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Introduction

Differentiated thyroid carcinoma (DTC) accounts for 
approximately 85–90% of all thyroid cancers (1,2). DTC 
patients usually have good prognosis with a 10-year survival 
rate over 85–90% if appropriate treatment is given (3); 
however, a few DTC patients will suffer from recurrence and 

metastatic disease. Bone is the second most-common site 
of distant metastasis for thyroid cancer after the lung (3,4).  
131I therapy is effective for most DTC patients with lung 
metastases, and these patients can survive for a long time 
after 131I treatment. Nevertheless, DTC bone metastases 
(BM) can cause serious complications, with the survival 
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rate and the quality of life decreasing significantly (3,5-7). 
Moreover, there is currently no standardized therapeutic 
regimen for patients with DTC BM. In particular, there 
is controversy regarding the efficacy of 131I therapy, local 
external beam radiotherapy (EBRT) and local surgery for 
BM lesions. In order to explore the effective treatment 
models for patients with DTC BM and their prognostic 
factors, the clinicopathological characteristics, treatment 
and follow-up data of all patients with DTC BM who 
received treatment in the Third Affiliated Hospital of 
Kunming Medical University between November 1, 1993 
and December 31, 2016 were analyzed retrospectively.

Methods

Patients studied

This study was approved by the Ethics Committee of the 
Third Affiliated Hospital of Kunming Medical University, 
and informed consent was obtained from all the participants 
or their guardians before enrolment. The criteria used for 
the diagnosis of BM from DTC included the following: 
(I) previous or synchronous history of well- DTC; (II) 
undergoing standard surgical treatment for local and 
regional tumors; and (III) at least one lesion within any 
bone diagnosed by histological or imaging confirmation as 
being BM. The exclusion criteria were the following: (I) 
the original DTC (including primary tumor or metastatic 

lesion) transformed into undifferentiated thyroid carcinoma; 
and (II) the DTC patients did not undergo standard 
surgical treatment for local and regional tumors or received 
chemotherapy or radiotherapy or 131I for any reason. 
Patients with inadequate thyroid-stimulating hormone 
(TSH) suppressive therapy were not excluded. Among the 
77 patients diagnosed with DTC BM between November 1, 
1993 and December 31, 2016, 60 patients met the selection 
criteria and enrolled, while the remaining 17 patients were 
excluded because of other primary cancers or improper 
treatment for local or regional tumors. Overall, 27 patients 
were male and 33 were female, with a male-to-female ratio 
of 1:1.2. When BM was diagnosed, 50 patients were 45 or 
older, 10 patients were <45 years old, and the median age at 
diagnosis of BM was 58 years old. The time interval from 
diagnosis of DTC to diagnosis of BM was 0–360 months, 
with a median interval of 34 months; BM was diagnosed 
simultaneously in 26 patients with primary thyroid 
carcinoma. The level of TSH was higher than the upper 
limit of the normal range in 5 cases, less than the lower 
limit of the normal range in 24 cases, and within the normal 
range in 31 cases. Twenty-nine patients with BM were from 
papillary thyroid carcinoma (PTC) and 31 patients were 
from follicular thyroid carcinoma (FTC). There were 146 
BM in these 60 patients; solitary and multiple BM occurred 
in 23 cases and 37 cases, respectively, with an average of 
2.43 BM per patient. BM lesions were localized in the skull 
(14 cases), collarbone (5 cases), sternum (15 cases), ribs 
(25 cases), cervical vertebrae (14 cases), thoracic vertebrae 
(21 cases), lumbar vertebrae (16 cases), scapula (9 cases), 
humerus (7 cases), femur (5 cases) and pelvic bone (15 cases).  
The BM site distribution is shown in Figure 1. There were 
29 cases of simple BM, and 24 cases were complicated with 
one organ metastasis (pulmonary); 7 cases were complicated 
with multiple organ metastasis (2 cases with lung and liver, 
and 4 cases with lung and brain, 1 case with liver and brain). 
Thirty-five cases suffered skeletal-related events (SREs), 
specifically, bone metastatic pain, spinal cord compression 
and pathological fracture occurred in 33, 7 and 3 patients, 
respectively.

