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Objective: Metastatic spinal differentiated thyroid carcinoma (MSDTC) is relatively rare in
the clinic and often overlooked. The objective of the current study is to analyze the clinical
characteristics and prognosis of patients with MSDTC who underwent surgical treatment to
determine the prognostic factors that affect survival.

Methods: This study retrospectively analyzed the clinical data and postoperative follow-up
results of MSDTC patients who underwent spinal surgery at the Orthopedic Department of
Peking Union Medical College Hospital from January 2010 to January 2020. Clinical data
and survival time were analyzed by Kaplan—-Meier analysis.

Results: Eleven patients were included, and the average age was 58.3 years (range 37-74).
The average time from the initial surgery to the discovery of spinal metastasis was 42.9
months (range 0-132), and the average follow-up time was 21.8 months (range 3-80).
Progression was identified in seven patients, and 10 patients (90.9%) died during the follow-
up period. Kaplan—Meier analysis showed that extraosseous visceral metastasis (p=0.012),
revised Tokuhashi score (p=0.035), Tomita score (p=0.038), and surgical method (p=0.028)
were associated with overall survival (OS). In addition, skeletal visceral metastasis
(p=0.017), revised Tokuhashi score (p=0.028), Tomita score (p=0.038), and surgical method
(p=0.049) were associated with progression-free survival (PFS).

Conclusion: Surgical treatment is an effective method for treating MSDTC and leads to
pain relief, restored function and increased spinal stability. Based on our single-center
experience, extraosseous visceral metastasis, revised Tokuhashi score, Tomita score, and
surgical methods may be potential prognostic factors for OS whilst visceral metastasis,
revised Tokuhashi score, Tomita score, and surgical methods may be potential prognostic
factors for PFS.

Keywords: adjuvant therapy, clinical features, differentiated thyroid carcinoma,
postoperative survival, prognostic factors, spinal metastasis, surgical treatment

Introduction

Differentiated thyroid carcinoma (DTC) is one of the primary pathogenic tumors
associated with the development of spinal metastases.' DTC is the most common
thyroid carcinoma representing 90% of cases overall, consisting of papillary carci-
noma (70-75%) and follicular carcinoma (15-20%).> The prognosis of patients
with thyroid carcinoma is good, and the 10-year survival rate is around 90%;
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however, the presence of distant metastases is related to
a significant reduction in life expectancy.! Indeed, up to
68% of thyroid carcinoma patients develop spinal metas-
tases and the clinical prognosis of this group of patients is
poor.>”” The presence of metastatic spinal differentiated
thyroid carcinoma (MSDTC) significantly increases the
incidence of complications and mortality. According to
reports, the median survival time for patients with
MSDTC is 4.1 years.""® In addition, spinal metastases
from thyroid carcinoma are 3-4 times more likely to
cause spinal cord compression than metastatic tumors
from breast or prostate cancer, and up to 13% of thyroid
carcinoma patients may have pathological fractures result-
ing from spinal metastases.'>"®

The treatment of MSDTC has evolved from surgery
and radiation therapy to a multidisciplinary comprehensive
treatment strategy, including spinal surgery, general sur-
gery, radiotherapy, nuclear medicine and endocrinology.
The main focus of treatment is usually to control the
primary lesions rather than to treat metastatic spinal
lesions, which may lead to a serious decline in quality of
life. Although multiple studies have shown that surgical
treatment is effective for MSDTC, the use of aggressive
surgical resection and the prognostic characteristics of the
disease remains controversial.”'® Previous studies have
evaluated the prognostic factors associated with systemic
metastasis of thyroid carcinoma; however, there is still no
specific research into factors that affect MSDTC patient
survival."*'® Therefore, the purpose of this study is to
determine factors related to the postoperative survival of
MSDTC patients after spinal surgery. This prognostic
information will aid clinical decision-making because
patients with better prognosis may require more active
intervention, whilst patients with poor life expectancy
can avoid excessively aggressive treatment. Here, we pro-
vide a clinical retrospective analysis of the treatment and
prognosis of 11 patients with MSDTC who underwent
spinal surgery.

Patients and Methods

We reviewed the clinical and prognostic data of all patients
with MSDTC who underwent spinal surgery at the
Orthopedic
College Hospital from January 2010 to January 2020.

