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Background: The changes in the characteristics of the tumor blood supply of giant cell tumor of bone over
time after treatment with denosumab remain unclear. The purpose of this study was to evaluate the
change in the blood supply imaging characteristics of giant cell tumor of bone after preoperative deno-
sumab treatment and to provide evidence for evaluating the reasonable time for preoperative treatment.
Methods: A total of 59 patients with giant cell tumor of bone who were treated in our hospital from 2014
to 2019 were enrolled in the study. All patients underwent enhanced CT examination of the tumor site
before denosumab treatment and every month after treatment. The plain CT value and enhanced CT value
of the tumor were measured, and the CT enhancement rate of the tumor was calculated. The change in
the CT enhancement rate of the tumor over time after denosumab treatment was analyzed.
Results: The average tumor enhancement rates were 2.14 (1.22–4.05), 1.60 (1.12–2.53), 1.38 (1.02–2.24),
and 1.25 (1–2.11) before denosumab treatment and one month, three months, and six months after treat-
ment, respectively. After denosumab treatment, the average monthly CT enhancement rate decreased as
follows: 0.54 (25.2%) in the first month, 0.11 (5.15%) in the second to third months, and 0.04 (1.87%) in
the fourth to sixth months. The tumor enhancement rate was no longer significantly reduced three
months post-treatment. There was a significant correlation between the reduction in the CT enhance-
ment rate and the initial CT enhancement rate (P = 0.000).
Conclusion: The preoperative application of denosumab can reduce tumor blood supply. The decrease in
the blood supply is the most significant in the initial stage of treatment. Following treatment, the
decrease in the blood supply gradually reduces over time. Therefore, for the purpose of reducing intra-
operative bleeding and facilitating surgery, application of denosumab treatment is not recommended
more than three months before surgery.
� 2021 Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Although giant cell tumor of bone (GCTB) is histologically
benign, it often presents with local invasion and has a high recur-
rence rate. A study of 349 cases of GCTB [1] reported a recurrence
rate of 16% after curettage. In one study, the reported recurrence
rate exceeded 50% after surgical treatment without auxiliary man-
agement [2]. A study of 621 cases of giant cell tumor of the extrem-
ities showed that the local recurrence rate could be reduced to 8.6%
with the application of extended curettage [3]. However, for
tumors with complex anatomical structures, such as tumors of
the sacrum, pelvis and spine, the complication and recurrence rates
of surgical treatment remain high [4,5]. Moreover, due to the rich
blood supply to the tumor, there can be significant blood loss dur-
ing surgery on sacral or pelvic tumors, which can threaten the peri-
operative safety of patients [6]. Thus, effective reduction of
intraoperative blood loss by reducing the tumor blood supply of
GCTB before surgery is a critical problem that deserves further
research attention.

In recent years, the application of denosumab for the treatment
of GCTB has gained popularity and studies of the preoperative
adjuvant treatment effect on surgical and oncological prognosis
have been published [7–9]. A phase II clinical trial involving 281
patients showed that the pain symptoms of the majority of
patients were significantly relieved within two months of treat-
ment [7]. Another phase II clinical trial involving 222 cases showed
that nearly 40% of the patients achieved surgical down-staging and
a considerable number underwent successful joint-sparing curet-
tage surgery [8]. Therefore, previous studies suggest that preoper-
ative denosumab treatment can bring clinical benefits to many
patients.
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However, there remain several controversies regarding preop-
erative treatment. Some reports [9–11] suggest that preoperative
application of denosumab can increase the difficulty of the surgery
and the risk of recurrence. Excessive sclerosis of the lesion after
denosumab treatment can also increase the difficulty of curettage
and interfere with the judgment of the boundary between the
tumor and normal tissue [12,13]. Moreover, residual sclerotic
lesion after surgery may become a risk for postoperative recur-
rence [14,15]. In our previous studies, we obtained good clinical
results, especially for sacral tumors. It is hoped that by reducing
the blood supply to the tumor through preoperative medication,
decreased intraoperative bleeding and reduced perioperative risk
can be achieved. However, the changes in the characteristics of
tumor blood supply over time are not clear. Therefore, we per-
formed a clinical study to evaluate the characteristics of tumor
blood supply and the changes over time after treatment. Moreover,
the correlation between changes in the tumor blood supply and
time after denosumab treatment was analyzed. The overarching
goal of this study was to provide a quantitative analysis of image
changes over time after preoperative application of denosumab
in order to determine the appropriate surgery time.
2. Materials and methods