Treatment received

Due to the advanced disease, the individualized treatment 
strategy is determined by the primary physician according 
to the patients’ disease, general condition, and their 
expectations for life span and quality of life. Fifteen patients 
received only support or palliative treatment due either 

Figure 1 Site distribution of DTC bone metastatic lesions. DTC, 
differentiated thyroid carcinoma.
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to the advanced stage of their tumor or to the presence 
of other medical problems. At least one of the following 
treatment modalities, including surgery, radiotherapy, 
chemotherapy or 131I was given to the 45 patients with DTC 
BM. Surgical resection alone was performed in 5 patients,  
radiotherapy was performed alone in 7 patients, and 131I had 
performed alone in 9 patients. Twenty-four patients received 
combined treatment: surgery combined with radiotherapy, 
n=2; surgery combined with 131I, n=9; radiotherapy 
combined with chemotherapy, n=5; radiotherapy combined 
with 131I, n=6; radiotherapy combined with chemotherapy 
and 131I, n=2. Overall, sixteen patients underwent surgical 
resection for BM lesions; 22 patients received BM lesion 
radiotherapy (dose: 30–60 Gy, median dose: 40 Gy). 
Seven patients (except for BM, 3 cases with lung, and 
3 cases with lung and brain, 1 case with lung and liver 
metastasis) received chemotherapy (2 cases of cisplatin + 
5-fluorouracil + doxorubicin, 5 cases of paclitaxel + cisplatin 
or carboplatin; the number of chemotherapy courses ranged 
from 1 to 6, with a median duration of chemotherapy of  
2 courses). Twenty-six patients received 131I therapy (dose: 
600–1,200 mCi, median dose: 800 mCi).

Follow-up and statistical analysis

Follow-up was completed by the patient returning to the 
hospital at an undefined time or by a phone call from the 
Medical Records Room. Up to April 2018, 34 patients died of 
tumor progression, and two missing patients were calculated 
according to death. All the data were analyzed using SPSS 
22.0 software. Survival curves were generated using the 
Kaplan-Meier method, and the log-rank test was used for 
univariate analysis. For multivariate survival analysis, we used 
a Cox proportional hazards model, and probabilities of less 
than 0.05 were accepted as significantly different.

Results

Univariate analysis for patients with DTC BM

The univariate analysis showed that the prognoses for 
patients with simultaneous BM diagnosis were worse than 
those for patients diagnosed with BM after DTC treatment 
[5-year overall survival (OS): 27.4% vs. 64.0%, respectively, 
P=0.016; Figure 2A], and patients aged ≥45 years old 
at diagnosis with BM had worse prognoses than did 
patients aged <45 years old (5-year OS: 29.2% vs. 72.9%, 
respectively, P=0.031; Figure 2B). This finding was similar to 

