UC Irvine
UC Irvine Previously Published Works

Title

Clinical Significance of Preoperative CT and MR Imaging Findings in the Prediction of
Postoperative Recurrence of Spinal Giant Cell Tumor of Bone

Permalink

https://escholarship.org/uc/item/8hg0c8sZ4

Journal
Orthopaedic Surgery, 13(8)

ISSN
1757-7853

Authors

Wang, Qi-zheng
Zhang, En-long
Xing, Xiao-ying

Publication Date
2021-12-01

DOI
10.1111/0s.13173

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8hq0c8sz
https://escholarship.org/uc/item/8hq0c8sz#author
https://escholarship.org
http://www.cdlib.org/

2405

© 2021 THE AUTHORS. ORTHOPAEDIC SURGERY PUBLISHED BY CHINESE ORTHOPAEDIC ASSOCIATION AND JOHN WILEY & SONS AUSTRALIA, LTD.

a
g CLINICAL ARTICLE

Clinical Significance of Preoperative CT and MR
Imaging Findings in the Prediction of Postoperative
Recurrence of Spinal Giant Cell Tumor of Bone

Qi-zheng Wang, BM' ©, En-long Zhang, MS®> ¥, Xiao-ying Xing, MD', Min-ying Su, PhD?, Ning Lang, MD"

'Department of Radiology, Peking University Third Hospital and *Department of Radiology, Peking University International Hospital, Beijing,
China and Department of Radiological Sciences, University of California, Irvine, California, USA

Objectives: To explore the predictive value of preoperative imaging in patients with spinal giant cell tumor of bone
(GCTB) for postoperative recurrence and risk stratification.

Methods: Clinical data for 62 cases of spinal GCTB diagnosed and treated at our hospital from 2008 to 2018 were
identified. All patients were followed up for more than 2 years according to the clinical guidelines after surgery. Medi-
cal history data including baseline demographic and clinical characteristics, computed tomography (CT) and magnetic
resonance imaging (MRI) findings of recurrent and non-recurrent patients were compared. Two musculoskeletal radiolo-
gists read the images and were blinded to the clinical data. The imaging features associated with postoperative recur-
rence were analyzed by multivariate logistic regression, and receiver operating characteristic (ROC) curve analysis was
performed to determine the optimal cutoff value of the largest lesion diameter predicting recurrence after surgery.

Results: According to whether the disease recurred within the follow-up period, patients were divided into the recur-
rence group and the non-recurrence group. Of 62 patients (29 males and 33 females), 17 had recurrence and 45 did
not. The recurrence rate was 27.4%. The mean follow-up time was 73.66 (+ 32.92) months. The three major treat-
ments were total en bloc spondylectomy (n = 26), intralesional spondylectomy (n = 20), and curettage(n = 16). A
total of 16 CT and MRI features were analyzed. A univariate analysis showed no significant difference in age, sex,
treatment, multi-vertebral body involvement, location, boundary, expansile mass, residual bone crest, paravertebral
soft tissue mass, CT value, and MRI signal on T1-weighted imaging (WI), T2-WI, and T2-WI fat suppression (FS)
sequences (P > 0.05). The largest lesion diameter [(4.68 4+ 1.79) vs (5.92 +2.17) cm, t = 2.287, P = 0.026] and
the vertebral compression fracture (51% vs 82%, ;(2 = 5.005, P = 0.025) were significantly different between the non-
recurrence and recurrence groups. Logistic regression analysis showed that both largest lesion diameter (odds ratio
[OR], 1.584; 95% confidence interval [Cl], 1.108-2.264; P = 0.012) and compression fracture (OR, 8.073; 95%CI,
1.481-11.003; P = 0.016) were independent predictors of postoperative recurrence. When we set the cutoff value for
the largest lesion diameter at 4.2 cm, the sensitivity and specificity for distinguishing the recurrence and non-
recurrence of GCTB were 94.1% and 42.2%, respectively, and the area under the curve (AUC) was 0.671. The com-
bined model achieved a sensitivity, specificity and accuracy of 47.1%, 97.8% and 83.9%, respectively.

Conclusions: In spinal GCTB, maximum lesion diameter and the vertebral compression fracture are associated with
tumor recurrence after surgery, which may provide helpful information for planning personalized treatment.
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Introduction
Giant cell tumor of bone (GCTB) is currently classified as
an intermediate tumor in clinical practice because its
biological behavior is borderline or hard to distinguish.
GCTB primarily affects the young adult patient population.
Although GCTB is a relatively common skeletal neoplasm,
the incidence of mobile spinal involvement above the sacrum
is 1.4%-9.4%", and there are few cases in the literature with
large samples and long-term follow-up in the literature. His-
torically, GCTB is mainly composed of stromal cells, multi-
nucleated giant cells and monocytes. Monocytes account for
a small proportion of cells and are considered tumor cells,
while multi-nucleated giant cells are considered major cell
components and are similar to osteoclasts>>. Multi-nucleated
giant cells are mainly responsible for the extensive bone
resorption of tumors. However, spindle-shaped monocytes
chiefly direct tumor pathology mainly by recruiting mono-
cytes and promoting their fusion into giant cells. Stromal
cells also enhance the absorptive capacity of multi-nucleated
giant cells.

