
Abstract. Background: Giant cell tumor of the bone
(GCTB) is a benign or sometimes semi-malignant neoplasm
accounting for 5% of all primary bone tumors. This type of
tumor has been historically considered as radioresistant, but
nowadays radiotherapy (RT) is used in unresectable,
recurrent or incompletely resected cases. Since the value of
RT is not well defined, a national cohort study was
conducted. Patients and Methods: Six German institutions
collected data from 35 patients treated during the last 35
years and analyzed them. Results: From 1975-2010 16 male
and 19 female patients with 39 lesions were irradiated for
GCTB. The median age was 30 years and the median follow-
up 65 months. Nineteen patients had undergone RT for
recurrent or unresectable disease and 16 patients for non-
in-sano resection. The actuarial 5-year overall and disease-
free survival rates were 90% and 59%, respectively.
Conclusion: RT is an easy, safe and effective method for the
treatment of GCTB. It may provide an attractive alternative
to mutilating surgery.

Giant cell tumor of the bone (GCTB) is a rare benign and
locally aggressive neoplasm which affects mostly young
adults, with a slightly higher incidence in women. It accounts

for 5% of all primary bone tumors and for 20% of all benign
bone tumors (1). Since its first recognition in 1818 by the
English surgeon and anatomist Sir Astley Paston Cooper
(1768-1841), it was not distinguished from other tumors of
the bone such as chondroblastoma and aneurysmal bone cyst
until the year 1940 (2, 3). Although GCBT is regarded as a
benign tumor, distant metastases have been described, mostly
occuring in the lungs. The clinical behavior of these tumors
is generally not predictable with the help of clinical,
radiographic, or histopathological features.

The lesions are usually presented with local pain and soft-
tissue swelling; mostly the distal femur or the proximal tibia
is involved (4). Radiologically, extensive osteolysis (Figure
1) with sometimes foamy appearance is observed. The
histological findings for GCTB show round or spindle-
shaped mononuclear cells that are riddled with
multinucleated giant cells (4). The treatment of choice for
resectable GCTB is surgery with or without prosthetic
replacement. Local control rates of approximately 90% are
reported for long bones, but are considerably lower for
lesions located in the axial skeleton (5-7). In the past,
radiotherapy (RT) was avoided because published reports
stated an increased risk of secondary cancer occurrence,
especially of sarcomatous transformation (8). Nowadays, RT
is offered to patients who are not suitable for surgery for
medical reasons, due to unacceptable deformation, and
technical difficulties, and to patients with recurrent tumor
(1, 9-11). Since the treatment concepts in GCTB are
inconsistent and not well defined, the German Cooperative
Group on Radiotherapy for Benign Diseases (GCG-BD)
performed a multicenter cohort analysis on this type of
tumor.
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The purpose of this analysis was to determine the
treatment indications, the concepts, the effectiveness and the
long-term outcome of RT in GCTB.

Patients and Methods

Six closely cooperating German radiation oncology centers,
members of the German Cooperative Group on Radiotherapy for
Benign Diseases (GCG-BD), retrospectively collected data on the
clinical features, the treatment concepts and the outcome data of
their patients, treated for GCTB during the last 35 years.
Participating institutions were four academic, one non-academic and
one private institution. Study endpoints were pain relief,
symptomatical and radiological response, recurrent disease activity
and treatment-related side-effects. The median follow-up was 65
(range 6 to 358) months. Thirty-five patients with 39 tumors were
eligible for analysis. The median age was 30 (range 12 to 71) years.
There were 15 male and 20 female patients resulting in a ratio of
1:1.33. All patients suffered from histologically proven GCTB.
Concerning symptomatology, a total of 94% of patients complained
of pain and 31% of neurological symptoms (e.g. paresis). Sites of
involvement were the following: cervical spine (n=4), thoracic or
lumbar spine (n=18), pelvic bone (n=10), humerus (n=2), femur
(n=2), hand (n=2), temporal bone (n=1). The patients’ characteristics
are summarized in Table I. Overall, 19 patients were treated with
RT due to unresectable or recurrent tumors and 16 patients were
irradiated after an incomplete resection.

Response evaluation was performed 6 months after the end of RT
by clinical examination and by imaging procedures (plain X-rays,
computer tomographic (CT) scans, magnetic resonance imaging
(MRI) scans).

Results

Between 1975 and 2010 a total of 35 patients were irradiated
for 39 tumor locations of GCTB. Patients were treated with
telecobalt 60Co gamma rays or 5-15 MV photons at a linear
accelerator. Generally, RT in the past was realized using
simulator based planning, by use of opposed fields.
Nowadays, 3D-CT-based planning is performed under
consideration of the diagnostic imaging. Typical field
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Figure 1. Huge giant cell tumor of the pelvis with nearly complete osteolysis of the sacral bone.

Table I. Patients’ characteristics.

Characteristic Patients
n (%)

Gender
Female 15 (45.7%)
Male 20 (54.3%)

Age
≤30 years 23 (65.7%)
>30 years 12 (34.3%)

Site of involvement
Cervical spine 4
Thoracic or lumbar spine 12
Pelvic bone 10
Humerus 2
Femur 2
Hand 2
Temporal bone 1



arrangements comprised of the tumor with a safety margin.
When the extremities were irradiated, RT of the entire
circumference was avoided. The fraction size ranged from 1
to 3 Gy (median 2 Gy) and the total dose from 35 to 60 Gy
(median 42 Gy). Thirty one out of 39 tumors (79.5%) were
controlled locally. The overall response rate (complete and
partial response) of all 19 patients treated for unresectable or
recurrent gross tumors was 52.6% (n=10). Six patients
(31.6%) achieved stable disease and only three (15.8%) had
disease progression. In general, tumor regression was slow,
lasting up to one year after the end of RT (Figure 2 a-c). The
actuarial 5-year overall survival and disease-free survival rate
was 90% and 59% respectively. Actuarial 5-year local control
and distant metastasis-free survival rates were 60% and 89%
respectively. Four patients (11.1%) developed distant
metastases. All of the local recurrences occurred within the
radiation field. Univariate analysis of overall and disease-free
survival, and of local control showed no influence of age,
gender or previous treatment on the treatment outcome.
Otherwise, prior surgical resection, no-gross tumor disease,
tumor size less than 10 cm and a total dose of RT more than
42 Gy were favorable factors (Table II).

