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Abstract. Controversy continues regarding the optimal management of
patients with differentiated thyroid cancer because no prospective ran-
domized studies evaluating the merits of (1) extent of thyroidectomy, (2)
postoperative radioactive iodine ablation, or (3) thyroid-stimulating hor-
mone (TSH) suppressive therapy exist. Patients with low risk differenti-
ated thyroid cancer enjoy a relatively good prognosis with a mortality rate
of about 2% to 5% and a recurrence rate of about 20%. Despite the
excellent prognosis in patients considered to be at low risk, total or
near-total thyroidectomy in patients with differentiated thyroid cancer
has the advantages that: (1) postoperative radioactive iodine can be used
to detect and treat residual normal thyroid tissue and local or distant
metastases; (2) follow-up serum thyroglobulin levels are a more sensitive
marker of persistent or recurrent disease when all thyroid tissue has been
removed; and (3) total or near-total thyroidectomy with postoperative 131I
ablation and TSH suppressive therapy is associated with better survival
and lower recurrence rates. Patients with occult papillary thyroid cancer
and minimally invasive follicular thyroid cancer can be treated by thyroid
lobectomy because they have a near-normal life expectancy. Virtually all
other patients with differentiated thyroid cancer appear to benefit from
more extensive initial treatment.

Thyroid cancer, excluding ovarian cancer, is the most common
endocrine malignancy with the highest mortality [1]. Thyroid can-
cers exhibit the full range of malignant behavior from the rela-
tively indolent occult differentiated thyroid cancers to the uni-
formly aggressive and lethal undifferentiated thyroid cancers.
Fortunately, about 98% of thyroid cancers are of the differenti-
ated type [2]. Differentiated thyroid cancers (DTCs) arise from
the follicular cells (papillary carcinoma including the follicular
variant, and follicular carcinoma with Hürthle cell carcinoma as a
subtype) and from the parafollicular cells (medullary thyroid can-
cer). Many important advances have occurred regarding thyroid
carcinogenesis, risk factor assessment, cost-effective and accurate
diagnosis, and treatment during the last decade.

Thyroidectomy is the primary treatment for patients with DTC
and has proven to be effective and safe. The extent of thyroidec-
tomy for the optimal results in patients with DTC of follicular cell
origin remains controversial among experts in the field. This
controversy persists largely due to the lack of a prospective ran-
domized controlled trial comparing the extent of thyroidectomy

and the use of postoperative 131I ablation in patients with DTC.
Such a trial would require a large multicenter trial and a long
duration of follow-up.

A general agreement exists that those patients with DTC who
are at a high risk (based on AGES, AMES, MACIS, EORTC, or
TNM risk classification systems) or those with bilateral tumors or
obvious locally invasive thyroid cancers warrant total or near-total
thyroidectomy [3–5]. For patients with low risk DTC there is
considerable debate on the most appropriate extent of thyroidec-
tomy [3–8]. In the past, three approaches have been proposed by
surgeons: (1) thyroid lobectomy; (2) near-total thyroidectomy
(total lobectomy and subtotal resection on the other side leaving
less than 1 g of thyroid tissue); and (3) total thyroidectomy [9].
The divergent views among experts as to the appropriate extent of
thyroidectomy in low risk patients with DTC are best reflected by
the practice guidelines published by the American Thyroid Asso-
ciation (ATA) and American Association of Clinical Endocrinol-
ogists [3, 5]. These organizations recommend near-total or total
thyroidectomy, whereas the Society of Surgical Oncology guide-
lines state that lobectomy should be performed in low risk patients
with DTC [3–5].

The proposed advantages of total thyroidectomy, in order of
importance, are (1) radioactive iodine can be used to detect and
treat residual normal thyroid tissue or local/distant metastases; (2)
the serum thyroglobulin level is a more sensitive marker of per-
sistent or recurrent disease when all normal thyroid tissue has
been removed; (3) up to 85% of patients with papillary thyroid
cancer have microscopic cancer foci in the contralateral lobe, and
these occult cancers are eliminated as possible sites of recurrence;
(4) recurrence develops in the contralateral lobe in approximately
7% of patients, and half of these patients die from thyroid cancer;
(5) recurrence is lower in patients who underwent bilateral pro-
cedures or total thyroidectomy; (6) the 1% risk of DTC progress-
ing to undifferentiated thyroid cancer is decreased; (7) survival is
improved for patients with papillary thyroid cancers (PTC) larger
than 1.5 cm and for those with follicular thyroid cancer (FTC) that
are not minimally invasive; and (8) the need for reoperative
thyroid surgery, which is often associated with increased risk of
complications, is low [2]. Those who advocate less than total
thyroidectomy point out that: (1) total thyroidectomy is associatedCorrespondence to: O.H. Clark, M.D.



with a higher complication rate than less extensive surgery; (2)
one-half of local recurrences can be cured with surgery; (3) fewer
than 5% of recurrences occur in the thyroid bed; (4) tumor
multicentricity has little clinical significance; and (5) the prognosis
is excellent in patients who have undergone procedures less than
total thyroidectomy [2].