Currently, the biggest challenge in GCTB management
is the recurrence rate after surgery. Researchers have gradu-
ally realized the importance of risk stratification in spinal
GCTB*, because the postoperative recurrence rate of spinal
GCTB can reach 70%°, and sarcomatous malignant transfor-
mation or metastasis may occur®. The prognosis of spinal
GCTB is worse compared with GCTB in the extremities. A
high recurrence rate is a typical feature of spinal GCTB and
also an important factor influencing the prognosis. However,
research on spinal GCTB has been slow, and there is no con-
sensus on which patients are at high risk of recurrence and
metastasis’. There is no well-established guideline based on
clinical, histological, imaging or morphological evaluation
methods that can accurately predict recurrence®.

The key to reducing spinal GCTB recurrence is to
identify the risk factors, which can be used to guide the
choice of optimal treatment, clinical expectation, and appro-
priate follow-up plan. Patients at a high risk of recurrence
should consider more thorough surgical methods during
clinical treatment. In these patients, it is necessary to con-
sider adjuvant therapy and closer follow up after surgery’.
Previous studies have suggested some risk factors for recur-
rence, of which pathological features and molecular bio-
markers are extremely important, such as matrix
metalloproteinase (MMP)'®, nuclear factor kappa B receptor
activation factor/nuclear factor kappa B receptor activation
factor ligand/osteoprotegerin (RANK/RANKL/OPG)'!, vas-
cular endothelial growth factor (VEGF)'? and gene p53'>'“.
These markers reflect tumor aggressiveness to a certain
degree and may be used to predict the prognosis of patients
with GCTB. However, the pathological examination requires
tissue biopsy, and preoperative puncture may cause compres-
sion fracture especially in osteolytic lesions or tumor dissem-
ination via the biopsy channel. Furthermore, pathological
evaluation may be limited by insufficient sampling of needle
biopsy tissue. Importantly, overall tumor heterogeneity

SPINAL GCTB RECURRENCE PREDICTION

cannot be assessed. Owing to the disorderly distribution of
benign and malignant tissue inside the tumor, failure to
comprehensively sample tumors may lead to misdiagnoses of
tumor aggressiveness. If malignant tissue is not detected dur-
ing sampling, a pathologist may underestimate the malig-
nancy of the tumor. Compared with genetic testing or
pathological analysis, which require analysis of tissue sam-
ples, developing non-invasive imaging methods to predict
recurrence in patients before surgery can aid in the develop-
ment of personalized treatment plans, including surgical
methods and adjuvant treatment.

As a non-invasive preoperative examination method,
preoperative computed tomography (CT) has been widely
used in clinical diagnosis and follow-up. It can outline the
cortical alterations of lesions more accurately, and the cost is
low. Radiographically, GCTB includes eccentric lytic lesions
with no sclerosis and well-defined margins. It can also show
aggressive features including wide transition areas, cortical
thinning and remodeling, and cortical bone destruction with
a related soft tissue mass. Magnetic resonance imaging
(MRI) is also increasingly used before surgery, and it is more
sensitive to detection of soft tissue diseases. It may provide
information about tumor boundaries including the zone of
transition, adjacent soft tissue invasion, and cystic changes.
Both CT and MRI are valuable for the diagnosis and evalua-
tion of bone tumors and are important for the preoperative
evaluation of spinal GCTB. Biological aggressive and prog-
nostic markers related to the molecular expression of GCTB
may also be revealed on CT and MRI characteristics. At the
same time, radiologically characteristic imaging of GCTB can
evaluate the overall tumor performance, so it can supplement
the limitations of pathological evaluation. However, the value
of preoperative imaging for the prognostic evaluation of
patients with spinal GCTB has not yet been fully studied and
needs further research.

In this study, patients diagnosed with spinal GCTB by
pathology were reviewed and analyzed to explore the predic-
tive value of preoperative imaging characteristics for postop-
erative recurrence, to evaluate the aggressiveness of GCTB
before surgery in a non-invasive way. The objective of the
current study was to: (i) explore the imaging features of pre-
operative CT and MRI and improve clinicians’ awareness of
the imaging manifestations of spinal GCTB; (ii) help to iden-
tify at-risk populations for giant cell tumor of bone, which
contribute to orthopedic surgeons planning surgical methods
and adjuvant therapy to effectively treat spinal GCTB; and
(iii) be conducive to providing reasonable clinical survival
expectations for patients and paying attention to follow-up
plan adjustment to improve patient survival outcomes.