2.1. General study characteristics

This was a retrospective study of patients with GCTB treated
with denosumab in our institution. The ethics committee of our
institution reviewed and approved this study. All clinical data were
collected from the musculoskeletal tumor database of our institu-
tion. The inclusion criteria were as follows: histologically con-
firmed GCTB (biopsy or postoperative pathology); Campanacci
stage 3; adults or skeletally-mature adolescents (�12 years of
age); unresectable lesion/joint or important structure that cannot
be retained. The exclusion criteria were as follows: malignant
GCTB or malignant transformation of GCTB; GCTB combined with
other bone tumors; arterial embolization, radiotherapy or other
treatment that may affect tumor blood supply; history of
osteonecrosis or osteomyelitis. After application of the above inclu-
sion and exclusion criteria, 59 patients who were treated in our
hospital from January 2014 to December 2019 were enrolled in
this study (Table 1). The average age of the patients was 32.1 years
(16–63 years), among which there were 26 males and 33 females.
The lesion sites were as follows: sacrum or pelvis in 24 cases
(sacrum in 20 cases, pelvis in 4 cases) and limb bone in 35 cases
(tibia in 9 cases, femur in 5 cases, radius in 6 cases, fibula in 6 cases,
humerus in 5 cases, ulna in 3 cases, metacarpal in 1 case).

2.2. Treatment regime and clinical evaluation

The denosumab treatment regimen was as follows: subcuta-
neous injection of denosumab 120 mg once every four weeks with
the addition of a single dose on day 8 and day 15 after the initial
treatment. The patients received both calcium and vitamin D sup-
plements. Clinical evaluations and recordings were performed
before and after denosumab treatment. The visual analogue scale
(VAS) pain score, musculoskeletal tumor society (MSTS) limb func-
tion score, and adverse reactions related to the treatment were
recorded.

2.3. Imaging (enhanced CT) evaluation

All patients underwent enhanced CT examination of the lesion
site before the first denosumab treatment (Fig. 1). Enhanced CT
examination of the lesion was again performed at the first, third,
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and sixth month after treatment. The examinations were per-
formed on the same CT machine before and after treatment. The
agent and dose of contrast as well as the scanning time were con-
sistent. The enhanced CT value was measured and evaluated before
and after treatment. Based on the size and scope of the tumor, 5–
10 CT slices were selected for measurement of the lesion. The plain
and enhanced CT values of the lesion area at the same level were
measured before and after treatment; the plain and enhanced CT
values of the main arteries at the same level were also measured.
The CT enhancement rate was calculated as the ratio of the
enhanced CT value to the plain CT value. The final calculated value
was the average value of all slices.

If an unresectable tumor transformed into a resectable tumor, a
non-curettable tumor transformed into a curettable tumor, or the
important structures were able to be preserved, the denosumab
treatment was stopped and surgical treatment was performed.
Otherwise, denosumab treatment continued if the above criteria
were not met.
2.4. Biological activity (PET-CT) evaluation

Fourteen patients received PET-CT examination before and
three months after denosumab treatment. The average SUV max
values of the tumor before and after denosumab treatment were
compared.
2.5. Statistical analysis

SPSS 22.0 was used for statistical analysis. The mean CT
enhancement rate before treatment and at various time points
after treatment were compared. The mean VAS and MSTS scores
before and after treatment were compared. The continuous vari-
ables were compared by means tests and the categorical variables
were compared by the chi-square test or Fisher’s exact test. Pear-
son correlations were used for continuous variables and Spearman
correlations were used for categorical variables. P � 0.05 was con-
sidered statistically significant.
3. Results

