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Abstract

Controversies in treatment of thyroid cancer remain despite numerous published
studies. Robust comparative effectiveness studies examining: (1) the role of
prophylactic central compartment neck dissection (pCCND) in patients with
papillary thyroid cancer (PTC); (2) the use of post-operative radioactive iodine
(RAI) ablation therapy following total thyroidectomy; (3) use of low versus high
doses of I-131 in RAI therapy; (4) thyroid hormone withdrawal (THW) versus
recombinant thyroid stimulating hormone (rhTSH) prior to RAI; and (5) the role
of routine measurement of serum calcitonin levels are needed to help strengthen
existing treatment recommendations. Reasons for the controversies and sugges-
tions for quality comparative effectiveness studies are discussed.
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1 Comparative Effectiveness in Thyroid Cancer: Key
Questions and How to Answer Them

In the United States (U.S.), the prevalence of clinically palpable thyroid nodules in
adults over age 50 is approximately 5 % [1]. Autopsy, intraoperative and ultrasound
findings estimate the prevalence of thyroid nodules in adults in the U.S. at near
50 % [2–4]. The female to male prevalence ratio of thyroid nodules is 4:1, with
most nodules being benign [1].

Thyroid cancer is the 9th most common cancer in the United States, with an
incidence of 12.2 per 100,000 per year and a mortality rate of 0.5 per 100,000 [5].
The estimated lifetime risk of being diagnosed with thyroid cancer is 1.1 % and the
relative 5-year survival is 97.7 % [5]. The three primary histologic types are dif-
ferentiated (papillary, follicular, Hurthle cell), medullary, and anaplastic thyroid
cancer. Papillary thyroid cancer (PTC) accounts for over 80 % of all cases of
thyroid cancer [1, 6].

The absolute increase in the incidence of thyroid cancer is estimated to be 9.4 per
100,000 individuals, with PTC accounting for the majority of these cases [7]. With
such a significant increase in the incidence of thyroid nodules and thyroid cancer,
robust evidence-based guidelines to provide all providers with a framework for the
management of the patient with thyroid cancer is critical. Topics in the treatment of
differentiated thyroid cancer (DTC) where comparative effectiveness studies would
help strengthen the level of evidence-based recommendations include: (1) the role
of prophylactic central compartment neck dissection (pCCND) in patients with
PTC; (2) the use of post-operative radioactive iodine (RAI) ablation therapy fol-
lowing total thyroidectomy; (3) use of low versus high doses of I-131 in RAI
therapy; and (4) thyroid hormone withdrawal (THW) versus recombinant thyroid
stimulating hormone (rhTSH) prior to RAI. The role of routine measurement of
serum calcitonin levels in patients with thyroid nodules also will be discussed.
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2 Prophylactic Central Compartment Neck Dissection
(pCCND) for Papillary Thyroid Cancer

The incidence of macroscopic cervical lymph node metastases, detectable by
physical examination, cervical ultrasonography, or visual inspection at the time of
surgery, in patients with PTC is between 20 and 50 %, while the incidence of
micrometastasis approaches 90 % [2]. The central neck compartment (level VI) is
the most common site of lymph node metastases in patients with PTC [8, 9].
The central compartment is bounded by the hyoid bone (superior), carotid artery
(lateral), sternal notch or innominate artery (inferior), Fig. 1 [10].

Fig. 1 The central compartment of the neck (reprinted with permission from Carty et al.) [10]

Comparative Effectiveness in Thyroid Cancer … 69



The American Thyroid Association (ATA) defines central compartment neck
dissection (CCND) as “the comprehensive, compartment-oriented removal of the
prelaryngeal, pretracheal and at least one paratracheal lymph node basin” [2]. There
is consensus that patients with clinically apparent (N1a) central compartment lymph
nodes should undergo total thyroidectomy with therapeutic CCND [2]. However, in
view of the prevailing contradictions on the effect of lymph node status on recur-
rence and survival, there is no consensus on the role of routine pCCND in patients
with PTC and no clinical evidence of lymph node metastases (clinically N0), either
by physical examination, preoperative ultrasonography, or intraoperative inspection
at the time of thyroidectomy. As level C evidence, the current ATA guidelines on
the management of patients with DTC recommends that patients with advanced
primary tumors (T3 or T4) with clinically negative lymph nodes may undergo
pCCND while patients with small tumors (T1 or T2) with no clinically apparent
lymph nodes may be spared CCND [2]. This section will highlight some of the
pros and cons of pCCND with regards to locoregional recurrence, survival, and
postoperative complications based on studies from various single institution, multi-
institution and large administrative databases. The reasons for the persistent con-
troversies and how they could be effectively resolved will also be discussed.