We address these issues and discuss a rational treatment ap-
proach to patients with DTC of follicular cell origin. Before doing
so we provide a working definition for the extent of thyroidectomy
procedures because no uniform definition exists in the literature.
We also discuss the distinct clinicopathologic feature of DTCs.
We follow with a discussion of thyroid cancer risk assessment
systems and provide a rational treatment algorithm for patients
with DTC. Because there is general consensus regarding the
management of patients with medullary thyroid cancer, our dis-
cussion does not include DTC of parafollicular origin. In these
patients, most experts recommend total thyroidectomy and cen-
tral neck node dissection as well as screening for possible coex-
isting pheochromocytomas, primary hyperparathyroidism, and a
germ-line RET point mutation to document familial disease.

Classification and Distinguishing Clinical Features of DTC

The previous pathologic classification of thyroid carcinoma,
founded only on architecture, has been replaced by a classification
system that is based on architectural, cytologic, and clinical be-
havior of these tumors. The ATA, Armed Forces Institute of
Pathology (AFIP), and World Health Organization (WHO) clas-
sify papillary (pure, mixed papillary-follicular, and follicular vari-
ant) and follicular thyroid cancers as DTC [10, 11]. Hurthle cell
carcinoma is considered a subtype of FTC and rarely as a subtype
of PTC by the ATA and WHO, but as a distinct thyroid cancer by
the AFIP [10, 11]. We also consider Hurthle cell carcinoma
(HCC) as a distinct DTC subtype exhibiting unique cytologic and
clinical features; most importantly, it is an aggressive tumor asso-
ciated with a slightly worse prognosis [2].

The PTC accounts for about 80% of all thyroid cancers, with
the average age at presentation during the third decade. It is more
common in women, and more than 90% of patients have survived
at the 20-year follow-up [12–15]. Cervical node metastases occurs
in 11% to 80% of patients depending on the series and whether
prophylactic versus therapeutic cervical node dissection was per-
formed [14–21]. Most series in the United States and Europe
report a 30% to 40% cervical node metastasis rate [13, 15–18,
22–25]. Distant metastases from PTC occur in 2% to 14% of
patients [7, 13, 20, 21]. Patients with PTC often have multicentric
tumors. About 30% of thyroid cancers are multifocal on routine
histology sectioning, whereas up to 85% are multicentric when
thin sections (0.5 mm) are examined [7, 13, 17, 20, 21, 22]. PTCs
that are less than 1 cm (referred to as minimal or occult thyroid
cancers) warrant a more conservative surgical therapy because of
the good prognosis observed in these patients: 0% to 0.4% mor-
tality rate [13, 15, 23]. These occult PTCs are often multicentric,
are smaller than 0.5 cm, and occur with equal frequency in each
lobe [2]. The prevalence of occult PTC varies from 0.45% to 36%
depending on the country of study, age of the patient, and number
of thyroid tissue sections examined [2]. Sixteen percent of patients
with occult PTC had cervical node metastases in an autopsy study;
few of these individuals had palpable cervical nodes or died
directly from thyroid cancer [25]. Because of the good prognosis

of patients with occult PTC, a thyroid lobectomy with isthmusec-
tomy is adequate treatment for most patients. Anaplastic thyroid
cancers arise from transformation of PTC, which occurs in about
1% of patients [26–29].

The FTC accounts for about 10% to 20% of all thyroid cancers.
Similar to PTC, there is a predominant female predilection but
patients with FTC are usually about 10 years older (age 40–50
years) than those with PTC; they also present at a higher stage of
disease. FTC is usually solitary (90%) rather than multicentric,
and it often occurs in association with benign thyroid disorders
and in areas of iodine deficiency [30]. FTC tends to invade blood
vessels with hematogenous metastases to the lung and bone. The
10-year survival for patients with FTC is worse than for PTC, but
when matched for age and stage there is little or no difference in
survival [30–34]. Patients with FTC have a lower cervical node
metastasis rate (about 10%), and only about 8% have multifocal
tumors. More patients with FTC have distant metastases (usually
to lung or bone, up to 33%) than in PTC (2–14%) [30–34]. The
diagnosis of FTC is established most reliably by permanent his-
tology showing either capsular invasion or angioinvasion. Patients
with minimally invasive FTC have an excellent prognosis, and
these tumors are almost indistinguishable from benign follicular
neoplasm on histology except for the presence of limited capsular
invasion or angioinvasion (or both) [30, 31, 34, 35].

