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Abstract Though the association between follicular car-

cinoma and bone metastasis is well established, the site-

wise distribution is not known. One hundred seventy-three

patients of follicular carcinoma presenting between 2003

and 2011 were selected from 1093 patients of follicular

lesions presenting at a single institution. Of these, 59 (34%)

with bone metastasis were included in the study. Fifty of

the 59 patients (84.7%) had metastasis at presentation,

while 9 developed bone metastasis during follow-up. Sixty-

one percent had solitary metastasis, 15 (25.4%) had mul-

tiple bone involvement, while 8 patients (13.6%) had

synchronous lung metastasis. Overall, the spine was the

commonest site of bone metastases, seen in 20 patients

(33.9%), followed by the pelvis, skull, long bones and

sternum. Bone metastasis is a known phenomenon in fol-

licular carcinoma. The spine is the commonest site fol-

lowed by the pelvis.

Keywords Adenocarcinoma � Follicular �
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Introduction

Differentiated thyroid cancers (DTC) account for over 90%

of follicular cell origin thyroid cancers. They are one of the

few cancers of the head neck region with excellent prog-

nosis with 10 year survival rates of up to 95% [1, 2]. The

impact of metastases on survival is well established with

50% reduction in survival rates in metastatic disease. This

is especially true for bone metastases, in which the 10 year

survival rate drops down further to 13–21% [3]. However,

compared to other malignancies with bone metastases, the

prognosis is still superior and hence warrants aggressive

treatment.

The association of bone metastases and follicular car-

cinoma is well documented [4]. However, there are no

studies which elaborate on the pattern of bone metastases.

Hence, we decided to undertake the present study to look

into the pattern of bone metastases and the bones which are

commonly afflicted by metastatic lesions.

Materials and Methods

One hundred and seventy-three patients of Follicular Car-

cinoma (FC) who presented for treatment at Tata Memorial

Hospital, Mumbai from January 2003 to December 2011

were selected. These cases were identified from a total of

1093 patients referred to our centre as Follicular lesions. A

review of the histology slides or blocks from the primary

and/or metastatic lesion was performed by the Department

of Pathology before commencing treatment, as a part of

institutional policy. A diagnosis of FC was established

when vascular and/or capsular invasion was confirmed

histologically. These included per primum patients who

presented for treatment at our centre, as well as patients
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who had undergone surgery elsewhere and were referred to

us for further management. Patients of other histological

subtypes including Follicular variant of Papillary carci-

noma thyroid often mistaken for follicular carcinoma, were

excluded from the study (Table 1).

Patient details, tumour and treatment related details

were retrieved by a retrospective review of patient files and

cases of FC with bone metastases were isolated. In the

absence of bone cytology or biopsies, Radioiodine uptake

on whole body scan (WBS) was taken as confirmatory

evidence of bone metastases. Of the 173 patients with

confirmed Follicular carcinoma, 59 (34%) patients had

bone metastases and formed the study population.

For the purpose of analysis, metastasis to the femur and

humerus were considered as metastasis to long bones, to

various skull bones as skull metastases, and to pelvic bones

as pelvic metastases. SPSS Version 16 was used for sta-

tistical analysis.

Results and Analysis

Two-third patients (n = 44, 75%) of were females, while

there were only 15 (25%) males in the study population,

suggesting a female predilection of the disease. The mean

age of patients was 58.4 ± 12.2 years (range 26–88 years).

The mean age of female patients was comparable to that of

males in the present study population 59 ± 11.5 versus

56.7 ± 14.4 years (p = 0.53).

There were 59 (34%) patients with bone metastases

among 173 cases of follicular carcinoma. Of these, 50

(84.7%) patients had metastases at presentation, while the

remaining 9 (15.3%) developed metastases during follow

up. A total of 78 metastatic lesions were observed in these

59 patients. On reviewing the pattern of metastases,

majority of patients i.e. 36 (61%) had solitary bony

metastases. Fifteen patients (25.4%) had involvement of

multiple bones, while 8 patients (13.6%) had multiorgan

involvement (Table 2).

The most common site of solitary metastasis was the

spine, involved in one-third of the patients (n = 12,

33.3%), followed by the skull in 9 patients (25%), and 6

patients each (16.7%) to the pelvis and long bones. There

were 3 patients (8.3%) with solitary metastasis in the

sternum (Table 3). In patients with simultaneous involve-

ment of multiple bones (n = 15), the spine and pelvis were

most frequently involved with 8 cases each, followed by 6

patients each with metastasis to the skull and spine. Four

patients had metastasis to the ribs, while only 2 patients

had sternal involvement (Table 4). All the 8 patients with

multiorgan metastases had synchronous pulmonary

metastases in addition to bone metastases.

On a review of all the bones affected, the spine was the

commonest site affected, with 20 cases (33.9%), followed

by the pelvis in 18 (30.5%), and skull in 16 (27.1%)

patients. The long bones were involved in 10 (16.9%)

patients, while the sternum and ribs were involved in 7

patients (11.9%) each (Table 5).