3.1. CT value before treatment

Before treatment, the plain CT and enhanced CT values of the
main arteries were 45.2 (39–55) and 142.1 (94–182), respectively,
and the average enhancement rate was 3.14 (2.18–4.32). The plain
CT and enhanced CT values of the tumor were 43.2 (30–67) and
92.5 (47–153), respectively, and the average enhancement rate
was 2.14 (1.22–4.05). The average CT enhancement rates of sacral
or pelvic lesions and limb lesions before treatment were 2.40
(1.40–4.05) and 1.94 (1.22–2.49), respectively. The enhancement
rate of sacral or pelvic lesions before treatment was significantly
higher than that of limb lesions (P = 0.004, F = 9.270).
3.2. Imaging evaluation results after treatment

3.2.1. Comparison of the CT enhancement rate of blood arteries before
and after treatment

After denosumab treatment, the plain CT value and enhanced
CT value of the main arteries in the same layer of the lesion were
44.2 (37–55) and 139.5 (92–178), respectively. The average
enhancement rate was 3.16 (2.13–4.42), which was not signifi-
cantly different from that before treatment (P = 0.623, F = 0.305).
This result suggests that the enhanced CT before and after treat-
ment is consistent and comparable (Table 1).



Table 1
General characteristics of patients.

Variable Patients P value

n %
Gender

Male 26 44.1
Female 33 55.9

Age (years)
Mean 32.1
Range 16–63

Campanacci stage
1 0 0
2 0 0
3 59 100

Tumor location
Sacrum or Pelvis 24 40.7

Sacrum 20 33.9
Pelvis 4 6.8

Limb bone 35 59.3
Tibia 9 15.3
Femur 5 8.5
Radius 6 10.2
Fibula 6 10.2
Humerus 5 8.5
Ulna 3 5.1
Metacarpal 1 1.7

The VAS scores 0.000
Pre-treatment Mean 4.0

Range 1–8
Post-treatment Mean 0.4

Range 0–2
The MSTS scores 0.000

Pre-treatment Mean 23.8
Range 17–27

Post-treatment Mean 26.4
Range 22–28

CT enhancement rate of main vessels 0.623
Pre-treatment Mean 3.14

Range 2.18–4.32
Post-treatment Mean 3.16

Range 2.13–4.42

Fig. 1. Enhanced CT of a sacral GCTB. The tumor had a wide range of bone destruction with a large soft tissue mass and no obvious bone boundary (axial bone window of CT, A
and B), so it was difficult to perform curettage. The tumor showed obvious enhancement and abundant blood supply in the CT enhancement window (C).
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3.2.2. Changes in the tumor CT enhancement rate after treatment
The average enhancement rates at one month, three months,

and six months post-treatment were 1.60 (1.12–2.53), 1.38
(1.02–2.24), and 1.25 (1–2.11), respectively (Fig. 2). The tumor CT
enhancement rate decreased over time as follows: the average
reduction was 0.54 (25.2%) one month post-treatment; the cumu-
lative average decrease was 0.76 (35.5%) three months post-
treatment, with the an average reduction of 0.22 (10.3%) from
the second to the third month; the cumulative average decrease
was 0.89 (41.6%) six months post-treatment, with an average
reduction of 0.12 (5.6%) from the fourth to the sixth month. After
denosumab treatment, the average monthly reduction in the CT
enhancement rate was as follows: 0.54 (25.2%) in the first month,
0.11 (5.15%) from the second to the third month, and 0.04 (1.87%)
from the fourth to the sixth month. The above calculation results
demonstrate that with the prolongation of denosumab treatment,
the reduction in the absolute value and the degree of reduction
in the tumor CT enhancement rate reduced month by month
(Fig. 3). After three months of treatment, the tumor enhancement
rate was no longer significantly reduced (Table 2).

The average plain CT values of the tumor pre-treatment and one
month, three months, and six months post-treatment were 43.2
(30–67), 51.6 (32–74), 68.9 (46–118), and 93.8 (65–186), respec-
tively. The plain CT values of the tumor increased significantly with
the extension of treatment time (P = 0.000, F = 151.352) (Fig. 4).