As with FTC, HCC can be diagnosed accurately only when
there is capsular invasion or angioinvasion (or both) on perma-
nent histology, or when regional or distant metastases are present
[36, 37]. Although some experts have proposed a parafollicular
cell origin of HCC, most evidence supports a follicular cell origin,
including (1) the transition from follicular to Hurthle cells by
histologic examination; (2) Hurthle cells demonstrate an intact
thyroid-stimulating hormone (TSH) receptor adenylate cyclase
system; and (3) HCCs are positive for thyroglobulin but negative
for calcitonin on immunohistochemical staining, and they usually
secrete thyroglobulin [38]. As previously mentioned, HCC there-
fore is considered a variant of FTC or rarely a variant of PTC by
some experts. However, the unique clinicopathologic profile and
prognosis of patients with HCC warrants separate considerations.
In addition to the unique oxyphil, polyglonal, hyperchromatic cells
observed on histology, higher oncogene expression [Pan-ras, N-
myc, transforming growth factor (TGFa, TGFb), and insulin-like
growth factor-1 (IFG-1)] is observed in HCC than in FTC [39].
Furthermore, most studies comparing cervical node and distant
metastases for HCC with PTC and FTC show significant differ-
ences [40–45]. DNA ploidy is a good predictor of aggressiveness
in HCC but not in FTC [42]. Most importantly, only about 10% of
HCCs take up radioactive iodine, whereas about 80% of FTCs
and 70% of PTCs do so [41, 46]. Patients with HCC have about a
25% incidence of lymph node metastases [2]. Finally, patients with
HCC have a higher tumor recurrence rate and a higher mortality
rate (about 30%) at 10 years than do patients with typical PTC or
FTC [42].

Patients who have had low dose (up to 60 Gy) radiation expo-
sure have a 1% to 13% risk of developing thyroid cancer that
continues to increase for at least three decades [47]. A patient
with a thyroid nodule and a history of head and neck irradiation
has a 40% risk of having thyroid cancer [48, 49]. Sixty percent of
these patients have cancer in the presenting nodule, and in 40%
the tumor is situated elsewhere in the thyroid gland [48, 49].
There is general agreement, because of the high frequency of
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multicentric malignant and benign tumors, that these patients
should undergo a total or near-total thyroidectomy to eliminate
the risk of leaving residual malignant thyroid tissue [50]. Patients
with familial nonmedullary thyroid cancer also have a high inci-
dence of multicentric tumor and invasion [51]. Local recurrence is
high in these patients, with about one-third of patients who would
be at low risk based on the AMES classification developing re-
currences [51]. Total or near-total thyroidectomy should be per-
formed in patients with familial nonmedullary thyroid cancer
because (1) the thyroid gland is predisposed to cancer, (2) both
benign and malignant thyroid tumors are multifocal, and (3) there
is a somewhat more aggressive nature to these tumors.

Thyroidectomy, Lymph Node Dissection, and Complications

As previously mentioned at the Consensus Development Confer-
ence for Management of DTC in 1987 in The Netherlands, it was
reported that no uniform or agreed on definition of the extent of
thyroidectomy exist in the literature [52]. However, it is important
when evaluating and discussing treatment outcome that a clear
definition or classification be used. Table 1 shows the classification
of thyroidectomy procedures. Lumpectomy refers to removal of a
neoplasm alone with minimal surrounding thyroid tissue, and
partial thyroidectomy involves removal of a neoplasm with a
larger margin of normal thyroid tissue. Subtotal thyroidectomy is
defined as the bilateral removal of more than 50% of each lobe
with the isthmus. Lobectomy or hemithyroidectomy is total re-
moval of one lobe with the isthmus. Near-total thyroidectomy is
the total extracapsular removal of one lobe and isthmus with less
than 10% (1 g) of the contralateral lobe left behind. When doing
a near-total or subtotal thyroidectomy, some thyroid tissue may be
left posteriorly or laterally usually in the area of the ligament of
Berry to avoid injury to the upper parathyroid gland(s) and the
recurrent laryngeal nerve where it enters the larynx posterior to
the cricothyroid muscle. Total thyroidectomy is the extracapsular
removal of both lobes and the isthmus, leaving behind viable
parathyroid glands and intact recurrent laryngeal nerves.

Numerous surgeons have reported that an extracapsular total
thyroidectomy is technically feasible and can be done safely. The
techniques we use for total thyroidectomy have been described
elsewhere [53–55]. Briefly, the side of the nodule or dominant
nodule is mobilized first, the middle thyroid veins are ligated and
divided laterally, and then the inferior thyroid veins are divided
medially on the trachea along with the thyrothymic ligaments. The
superior thyroid vessels are identified, individually ligated, and
divided close to the thyroid gland to avoid injury to the external
laryngeal nerve. The recurrent laryngeal nerve (where it enters

posterior to the cricothyroid muscle) and upper parathyroid gland
is identified at the level of the cricoid cartilage. The upper para-
thyroid glands are more dorsal than the lower parathyroid glands,
which are usually 1 cm below where the inferior thyroid artery and
recurrent laryngeal nerve cross. The upper parathyroid glands are
usually easiest to dissect from the thyroid gland on a vascular
pedicle. A similar technique is used on the other side to complete
the total thyroidectomy. Using this technique 26% of our patients
had no radioactive iodine uptake above background levels, and
74% of patients had less than 1% uptake (in the thyroid bed or
elsewhere) [55]. When the parathyroid glands are located more
anteriorly it might be necessary to leave surrounding thyroid
tissue or autotransplant them into the sternocliedomastoid mus-
cle, after confirming it is parathyroid tissue by frozen section.