Generally accepted prognostic factors for PTC include age, tumor size, com-
pleteness of resection, extrathyroidal extension, and the presence of distant
metastases (Table 1) [11–14]. The effect of locoregional lymph node metastases on
rates of recurrence and survival in patients with PTC remains controversial.

2.1 Recurrence

Single and multi-institution studies estimate the locoregional recurrence rate of
patients with PTC to be 6–59 % [15–18]. The central compartment is the most
common site of recurrence [16]. There is increased cost and morbidity in patients
with recurrent disease, given that reoperative cervical surgery is associated with
higher rates of recurrent laryngeal nerve injury and hypoparathyroidism, both
transient and permanent [19–21]. The probability of recurrence is influenced by the
lymph node status of the patient, with clinically node-positive patients having a
higher rate of recurrence [22]. Studies on the role of pCCND in decreasing tumor
recurrence have yielded contradictory results [9, 23–25].

Table 1 Common prognostic factors for differentiated thyroid carcinoma [12, 37, 88]

Name of prognostic grouping Components

AMES Age, Metastases, Extent of disease, Size of tumor

AGES Age, Grade, Extent of disease, Size of tumor

MACIS Metastases, Age, Completeness of resection, Invasion,
Size of tumor

TNM Tumor, Node, Metastasis, Age
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The sensitivity of high-resolution ultrasonography in detecting cervical lymph
node metastases is reported to be 52 % with a false negative rate of 58 % [26].
While ultrasonography has a higher detection rate than physical exam alone in the
detection of metastatic lymphadenopathy, the overall detection rate remains low.
Given the difficulty in predicting the presence of metastatic lymphadenopathy
preoperatively, one would expect that reliance on only therapeutic CCND at the
time of thyroidectomy would miss a significant number of patients with micro-
metastatic lymphadenopathy [27]. As a result, failure to remove microscopic
metastases at the time of initial thyroidectomy would theoretically place patients at
a higher risk for recurrent DTC and need for further treatment, including reoperative
surgery [22, 28].

Early locoregional recurrence of DTC may be due to existing nodal metastases
which was not recognized pre- or intraoperatively and thus not removed at the index
operation, if routine pCCND was not performed [28]. In addition, routine pCCND
and resection ofmicrometastatic nodal diseasemay influence the need for, and dosage
of I-131 given at the time of subsequent RAI, although data are conflicting [27, 29,
30]. Some studies have found that patients in whom the true nodal status is unknown
because they did not undergo pCCND may be under-treated and subsequently are
more likely to have a locoregional recurrence; this is in part due to the fact that
identification of micrometastasis ‘upstages’ PTC from Nx to N1a disease, in the
American Joint Committee on Cancer (AJCC) staging system and N1a PTC is con-
sidered “Stage III” PTC in patients >45 years [27, 29, 31, 32]. Other studies, however,
suggest that performance of pCCND and identification of micrometastasis may
preclude the need for RAI in patients with undetectable serum thyroglobulin levels
and no evidence of disease onwhole body prescans performed at the time of RAI [30].

Serum thyroglobulin is a postoperative marker for recurrent PTC and higher
rates of athyroglobulinemia have been reported among patients who underwent
total thyroidectomy with ipsilateral pCCND [33]. A meta-analysis of 11 published
studies with a total of 2,318 patients revealed a lower trend toward recurrence in
patients treated with total thyroidectomy and prophylactic central neck dissection,
although statistical significance was not reached, OR 0.59 (95 % CI 0.33–1.07) in
favor of total thyroidectomy with pCCND [34]. The pooled recurrence rate for total
thyroidectomy with pCCND was 4.7 % compared to 7.9 % in the total thyroid-
ectomy group [34].

