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Abstract

Objective: Bone metastases bring greater morbi-mortality
to patients with differentiated thyroid carcinoma (DTC).
Treatment was limited to radioactive iodine (RAI) and local
approaches. Currently, bisphosphonates are included in the
therapeutic arsenal. The aim of this study is to evaluate the
impact of bone metastases and their treatment with zole-
dronic acid (ZA) and RAI therapy. Methods: We retrospec-
tively review 50 DTC patients with structurally evident bone
metastases followed in a tertiary cancer center from 1994 to
2018. Clinical-pathologic characteristics, skeletal related
events (SRE), and therapeutic approaches were recorded.
Results: Among the 50 patients analyzed, 22 underwent ZA
adjuvant therapy and 28 did not. Mortality rate was 44%.
Those patients presented SREs more frequently (90.9 vs.
67.9% the survival group, p = 0.05) and also had a greater
number of bone lesions (40.9 vs. 10.7% had more than 6 met-

astatic sites, p = 0.03). The same group of patients was ana-
lyzed before and after therapy with ZA and the incidence of
SRE decreased from 1.81 (0-8) before therapy to 0.29 (0-7)
after therapy (p = 0.006). Comparing similar groups of 22 pa-
tients treated with ZA with 28 patients not treated, there was
a trend of better overall survival (OS) in the group that re-
ceived this drug (147 vs. 119 months, p = 0.06) and signifi-
cantly improvement when bone metastases were RAIl avid
155 (125-185) versus 120 (85-157) months, p < 0.01. Conclu-
sion: ZA can successfully diminish the chance of having new
SRE and possibly affect OS in DTC patients with bone metas-
tases. The positive impact of RAl adjuvant treatment on OS
is directly associated with RAl uptake.

© 2018 European Thyroid Association
Published by S. Karger AG, Basel

Background
Bone is a major metastatic site in many malignancies

due to its dynamic metabolism, high blood supply, re-
sponse to tumor adhesion factors, and rich local growth
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factors [1]. In advanced breast and prostate cancer, long
bones may be affected in up to 70-90% of cases [2, 3].
Among differentiated thyroid cancer (DTC), it is the sec-
ond most frequent site of distant metastases. Incidence
may vary from 2 to 13% [4], influenced by the degree of
differentiation and histologic subtypes - it is more fre-
quently originated from follicular thyroid cancer than
papillary [5]. Apart from indicating a poor prognosis [6],
it also causes considerable bone morbidity and impair-
ment to quality of life 7, 8].

The treatment of these patients has always been a chal-
lenge and some features are crucial to selecting a proper
therapy modality [9]. For unresectable painful bone me-
tastases, there are many palliative measures available such
as external beam radiation (EBRT), stereotactic radiation,
thermal ablation, and cement injections [10-12].

Although rarely curative, radioactive iodine therapy
(RAI) is recommended for all patients with bone metas-
tases and may benefit individuals with RAI avid bone le-
sions. However, there is no consensus on the exact activ-
ity [13, 14] or on the best regimen (single or multiples
doses) [5].

The most recent guidelines recommend the use of
bisphosphonates or denosumab in patients with diffuse
and/or symptomatic RAI refractory bone metastases [9,
15]. However, this recommendation is based on trials for
other solid tumors due to the limited data available for
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DTC patients [8, 16-18]. In addition, recent studies in
vivo and in vitro [19] showed that an antineoplastic activ-
ity could also be attributed to these drugs.

Among this class of drugs, zoledronic acid (ZA) is well
established for osteoporosis treatment and widely studied
in oncologic settings [20]. It has been suggested that it
could impact cell adhesion [21], proliferation [22], migra-
tion, and invasion [23].

The aim of this study is to evaluate the impact of RAI
adjuvant therapy and routine use of ZA on the morbi-
mortality of patients with bone metastases from DTC.

Materials and Methods

After Institutional Review Board approval, medical records of
adult patients followed for at least 6 months in a single tertiary on-
cology referral center between 1994 and 2018 were reviewed.

In our institution, all patients with DTC and distant metastases
are routinely referred to RAL The activity administered is decided
by a multidisciplinary tumor board and is empirical between 200
and 300 mCi. Five to 10 days after therapy, patients routinely un-
dergo a whole body scan and if any bone metastasis has iodine
uptake, it was classified as iodine avid disease.