As previously mentioned, lymph node metastases are common
in patients with PTC, are less common in patients with HCC, and
are even more uncommon in patients FTC. Even though there is
a high rate of cervical node metastases at least microscopically in
patients with PTC, most but not all studies have found no signif-
icant effect on survival and recurrence in patients with nodal
metastases [15–17, 23]. When patients with lymph node metasta-
ses are matched for age or have matted nodes, the prognosis is
worse [16]. Surgeons from Japan, in contrast to those in Europe
and America, perform prophylactic node dissection in patients
with PTC and usually do not use 131I ablation [21]. Therapeutic
cervical node dissection is recommended by virtually all experts
for patients with palpable lymph nodes. These approaches are
based on studies documenting that patients with PTC who are
treated with prophylactic node dissection have nearly the same
survival rate as do patients who are just observed with nonpal-
pable nodes [15–17, 23]. Cervical node dissection is also associ-
ated with a slightly higher risk of complications [2]. Thus thera-
peutic but not prophylactic cervical node dissection is generally
recommended for patients with DTC. In patients with HCC we
recommend prophylactic central neck node clearance, similar to
what we recommend for patients with medullary thyroid cancer,
because most HCCs (90%) do not take up radioactive iodine and
have a higher recurrence rate, higher incidence of cervical node
metastases (40%), and higher mortality [41, 42]. In patients with
lymph node metastases, all lymph nodes in the central neck,
adjacent to the tumor, and medial to the carotid artery are re-
moved. Because only about 10% of patients with PTC have con-
tralateral cervical node metastases, a contralateral neck node
dissection is not done unless bilateral extensive lymphadenopathy
is evident [2]. When lateral neck nodes are involved we perform a
modified radical (functional) neck dissection, removing all fibro-
fatty tissue with the lymph nodes and preserving the sternoclei-
domastoid muscle, internal jugular vein, vagus nerve, spinal ac-
cessory nerve, and sensory nerves. Mediastinal nodes are involved
in up to 6% of cases of PTC and can usually be removed through
the cervical incision [56].

Complications from thyroidectomy have become less frequent
since the technical contributions of surgeons such as Kocher,
Halsted, Lahey, Crile, Thompson, Reeve, and Perzik. The com-
plication rate associated with thyroidectomy depends on the ex-
perience of the surgeon, extent and type of thyroid disease, ana-
tomic variations and course of the recurrent laryngeal nerve and
external laryngeal nerve, the positions of the parathyroid glands,
and previous thyroid or parathyroid operation [2]. The major and
most common technical complications are permanent recurrent

Table 1. Classification of extent of thyroidectomy.

Nodulectomy
Lumpectomy
Partial thyroidectomy
Subtotal thyroidectomya

Lobectomy/hemithyroidectomy
Near-total thyroidectomya

Total thyroidectomya

aBilateral thyroidectomy has been used to refer to subtotal, near-total
or total thyroidectomy by some investigators evaluating the effect of extent
of thyroidectomy on survival and differentiated thyroid cancer (DTC)
recurrence.
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laryngeal nerve palsy and permanent hypoparathyroidism. In ex-
perienced hands, these complication occur in fewer than 2% of
patients. Unfortunately, in less experienced hands a complication
rate of 14% has been reported [57–71]. Advocates of less than
total thyroidectomy report a higher complication rate after total
thyroidectomy because of the added risk of dissection on the side
contralateral to the pathology. Most large series concerning total
thyroidectomy report a comparable low frequency of complica-
tions (less than 2%) as reported for lesser procedures. Most of the
complications in these series were due to extensive or invasive
thyroid cancers involving the recurrent laryngeal nerve. The com-
plication rate is also higher in patients with marked lymphade-
nopathy who are treated with total thyroidectomy and central and
lateral neck dissection [54, 55, 62]. Another contention by the
proponents of lobectomy is that total thyroidectomy can be per-
formed only by expert surgeons. However, Reeve and colleagues
[69] have reported no significant differences in the complication
rates of total thyroidectomy between surgeons at a tertiary care
center and those in the community. In fact, a few studies, looking
at complication rates of thyroidectomy among surgeons in train-
ing under supervision, report low complication rates even when
total thyroidectomy was done [70, 71]. Because total thyroidec-
tomy is in essence a bilateral lobectomy, it seems unfounded that
total thyroidectomy should be associated with, if any, only a
minimally higher complication rate than a lesser procedure. Al-
though we believe that total thyroidectomy is the treatment of
choice for any patient with thyroid cancer where radioactive
iodine might be considered postoperatively, in some instances it is
advisable to leave a small amount of thyroid tissue (near-total
thyroidectomy) to avoid injury to the recurrent laryngeal nerve or
a parathyroid gland.

Risk Group Analysis and Prognosis in DTC

Many independent prognostic factors have been used to classify
risk in patients with DTC, including patient age, gender, lymph
node status, extrathyroid invasion, tumor size, histopathologic
features, and completeness of thyroid cancer resection. Young
patients with small, noninvasive tumors have the best prognosis
(low risk group), whereas old patients with large or invasive
tumors or distant metastases are at high risk. Some of these
classification systems use detailed prognostic factors analyzed by
multivariate analysis, some use prognostic factors identified in the
literature, and others use weighted combinations of multiple prog-
nostic factors. The major utility of these risk assessment systems is
to identify patients with a poor prognosis, hopefully enabling
further selection of treatment options (e.g., radioactive iodine).
Unfortunately, none of the risk assessment systems includes data
that are available preoperatively to guide operative procedures, so
they are all postoperative classifications.

