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THYROID CANCER AND NODULES

Thyrotropin Suppression Increases the Risk
of Osteoporosis Without Decreasing Recurrence
in ATA Low- and Intermediate-Risk Patients
with Differentiated Thyroid Carcinoma
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Background: Levothyroxine suppression of thyrotropin (TSH) is broadly applied to patients with thyroid cancer
despite lack of consensus on the optimal TSH concentration necessary to reduce cancer recurrence while
minimizing toxicity from subclinical hyperthyroidism. The objectives of this study were to examine the ben-
eficial effects and the cardiac and skeletal toxicity of TSH suppression in well-differentiated thyroid carcinoma
(DTC).

Methods: A total of 771 patients (569 women) at ATA low or intermediate risk of recurrence, with a mean age
of 48+ 14 years, and undergoing total thyroidectomy at a tertiary care center between 2000 and 2006 were
followed for a median of six and a half years. They were divided into a suppressed TSH group (median
TSH <0.4mlIU/L) and a nonsuppressed group (median TSH >0.4 mIU/L). Structural recurrence of thyroid
cancer, postoperative atrial fibrillation (AF), and osteoporosis were examined in the two groups. Osteoporosis
was only examined in women.

Results: A total of 43/771 (5.6%) patients recurred, 29/739 (3.9%) patients were diagnosed with postoperative
osteoporosis, and 17/756 (2.3 %) were diagnosed with postoperative AF. Despite similar rates of recurrence
(HR 1.02, p=0.956 [CI 0.54-1.91]), patients treated to a median TSH <0.4 mIU/L were at increased post-
operative risk of a composite outcome of AF and osteoporosis (HR 2.1, p=0.05 [CI 1.001-4.3]) compared to
those not suppressed. A differential risk of AF alone (HR 0.78, p=0.63 [CI 0.3-2.1]) was not detected, but
postoperative osteoporosis was increased among women with a suppressed TSH compared to those not sup-
pressed (HR 3.5, p=0.023 [CI 1.2-10.2]). The increased risk of postoperative osteoporosis disappeared when
the patient’s median TSH was maintained around 1 mIU/L.

Conclusion: TSH suppression significantly increases the risk of postoperative osteoporosis without changing
tumor recurrence in ATA low- and intermediate-risk patients with DTC. Future interventions should focus on
avoiding harm in indolent disease.

Introduction

OTAL THYROIDECTOMY WITH OR WITHOUT '*'I ablation

followed by long-term levothyroxine suppression of
thyrotropin (TSH) is the traditional treatment for well-dif-
ferentiated thyroid carcinoma (DTC) (1-4). Currently, most
patients with thyroid cancer are given a dose of levothyroxine
that suppresses TSH levels below the normal range, inducing
a state of subclinical hyperthyroidism. The rationale for this
approach stems from experimental and clinical data showing

that TSH stimulates thyroid cell proliferation, radioiodine
uptake, and thyroglobulin (Tg) production (5-8). Removing
this stimulus, at least theoretically, will inhibit growth of
residual neoplastic tissue (5,6,9).

In patients affected by DTC, TSH suppression with le-
vothyroxine is associated with a decreased risk of tumor re-
currence (5,10-14), and endogenous or exogenous increases
in TSH may occasionally induce clinical progression of
thyroid cancer (15,16). Doses of levothyroxine that reduce
circulating TSH to 0.4 mIU/L reportedly induce maximum
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suppression of serum Tg (17), suggesting that increasing the
degree of TSH suppression beyond this threshold may not
further decrease tumor function (18). Others have found that
serum Tg continues to decrease in thyroid cancer patients
when TSH is further suppressed to undetectable levels
(<0.1mIU//L) (19).

Despite clinical practice guidelines addressing the need for
TSH suppression in patients with DTC (1-4), there is cur-
rently no evidence-based consensus on the optimal TSH
concentration that would reduce tumor recurrence while en-
suring minimal adverse effects from subclinical hyper-
thyroidism. Also, no recommendations currently take into
account the patient’s age, underlying comorbidities, tumor
stage, or response to therapy to balance the benefits of le-
vothyroxine suppressive treatment with the cardiovascular
and skeletal risks of iatrogenic thyrotoxicosis. So, prolonged
TSH suppression in relatively low-risk patients could easily
lead to more harm than good.