Contrary to the studies reporting favorably on the effect of pCCND on recur-
rence, some studies have not found more aggressive surgery to correlate with
decreased recurrence [16, 35]. A single institution, retrospective cohort review of
patients with PTC over a 60 year period found the recurrence rate among clinically
node negative patients to be 0.8 % compared to a recurrence rate of 16 % in patients
who had clinically positive lymph nodes at presentation [16]. There was no
increased risk of mortality from thyroid cancer in the cohort that experienced tumor
recurrence. Another single institution study in which all surgeries were performed
by a single surgeon, did not find any central neck recurrence in patients who
received total thyroidectomy with CCND, however, lateral neck recurrences were
observed in 5 patients who had more than 5 metastatic central neck lymph nodes on
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therapeutic CCND only [36]. These findings would suggest that pCCND offers no
benefit to patients with clinical N0 disease [36].

Contrary to other studies, another single institution retrospective cohort study in
which both groups received post-operative 131-I therapy found similar levels of
serum thyroglobulin levels at 1-year follow-up in both patients who underwent total
thyroidectomy alone versus total thyroidectomy with pCCND [27].

2.2 Survival

Both single-institution, retrospective cohort studies and those using larger admin-
istrative databases, such as Surveillance, Epidemiology, and End Results (SEER)
have reported no effect of metastatic cervical lymph nodes on survival [26, 37, 38].
In one study using the SEER database, multivariable analysis of the factors pre-
dictive of survival in patients with PTC did not find the effect of cervical lymph
node metastasis to be statistically significant [38].

In contrast, a separate study also utilizing the SEER database reported a relative
risk of 1.3 (1.20–1.5) in patients with positive cervical lymph node metastasis when
multivariable analysis was performed for prognostic factors of survival [39]. The
role of pCCND on survival is hard to evaluate given the relatively long-term survival
in patients with PTC. A prospective cohort study of patients with PTC who received
total thyroidectomy with microdissection in the city of Göteborg showed that over a
median follow-up of 13 years, 1.6 % died from thyroid cancer compared to 8.4 and
11.1 % with median follow-up of 10 and 11.4 years from Bergen and Helsinki
respectively where patients underwent “node picking” or no information on lymph
node dissection was provided [40]. In a thorough systematic review evaluating the
effect of CCND on survival [23], studies from various institutions across the world
reported conflicting results. A retrospective cohort study from Hannover, Germany
in which 342 patients with PTC were analyzed, found improved survival in the
cohort who received systematic compartment oriented dissection compared to the
cohort who received selective node removal [24]. On the contrary, another single
institution retrospective cohort review of 139 patients with DTC did not find lym-
phadenectomy to improve survival [41]. No higher level evidence exists to con-
clusively settle on the effect of pCCND on survival among patients with DTC [23].

2.3 Morbidity

The potential complications of CCND include hypoparathyroidism (transient or
permanent), recurrent laryngeal nerve injury (transient or permanent), esophageal
injury, tracheal injury, seroma, hematoma and wound infection [42]. Transient
hypoparathyroidism is the most common complication of both thyroidectomy and
CCND, whether performed as a therapeutic or prophylactic procedure [9, 43].
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In a meta-analysis of 5 studies with a total of 1,132 patients with DTC, transient
hypoparathyroidism was an increased adverse event in patients undergoing thy-
roidectomy and CCND compared to thyroidectomy alone [42]. The reported inci-
dence of transient hypocalcemia for thyroidectomy with or without CCND ranges
from 1.6 to 53.6 % [20]. The rates of permanent hypoparathyroidism (1.2 %),
transient vocal cord palsy (3.4 %), permanent vocal cord paralysis (1.1 %) and
hemorrhage (1–2 %) were similar between those who underwent total thyroidec-
tomy alone compared to recipients of total thyroidectomy with CCND, Table 2
[42]. Furthermore, different single institution studies report increased risk of
hypoparathyroidism and recurrent laryngeal nerve injury in reoperative CCNDs,
suggesting that prevention of reoperative surgery, perhaps by performing prophy-
lactic CCND at the time of initial surgery, may be appropriate [23, 28, 44].