In 1979 the European Organization for Research on Treatment
of Cancer (EORTC) in a multivariate study of 500 patients with
thyroid cancer (PTC, FTC, medullary thyroid cancer, and ana-
plastic thyroid cancer) proposed a scoring system for patients with
thyroid cancer [72]. Patients with scores of less than 50 had a
survival rate of 95% at 5 years, whereas patients with scores
greater than 109 had only 5% survival at 5 years [72]; however,
94% of the patients with scores over 109 had anaplastic thyroid
cancer. The shortcomings of this study, pointed out by a follow-up

study, were the short follow-up time and the inclusion of patients
with medullary and anaplastic thyroid cancer [73].

In 1987 Hay and the Mayo Clinic group devised the AGES
system (age, histologic grade of tumor, extrathyroidal invasion and
distant metastases, tumor size) [74]. This system was later modi-
fied to exclude grade because there was no uniform acceptance of
grades of DTC among pathologists and then included the extent
of thyroid resection.

The MACIS scoring system (metastases, age, completeness of
resection, extrathyroidal invasion, tumor size) uses this informa-
tion [75]. The MACIS scoring system reliably predicted outcome
in patients with PTC among four groups (based on scores , 6.00,
6.00–6.99, 7.00–7.99, and . 8.00) [75].

In 1988 Cady and Rossi [76] from the Lahey Clinic proposed
the utility of the AMES (age, metastases, extrathyroidal invasion,
primary tumor size) system for selecting patients with PTC and
FTC into high and low risk groups. However, they did not sepa-
rately analyze patients with FTC from patients with PTC. Davis et
al. [77] reported that the AMES system did not distinguish low
risk patients from high risk patients with FTC.

The SAG system (sex, age, histologic grade) is another system
that identified high and low risk patients with PTC; high risk
patients (score . 2) had only a 50% survival rate at 10 years,
whereas low risk patients had a 90% survival rate [78]. Common
to all the mentioned risk scoring systems is the age of the patient
with thyroid cancer. Importantly, age and gender are the only two
factors available preoperatively.

The TNM (primary tumor size, nodal status, distant metastasis
status) staging system has also been used to select patients to be
at high or low risk of dying from thyroid cancer [79]. The DeGroot
classification (similar to the TNM staging system) is yet another
risk analysis system using class I (intrathyroidal), class II (cervical
node metastases), class III (extrathyroidal extension), and class IV
(distant metastases) groups to assign prognosis [15].

For patients with DTC the AMES, DeGroot classification, and
TNM staging systems are easiest to use for risk evaluation (Tables
2, 3, 4). However, none of the risk analysis systems can be used to
guide extent of surgical resection because only age and gender are
known preoperatively.

Several molecular and genetic prognostic factors have also been
identified in DTC that predict tumor behavior: (1) Patients with
aneuploid PTC and HCC have a worse prognosis. (2) Patients
with thyroid cancers with a decreased cyclic adenosine monophos-
phate (cAMP) response to TSH have a worse prognosis. (3)
Patients with thyroid cancers that have a decreased or absent
uptake of radioiodine have a worse prognosis. (4) Patients whose
tumors have increased epidermal growth factor (EGF) binding
have more aggressive tumors [80–84]. (5) Patients whose thyroid
cancers have both N-ras and gsp mutations have more aggressive
tumors [85, 86]. (6) Patients whose thyroid cancers have increased
expression of c-myc mRNA and protein have more aggressive
tumors [87, 88]. (7) Some reports suggest that patients with PTC
with RET/PTC rearrangement mutation are more aggressive [89],
although others could not confirm these findings [90, 91]. (8) A
p53 mutation, although rare in DTC, are associated with poorly
differentiated DTC and aggressive cancers [92–94].

Most of the retrospective studies in patients with low risk DTC,
by various classification procedures, report mortality rates of 2%
to 5% at 10 to 20 years compared to the mortality rate of 40% to
50% in patients with high risk DTC [15, 23, 74–76, 95]. The
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recurrence rate for patients with low risk DTC is about 10%
and in the high risk group about 45% [15, 23, 74 –76, 95]. Given
these data, there is general agreement that high risk patients
with DTC should be treated with total or near-total thyroidec-
tomy, radioactive iodine ablation, and TSH suppression. Be-
cause of the relatively low mortality and recurrence rates ob-
served for low risk patients with DTC, advocates of thyroid
lobectomy contend that this treatment is sufficient in these
patients. Unfortunately, among low risk patients who have a
recurrence, about 33% to 50% die from DTC [2, 96]. More
importantly, most of the large retrospective series with long-
term follow-up report decreased recurrence rates and im-
proved survival among patients with DTC who undergo total or
near-total thyroidectomy compared to lesser thyroidectomy
procedures [15, 23, 95]. This survival benefit in patients under-
going total thyroidectomy is improved when postoperative ra-
dioactive iodine (RIA) was used [15, 23]. As previously men-
tioned, complete and accurate information is often not
available preoperatively to distinguish low and high risk pa-
tients with DTC, and deaths and recurrences from DTC are
observed in patients even with low risk DTC. We therefore
recommend total or near-total thyroidectomy for low risk pa-
tients with DTC. We recognize that most of these patients do
well with lesser procedures. The benefits are small but real, and
the complication rate among experienced surgeons should be
low (Table 5) [15, 23, 95].

