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Background. �e rst-line treatment for most giant cell tumors (GCTs) of bone is surgical; radiotherapy (RT) is reserved for
inoperable or refractory cases. While RT techniques have undergone a dramatic change over the past few decades, with the higher
energy megavoltage RTreplacing orthovoltage RT, concerns for high rates of malignant transformation following RT have limited
its use. Evidence suggests a lower incidence of secondary malignancy after treatment with megavoltage compared with
orthovoltage RT, but this has not been studied in GCTs. Our main purpose was to compare the incidence of malignant
transformation of GCTB between patients treated with orthovoltage vs. megavoltage RT. Methods. A literature review was
performed to identify studies reporting GCTBs treated with RT from 01/1900 through 12/2019. Studies that did not report RT
modality or separate orthovoltage and megavoltage results were excluded. Included in the analysis were 6 patients from our
institution. Primary outcome was the incidence of malignant transformation; secondary outcomes were time to transformation
and incidence of local recurrence. Fisher’s exact tests and independent sample t-tests were used, and signicance was set at
p< 0.05. Results. Twenty-two studies were included, which reported on 168 GCTBs treated with orthovoltage and 393 treated with
megavoltage RT. Transformation incidence was 14% (n� 24) for orthovoltage and 1.8% (n� 7) for megavoltage RT, an 8-fold
di�erence (odds ratio (OR) 9.1, 95% condence interval (CI) 3.9–22, p< 0.001). Mean time to transformation was 8.7 years for
orthovoltage and 11.2 years for megavoltage RT (p � 0.28). Incidence of local recurrence was 38% (63/167) for orthovoltage and
17% (66/393) formegavoltage RT (OR 3.3, 95%CI 2.0–4.6, p< 0.001).Conclusions.�e risk of developing amalignancy after RTof
GCTB is 8 times lower with megavoltage than with orthovoltage. Malignant transformation with megavoltage, while not zero, is
lower than that in historical series. Use of modern RT techniques in inoperable or refractory GCTB may be appropriate.

1. Introduction

Giant cell tumor (GCT) of bone is a benign yet aggressive
lesion that comprises approximately 5% of primary adult
bone tumors [1]. Approximately 1% to 2% of patients with
GCTof bone develop hematogenous metastasis to the lungs
[2]. GCTs of bone are primarily treated surgically when they

are accessible in a low-morbidity anatomic location. Ra-
diotherapy has typically been reserved for surgically unre-
sectable or refractory GCTs and is associated with risk of
malignant or sarcomatous transformation, limiting its
routine use [3, 4].

During the past several decades, however, external-beam
radiotherapy technology has improved dramatically.
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Orthovoltage radiotherapy, which uses X-ray beams with an
energy of 150–500 kV, has been replaced by megavoltage
radiotherapy, which uses linear accelerators, Van de Graaf
generators, or cobalt teletherapy units to produce X-rays and
gamma rays with an average energy greater than 1 million
electron volts [5]. Previous research in pediatric tumors has
suggested that the incidence of secondary malignant neo-
plasms may be higher after orthovoltage radiotherapy
compared with megavoltage radiotherapy; however, we are
aware of no studies addressing this question specifically in
GCTs of bone [6, 7].

)e primary purpose of this study was to compare the
incidence of malignant or secondary transformation of
GCTs of bone after radiotherapy with orthovoltage vs.
megavoltage. We hypothesized that modern megavoltage
radiotherapy would be associated with a lower incidence of
malignant transformation.

2. Materials and Methods

2.1. Study Selection. A literature review was conducted in
December 2019 using PubMed, Embase, Cochrane Library,
Web of Science, and Scopus. )e terms “giant cell tumor of
bone,” “giant cell,” “osteoclastoma,” “radiotherapy,” and
“radiation” and their combinations were used to identify
studies in which radiotherapy was used to treat GCTs of
bone.)e titles and abstracts of the results of the search were
reviewed by 2 authors to identify relevant articles. Full texts
of relevant articles were subsequently reviewed to determine
whether they met our inclusion and exclusion criteria.
References of the articles chosen for inclusion were also
reviewed for any relevant articles. Any disagreements were
discussed and resolved by the senior author.