Still other studies, both single institution retrospective and prospective cohort
studies, have found the complication rates of initial pCCND to be comparable to
reoperative CCND [9, 45], thus suggesting that if patients experience a recurrence,
they can be operated on safely and therefore they should not undergo CCND at first
operation if cervical nodes are clinically negative. A large single institution retro-
spective review of 295 patients at a high-volume center in which 189 patients had
initial total thyroidectomy with pCCND and 106 patients underwent reoperative
surgery reported the following rates of complications when comparing the two
cohorts: permanent hypoparathyroidism (0.5 % vs. 0.9 %), neck hematoma (1.1 %
vs. 0.9 %), permanent hoarseness (2.6 % vs. 1.9 %) [9]. Furthermore, in contrast to
the previously discussed meta-analysis by Chisholm et al. [42] in which patients
undergoing total thyroidectomy and pCCND had only transient hypoparathyroidism
as a worse outcome compared to total thyroidectomy alone, others have reported
increased rates of permanent hypoparathyroidism [23, 46]. A systematic review of
multiple single institution cohort studies by White et al. concluded that the rate of
permanent hypoparathyroidism may be higher in patients who undergo CCND [23].
The sub-samples analyzed in the cohort studies to derive the incidence of permanent
hypoparathyroidism were small and the reported rates of permanent hypoparathy-
roidism ranged from 1.4 to 4 % among the cohort who underwent total thyroidec-
tomy with CCND [23]. These data would suggest that pCCND may place patients at
higher risk of postoperative morbidity.

The majority of previous studies investigating the issue of pCCND in patients
with PTC have been case reports, case series, prospective, or retrospective review
of single or national databases, although some meta-analyses have recently been
performed. Another weakness of the single institution studies is that, they are

Table 2 Complications and
incidence rates for total
thyroidectomy with or
without central compartment
neck dissection [42]

Complication Incidence (%)

Permanent hypoparathyroidism 1.2

Transient vocal cord palsy 1.1

Permanent vocal cord paralysis 3.4

Hemorrhage 1–2
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usually done at high-volume centers where surgeries are done by very experienced
surgeons; hence the findings may not be generalizable. Furthermore, much of the
existing literature comparing postoperative morbidity in patients undergoing total
thyroidectomy with or without CCND do not accurately distinguish between pro-
phylactic and therapeutic CCND and the extent of lymphadenectomy performed is
difficult to assess in a retrospective manner. None of the studies on this contro-
versial issue has a level of evidence better than III, Grade C. Despite the benefit of
large sample size in studies using Surveillance, Epidemiology and End Results
(SEER) data, the lack of a robust randomized controlled clinical trial to effectively
compare thyroidectomy alone versus thyroidectomy with pCCND has left this
controversy unresolved. A randomized, controlled study examining postoperative
calcium supplementation in patients following total thyroidectomy did not identify
patients undergoing CCND, prophylactic or therapeutic, to be at higher risk of
postoperative hypoparathyroidism, although this study was not designed to look
specifically at the issue of CCND [47].

2.4 Challenges to Obtaining a Higher Level of Evidence

There are several challenges to conducting a randomized controlled trial to address
the role of pCCND in patients with PTC. The low incidence of PTC, the overall low
morbidity associated with pCCND and the favorably long survival necessitates a
very large sample size and long follow-up time in order to detect statistically
significant differences in outcome [45]. The feasibility of a multicenter randomized
controlled trial is also constrained by the high budgetary estimate of $20 million
[45]. Existing studies are limited by multiple factors. First, there is heterogeneity of
the histology of study participants. In some studies, there are no separate subgroup
analyses between PTC and follicular thyroid cancer; follicular thyroid cancer does
not typically spread via the lymphatic channels and therefore, pCCND has little
clinical utility in this subset of patients. Second, earlier studies may not meet the
current ATA definition of a pCCND, making the extent of lymphadenectomy
difficult to determine. Next, most existing studies did not have a control group of
patients who did not undergo CCND and there is wide variability in inclusion/
exclusion criteria and confounding factors, thus making it difficult to examine the
direct effect of pCCND. Finally, temporal trends in knowledge, imaging, diagnosis,
surgical technique and patient preferences call for a more robust, contemporary
study.