Materials and Methods

Subjects

A retrospective review of medical records identified 62 patients
with pathologically confirmed spinal GCTB by pathology from
March 2008 to February 2018 at our hospital. The inclusion
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criteria were as follows: (i) patients confirmed spinal GCTB by
postoperative or biopsy pathology in our institution; (ii) received
surgical treatment in our hospital; (iii) CT with/without MRI
examination before operation; and (iv) complete medical records
to determine if recurrence after surgery. The exclusion criteria
were as follows: (i) poor image quality; (i) previous surgery or
other treatment for the tumor at other institutions; and (iii) the
postoperative follow-up time is less than 2 years. The research
was approved by the Medical Science Research Ethics Commit-
tee of our hospital, and the requirement for informed consent
was waived. Figure 1 shows the subject identification flowchart.
As for the follow-up plan, all patients were followed up
according to the clinical guidelines: once every 3 months in the
first 2 years, once every 6 months after 3-5 years, and annually
after 5 years. The follow-up procedures included: physical
examination and imaging of the operation site (X-ray, CT, or
MRI). Local recurrence was confirmed on CT or MRI If a
new lesion, such as a soft tissue mass with an uneven density
and invasive growth, was found at the tumor resection site, it

Spinal GCTB patients from

March 2008 to February 2018

(N=105)

SPINAL GCTB RECURRENCE PREDICTION

was considered as recurrence. Figure 2 shows images of a spi-
nal GCTB patient. Figure 3 shows the follow-up data of a
patient with recurrence and metastasis after surgery.

Clinical information that may have related to recurrence
was obtained, including: age, sex, treatment, lesion location, and
multi-vertebral involvement. Among them, the treatment
methods were divided into three categories according to the
patient’s medical records: total en bloc spondylectomy (total
removal of the vertebral body where the lesion is located),
intralesional spondylectomy (local removal of the tumor), and
other treatment methods (curettage with or without extensive
procedures/radiotherapy). Figure 4 shows a patient without
recurrence after intralesional spondylectomy.

Imaging acquisition

All 62 patients underwent preoperative CT examination;
47 patients also underwent MR examination. CT was performed
using a GE LightSpeed 64 Slice spiral CT scanner (GE Medical
System, Chalfont St Giles, UK) or a Siemens SOMATOM

Have received previous

treatment from other institutions

Patients with preoperative CT

with/without MRI
(N=93)

(n=12)

Standard follow-up less than 2 years

(n=26)

Patients with qualified follow-up results

(N=67)

Enrolled patients
(N=62)

Poor image quality

(n=5)

Fig. 1 Flowchart of the enrolled patients. GCTB, giant cell tumor of bone; MRI, magnetic resonance imaging; CT, computed tomography.
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Fig. 2 A 16-year-old man with giant cell tumor of Ls. (A, B) Axial CT images, bony septa are seen at the border of the tumor. (C, D) T2 weighted MRI
showed an expansile mass with heterogeneous low-to-iso signal intensity with cystic areas. (E, F) Enhanced MRI shows obvious lesion enhancement.

(G, H) Managed with intralesional spondylectomy.

Fig. 3 T2-weighted MR image (A, B) at 14-month follow-up, local recurrence was detected, and confirmed by pathology with puncture. Lung
metastases (C—F) were discovered after 18 months and progressed during follow-up.

Definition Flash dual-source CT scanner (Siemens, Erlangen,
Germany). The collimator widths were 0.625 and 0.60 mm,
respectively, and the pitch was 1.0; the slice thickness of recon-
struction was 3 mm, and interlayer distance was 3 mm.

MR examinations were performed on Siemens Trio 3.0
Tesla(T) MR scanner (2008-2013) and a GE Discovery
MR?750 3.0T scanner (2013-2018), using a similar protocol.
When changing the scanner from Siemens to GE, one major
requirement was to make the image contrast and quality of
the GE scanner consistent with those of the Siemens scanner.

The scanning sequence and parameters were: sagittal
T1-weighted imaging (T1WI) sequence, TR = 550 ms,
TE = 11 ms; sagittal T2WI sequence, TR = 2800 ms,
TE = 109 ms; sagittal T2-weighted imaging (T2WI) with fat
suppression (FS) sequence, TR = 3440 ms, TE = 102 ms;
FOV = 280 mmc x 280 mm; axial T2WI sequence,
TR = 504 ms, TE = 14 ms, FOV = 160 mm X 160 mm;
thickness = 3 mm, spacing = 0.3 mm, with body surface
coil. Axial and sagittal scanning was routinely performed,
and coronary scanning was added when necessary.
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Fig. 4 A 24-year-old man, (A, B) sagittal and axial CT images showed destruction area of C6 vertebra with obvious vertebral compression. (C, D) MRI

images showed the lesion with extension into the spinal canal is mainly located in the vertebral body. (E, F) The patient managed with intralesional

spondylectomy by post-access surgery. Bilateral lamina and right side attachment were removed and internally fixed, during the 5-year follow-up

period, there was no evidence of recurrence, and now the patient is still on visit.

Imaging analysis methods

Two musculoskeletal radiologists with more than 10 years of
diagnostic experience evaluate the images and were blinded
to the clinical data of the patients. When the two observers
disagreed, agreement was reached through consultation.