Department of Peking Union Medical
This study was approved by the institutional review com-
mittee of the Peking Union Medical College Hospital,
Chinese Academy of Medical Sciences. All patients pro-
vided written informed consent. We studied potential

factors related to progression-free survival (PFS, the inter-
val between the date of spinal surgery and the progression
of spinal lesions observed), and overall survival (OS, the
interval between the date of spinal surgery and death due
to disease or until the last follow-up).

We used data collected from the orthopedic spine
tumor database of the Orthopedic Department of Peking
Union Medical College Hospital. A retrospective review
of clinical and radiological data was conducted including
patient age, sex, initial diagnosis of thyroid carcinoma,
histology of thyroid carcinoma, previous history of thyroid
carcinoma resection, first metastasis diagnosis, first spinal
cord metastasis diagnosis, duration of symptoms before
spinal surgery, location of spinal metastasis, treatment
methods (including radioactive iodine, chemotherapy,
radiotherapy), preoperative Frankel score and Karnofsky
score (KPS),
(assessed by visual analogue scale [VAS]), status of spinal

performance preoperative pain score
disease before surgery, and surgical data (surgical meth-
ods, vertebral reconstruction and type, length and effect of
fixation segments). Preoperative evaluation included
X-rays, contrast-enhanced computed tomography (CT)
scan of the spine, neck, thorax and abdomen, and contrast-
enhanced spine magnetic resonance imaging (MRI).
Before surgery, bone scan and positron emission tomogra-
phy-computed tomography (PET-CT) were used to verify
bone metastasis and extraosseous metastasis to avoid over-
treatment, especially for patients recommended to undergo
total spinal resection. In addition to spinal metastases, the
location of metastatic disease was classified as involving
the lung, liver, brain, extraspinal bone, or other locations.

An individualized surgical plan was made for each
patient according to the position of the lesion in the
spine and the degree of spine and paraspinal disease bur-
den. All 11 patients underwent surgical resection or biopsy
of the primary tumor before spinal surgery and were
pathologically diagnosed with DTC (6 cases of papillary
thyroid carcinoma and 5 cases of follicular thyroid carci-
noma). Radiological assessments (X-ray, CT, or MRI)
were performed 3 and 6 months postoperatively, followed
by periodic assessments every 6 months for the next 2
years, and then life-long assessments every year. PET-CT
was recommended for detailed evaluation of patients with
evidence of tumor progression. Follow-up data were col-
lected from outpatient visits and telephone interviews.
During the postoperative follow-up period, neurological
function and pain were reassessed according to the VAS,
Frankel and Karnofsky scoring systems. The follow-up
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period was defined as the time interval from the date of
spinal surgery to the date of death or the last follow-up.

Statistical Analysis

The Kaplan—Meier method was used to analyze the basic
clinical data of patients including sex, age, spinal metastasis
site, Frankel score, KPS, spinal instability score (SINS),
VAS, revised Tokuhashi score, Tomita score, urinary incon-
tinence, fecal incontinence, spinal pathological fracture,
primary tumor subtype, visceral metastasis, bone damage
(osteolytic, osteogenic or mixed type), and postoperative
survival rate estimate. Kaplan—-Meier analysis was used to
assess factors related to survival after spinal surgery.
Statistical analysis was performed using IBM SPSS 23.0
statistical software (IBM Corp., Armonk, NY, USA) where
p<0.05 was considered statistically significant.

Results

During the study period, 11 consecutive patients with
MSDTC received surgical treatment for spinal metastases,
with a total of 13 operations. Table 1 lists the clinical
characteristics of these patients. Our study included
1 male and 10 females, with an average age of 58.3
years (range 37-74). Local pain was the most common
symptom and the average duration of preoperative symp-
toms was 9.0 months (range 1.5-36).

