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Thyroid cancer incidence has been increasing for de-
cades in the United States (1, 2). There are known risk

factors for thyroid cancer including female gender, advanc-
ing age, family history, and radiation exposure, but none of
these can fully explain the changing pattern of this disease
over such a short period of time. Much of the rise has been
attributed to increased medical surveillance, diagnostic im-
aging, and ultrasound-guided fine-needle aspiration (FNA),
but this probably does not explain the entire observed up-
surge. With increased evaluation of patients in an asymp-
tomatic stage, it might be expected that the highest rate of
increase would be seen in tumors of less than 1.0 cm, but
incidence has also been increasing for tumors of any size,
especially tumors at least 4 cm among men and women and
for distant metastases among men (3). The more frequent
diagnosis of late stage disease has led to the rising occurrence
of differentiated thyroid carcinoma and bone metastases,
even as the initial presentation of disease. It is suspected that
a combination of environmental factors, iodine deficiency,
and genetic factors (i.e. BRAF mutations) may explain the
rising incidence of differentiated thyroid cancer, particularly
more aggressive, late stage disease (4, 5).

The Case

Thepatient is a43-yr-oldwomanwhopresented toourmed-
ical center 25 yr after a right hemithyroidectomy at an out-
side institution for a benign follicular adenoma. Upon refer-
ral to the Washington Hospital Center, the left lobe of her
thyroid gland was normal to palpation and there was no
palpable cervical lymphadenopathy on physical examina-
tion. Thyroid sonogram revealed a suspicious 2.9-cm left
supraclavicular lymph node. Her serum TSH was normal
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while on levothyroxine (LT4), and her serum thyroglobulin
(Tg) was 131 ng/ml without anti-Tg antibodies. An ultra-
sound-guidedFNAofthe left supraclavicular lymphnodedem-
onstrated follicular variant of papillary thyroid carcinoma.

A diagnostic I-131 whole body scan performed with re-
combinant human TSH (rh-TSH) stimulation showed ab-
normal accumulation of iodine in the right lung field and the
bilateral thyroid bed. The rh-TSH-stimulated Tg rose to
2119 ng/ml. Computed tomography (CT) without contrast
revealed a 3- to 4-mm opacity in the periphery of the right
upper lung, lytic lesions in the left proximal humerus, right
anterior fifth rib with pleural involvement and the L4 verte-
bral body. Additional lytic lesions were seen in the right and
left sacrum as well as the left iliac bone. A positron emission
tomography (PET) scan showed abnormal moderately hy-
permetabolic foci in the right anterior fifth rib, proximal
third of the left humerus, L5 vertebral body, and T10–12
vertebral bodies. A subsequent Tc-99m bone scan showed
abnormal radiotraceraccumulation in the rightanterior fifth
rib, L4–5 vertebral bodies, and the left proximal humerus.
A brain magnetic resonance imaging (MRI) showed a
1.8-cm enhancing mass in the clivus extending to both
carotid canals. CT-guided FNA of the right sacral lesion
showed positive staining for Tg and histologically con-
firmed follicular variant of papillary thyroid carcinoma
(Fig. 1, A and B). After these studies, the patient underwent a
completion thyroidectomy. Pathological examination showed
normal thyroid tissue. Her tumor was stage II (TxN1bM1) by
American Joint Committee on Cancer criteria (6).

The patient’s presentation with metastatic papillary
thyroid cancer raised obvious questions about the accu-
racy of her original benign diagnosis upon hemithyroid-
ectomy 25 yr ago. Attempts to locate and review her
pathological material from the outside hospital were
unsuccessful. Because her completion thyroidectomy
was negative for malignancy, I assume that (although I
cannot prove) a diagnosis of thyroid cancer was missed
at the time of her surgery in the past.

An orthopedic oncology consultation was obtained,
and they noted that there was no immediate need for sur-
gical intervention for her osseous metastases. A neurosur-
gical consultation recommended gamma-knife therapy to
the clivus lesion after I-131 treatment. The patient under-
went rh-TSH-stimulated I-131 whole body dosimetry and
received 173 mCi I-131. Her posttherapy scan revealed
intense activity within the thyroid bed, right anterior chest
wall, bilateral pelvis, lower thoracic and lower lumbar
spine, and left proximal humerus. There were new areas of
tracer accumulation in the right mastoid and in the re-
gion of the clivus compared with her pretherapy scan.
Two months after her I-131 therapy, she began receiv-
ing monthly infusions of 4 mg of zoledronic acid for her

bone metastases. She also received 20 Gy of gamma-
knife radiotherapy to her clivus lesion.

How the Diagnosis Was Made

Thyroid cancer may come to clinical attention when neck
nodules or lymphadenopathy are noted by the patient, are
found during a physical examination, or are an incidental
finding during a radiological procedure. FNA biopsy, with
Tg washout in appropriate circumstances, is the standard
procedure toevaluate thyroidnodulesandabnormalcervical
lymph nodes (6). Thyroid ultrasonography provides excel-
lent anatomic definition that is superior to thyroid scintig-
raphy and can be used in conjunction with FNA to aid in
performing thyroid and/or lymph node biopsies. Clinicians
shouldrememberthat follicularandHurthlecellcancerscan-
not be distinguished cytologically from follicular and

FIG. 1. A, Histological section of tumor from sacral lesion showing
complete replacement by metastatic thyroid carcinoma cells in a
trabecular and follicular arrangement. B, Higher power magnification
demonstrating nuclear pseudoinclusions (arrows) consistent with
follicular variant of papillary thyroid carcinoma.
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Hurthle cell adenomas. Consequently, as many as 15–20%
of thyroid aspirations are classified as suspicious or indeter-
minate (7). It is estimated that 10–20% of these indetermi-
nate lesions that are surgically resected are determined to be
follicular cancers. Nevertheless, FNA is very accurate, with
false-negative rates ranging from 0–5% and false-positive
readings in less than 5% of patients in high volume facilities.