3.2.3. Correlation between the reduction in the CT enhancement rate
and the initial CT enhancement rate

The reduction in the CT enhancement rate one month post-
treatment was significantly correlated with the initial CT enhance-
ment rate (P = 0.000, Pearson correlation coefficient = 0.846). The
higher the baseline CT enhancement rate pre-treatment, the more
the CT enhancement rate decreased post-treatment.

3.2.4. Comparison of the influence of denosumab on the CT
enhancement rate of limb lesions and sacral or pelvic lesions

The average enhancement rates of sacral or pelvic tumors and
limb bone tumors were 1.72 (1.25–2.81) and 1.48 (1.12–1.97)
(P = 0.016, F = 6.294), respectively, one month post-treatment,
Fig. 2. The average values and distribution of the CT enhancement rate before
treatment (0) and at different times (1 month, 3 months and 6 months) after
treatment. The enhancement rates showed a significant difference between pre-
treatment and 1 month post-treatment (P = 0.000, F = 33.353). There was no
significant difference between 1 month and 3 months post-treatment (P = 0.062,
F = 5.282), nor between 3 months and 6 months post-treatment (P = 0.290,
F = 0.914).
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1.45 (1.11–2.24) and 1.31 (1.04–1.77) (P = 0.086, F = 3.061) three
months post-treatment, and 1.25 (1.04–2.11) and 1.25 (1.02–
1.49) (P = 0.985, F = 0.000) six months post-treatment. The above
statistical results suggest that the enhancement rate of sacral or
pelvic lesions in the initial stage was significantly higher than that
of limb lesions, and the enhancement rate of sacral or pelvic lesions
gradually approached that of limb lesions after three months of
treatment.

3.3. Clinical evaluation

All patients exhibited clinical benefits, including pain relief and
improvement of limb function (Table 1). The average VAS scores
before and after treatment were 4.0 (1–8) and 0.4 (0–2), respec-
tively, with a significant decrease after treatment (P = 0.000,
F = 283.521). The mean MSTS scores before and after treatment
were 23.8 (17–27) and 26.4 (22–28), respectively, with a signifi-
cant increase after treatment (P = 0.000, F = 42.387). There were
no serious adverse reactions after treatment.

3.4. PET-CT evaluation

The average SUV max values of the tumor before and three
months after denosumab treatment were 11.1 (7.8–15.6) and 6.5
(3.3–12.5), respectively. The average SUV max values of the tumor
were significantly decreased after treatment (P = 0.000, F = 18.922).
4. Discussion

Denosumab is a new targeted therapeutic drug that can specif-
ically combine with RANKL to block the RANK-RANKL pathway and
inhibit the function of osteoclasts. Denosumab has been gradually
applied in the treatment of GCTB, especially for recurrent, unre-
sectable, and metastatic GCTB [16]. As such, denosumab has
become the first targeted drug for adjuvant therapy in GCTB. In
clinical practice, we observed that denosumab can not only relieve
the clinical symptoms of patients and inhibit bone destruction
behavior, but can also reduce the blood supply to the tumor. Thus,
the blood loss during the curettage of sacral tumors may be
reduced. The enhancement rate of enhanced CT can reflect the
arterial blood supply to the tumor [17–19]. We carried out several
studies and observed that the CT enhancement rate of the tumor
decreased after treatment with denosumab, and the density of
the micro arteries in the postoperative specimen was also lower
than that of the pre-treatment biopsy specimen [12,20].

In the current study, the enhancement rate was measured and
the blood flow characteristics of GCTB after denosumab treatment
were evaluated. There was no significant difference in the average
enhancement rate of the main arteries before and after treatment.
This result suggests that the contrast CT examination results before
and after treatment were comparable with the CT enhancement
rate we calculated. The CT enhancement rate reflects the blood
flow of the tissue examined. Therefore, if the blood flow in a tumor
is decreased or increased, the enhancement degree of an enhanced
CT scan will also be weakened or strengthened accordingly [17–
19].