The aims of this study are thus twofold; first, to exam-
ine the impact of TSH suppression on recurrence in a
well-characterized cohort of patients with DTC at low and
intermediate risk of recurrence as defined by the American
Thyroid Association (ATA) (20); and second, to examine
the harmful effects of TSH suppression as measured by the
diagnosis of postoperative osteoporosis and atrial fibril-
lation (AF) in the same cohort.

Materials and Methods

Following Institutional Review Board approval, the charts
of 1100 consecutive patients who had undergone total thy-
roidectomy at our institution for DTC between January 1,
2000, and December 31, 2006, were reviewed. Patients were

Total thyroidectomy
WDTC 2000-2006

excluded if they were at high risk of tumor recurrence as
defined by the ATA (macroscopic tumor invasion, gross re-
sidual disease, distant metastases) (20), as it is believed that
there is evidence to support the beneficial effect of TSH
suppression in a significant subset of these patients (21,22).
Patients with a preexisting diagnosis of hyperparathyroidism
were also excluded, as this is an independent risk factor for
the development of osteoporosis; men, since they are not
routinely screened for osteoporosis; and patients who had
fewer than three postoperative TSH laboratory measure-
ments, to ensure adequate follow-up to evaluate this variable.
No patients had a diagnosis of permanent hypoparathyroid-
ism. A total of 771 patients were considered for analysis.
Patients with known preoperative AF and osteoporosis were
excluded from the respective event-specific analyses (Fig. 1).

The cohort was divided into TSH-suppressed and TSH-
nonsuppressed groups based on a median TSH level of
0.4 mIU/L. Postoperative TSH values were analyzed up to the
date of the event or the last follow-up. TSH values within
seven days of radioactive iodine (RAI) scan or therapy were
excluded from the analysis, as our institution commonly
administers recombinant human TSH, and blood determina-
tions of TSH are often confounded by exogenously admin-
istered TSH. The TSH-suppressed group had a meanz
standard deviation (SD) of 12+6 TSH determinations, and
the TSH-nonsuppressed group had a mean=SD of 9.7+6
TSH determinations. Patient demographic and clinicopatho-
logical characteristics were collected as outlined in Table 1.
Preoperative risk categories for osteoporosis and AF were
adapted from Biondi and Cooper (23) and are described in
Supplementary Table S1 (Supplementary Data are available
online at www.liebertpub.com/thy). Low-, intermediate-, and
high-risk categories were given values of one, two, and three,
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TABLE 1. COMPARISON OF SUPPRESSED
AND NONSUPPRESSED GROUPS

Suppressed Nonsuppressed

TSH TSH
L04mlU/L  >0.4mIU/L
Characteristics (n=465) (n=306) p-Value
Age, years 46.6+13.9 49.8+14.9 <0.01

(mean £ SD)

Sex, females, 353 (76%) 215 (70%) 0.08

n (%)

Histology 0.245

Classical type 153 (33%) 83 (27%)

Follicular 135 (29%) 79 (26%)

variant

Tall cell variant 73 (16%) 43 (14%)

Other 51 (11%) 45 (15%)
Microcarcinomas 53 (11%) 56 (18%) <0.01
Extrathyroidal 165 (36%) 89 (29%) 0.16

extension
Vascular invasion 11 (2.4%) 15 (4.9%) 0.30
N stage 0.05

NO 179 (38%) 124 (41%)

Nla 102 (22%) 53 (17%)

N1b 78 (17%) 38 (12%)

Nx 106 (23%) 91 (30%)

RALI therapy 348 (75%) 184 (60%) <0.01

ATA risk <0.01
Low 187 (40%) 154 (50%)
Intermediate 278 (60%) 152 (50%)

TSH, thyrotropin; SD, standard deviation; RAI, radioactive
iodine; ATA, American Thyroid Association.