How to Detect Bone Metastases

Although follicular thyroid cancer accounts for less than
15% of all differentiated thyroid cancers, it has an inci-
dence of bone metastases of 7–20% (8). Bone metastases
are much less common in papillary thyroid cancer (1–7%)
(9). Overall, bone metastases from well-differentiated thy-
roid cancer occur in 2–13% of patients (10, 11).

There are many factors that lead certain malignancies
to have a predisposition to developing bone metastases.
Blood flow is high in bone marrow, so tumors that have a
tendency to spread hematogenously, such as follicular thy-
roid carcinoma, can arise from bone sites. Malignant cells
also synthesize adhesive molecules that allow them to at-
tach to bone matrix. Tumor cells also secrete angiogenesis
compounds and factors that enhance bone resorption, so
tumors may find a more hospitable environment to grow
and replicate in bone. Osteolytic tumors, like thyroid car-
cinoma, may enhance the production of IL-1, IL-6, and
receptor activator of nuclear factor-�B ligand (RANKL),
which all lead to increased osteoclastic activity and re-
sorption of bone. This resorptive activity is thought to lead
to a hospitable environment (“seed-and-soil hypothesis”)
for bone metastases to take root and grow (12).

Skeletal metastases of thyroid cancer can present with
pain, but often are clinically silent. Pain is thought to result
from tumoral release of cytokines, pressure, and mass ef-
fect within the bone (13). Additional symptoms may in-
clude fractures and spinal cord compression that occur in
13 and 28% of patients, respectively (14).

It can be difficult to detect distant metastases from thy-
roid cancer, and diagnostic I-131 whole body scans are
notoriously insensitive for localizing bone metastases.
Posttherapy I-131 whole body scans, on the other hand,
may be quite sensitive in detecting osseous lesions, as the
present case illustrates. X-rays and bone scintigraphy are
used in the evaluation of osseous metastases, but even
these modalities will only detect disease when more than
half of an involved bone has been destroyed, and they are
limited by poor specificity and lack of prospective data
evaluating their utility in thyroid cancer (15). Bone scin-
tigraphy can detect skeletal metastases earlier than plain
radiographs when there is a predominant osteoblastic
component to the bone lesion. But because thyroid cancer

metastases to bone are predominantly osteolytic (with sec-
ondary bone formation in response to bone destruction),
bone scintigraphy may be of limited value, with a high
false-negative and false-positive rate (16).

MRI of the whole body or of specific bones on the other
hand is superb for visualizing the medullary component of
bone and detailing the intraosseous and extraskeletal extent
of disease. A study of patients with a variety of different
cancers showed whole-body MRI (91% diagnostic accu-
racy) to be superior to PET-CT (78% diagnostic accuracy) in
detecting bone metastases (17). CT alone can also be quite
valuable in imagingcorticalerosionofboneanddetectingthe
presence of subclinical fractures in patients with bone me-
tastases (18). Fluorine-18 fluorodeoxyglucose (FDG) PET,
whole body scan with technetium 99m sestamibi [MIBI (me-
thoxyisobutylisonitrile)], and posttherapy I-131 imaging
havebeencomparedunderrh-TSHstimulationfor theirabil-
ity todetectdistantmetastases (19).Only threeof19patients
had follicular thyroid cancer, but FDG-PET was more sen-
sitive than MIBI body scan and posttherapy I-131 scanning
in detecting distant spread. The 19 patients had 32 isolated
lesions (10 lymph node, 15 lung, six bone, and one muscle)
confirmed by histopathology and/or other imaging studies
(x-ray, ultrasound, CT, MRI, and bone scan). PET detected
81.3%, MIBI 62.5%, and radioiodine 68.8% of the total
lesions. There were no significant differences between the
imaging techniques for skeletal metastases with each modal-
ity detecting about 83% of lesions (19). Moreover, a positive
FDG-PETscanis stronglyassociatedwithaworseprognosis.
In one study, patients with a positive PET scan had a median
survival of only 53 months from the time of the PET scan (20).

Because I-131 imaging will detect some, but certainly not
allbonemetastases, it is important tohaveguidelines inplace
to help the clinician determine who should have further test-
ing to detect bone metastases. Therefore, in my institution,
we employ PET-CT in patients with extracervical metastases
to proactively identify bone metastases even when patients
areasymptomatic. I recommendusingPET-CTinthesehigh-
riskpatientswitheitherpapillaryor follicular thyroidcancer,
although bone metastases are more commonly linked with
follicular thyroid cancer. As the present case demonstrates,
bone metastases do occur in patients with papillary thyroid
cancer, and in absolute terms, more patients with papillary
thyroid cancer have bone metastases than those with follic-
ular thyroid cancer because there are so many more patients
with papillary thyroid cancer. I therefore think it is reason-
able to screen patients with papillary thyroid cancer with
extracervical metastases as well as those with follicular thy-
roid cancer for bone metastases.