CT imaging features
The parameters interpreted and measured in CT images are
defined as follows.

Main Position of the Lesion

The location of the lesion may be related to the prognosis of
the patient. According to the lesion mainly located in the
vertebral body or vertebral arch, it is divided into vertebral

body/vertebral arch. Note whether the center of the lesion is
located in the posterior element.

Compression Fracture

Using Genant visual semi-quantitative determination
method: the height of the most obvious compressed vertebral
body is compared with the posterior height of the same ver-
tebral body; if the entire vertebral body is compressed, the
height of the most obvious compressed vertebral body is
compared with the posterior height of the adjacent vertebral
body. When the lesion meets one of the above conditions, it
is classified as compression fracture. Vertebral compression
indicates that the spine is unstable and may have a worse
prognosis compared to patients without compression, so this
sign needs to be analyzed.
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Lesion Boundary

The boundary of the lesion is a common evaluation criterion
for tumor-related lesions, which represents the invasion of
adjacent structures by the tumor. According to whether the
tumor boundary can be clearly defined, the cases are divided
into clear/unclear. Whether it is on the soft tissue window or
the bone window, only when the boundary of the lesion can
be clearly delineated, can it be determined that the lesion has
a clear boundary.

Expansile Mass

If the tumor has an osteolytic and expansile lesion with a
“bubble” lytic appearance, it is defined as an expansive
growth mass. This sign should be combined with a compre-
hensive assessment of the axial, sagittal and coronal CT
imaging, and compare the lesion side and the healthy side.
When it is found that the bone cortex of the lesion is more
swollen, it is defined as a positive sign. According to clinical
experience, the expansile mass may represent a benign bio-
logical behavior and may indicate a better prognosis, but this
requires more research support.

Bony Septa Inside the Lesion

Bone septa is defined as the remaining bone tissue around
the tumor, which is elongated and protrudes from the cortex
of the vertebral body. It is necessary to combine multi-
directional CT to find whether there is a strip of residual
bone in the lesion connected with the peripheral bone cortex
of the lesion. Some clinicians believe that the small number
of bony septa inside the lesion indicates that the tumor is
more aggressive.

A Paravertebral Soft Tissue Mass

When the tumor has completely broken through the verte-
bral body, the tumor will invade adjacent structures and
form paravertebral soft tissue masses. The uniform or
uneven soft tissue density next to the diseased vertebral body
can be observed on CT. The appearance of a soft tissue mass
indicates that the tumor is growing actively.

CT Value

CT value of the lesion was measured using a manual region
of interest (ROI), excluding regions with calcification, obvi-
ous necrosis, and hemorrhage. If the difference between the
measured values of the two observers exceeds 10 HU
(Hounsfield unit), the measurement should be performed
again. Take the average of the measured values of two
observers for analysis.

The Largest Diameter

First, select the layer with the largest section of the lesion on
the axial and sagittal CT images, and then measure the larg-
est diameter of this section to obtain two measured values.
Finally, the larger diameter of the axial and sagittal positions
is selected as the largest diameter of the lesion. The average
of the maximum tumor diameter from the two observers

SPINAL GCTB RECURRENCE PREDICTION

were used in the analysis. Generally speaking, there is no
close relationship between the degree of malignancy of a
tumor and the size of the tumor. The most important thing
is to observe the biological behavior of the tumor to deter-
mine its degree of malignancy and prognosis. But under nor-
mal circumstances, the more active the tumor grows, the
more likely it is to cause invasion of surrounding tissues,
which may affect the prognosis.

MRI features

For MRI, the lesion signals on T1-weighted imaging (WI),
T2-WI, and T2-WI fat suppression (FS) sequences were ana-
lyzed on preoperative MRI. The definitions of the eight MRI
features we interpreted are introduced as follows.

Uniform Lesion Signal

If the signal of the lesion is uniform, it is defined as positive,
if there are two or more different MRI signals inside the
lesion, it is considered as negative. The uniform signal indi-
cates that the composition of the tumor tissue is more con-
sistent. On the contrary, it means that the composition of
the diseased tissue is complicated, which may interfere with
the diagnosis.

Signal Intensity

The signal intensity of the lesion on T1-WI and T2-WI were
evaluated by comparing it to the intensity of the spinal cord,
and determining the intensity as “low,” “iso,” or “slightly
high” when the intensity of the lesion was lower than, equal
to, or slightly higher than that of the spinal cord, respec-
tively. For the signal intensity of the lesion on T2-WI FS,
because the signal of cerebrospinal fluid (CSF) was higher
than that of the spinal cord, we added one more category as
“high” when the intensity of the lesion was comparable to
that of the CSF on T2-WI FS.

Spinal Canal Involvement

The corresponding segment of the dural sac caused by the
tumor is compressed, and the diameter of the spinal canal is
shortened, which can be comprehensively evaluated on the
sagittal and axial T2-WI sequence. This sign indicates that
the tumor has caused compression of the nerve structure in
the spinal canal, which is related to the postoperative prog-
nosis of patients.