respectively, and all calculations of postoperative AF and
osteoporosis events were adjusted by this preoperative risk.
Locoregional recurrence required tissue confirmation; distant
recurrence was diagnosed by appropriate imaging criteria
with or without tissue confirmation. Patients with biochem-
ical recurrences defined by elevated Tg levels without a
structural correlate on imaging were purposefully excluded,
as it is believed that structural recurrences are a more robust
endpoint to measure this outcome. Postoperative AF was
defined by EKG evidence of persistent arrhythmia or new
documentation of disease in the notes of a physician; tran-
sient episodes of AF attributed to acute illness or operative
procedures were excluded. Postoperative osteoporosis was
defined by a bone mineral density (BMD) T-score <—2.5
standard deviations below that of a young white adult at the
anteroposterior lumbar spine, femoral neck, or total hip. New
osteoporosis was also considered if the patient had been started
on bisphosphonate therapy in the absence of a known indica-
tion such as metastases or Paget’s disease, or if specified in the
notes of the treating physician. Postoperative AF and osteo-
porosis were adjudicated as events whether they had been di-
agnosed within or outside the institution, and whether they had
been detected by the treating endocrinologist or by the general
practitioner. Two reviewers scrutinized the medical records of
patients to adjudicate the events of recurrence, AF, and oste-
oporosis, and two additional reviewers reexamined these
medical records in instances of disagreement.

Statistical analysis was carried out using Stata Statistical
Software v12 (StataCorp., College Station, TX). Student’s #-
test was used to compare continuous variables in the TSH
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treatment arms and Pearson’s chi-square test to examine
categorical variables. Recurrence and harm were analyzed
using survival analysis. Kaplan—Meier curves were built and
the log-rank test was used to assess for significance of the
surviving function. Cox proportional hazards models were
built to allow for multivariate adjustment by variables that
proved to be statistically different in the TSH treatment arms.
Additionally, to account for indication biases of levothyr-
oxine administration and balance differences in prescription
practices in this retrospective study, propensity score analysis
was used. A p-value of <0.05 was considered statistically
significant.

Results

The clinicopathological characteristics of patients with
median TSH levels <0.4mIU/L and >0.4 mIU/L are out-
lined in Table 1. No significant differences were found in
terms of sex, histological subtype of thyroid cancer, vascular
invasion, extrathyroidal extension, or nodal stage between
the suppressed and nonsuppressed groups. However, clini-
cians were more likely to suppress younger patients
(p<0.01), patients at higher risk of tumor recurrence evi-
denced by a tumor size >1cm (p<0.01), and ATA inter-
mediate risk group (p<0.01; Table 1). Suppressed patients
were also more likely to have received '*'I therapy
(p<0.01).

Tumor recurrence

A total of 43/771 (5.6%) patients developed a structural
tumor recurrence during a median follow-up of 6.5 years
(Fig. 2). Fifteen patients out of 306 (4.9%) treated to a TSH
level >0.4mlIU/L developed tumor recurrence compared
with 28/465 (6.0%) in the suppressed group. There was no
statistically significant difference in the disease-free sur-
vival (DFS) rate of TSH-suppressed compared to TSH-
nonsuppressed patients (HR 1.02 [CI 0.54-1.91], p=0.956).
Given the retrospective and nonrandomized nature of this
study, it was found that physicians tended to suppress
younger patients and patients at higher risk of recurrence
(Table 1). To account for these differences in therapeutic

Kaplan-Meier disease-free survival estimates
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FIG. 2. Recurrence-free survival in patients treated to a me-

dian thyrotropin (TSH) of <0.4 mIU/L (dashed) or >0.4 mIU/L

(solid).
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TABLE 2. MULTIVARIATE ANALYSIS
FOR TUMOR RECURRENCE

Multivariate analysis HR CI p-Value
TSH suppression 0.88 [0.46-1.66] 0.692
Age 0.99 [0.97-1.02] 0.862
Sex 0.53 [0.29-0.96] 0.038
RALI therapy 1.5 [0.55-3.94] 0.437
ATA risk 6.5 [2.2-19.3] 0.001

HR, hazard ratio; CI, confidence interval.

practices, multivariate analyses were conducted as well as
adjustment by propensity scores. TSH suppression did not
significantly decrease the risk of recurrence in low- and
intermediate-risk patients when adjusting for age, sex, RAI
administration, and ATA risk category (HR 0.88 [CI 0.46—
1.66], p=0.692; Table 2). Male sex and ATA ‘‘intermediate
risk”” were independent predictors of tumor recurrence
(p=0.038 and p=0.001, respectively). Interestingly, when
RAI was incorporated into the multivariate model, it did not
independently predict for increased risk of recurrence
(p=0.437). In addition to conducting multivariate analyses,
propensity scores analyses were performed to account for
indication biases at the time of prescribing levothyroxine
suppressive therapy. TSH suppression <0.4 mIU/L was not
associated with a decreased risk of recurrence when stratified
on propensity score (HR 1.08 [CI 0.45-2.63], p=0.856).