A potential future tool for imaging bone metastases
from thyroid cancer is the positron-emitting radioisotope
I-124. I-124 is taken up by the sodium iodide symporter
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and can produce remarkable three-dimensional imaging
of tracer distribution within the tumor sites (21). In one
study of patients with thyroid cancer, CT, I-131, I-124,
and I-124-PET-CT were evaluated for their effectiveness
in detecting histologically proven lesions. I-124-PET-CT
was superior to all the other modalities, detecting 100% of
the lesions compared with 56% for CT, 83% for I-131,
and 87% for I-124 (22).

When skeletal metastases are suspected, a practical ap-
proach is to obtain a skeletal survey, whole body bone scan,
or FDG-PET-CT. Whole-body MRI is particularly helpful in
patients with spinal cord involvement. If a bone metastasis is
discovered, then a directed MRI or CT scan should be em-
ployed to specificallydefine the lesion(s)of interest andaid in
the planning of any surgical approaches or use of novel mo-
dalities in the treatment of destructive osseous metastases.

Role of Biopsy in the Diagnosis of Bone
Metastases

In most situations where the histology of a primary malig-
nancy has been established, it is usually unnecessary to bi-
opsy new lesions that present at distant sites. However, this
recommendation does not hold for bone metastases. In those
patients where the primary carcinoma is defined, it is rec-
ommended thatabiopsybeobtainedofametastatic lesion to
bone, especially when the skeletal metastasis represents the
first manifestation of recurrent disease (23). Bone biopsy is
not necessary in those with uptake localized to bone lesions
on either diagnostic or posttherapy I-131 scans. Bone bi-
opsy is also not necessary in most patients with multiple
relapses who have previously undergone a biopsy doc-
umenting bone metastases from thyroid cancer. In pa-
tients with a new osseous lesion, who have widespread
metastatic disease, and who have previously undergone
a biopsy of a bone lesion, clinical judgment in light of
pertinent radiological studies should be used to deter-
mine whether another bone biopsy is necessary.

For those patients with suspected metastases to the
spine or pelvis, a needle biopsy is recommended. Other
sites for bony lesions may require more intricate interven-
tions to obtain tumor sample. Sections of the biopsy sam-
ple should be examined carefully for histological subtype
such as papillary (classical form and variants), follicular,
Hürthle cell, and poorly differentiated carcinomas. The
cytologist should employ special stains for thyroid tran-
scription factor 1, Tg, as well as cytokeratin and calci-
tonin. Supplementary immunohistochemistry such as for
prostate-specific antigen should be used as clinically indi-
cated to exclude other tumor types.

Another simple technique that can be used in evaluating
distant metastases is detection of Tg in the washout of

fine-needle aspirates of nonthyroidal masses (24). In this
procedure, the same needle used during an FNA for cyto-
logical analysis is flushed with 1 ml of normal saline so-
lution. The washout is centrifuged, and the sample is an-
alyzed for Tg and anti-Tg antibodies using standard
laboratory assays. Studies of this technique in the evalu-
ation of lymph nodes in patients with thyroid cancer have
demonstrated a sensitivity and specificity approaching
100% (25, 26). While not specifically studied in bone me-
tastases, the value of the technique is probably similar.
Molecular profiling of primary and metastatic tumor sites
may help in the future to permit more accurate diagnosis,
prognosis, and personalized treatment regimens based on
molecular pathophysiology rather than histology (27).

In my institution, we recommend a bone biopsy for the
initial presentation of a suspected skeletal metastasis, even if
the patient is known to have thyroid cancer, because it is
possible for another tumor type to be present. Once a bone
biopsy has confirmed the origin of the tumor, I do not rec-
ommend biopsies of subsequent skeletal lesions except in
rare circumstances. It should be emphasized, however, that
the cytological and histological characteristics of bone me-
tastases from thyroid cancer might not be identical to those
of the original primary thyroid tumor. Bone lesions can pres-
ent special problems to the pathologist. It may be difficult to
precisely define the histological subtype of thyroid cancer
from a bone biopsy, and in these situations the significant
issue is determining the site of origin of the metastatic tumor.

Role and Efficacy of I-131 in Treating
Skeletal Metastases

The overall 10-yr survival rate for patients with well-dif-
ferentiated thyroid cancer is 80–95%. Once distant me-
tastases develop, 10-yr survival plummets to 40% (28–
30). Most of the published literature on survival of
patients with thyroid cancer and bone metastases is even
bleaker. Several studies have measured 10-yr survival of
these patients in the range of 0–34% (10, 11, 31–36). The
mean survival for patients with skeletal metastases is es-
timated at only 4 yr (33, 37). In these studies, nearly all
patients received radioiodine, and many also underwent
adjuvant therapy including surgical excision of bony
lesions, external beam radiotherapy, arterial emboliza-
tion, or chemotherapy. Although the burden of skeletal
metastases and their response to I-131 are associated
with survival, osteolytic metastases also significantly
reduce quality of life by causing pain, fractures, and
spinal cord compression (38).