2.5 How High Quality Evidence May Be Obtained

Large healthcare systems with integrated electronic health records such as American
College of Surgeons National Surgical Quality Improvement Program (ACS
NSQIP) regional collaboratives may be able to implement a prospective cohort study
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to compare patients with cN0 who receive total thyroidectomy with age-matched
patients with cN0 who undergo total thyroidectomy with pCCND. In such a study,
standardized definitions of variables would be used thus decreasing the variability
that has characterized most existing studies. Given the favorable long-term survival
in patients with PTC, these cohort studies would examine short to medium term
outcomes such as complications and recurrence. Also, the findings are likely to be
more generalizable since the spectrum of hospital volume and surgeon experience
will reflect the real world as opposed to a single institution. While this type of
prospective cohort study may not be as robust as RCT, it may not be hampered by
the same barriers that make RCT infeasible [45].

3 Postoperative Radioactive Iodine Therapy
for Papillary Thyroid Cancer

RAI using 131-I is an important adjunct in the treatment of patients with PTC.
Given the high avidity of thyroid tissue for iodine, administered 131-I enters
remnant thyroid tissue where it kills tissues. Controversy exists regarding: (1)
whom should undergo additional postoperative treatment with RAI; (2) THW
versus recombinant TSH (rhTSH) stimulation prior to remnant ablation; and (3) the
optimal dose of 131-I.

3.1 Indications for Administration of RAI in Patients
with PTC

RAI is used for remnant thyroid tissue ablation resulting in the [2, 48] (i)
destruction of microscopic remnants of thyroid tissue with the goal to decreasing
tumor recurrence (ii) facilitation of follow-up and early detection of persistent or
recurrent disease based on serum thyroglobulin levels (iii) facilitation in identifying
previously undiagnosed or persistent disease when the post-ablation therapy scan is
performed. 131I may also be used for adjuvant therapy after complete surgical
resection [2].

There remains debate about the use of postoperative RAI in patients with PTC,
particularly in patients at low-risk for disease recurrence. Factors predictive of low-
risk versus high-risk for disease recurrence and mortality are shown in Table 3 [49].

The ATA has made recommendations for use of RAI ablation based on the
AJCC TNM staging criteria for PTC, Table 4 [2]. With the exception of patients
with metastatic disease, no level A evidence exists to guide the recommendations,
hence the persistent variation in the use of RAI therapy, although studies have
shown an increasing trend in RAI usage [50]. A recent retrospective review of the
SEER database found that for every 3 years, there is an average increase in RAI use
by 1.5 % [50].
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3.2 Does RAI Decrease Recurrence and Improve Survival?

The effect of RAI on recurrence and survival has been debated. Some cohort studies
and case series have reported decreased recurrence and improved disease-specific
mortality in patients treated with RAI after thyroidectomy [2, 15, 51, 52].
Decreased rates of pulmonary metastases has been reported in patients treated with

Table 3 Factors predictive of high versus low risk of recurrence and mortality (adopted and
modified from Mazzaferri and Kloos) [49]

High risk features Low risk features

Age <15 years or >45 years Age 15–45 years

Male sex Female sex

Family history of thyroid cancer

Size >4 cm in diameter Size <4 cm

Bilateral disease Unilateral disease

Vascular invasion No vascular invasion

Extrathyroidal extension No extrathyroidal extension

Cervical/mediastinal lymph node metastasis No lymph node metastasis

High histologic grade Low histologic grade

Poor concentration of radioiodine in tumors
or metastasis

Tumors with high radioiodine avidity

Distant metastasis No metastasis

Table 4 Factors, recommendations and level of evidence regarding radioiodine remnant ablation
(adopted and modified from ATA guidelines) [2]

Factors Description Recommendation Strength of
evidence

T1 1 cm or less, intrathyroidal or microscopic
multifocal

No E

1–2 cm, intrathyroidal Selective use I

T2 >2–4 cm, intrathyroidal Selective use C

T3 >4 cm

<45 years old Yes B

≥45 years old Yes B

Any size, any age, minimal extrathyroidal
extension

Selective use I

T4 Any size with gross extrathyroidal extension Yes B

Nx, N0 No metastatic nodes documented No I

N1 <45 years old Selective use C

>45 years old Selective use C

M1 Distant metastatic disease Yes A

76 E.A. Asare and T.S. Wang



surgery and 131-I compared to those treated with surgery alone [49]. Also, a single
institution cohort study found decreased rates of recurrence in patients with
microscopic residual disease treated with RAI [53]. A review of a single institution
data by Mazzaferri and Kloos [49], in which recurrences were examined in a large
cohort over a 40 year period revealed that patients who received total thyroidec-
tomy with RAI and L-thyroxine therapy had fewer recurrences compared to those
who had total thyroidectomy with L-thyroxine but without RAI. An older single
institution study which reviewed a large cohort of patients with well DTC in which
736 patients received surgery and RAI therapy versus 863 who received surgery
only, concluded that RAI treatment was the single most important prognostic factor
for recurrence (p < 0.0001) [52].