Nerve Root Compression

On the T2-WI sequence, it can be observed whether the
nerve root is compressed by the tumor. If the nerve root is
closely related to the tumor, it can be defined as the nerve
root compression, which may affect the movement and sen-
sation of the corresponding area of the patient after surgery.

Fluid—fluid Levels

If the different signal levels inside the lesion are observed on
the T2-WI FS sequence, it can be clear that the sign is posi-
tive. This sign appears in the lesion to indicate the occurrence
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of cystic degeneration. This sign that appears in the cystic area
may be caused by the deposition of necrotic tissue debris or
blood cells, which can vary with body position. On T1WI, the
signal in the lower part is often higher than that in the upper
part, while the T2WT sequence is the opposite.

Intralesional Hemorrhage
The accuracy and feasibility of MRI scanning on determina-
tion of hemorrhage inside the tumor. High signal in T1-WI
sequence inside the lesion indicates bleeding in the lesion. If
there are hemosiderin deposits in the tumor, the signal is
low on T1WT and T2WL

Statistical Analysis

SPSS 18.0 software (IBM, Armonk, NY, USA) was used for
statistical analysis. Continuous measurement variables are
expressed as mean =+ standard deviation, and an independent-
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samples t-test was used for group comparisons. For categorical
count data, the > test was used to compare the difference
between the recurrence group and the non-recurrence group.
Features showing significant differences in the univariate anal-
ysis were included in the multivariate logistic regression model
to identify independent risk factors for postoperative recur-
rence. A P value < 0.05 was considered statistically significant.
Receiver operating characteristic (ROC) curve analysis was per-
formed to determine the optimal cutoff value of the largest
lesion diameter predicting recurrence after surgery. Two cases
in our study cohort are shown in Fig. 5.

Results

Baseline Demographic and Clinical Characteristics
The mean follow-up time of these 62 patients was 73.66
(£32.92) months. According to whether the disease recurred

s
C)

Fig. 5 Top panel: A 35-year-old man, sagittal (A) and axial (B) MR images showed a mass on the T,, vertebra, bilateral pedicle and lamina with
extension into the spinal canal, maximum diameter of lesion is 42 mm, managed with en bloc resection (C), at a 36-month follow-up review, there
was no evidence of recurrence (D). Bottom panel: A 35-year-old woman, sagittal CT images showed maximum diameter of lesion is 55 mm (E),with
pathologic fracture of the T4, vertebra (F), managed with en bloc resection (G), sagittal MR image showed tumor of both vertebral body and posterior
element of T,5. The sagittal T2-weighted MR image at 12-month follow-up, recurrence was detected (H), and confirmed by pathology with puncture.
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TABLE 1 Baseline demographic and clinical characteristics of patients with and without recurrence (n = 62)

Characteristics Non-recurrence group (n = 45) Recurrence group (n = 17) t/x? value P value
Age (years) 31.93 +£14.01 32.74 £10.78 0.221 0.826
Gender 0.295 0.587
Male 22 (49%) 7 (41%)
Female 23 (51%) 10 (59%)
Location 1.959 0.581
Cervical spine 15 (33%) 6 (35%)
Thoracic spine 18 (40%) 5 (29.5%)
Lumbar spine 7 (16%) 5 (29.5%)
Sacral spine 5 (11%) 1 (6%)
Multi-vertebral involvement 1.393 0.238
No 43 (96%) 14 (82%)
Yes 2 (4%) 3 (18%)
Treatment 1.122 0.571
Total en bloc spondylectomy 20 (45%) 6 (35%)
Piecemeal spondylectomy 15 (33%) 5 (30%)
Other treatments 10 (22%) 6 (35%)

within the 2-year follow-up period, patients were divided into
the recurrence group (n = 17) and the non-recurrence group
(n = 45). The postoperative recurrence rate was 27.4%. For all
analyzed demographic and clinical characteristics, including age
(P = 0.826), gender (P = 0.587), lesion location (P = 0.581),
multi-vertebral involvement (P = 0.238) and treatment methods
(P = 0.571), there was no significant difference between the
recurrence group and the non-recurrence group (Table 1).

Preoperative CT Imaging Features

A total of eight CT imaging features were analyzed (Table 2).
The largest lesion diameter [(4.68 £ 1.79) vs (592 £ 2.17) cm,
t = 2.287, P = 0.026] and the presence of vertebral compression
fracture (51% vs 82%, y° = 5.005, P = 0.025) were significantly
different between the non-recurrence and recurrence groups.
When we set the cutoff value for the largest lesion diameter at

4.2 cm, the sensitivity and specificity for distinguishing the recur-
rence and non-recurrence of GCTB were 94.1% and 42.2%,
respectively, and the area under the curve (AUC) was 0.671. In
addition, the difference in CT value between the two groups is
very small [(48.89 + 9.67) vs (47.08 £ 8.11) HU, P = 0.495]. In
the non-recurrence group and the recurrence group, there was
no statistical difference in the proportion of the main tumor in
the vertebral body or vertebral attachment (76% vs 88%,
P = 0.274). In addition, whether the boundary of the lesion is
unclear (93% vs 88%, P = 0.839), whether it is accompanied by
residual bone septa (62% vs 71%, P = 0.539), and whether the
performance of expansive growth (87% vs 94%, P = 0.706) are
not statistically different between the two groups. The incidence
of paravertebral soft tissue masses is very high (96% vs 100%,
P = 0.539), but the difference between the non-recurrence and
the recurrence group was not statistically significant.