Before analyzing the effect of treatment, the baseline CT
enhancement rate of the tumor was analyzed before and after
treatment. The enhancement rate of sacrum or pelvis lesions was
significantly higher than that of limb lesions. This result is similar
to our preliminary clinical results [20]. Sacral or pelvic lesions pre-
sented with a higher CT enhancement rate and more abundant
blood supply. This is consistent with our clinical experience; that
is, significant blood loss commonly occurs during surgery on
sacrum or pelvic tumors. This finding also provides useful data



Fig. 3. Comparison of enhanced CT of sacral tumor before treatment (A: plain CT, B: enhanced CT), 1 month after treatment (C: plain CT, D: enhanced CT), and 3 months after
treatment (E: plain CT, F: enhanced CT). The enhancement rates were 2.67, 1.65, and 1.38 before treatment and 1 month and 3 months after treatment, respectively.

Table 2
Changes of CT enhancement rate pre- and post-denosumab treatment

Time CT enhancement rate P value
Value Cumulative decrease

value(proportion)
Monthly decrease value
(proportion)

Compared with
pre-treatment

Compared with 1 month
post-treatment

Compared with 2–3 months
post-treatment

Pre-treatment 2.14
1 month post-

treatment
1.60 0.54(25.2%) 0.54(25.2%) P = 0.000

F = 33.353
2–3 months post-

treatment
1.38 0.76(35.5%) 0.11(5.15%) P = 0.000

F = 77.267
P = 0.062
F = 5.282

4–6 months post-
treatment

1.25 0.89(41.6%) 0.04(1.87%) P = 0.000
F = 98.524

P = 0.079
F = 6.471

P = 0.290
F = 0.914

Fig. 4. The average plain CT values of the tumor before treatment (0) and at
different times (1 month, 3 months, and 6 months) after treatment.
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support for the clinical practice of bone oncologists Thus, it can be
considered that preoperative treatment with denosumab is more
valuable in the treatment of sacrum or pelvic tumor.

The results of this study indicated that the enhanced CT rate of
the tumor was significantly reduced after denosumab treatment,
5

suggesting that denosumab can reduce the tumor blood supply
in GCTB. The PET-CT results demonstrated that the average SUV
max values of the tumor were significantly decreased after treat-
ment, suggesting a decrease in the biological activity of the tumor.
With the prolongation of denosumab treatment, the absolute value
and the degree of reduction in the CT enhancement rate of the
tumor decreased gradually. The difference in the average CT
enhancement rate between three months and six months after
treatment was not as significant as that in the early stage. In most
of the cases in this study, the CT enhancement rate and the blood
supply to the tumor had significantly reduced after one to three
months of treatment. However, the tumor plain CT value increased
significantly with the prolongation of treatment time, even after
three months of treatment. The continuous aggravation of sclerosis
may increase the difficulty of tumor curettage. These results sug-
gest that it is necessary for clinicians to consider the rational treat-
ment time before surgery. In order to reduce the blood supply to
the tumor and the intraoperative blood loss, the denosumab treat-
ment time should be controlled be no more than three months.

Obvious differences in the reduction of the CT enhancement
rate were observed among different lesions. The correlation
between the reduction in the CT enhancement rate and the initial
CT enhancement rate was analyzed and the results showed that
the reduction in the CT enhancement rate after one month of treat-
ment was significantly correlated with the initial CT enhancement
rate. Therefore, the higher the baseline CT enhancement rate of the
lesion, the more significant the reduction in the value after
treatment.
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The characteristics of blood supply changes of tumors in differ-
ent sites (sacral or pelvic tumors versus limb tumors) after deno-
sumab treatment were also compared. After the first month of
treatment, the average CT enhancement rate of sacral or pelvic
lesions was still significantly higher than that of limb bone lesions
However, the enhancement rate of sacrum or pelvis tumors gradu-
ally became closer to that of limb bone tumors with the prolonga-
tion of treatment time, which also suggests that the treatment time
should not be extended excessively in the treatment of sacrum or
pelvis tumors. Our previous study [20] showed that the enhance-
ment rate of sacral or pelvis tumors decreased more obviously
and rapidly than that of limb tumors. The above analysis demon-
strates that the reduction in sacrum or pelvis lesions was more
obvious, which is consistent with the result indicating that the
reduction value was related to the baseline enhancement rate.
Based on the above results, it can be concluded that most cases
of sacral or pelvis GCTB will exhibit a decrease in the tumor blood
supply one month after treatment. If surgery is performed after one
month of treatment, not only will reduced blood loss and improved
safety of the surgery be observed, but curettage difficulty due to
excessive sclerosis of tumor will be avoided.