Studies were included if they reported outcomes of ra-
diotherapy for patients with benign GCTs of bone (n� 2385)
(Figure 1). Studies published in languages other than English
and those not involving human patients were excluded.
After duplicates were removed (n� 1086), 1299 study titles/
abstracts were reviewed, and 31 full texts were read in more
detail, with 9 more excluded for missing or indifferentiable
data (unable to differentiate or infer whether orthovoltage
vs. megavoltage therapy was used) (Figure 1). Five studies
reported orthovoltage radiotherapy only, 14 reported
megavoltage only, and 3 reported both. Twenty-two studies
were included in our analysis, in addition to 6 patients from
our institution [3, 4, 8–27].

2.1.1. Study Population. A total of 168 patients with GCTs
underwent treatment with orthovoltage radiotherapy and
393 patients with GCTs underwent treatment with mega-
voltage radiotherapy. Patient age at diagnosis ranged from 7
to 67 years in the orthovoltage group and from 11 to 85 years
in the megavoltage group. Patient, radiation, and tumor
characteristics are summarized in Table 1.

3. Data Extraction

)is study was approved by our institutional review board
(IRB00174908).)e following data were extracted from each

study: type of radiotherapy used, number of GCTs treated,
incidence of malignant or sarcomatous transformation, time
to transformation, and incidence of local recurrence. Pa-
tients who had a recurrence with malignant or sarcomatous
transformation were included in the local recurrence inci-
dence. Other data that were collected but could not be
analyzed because of inconsistencies in reporting were patient
age, sex, follow-up duration, radiation dosage, histology of
secondarymalignancy, time to local recurrence, and whether
the radiation was adjuvant or primary. Data on patients from
our institution were obtained from electronic medical rec-
ords. Data were extracted by 2 authors and reviewed by a
third author.

3.1. Statistical Analysis. )e primary outcome measure was
the difference in incidence of malignant transformation of
benign GCTs after orthovoltage vs. megavoltage radio-
therapy. Odds ratios were calculated for both malignant
transformation and local recurrence. Fisher’s exact tests
were used to compare the odds of transformation and re-
currence between orthovoltage andmegavoltage groups, and
independent samples t-tests were used to compare the mean
time to transformation between groups. Significance was set
at p< 0.05. Statistical analysis was performed using Stata
Statistical Software: Release 14 (StataCorp LLC, College
Station, TX).
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Figure 1: PRISMA flowchart showing the literature search and
study selection process.
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Cochran’s q test was performed to evaluate the het-
erogeneity of studies within the orthovoltage and mega-
voltage groups. Cochran’s q test for heterogeneity
demonstrated a p value of <0.01 for the orthovoltage studies,

indicating high heterogeneity, and a p value of 0.978 for the
megavoltage studies, demonstrating low heterogeneity. A
funnel plot was created for each group to investigate pub-
lication bias, and these are shown in Figure 2. All studies in

Table 1: Patient, radiation, and tumor characteristics of the included studies.

First author
(year)

No. of
tumors

Mean (range)
age at

diagnosis, yr

Range of
radiation dose,

Gy

Radiation
only (n)

Radiation timing (n) GCTB (n)

Preoperative Postoperative Primary Recurrent Metastatic

Megavoltage
Ruka
[16] (2010) 77 28 (16–69)∗ 26–89 77 0 0 56 21 0

Bhatia
[17] (2011) 58 31 (12–84)∗ 20–65 13 0 42 45 13 0

Shi [14] (2013) 34 29 (16–85)∗ 35–55 21 0 13 22 12 0
Sharma [11]
(1990) 30 27 (18–40) 45–55 30 0 0 30 0 0

Feigenberg
[13] (2003) 26 35 (16–75) 35–55 15 0 11 16 10 0

Caudell [4]
(2003) 25 32 (11–69)∗ 25–65 14 0 11 13 12 0

Malone [15]
(1995) 21 32 (13–71) 11–50 7 0 14 13 8 0

Chakravati [8]
(1999) 20 39 (15–72) 40–70 7 0 13 15 4 1

Nair [3] (1999) 20 33 (15–65) 40–60 20 0 0 14 6 0
Bennett [10]
(1993) 16 35 (16–75) 35–54 16 0 0 10 6 0