Composite event of skeletal and cardiovascular toxicity

Despite similar rates of recurrence between the suppressed
and nonsuppressed groups, subjects treated to a median TSH
<0.4mIU/L developed an adverse effect to levothyroxine
suppression, defined as the first event of AF or osteoporosis,
at 2.1 times the rate of their nonsuppressed counterparts (HR
2.1 [CI 1.001-4.3], p=0.05; Fig. 3A).

AF risk

Fifteen patients had a preoperative diagnosis of AF in this
study and were thus excluded from the postoperative AF
analysis. Of the remaining 756 patients, 17 (2.3%) developed
AF during the course of their follow-up (Fig. 3B). Given the
small number of events, no differential risk of postoperative
AF was detected among patients suppressed versus those not
suppressed (HR 0.78 [CI 0.3-2.1], p=0.63). No difference in
the development of AF was detected, even after adjusting for
preoperative risk of AF (Supplementary Table S1).

Osteoporosis risk

The osteoporosis analysis was limited to female patients
without a preoperative diagnosis of osteoporosis. Men were
excluded from the analysis, as they are not routinely screened
for osteoporosis. All calculations were adjusted by preoperative
risk of developing osteoporosis (Supplementary Table S1).
Among 537 women, 29 (5.4%) were diagnosed with postop-
erative osteoporosis. The risk of postoperative osteoporosis
among women was 3.5 times greater (HR 3.5 [CT 1.2-10.2],
p=0.023) when they were suppressed (TSH <0.4mIU/L)
compared to those who were not suppressed (Fig. 3C). Given
that age is a known risk factor for the development of osteo-
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FIG. 3. (A) Composite of harm (first event of atrial fi-

brillation or osteoporosis), (B) atrial fibrillation, and (C)
osteoporosis in patients treated to a median TSH of
<0.4 mIU/L (dashed) or >0.4 mIU/L (solid).

porosis, multivariate analyses were conducted adjusting for this
variable. Women had a 4.3 times higher risk of developing
osteoporosis when they were suppressed compared to the
nonsuppressed group when age was taken into account (HR 4.3
[CI 1.45-12.85], p=0.009). The higher HR of 4.3 in the mul-
tivariate model demonstrates a synergistic effect between
increasing age and TSH suppression, suggesting that TSH
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FIG. 4. Risk of osteoporosis and tumor recurrence as a
function of median TSH level.

suppression in elderly women may cause even greater bone
toxicity.

Optimal TSH level

The ideal TSH level for patients with low and intermediate
DTC would be one that does not increase the risk of adverse
cardiovascular and skeletal events while maintaining bene-
ficial effects on tumor recurrence. Figure 4 demonstrates the
risk of osteoporosis and tumor recurrence at incremental TSH
levels between 0.4 and 1.0mIU/L. Each bar represents a
comparison of patients below a certain TSH median value
and the rest of the cohort. As median TSH levels approach
1.0 mI/L, the hazard ratio of post-operative osteoporosis be-
comes nonsignificant while the risk of recurrence remains
unchanged. Interestingly, the data suggest that at the lower
limit of normal TSH (between 0.5 and 0.7 mIU/L), there is
also increased risk of osteoporosis. It would appear that a
TSH level around 0.9 or 1 mIU/L is optimal for maintenance
treatment of ATA low- to intermediate-risk patients, as the
risk of osteoporosis disappears yet the risk of recurrence re-
mains unchanged.

Discussion

In this study, the beneficial effects of TSH suppression on
thyroid cancer recurrence and the cardiovascular and skeletal
toxicity that results from long-term iatrogenic thyrotoxicosis
in patients at ATA low and intermediate risk of recurrence
were examined. It was found that TSH suppression increased
the postoperative likelihood of being diagnosed with osteo-
porosis, and it did not improve recurrence rates in this pop-
ulation. This finding was not altered after a multivariate
analysis or a propensity score analysis, suggesting that TSH
suppression is an independent predictor of skeletal toxicity
that may not improve recurrence rates of patients with low-
and intermediate-risk DTC.