Treatment Before Spinal Surgery

Eleven patients underwent ultrasound preoperative biopsy
without any complications. All pathological diagnoses
were DTC, of which six cases (54.5%) were papillary
carcinoma and five cases (45.5%) were follicular carci-
noma. Ten of the eleven patients (90.9%) received thyroid
carcinoma resection (thyroidectomy) before spinal surgery.
The average time from previous thyroid surgery to spinal
metastasis was 42.9 months (range 0—132). Four patients
(36.7%) received radioactive iodine treatment before
surgery (27.3%)
received radiotherapy to control the primary lesion and

spinal intervention, three patients
one patient (9.1%) received chemotherapy. No recurrence

or local progression was found before spinal surgery.

The Location and Number of Spinal
Metastases

In our patient series, the most common spinal metastasis
location was the lumbar spine (nine patients; 81.8%).
There were also five cases of thoracic spine involvement

(45.5%), two cases of sacral involvement (18.2%), and one
case of cervical spine involvement (9.1%). Five patients
had a single spinal metastatic lesion whilst six patients had
multiple segmental metastatic lesions. The largest burden
of spinal metastatic disease involved five vertebral levels
in one patient.

Most spinal lesions in this study showed osteolytic
changes (10 cases) whereas only one case of osteogenic
change was observed. Seven patients developed vertebral
compression fractures whilst MRI showed that four
patients had spinal cord compression and four patients
had paravertebral extension. In addition, four patients
had uncontrolled extraosseous visceral metastasis to the
brain, liver or lungs before spinal surgery.

Treatment and Follow-Up

Table 2 shows clinical data of spinal metastasis in
11 patients with MSDTC. Prior to spinal surgery, nine
(81.8%) had normal
(Frankel grade E) and two patients (18.2%) had neurolo-

patients neurological function
gical defects (Frankel grade C). Surgical treatment was
completed by the team of Professor Liu in our department,
and a total of 13 surgical operations were performed. Five
of these operations involved posterior tumor resection,
spinal cord decompression, and titanium rod system spinal
reconstruction (Figure 1) and the average blood loss dur-
ing the operations was 900 mL (range 400-1600). Eight
operations were minimally invasive bone cement percuta-
neous vertebroplasties (Figure 2) with average periopera-
tive blood loss of 31.1 mL (range 20-50). There were no
obvious complications during the perioperative period;
therefore, the original treatment plans continued. For iso-
lated spinal metastatic lesions, we prefer total resection.
Five patients in this study underwent open surgery which
was supplemented with postoperative adjuvant therapy to
maximize the removal of spinal metastatic disease and
maximize the stability of the spine. During the 3-month
follow-up period, the Frankel score in two patients with
1-2 grades. All
11 patients received bisphosphonate treatment after sur-

neurological defects improved by
gery. Postoperative immunohistochemical results sup-
ported the pathological diagnosis of MSDTC. In our
series, six patients (54.5%) had papillary thyroid cancer,
and five patients (45.5%) had follicular thyroid cancer. The
average OS after surgery was 21.8 months (range 3-80),
and the average PFS was 19.5 months (range 3-76). The
I- and 2-year survival rate was 81.8% and 27.3%,
respectively.

Cancer Management and Research 2020:12

submit your manuscript

9895

Dove


http://www.dovepress.com
http://www.dovepress.com

Liu et al Dove

Table | Clinical Review of || Patients with Metastatic Spinal Differentiated Thyroid Carcinoma in Our Single Centre

Patients | Operations | Age Symptoms and Spinal Incomplete Resection Surgery Adjuvant Perioperative
o), Signs Metastases Paralysis or | of Treatment Complications
Sex Location Paralysis Primary
Lesion
| | 37, F | Sacrococcygeal pain | Sacrum No Yes Percutaneous B3Iy, None
vertebroplasty radiotherapy
2 2 48, F Back pain Té6 No Yes Posterior I3II, None
decompression, radiotherapy

tumor resection
as well as

internal fixation

3 3 64, F | Back pain T4-7, L2 No No Percutaneous / None

vertebroplasty

4 4 56, F | General weakness L2, L3 No Yes Percutaneous / None
and multiple bone vertebroplasty
pain
5 5 43, F Progressive back L2, L4 Incomplete Yes Posterior / None
pain, numbness and paralysis decompression,
decreased muscle tumor resection
strength of bilateral as well as
lower limbs, bowel internal fixation
and bladder

disturbances

6 6 71, F Back pain LI No Yes Percutaneous / None

vertebroplasty

7 7 59, F | Back pain TIO No Yes Posterior / None
decompression,
tumor resection
as well as