There are no prospective, randomized, controlled clin-
ical trials of I-131 for the treatment of bone metastases
from well-differentiated thyroid cancer. Although limited

J Clin Endocrinol Metab, August 2011, 96(8):2296–2307 jcem.endojournals.org 2299



due to the nature of their study design, the best available
data on the efficacy of I-131 for therapy of bone metas-
tases come from retrospective studies. One retrospective
study analyzed 2200 patients with either papillary or fol-
licular thyroid carcinoma and identified 394 patients with
lung and/or skeletal metastases (11). A total of 201 pa-
tients had follicular thyroid cancer. Most patients were
treated with total thyroidectomy and 100 mCi I-131. One
third received external beam radiation treatment (EBRT)
to the neck after thyroidectomy. Patients who had radio-
iodine activity in the lung or bone on posttherapy imaging
received an additional 100 mCi I-131 3 months after the
initial ablative dose of I-131. The same I-131 treatment
regimen was given to patients with a detectable Tg while
on LT4 therapy or if the Tg was greater than 5 ng/ml
during LT4 withdrawal. Patients with radiographically
confirmed skeletal metastases also received 3000 rads of
EBRT to the affected region in association with I-131 ther-
apy. Those with I-131 uptake had an improved prognosis
compared with those whose I-131 scans were negative.
The risk of death was highest in those with multiple bone
metastases. Ten-year survival was 96% in those less than
40 yr old with normal chest x-rays and as low as 7% in
those more than 40 yr old with multiple skeletal metas-
tases. Ten-year survival for other patients was 63%. If
patients had a complete response to therapy, 5-yr survival
was 96%, 10-yr survival was 93%, and 15-yr survival was
89%. If patients had less than a complete response, sur-
vival was 37, 14, and 8%, respectively. The response to
I-131 therapy was significantly better the earlier disease
was detected and treated. Although prolonged survival
was not proven to be linked to I-131 therapy alone, those
patients who lived 15 yr or longer after the diagnosis of
bone metastases had all been treated with I-131 alone or
in combination with EBRT.

A subsequent report from the same institution investi-
gated survival among 444 patients with distant metastases
from well-differentiated thyroid cancer (9). Of those who
had radioiodine-avid disease, 20-yr survival was 33%,
compared with only 3% at 10 yr for those without radio-
iodine uptake. Patients with skeletal metastases had a
20-yr survival rate of only 8%. Overall survival was not
impacted by distant metastases discovered early or late in
the patient’s course of disease.

But some investigators have reported more successful re-
sults with I-131 in subgroups of patients with bone metas-
tases. A retrospective review of 107 patients with an initial
skeletal metastasis demonstrated significantly higher rates of
total or partial remissions in patients younger than 45 yr
(62.5%) compared with patients over 45 yr of age (49.5%)
(39). In younger patients with three or fewer bone lesions,
75% achieved complete remission, suggesting that I-131 can

be used with curative intent in specific situations. My insti-
tution has found 5-yr survival rates much higher than his-
torically reported (�78%) with a combination of I-131 and
other adjuvant treatment modalities (40).

The efficacy of I-131 in treating bone metastases may be
improved in situations where dosimetry is employed
rather than fixed doses of radioiodine. Dosimetry is the
calculation of the absorbed dose in tissue resulting from
the exposure to ionizing radiation. Several authors have
demonstrated that skeletal metastases treated under a do-
simetry protocol achieved greater reductions in tumor vol-
ume and Tg levels than a historical control group that was
treated with a fixed dose of radioiodine (41–44). Perhaps
equally important, dosimetry may identify lesions that do
not concentrate radioiodine to a degree that would allow
the delivery of a therapeutic radiation dose, thus distin-
guishing patients who may not benefit from I-131 therapy.

Efficacy of Bisphosphonates in the
Treatment of Bone Metastases

Bone metastases from follicular thyroid cancer, especially
those that are poorly differentiated, do not respond well to
I-131 and other traditional therapies for thyroid cancer.
Skeletal metastases from thyroid cancer obliterate bone
architecture through local osteolysis. Because bisphos-
phonates inhibit osteoclast activity, some investigators
have proposed using these agents to slow or prevent the
skeletal complications of bone metastases.

An early study of iv pamidronate (30 mg every 3 months
for 2 yr) given to patients on suppressive doses of LT4 for
thyroid cancer caused a suppression of bone resorption and
an increase in bone mineral density (45). Another protocol
enrolled 10 patients with bone metastases from thyroid can-
cer and administered iv pamidronate 90 mg every month for
1 yr (46). Patients who received pamidronate reported much
less bone pain by a visual analog scale, improved perfor-
mance status, and a beneficial impact on quality of life as-
sessment. Although only two of 10 patients demonstrated a
partial radiographic response topamidronate, theamountof
narcotic pain medication required by patients declined over
time,albeitbyastatistically insignificantamount.Sideeffects
from therapy, including fever, myalgias, and electrolyte ab-
normalities(typicallyhypocalcemia),weremildandshort-lived.

Because there are few studies specifically employing
bisphosphonates in the management of bone metastases
from thyroid cancer, endocrinologists have to rely on in-
vestigations of iv bisphosphonates in other types of ma-
lignancies to learn what their efficacy might be in thyroid
cancer patients with skeletal lesions (47). One study com-
pared 4 mg zoledronic acid given iv every 3–4 wk for 12
months to 90 mg of iv pamidronate given at the same
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frequency to breast cancer patients with at least one os-
teolytic lesion with skeletal-related events (SRE) as the
primary outcome. SRE were defined as pathological frac-
ture, spinal cord compression, radiation therapy, or sur-
gery to bone. Zoledronic acid significantly reduced the
risk of an SRE by 20% compared with 9% for pamidro-
nate. Zoledronic acid was also as effective as pamidronate
in reducing the proportion of patients with at least one
SRE (48 vs. 58%). In a post hoc, retrospective analysis of
patients with at least one osteolytic lesion, zoledronic acid
was more effective than pamidronate in delaying the time
to onset of an SRE (310 vs. 174 d).