Bell [9] (1983) 15 28 (13–49) 33–55 15 0 0 11 4 0
Schwartz [19]
(1989) 13 45 (15–63) 42–68 8 0 5 7 3 3

Seider [20]
(1986) 9 34 (12–63) 36–66 1 0 8 9 0 0

Daugaard [12]
(1987) 8 38 (22–62) 30–75 0 1 7 6 2 0

JHH 6 48 (31–60) 50–60 0 0 6 2 4 0
Khan [18]
(1999) 6 47 (16–71) 30–54 1 0 5 6 0 0

Roeder [21]
(2010) 5 37 (20–60) 57–64 3 0 2 3 2 0

Walter [22]
(1960) 4 35 (16–49) 30–44 3 0 1 4 0 0

Orthovoltage
Bradshaw [25]
(1964) 50 NA (7–66) 20–60 23 8 19 50 0 0

Dahlin [24]
(1970) 36 NA NA 7 0 29 7 29 0

Windeyer [26]
(1949) 29 NA (8–62) 2000–6000† 19 0 10 29 0 0

McGrath [27]
(1972) 21 NA 3000–9500† 12 0 9 16 5 0

Mnaymneh
[23] (1964) 16 31 (12–44) 2400–5400† 6 0 10 9 7 0

Walter [22]
(1960) 12 39 (17–67) 20–44 11 1 0 12 0 0

Daugaard [12]
(1987) 2 36 (35–37) 23–24 0 0 2 2 0 0

Seider
[20] (1986) 2 35 (34–36) 2100–4500† 0 0 2 2 0 0

GCTB, giant cell tumor of bone; JHH, Johns Hopkins Hospital patients; NA, not available. ∗Expressed as median (range). †Unit of measure is Roentgen.
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the megavoltage group, compared with 5 of the 8 studies in
the orthovoltage group, were within the 95% CI bounds of
the funnel plot.

4. Results

)e incidence of malignant or sarcomatous transformation
was 14% (n� 24) in the orthovoltage group and 1.8% (n� 7)
in the megavoltage group, an 8-fold difference. )ere was a
significant between-group difference in the incidence of
transformation (odds ratio (OR) 9.1, 95% confidence in-
terval (CI) 3.9–22, p< 0.001).

Mean time to transformation was 8.7 years in the
orthovoltage group and 11.2 years in the megavoltage group
(p � 0.28).

)e incidence of local recurrence was 38% (63/167) in
the orthovoltage group and 17% (66/393) in the megavoltage
group. )e difference in the risk of local recurrence was
statistically significant between the 2 groups (OR 3.3, 95% CI
2.0 to 4.6, p< 0.001). Table 2 summarizes the details of
malignant/sarcomatous transformation and local recurrence
for each study.

In studies in which management was reported, most
patients with malignant or sarcomatous transformation
were managed with amputation alone (67% (14/21)). )is
was followed by non-ablative surgery alone in 10% (2/21)
and non-ablative surgery with radiation therapy in 10% (2/
21) of cases. Radiation therapy alone, radiation therapy with
chemotherapy, and amputation with radiation therapy were
each reported once each as the mode of management of
malignant or sarcomatous transformation. For all patients
with transformation, the mortality was 75% (21/28).

5. Discussion

Despite major advances in radiotherapy technology, there is
hesitancy for treating GCTs of bone with radiotherapy. )is
hesitancy may be caused by the historically high association

of radiotherapy with malignant or sarcomatous transfor-
mation [28, 29]. Although benign, GCTs can be locally
aggressive and can cause substantial morbidity. Most of the
studies reporting a higher association between radiotherapy
and malignant or sarcomatous transformation were pub-
lished during the era of orthovoltage radiotherapy.