internal fixation

8 8 61, F | Back pain L5, SI No Yes Percutaneous 131y, None
vertebroplasty radiotherapy,
chemotherapy
9 9 62, F | Back pain T3 No Yes Posterior / None
decompression,
tumor resection
as well as
internal fixation
10 63, F Back pain T3, L5 No Yes Percutaneous 131 None
vertebroplasty
I 64, F | Back pain T3, L5 No Yes Percutaneous / None
vertebroplasty
10 12 56, Back pain T9, T2, L2, No Yes Percutaneous / None
M L4 vertebroplasty
(Continued)
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Table | (Continued).

decreased muscle
strength of bilateral
lower limbs, bowel

and bladder

disturbances

Patients | Operations | Age Symptoms and Spinal Incomplete Resection Surgery Adjuvant Perioperative
y), Signs Metastases Paralysis or | of Treatment Complications
Sex Location Paralysis Primary
Lesion
I 13 74, F Progressive back Cé6, L4-5 Incomplete Yes Posterior / None
pain, numbness and paralysis decompression,

tumor resection
as well as

internal fixation

Kaplan—Meier Analysis of Prognostic

Factors

Kaplan—Meier analysis showed that several factors signif-
icantly affected OS (Figure 3) and PFS (Figure 4) in
patients with MSDTC. Extraosseous visceral metastasis
(p=0.012), revised Tokuhashi score (p=0.035), Tomita
score (p=0.038), and surgical method (p=0.028) were asso-
ciated with OS whilst extraosseous visceral metastasis
(p=0.017), revised Tokuhashi score (p=0.028), and surgi-
cal method (p=0.049) were associated with PFS. Different
histological subtypes (papillary carcinoma and follicular
carcinoma) also showed trends in OS but these were not
statistically significant.

Age, sex, previous thyroidectomy, surgical spinal
metastasis level, incubation period of primary systemic
metastasis, number of spinal levels involved, initial spinal
metastasis treatment, type of spinal metastasis bone
changes, spinal cord compression, paravertebral extension,
defecation and other multiple scoring systems did not
affect OS or PFS.

Discussion

Thyroid carcinoma is divided into DTC (papillary carci-
noma and follicular carcinoma, accounting for 90% of
cases), poorly differentiated adenocarcinoma (medullary
carcinoma, accounting for 5-10% of cases) and undiffer-
entiated adenocarcinoma (<5% of cases).'*%"'* The 10-year
survival rate of patients with thyroid carcinoma is 80-95%
whereas, after metastasis, the 10-year survival rate is only
40%. Metastases from thyroid carcinoma occur in the lung
(50%), bone (25%), the lung and bone (15%) and other
locations (10%)."**!® Cases of MSDTC are relatively
rare and patients generally have much longer survival and
a better prognosis than patients with spinal metastases

originating from other primary cancers. Orita et al reported
that 3.7% of patients with DTC had bone metastases.'' The
spinal metastases of thyroid carcinoma are mainly osteoly-
tic lesions and once a bone-related event occurs, quality of
life is significantly reduced, which is likely to affect the
patient’s clinical prognosis. Therefore, research into the
occurrence and development of MSDTC, as well as prog-
nostic characteristics and treatment methods is important
for the optimal management of MSDTC. The focus of
spinal surgeons is to control spinal metastases, improve
quality of life, and minimize the risk of surgical
intervention.

MSDTC lesions are common in the vertebral body
(85%), most commonly in the thoracic spine (60-80%).
Clinical symptoms include bone pain (59-83%), spinal
cord compression (28%), and pathological fractures
(13%).">'* PET-CT is the most commonly used detection
method for determining whole body metastases and
4LLPET-CT is more targeted to bone metastases.'* CT is
used to determine spine stability whilst MRI is used to
determine the relationship between the tumor and the
spinal cord to guide the choice between radiotherapy
and/or surgery."'* Orita et al showed that high-dose radio-
iodine therapy, which could also be related to surgical
treatment, was correlated with better prognosis in patients
with bone metastases from DTC whilst multiple organ
metastases are linked with poor prognosis.'!