Postoperative Management in DTC

Controversy exists as to whether postoperative RAI ablative treat-
ment offers any benefit to patients with DTC of follicular cell
origin. Some experts advocate routine 131I scanning (1–5 mCi)
and ablative treatment with 30 to 200 mCi for all patients except
those with occult PTC or minimally invasive FTC. Others recom-
mend postoperative 131I treatment only in high risk patients with
DTC. Unfortunately, no prospective randomized trials have ad-
dressed this question.

Factors that influence uptake of RAI in DTC are (1) serum TSH
level, (2) amount of normal thyroid remaining (normal thyroid takes
up about 100-fold more RAI than DTC), (3) serum iodine level, (4)
degree of tumor differentiation and type of DTC, and (5) the pa-
tient’s age [97]. Davis et al. [98] reported no benefit of postoperative
131I ablation in patients with invasive FTC. Their study population
was small, and many of these patients had only thyroid lobectomy so
the 131I therapy probably treated only the remnant normal thyroid
tissue. Simpson et al. [99] reported improved survival in patients with
microscopically positive tumor margins but otherwise noted no other
benefits. However, studies by Mazzaferri and Jhiang [23] and De-
Groot et al. [15] in large cohorts with long follow-up times document
slightly improved survival and lower recurrence rates even in patients
with low risk DTC when postoperative RAI ablation was used. At the
University of California, San Francisco patients not treated with 131I
ablation had a 2.1-fold greater risk of cancer recurrence than those
treated with 131I, although there was no difference in survival [100].
Massin et al. [101] reported a lower rate of lung metastases in
patients treated with postoperative 131I. Schlumberger et al. [102]
reported that 64% of 33 patients who had a normal chest radiograph
and who had pulmonary metastases documented on radioiodine
scanning had complete remission, whereas only 8% of 186 patients
with an abnormal chest radiograph and a positive RAI scan were
successfully treated. Casara et al. [103] confirmed these studies,
documenting that 78% of the 42 patients with positive radioiodine
scan and negative radiography were successfully treated compared to
only 4% (p , 0.001) of 54 patients whose chest radiograph and
radioiodine scan were positive. Thus 131I treatment is more effective
for eradicating small functioning lung metastases detected by chest
radiography after total thyroidectomy than when larger functioning
metastases were identified on the chest radiograph. Studies by
Schlumberger et al. [102] and Pineda et al. [104] have shown that
some patients with elevated thyroglobulin (Tg) levels but no RAI
uptake using scanning doses of 131I have radioiodine uptake in
metastatic tumor or in the thyroid bed when treated with a thera-
peutic dose (100 mCi). In about one-third of these patients the Tg
normalized or decreased, and the lesions observed on follow-up RAI
after treatment or computed tomography (CT) scan of the lung were
eradicated [97].

Withdrawing thyroid hormone (levothyroxine for 6 weeks and
triiodothyronine for 2 weeks) to increase TSH and consumption
of a low iodine diet for 2 weeks prior to scanning with radioiodine
facilitate treatment of DTC and ablation of residual normal thy-
roid tissue with RAI. In patients with PTC or FTC who have
undergone a total or near-total thyroidectomy, RAI ablates the
minimal amount of residual normal thyroid tissue and the meta-
static disease in about 75% of patients. Patients who have under-
gone a total or near-total thyroidectomy usually have their small
local or distant metastases effectively identified and ablated with

Table 2. AMES low risk patients with papillary and follicular thyroid
cancer.

All young patients (men , 40 years old, women , 50 years old)
without distant metastases

All older patients with
Intrathyroidal papillary or follicular thyroid cancer with minor tumor

capsular invasion
Primary tumor , 5 cm
No distant metastases

AMES: age, metastases, extrathyroidal invasion, primary tumor size.

Table 3. DeGroot classification for papillary thyroid cancer.

Class Extent of disease Risk of deatha

I Intrathyroidal 1
II Cervical node metastases 1
III Extrathyroidal invasion 5.8-fold increased mortality
IV Distant metastases 47-fold increased mortality

aRisk of death relative to class 1 patients with the best prognosis.

Table 4. TNM staging system for papillary and follicular thyroid
cancer.