the situation of primary-DTC. We also found that the DTC 
BM patients complicated with another two or more types 
of organ metastases had worse prognoses than did patients 
complicated by less than two types of organ metastasis  
(5-year OS: 14.3% vs. 59.1%, P=0.003; Figure 2C). There 
were no significant differences in survival in terms of patient 
gender, pathological type, associated SREs or number 
of bone metastatic lesions (Figure 2D); nevertheless, we 
found that the prognoses of patients with cervical vertebra 
metastases were worse than those without cervical vertebra 
metastases (Figure 2E). It is well known that TSH levels 
should be kept <0.1 mIU/L in subjects with metastasis or 
high-risk subjects according to the ATA 2009 and 2015 
guidelines. In theory, the TSH level for DTC BM patients 
should be kept below that level, however, few patients in the 
present study are able to control this level because of poor 
adherence to treatments, heart diseases or other diseases. 
In the present study, just four patients whose TSH levels 
were controlled below 0.1 mIU/L. Thus, patients were 
divided into three groups based on TSH level (< lower limit 
of normal, within normal, and > upper limit of normal). 
We found that TSH levels in patients with DTC BM 
were negatively related to prognosis. Patients with TSH 
levels not exceeding the upper limit of normal had better 
prognoses than did patients with TSH levels exceeding the 
upper limit of normal (P=0.017; Figure 2F). This suggested 
that TSH suppressive therapy remains very important for 
improving the prognosis of patients with DTC BM. The 
univariate analysis also indicated that patients undergoing 
surgical treatment for BM lesions (P=0.002; Figure 3A) and 
131I therapy had better prognoses (P=0.001; Figure 3B). In 
particular, patients who received 131I combined with surgery 
had the best prognosis compared with all other treatment 
modes (5-year OS: 83.3% vs. 44.7%, respectively, P=0.033; 
Figure 3C). The univariate analysis showed that DTC BM 
patients receiving chemotherapy had worse prognoses than 
did those not receiving chemotherapy (5-year OS: 0% vs. 
59.1%, respectively, P=0.001; Figure 3D). Nevertheless, there 
were no significant differences in survival between patients 
receiving or not receiving radiotherapy. The influence of 
various clinical characteristics and treatment methods on 
prognosis of 60 patients with DTC BM is shown in Table 1.

Multivariate analysis for patients with DTC BM

Seven factors were brought into the Cox regression model 
for multivariate analysis, including patient gender, age at 
diagnosis with BM, TSH level, surgical treatment for the 
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Figure 2 Effect of different clinical characteristics on survival curve in 60 patients with DTC BM. (A) Effect of time for diagnosis of BM on 
survival curve (P=0.016); (B) effect of age diagnosed as BM on survival curve (P=0.031); (C) effect of multiple organ metastasis on survival 
curve (P=0.003); (D) effect of number of BM on survival curve (P=0.186); (E) effect of cervical spine metastasis on survival curve (P=0.011); 
(F) effect of TSH level on survival curve (P=0.017). DTC, differentiated thyroid carcinoma; BM, bone metastases; TSH, thyroid-stimulating 
hormone.
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BM lesion, chemotherapy or 131I therapy and presence of 
cervical vertebrae metastases. The results revealed that the 
age less than 45 years at diagnosis with BM, undergoing 
surgery for the BM lesion, and not receiving chemotherapy 
were independent factors of favorable prognosis for patients 
with DTC BM (Table 2).

Discussion

Treatment for patients with DTC BM

The prognosis of DTC patients is relatively good after 
receiving appropriate treatment, depending on the 

individual situation. Nevertheless, patients with DTC BM 
generally have worse prognoses (3,5-7). Early diagnosis and 
prompt and effective treatment have important influences 
on prognosis. Treatments for patients with DTC BM 
include 131I therapy, surgical resection, local EBRT, systemic 
bisphosphonate therapy and molecular targeting therapy, as 
well as TSH-suppressive therapy (8-10). Even with so many 
therapeutic measures, the 10-year survival rate remains 
low, and the efficacy of the abovementioned therapeutic 
measures remains controversial.

It is generally believed that the efficacy of 131I in treating 
DTC BM depends on the iodine absorption rate of bone 
metastatic lesions (7). Clinical studies have shown that 131I 

Figure 3 Effect of different treatment mode on survival curve in 60 patients with DTC BM. (A) Effect of bone metastatic lesions surgery 
on survival curve (P=0.002); (B) effect of 131I therapy on survival curve (P=0.001); (C) effect of surgery combined with 131I therapy on survival 
curve (P=0.033); (D) effect of chemotherapy on survival curve (P=0.001). DTC, differentiated thyroid carcinoma; BM, bone metastases; 
chemo, chemotherapy.
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Table 1 Influence of different clinical characteristics and treatment methods on prognosis of 60 patients with DTC BM