In the spine, the lumbar, cervical and dorsal vertebrae

were involved in 5 (25%), 4 (20%), and 4 (20%) patients

Table 1 Break-up of patients presenting with follicular lesions

(n = 1093)

Histology on review n %

Follicular carcinoma 173 15.8

Papillary carcinoma 140 12.8

Follicular variant papillary carcinoma 689 63.1

Poorly differentiated carcinoma 38 3.5

Follicular adenoma 53 4.8

Total 1093 100

Table 2 Pattern of bone metastases in follicular carcinoma (n = 59)

Pattern n %

Solitary 36 61

Multiple bones 15 25.4

Multi-site 8 13.6

Total 59 100

Table 3 Site-wise distribution of solitary metastases (n = 36)

Site n %

Spine 12 33.3

Skull 9 25

Pelvis 6 16.7

Long bones 6 16.7

Sternum 3 8.3

Total 36 100

Table 4 Site-wise distribution of 34 metastatic lesions in 15 patients

with multiple bone involvement (n = 34)

Site n %

Spine 8 23.5

Pelvis 8 23.5

Skull 6 17.6

Long bones 6 17.6

Ribs 4 11.9

Sternum 2 5.9

Total 34 100
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respectively. The ilium was the commonest bone of the

pelvis to be affected with 7 patients (38.9%) of pelvic

metastases present in the ilium. This was followed by the

sacrum and acetabulum in 6 (33.3%) and 5 (27.8%)

patients respectively. Among the long bones, 60% (6

patients) of the metastases were to the femur, while 4 of the

10 patients (40%) had metastases to the humerus. In the

femur, the head was more often affected than the lower

end, with 5 of the 6 cases (83.3%) harboring metastases in

the head of femur.

Discussion

Differentiated thyroid cancers (DTC) encompass over 90%

of follicular cell derived thyroid cancers (FCDTC), and

comprise of the two most commonly encountered variants

of thyroid cancer viz. Papillary carcinoma (70–75%) and

Follicular carcinoma (15–20%). Hurthle cell carcinoma

(2%) and anaplastic carcinoma (\5%) are also of follicular

cell origin, but are poorly differentiated and undifferenti-

ated variants respectively. Other histologies include

Medullary carcinoma (5–10%) derived from parafollicular

C cells, and others such as lymphomas and sarcoma which

are rarely encountered [1, 5].

Follicular carcinoma is often confused with other

malignancies of follicular cell origin such as papillary

carcinoma, and especially so follicular variant of papillary

carcinoma. It is important to differentiate between these

various entities as each has a different clinical profile,

pathogenesis, and hence different management and prog-

nosis. In the present study too, of the 1093 patients referred

to us as follicular lesions, only 15.8% had true follicular

carcinoma on histological review. Of the rest, majority of

the lesions i.e. 63.1% had follicular variant of papillary

carcinoma, 12.8% were conventional papillary carcinoma,

while 3.5% were poorly differentiated carcinoma. The

remaining 4.8% were miscellaneous lesions including fol-

licular adenoma and medullary carcinoma (Table 1).

A recent increase in the number of cases of DTC has

been well documented. This could either be attributed to an

increase in the incidence of thyroid cancer, or more accu-

rately reflect an increase in the diagnosis due to higher

awareness and improved diagnostics. Despite this, DTC is

one of the few malignancies of the head and neck with an

excellent prognosis as shown by a cause specific survival

(CSS) of up to 90% [2, 6]. This however drops dramati-

cally by around 50% in the presence of distant metastases

to around 40%.

Pathogenesis of Bone Metastasis

The hallmark of follicular carcinoma and indeed one of the

criteria differentiating it from follicular adenoma is the

presence of capsular and/or vascular invasion [7]. Micro-

scopically, for vascular invasion to be present, the vessel

should be in, or immediately outside the capsule, and not

located within the tumour. In addition, one or more tumour

emboli should be adherent to the vessel wall and protruding

into the lumen. This is the reason why hematogenous

metastases are much more common than lymphatic

metastasis in follicular carcinoma (40 vs. 10%) [7–9].

Prognostically, bone metastases are common in extensive

vascular invasion involving more than 4 vessels. In mini-

mal vascular invasion bone metastasis is seen in less than

5%, while less than 1% patients exhibit bone metastases

with only minimal capsular invasion [10].

Hematogenous metastases are explained by Paget-s seed

and soil theory. As per this hypothesis, migratory tumour

cells will develop into metastases only in the presence of a

conducive microenvironment with which they are able to

exchange biological information [11, 12]. Various growth

factors such as transforming growth factor (TGF), insulin-

like growth factor -I and -II (ILGF), fibroblast growth

factor (FGF), platelet-derived growth factors (PDGF), and

calcium (Ca) are stored with the bone. These, along with

tumour cell adhesive molecules (TCAM) help in binding

the circulating tumour cells (seed) to the bone (soil). This

contributes to the ability of the cancerous cells to not only

survive, but to also proliferate by releasing angiogenic and

bone resorbing factors (Fig. 1). This results in metastases

manifesting as osteolytic lesions with secondary bone

formation in response to bone destruction.

