
tients. These discussions should be based on wheth-
er or not there are contralateral nodules, the risk
they carry for malignancy, whether or not they are
autonomous —which is more common in areas of
marginal iodine sufficiency and increases the risk
for developing thyrotoxicosis over time —, and pa-
tient preference.

SPECIFIC ISSUES

Calcitonin

Some recommend calcitonin measurements as
part of the initial evaluation of thyroid nodules.”
This approach has not been embraced in the USA
for several reasons. It is costly” and yields false pos-
itives due to C cell hyperplasia, which has only been
shown to be pre-malignant in hereditary forms of
medullary thyroid carcinoma. Some authors point
out that there is little evidence that incidentally dis-
covered small carcinomas become clinically signifi-
cant,” though others entertain a different view.”
While stimulation with pentagastrin, to help deter-
mine whether elevated calcitonin levels are malig-
nant in origin, is not presently available in the USA,
when clinically warranted, basal calcitonin levels or
calcium stimulated values should be determined.

Hurthle cells present, but not clearly a Hurthle
Cell neoplasm:

Hurthle cells are ubiquitous. They are found in
a spectrum of thyroid disorders, including the very
common conditions of Hashimoto’s thyroiditis and
multinodular goiter. How then does one distinguish
a Hurthle cell lesion from a non-Hurthle cell lesion
when a subpopulation of Hurthle cells is seen on an
FNA specimen? One of the benefits of ultrasound
guided FNA is accurate localization of the tip of the
aspirating needle. This enables the operator to be

much more certain that a nodule rather than tissue
surrounding a nodule is being sampled. Under these
circumstances a mixed population of cells consistent
with Hashimoto’s thyroiditis in combination with
Hurthle cells would be most consistent with Hash-
imoto’s thyroiditis. However, aspirates are often
pooled before being processed and read. Moreover,
a Hurthle cell neoplasm may co-exist with Hashim-
oto’s thyroiditis, particularly in instances when a dis-
crete nodule is present. We sometimes address this
by repeating the aspirate under ultrasound guidance,
avoiding the use of suction or being careful to dis-
continue it before the needle is fully withdrawn from
the nodule. This minimizes the chance for “contami-
nation” with cellular material from surrounding tis-
sue. Passes are not pooled and are read separately.
If all aspirates reveal mixed populations of cells with-
out a predominant population of Hurthle cells, the
odds are low that one is dealing with a Hurthle cell
neoplasm. However, this does not rule out the pos-
sibility that a Hurthle cell lesion is present in a gland
with Hashimoto’s thyroiditis or vice versa. In cases
that are uncertain or clinical and ultrasound assess-
ment suggests that a neoplasm is present, surgery is
recommended.

The benign aspirate: Suppression Therapy

Basis and origins

Employing thyroid hormone to suppress TSH
levels is supported by a number of experimental and
clinical observations. Over 50 years ago Maloof
showed that hypophysectomy prevented radiation
induced thyroid tumors in rats.” For 30 years more
TSH binding has been found on the surface of be-
nign rather than malignant thyroid lesions.” More
recently, around the time the utility of suppression
therapy began to be called into question, Fogelfeld
reported that irradiated patients treated with sup-
pression therapy after subtotal thyroidectomy de-
veloped fewer benign (not malignant) thyroid nod-
ules than those who were not treated with thyroid
hormone.”

Does it work?

Some studies conclude that there is a benefit from
thyroid hormone suppression therapy for thyroid
nodules. Most do not. A recent metanalysis of se-



Thyroid Nodules 2006

ries of patients with solid nodules with benign FNAs
followed on relatively aggressive suppression for at
least 6 months also concludes that there is no clear-
cut benefit.’! However, the authors indicate that
there is a “trend” towards benefit, thus implying that
it might be evident if the combined series included
more subjects. Even those who favor consideration
of suppression therapy concede that at most 30%
respond —where response includes stabilization or
regression—and that suppression therapy carries
cardiac and bone risk, among others, resulting from
thyroid hormone excess. The risk is not trivial since
thyroid hormone excess is a frequent consequence
of thyroxine therapy, even if TSH suppression is not
a goal of therapy. The Colorado Thyroid Disease
Prevalence Study, for example, determined that
more that one-fifth of those taking thyroid medica-
tion, regardless of indication, were hyperthyroid or
subclinically hyperthyroid.*

Who are the best candidates for suppression
therapy?

Thyroxine therapy still may play a role in young,
healthy patients, with relatively small thyroid nod-
ules or those with nodular goiters without evidence
of autonomy, particularly in regions with marginal
iodine sufficiency.’

Why employ suppression therapy?

Alexander’s ultrasound study demonstrated that
most (89%) benign nodules grow by at least 15%
over a period of 5 years.” This degree of clinically
inapparent growth approximates the upper limit of
ultrasound exam to check variation reported by
some,™ but falls far below the 50% change in nod-
ule volume that Brauer and colleagues caution is
required by ultrasound measurements before con-
cluding that a nodule has truly grown.” In any event,
22% of Alexander’s cohort who were followed up
were re-biopsied. Those who were re-biopsied had
amean increase in nodule volume of 69%. Only one
of the 74 patients who were re-biopsied was found
to have a malignancy.

