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Giant Cell Tumors of the Bone: Changes in Image
Features after Denosumab Administration

Sota Oguro!’, Shigeo Okuda!, Hiroaki Sugiura!, Shunsuke Matsumoto’,
Aya Sasaki?, Michiro Susa®, Hideo Morioka*, and Masahiro Jinzaki'

Purpose: To assess the clinical importance in the feature change in giant cell tumors of the bone (GCTB)
after denosumab treatment, detected by MRI.

Methods: In 12 patients, MRI and CT of GCTB obtained before and after the treatment retrospectively
compared. The tumor size, the signal intensity (SI) ratio between the solid part of the GCTB and muscle,
cystic part size, gadolinium enhancement and apparent diffusion coefficient (ADC) value were measured on
MRI. The bone formation in the tumor was observed on CT and X-ray.

Results: The mean number of denosumab injections was 19 + 10. The follow-up period was up to 2 years.
One case showed partial remission, while the other 11 cases were stable. A mean SI ratio on T,-weighted
image statistically significantly decreased from 3.9 to 1.9 after the treatment. A cystic component in the
tumor was observed in five cases before the treatment, and the diameter of the cystic part decreased after the
treatment in 80% of cases (4/5). All the tumors showed contrast enhancement on T,-weighted image pre-
and post-treatment (11/11). The averaged ADC values were 1.52 x 10~ mm?/s before and 1.44 x 107> mm?/s
after the treatment (P = 0.63). Bone formation in the tumor was observed in 58% of cases (7/12).

Conclusion: The decrease of SI ratio on T,-weighted image, shrinkage of cystic part and bone formation
should be regarded as the effectiveness of denosumab treatment despite of no substantial change in the

tumor size.
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Introduction

Giant cell tumors of the bone (GCTB) typically exhibit
osteolytic changes in the epiphyseal or apophyseal region of
long bones. Surgical resection and filling with polymethyl-
methacrylate cement is the standard treatment when treating
these osteolytic lesions as resectable tumors. Medical treat-
ments that use bisphosphonates have been proposed as a thera-
peutic option in cases with metastatic or unresectable disease
to reduce osteoclast activity.! More recently, denosumab
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has been approved to treat GCTB.? Denosumab is a human
monoclonal antibody that targets the receptor activator of
nuclear factor-«B ligand (RANKL) with high specificity and
affinity.> Receptor activator of nuclear factor kappa-B ligand
is a signaling molecule that is required for the bone resorptive
function of osteoclast-like cells and is highly expressed on the
stromal cells of tumors.*> Denosumab reduces the activity of
osteoclast-like cells by blocking RANKL and has been shown
to be effective in combatting bone metastasis or multiple
myeloma in several reports.®® Branstetter et al. reported that
in patients with GCTB, denosumab treatment reduced the
relative content of some phenotypes when viewed under his-
tology.” These included proliferative, densely cellular tumor
stromal cells, which were replaced with non-proliferative, dif-
ferentiated, and densely woven new bone. It has been stated to
be important to evaluate the metabolic changes occurred in
tumor than tumor shrinkage.'® Moreover, MRI has been more
frequently used for tumor response evaluation, because they
provide detailed anatomic, and functional, or metabolic
change information during tumor treatment. Although the
new bone formation may be visualizable on X-ray or CT
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images within the tumor, disruption of tumor progression
evaluated using MRI might be a more appropriate indicator of
improvement in patient outcome. Additionally, several studies
reported that apparent diffusion coefficient (ADC) values
could reflect the immunohistochemical features of a specific
tumor and could then more precisely predict the aggressive-
ness and potential response of a particular tumor prior to ini-
tializing treatment.!''> The purpose of this study was,
therefore, to assess the clinical importance in the feature
change in GCTB after denosumab treatment, detected by
MRI.