Evaluation of Outcomes

Clinical-pathological characteristics, treatment, and postoper-
ative follow-up data (Tg, recurrence/persistence, deaths) were ob-
tained. Patients were classified by the AJCC/TNM-8th edition [24]
and ATA risk classification [9].
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Table 1. Characteristics of the patients

n=>50 %
Age, years -

Median (range) 57.6 (26.2-79)

Mean + SD 57.1+12.1
Gender, female 41 82
Histopathology

PTC 25 50

FTC 18 36

PDTC/insular carcinoma 7 14
Size, cm

Median, range 4.0 (0.3-14) cm -

Mean + SD 4.6%+3.1
N1 11 22
Distant metastases (other than bone)

Lung 28 56

CNS 4 8

Liver 6 12
Stimulated Tg pre RAI, ng/mL 20,779 (2.0-151,131)

RAI yes 45 90

RAI Activity, mCi 200 (100-300) -
200+100

Post therapy scan*

Thyroid bed only 8 16

Lateral neck uptake 5 10

Distant metastases 32 64
Todine avid bone 27 60
Skeletal-related events at anytime 39 78
Spine compression 16 32
Pathological fracture 10 20
EBRT for bone mets 25 50
SX for bone mets 12 24
Systemic therapy (TKI) 7 14
Symptomatic bone lesion 35 70
Pain 31 62
Paresis 10 20
Paresthesia 5 10
Number of bone mets

Median, range 3(1-17)

Mean + SD 44435 -
Final Status, progressive 33 66
Disease-related death 22 44
Overall survival, months

Median (range) 68.1 (8.5-240.6) -

Mean + SD 85.9+59
Follow-up, months

Median (range) 67.8 (7.1-240.6)

Mean + SD 85+59.3 -

PTC, papillary thyroid cancer; FTC, follicular thyroid cancer; PDTC, poorly differen-
tiated thyroid cancer; N1, presence of lymph node metastases; CNS, central nervous sys-
tem; RAI radioactive iodine; EBRT, external beam radiation therapy; SX, surgery; TKI,
tyrosino kinase inhibitor.

* Five patients did not undergo RAL
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Distant metastases were assessed by cross-sectional images and
considered present when there were highly suspicious images on
computed tomography, magnetic resonance imaging, and/or X-
Ray. This was true even with no iodine uptake but with high thy-
roglobulin levels, or if proven by biopsy [9]. An uptake in func-
tional tests not proved in structural exams was not considered.

Treatment with ZA

Patients were referred to ZA adjuvant therapy based on the
judgment of their own endocrinologist on an individual basis.
They received 4 mg of intravenous infusion of ZA (Zometa®; No-
vartis Pharma AG, Basel, Switzerland/Novartis Pharmaceuticals
Corporation, East Hanover, NJ, USA) in 15 min on an average of
once per month. Renal function and serum calcium were docu-
mented prior to each dose, which could be suspended/postponed.
The incidence of skeletal related event (SRE) was evaluated prior
to ZA therapy and compared with how many and how severe the
events were from the date of the first dose of ZA until the end of
follow-up, using the same patient as his own control. The SREs as-
sessed in this study included: spinal cord compression, pathologi-
cal fracture, and EBRT or surgery to prevent complications or pro-
mote pain control. The occurrence of 2 SRE in the same lesion with
a minimum of a 6-month interval was considered the same inci-
dent.

Statistical Analysis

Statistical analysis was conducted using SPSS version 20.0 for
MAC (SPSS, INC, Chicago, IL, USA). The results are expressed as
a percentage or mean + SD. Statistical analysis was performed on
the whole series of thyroid carcinomas and considered the differ-
ent groups of tumors. Fisher’s exact test, t test (unpaired, two-
tailed), and ANOVA were used when appropriate. For Hazard ra-
tio and confidence intervals binary logistic regression were per-
formed with Cox test.

Factors such as age, gender, histologic category, extrathyroidal
extension, vascular invasion, lymph node metastases, AJCC/TNM
staging [24], distant metastases, and final status were assessed us-
ing univariate and multivariate logistic regression models.

A survival curve was plotted by the Kaplan-Meier method with
log-rank statistics. Multivariate survival analysis was performed
using Cox regression. In the regression models, all of the variables
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significantly associated with the specified outcome in the univari-
ate model were included in the multivariate analysis.
Results were considered statistically significant at p < 0.05

Results

Eighty-one patients with bone metastases and thyroid
cancer were identified. Eighteen had metastatic medul-
lary thyroid carcinoma and were excluded from the anal-
ysis. Patients with other primary malignancies, history
of previous or current use of other bisphosphonates or
with insufficient records were also excluded (Fig. 1). The
remaining 50 patients evaluated included 25 of PTC
(10 follicular variant, 1 tall cell variant, 1 diffuse scleros-
ing variant and 13 classic PTC), 18 from FTC and 7 with
poorly differentiated histopathology. The demographics
and clinical characteristics are summarized in Table 1.