TABLE 2 CT imaging characteristics of patients with and without recurrence (N = 62)

Imaging characteristics Non-recurrence group (n = 45) Recurrence group (n = 17) t/;(z value P value
CT valve (HU) 48.89 + 9.67 47.08 £ 8.11 0.687 0.495
Largest diameter of the lesion (cm) 4.68 +1.79 5.92 +2.17 2.287 0.026
Position 0.554 0.274
Vertebral body 34 (76%) 15 (88%)
Vertebral arch 15 (24%) 2 (12%)
Vertebral compression 5.005 0.025
Negative 22 (49%) 3 (18%)
Positive 23 (51%) 14 (82%)
Boundary 0.018 0.839
Unclear 42 (93%) 15 (88%)
Clear 3(7%) 2 (12%)
Expansile mass
No 6 (13%) 1 (6%) 0.142 0.706
Yes 39 (87%) 16 (94%)
Bony septa 0.377 0.539
Negative 17(38%) 5 (29%)
Positive 28(62%) 12 (71%)
Paravertebral soft tissue mass 0.006 0.938
Negative 2 (4%) 0 (0%)
Positive 43 (96%) 17 (100%)
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TABLE 3 MRI characteristics of patients with or without recurrence (n = 47)

Imaging characteristics Non-recurrence group (n = 34) Recurrence group (n = 13) t/y? value P value

Uniform lesion signal 0.122 0.727
Negative 22 (65%) 7 (54%)
Positive 12 (35%) 6 (46%)

TI-WI signal 0.007 0.932
Low 2 (6%) 0 (0%)
Iso 32 (94%) 13 (100%)

T2-WI signal 0.910 0.635
Low 2 (6%) 0 (0%)
Iso 26 (76%) 10 (77%)
Slightly higher 6 (18%) 3 (23%)

T2-WI FS signal 0.753 0.686
Iso 6 (18%) 1 (8%)
Slightly higher 26 (76%) 11 (84%)
High 2 (6%) 1 (8%)

Spinal canal involvement 1.284 0.257
Negative 6 (18%) 0 (0%)
Positive 28 (82%) 13 (100%)

Nerve root compression 0.502 0.479
Negative 4 (12%) 0 (0%)
Positive 30 (88%) 13 (100%)

Fluid—fluid levels 0.212 0.646
Negative 32 (94%) 11 (85%)
Positive 2 (6%) 2 (15%)

Intralesional hemorrhage 0.502 0.479
Negative 30 (88%) 13 (100%)
Positive 4 (12%) 0 (0%)

TABLE 4 Logistic regression analysis of postoperative recurrence predictive features

Features Partial regression coefficient SE Wald value OR value 95%Cl P value
Largest diameter (cm) 0.460 0.182 6.369 1.584 1.108-2.264 0.012
Vertebral compression 2.088 0.865 5.827 8.073 1.481-11.003 0.016

Preoperative MRI Features

A total of eight MRI features were analyzed (Table 3). In
the non-recurrence group, the proportion of patients with
uneven signals in the lesions (22/34, 65%) on the T1-WI,
T2-WI and T2-WI ES sequences, was slightly higher than
that in the recurrence group (7/13, 54%), but it was not sta-
tistically significant (P = 0.727), so it was of little signifi-
cance for prognostic evaluation. The two groups of patients
are mainly iso signals (45/47, 95.7%) in the T1-WI
sequence, iso signals (36/47, 76.6%) in the T2-WI sequence,
and slightly higher signals (37/47, 78.7%) in the T2-WI FS
sequence. The signal intensity of these sequences has no
statistical difference between the non-recurrence group and
the recurrence group. All 13 cases of recurrence had spinal
canal involvement and nerve root compression. These two
characteristics appear in a high proportion in the non-
recurrence group, 82% and 88%, respectively. The differ-
ence between the two groups was not statistically significant
(P = 0.257 and P = 0.479, respectively). Fluid-fluid levels
appear more in the recurrence group (15% vs 6%,
P = 0.646), and intralesional hemorrhage appear more in
the non-recurrence group (12% vs 0%, P = 0.479), but both

these two imaging features are not risk factors for local
recurrence (P > 0.05).

Multivariate Logistic Regression Analysis

Significant features, including vertebral compression and
largest lesion diameter, were included in the multivariate
logistic regression model. Multivariate analysis demonstrated
that the independent risk factors of recurrent spinal GCTB
were largest diameter (odds ratio [OR], 1.584; 95% confi-
dence interval [CI], 1.108-2.264) and vertebral compression
(OR, 8.073; 95% CI, 1.481-11.003). The P values were 0.012
and 0.016, respectively. The sensitivity, specificity, and accu-
racy of the model were 47.1%, 97.8% and 83.9%, respectively
(Table 4).