Given the lack of comprehensive clinical trial data on the
efficacy of iv bisphosphonates for patients with bone metas-
tases from thyroid cancer, my personal approach has been to
treat patients twice yearly with 4 mg doses of zoledronic acid
for those without a pathological fracture. The optimal du-
rationof this therapy isunknown,but Ihaveadvisedpatients
tocontinuethis therapyadinfinitum.For thosewhosufferan
acute pathological fracture, I recommend administering 4
mg of zoledronic acid every 3 months for the first year and
then twice yearly going forward. Although these recommen-
dations differ somewhat from those with bone metastases
from other solid tumors, because patients with thyroid can-
cer may live many years even with osseous metastases, it
seems a reasonable compromise between the potential ad-
vantages iv bisphosphonates may offer and the potential ad-
verse effects that could be linked to long-term bisphospho-
nate use, specifically atypical femoral shaft fractures and
osteonecrosis of the jaw (ONJ).

Toxicity associated with bisphosphonates is generally
mild and infrequent, but there are important adverse reac-
tions that can occur (48, 49). Renal toxicity, usually due to
acute tubular necrosis and collapsing focal segmental glo-
merulosclerosis, is themainconcernwith ivbisphosphonates
and is directly related to dose and infusion time (more than
90 mg over less than 2 h with pamidronate, and more than
4 mg over less than 15 min with zoledronic acid) (50). Renal
failure is rare. Adequate supplementation with calcium and
vitamin D can prevent most cases of hypocalcemia. I follow
therecommendationsof the2011reportondietary reference
intakes for calcium and vitamin D from the Institute of Med-
icine (51). According to the new recommendations, total
daily intake of calcium (from diet and supplements) should
be1000–1200mg/d formostadults, and totaldaily intakeof
vitamin D (from diet and supplements) should be 600–800
U/d.For thosewhomeasure25-hydroxyvitaminDlevels, the
target range should be approximately 20–30 ng/ml. It is ad-
visable to monitor renal function and creatinine clearance
with every cycle of iv bisphosphonate.

Intravenous bisphosphonates can be associated with
the acute phase response characterized by fever, myalgias,

malaise, arthralgias, and bone pain in up to 30–35% of
patients receiving an initial dose (52). Acute phase re-
sponse is dose dependent and occurs mainly after the first
infusion of an iv bisphosphonate; it is rare in subsequent
infusions. Symptoms typically present within 24–36 h and
subside 2–3 d later. Although the symptoms are self-lim-
ited, they can be managed with antipyretics.

ONJ associated with iv bisphosphonates was first re-
ported in 2002. ONJ is defined as the presence of exposed
bone in the maxillofacial region that does not heal within 2
months after identification. Although the risk of ONJ in pa-
tients treated with bisphosphonates for osteoporosis is esti-
mated between 1/10,000 and 1/100,000 patient-years of
therapy, the risk of ONJ in cancer patients treated with high
doses of iv bisphosphonates is in the range of 1–10% of
patients (53,54).Risk factors forONJincludeheadandneck
radiotherapy, periodontal disease, dental procedures involv-
ing bone surgery, edentulous regions, and trauma from
poorly fitting dentures. Malignancy, chemotherapy, cortico-
steroids, and systemic infections are additional risk factors.
The more potent iv bisphosphonates such as zoledronic acid
and pamidronate and the longer the duration of treatment
are also risk factors for developing ONJ. The potential for
developing ONJ may be reduced by routine dental exami-
nations before initiating bisphosphonate treatment, post-
poning therapy until necessary dental treatment has been
performed, and stopping bisphosphonates for 3 months be-
fore and 3 months after elective invasive dental procedures.

Atypical fractures of the femoral diaphysis have been
reported in patients on long-term (3–8 yr) bisphospho-
nates (55). Atypical femoral fractures are rare, low-energy
fractures of either the subtrochanteric region of the hip or
the femoral shaft. Although these fractures have been re-
ported mostly in patients who have been treated with bi-
sphosphonates, atypical femoral fractures have occurred
in patients with no history of bisphosphonate use (56).
The American Society for Bone and Mineral Research task
force concluded that these fractures are quite rare but are
associated with long-term use of bisphosphonates beyond
3 yr, particularly in those concomitantly taking glucocor-
ticoids (57). In response, the U.S. Food and Drug Admin-
istration (FDA) issued updates to the Warnings and Pre-
cautions sections for all bisphosphonates indicated for the
treatment or prevention of osteoporosis to reflect the po-
tential association of bisphosphonates with femoral shaft
fractures. Additionally, the FDA issued a new Limitations
of Use statement highlighting the uncertainty surround-
ing the optimal duration of use for bisphosphonates in
the treatment and prevention of osteoporosis (http://
www.fda.gov/Drugs/DrugSafety/ucm229009.htm).

Bisphosphonates can also be used as vehicles for radio-
isotopes. Currently available bone-specific radioisotopes
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for therapy of bone metastases include 153Sm-EDTMP,
186Re-HEDP, and 89Sr chloride. These agents palliate pain
from skeletal metastases and have been proposed as alterna-
tives for patients with painful bone metastases who cannot
receive external beam radiotherapy. Although these agents
have not been evaluated in patients with thyroid cancer and
bone metastases, data from prostate and breast cancer stud-
ies suggest that pain from skeletal metastases is reduced in
40–95% of patients, and 59% do not develop new painful
metastasescomparedwith34%whoreceivedplacebo(58,59).