In this study, as a referral cancer center, we found that
the bone metastases were usually present at diagnosis
and/or were diagnosed during initial follow-up by a pos-
itive post therapy scan or staging for high thyroglobulin
levels post operation (70%), affecting mostly the spine
(74%), hip (64%), and the skull (44%; Fig. 2). The number
of bone lesions detected in each patient varies widely in a
range of 1-17. In 70% of the cases, the skeletal investiga-
tion was guided by the presence of symptoms, in which
pain was the most frequent complaint (62%) followed by
paresis (20%).

Likewise, 39 patients (78%) developed at least 1 SRE
during the period assessed. As expected, the most com-
mon SRE was the need of EBRT in order to control pain
or diminish the risk of fracture (50%). In Table 2, the risk
factors for ERE are described. As shown, age and sex were
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Table 2. Risk factors for ERE in DTC patients with bone metastases

Univariate analysis

Multivariate analysis

ERE+, % p value HR 95% CI p value
Age
>55 82 0.26 0.9 0.1-4.9 0.8
<55 66
Gender
Female 82 0.09 0.68 0.09-4.5 0.9
Male 55
Number of sites of bone metastases
1-5 mets 71 0.7 1.8 0.09-3.4 0.07
6 mets 100
Spine metastases
Yes 81 0.3 4.3 0.8-23 0.08
No 69
Hip metastases
Yes 88 0.03 4.1 1.0-17.6 0.05
No 61
Femur metastases
Yes 95 0.02 2.1 1.0-73.5 0.05
No 68
Iodine uptake by bone metastases
Yes 78 0.41 0.5 0.08-4.2 0.6
No 72
ZA+ 64 0.04 5.4 1.1-25.8 0.03
ZA- 89

ZA, zoledronic acid therapy.

not significant in our cohort; however, the number of
bone metastases along with its location significantly in-
creased the risk of having at least one ERE. The use of ZA
at any time also had an impact and those not treated had
a 5 times increased risk of at least 1 ERE.

Regarding other therapies, the vast majority of the
patients (45/50) underwent adjuvant therapy with RAL
Four did not due to a very aggressive and progressive
disease leading to death very quickly after the diagnosis.
One patient was taking amiodarone and is therefore still
waiting to undergo RAI. Of the individuals who received
RAI 60% had iodine avid bone metastasis. Although all
of the patients included in the study had metastatic dis-
ease, only a few (14%) needed systemic therapy with
multikinase inhibitors. All of them used sorefenib, as
this is the only drug approved in Brazil for progressive
iodine-refectory metastatic DTC, and the medication
was not interrupted during ZA therapy. Regarding re-
sponse to sorafenib, 4 patients had stable disease, 2 pro-
gressed and 1 did not tolerate the drug due to severe
adverse effects.

50 Eur Thyroid J 2019;8:46-55
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In order to evaluate the impact of ZA, we separated the
population into 1 group of patients who received at least
1 dose of ZA (ZA+ group, n = 22), and another group who
did not (ZA- group, n = 28). These 2 groups were com-
parable in terms of age, gender, histopathology, size of the
thyroid tumor, extension of bone disease, and the pres-
ence of lymph nodes or other distant metastases (Table
3). During this period, multiple cycles of ZA were given
in the ZA+ group ranging from 1 to 25 (median 7.5). It
seems that the number of cycles tend to be inversely as-
sociated with the risk of pathological fracture (p = 0.08).
Using the median as a cutoff, we analyzed separately the
outcome of patients with more or less than 7 cycles of ZA
and demonstrated that in patients with more than 7 cy-
cles, the risk of having a new SRE was diminished by 20%
(HR 0.81IC: 0.67-0.83, p = 0.04). However, the use of the
drug was not statistically significant regarding the risk of
bone disease progression or disease-related death, but it
seems to have a trend toward a better overall survival (OS)
in ZA+ 147 (116-179) versus 119 (110-165), p = 0.06

(Fig. 3).