There are a variety of treatments available for patients with
MSDTC including surgical resection, percutaneous vertebro-
plasty, '*'I, radiation therapy, chemotherapy, bisphosphonate
treatment and other new therapies.">"'%!'3'® The 2013 edition
of the National Comprehensive Cancer Network (NCCN)
instruction manual recommends five methods: surgical inter-

vention, '*'T in vivo or in vitro radiotherapy, arterial embolism,
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Figure | Radiographic and pathological images of a representative 74-year-old female patient (Case #I1). (A and B) Preoperative X-rays. (C—F) Preoperative sagittal and
transverse MRI scan revealing vertebral metastases. (G and H) Postoperative X-rays of the cervical spine. (I) Microphotography showing significant nuclear pleomorphism

with prominent nucleoli (H&E, original magnification 100x).

bisphosphonates and targeted therapy.'? In recent years, per-
cutaneous vertebroplasty has also been applied in this field.
Patients with single spinal metastasis are mainly treated by
surgery whereas personalized treatment plans are developed
for patients with multiple spinal metastases/systemic metas-
tases that include a combination of surgery, internal medicine
and radiotherapy.''°

Surgical intervention is necessary when pain intoler-
ance, resistance to conservative treatment, vertebral com-
pression fractures and segmental instability, failure to
respond to chemotherapy and '*'I treatment, and progres-
sive neurological deficits including paraplegia or quadri-
plegia occur. Spinal cord compression is more common in
patients with spinal metastases from thyroid carcinoma,
with an incidence of 28% compared with other types of

spine metastasis such as those originating from prostate

and breast cancer, which have an incidence of 10% and
8%, respectively.'>'"?% The decision on whether to per-
form conservative or radical surgery in patients with spinal
metastatic disease remains a very controversial topic and
there are few studies that have evaluated large numbers of
patients with MSDTC who undergo spinal surgery.

The indications for surgical treatment of MSDTC are as
follows: (1) persistent pain; (2) single spinal metastasis; (3)
insensitivity to other treatments; (4) presence of high-risk
factors for pathological fractures and paraplegia; (5) occur-
rence of nerve damage; (6) pathological confirmation of diag-
nosis; (7) an expected survival time of more than 3 months.
The purpose of surgical treatment is to remove as much of the
spinal metastasis as possible, and the aim of palliative surgery
is to reduce body pain and relieve nerve compression. Both
procedures maintain or restore spinal stability. In 2011, the

Cancer Management and Research 2020:12
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Figure 2 Radiographic and pathological images of a representative 7|-year-old female patient (Case #6). (A and B) Preoperative X-rays. (C—E) Preoperative sagittal and
transverse T2-weighted MRI scan revealing vertebral metastases. (F) Bone scan revealing multiple metastases of the spine. (G and H) X-ray images of the lumbar spine
obtained postoperatively. (I) Microphotography showing significant nuclear pleomorphism with prominent nucleoli (H&E, original magnification 100x).

Tomita team in Japan reported 24 patients with MSDTC, of
which 14 patients underwent palliative resection. Reoperation
occurred, on average, 41 months after the initial spinal opera-
tion. The postoperative local recurrence rate in these patients
was 57%, and the 5-year survival rate was 63%. Total en bloc
spondylectomy (TES) was performed on the remaining 10
patients and the postoperative recurrence rate was 10% with
a S-year survival rate of 90% (P<0.01), demonstrating that
TES can effectively reduce local recurrence and improve the
survival rate of patients with DTC.? In 2013, a study reported
a 7-year follow-up of 22 patients with MSDTC and showed
that surgical resection could significantly improve nerve func-
tion and patient quality of life.' Matsumoto et al reported on 8
patients who underwent total spinal resection due to thyroid
metastasis and showed that all patients had an improved
Frankel

examination.?!

grade classification at the 1-year follow-up

There is no international consensus on whether to
choose open radical surgery or minimally invasive

palliative surgery for spinal metastases."*'%*? Minimally
invasive palliative surgery has a low risk and can relieve
pain symptoms whereas radical surgery can obtain better
local control and may be curative when combined with
comprehensive treatment. However, radical surgery is dif-
ficult to perform, the risk to the patient is high and the
reconstruction of spinal stability is complicated. PVP
using bone cement can generate heat that makes tumor
tissue necrotic, and also stabilizes micro-fractures to pre-
vent vertebral body collapse and subsequent damage to
nerve endings that in turn relieves pain.®®> Indeed, Song
et al retrospectively analyzed 8 patients with MSDTC
treated with PVP combined with '*'I and found that the
postoperative bone pain symptoms of all patients were
quickly relieved.”* However, the complication rate of
PVP is 5-10%, including mass bone cement leakage,
infection, allergies and bleeding.