Role of Surgery in the Treatment of Bone
Metastases

Bone metastases can be treated surgically. Complete sur-
gical resection entails a surgical procedure that removes all
macroscopically identified bone tumor with pathological
confirmation. Palliative surgery partially removes bone
tumor or completely resects bone tumor but leaves resid-
ual tumor in other organs. In one study of 109 patients
with bone metastases from thyroid cancer (31), 22% un-
derwent complete surgical resection of their bony lesions.
Patients younger than 45 yr of age were more than 2.5
times as likely to have complete resection compared with
older patients; 55% had partial resection, whereas 23%
did not have any surgery for their bone lesions. Complete
resection of skeletal metastases was associated with a sig-
nificant improvement in survival.

Novel Modalities in the Treatment of
Bone Metastases

Percutaneous vertebroplasty and kyphoplasty are alter-
native modalities to surgical resection of bone metastases
in patients with pathological fractures. These procedures
involve injecting bone cement called polymethylmethac-
rylate into buckled vertebral bodies. Although few studies
of these techniques for thyroid cancer patients have been
published, these minimally invasive procedures have been
shown to reduce the pain and deformity associated with
metastatic vertebral body fractures (60, 61).

EBRT is one of the main therapeutic options available
to patients with skeletal metastases from thyroid cancer.
The objective of EBRT is to alleviate pain and neurological
complications of bone lesions. Data on the efficacy of
EBRT in the management of thyroid cancer and bone me-
tastases are lacking, but it is thought that 70% of patients
experience pain relief with palliative EBRT (62). Patients
will usually report improvement in symptoms within
48–72 h, but in some cases relief may be delayed by up to
1 month after radiotherapy. EBRT needs to be tailored to
the patient’s prognosis and life expectancy as well as the

anatomic site of the bone metastasis and the volume of dis-
ease to be treated. EBRT is usually employed after the sur-
gical treatment of pathological fractures or in cases of im-
pending fractures to improve the patient’s functional status.
Efforts are ongoing to determine whether EBRT in combi-
nation with other therapies such as vertebroplasty, kyphop-
lasty, and radiofrequency ablation may offer further advan-
tages to patients (63, 64). One study of combination
radiofrequencyandkyphoplasty in themanagementofpain-
ful osteolytic metastases to the spine found a significant re-
duction inpain score72hand6wkafter treatment (65). Side
effects of EBRT include skin erythema, dry desquamation,
and mucositis. Long-term sequelae include skin hyperpig-
mentation and esophageal and tracheal stenosis.

Newer radiation techniques such as conformal inten-
sity modulation radiotherapy (IMRT) can allow for more
precise delivery of radiation to sites outside of the thyroid
bed, preserving more of the normal surrounding tissue and
mitigating acute and late radiation toxicity (66). In those
with solitary bone metastases, 50 Gy is usually delivered
in several fractions over 1 month. In those patients receiv-
ing radiation therapy to the spinal cord, doses should be
limited to 40 Gy. A study of consecutive patients with
differentiated thyroid cancer who underwent EBRT (74
patients) or IMRT (57 patients) to a median dose of 60 Gy
for both groups showed similar rates of locoregional re-
lapse-free survival, disease-specific survival, and overall
survival at 4 yr of 79, 76, and 73%, respectively. IMRT did
not affect overall survival, but it was associated with sig-
nificantly less severe late radiation induced morbidity
(2%) compared with EBRT (12%) (67).

Radiofrequency ablation (RFA) is a minimally invasive
technique that has been used in adjuvant fashion to treat
metastatic thyroid cancer. RFA is thought to cause focal
coagulative necrosis of diseased tissue within the specific
region of applied therapy. RFA achieves a cytotoxic tem-
perature of at least 50 C within the targeted mass by caus-
ing local microbubbles to develop from the formation of
water vapor because the radiofrequency energy essentially
boils the targeted tissue. RFA has predominantly been
used to treat liver metastases of thyroid cancer, but RFA
has also been found to reduce pain from thyroid cancer
skeletal metastases (65, 68)

RFA has been studied in patients with thyroid cancer
with locally recurrent as well as isolated distant metastases
(69). In this study, 16 patients underwent RFA treatment
of biopsy-proven recurrent well-differentiated thyroid
cancer in the neck. Using ultrasound guidance, the elec-
trode tip temperature was maintained in the lesion at 90 C
for 2 min. Three patients underwent RFA for solitary bone
metastases. Of the three patients treated with RFA for
skeletal metastases, one presented 12 months later with
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persistent disease. This individual was retreated with RFA
and I-131, and the subsequent I-131 whole body scan was
negative for iodine-avid disease. A second patient had per-
sistent disease at the treated site and developed a new bone
metastasis. The third patient had no evidence for residual
disease on I-131 imaging through 53 months of follow-up,
and a biopsy at the previously treated bone metastasis site
was negative for malignancy. An additional two patients
were treated with a combination of RFA and osteoplasty
for skeletal metastases, noting pain relief in both patients
and a reduction in the strength and amount of analgesics
required to control their pain (70).

