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Purpose: To assess the local control rate and potential complications ofradiotherapy, and the l 'acfors inf luencing
rcsponse to radiothcrupy for prinrary and local ly recurrent giant cel l  turnor of bonc.
Methods and Nlaterials: ' l -rvcnty patients wcre irradiatcd lbr giant cel l  tumor of bone betrveen l9tt3 and 1993,
Foti iCAnnat- ients recei! 'ed radiotherapy at the t ime of primary diagnosis (10 had biopsy and 4 part ial  surgerl ' )
and 6 patients al thc t ime of local recurrcnce (fol lorving addit ional surgerJ" in 2), Fourtecn patients had tumors
ofthc cxtremity and sir ol ' the vertebral column. The radiotherapy dose ranged from 40-60 Cy in l5-30 fract ions
over 3- '6 rveeks, Thc response to radiotherapy was assessed by cl inical and radiological cr i ter ia and the probable
factors inf luencing response werc anal l ,zed.
Results: The median fol lorv-up period ryas 48 months (range,4 months to 1,3 years). Local control was obtained
in l8/2-0 patients. ' l 'he trvo local fai lures rvcrc salvaged. one by reirradiat ion and thc other by surgery. Only one
paticnt died of giant cel l  tumor, lbl lowing cxtensive bone marrow inf i l trat ion. ' l 'hcre was no serious late toxicit5,
or nral ignant transtbrrnation. The response to radiothernpy was not inf luenced by disease status at presentation.
tumor site, radiotherapy schedule, or prcsence of soft t issue extension,
Conclusions: Radiothcrapy is el ' l 'ect ive in producing local control in primary as rvcl l  as recurrent giant ccl l  tumor
of 6onu There are no major complications and no signif icant r isk of malignant transformation. Radiotherapy
could bc considered as the primary t leatnrent modali ty in patients where surgery rvould produce functional
defici ts. O 1999 Elsevier Science lnc.

Bonc ncoplasm, Giant cel l  tumor, Radiotherapy.

INTRODUCTION

Giant ccll rumor of bone (GCT) is a rare neoplasm, account-
ing for 4 80,6 <tf primary bone tumors (1, 2). A higher
tiequency of I5-25'/o has been reportcd in Asian countries
(i- 6). GCT is locally aggressivc, with high local recurrcnce
rate and lorv metastatic potential (1,2,7), Surgery is con-
siclcred the primary treatrnent modality, although recun'ence
rates of 25-50% are reported after curettage (6-9). More
radical surgical rcsections rcduce recurcnce rates to 0 ll,'o,
rvith signil icant loss of function (7, l0). Radiotherapy l l 'as
considered to be less cffective in proclucing local control,
\,r ' i th significant local conrplications and risk of' malignant
transformation (2. 4, 7, 8, l l). Horvever, recent reports
suggest that megavoltage radiotherapy is an et'fective and
well-tolerratcd altemativc to si. lrgery, rvithout any risk of
nral ignant c l rangc (3,5,12-15).  This art ic lc reviews a ser ies
of patients treatcd at thc l l.egional Cancer Centcr (RCC)

rvith radiothcrapy for primary as well as recurrent giant ccll
tunrors of bonc. The efficacy of racliotherapy in achieving
local control and the probable factors influencing the re-
spollsc to radiotherapy arc analyzed.

NTETHODS AND MATERIALS

Betwcen l98i and 1993,20 patients rvith localized GCT
were treated by mcgavoltage radiotherapy at the RCC. The
age of the patients ranged fi'om l-5 to 65 years (mcan 33
ycars) and thc nralc to fcrnale ratio was 1.2:1. All patients
had pathological confirmation of diagnosis. The lristopa-
thology specimens of all patients werc reviewed prior to
treatment. Tumors rvcre graded based on the plcornorphisnr
of the stromal cells. Eight paticnts had a grade I fumor', one
grade 2, four gradc 3, and in scvcn the nunterical grade was
not specified although tht: tumor was of benign appearance.
Radiological cvaluation includcd plain radiographs of the
involved area and chcst in all cases. Founeen patients had
involvement of cxtroniry bones and six had vertebral tu-
mors. Pain and swell ing *,ere the presenting synrptonrs in
all paticnts with extrelmity tumors. Of the six paticnts with
vertebral fumors, four presented rvith neurologic synptoms
(paraparesis in two and cauda equina syndrome in two) and
two '"vith parn. Soft t issue extension of tumor was present in
sr ' \cf l  of  thc 20 pat icnts.