The lack of a beneficial effect of TSH suppression on re-
currence of low- and intermediate-risk patients with DTC in
this study is supported by other groups. Cooper et al. found
that TSH suppression to very low levels reduced recurrence
in Stage 3 and 4 patients, but not in low-risk patients. When
RAIwas included in the model, the effect of TSH suppression
in high-risk patients disappeared (24). Similarly, Jonklaas
et al. were not able to show a beneficial impact of TSH
suppression in Stage 1 patients (25). A comprehensive review
of the literature by Biondi and Cooper concluded that ag-
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gressive TSH suppression is likely to be important in high-
risk patients and less critical in low-risk patients (23). The
only prospective randomized controlled trial published to
date in all risk thyroid cancer patients showed that DFS, es-
pecially in low-risk patients without TSH suppression, was
not inferior to that of patients with TSH suppression (26). The
findings in this study support this conclusion and suggest
that TSH suppression may not improve DFS in low- and
intermediate-risk patients.

The cardiovascular morbidity and mortality associated
with subclinical hyperthyroidism has been confirmed in
multiple studies (27,28), and there is increasing awareness of
this toxicity, as more severe effects have been documented
with advanced age (29,30). Due to the small number of events
in this study, there was not enough power to detect the effect
of TSH suppression on the risk of postoperative AF. Also, the
hazard ratio of <1 in the AF results suggests that clinicians
were averse to suppressing patients with preexisting cardiac
conditions.

In terms of the skeletal events, a significantly increased
risk of osteoporosis was detected in the women who had a
TSH suppressed <0.4 mIU/L compared to those not sup-
pressed. Menopausal status was not specifically collected,
but older women were at a higher risk of osteoporosis than
younger women were. Two recent reviews on the effects of
TSH suppression in DTC concluded that postmenopausal
women were at increased risk of bone loss when TSH was
suppressed, but the effect of hyperthyroidism on premeno-
pausal women and men was conflicting (31,32). Furthermore,
TSH levels <0.1 mIU/L and even 0.1-0.5 mIU/L were as-
sociated with increased risk of hip and vertebral fractures
(27,33). In 2011, Sugitani et al. published the results of a
randomized controlled trial of TSH suppression and its im-
pact on bone mineral density. TSH suppression to <0.1 mIU/
L conferred a significant reduction in BMD in older patients
within one year of suppression comparable to the reduction in
BMD seen after five years in nonsuppressed patients (34).
The reduction in BMD in the nonsuppressed group was at-
tributed to the natural bone density decline in postmeno-
pausal women. It was found that the effect of TSH and age
was synergistic in terms of bone loss; the combined effect of
TSH suppression and older age was more toxic to the bone
than each of these were individually.

A biological explanation for the observed skeletal toxicity
may be related to the well-documented effects of triiodo-
thyronine on osteoblasts to stimulate osteoclasts and in turn
bone resorption (35), or to the reported direct effects of
TSH on bone. TSH has been shown to bypass the thyroid to
exert direct protective effects on the skeleton. Through a fast-
forward short loop involving Wnt5a production, TSH may
enhance osteoblast differentiation and stimulates osteopro-
tegerin to attenuate bone resorption by osteoclasts (36,37).
Lowering TSH levels in DTC may result in bone loss from a
direct effect of thyroid hormones or from failure to maintain
this TSH protective effect.

Total thyroidectomy with or without remnant ablation with
1311 followed by long-term levothyroxine suppression of TSH
is the traditional treatment for DTC (38). TSH suppression is
generally recommended in well-meaning efforts to prevent or
decrease the likelihood of tumor recurrence (5,10-14), and
increases in TSH are thought to lead to clinical progression
of thyroid cancer (15,16). Thus, TSH suppression has been
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associated with increased survival or delayed progression to
recurrence, especially in high-risk patients (21,22). This
viewpoint is reflected in current ATA and ETA guidelines
where TSH suppression <0.1 mIU/L is recommended for
high-risk thyroid cancer patients, and suppression between
0.1 and 1-2mIU/L is suggested for low-risk patients (1,2).
In addition to this, there is clear indication that driver mu-
tations in thyroid cancer have distinct effects on thyroid-
differentiated properties, including TSH responsiveness. For
instance, RAS mutant tumors, such as follicular variant
papillary thyroid cancers, retain expression of the TSH re-
ceptor and may remain dependent on TSH signaling (39).
Other cancers lose expression of the TSH receptor (40,41),
particularly those with BRAF mutations, which represent
approximately 50% of the low- and intermediate-risk ATA
categories. Hence, some tumors progress independent of the
effects of TSH (42), others are cured by the initial interven-
tion (43), and yet TSH suppression as a goal of therapy is
applied indiscriminately to most patients with the disease, in
many cases as a life-long treatment.