Materials and Methods

Denosumab treatment and study population
The Institutional Review Board of our hospital approved this
retrospective study. The requirement for informed patient
consent was waived for this study. The inclusion criteria in
this study for denosumab treatment were the following: adults
who weighed at least 45 kg with lesions that were histologi-
cally confirmed as GCTB. The exclusion criteria were the fol-
lowing: a diagnosis of a second malignancy within the past
5 years, a history or current evidence of osteonecrosis or
osteomyelitis of the jaw, active dental or jaw conditions
necessitating oral surgery, and pregnancy. Denosumab
(40 mg) was injected every 4 weeks. Vitamin D and calcium
were prescribed for all patients.!3

The study included 12 patients with GCTB who were
treated with denosumab from November 2011 to August
2014 in our hospital. There were seven male and five female
patients. The patients had a mean age with standard deviation
of 41 + 12 years old (range, 26—66 years old). All patients
were histologically diagnosed after biopsy at our institution.
In this series, six cases of recurrent GCTB were included
after initial treatment except denosumab. The mean number
of denosumab injections was 19 + 10 (mean + range).

Image analysis

For this study, pre-therapeutic and post-therapeutic images
were compared in all cases. The pre-therapeutic images were
obtained within 1 month before the initial denosumab treat-
ment. The post-therapy images were obtained at least 10
months after the initial denosumab treatment. The mean
observation period was 19.8 months, and the median obser-
vation period was 18 months.

The MRI was performed using a 1.5T MR scanner
(Signa HD; GE Healthcare, Waukesha, WI, USA). The
T,-weighted images were obtained with the following
parameters: TR/TE, 2,000-4,600/70—100 ms; slice thickness,
35 mm; interslice gap, 0.3—1 mm; and FOV, 140-240 mm.
The tumor size was measured on T,-weighted axial image
and compared between pre- and post-treatment using the
response evaluation criteria in solid tumors (RECIST)
scale.! To assess the solid part of the tumor, the signal inten-
sity (SI) ratio between the solid part of the GCTB and muscle
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(tumor SI/muscle SI) on a T,-weighted image was evalu-
ated.!>!® The region of interest was drawn manually at the
center of the solid part of the GCTB, avoiding strong calcifi-
cation or bone marrow formation. The size of the ROI was
from 3 to 9 mm. Then, the size of the cystic component (indi-
cated by aneurysmal bone cyst-like changes) was measured
on pre- and post-treatment T,-weighted image.!” The max-
imum diameter of cystic lesion was measured as a reference.
In case of a multilocular cystic lesion, the largest diameter of
entire cystic mass was measured. If there were more than one
cystic mass, the largest cystic lesion was selected as the
measuring target. Then, T,-weighted images with fat sup-
pression (FsT,WI) were obtained using gradient echo
T,-weighted images with the following parameters: TR/TE,
170-240 m/1.7-2.6 ms, flip angle 90°, slice thickness 3—5 mm
with no inter-slice gap, FOV 140-240 mm and the matrix
was 320 x 192. In 11 of 12 patients, contrast-enhanced
FsT,WI was obtained following the administration of meglu-
mine gadopentetate (Magnevist, Bayer Yakuhin, Ltd., Osaka,
Japan), in a dose of 0.2 mL/kg by hand injection into a
median cubital vein. In one patient, contrast-enhanced
images were not obtained due to the contraindication for using
contrast material. Next, diffusion-weighted images were
obtained in all patients who have not undertaken any pretreat-
ment, using the following parameters: b value, 1,000 s/mm?;
slice thickness, 5-6 mm; TR/TE, 4,000-6,000/72—96 m:;
acquisition matrix, 160 x 128; number of acquisitions, 6—8.
An ADC map was generated using a workstation software
(Advantage Workstation 4.3, GE Healthcare, Waukesha, W1,
USA), and the ROI was placed in the solid part of the tumor
on the map to measure the ADC value.'® Computed
tomography and X-ray were referred for evaluating new
bone formation after treatment with denosumab.’ The two
radiologists had consensus regarding the measurements of
the tumor size, the size of the cystic lesion, the location and
size of the ROI on T,WI and ADC map.

Pre- and post-treatment measurements of tumor diam-
eter, the size of the cystic component, ADC values were com-
pared using Student’s #-test. A value of P < 0.05 was
considered to indicate statistical significance.