Stage Age , 45 years old Age $ 45 years old

I anyTanyNM0 T1N0M0
II anyTanyNM1 T2N0M0

T3N0M0
III T4N0M0

anyTN1M0
IV anyTanyNM1

TNM: primary tumor size; nodal status; distant metastasis status.
T1: # 1 cm; T2: . 1 cm but # 4 cm; T3: . 4 cm; T4: extends beyond

gland; N1: regional lymph node metastasis; M1: distant metastasis.
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the first 131I dose. In general, RAI therapy is most effective in
young patients with small or occult metastases. In our experience
and that of others, patients with large (. 1 cm) discrete local or
distant metastases should have them removed surgically, and then
131I ablation therapy should be used.

The appropriate dose of 131I necessary for thyroid remnant
ablation has been debated. DeGroot and Reilly [105] found little
difference between a 30 mCi dose and 50 mCi dose of 131I for
remnant thyroid ablation, with successful ablation in 80% of
patients. In a prospective randomized study, Johansen et al. [106]
also showed successful ablation of the thyroid remnant in 80% of
patients with both low (29 mCi) and high (100 mCi) 131I doses.
Mazzafferi and Jhiang [23] reported no differences in recurrence
rates in patients with PTC and FTC who were treated with low
versus high doses of 131I. We recommend using outpatient treat-
ment with 30 to 50 mCi of 131I in low risk patients with DTC and
inpatient treatment with 100 to 200 mCi of 131I in high risk
patients with DTC. When a patient who has undergone total
thyroidectomy for DTC has an elevated thyroglobulin level but no
131I uptake on scanning, we recommend treating with 100 mCi
and repeating the whole-body scan 5 to 10 days after treatment.
About one-third of these patients have 131I uptake, and serum
thyroglobulin levels often decrease, documenting a therapeutic
effect [97].

The role and level of TSH suppression in patients with DTC has
been debated. It has been shown in rats that elevated levels of
TSH promote transplantation and growth of thyroid cancers
[107]. In human thyroid cancers, TSH stimulates tumor growth
and invasion and angiogenesis [108, 109]. It also stimulates thy-
roglobulin secretion and radioiodone uptake in tumors, and it
inhibits thyroid tumor apoptosis [97, 110]. Although there is
general agreement that TSH controls thyroid gland function, its
role in the regulation of thyroid (normal and neoplastic) growth is
less certain. No prospective clinical studies evaluating the benefits
of TSH suppression in patients with thyroid cancer are available.
Mazzaferri [111] and Massin et al. [101], however, have reported

improved long-term survival for patients treated with total thy-
roidectomy, 131I ablation, plus TSH suppression. Mazzeferri and
Jhiang [23], in a larger follow-up study, confirmed their initial
findings that patients treated with TSH suppressive doses of thy-
roid hormone after total or near-total thyroidectomy had a lower
recurrence rate and improved survival. Pujol et al. [112] recently
reported that patients with adequate TSH suppression (serum
TSH level of , 0.1 mU/L) have longer tumor-free periods and
improved survival.

Van Herle and Uller [113] were the first to recommend serum
Tg assays as a marker of persistent and recurrent disease in
patients with DTC. Most DTCs of follicular cell origin synthesize
Tg. When a sensitive, accurate assay is used to measure the serum
Tg level, it can be a helpful marker for follow-up of patients with
DTC and has reduced the need for frequent RAI scanning to
follow these patients [114]. Those found to have elevated Tg levels
after thyroid hormone withdrawal have either normal residual
thyroid tissue or persistent/recurrent DTC [97]. Mueller-Gaertner
and Schneider [115] reported 88% sensitivity for Tg determina-
tion to detect metastases in patients with DTC when thyroid
hormone is withdrawn and 50% sensitivity when patients are
receiving thyroid hormone. We have also observed that Tg deter-
mination is more sensitive than radioactive scanning for detecting
recurrent or persistent DTC and that Tg determination is most
sensitive when patients are hypothyroid [116]. Ronga et al. [117]
reported that among 233 patients with thyroid cancer 96% had
elevated serum Tg levels, but only 48% had RAI uptake in their
tumors. Less frequently some patients with persistent or recurrent
DTC have no detectable Tg level but show positive RAI uptake
[97]. In this scenario, it is possible that the tumor does not
synthesize Tg, but more frequently these patients have anti-Tg
autoantibodies that falsely lower the Tg level [118]. A serum Tg
level $ 3 mg/dl in patients without residual thyroid tissue while
receiving thyroid hormone and . 10 mg/dl when hypothyroid
usually indicates recurrent or metastatic DTC.

Although patients with DTC enjoy a relatively good survival,

Table 5. Extent of thyroidectomy and outcome in patients with differentiated thyroid cancer.