Items Case number Death number 5-year OS (%) 10-year OS (%) χ2 P value

Sex 0.02 0.966

Male 27 15 51.8 17.5

Female 33 19 50.8 16.9

Age at diagnosis 4.63 0.031

<45 years old 10 5 72.9 43.0

≥45 years old 50 29 29.2 15.9

TSH level 8.18 0.017

< lower limit of normal 24 15 60.2 18.5

Within normal 31 14 57.7 24.7

> upper limit of normal 5 5 20.0 0

Quantities of BM lesions 1.74 0.186

Single 23 10 65.3 22.3

Multiple 37 24 40.0 13.3

Cervical vertebra metastasis 6.39 0.011

With 14 9 21.2 10.6

Without 46 25 60.0 18.6

Number of multiple organ metastases 8.91 0.003

≥3 7 7 14.3 0

<3 53 27 59.1 20.9

SREs 0.07 0.794

Yes 35 21 44.9 15.0

No 25 13 61.0 21.1

Pathological type 1.15 0.285

Papillary 29 16 33.4 17.2

Follicular 31 18 61.5 17.1

Time for diagnosis of BM 5.79 0.016

Asynchrony 34 16 64.0 29.5

Simultaneous 26 18 27.4 5.9

Surgery 9.49 0.002

With 16 4 77.8 64.8

Without 44 30 45.1 6.9

131I therapy 10.43 0.001

With 26 12 73.1 24.7

Without 34 22 32.2 10.7

Table 1 (continued)
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effectively relieves bone pain, reduces serum thyroglobulin 
(Tg) levels, and reduces or stabilizes bone metastatic focus. 
Furthermore, its curative effect is better than that of routine 
EBRT or chemotherapy (7). A retrospective clinical study 
found that of 106 patients with DTC BM who received 
131I treatment, 37 (34.9%) had significantly lower serum 
Tg levels, and 56 (52.8%) had stable serum Tg. Of the  
61 patients with metastatic bone pain, 39 had a significant 
remission of bone pain. The overall 5- and 10-year survival 
rates in that study were 86.5% and 57.9%, respectively (7).  
Petrich et al. (5) studied 107 patients with DTC BM and 
found that 131I therapy produced long-term remission 
(24%) or partial remission (27%) in a large proportion of 
patients with DTC initial BM. They recommended that 
patients with less than three bone metastatic lesions should 
be treated with high-dose radioiodine with the intention 
of achieving complete remission. However, Schlumberger 
et al. (11) suggested that DTC BM are generally resistant 

to 131I therapy. Most of the patients with BM are very old, 
131I uptake is poor and the effectiveness of treatment is very 
low (7%); therefore, the authors thought 131I should not be 
recommended to treat DTC BM (12). In the present study, 
we found that the median age for diagnosis of DTC BM was 
58 years. Twenty-six patients who received 131I had better 
5-year survival rates than did the 34 patients who did not 
receive 131I therapy (nineteen patients refused indeterminate 
131I treatment because of poor iodine absorption of bone 
metastatic lesion before treatment). This result is consistent 
with that of Qiu et al. (7); they found that 131I therapy was 
an effective measure for patients with DTC BM, but it 
was necessary to confirm the iodine absorption of bone 
metastatic lesion before treatment.

Surgery is considered the preferred treatment for 
DTC BM (9). Bernier et al. (13) retrospectively analyzed  
109 patients with DTC BM and found that the average survival 
time was 6.2 years for patients undergoing complete resection 

Table 2 Multivariate analysis of Cox regression model in 60 patients with DTC BM

Variables B SE Wald Sig. Exp(B)
95% CI for Exp(B)

Lower Upper

Age <45 years old –1.845 0.591 9.731 0.002 0.158 0.050 0.504

Chemotherapy 1.045 0.514 4.137 0.042 2.843 1.039 7.780

Surgery for BM lesions –2.308 0.671 11.842 0.001 0.099 0.027 0.370

DTC, differentiated thyroid carcinoma; BM, bone metastases; B, beta; SE, standard error; Sig., significance; 95% CI, 95% confidence 
interval.