1311 radiation therapy is the primary treatment method
for patients with bone metastases from DTC and is
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Figure 3 (A) Overall survival of all patients enrolled in our study. (B—F) Univariate analysis of prognostic factors significantly affecting overall survival.
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Figure 4 (A) Progression-free survival of all patients enrolled in our study. (B—F) Univariate analysis of prognostic factors significantly affecting progression-free survival.

a reliable independent prognostic factor.”>2® It is also
suitable for most patients who are sensitive to radiation
iodine therapy. External beam radiation therapy (EBRT) is

also suitable for patients who are insensitive to '*'I, have

incomplete surgery, distant metastases and are elderly.””**

Bisphosphonates effectively reduce skeletal-related events
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(SREs) such as pain, spinal cord compression, pathologi-
cal fractures, and hypercalcemia; however, their effects are
based on the initial occurrence time and number of
SREs.?’ Orita et al reviewed 50 patients with DTC bone
metastases and found that 14% of patients receiving zole-
dronic acid had SREs, which was significantly fewer than
those who did not receive treatment (50%; p<0.05).30
However, the optimal dose of zoledronic acid is still
under evaluation.

The prognosis of patients with DTC is generally good,
but in the case of MSDTC, the quality of life and survival
time can be significantly reduced. Therefore, it is of great
clinical significance to apply active treatment measures to
patients with MSDTC."*"' In addition, an optimized treat-
ment plan has not yet been identified due to the refractory
nature of MSDTC. We conducted a more comprehensive
study to reveal the factors that impact prognosis, and to
allow appropriate comprehensive treatment that may
improve quality of life and prolong survival. In our
study, 10 patients (90.9%) underwent thyroid cancer resec-
tion before spinal surgery. The average OS time of the 11
patients with MSDTC after surgery was 21.8 months
(range 3-80) and the average PFS was 19.5 months
(range 3-76). The 1-year and 2-year survival rates were
81.8% and 27.3%, respectively. Kaplan—Meier survival
analysis showed that extraosseous visceral metastasis
(p=0.012), revised Tokuhashi score (p=0.035), Tomita
score (p=0.038) and surgical method (p=0.028) were asso-
ciated with OS. In addition, extraosseous visceral metas-
tasis (p=0.017), revised Tokuhashi score (p=0.028),
Tomita score (p=0.038), and surgical method (p=0.049)
were associated with PFS. The results of our research
have important significance for the guidance of clinical
decisions in relation to the treatment and prognostic eva-
luation of patients with MSDTC.

This study is a retrospective analysis and is limited by
the number of cases and therefore, a more systematic and
comprehensive statistical analysis is not possible. In addi-
tion, this study was restricted to MSDTC patients who
received surgical treatment leading to some selection
bias. However, this study represents one of the largest
single-center retrospective studies of surgical treatment
of MSDTC patients in Asia. Therefore, the surgical and
clinical data has relevance for the guidance of clinical
decisions. In the future, multi-institutional studies should
be considered to enhance statistical capabilities and clarify
the prognostic factors related to MSDTC more clearly.

Conclusions

The optimal treatment of MSDTC requires multidisciplin-
ary cooperation and multifactorial treatment including sur-
gery, radiotherapy, chemotherapy, radioactive iodine (**'T),
bisphosphonate and other new therapies. There is currently
no international consensus on the optimal treatment or
prognostic evaluation of patients with MSDTC although
importantly, surgical treatment can effectively improve
quality of life and prognosis. Improved knowledge of
clinical characteristics and prognostic factors associated
with MSDTC will be helpful to formulate effective clinical
treatment plans to improve the quality of life and
prognosis.
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