All patients in this study experienced clinical benefits after
treatment with denosumab, regardless of the duration of treat-
ment. The patients presented with pain relief, increased limb
mobility, and improved function. No serious adverse reactions
were observed in the clinical follow-up. Several previous reports
also suggest that patients experience clinical benefits [7,8,13,21];
however, there has been no analysis of timeliness. Bukata et al.
[22] analyzed the clinical efficacy of denosumab treatment in
131 patients and a clinical benefit was reported in 83% of patients.
Different from our study, most of the patients had surgically unsal-
vageable GCTB and received long-term treatment with denosumab.
The probabilities of disease progression were 3% at year one and
7.4% at year three in unsalvageable GCTB. However, the results of
the current study suggested that the time should be carefully con-
trolled when denosumab is administered as a preoperative adju-
vant treatment in surgically salvageable GCTB. Boriani et al. [23]
suggested that denosumab is an excellent solution for spine GCT
where surgical treatment is not appropriate or is associated with
unacceptable morbidity or loss of function. The role of post-
operative treatment is valued, but it is unclear when to safely stop
the treatment.

A recent clinical study [24] suggested that denosumab treat-
ment may increase the risk of recurrence. However, there were
only three cases of preoperative treatment in the above study.
The small number of cases and the existence of selection bias
may affect the conclusions of the research. Several systematic
reviews [25–27] suggest that denosumab treatment may be asso-
ciated with increased postoperative recurrence. However, most of
the existing research reports and clinical cases are of Campanacci
stage 3 cases, and in most of these cases, resection is very difficult
or will cause serious morbidity. Therefore, treatment of such cases
may lead to selection bias. At present, there is still no convincing
randomized controlled study.

An in vitro experiment [28] showed that denosumab inhibited
osteoclast differentiation and osteoclastic activity but did not kill
osteoclasts and tumor stromal cells. Another clinical study [29]
showed that tumor progression occurred in 40% of cases at a med-
ian time of eight months after discontinuing denosumab. This sug-
gests that denosumab cannot completely eliminate the tumor cells
in GCTB, and incomplete surgery after treatment will lead to tumor
recurrence. In addition, some cases of malignant transformation of
GCTB have been reported in recent years [30,31]. Due to the small
number of cases, the mechanism is not clear. Therefore, whether
long-term treatment will lead to malignant transformation
requires careful consideration and exploration.
6

The current study has several limitations that should be consid-
ered. First, there may be bias in the selection of patients. Most
patients with GCTB received surgery without preoperative treat-
ment. The cases that received denosumab treatment were those
where surgery was relatively difficult or where a large amount of
intraoperative blood loss was expected. They may not represent
the general population of GCTB patients. In addition, this clinical
study did not have a control group of cases who received different
treatment times. Instead, this was a self-control study comparing
the same case at different times.

In conclusion, preoperative application of denosumab can
reduce tumor blood supply. The decrease in the blood supply is
most significant in the initial stage of treatment. The decrease in
the tumor blood supply gradually reduces with the prolongation
of treatment time. Therefore, for the purpose of reducing intra-
operative bleedingand facilitating surgery, the administration of
denosumab treatment more than three monthsbefore surgery is
not recommended. Clinicians should perform individualized analy-
sis and appropriate adjustment of each patient’s treatment plan
based on the individual’s biological characteristics and tumor
development.
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treatment of inoperable or locally advanced giant cell tumor of bone-
multicenter analysis outside clinical trial, Eur J Surg Oncol. 44 (9) (2018)
1384–1390.