Discussion

Predicting the prognosis of GCTB in the spine is a com-
plex and difficult problem. How to use more effective

personalized treatment plans to improve the prognosis of

patients is an unmet clinical problem that needs to be

addressed. Due to the dense distribution of spinal blood



2414

ORTHOPAEDIC SURGERY
VOLUME 13 « NUMBER 8 « DECEMBER, 2021

vessels and nerves, complete surgical resection may not be
possible, and the postoperative recurrence rate of spinal
GCTB is high. In recurrent patients, disease progression
often leads to a poor quality of life®. To date, there has not
been a consensus guideline regarding the risk stratification
criteria for patients with spinal GCTB. It is difficult for sur-
geons to accurately predict the risk of recurrence, so the
optimal surgical procedures can be planned accordingly. In
addition to choosing surgical procedures, whether adjuvant
therapy, including chemotherapy and radiation therapy, is
necessary also needs to be determined. In this study, we
explored the predictive value of preoperative imaging for
postoperative recurrence by analyzing the imaging character-
istics of patients before surgery.

Surgical Approach and Recurrence

Many other factors are still controversial on the prognosis of
spinal GCTB, among which surgical methods are paid more
attention. In previous studies, total vertebral resection was a
more thorough surgical method, which improves treatment
outcomes'>'®. According to the findings of Charest-Morin
et al., en bloc resection with wide/marginal margins is associ-
ated with decreased local recurrence (LR), while intralesional
resection is associated with increased LR'. But some
researchers believe that the choice of preoperative surgical
methods is affected by many factors and should be carefully
considered. When facing the risk of serious complications,
according to the proposed surgical resection classification,
adolescent patients undergoing conservative nerve-sparing
surgery for GCTB have acceptable clinical efficacy and neu-
rological function'®. Lin et al. found that surgical methods
(no surgery, local excision and gross total resection) were
not significantly associated with OS after adjusting for the
available clinical variables'®. In the present study, the recur-
rence rate of patients who underwent non-total vertebral re-
section was 44%, which was higher compared with patients
who underwent total en bloc spondylectomy (30%), but this
difference was not statistically significant; therefore, the sur-
gical procedure was not a predictive factor between the
recurrence and non-recurrence groups according to our
research. In patients with low invasiveness or low level of
malignancy, it is feasible to choose less aggressive surgical
methods to preserve nerve function and avoid a compromis-
ing prognosis. Some researchers analyzed the impact of pre-
vious surgical history on postoperative recurrence'’. Since
our cohort were patients who underwent surgery for the first
time without a previous history of surgery, we cannot evalu-
ate the influence of the history of surgery on the prognosis,
but at the same time our conclusions are not hampered by
this factor.

Demographic and Clinical Characteristics

In our study, sex, age, and lesion location were not related to
postoperative recurrence. In previous studies, some
researchers (but not others) reported that age affected postop-
erative recurrence’™?!. For example, some studies believe that
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patients younger than 55 years old and tumor location in the
sacrum/coccyx were associated with poor prognosis®, but
there are also research results that indicate tumor location in
the cervical spinal is a risk factor for local recurrence, but age
was not a significant risk factor for recurrence or death®. The
different results might be due to the small sample size. Fur-
thermore, age might be a factor when considering surgical
procedures; thus, age is not an independent predictor.

CT Radiographic Findings

Spinal GCTB is usually located in the vertebral body, but it
is rarely observed in the vertebral body without involving the
pedicle and lamina, or only in the vertebral arch®*. Of the
62 patients in this study, 49 cases (79%) of GCTB were
located in the vertebral body and 13 cases (21%) in the pos-
terior element. This helps distinguish GCTB from oste-
oblastomas, primary aneurysmal bone cysts and tendon
sheaths that are often located in the posterior. Although the
percentage of cases of GCTB in the vertebral body was
higher in the recurrent group (15/17, 88%) compared with
the non-recurrent group (34/45, 76%), this difference was
not significant. This also means that we cannot assess the
benign or malignant biological behavior of the tumor by
whether the tumor is located in the anterior vertebral body
or the posterior element. Some researchers observed nine
cases of spinal GCTB with multiple vertebral body invasion
and found that the main primary lesions were all located in
the vertebral body, and more invasive in the posterior part of
adjacent vertebral bodies. However, they did not report the
recurrence of these patients. In our research, we also ana-
lyzed the lesion boundary, expansibility, and the presence of
residual bone crests, and we found no correlation between
these parameters and recurrence. Most lesions showed swell-
ing growth, and the boundary was not clear, which is consis-
tent with previous research results*. These features can help
us diagnose spinal GCTB, but are of limited use in assessing
postoperative recurrence. Li et al. reported that the para-
vertebral soft tissue erosion is related to recurrence’. In their
study, higher risk of local recurrence was found for soft tis-
sue extension (hazard = 7.921, 95% CI 1.107 ~ 56.671), and
the RES (recurrence-free survival) of pathologic fracture
patients with soft tissue extension was significantly lower
than that of pathologic fracture patients without soft tissue
extension. In our study, although the soft tissue mass was
found in all recurrent patients (17/17), it was also seen in the
majority of non-recurrent patients (43/45, 96%); thus, it is
not a predictor. The difference in conclusions in this aspect
may be due to the difference between cases that occur in the
limbs and spine cases. This may also be caused by Berkson’s
bias, which can be minimized in a multi-center large sample
study.