As more and more thyroid nodules, particularly
ones that are not readily palpable, are monitored
with ultrasound examinations,>* we will more fre-
quently need to face the question of what to do with
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a patient with a previously benign aspirate whose
nodule has grown.” Most will be re-biopsied. While
physicians tend to minimize the consequence and
cost of repeating FNAs, many patients do not. Af-
ter all, in the face of growth the reason for doing so
is to address the anxiety provoking possibility that a
malignancy has been missed. More importantly,
many, despite benign FNAs, will undergo surgery
in keeping with guideline recommendations.>’

Based on the above, properly selected patients
could benefit from suppression therapy by having
fewer FNAs and less surgery for benign disease.
Although optimal TSH targets for suppression ther-
apy are not well established, it “should never be ful-
ly suppressive” and has to be taken on a long-term
basis.

The inadequate aspirate:

When strict criteria are employed for determin-
ing specimen adequacy or sufficiency, a substantial
number of FNAs will be “inadequate” or yield in-
sufficient material to make a diagnosis. The num-
ber of cells or clusters of cells deemed adequate for
making a diagnosis varies, ranging from 5 to 6 groups
of 10 or more cells* to 10 groups of 20 cells,” with
one author recommending that there be at least 6
groups on two separate aspirates.” Whether an ad-
equate number of cells is necessary in some circum-
stances, such as the specimen rich in colloid, is also
the subject of some debate.””*” When an FNA is
deemed inadequate, there is general agreement that
it should be repeated. Even those who do not en-
dorse using ultrasound for all initial aspirations gen-
erally favor doing so after an inadequate specimen
is obtained. In one series, the success rate of em-
ploying ultrasound for a second aspirate ranged from
76% to 85% for solid nodules and those less than
25% cystic to 48% for nodules that were more than
75% cystic.*" What should be done after a second
aspirate proves to be inadequate is less straightfor-
ward. Some will do a third* because it is successful
up to 30% of the time.* We will do an US guided
FNA a third time on portions of the nodule shown
by Doppler to have blood flow. This may be partic-
ularly useful when dealing with a semi-cystic nod-
ule. We believe, but have not proven, that solid pe-
ripheral regions of preserved flow are more likely
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to yield adequate specimens than areas with de-
creased flow. A similar recommendation for the use
of Doppler has recently been advocated by others."
This is because deeper, solid appearing areas may
be quite fibrotic and contain organized thrombus —
with relatively few intact follicular cells amenable
to FNA. After a third failure* most will send the
patient to surgery. We individualize this recommen-
dation and may, after discussing this with the pa-
tient, recommend observation if the nodule is rela-
tively small (less than 1.5 cm) and principally cystic.
This is supported by an unpublished observation on
a cohort of 778 patients at the Brigham and Wom-
en’s Hospital. None of 7 purely cystic lesions proved
to be malignant and only 2 of 87 lesions that were
75% or more cystic were malignant (Frates MC,
personal communication). On occasion, thyroxine
suppression is offered to patients with principally
semi-cystic lesions and inadequate aspirations, but
virtually no data exist to support using it in this set-
ting.

THE INDETERMINATE ASPIRATE: WHAT IS
NEW AND WHAT IS ON THE HORIZON?

Current approaches to suspicious or indetermi-
nate aspirates have been reviewed above. I will touch
on some potentially useful new tools.

An interesting, though presently economically
prohibitive, approach is the predictive value of PET
scan negativity in this group. Until recently, most
PET scan reports dealing with nodular thyroid dis-
ease focused on the high incidence of malignancy,
up to 50% in some series,” in patients with PET
positive thyroid incidentalomas. In a prospective
series done at the Beth Israel Deaconess Medical
Center, 31 patients with 48 lesions going to surgery
regardless of their FNA findings had pre-operative
PET scans. Twenty-one of 22 patients with indeter-
minate FNAs that were PET negative (SUV <5)
had benign pathology, yielding a 95% negative pre-
dictive value.* A more recent study by de Geus-Oei
yielded a similar result.”

If FDG thyroid imaging could be done econom-
ically, perhaps by limiting images to the thyroid re-
gion, and these results were confirmed in other stud-

ies, a negative PET study on an indeterminate aspi-
rate might be a useful tool, particularly in a person
who is at high risk for surgery.

What about the utility of markers? Some single
markers that initially seemed quite promising have
not panned out. These include galectin 3, PAXS-
PPAR-gamma, and telomerase. Aspirates negative
for human bone marrow endothelial cell (HBME-
1) are highly unlikely to be papillary cancers, but
cannot distinguish follicular carcinoma from follic-
ular adenoma, since either can be positive or nega-
tive.* RET/PTC classification reports have yielded
conflicting results.**

Detection of BRAF mutations presently appears
promising with one series showing no false positive
results for papillary thyroid cancer and the ability
to diagnose papillary thyroid cancer in 5 of 15 inde-
terminate aspirates and one inadequate specimen.”
Although this is promising, marker studies will ulti-
mately have to be confirmed in several prospective
series employing techniques suitable for pre-oper-
ative FNNA specimens.

CONCLUSION:

As we pass the 50" anniversary of Mortensen’s
1955 report and are well into the “Ultrasound Era”,
we are being confronted with the issue of how to
best manage a longstanding but previously under-
recognized “epidemic” of subclinical and clinical
nodular thyroid disease. We must continue to strive
to increase the net benefit to society that is gleaned
from evaluating and treating thyroid nodules. Doing
so will require endocrinologists, among others, to:

e Keep diagnostic and surveillance costs in check;

® Refine criteria for distinguishing nodules that
require a definitive diagnosis from those that do
not;

® Develop more accurate diagnostic techniques
including applicable and reliable “molecular
tools™;*

® Use emerging guidelines to assist rather than
restrict us in our approach to individual patients.

Hopefully, well before the 100™ anniversary of
Mortensen’s report, we will be able to claim more
than a modicum of success in achieving these goals.
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