http://refhub.elsevier.com/S2212-1374(21)00065-8/h0005
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0005
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0005
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0010
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0010
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0010
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0020
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0020
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0020
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0025
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0025
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0025
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0030
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0030
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0030
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0035
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0035
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0035
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0035
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0035
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0040
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0040
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0040
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0040
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0045
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0045
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0045
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0045
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0045
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0045


Y. Yang, H. Xu, W. Liu et al. Journal of Bone Oncology 32 (2022) 100410
[10] P.S. Chinder, S. Hindiskere, S. Doddarangappa, U. Pal, Evaluation of local
recurrence in giant-cell tumor of bone treated by neoadjuvant denosumab,
Clin Orthop Surg. 11 (3) (2019) 352, https://doi.org/
10.4055/cios.2019.11.3.352.

[11] A. Puri, A. Gulia, P. Hegde, V. Verma, B. Rekhi, Neoadjuvant denosumab: its role
and results in operable cases of giant cell tumour of bone, Bone Joint J. 101-B
(2) (2019) 170–177.

[12] X. Niu, Y. Yang, K.C. Wong, Z. Huang, Y.i. Ding, W. Zhang, Giant cell tumour of
the bone treated with denosumab: How has the blood supply and oncological
prognosis of the tumour changed?, J Orthop Transl 18 (2019) 100–108.

[13] Costantino E, Shinji T, Andreas FM. How safe and effective is denosumab for
bone giant cell tumour? International Orthopaedics (SICOT). 2017; 41(11):
2397-400

[14] D.A. Müller, G. Beltrami, G. Scoccianti, D.A. Campanacci, A. Franchi, R. Capanna,
Risks and benefits of combining denosumab and surgery in giant cell tumor of
bone—a case series, World J Surg Oncol. 14 (1) (2016), https://doi.org/10.1186/
s12957-016-1034-y.

[15] Y. Yang Y. Li W. Liu H. Xu X. Niu A nonrandomized controlled study of sacral
giant cell tumors with preoperative treatment of denosumab 97 46 2018
e13139 10.1097/MD.0000000000013139

[16] A.S. Singh, N.S. Chawla, S.E. Chawla, Giant-cell tumor of bone: treatment
options and role of denosumab, Biologics. 9 (2015) 69–74.

[17] K.A. Miles, Tumour angiogenesis and its relation to contrast enhancement on
computed tomography: a review, European journal of radiology. 30 (3) (1999)
198–205.

[18] G. Michael, X-ray computed tomography, Physics Education. 36 (6) (2001)
442–451.

[19] J.T. Bushberg, J.A. Seibert, E.M. Leidholdt, J.M. Boone, E.J. Goldschmidt, The
essential physics of medical imaging, Eur J Nucl Med Mol Imaging. 30 (7)
(2003) 1936.

[20] Y. Yongkun, H. Zhen, D. Yi, et al., Effects of preoperative denosumab therapy on
blood supply of bone giant cell tumors, Chin J Bone Joint. 8 (9) (2019) 667–671.

[21] S. Nishimura K. Hashimoto A. Tan Y. Yagyu M. Akagi Successful treatment with
denosumab in a patient with sacral giant cell tumor of bone refractory to
combination therapy with arterial embolization and zoledronic acid: A case
report 6 3 2017 307 310
7

[22] Bukata SV, Blay JY, Rutkowski P, et al. Denosumab Treatment for Giant Cell
Tumor of the Spine Including the Sacrum. Spine. 2021; 46 (5): 277-84.23.
Boriani S, Cecchinato R, Cuzzocrea F, et al. Denosumab in the treatment of
giant cell tumor of the spine. Preliminary report, review of the literature and
protocol proposal. European Spine Journal. 2020; 29: 257-71

[23] S. Kei, S. Yoshiyuki, O. Taketo, et al., Preoperative denosumab treatment with
curettage may be a risk factor for recurrence of giant cell tumor of bone, J
Orthop Surg (Hong Kong). 28 (2) (2020) 1–8.