While the evidence for the recommendations of the major
thyroid societies is clearer for patients at high risk of recur-
rence, the optimal TSH maintenance level for patients at low
and intermediate risk of recurrence or patients with tumors
that may not respond to TSH suppression remains elusive.
These results suggest that a TSH cutoff of 0.9—-1.0 mIU/L is
optimal for low- and intermediate-risk patients to balance the
risk of osteoporosis development whilst not increasing the
risk of tumor recurrence. Furthermore, no further benefit
from TSH suppression may be obtained after formal docu-
mentation of absent residual or recurrent disease (44). A
large, prospective, randomized, controlled study is required,
however, to clarify definitively the optimal TSH level that
would minimize the adverse effects of iatrogenic hyperthy-
roidism and maximize the beneficial effects of TSH sup-
pression on recurrence in this growing population of ATA
low- and intermediate-risk patients.

Due to its retrospective nature, this study has several
limitations. The TSH treatment groups were not randomized
and therefore suffered from inherent indication biases; ATA
intermediate-risk patients were treated more aggressively
than low-risk patients in that they were more likely to be
suppressed and also more likely to have received RAI ther-
apy. This may have prevented a beneficial effect of TSH
suppression on recurrence from being detected. An attempt
was made, however, to account for this limitation by per-
forming multivariate analyses as well as propensity score
analyses, but even after these adjustments, a statically sig-
nificant effect of TSH suppression on tumor recurrence in
ATA low- or intermediate-risk patients could not be detected.
Not every patient had a pre and postoperative bone density
test. Hence, it is possible that treating clinicians may have
been more likely to investigate and thus diagnose osteopo-
rosis and AF in patients on TSH suppression. However, the
majority of these adverse events were found by none-
ndocrinologists within or outside the institution so the real
impact of the above limitation is likely to be minimal. In-
formation was not collected on estrogen replacement therapy,
calcium and vitamin D supplementation, but the majority of
patients were prescribed calcium and vitamin D after thy-
roidectomy. Clinicians may have been less likely to suppress
patients at greater risk of AF or osteoporosis. This would

305

have resulted in an underestimation of harm. Even so, more
than a fourfold increase in the rate of age-adjusted osteopo-
rosis was detected in patients with a median TSH <0.4 mIU/
L compared to those with a nonsuppressed TSH. Initiation of
bisphosphonate therapy was considered for indications other
than bone metastasis or Paget’s disease as one of the criteria
to adjudicate osteoporosis. It is possible that some physicians
may have begun bisphosphonate therapy for osteopenia or
for prevention of osteoporosis. Given that information was
not collected on menopausal status, a T-score of <—2.5 was
used as a diagnosis of osteoporosis, although a Z-score is
often used in premenopausal women. In addition, a low T-
score may not always reflect osteoporosis, and may some-
times reflect osteomalacia or other conditions associated with
a low BMD. Finally, the osteoporosis analysis was only
performed in women, as men are generally not screened for
osteoporosis at our institution. It is therefore not possible to
comment directly on the skeletal effects of TSH suppression
in men.

Conclusion

TSH suppression <0.4 mIU/L increases the risk of oste-
oporosis without changing tumor recurrence in thyroid can-
cer patients at ATA low and intermediate risk of recurrence.
The findings of this study suggest that further research is
required to delineate the role of TSH suppression in low- and
intermediate-risk patients with thyroid carcinoma to avoid
causing more harm than good. In particular, strategies cur-
rently employed to prevent recurrence need to be redefined to
avoid long-term cardiovascular and skeletal toxicity in this
population. The observations in this study extend to a median
follow-up of 6.5 years where most recurrences would have
been found. Longer TSH suppression may result in an even
worse risk—benefit ratio. Definitive prospective, randomized,
controlled studies that take into account individual patients’
risks of osteoporosis and AF would ultimately be required to
confirm these results. In the meantime, counseling on cal-
cium and vitamin D supplementation, exercise, and screening
of vitamin D levels may be considered where applicable. The
paradigm outlined in this study could be extended to examine
other types of thyroid cancer where the biology of the disease
may drive the progression of the tumor independent of the
effects of TSH suppression.
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