However, there is no higher level evidence based on robust randomized con-
trolled trials to support the claim of decreased disease recurrence and improved
disease specific survival among patients who receive post-surgical RAI ablation
[48]. A thorough systematic review and meta-analysis has not found consistent
benefit of RAI therapy in decreasing disease recurrence and disease specific
mortality.

Due to the inconsistent results from single institution studies on the benefits of
RAI use on disease-specific survival and tumor recurrence, some have questioned if
RAI therapy for some risk groups with PTC are necessary [54, 55]. Increased rate of
secondary malignancies (absolute risk of 2 % for second primary malignancy,
absolute risk of 0.4 % for leukemia) [56], sialoadenitis (estimated incidence of
2.8–33 %) [57, 58] and decreased quality-of-life are some of the adverse effects of
RAI therapy [54, 59]. Studies reporting these negative effects of postoperative RAI
therapy are single institution retrospective reviews, case reports or case series and
hence lack the strength of evidence to sway proponents of RAI therapy.

3.3 Thyroid Hormone Withdrawal Versus Recombinant
TSH Prior to Remnant Ablation

TSH stimulation is required before postoperative RAI ablation of the remnant
thyroid tissue. TSH stimulation could be either via withholding of exogenous
thyroid hormone (withdrawal) or administration of exogenous rhTSH [2]. rhTSH is
a synthetic analog of endogenous TSH, which is produced by the anterior pituitary
gland. Unlike endogenous TSH, which is both sialylated and sulfated, rhTSH is
only sialylated [60]. rhTSH binds to the TSH receptor on normal thyroid follicular
cells or well-differentiated thyroid cells where the adenylate cyclase and the
phosphatidylinositol signaling pathways are activated and therefore mimics the
hypothyroid state [60].

THW induces hypothyroidism in patients, which may lead to symptoms such as
decreased cognitive function, altered emotional state, and physical discomfort.
Randomized controlled trials and a number of prospective cohort studies have
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demonstrated the decreased quality-of-life in patients who undergo THW prior to
postoperative RAI [61–64]. In a single institution randomized controlled trial, there
was a statistically significant difference in a quality-of-life survey comparing use of
rhTSH versus THW prior to RAI. Patients in the rhTSH arm demonstrated better
scores on each of the following measures: symptoms and signs of hypothyroidism,
duration of symptoms, impact on daily and social life, mood changes and cognitive
dysfunction and genital dysfunction [61]. Furthermore, use of rhTSH avoids the
need to induce hypothyroidism and is invaluable in clinical situations where THW
is contraindicated prior to postoperative RAI therapy, such as congestive heart
failure, hyponatremia, and adrenal insufficiency [65]. Initial doubts about the
effectiveness of rhTSH on successful tumor ablation have been answered by a
number of studies using randomized controlled, prospective cohort and retrospec-
tive study designs [66–68]. A retrospective review of a single institution study
comparing 74 patients who underwent THW before remnant ablation versus
320 patients treated with rhTSH before remnant ablation reported similar time to
recurrence in the two groups as well as similar rates of disease recurrence (4 % in
rhTSH group vs. 7 % in the THW group, p = 0.1) [68].