No acute or late treatment-related side-effects greater than
grade 2 (RTOG/EORTC) were observed and most
importantly no secondary malignancies occurred during the
observation period.

Discussion

This analysis reports on outcome data of 35 patients with 39
different locations, who were irradiated for GCTB.

The following results emerge from this study: RT is a
good treatment option for patients with unresectable or
recurrent GCTB; treatment-related side-effects are mild and
acceptable.

GCTB is a rare neoplasm affecting mostly young adults. It
presents as an expanding lytic lesion that can destroy the bone
and also the adjacent joint. Because the long bones of the
extremities are mostly affected, radical surgery can achieve
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Figure 2. Tumor response as shown by magnetic resonance imaging of
a 29-year-old female patient who underwent radiotherapy (RT) with a
total dose of 50.4 Gy for giant cell tumor of the sacrum; a: before RT;
b: 6 months after the end of RT; c: 12 months after RT.

Table II. Results of univariate analysis of radiotherapy outcome
(endpoint local control).

Factor p-Value

Age (≤30 years versus >30 years) 0.81
Gender (F versus M) 0.56
Location of tumor (spine versus non-spine) 0.93
Total dose (≤42 Gy versus >42 Gy) 0.04
Previous treatment (previous versus none) 0.87
Surgery (surgery versus none) 0.03
Tumor size (≤10 cm versus >10 cm) 0.03
Gross tumor disease (gross versus none) 0.02



local control rates of 80-90% and is the treatment of choice.
The local control rates of surgery decrease when the axial
skeleton is affected (5, 7, 8, 12-14). Although GCTBs were
historically considered to be radioresistant, nowadays,
especially for patients with unresectable or recurrent disease,
RT is an effective treatment option when sufficient doses are
delivered (15). Two reports analyzed large cohorts of patients
being treated with RT for GCTB. The first refers to a cohort
of 25 cases, over 44 years, from the M.D. Andreson Cancer
Center. They reported on 14 patients irradiated and 11
patients that received up-front surgery followed by RT (9).
Overall, seven patients developed local recurrence, two
developed distant recurrence and three developed both. The
actuarial 5-year overall and disease-free survival rates were
62% and 81%, respectively (9). Radiation doses ranged from
25 to 65 Gy (9). Another report from Poland presents an
analysis of 122 consecutive patients treated with RT for
unresectable GCTB (16). This is the largest study of patients
treated with RT for GCTB. This Polish institution received
patients from orthopedic departments all over the country that
were not appropriate candidates for surgery. Local control
rates were 84% and 5- and 10-year local progression-free
survival was 83% and 73% respectively (16). Radiation doses
ranged from 26 to 89 Gy.

Our series comprises of 35 patients from six co-operating
German institutions. We collected data from 1975 to 2010.
The actuarial 5-year overall survival and disease-free
survival rates were 90% and 59% respectively. Actuarial 5-
year local control and distant metastasis-free survival rates
were 60% and 89% respectively. Radiation doses ranged
from 35 to 60 Gy. No sarcomatous transformations or
malignancies were observed, which is the major concern
when GCTB is treated with RT. Sacromatous
transformations were seen more frequently in the
orthovoltage x-ray era (8, 11, 1-19). These initial reports
showed transformation rates up to 24% (20). Other series
using more modern RT techniques found lower rates of 0-
11% (10, 11, 16) and a meta-analysis reported an incidence
of less than 1% in patients treated with megavoltage
radiation using modern RT techniques (10, 20). The most
likely explanation for this difference between orthovoltage
and megavoltage radiation is attributable to the much higher
absorbed dose in bone compared to what is indicated by the
nominally prescribed dose (11). Besides that, malignant
transformation and sarcoma induction was frequently seen
in patients treated without radiation at all (20).

Nowadays when megavoltage RT is used, complications are
seldom and treatment-related side-effects are infrequent. Our
analysis documents this and other studies also showed only
moderate toxicity (9, 16). The poorer outcome of irradiated
patients compared to patients who underwent surgery, should
be considered with regard to the location of the GCTB. A
large proportion of patients had a GCTB located in the axial

skeleton (n=20) and the pelvic bone (n=8), where a radical
surgical approach is difficult. It is well known that tumors in
these locations are correlated with poorer treatment outcome
(21). Nevertheless the results of RT are still satisfying.

Conclusion

The current study comprises of a large database of cases
reporting on RT for GCTB. It was shown that GCT is not
radioresistant as once believed. The risk of secondary
malignant transformation is still controversial, but should not
be overestimated. Our study implies that prior surgical
resection, no-gross tumor disease, tumor size less than 10 cm
and a total dose of RT more than 42 Gy are favorable factors.
A dose of more than 42 Gy can be delivered to the majority
of patients with GCTB.

RT is an easy, safe and effective treatment option, even as
the sole treatment modality for patients with recurrent and
unresectable GTCB. Therefore RT may provide an attractive
alternative to mutilating surgery.
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