Our results indicate that the risk of developing of ma-
lignant or sarcomatous transformation is 8 times lower in
patients treated with megavoltage radiotherapy compared
with orthovoltage radiotherapy (1.8% vs. 14.3%), a difference
that is statistically significant. Although we believe ours to be
the first study showing this difference for GCTs of bone,
prior studies have suggested a lower incidence of post-ir-
radiation sarcomas and malignant transformation in pa-
tients treated with megavoltage radiotherapy compared with
orthovoltage radiotherapy, including pediatric patients
[6, 7]. It is interesting to note that malignant transformation
can also occur without radiotherapy. In a study by Cam-
panacci et al. [2], 2 of 280 patients (0.71%) developed a
secondary malignancy after undergoing only surgical
treatment. Similarly, Dahlin et al. [24] reported on 195
patients with GCT of bone, of whom 2 (1.0%) developed a
secondary malignant transformation after surgical treatment
only. In a recent pooled analysis of 4 large case series
studying malignant GCTs, approximately one-quarter (14/
56) of secondary malignancies occurred after surgery
without treatment with radiotherapy [30]. )is finding
suggests that the risk of developing a secondary malignancy
from radiotherapy with megavoltage beams may be lower
than originally thought, especially when compared with the
risk with surgery as sole treatment. Our results also indicate
that the incidence of local recurrence is approximately twice
as high for orthovoltage radiotherapy as for megavoltage
radiotherapy (38% vs. 17%). It has been suggested that
orthovoltage radiotherapy is more harmful to bone tissue
because of the photoelectric effect at the lower energy range
of orthovoltage radiotherapy, wherein bone tissues absorb a
2 to 3-fold higher radiation dose than the surrounding soft
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Figure 2: Funnel plots for studies in the megavoltage group (a) and the orthovoltage group (b).
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tissues. In contrast, with the higher energy range of meg-
avoltage radiation, the Compton scatter effect predominates,
leading to a uniform dose to bone and soft tissue [30, 31].
)is may help explain the higher incidence of malignant
transformation seen with orthovoltage radiotherapy.

Our study has several limitations. First, we were unable
to include all studies reporting the results of radiotherapy for

GCTs of bone because some did not report the type of
radiotherapy received. Second, there was significant het-
erogeneity among the orthovoltage studies. Despite the
funnel plot suggesting publication bias for orthovoltage
studies, the asymmetry is likely secondary to the hetero-
geneity of the studies as opposed to true publication bias
because these studies were case series rather than

Table 2: Details of malignant/sarcomatous transformation and local recurrence for each study.

First author
(year)

No. of
tumors

Mean (range)
follow-up, yr

Malignant/sarcomatous
transformation (n)

Mean (range) time to
transformation, yr

Local
recurrence (n)

Mean (range) time
tolocal recurrence, yr

Megavoltage
Chakravati
[8] (1999) 20 9.3 (NA)∗ 0 3 0.69 (0.4–1)

Bell [9] (1983) 15 12 (2–25) 1 21 (NA) 1 2 (NA)
Bennett
[10] (1993) 16 9 (NA) 0 4 15 (0.7–2.1)

Sharma [11]
(1990) 30 9.2 (NA) 0 2 7.7 (7–8.3)

Daugaard [12]
(1987) 8 6.5 (NA) 0 1 0.7 (NA)

Feigenberg [13]
(2003) 26 12 (2.4–26) 1 22 (NA) 6 1.2 (1.1–1.7)

Shi [14] (2013) 34 17 (1.4–34)∗ 1 4.3 (NA) 6 1.9 (0.1–4.4)∗
Malone [15]
(1995) 21 15 (2–35) 0 2 2.5 (1–4)

Ruka [16]
(2010) 77 4.8 (0.5–33)∗ 2 4 (3.4–4.6) 12 2.3 (0.3–6.3)∗

Nair [3] (1999) 20 5.3 (NA) 0 2 1.3 (1.1–1.5)
Bhatia [17]
(2011) 58 8 (4–28)∗ 0 8 ∼2.5 (NA)

Caudell [4]
(2003) 25 10 (NA) 2 11.5 (11–12) 10 0.9 (NA)∗

Khan [18]
(1999) 6 13 (NA) 0 1 3 (NA)

Schwartz [19]
(1989) 13 6.5 (1.5–13) 0 2 0.7 (0.4–1)

Seider [20]
(1986) 9 11 (NA) 0 3 2.7 (0.5–6)