Questions remain about the appropriate dose of 131-I to utilize when adminis-
tering postoperative RAI with rhTSH. Some studies have reported comparable
outcomes with low-dose RAI after TSH stimulation using rhTSH or THW in patients
at low-risk for recurrent PTC [61, 67, 69]. A single institution prospective study of
162 patients with DTC followed for 10 years after post-surgical therapy with rhTSH
or THW before remnant ablation with 1.1 GBq (30 mCi) found no statistically
significant difference in disease recurrence between those who received rhTSH and
the THW group [69]. This result differs from that done by a prospective cohort study
with a control group in which patients treated with 30 mCi (low dose) of RAI had
significantly lower ablation rates [70]. This was a prospective cohort study with
controls that compared the success of remnant ablation (assessed by 131-I WBS) in a
cohort treated with rhTSH before remnant ablation versus cohort who underwent
THW before remnant ablation. Findings showed successful remnant ablation rate of
54 % in the group who received rhTSH compared to 84 % in the THW group [70].

Initial concerns about the cost-effectiveness of using rhTSH compared to THW
have recently been addressed. Cost-effectiveness studies have concluded that
despite the high cost of rhTSH, avoidance of hypothyroidism and associated
decreased quality-of-life which may impair productivity and safety afforded by
rhTSH make the cost equivalent to THW [62, 71]. A study in which 236 patients
were surveyed (61 % response rate) examined comparative cost-effectiveness of
rhTSH versus THW withdrawal using a pharmacoeconomic model on the following
measures; medical cost, missed work time or decreased productivity and accident
and concluded that costs to society associated with THW exceeded that of rhTSH
by 25 % [62]. Another cost- effectiveness study found that differences in societal
cost between rhTSH and THW were dependent on days of work lost, cost of
rhTSH, duration of THW, rates of failure of remnant ablation and patient’s utility in
the first 12 weeks after thyroidectomy [71].
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Current ATA guidelines on the management of patients with DTC state that
“remnant ablation can be performed following thyroxine withdrawal or rhTSH
stimulation” [2].

3.4 Low- Versus High-Doses of 131-I in Administration
of RAI for Patients with DTC

The optimal dosage of 131-I to use for remnant ablation continues to be an area of
controversy. Because of increased side-effects such as sialoadenitis and increased
second primary tumors with “high” doses of 131-I [56, 58], as well as the long-term
risk of developing pulmonary fibrosis with large cumulative doses of RAI, some
have questioned the use of “high” doses of 131-I by citing studies in which “low”
doses have achieved similar outcome as “high” doses [72, 73]. A meta-analysis of
9 randomized controlled trials concluded that remnant ablation with 30 mCi was as
successful as 100 mCi with associated fewer adverse events [73]. However, some of
the individual randomized controlled trials included in the study had different
thresholds for “low-dose” versus “high-dose”, as well as different criteria for
evaluating success of ablation, making interpretation of the results difficult to
generalize [73]. Additionally, the individual studies had relatively low sample sizes
(range 40–752 patients). On the contrary, a double blind randomized controlled trial
from a single institution in which 341 patients were randomized to treatment with
100 mCi (“high”) versus 30 mCi (“low”) showed that patients in the “low” dose
group often required a second dose, leading to increased cumulative activity
(median dose of 130 mCi vs. 100 mCi, p < 0.0001) and had longer inpatient stay
(median of 4 days vs. 3 days) [74].

3.5 Challenges to Obtaining a Higher Level of Evidence

The controversy regarding post-surgical RAI use persists due to some issues that
affect the quality of previously published studies. Some of the prospective cohort
studies and retrospective cohort studies from single institutions did not have control
arms to allow for effective comparison of treatment effect. Also, in studies com-
paring surgical therapy alone versus surgical therapy plus RAI, some participants in
the latter group may have received additional therapy such as hormonal therapy
thus making it difficult to attribute treatment effect to RAI therapy only. Further, the
degree of surveillance for recurrence may vary from institution to institution and
thus the reported recurrence rates may not be generalizable. Additionally, variation
in RAI dosage among various institutions does not allow for accurate comparison of
studies to allow for a definitive conclusion to be drawn. Finally, different methods
of assessing success of remnant ablation have been used in different studies thus
affecting their comparability.
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3.6 How High Quality Evidence May Be Obtained

A large, multicenter randomized controlled trial comparing outcomes in patients
who receive low-dose RAI with high-dose RAI may help resolve this controversy.
The ideal study protocol would use generally agreed upon standard definitions and
end-points in order to avoid ambiguity which would decrease the validity of the
results; it would be particularly important to utilize standard definitions of disease
persistence and recurrence. Participating centers would agree on a single dosage for
“low” and “high” respectively and on use of rhTSH versus THW. Short- and
intermediate-term outcomes such as success of remnant ablation, based on serum
thyroglobulin and/or follow-up radiographic studies, salivary gland dysfunction,
lacrimal gland dysfunction, and patient quality-of-life could be assessed with a
multicenter RCT.