[24] S. Tsukamoto, Y. Tanaka, A.F. Mavrogenis, et al., Is Treatment with Denosumab
Associated with Local Recurrence in Patients with Giant Cell Tumor of Bone
Treated with Curettage? A Systematic Review, Clin Orthop Relat Res. 478 (5)
(2019) 1–10.

[25] X.i. Chen, H. Li, S. Zhu, Y. Wang, W. Qian, Pre-operative denosumab is
associated with higher risk of local recurrence in giant cell tumor of bone: a
systematic review and meta-analysis, BMC Musculoskeletal Disorders. 21 (1)
(2020), https://doi.org/10.1186/s12891-020-03294-2.

[26] C. Errani, S. Tsukamoto, G. Leone, A. Righi, M. Akahane, Y. Tanaka, D.M. Donati,
Denosumab May Increase the Risk of Local Recurrence in Patients with Giant-
Cell Tumor of Bone Treated with Curettage, J Bone Joint Surg Am. 100 (6)
(2018) 496–504.

[27] I. Shibuya, M. Takami, A. Miyamoto, A. Karakawa, A. Dezawa, S. Nakamura, R.
Kamijo, Invitro study of the effects of denosumab on giant cell tumor of bone:
comparison with zoledronicacid, Pathol Oncol Res. 25 (1) (2019) 409–419.

[28] E. Palmerini, N.S. Chawla, S. Ferrari, M. Sudan, P. Picci, E. Marchesi, M.P.
Leopardi, I. Syed, K.K. Sankhala, P. Parthasarathy, W.E. Mendanha, M. Pierini, A.
Paioli, S.P. Chawla, Denosumab in advanced/unresectable giant-cell tumour of
bone (GCTB): for how long?, Eur J Cancer 76 (2017) 118–124.

[29] C.J. Broehm, E.L. Garbrecht, J. Wood, T. Bocklage, Two cases of sarcoma arising
in giant cell tumor of bone treated with denosumab, Case Rep Med. 2015
(2015) 1–6.

[30] L.A. Aponte-Tinao, N.S. Piuzzi, P. Roitman, G.L. Farfalli, A high-grade sarcoma
arising in a patient with recurrent benign giant cell tumor of the proximal tibia
while receiving treatment with denosumab, Clin Orthop. 473 (2015) 3050–
3055.

https://doi.org/10.4055/cios.2019.11.3.352
https://doi.org/10.4055/cios.2019.11.3.352
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0055
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0055
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0055
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0060
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0060
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0060
https://doi.org/10.1186/s12957-016-1034-y
https://doi.org/10.1186/s12957-016-1034-y
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0080
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0080
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0085
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0085
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0085
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0090
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0090
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0095
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0095
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0095
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0100
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0100
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0115
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0115
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0115
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0120
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0120
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0120
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0120
https://doi.org/10.1186/s12891-020-03294-2
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0130
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0130
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0130
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0130
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0135
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0135
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0135
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0140
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0140
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0140
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0140
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0145
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0145
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0145
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0150
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0150
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0150
http://refhub.elsevier.com/S2212-1374(21)00065-8/h0150

	Study of imaging changes following preoperative denosumab for giant cell tumor of bone
	1 Introduction
	2 Materials and methods
	2.1 General study characteristics
	2.2 Treatment regime and clinical evaluation
	2.3 Imaging (enhanced CT) evaluation
	2.4 Biological activity (PET-CT) evaluation
	2.5 Statistical analysis

	3 Results
	3.1 CT value before treatment
	3.2 Imaging evaluation results after treatment
	3.2.1 Comparison of the CT enhancement rate of blood arteries before and after treatment
	3.2.2 Changes in the tumor CT enhancement rate after treatment
	3.2.3 Correlation between the reduction in the CT enhancement rate and the initial CT enhancement rate
	3.2.4 Comparison of the influence of denosumab on the CT enhancement rate of limb lesions and sacral or pelvic lesions

	3.3 Clinical evaluation
	3.4 PET-CT evaluation

	4 Discussion
	Funding
	Declaration of Competing Interest
	Acknowledgement
	References