Results

The characteristics of the patients are shown in Table 1.
Mean pre- and post-treatment tumor size significantly
decreased from 47.1 + 22.6 to 40.6 = 21.8 mm (P = 0.01),
respectively. One case showed more than a 30% reduction in
size (partial remission), and the other cases were assessed as
stable disease. The SI ratio between the solid part of the
tumor and the muscle was 3.9 + 3.1 and decreased to 1.9 +
0.9 after denosumab treatment, which was statistically sig-
nificant (P = 0.036). A cystic component was observed in the
tumor in five out of six cases who have not undertaken pre-
treatment, and the diameter of the cystic formation was
decreased in 4/5 cases (80%). In these five cases with cystic
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Image Change of GCTB Related to Denosumab

Table 1 Short-term imaging findings in patients with giant cell tumors of the bone who were treated with denosumab

Tumor Size of cystic SlratioonT, ADC value
No. Sex Age Location Pretreatment _ Size (mm) component (mm) weighted image 'f\levn‘; bt(?n: (102 x mm¥sec)
ormatio
Pre  Post Pre Post Pre Post Pre Post
1 M 37  Tibia - 60 50 43 18 3.6 2.9 + 1.03 0.66
2 M 26  Humerus - 66 55 39 15 9.7 3.6 1.55 1.33
3 M 33 Carpus - 25 22 10 0 4.9 1.1 1.25 1.29
4 M 52 Vertebra - 32 30 15 15 10.7 0.9 + 1.66 2.24
5 M 41 Skull bone - 46 20 40 12 3.5 2.7 - 2.60 1.74
6 F 34 Vertebra - 23 22 0 2.2 1.7 + 0.91 1.23
7 M 54 Radius Curettage with o, 0 0 1.2 11 ; NA  NA
bone grafting
8 M 34 Femur Curettage with - 0 0 13 0.8 + NA  N/A
bone grafting
9 F 26 Vertebra  Curettage 89 87 0 0 2.4 1.6 - NA  NA
alone
10 F 51 Vertebra  CUrettage 30 24 0 0 22 13 - NA  N/A
alone
11 F 39 Vertebra  CUrettage 31 30 0 0 22 1.7 - NA  N/A
alone
12 F 66  Sacrum Embolization 74 63 0 0 3.4 3 - N/A N/A

ADC, apparent diffusion coefficient; Sl ratio, the signal intensity ratio between the solid part of the tumor and muscle.

component, the mean diameter of the cystic component sig-
nificantly decreased from 24.5+ 18.4to 129+ 11.1 mm (P =
0.02). A cystic component was not observed in any recurrent
cases. Moreover, the appearance of new cystic lesion was not
revealed. All tumors were demonstrated in homogeneous
hypointensity on FsT ,WI before the treatment. Marked
enhancement was observed at the solid part of the tumor both
pre- and post-treatment in seven patients. In one patient, the
marked enhancement was changed to mild one due to strong
calcification after the treatment. In three patients, the tumors
were mildly enhanced before and after the treatments. The
mean ADC value of the solid part of the tumor changed from
1.50 to 1.41 x 1073 mm?/s, which was not statistically signifi-
cant (P=0.70). A representative example of an MRI is shown
in Fig. 1. New bone formation in the tumor appeared on CT
and X-ray images in seven of 12 cases (58%). Interestingly,
five of six cases (83%) without pretreatment showed new
bone formation, which was higher rate than recurrent cases
2/6 (33%). A representative example of new bone formation
is shown in Fig. 2.

Discussion

In this report, we describe changes that were observed in
GCTB imaging after denosumab treatment. After treatment
with denosumab, GCTB was primarily observed using CT
and MRI for approximately 20 months. Mean tumor size sig-
nificantly decreased in these patients. Additionally, one case
showed partial remission, while others achieved stable
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disease. Branstetter et al. reported that in histological
analyses, 65% of their patients exhibited an increase in the
proportion of dense fibro-osseous tissue and/or new woven
bone after denosumab treatment.” In our study, 58% of the
cases showed bone formation in the tumor, a result that was
comparable to those reported in previous reports. In the five
patients who did not show new bone formation in the tumor,
the lesion was located in the vertebrae in three cases, the
sacrum in one case and the skull in one case. Lesions situated
in the axial skeleton may have a reduced tendency to develop
new bone formations within the tumor. On the other hand,
four out of six cases were post-treatment. Pre-treatment, such
as operation or embolization might affect the development of
new bone formation. In our study, the region showing a
cystic appearance in the tumor was significantly smaller after
denosumab treatment. Sabokbar et al.!’ reported that mac-
rophage-osteoclast differentiation may play a role in osteol-
ysis and therefore, be associated with the enlargement of
subchondral cysts in osteoarthritis. We hypothesized that the
reduction of the cystic component in the GCTB following
denosumab treatment might have been mediated by its
blocking effect on RANKL, which could result in the sup-
pression of osteoclasts.