MRI Manifestations

MRI signals can provide more detailed tissue information
about the lesion and the surrounding bone marrow, edema,
and CSF, which can be differentiated on images acquired
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using different pulse sequences. Although the features of
GCTB of the extremities have been well described in the lit-
erature, there are few reports for MRI of spinal lesions. These
studies are limited to case reports and a few general reviews
of spinal lesions. Our study shows that spinal GCTB presents
as an intermediate signal intensity on T1-WI sequences.
Generally, the solid components of GCTB demonstrate inter-
mediate or slightly higher signal intensity on T2-WI images,
and the slightly higher signal is dominant in T2-WT FS sig-
nals, often involving the spinal canal and accompanied by
nerve root compression”’. Although MRI can provide addi-
tional information about the lesion, it is helpful for tumor
diagnosis but has little significance for predicting the recur-
rence of vertebral GCTB after surgery. Previous studies have
not found any conclusions about the prognosis of different
tumor signals in MRI. GCTB is generally considered as a
highly vascularized tumor with a rich blood supply, which
can cause intralesional hemorrhage and necrosis. In previous
studies of giant cell tumor of limb bone, some researchers
found a significant difference in the proportion of patient
with cystic necrosis with recurrence’®. In this study, we ana-
lyzed whether the lesions involved the spinal canal or nerve
root, and whether there was fluid-fluid level or hemorrhage
were related to postoperative recurrence. The results showed
that fluid-fluid level and hemorrhage were rare in GCTB,
and no correlation was observed with postoperative recur-
rence, consistent with previous findings*. The different
results between the spine and the extremities may reflect
their intrinsic differences due to the surrounding bone struc-
tures, and also could be due to the small sample size.

Significant Recurrence Predictors

There were two significant recurrence predictors in our study,
one was vertebral compression and the other was the largest
lesion (>4.2 cm). When the vertebral body is invaded by tumor
cells, the structure of bone trabecula or bone cortex becomes
weakened, resulting in vertebral body compression fracture.
Therefore, the degree of compression can reflect tumor inva-
sion®. In previous studies, some researchers have come to the
same conclusion, but they are not purely aimed at spine cases,
but are drawn from the analysis of pathological fractures
through Cox regression analysis’’. They consider soft tissue
extension as the independent variable that contributed to
recurrence-free survival”®. Our results suggest that when verte-
bral compression present, more thorough surgery or surgery
combined with adjuvant therapy should be considered to reduce
postoperative recurrence and improve survival. Previous studies
suggested that spinal GCTB might appear more radiologically
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atypical, and about 40% of the lesions may have at least one
atypical feature. However, this study did not focus on postopera-
tive recurrence’. Our study found that the lesions with com-
pression fractures have higher risks of postoperative recurrence.
This conclusion has greater significance for the clinical personal-
ized diagnosis and treatment of spinal GCTB. Another aspect of
the research results, larger tumors may indicate active prolifera-
tion, and the surrounding structures are more likely to be
involved. In addition to being more aggressive, large tumors can
be difficult to completely resect, and the residual tumor may
lead to recurrence. This association between tumor size and
recurrence was not found in any previous studies on appendicu-
lar GCTB™. It should be highlighted that due to the difference
between the extremities and the spine, the surgical methods dif-
fered, and the results could not be directly comparable.

Limitations

There were several limitations in this study. First, this retro-
spective study was performed at a single center. Although the
sample size was greater than most previous related studies,
selection bias should be considered. Second, we did not analyze
the patient’s enhanced CT performance because of the sample
size of that (32 cases) was smaller than the sample size for
plain CT (62 cases) and MRI (47 cases). However, with the
higher rate of GCTB in Asia compared with Western coun-
tries, this dataset could provide unique information that is oth-
erwise difficult to obtain. Third, we only analyzed the
recurrence within 2 years; this was based on a large number of
studies showing that the recurrence of GCTB usually occurs
within 2 years®. We also observed that most cases of recur-
rence happened within 2 years at our hospital. Nonetheless,
some patients continued with follow up, which may provide
longer term prognostic results for future research.

Conclusions

he largest tumor diameter and the vertebral compression

are independent predictors of tumor recurrence after
surgery, which may provide more helpful information for
the development of personalized treatment plans, including
the choice of optimal surgical procedure and adjuvant ther-
apy to reduce the risk of recurrence and improve the quality
of life for patients with spinal GCTB.
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