Study
Type of
thyroid cancer

Median follow-up
time (years)

Extent of
thyroidectomy Recurrence Mortality

Loh et al. [100]a PTC and FTC 10.3 Risk ratio Risk ratio
Total/near-total 1.0 1.0
Lobectomy/subtotal 2.5 2.2
Debulking 11.0 13.5

(p 5 0.0001) (p 5 0.0001)
Mazzaferri et al. [23]b PTC and FTC 15.7 Total 26% 6%

Less than total 40% 9%
(p , 0.002) (p 5 0.02)

DeGroot et al. [15]c PTC Mean 12 Total Decreased Decreased
Less than total (p , 0.001) (p , 0.035)

Hay et al. [95]d PTC 16 Total 8.3% 2.4%
Less than total 22.2% 2.6%

(p , 0.001) (p 5 0.27)

FTC: follicular thyroid cancer; PTC: papillary thyroid cancer.
aIn this study outcome was evaluated using a Cox model, and the differences in recurrence and mortality were reported as relative risks.
bThe outcome reported in this study was relative to the extent of thyroidectomy in patients with stage II and III tumors. Stage II: tumors 1.5 to

4.4 cm, any size of tumor if multiple (. 3), or metastases to cervical nodes and tumors of uncertain size that are palpable. Stage III: tumors . 4.5 cm
and any size tumor that invades adjacent tissues.

cTotal thyroidectomy in this study includes total, near-total, and subtotal thyroidectomy. Significant decreases in recurrence and death were
reported in all patients who had “total” thyroidectomy with x2 test but not with a Cox model.

dIn this study only low risk patients (defined according to the AMES prognostic scoring system) were studied. Thyroidectomy procedures were
classified as unilateral or bilateral (total, near-total, and subtotal thyroidectomy).
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optimal management and more complete initial treatment re-
duces the risk of recurrence and the low risk of death. It must be
emphasized that at least one-third of the patients who develop
recurrent DTC were dead from their tumor. Although some
experts propose lobectomy for patients with low risk DTC, it is
currently impossible to identify those patients preoperatively; and
total or near-total thyroidectomy appears to decrease recurrence
and death. Based on our own experience treating patients with
DTC and that reported in the literature, most of the data support
total or near-total thyroidectomy, postoperative RAI ablation
therapy, and TSH suppression unless these procedures cannot be
done with few complications. In Figure 1, we provide a rational
approach to patients with DTC. We believe this algorithm repre-
sents a “complete” rational approach to patients with DTC that
minimizes recurrence and mortality.

Résumé

Le traitement optimal des patients ayant un cancer différencié de
la thyroı̈de est controversé car il n’existe aucune étude prospective
randomisée qui a examiné la valeur de 1) la thyroı̈dectomie
étendue, 2) l’ablation complémentaire par iode radioactif ou 3) la
thérapie suppressive par TSH. Les patients ayant un cancer
différencié, dit à bas risque, ont un relativement bon pronostic
avec une mortalité comprise entre 2 et 5% et un taux de récidive

d’environ 20%. En dépit de l’excellent pronostic des patients
catégorisés comme étant à bas risque, la thyroı̈dectomie totale ou
presque totale pour cancer différencié de la thyroı̈de offre un
certain nombre d’avantages : 1) utilisation de l’iode radioactif en
postopératoire pour détecter et/ou traiter du tissu thyroı̈dien
résiduel et les métastases locales ou à distance; 2) les taux sériques
de thyroglobuline sont plus sensibles pour détecter soit la maladie
persistante ou récidivante après l’ablation totale de tout tissu
thyroı̈dien, et 3) la thyroı̈dectomie totale ou presque totale
combinée avec l’ablation postopératoire par l’I131 et, enfin, la
survie est meilleure avec un taux de récidive inférieur lorsqu’on
utilise la thérapie suppressive par la TSH. Les patients ayant un
cancer papillaire occulte ou un cancer folliculaire mini-invasif de
la thyroı̈de peuvent être traités par une lobectomie thyroı̈dienne
car ces patients ont une espérance de vie presque normale. Il
apparaı̂t que pratiquement tous les autres patients ayant un
cancer différencié de la thyroı̈de tirent un bénéfice d’un
traitement initial agressif.

Resumen

Persiste la controversia sobre cuál es el manejo óptimo del
paciente con carcinoma diferenciado de tiroides, por cuanto no se
dispone de estudios prospectivos y aleatorizados que determinen
los méritos de 1) la amplitud de la tiroidectomı́a, 2) la ablación
postoperatoria con yodo radiactivo o 3) la terapia de supresión de
TSH. Los pacientes con cánceres diferenciados de tiroides gozan
de pronóstico relativamente bueno, con una mortalidad alrededor
del 2% a 5% y una tasa de recurrencia alrededor del 20%. A pesar
del excelente pronóstico en pacientes considerados como de bajo
riesgo, la tiroidectomı́a total o la casi total tienen las siguientes
ventajas: 1) se puede utilizar el yodo radioactivo en el
postoperatorio para detectar y/o tratar tejido tiroideo residual
normal y metástasis locales o distantes, 2) en el seguimiento, los
niveles séricos de tiroglobulina son un marcador más sensible de
enfermedad persistente o recurrente cuando todo el tejido
tiroideo ha sido resecado, y 3) la tiroidectomı́a total o casi total
combinada con ablación con 131-I y terapia de supresión de TSH
resulta en mejor supervivencia y menores tasas de recurrencia.
Los pacientes con carcinoma papilar y cáncer folicular
minimamente invasor pueden ser tratados con lobectomı́a,
porque exhiben una expectativa de vida normal. Todos los demás
pacientes con cáncer diferenciado de tiroides parecen beneficiarse
de un tratamiento quirúrgico primario de mayor extensión.
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