Although RFA can achieve resolution of solitary lymph
node metastases from thyroid cancer in some patients, the
data for its efficacy in treating bone metastases is less ro-
bust. RFA can be used to treat large areas of disease by
using a finely modulated energy source. However, RFA
may cause local tissue damage through thermal injury.
When used to treat cervical lymph node metastases,
hoarseness can occur due to injury to the recurrent laryn-
geal nerve. Skin burns from protrusion of the proximal
portion of the electrode tip through the skin can also oc-
cur. Local swelling and regional discomfort are nearly uni-
versal, but typically resolve within 2 wk. RFA should only
be performed by experienced individuals.

Cryotherapy is another technique for the treatment of
bone metastases from thyroid cancer. Previously, cryo-
therapy was performed by introducing liquid nitrogen
into the tumor site. Although this technique was modestly
successful, nitrogen emboli, bone fractures from local ne-
crosis of skeletal tissue, and damage to local neurovascular
structures could occur. In recent years, cryotherapy has
been performed using an argon-based system that allows
for the controlled formation of ice around the probe (71).
Local cell death occurs within 5 mm of the ice formed by
the metallic probe if the temperature achieved is less than
�40 C on two sequential cryotherapy cycles. One study
evaluated 14 patients with metastatic osteolytic disease
from various primary tumor types (71). None of the pa-
tients treated with cryotherapy suffered neurological in-
jury, and there were no pathological fractures. Although
the data for cryotherapy of skeletal lesions from thyroid
cancer are scant, this technique seems to be a valuable
addition to the therapeutic armamentarium for the man-
agement of bone metastases from thyroid cancer with the
potential of minimal risk to local surrounding structures.

Selective arterial embolization is an invasive procedure
that involves visualizing the feeding arteries of tumor me-
tastases that have been localized by cross-sectional imag-
ing studies such as CT or MRI. Once pathological vascular
patterns are recognized and the interventional radiologist
verifies that the target vessel supplies no vital structures,

particles of polyvinyl alcohol are injected. In patients
treated with I-131 with or without selective arterial em-
bolization of bone metastases, Tg levels decreased by 88.7%
intheembolizationgroupcomparedwith18.6%intheI-131
alone group (72). The procedure also offers immediate relief
of pain and neurological symptoms in 59% of patients with
bone metastases from thyroid cancer (73).

In addition to bisphosphonates, there are other agents
that target bone remodeling that could be used to prevent
and treat bone metastases. In particular, drugs that act on
the osteoprotegerin/receptor activator of nuclear factor-
�B/RANKL pathway may be particularly useful in man-
aging patients with osteolytic bone disease. Denosumab is
a recently FDA-approved human monoclonal antibody
that inhibits RANKL, thereby limiting osteoclast activity
and reducing bone resorption. Although studies of this
agent are lacking for thyroid cancer patients, in a phase II
trial, denosumab 120 mg sc every 4 wk was associated
with a significant reduction of SRE (8%), compared with
iv bisphosphonates (17%) in patients with bone metasta-
ses from prostate cancer, breast cancer, and other malig-
nancies (74). In a phase III trial comparing denosumab
with iv zoledronic acid in breast cancer patients with bone
metastases, denosumab 120 mg sc every 4 wk was found
to be superior to zoledronic acid 4 mg iv monthly (adjusted
for creatinine clearance) in delaying or preventing SRE
(75). As with bisphosphonates, there are no studies of
denosumab specifically addressing its use in patients with
thyroid cancer and bone metastases. In the absence of
compelling data, my personal recommendation is to use
denosumab 60 mg sc every 6 months in patients with bone
metastases from thyroid cancer. Other compounds in
early phase development include antagonists of TGF�,
endothelial receptors, and Dickkopf-related protein 1.

In many papillary thyroid cancers, activating muta-
tions have been discovered in genes (RET/PTC, RAS,
BRAF) involved in the MAPK pathway. In follicular thy-
roid cancer in particular, RAS and PPAR�-PAX8 are
thought to be the predominant mutations, although acti-
vation of the phosphatidyl 3-kinase pathway and overex-
pression of tyrosine kinase receptors (fibroblast growth
factor, epidermal growth factor, and hepatocyte growth
factor) and angiogenesis growth factors (vascular endo-
thelial growth factors) may also occur (27). In light of this
information, various kinase inhibitors are being studied in
patients with radioiodine refractory well-differentiated
thyroid cancer. Several phase I and II trials with mote-
sanib, sorafenib, axitinib, sunitinib, and pazopanib have
shown partial tumor response in 8–32% and stable dis-
ease in greater than 50% of patients with progressive dis-
ease at enrollment (27, 76–78). Clinicians should be
aware that all of the current clinical trials of targeted
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agents for thyroid cancer require patients to meet RECIST
(Response Evaluation Criteria in Solid Tumors) rules. Ac-
cording to RECIST version 1.1, lytic bone lesions with an
identifiable soft tissue component evaluated by CT or MRI
canbeconsideredasmeasurable lesions if thesoft tissuecom-
ponent meets the definition of measurability (accurately
measured in at least one dimension with a minimum size of
10mm).Blasticbone lesionsarenotmeasurable.Thespecific
value of these agents for bone metastases has not yet been
elucidated, but the general response of patients to these com-
pounds is encouraging.Toxicities fromthese therapiesarean
important limitation and include diarrhea, nausea, alopecia,
fatigue, hypertension, leukopenia, anemia, thrombocytope-
nia, and a painful, blistering skin toxicity called hand-foot
syndrome. Asymptomatic prolongation of the corrected QT
interval may occur and necessitates periodic monitoring of
the electrocardiogram and cardiac function.