Table 1 (continued)

Items Case number Death number 5-year OS (%) 10-year OS (%) χ2 P value

Chemotherapy 10.84 0.001

With 7 6 0 0

Without 53 28 59.1 19.8

Radiotherapy 0.741 0.389

With 22 14 56.6 14.2

Without 38 20 43.1 21.9

Treatment mode 4.56 0.033

Surgery combined with 131I 9 2 83.3 62.5

Other treatment modes 51 32 44.7 12.8

DTC, differentiated thyroid carcinoma; BM, bone metastases; OS, overall survival; TSH, thyroid-stimulating hormone; SRE, skeletal-related 
event.
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of bone metastatic lesions (24 patients), 4.2 years for patients 
undergoing partial excision (60 patients) and 2.5 years for the 
patients not undergoing any surgical treatment, respectively 
(P<0.05). Our study found that surgical resection of BM 
lesions was beneficial for prognosis, and multivariate 
analysis also showed that surgery was an independent 
prognostic factor; the hazard ratio as to whether or not to 
perform surgery was 0.099 (range, 0.027–0.370), suggesting 
that surgery significantly reduced the death rate up to 10.1 
(2.7–37.0) times. Surgical management of bone metastatic 
lesions not only removes metastatic lesions but also relieves 
nerve compression and local pain. Nevertheless, Quan  
et al. (14) suggested that surgery should be performed 
only on patients with spinal cord compression, intractable 
pain with neurological symptoms or cervical instability. 
They also stressed that surgery might produce surgical 
complications and may affect daily activities in DTC 
patients with cervical vertebra metastases. Therefore, it 
is necessary to take full account of the effectiveness and 
adverse consequences of surgery when planning surgical 
intervention for patients with DTC BM. The present 
study also found that, for patients with DTC BM, surgical 
treatment of BM combined with 131I therapy achieved 
better results than any other treatment modalities. Surgical 
treatment of BM combined with 131I therapy was shown to 
be a priority treatment for DTC BM in the present study.

EBRT may be a good choice when 131I is ineffective; 
it can control disease progression rapidly and reduce 
metastatic lesion pain (15). Kotecha et al. (16) reported that 
gamma knife therapy was an effective tool for skull or base 
metastasis of DTC. Proye et al. (17) retrospectively analyzed 
28 cases of DTC BM treated with EBRT and found that  
23 patients (82%) with metastatic tumors were controlled 
well. However, our study found that patients who received 
EBRT had better prognoses than did those not receive 
EBRT, although the difference was not significant. Similarly, 
Bernier et al. (13) compared the prognoses of patients 
receiving radiotherapy (39 patients) with those of patients 
not receiving radiotherapy (70 patients) and found that 
the difference of median survival times was not significant 
between the two groups (4.3 vs. 3.8 years, P>0.05). 
Frassica et al. (18) stated that the objective of EBRT was 
to alleviate pain and neurological complications of bone 
lesions but not to improve prognosis. More accurate and 
reliable data on the efficacy of EBRT in the management 
of DTC BM are lacking; however, it is believed that 70% 
of patients experience pain relief with palliative EBRT (18). 

Therefore, whether EBRT is effective at improving the 
OS for patients with DTC BM remains to be confirmed by 
further prospective clinical studies.