In this study, we found the significant decrease in T,WI
SI ratio after the treatment. Dense calcification induced by
the denosumab might contribute the signal decrease. More-
over, the number is reduced after the treatment in both
multinucleated giant cells and intervening mononuclear
cells, which are abundant in giant cell tumors, and the tumor
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Fig. 1 Magnetic resonance images of tissues obtained from a 37 y/o male with giant cell tumors of the bone (GCTB) in the tibia. Images
are shown before and after denosumab administration. (a) T,-weighted image of a MRI showing GCTB exhibiting a cystic component
in the proximal tibia. The tumor was 60 mm in size, including the cystic component. The cystic component was 43 mm in diameter. (b
and ¢) On diffusion weighted image, the solid part of the tumor showed high intensity. On apparent diffusion coefficient (ADC) map (b =
1,000), the ADC value of the solid part of the tumor was 1.03 (x1072 mm?2/s). (d) T,-weighted image after denosumab treatment showing
that the tumor had decreased in size to 50 mm. The size of cystic component was 18 mm (double-headed arrow). (e and f) On diffusion
weighted image, the solid part of the tumor showed high intensity. On ADC map (b = 1,000), the ADC value of the solid part of the tumor

decreased to 0.66 (x107> mm?/s).
\
) )

Fig. 2 Computed tomography and MRI of a 33 y/o male with giant cell tumors of the bone (GCTB) in the carpal bones. Images are shown
before and after denosumab treatment. (a and b) The tumor exhibited a well-defined geographic lucent lesion in the carpal bones that was
25 mm in size. On T,-weighted axial imaging, the tumor demonstrated well-circumscribed inhomogeneous hypo-intensity and a small cystic
component (arrow). Computed tomography did not show bone formation in the tumor. (c) Both multinucleated giant cells and intervening
mononuclear cells were observed in this photomicrograph. (d and e) On T,-weighted axial imaging, the tumor exhibited inhomogeneous
hypo-intensity with an unclear boundary. The small cystic component disappeared after treatment. The tumor had slightly decreased in size
to 22 mm. Computed tomography revealed GCTB in the carpal bones and new bone formation within the tumor. (f) Intermixed bone and
fibroblast-like spindle cells were observed instead of multinucleated giant cells and intervening mononuclear cells.
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is replaced to intermixed bone and fibroblast-like spindle
cells.’ This histological change is also assumed to be one of
the reasons for decreasing signal. Therefore, decreasing SI
ratio might be relevant to therapeutic effect. The number of
the ADC case value was measured was too small; however,
three cases showed increasing ADC value and the other
three cases showed decreasing ADC value. The ADC value
might be limited.

While several adverse events, such as osteonecrosis of
the jaw and atypical fracture, have been reported after long-
term administration of denosumab for GCTB, this osteoclast
inhibition therapy has been reported to be tolerable for con-
tinued use as long as the treatment remains consistent with
the patient’s and clinician’s joint goals and there is an absence
of excessive toxicity.?’ In addition, one obstacle to surgically
managing GCTB is that denosumab treatment renders GCTB
less macroscopically and microscopically defined, which
makes decisions regarding the extent of any surgical excision
more difficult.?! In our case series, two cases showed local
recurrence after denosumab was used as a neo-adjuvant
therapy for curettage. Therefore, it is possible that using den-
osumab should be restricted to cases of GCTB that involve
the articular surface or that are located in the trunk, where
resection is not feasible. For those unresectable GCTB, tran-
scatheter arterial embolization could be performed as a pal-
liative therapy.?? In the future, an optimal therapeutic regimen
that could include curettage, transcatheter arterial emboliza-
tion, denosumab, and radiation therapy should be established
for GCTB.

There are several limitations to this study. First, this was
a retrospective study that consisted of a small number of
cases. Second, the follow-up observation period was short.
Future studies that carefully document sarcomatous transfor-
mation in GCTB in patients who receive denosumab for a
long period of time are needed.

Conclusion

We identified changes that occur in GCTB that can be
observed as imaging features in patient who received deno-
sumab treatment. The shrinkage of cystic part and bone for-
mation should be regarded as the effectiveness of denosumab
treatment despite of no substantial change in the tumor size.
These novel findings should be incorporated into treatment
decision algorithms.
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