Back to the Case

Several months after the patient’s I-131 therapy and gam-
ma-knife treatment of her clivus lesion, a PET scan showed
stable foci of activity in the spinal and pelvic metastases.
However, she did experience a pathological fracture of her
left humerus and received EBRT. Her Tg had declined to
34 ng/ml with a suppressed TSH on LT4. Subsequent to
the humeral fracture, she received iv zoledronic acid 4 mg
on a monthly basis for 2 yr. She did not receive EBRT to
her asymptomatic spine and pelvic metastases.

One year later, rh-TSH I-131 whole body scan showed
resolution of activity in the thyroid bed, resolution of ac-
tivity in the left humerus, stable uptake in the right anterior
chest wall, and stable lesions in the pelvis. Although her
stimulated Tg was 1681 ng/ml, her Tg was 31 ng/ml with
a suppressed TSH. Two years after her initial I-131 ther-
apy, her clivus lesion was significantly improved on MRI,
but her vertebral body metastases had worsening meta-
bolic activity on PET scan (standardized uptake value in-
creased from 3.6 to 5.7). Her Tg while on LT4 suppressive
therapy had risen to 38 ng/ml. MRI of the spine confirmed
that her spinal metastases had increased in size, and the
T11 lesion had progressed through the posterior cortex
and into the spinal canal. The patient was prepared for a
second I-131 treatment using a dosimetric approach. She
was given 235 mCi I-131, and her posttherapy scan (Fig.
2) showed tracer accumulation in the right anterior chest
wall, lower thoracic spine, lower lumbar spine, sacroiliac
regions, and the pelvis. There was additional activity in the
right upper lung field and left axilla. After I-131 treatment,
she received cyber knife therapy to her spinal metastases.

In recent years, her clinical course has been remarkably
stable. Her Tg has steadily declined over time, with the

most recent value 5.7 ng/ml with a suppressed TSH. Her
latest brain MRI has demonstrated stability in the size and
appearance of her clivus lesion. Her most recent spine MRI
showed the posterior aspect of T10, nearly the entire L4
vertebral body replaced with enhancing tissue, and ab-
normal soft tissue masses in the sacrum and posterior el-
ements of L1 consistent with metastatic disease. But there
was no spinal cord compression, and the abnormal find-
ings had been stable for 4 yr. Her latest PET-CT (Fig. 3,
A–C) showed interval improvement in the anterolateral
wall rib cage metastasis, stable uptake within the bony
metastases at T11, L4, and bilateral sacroiliac iliac joints,
and no other findings of active malignancy or metastases.

She has been receiving 4 mg iv zoledronic acid on an
annual basis. Readers will note that this patient received a
regimen of zoledronic acid different from my personal ap-
proach. For the first several years of her care, she was seen
and prescribed treatment by a different physician. Since
she came under my care, I advised continuing 4 mg iv
zoledronic acid twice yearly (as noted in my personal ap-
proach for those more than 1 yr removed from an acute
pathological fracture). However, due to patient preference
and her concerns about long-term toxicities of bisphos-
phonates, she has requested receiving iv zoledronic acid
only once yearly. She continues to undergo laboratory
evaluation several times per year and is scheduled for an-
nual imaging studies to evaluate her disease status. There
are no plans to administer I-131 unless there is evidence of
disease progression. Her only complications of therapy to
date include mild xerostomia and mild leukopenia.

ROIRETSOPROIRETNA

FIG. 2. Posttherapy I-131 whole body scan showing multiple focal
areas of radiotracer accumulation in the right anterolateral chest wall,
right upper lung field, left axilla, lower thoracic spine, lower lumbar
spine, sacroiliac region, and pelvis (arrows).
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Conclusions

Bone metastases are a relatively uncommon finding in pa-
tients with well-differentiated thyroid cancer. Compre-
hensive imaging studies such as whole body bone scan,
MRI, CT, and PET, in addition to I-131 whole body scan,
are indicated in these patients to fully evaluate the extent
of their disease and any improvement or progression in
response to therapy. Published studies demonstrate that
the presence of bone metastases clearly conveys a worse
prognosis for patients with thyroid cancer. Although ra-
dioactive iodine therapy remains the standard of care in
patients with iodine-avid tumor, its efficacy for bone me-
tastases may be limited. Patients with skeletal metastases
often require additional adjuvant therapy to alleviate
symptomatic disease, prolong survival, and in some cases
even render them free of disease. Surgery, EBRT, IMRT,
cryotherapy, RFA, vertebroplasty, embolization, mono-
clonal antibodies targeting RANKL, and bisphosphonates
are all important components of a comprehensive man-
agement strategy for patients with bone lesions. Tyrosine
kinase inhibitors and other drugs that target molecular

defects in thyroid cancer cells are now undergoing clinical
trials (and showing promise) in patients with progressive
disease who are unresponsive to radioiodine. A multidis-
ciplinary team of experts in thyroid cancer, including en-
docrinologists, surgeons, radiologists, pathologists, nu-
clear medicine physicians, and radiation oncologists may
provide patients with the wide-ranging approach to their
care that may ultimately lead to improved survival and a
better quality of life. With the application of newer ther-
apies beyond I-131 for those with bone metastases from
thyroid cancer, in conjunction with ongoing research into
novel targets for thyroid cancer treatment, patients may re-
alize a dramatic improvement in their long-term survival.
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