Andrade/Probstner/Decnop/Bulzico/
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Table 3. Comparison between the treated and untreated group

ZA- (n=28) ZA+ (n=22) p value
Age, years 59 57.1 0.3
Median, range 31-72 26-79
Mean + SD 57.5+10.4 56.3+14.3
Gender, F, n (%) 21 (75) 20 (90.9) 0.13
Histopathology, n (%) 0.19
PTC 12 (42.9) 13 (59.1)
FTC 10 (35.7) 8 (36.4)
PDTC/insular carcinoma, # (%) 6(21.4) 1(4.5)
Size, cm 0.36
Median, range 4.5(0.3-14) 3.4 (1.1-10)
Mean + SD 49+3.3 3.8+£2.5
N1, n (%) 7 (30.4) 4(18.1) 0.73
Distant metastases other than bone, n (%) 20 (71.4) 12 (54.5) 0.20
Lung, n (%) 18 (64.3) 10 (45.5) 0.14
CNS, 1 (%) 3(10.7) 1(4.5) 0.40
Liver, n (%) 5(17.9) 1(4.5) 0.16
Other, n (%) 2(7.1) 3(13.6) 0.64
Number of bone mets 3 3.5 0.35
Median, range 1-11 1-17
Mean + SD 3.9+2.8 5+4.2
Disease-related death, n (%) 15 (53.6) 7 (31.8) 0.1
Follow-up, months 0.03

Median, range
Mean + SD

50.3 (7.1-240)
76.5+64.3

78 (26.6-206)
95+51.8

ZA, zoledronic acid; PTC, papillary thyroid cancer; FTC, follicular thyroid cancer; PDTC, poorly differentiated
thyroid cancer; N1, presence of lymph node metastases; CNS, central nervous system.

In the 22 patients treated with ZA, the number of SRE
was significantly lower after ZA treatment for the same
patient: median pre ZA 1.81 (0-8) and post treatment
0.29 (0-7), p = 0.006. Spine compression occurred in 8
patients (36.6%) pre ZA, but only 1 post ZA (4.5%), p =
0.02. There was also a diminished number of pathologi-
cal fractures: 5 patients had 8 fractures pre ZA and 2 pa-
tients had 2 fractures post ZA, p = 0.02.

The most frequent adverse event related to ZA infu-
sions was hypocalcemia (32%). None of them was se-
vere and none required intravenous treatment in any
patient, but in 6 cases, the management included oral
supplementation of calcitriol and calcium, 5 of them
after the first cycle of ZA and the other one after the
sixth cycle. A slightly elevated serum creatinine (0.8-
1.2 mg/dL) was observed in 1 woman and another ex-
perienced flu-like symptoms (4.5%); however, all of
these adverse events were transient and there was no
need to discontinue the treatment in any of these pa-
tients. In this study, we did not observe any cases of
bisphosphonate-related osteonecrosis of the jaw
(BRONYJ) or atypical fracture.

Treatment of Patients with Differentiated
Thyroid Cancer and Bone Metastases

104 —eeeennn - Not treated
' - ri1Treated
I Not censored
I Censored
0.8 4
©
2
2 0.6
2
(]
=
=
g 04-
=}
O
0.2 4
0 -

T T T T T T
0 50 100 150 200 250

Months from bone metastases diagnosis

Fig. 3. OS in patients treated with Zoledronic Acid (ZA+ group)
and not treated (ZA- group), (OS) in ZA+ 147 (116-179) versus
ZA- 119 (110-165), HR: 0.86 (0.77-7.9), p = 0.06.
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Table 4. Disease-related death risk factors

Non-survivors Survivors p value
(n=22) (n=28)
Age, years 0.09
Median, range 58 (41-79) 57.6 (26-78)
Mean + SD 58+10 56+14
Gender, F, n (%) 19 (86.4) 22 (78.6) 0.37
Histopathology, 1 (%) 0.13
PTC 8 (36.4) 17 (60.7)
FTC 9 (40.9) 9 (32.1)
PDTC/insular carcinoma 5(22.7%) 2(7.1)
Size, cm 0.08
Median, range 4.5 (1.5-14) 4.0 (0.3-10)
Mean + SD 5.3+3.7 39+24
N1, 1 (%) 4(18.1) 7 (25) 0.43
Distant metastases (other than bone), n (%)
Lung 14 (63.6) 14 (50) 0.25
CNS 4(18.2) 0 0.03
Liver 5(22.7) 1(3.6) 0.05
Todine avid bone mets 7 (31.8) 20(71.4) 0.01
Skeletal-related events at any time, n (%) 20 (90.9) 19 (67.9) 0.05
Spine compression, 1 (%) 8 (36.4) 7 (25%) 0.5
Pathological fracture, n (%) 5(22.7) 1(3.5) 0.07
Number of bone mets, 1 (%) 0.02
1-5 mets 13 (59.1) 25 (89.3)
6 mets 9 (40.9) 3(10.7)
ZA (n=22) 7 (31.8) 15 (53.6) 0.1
Follow-up, months 0.34
Median, range 62.5(7.1-144) 78 (14-240)
Mean + SD 70+47.8 96.8+65.5