Given the favorably long-term survival among patients with PTC, a prospective
cohort study of patients in an ideal geographic region with easy access to healthcare
and well established follow-up system may enable an assessment of the effect of
post-operative RAI therapy on recurrence and disease specific survival. The quality
of such a prospective cohort study will be improved if standards for “low-dose”,
“high-dose”, and methods of assessing response to treatment are determined before
start of study.

Also, to address the controversy surrounding appropriate dosing of 131-I in
patients stimulated with rhTSH, a large multicenter randomized controlled trial with
well-defined inclusion and exclusion criteria, as well as standard defined “low dose”
versus “high dose”, and end-points that can be assessed with standard techniques or
lab measurements would be ideal.

4 Routine Serum Calcitonin Screening for Thyroid
Nodules

Medullary thyroid carcinoma (MTC) comprises 2–4 % of the incidence of all
thyroid cancers [75, 76]. Among patients with thyroid nodules, the prevalence of
medullary thyroid cancer is estimated between 0.4 and 1.4 % [77–80]. It is rela-
tively more aggressive than PTC and has a reported overall relative survival of
75 % at 10 years [75]. MTC may be inherited as autosomal dominant in 20–25 % of
cases or occur sporadically in the rest of cases [81]. Prognostic factors for med-
ullary thyroid cancer include age at diagnosis, extent of tumor, nodal disease, extent
of surgical resection and distant metastases [81, 82]. Given the poor prognosis
associated with late stage MTC, efforts to aid early diagnosis are being pursued.

Routine serum calcitonin levels in all patients with thyroid nodules in order to
screen for possibleMTC is common practice inmost European countries, [77] in large
part because of the inability to appropriately interpret indeterminate values [2]. While
serum calcitonin levels <10 pg/mL is considered normal and >100 pg/mL is nearly
diagnostic for MTC, serum calcitonin levels can be elevated in patients with elevated
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serum gastrin levels, follicular neoplasms, Hashimoto’s thyroiditis, renal failure,
and with alcohol or tobacco use. In Europe, indeterminate serum calcitonin levels
(20–100 pg/mL) can be stimulated with pentagastrin to determine the risk of MTC.
However, in the United States, pentagastrin is not available and calcium stimulation is
a far less reliable method. As a result, current ATA guidelines do not endorse routine
screening of serum calcitonin levels in patients with thyroid nodules [2, 81].

A number of prospective, non-randomized studies have shown that serum cal-
citonin is the most sensitive screening test for diagnosing occult medullary thyroid
cancer in thyroid nodules [83–86]. Some of the reasons for the difference in practice
patterns on the use of routine serum calcitonin screening in the United States
include: lack of a robust randomized controlled trial, the reliance of screening on
pentagastrin to increase specificity in patients with indeterminate levels, questions
about assay performance, and the cost-effectiveness of screening for a rare disease
[2]. A cost-effectiveness study from North America concluded that routine serum
calcitonin screening was appropriate and comparable to colonoscopy and mam-
mography [87]. A limitation of this study was the inclusion of patients with
micromedullary carcinoma and C-cell hyperplasia in the prevalence estimate [2].
Barriers to conducting a randomized controlled trial to evaluate the role of routine
serum calcitonin screening on early detection of MTC include: (i) rarity of MTC,
leading to difficulties with accrual and adequate power; (ii) unavailability of pen-
tagastrin in North America; and (iii) variability in assay preparation.

A randomized controlled trial in the United States does not appear to be feasible,
given the lack of an accurate way to interpret serum calcitonin levels and the
relative rarity of this disease. Any attempt to evaluate the effectiveness of routine
calcitonin screening in human subjects in the US is limited by the unavailability of
pentagastrin. While some of the European studies evaluating the role of routine
calcitonin in diagnosing MTC are of high quality, comparable studies cannot be
conducted in the U.S. due to Food and Drug Administration (FDA) regulation and
hence this issue will remain unresolved for a while.
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