Roeder [21]
(2010) 5 4.9 (NA) 0 1 0.25 (NA)

Walter [22]
(1960) 4 2.6 (2–4) 0 1 0.5 (NA)

JHH 6 14 (10–21) 0 1 0.3 (NA)
Orthovoltage

Mnaymneh
[23] (1964) 16 31 (12–44) 2 3.4 (1.7–5) 14 2.4 (0.2–5)

Walter [22]
(1960) 12 8.2 (2–20) 0 2 1 (0.5–1.5)

Dahlin [24]
(1970) 36 NA 11 9 (3.7–38) 17 <3 (NA)

Bradshaw [25]
(1964) 50 >5 (NA) 4 NA (1.5–8.5) 16 NA

Windeyer [26]
(1949) 29 NA 2 NA 4 NA

McGrath [27]
(1972) 21 NA 5 10 (1–17) 8 NA

Seider [20]
(1986) 2 24 (18–30) 0 0 0

Daugaard [12]
(1987) 2 12 (8–16) 0 0 2 1 (0.2–1.8)

JHH, Johns Hopkins Hospital patients; NA, not available. ∗Expressed as median (range).
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comparative studies. Nevertheless, the underlying hetero-
geneity is a limitation of the current investigation. )ird,
follow-up durations for each patient in the series were not
available in many studies, which prevented us from per-
forming a Kaplan–Meier analysis and from comparing
follow-up periods for each group because of variations in
reporting. Recognizing that an increased latency period
might result in increased numbers of malignancy reported, it
is possible that a difference in the follow-up period between
the two groupsmay contribute to some of the difference seen
in the rates of malignant transformation.

Another factor we were unable to evaluate for because of
missing data was the cumulative radiation dose for each
patient. In addition, while management of local recurrence
included repeat excision, radiation therapy, and chemo-
therapy in some cases, many studies did not report the
management or outcomes after local recurrence, making
meaningful analysis of such outcomes difficult. Another
potential limitation is the way malignant or sarcomatous
transformation was documented for each patient. In 27
cases, this was confirmed histologically; in two cases in the
study by Bradshaw [25], malignancy was diagnosed through
local behavior and metastasis, and in two other cases, the
means of confirmation of malignancy was not documented.
Finally, a confounding factor that could not be addressed is
the advances in surgical treatment between the older
orthovoltage era and themore recent megavoltage era. Better
surgical protocols and preoperative imaging may be con-
founding factors leading to the lower incidence of local
recurrence observed with megavoltage therapy. However,
the large magnitude of the difference in incidence of ma-
lignant or sarcomatous transformation between orthovolt-
age radiotherapy and megavoltage radiotherapy makes the
difference less likely to be the result of differences in con-
comitant surgical techniques or advances in imaging
compared with the difference in the incidence of local
recurrence.

We recognize that, in the current era, denosumab has a
prominent role in achieving local control of GCT in difficult
anatomic regions. Denosumab is not without its own
controversy as it pertains to the relationship between benign
and malignant tumors. Although the purpose of this study
was not to compare the indications, efficacy, or limitations of
radiotherapy vs. denosumab, we believe radiotherapy de-
serves reconsideration in the contemporary management of
refractory or surgically unresectable GCT of bone; however,
further studies comparing it to denosumab for such indi-
cations may be warranted.

6. Conclusion

)e historically high incidence of malignant transformation
of benign GCTs after radiation exposure seems largely at-
tributable to orthovoltage radiotherapy. Our results indicate
an 8 times higher risk of malignant or sarcomatous trans-
formation with orthovoltage radiotherapy compared with
megavoltage radiotherapy, and approximately twice the risk
of local recurrence. )ese findings suggest that radiotherapy
of GCTs of bone may be safer than previously thought.

Although some may believe that any increase in risk of
malignant transformation is unacceptable for benign con-
ditions, radiotherapy for GCT of bone warrants further
consideration, especially for refractory or surgically unre-
sectable disease.

Data Availability

Most data used for this study can be found on PubMed,
Embase, Cochrane Library, Web of Science, and Scopus.
Exception is for the 6 patients from our institutional da-
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