PTC, papillary thyroid cancer; FTC, follicular thyroid cancer; PDTC, poorly differentiated thyroid cancer; N1,
presence of lymph node metastases; CNS, central nervous system; ZA, zoledronic acid.

Finally, in terms of disease-related death (Table 4), sta-
tistical analysis revealed the presence of concomitant me-
tastases in the brain (p = 0.03), liver (p = 0.05), and the
presence of bone metastases that are not RAI avid (p =
0.03) were more frequent in the deceased group. Further-
more, the presence of an SRE experienced at any time
point (90.0 vs. 67.9%, p = 0.03) and a higher number of
bone metastatic lesions occurred more frequently in pa-
tients who died (40.9 vs. 10.7% in patients with >6 bone
lesions, p =0.03). During the period assessed in this study,
the cumulative survival rate over time was directly associ-
ated with the avidity for RAI in bone lesions, with an OS
of 155 (125-185) months in patients with iodine avid me-
tastases and 120 (85-157) months in non-avid lesions
(p < 0.01; Fig. 4).

52 Eur Thyroid J 2019;8:46-55
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Discussion

This present study showed that in DTC patients with
bone metastases, iodine avidity and possibly the use of ZA
as adjuvant therapy have an impact on OS. Furthermore,
this was the first study to analyze the impact of ZA before
and after therapy in each patient as its own control, and
was consistent with previous literature in proving that it
does diminish SRE when comparing groups and on an
individual basis.

Our data, like previous studies [17, 20, 25] showed that
ZA reduces the incidence of skeletal complications in this
population. Orita etal. [17] showed in a prospective study
that ZA was effective at reducing the proportion (56.25
vs. 5.26%, p = 0.017) and delaying the onset (p = 0.042) of
spinal cord compression when compared to a historical
control group. Other retrospectives studies also showed

Andrade/Probstner/Decnop/Bulzico/
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Fig. 4. Survival curve of patients with radioactive iodine avid and
non-avid bone metastases, OS of 155 months (125-185) in patients
with iodine avid metastases and 120 months (85-157) in non-avid
lesions (p < 0.01).

the positive impact of antiresorptive therapies on SRE in
bone metastatic disease from DTC [16, 18] as well as in
other neoplasms such as lung and kidney [20, 26]. A ran-
domized trial has evaluated the efficiency of ZA versus
placebo in reducing SRE in 773 patients with bone metas-
tases from varied types of tumors including lung, head
and neck, and also thyroid cancer metastatic bone dis-
ease. They found that ZA delayed the time of the first SRE
from 155 to 236 days (p = 0.009) and their annual inci-
dence (1.74 vs. 2.71, p = 0.012), as well as a decreased the
risk of developing an SRE by 31% [20]. Similar findings
were also reported for advanced renal cell carcinoma,
showing a reduction in SREs (74% in the placebo and 37%
in treated group, p = 0.0015), a statistical increase in the
time of onset, and decreased the risk by 61% (OH: 0.394,
p=0.008) [26].

It is important to note that the reduction in the inci-
dence of SRE in the same patient as his own control has a
great impact on metastatic bone disease morbidity. In a
retrospective review of 245 DTC patients with bone me-
tastases, Farooki et al. [8] reported that SRE were fre-
quently multiple. He revealed that 78% of the patients ex-
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perienced at least one SRE, 65% of individuals developed
a second event, and 39% sustained 3 or more SREs [8].
Considering the high rate of SRE in this population, the
importance of early evaluation and prevention is evident.
As shown in this present study, ZA was able to diminish
SRE on an individual basis, hence improving the morbid-
ity related to skeletal complications.