Vertebrae are the most common metastatic sites for 
patients with DTC BM (19), occurring in 34.9% in the 
present study. We found that prognosis for patients with 
cervical vertebral metastases was worse than for those 
without cervical vertebral metastases. This finding may be 
due to the unique anatomical structure and junction of the 
cervical vertebrae, making the operation very difficult (20). 
Moreover, it is not known whether the higher position of 
the cervical spine metastasis reduces the quality of life of 
the patients. Univariate analysis in this study showed that 
the prognoses of patients with DTC BM were further 
aggravated by chemotherapy, and multivariate analysis 
showed that chemotherapy was a poor independent 
risk factor, suggesting that DTC BM is insensitive to 
chemotherapy and that chemotherapy introduces severe 
side-effects, as in primary DTC disease. Similarly, no 
similar study proved that chemotherapy improved the 
prognoses for patients with DTC BM (21,22). Univariate 
analysis in the present study also showed that controlling 
TSH could significantly improve prognosis in patients with 
DTC BM (P=0.017); this is consistent with the results form  
Hovens (23) and Orita et al. (24). Additionally, in the present 
study, few patients received ideal effect of TSH suppressive 
therapy, we are not sure whether it is one of reasons which 
caused BM in these patients. These results suggest that 
thyroid functions should be monitored regularly in these 
patients.

In addition to the treatment described above, Orita 
et al. (24,25) retrospectively studied 22 patients with 
DTC BM who underwent zoledronic acid therapy and 
performed a subsequent prospective study suggesting that 
zoledronic acid was a safe, well-tolerated and effective 
treatment for palliation in DTC BM patients. No patients 
were treated with zoledronic acid in the present study; 
therefore, we cannot evaluate its efficacy. Radiofrequency  
ablation (26) reduced pain from thyroid cancer with BM, 
and cryotherapy (27) is another technique for the treatment 
of BM from thyroid cancer; nevertheless, their effectiveness 
is controversial and requires further study.

Other factors influencing the prognosis of DTC BM

Age of onset is one of the most important factors 
affecting prognosis in DTC patients. This result was 
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the same for DTC patients with distant metastasis (28). 
The univariate analysis in the present study showed that 
prognosis for patients <45 years of age at diagnosis of DTC 
BM was significantly better than that for patients ≥45 years 
of age; the 5-year survival rates of the two groups were 
72.9% and 29.2%, respectively, and the 10-year survival 
rates were 43.0% and 15.9%, respectively. Multivariate 
analysis also showed that age was an independent prognostic 
factor. It has been reported in some studies that the number 
of BM lesions influenced prognosis (29,30). However, our 
results and the study of Do et al. (31) did not confirm this 
finding. The follow-up data in the present study showed 
that DTC BM often results in severe SREs, including 
pain, spinal cord compression, pathological fractures and 
hypercalcemia. Pittas et al. (32) reported that SREs did 
not affect survival rates, consistent with the results of the 
present study.

As everyone knows, a prospective clinical trial in which 
subjects are matched with similar tumor characteristics and 
randomized to receive EBRT, surgery, 131I, chemotherapy or 
combinations, which helps to avoid grouping bias and leads 
to an accurate conclusion. However, because of the very low 
incidence and a relatively long expectation of survival for 
the patients with DTC BM, it is difficult to accumulate a 
large sample with a long-term follow-up. We recognize that 
there are several limitations with our retrospective study, 
including incomplete documentation and problematic 
verification of information. Also, the number of the patients 
was not sufficiently large and some patients received 
inappropriate chemotherapy. Despite these limitations, 
we found that the age at diagnosis of BM and TSH level 
significantly affected prognosis in patients with DTC BM, 
proving again from the opposite side that DTC remains 
insensitive to chemotherapy, even invasive DTC cells 
metastasize to bone and other organs. It may be useful for 
making reasonable therapeutic decisions when clinicians are 
faced with choosing the treatment model.

Conclusions

In conclusion, this study suggested that once BM occur in 
patients with DTC, the treatment becomes more difficult 
and the prognosis deteriorates significantly. We found 
that age at diagnosis with BM less than 45 years, surgical 
resection of bone metastatic lesions and not receiving 
chemotherapy were independent factors of favorable 
prognosis for patients with DTC BM. Surgery combined 
with 131I is preferred, depending on individual conditions, 

although the efficacy of these treatments is controversial. 
The effectiveness of EBRT for DTC BM requires further 
studies.
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