Clinical Presentation and Prognosis

Distant metastases in DTC has been reported anywhere

from 10 to 20% in various studies [4, 13, 14]. The most

common site of hematogenous metastases from DTC is to

the lungs (49%). Twenty-five percent of metastases are to

bone, 15% have synchronous metastasis to the lungs and

bone, and 11% to soft tissues [11, 15]. Bone metastases in

DTC are thrice as common in Follicular carcinoma

(7–28%) versus Papillary carcinoma (1–7%) [4, 16]. In our

Table 5 Overall site-wise distribution of bone metastases among 59

patients (n = 59)

Site of metastasis n %

Spine 20 33.9

Pelvis 18 30.5

Skull 16 27.1

Long bones 10 16.9

Sternum 7 11.9

Ribs 7 11.9
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study, 34% of patients with Follicular carcinoma had bone

metastases, while 8 patients (13.6%) had synchronous

metastases to the lungs and bone. Although the overall

incidence of bone metastases in DTC accounts for just

2–13% of patients, metastasis to this subsite is extremely

significant as the 10 year CSS reduces by a further 50% to

13–21% [1, 11].

Distant metastases at presentation have been reported in

3–15% of patients by various authors [5, 13, 17]. The

prognosis of this cohort of patients is undoubtedly worse

than those who develop bone metastases later on follow-up

[18]. In the present study, of the 59 patients with bone

metastases, nearly 85% had metastases at the time of pre-

sentation, while 9 (15.3%) developed metastases during

follow up. This could be since being a tertiary care hos-

pital, many patients with advanced disease are referred to

us for further management.

Other factors associated with poor prognosis in DTC

include (i) age in males[40 years, females[50 years Lin

1 (ii) poor differentiation (iii) follicular carcinoma (iv)

Hurthle cell variant (v) iodine avidity (vi) incomplete local

control (vii) extrapulmonary distant metastases [5, 10].

The survival in DTC is directly related to the presence

of bone metastases, with a 10 year overall survival rate of

just 25% as compared to pulmonary metastases with a

10 year overall survival of 63% [16]. This is probably since

bone metastases are not very radioactive iodine (RAI)

responsive, from which we can infer that they are less

differentiated, and hence more aggressive. In fact, the

median life expectancy of undifferentiated anaplastic car-

cinoma is just 4–12 months [4, 5, 19]. Nixon et al. studied

the impact of distant metastases at presentation on the

prognosis of 52 patients with DTC and found the results to

be closely associated with RAI avidity. The 5 year DSS in

RAI avid metastases was 77%, which dropped to 66% in

non-RAI avid metastases [13]. Besides an absence of RAI

uptake, other adverse prognostic factors in metastatic DTC

are multiplicity and a higher age at the time of diagnosis

[1].

The axial skeleton is the site for bone metastases in over

80% of cases owing to the high blood flow [11]. In the

present study too, 54 of the 78 metastatic lesions were

present in the axial skeleton with involvement of the spine,

skull, and pelvis in 20 (33.9%), 16 (27.1%) and 18 (30.5%)

respectively. Metastases to the spine may cause pain,

pathological fractures and spinal cord compression result-

ing in an overall deterioration of quality of life [20]. In fact,

pathological fractures with or without signs of compression

are often the presenting complaints in patients of follicular

carcinoma. The other common bones to be involved are the

long bones such as femur, and flat bones including pelvis

[21]. The long bones were involved in 10 (16.9%) patients

in our study. Among these, the femur harbored metastases

in 6 (60%) and humerus in the remaining 4 (40%). In the

femur, there was almost exclusive involvement of the head,

seen in 5 of the 6 patients (83.3%), This has not been

documented in any of the previous studies.

Conclusions

1. Metastatic thyroid disease is an indicator of aggres-

sive advanced disease and poor prognosis, with 50%

reduction in survival rates. This is especially true for

TGF
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Fig. 1 Figure illustrating the

pathogenesis of bone metastases
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bone metastases. Compared to other variants of Fol-

licular cell derived thyroid cancer, bone metastases

are commonly associated with follicular carcinoma.

In the present study, we observed a high rate of bone

metastases of 34%.

2. Being a tertiary referral centre, most of the patients in

the present series (84.7%) had metastases at presen-

tation. This is a known poor prognostic factor. Sixty-

one percent of patients had solitary bone metastases,

most often to the spine (33.3%). Multiple bones were

affected in 25.4% patients, while 13.6% had syn-

chronous lung metastases.

3. The spine was the commonest site of metastases, seen

in 20 (33.9%) patients affecting lumbar, cervical and

dorsal vertebrae. The second most often affected site

was the pelvis in 30.5%, with metastases to the ilium,

sacrum and acetabulum in 39, 33 and 28% respec-

tively, followed by skull metastases in 27%.

4. Among the patients with long bone metastases (17%),

the femur was affected in 60%, while the humerus

was involved in 40%. In the femur, the head was

almost exclusively the site of metastases. The sternum

was involved in 12%.
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