The use of ZA has been associated with improvement
of OS rates regardless of SREs [27]. Multiple mechanisms
have been suggested to explain the better OS of oncolog-
ic patients in the use of bisphosphonates and it seems that
the advantages go beyond the inhibition of bone resorp-
tion. The “seed and soil hypothesis” proposed by Paget in
1889 suggests that oncologic therapies should not only
target the tumor cells (seeds) but also make the host mi-
croenvironment (soil) less favorable to their growth [28].
In this context, by modulating the skeletal metabolism,
these drugs could change bone environment, making it
less suitable for cancer cell survival. As a result, it may di-
minish the possibility of the bone marrow to be a sanctu-
ary for quiescent pathologic cells [29]. Several preclinical
studies suggest that these agents may have a direct and
indirect antitumor activity. By inhibiting the mevalonate
pathway, bisphosphonates can directly reduce cancer cell
migration, invasion [23], adhesion [21], and proliferation
[22] as well as inducing apoptosis [30]. In addition, an
indirect tumor control can be achieved by the inhibition
of angiogenesis [31] and improvement of host immune
surveillance against cancer cells [32]. These findings may
explain some clinical results, especially in breast cancer,
that suggest that the benefits of these drugs on OS and
DEFS might be independent of the presence of bone me-
tastases [33,34]. Although the antitumor effect of bisphos-
phonates has been extensively evaluated in other types of
cancer, the data concerning DTC is limited. Vitale et al.
[18] reported 10 patients with skeletal metastases using
Pamidronate and a decrease of more than 50% of the bone
lesion in 2 patients and stabilization in 5 patients was ob-
served. The authors suggested that an antitumor effect
could be partially responsible for these findings [18]. Our
data revealed a trend toward an increase in OS in the
group treated with ZA, though not reaching statistical
significance (p < 0.06).

Regarding disease-specific death, our findings pointed
to other factors that can influence mortality. We showed
that the occurrence of any SRE during the follow-up was
associated with a worse outcome. Likewise, Farooki et al.
[8] reported a significant increase (p < 0.0001) in the mor-
tality of patients with bone metastases from DTC who
developed single (68%) or multiple (79%) SREs compared
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to those who did not (42%) [8]. Although Xu et al. [35]
did not see this correlation in their report of 188 patients
with medullary thyroid carcinoma and skeletal metasta-
ses, studies with other solid tumors like breast cancer
show that the presence of SRE was associated with an in-
creased mortality [36].

In the present data, other features were identified more
frequently in patients who were non survivors at final fol-
low-up, such as the presence of any bone metastases that
were not RAT avid. In fact, any bone lesions that uptake
in the post therapy > scan significantly improved OS
and was associated with a 20% reduction in risk of death.
As previously reported by Durante et al. [5] in a cohort of
444 DTC patients with distant metastases (197 patients
with bone lesions), the absence of RAT uptake was associ-
ated with a significantly reduced OS rate and with a 10-
year survival rate of 3 vs. 48%, (p < 0.001) [5]. This was
also consistent with the results presented by Schlumberg-
er et al. [37], who evaluated 394 patients with DTC in
which 180 had bone metastases, which showed that pa-
tients whose metastases concentrated '*'I had a higher
survival rate, and an estimated risk of complete response
of 22.7 (5.0-100, 95% CI, p = 0.001) [37].

In terms of the presentation and distribution of the
skeletal lesions, our population was similar to those for-
merly described. Most of our bone metastases were symp-
tomatic (usually pain) and frequently multiple [8, 16, 36].
The most affected sites were the spine and hip as previous
shown by Bernier et al. [38], whose study detected these
metastases in 68 and 57% respectively. Likewise, EBRT
was also the most common SRE observed by other au-
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thors in different neoplasms including DTC [8], MTC
[35], and other solid tumors [25].

We recognize the limitations of a retrospective study
such as incomplete documentation and differences in the
populations analyzed. Another limitation caused by the
study design was in the evaluation of the EBRT as an SRE,
since in clinical practice it is based on individual clinical
judgment, though the classic indication is to prevent frac-
ture or pain control. Also, due the long period of follow-
up there may be some inconsistency in diagnostic mo-
dalities and therapeutic approach.

Conclusion

Patients with DTC who develop bone metastases often
result in greater morbidity. This is objectively measured
by the incidence of SREs. The standard adjuvant thera-
pies used in these cases are antiresorptive drugs and RAI,
after thyroid surgery. The present data shows that a
monthly ZA infusion could successfully prevent a new
SRE and possibly affect OS. Even though this evidence is
not sufficient to support the benefits of these drugs be-
yond the improvement in quality of life, it solidifies the
need for other trials to evaluate the possible antitumor
activity of these agents in thyroid cancer.
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