Fourteen patients reccivcd radiotherapy at the time of
init ial diagnosis and six for local recurrence after previous
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surgery, 01'the l4 previously unffcatcd patients. l0 had
biopsy only ar.rd iour partial surgery. Of the six patieuts rvho
undenvent radiotherapy fbr local recurrence, trvo received
additional surgcry in thc tbrnr of partial cxcision prior to
i r radiat ion.

The tcchniclue ol radiotl icrapy \e'as antcropostcrior- ot
lateral parallel opposed portals for the cxtremities. and
direct postcrior onfield or oblique wedgc pair for the spine.
Trcatment fields covered tlrc gross priniary tunror or tuntor
bed with a rnargin of 3-_4 cm. Eleven paticnts were trcated
using a tclecobalt machine and nine, a 4 McV linear accel-
erator. The tumor dose ranged from 40 to 60 Gy over 3-6
weeks. The dosage schcdr,rle used was 40 -45 Gy in l5-20
flractions over 3 4 weeks in seven patients, 50 -55 Gy in
20 -28 {tactions over 4--5 wccks in seven, and 60 Gy in 30
fract ions ovcr 6 rvccks in s i r  pat icnts.

The patients rvere reviewed at regular inten'als after
treatment, by clinical and radiological examination. The
follow-up pcriod rvas calculated fi 'om the stan of radiother-
apy. Rcsponse to radiothcrapy was asscsseci by clinical and
radiological criteria. Clinical response criteria inchided re-
l icf of pain. rcgression of srvell ing, andior rccovery of
ncurologic dcficits, at the cnd of 6 rnontlis aftcr radiother-
apy. Radiologic responsc rvas scored by thc prescnce or
absence ofbone sclcrosis on plain radioglaphs at the cnd of
I year (Fig. la, b). L.ocal control was defined as absence of
clinical and radiological evidence of tumor progression.
Rcsponsc to radiotherapy \ /as comparcd lvith respect to
diseasc- and treatment-rclatcd l'actors. The factors included
disease status at presentation (primary/recurrent), site of
nlmor (vemebraliextrernity), dosagc schcdule of radiother-
apy. ancl presence cll 'soft t issue involvement.

RESI.Jt,TS

'thc clinical details and treatment outcome arc summa-
lizccl in 'I 'ables I and 2. 'I 'he median follow-up was 48
months (rangc, 4 rnontlis to l3 years). Sevcnlecn patients
had local control after radiotherapy (85 %). Two patients
recurred locally after irradiation, and the patient who died at
4 rnonths was excludcd from analysis of local control.

Scventcen patients (8-594,) had total relief of pain at 6
months, with complete or partial regression of swell ing.
1-wo patients had panial relief of pain. 1'lrc response could
rlot be assessed in one paticnt .uvho died of unrclatcd causes
at 4 nronlhs after treatnrent. Of thc lbur patients prcseuting
rvith neurologic deficit, conrplete neurologic recoveryr at 6
lnonths was seen in tr,vo paticnts (one paraparcsis and one
cauda equina syndronre) and partial rccovery in the other
t',vo (onc each of paralrarcsis and cauda cqr"rina syndrome).
Bone sclerosis rvas present in l3 patients (6-59'n) at I year.
Radiological response incrcased from 30% at 6 months to
65ok at I year. ' Ihe influence of disease- and trcatmcnt-
rclated f 'actors on clinical ancl racliological rcsponsc is
shor.r'n in l 'able 3. Thc disease status at presentation, tumor
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(b)

Frg. J. (a, b) Plain AP radrograph of ( iCT of (R) humenrs betbre
and I year afte'r i rradiat ion. Note the radiologic responsc as cvi-
dcnced bv bone sclerosis in 1b).

sitc, radiotherapy dosagc schedulc, and soft t issue involve-

mcnt did not signif icarrt ly inf luence the response to radio-
therapy.
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Table l .  Patient, disease, and treatment detai ls of l4 patients r,vi th previously untreated GCT
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Age and sex Tumot site and grade Prgsent
s!lrgery

Radiotherapy
schedule

l,oca I
fail ure

Distant
metastasis

Present stafus

27M

55 F'

65F

l5 F

-.13 M

37M

42F

40M

26F

2tF

?8M

33M

t8 M

48M

D7 Vertebra
Crade I
l,ower end of femur
Benign nos
Cervical spine
Crade 1
Lowcr end of ' radius
(irade I
Lower end of radius
(irade I
Upper end of humerus
Benign nos
I..orver end of tibia
tsenign
L3 Vertebra
Crade ?
Upper end of f ibula
Cirade 3
S I Vertebra
Cirade I
Femoral condyle
Crade I
D6 Spine
Crade I
Sacrum
Benign nos
Lower end of femur
I3enign nos

Laminectomy

Biopsy

Biopsy

13 iopsy

Curcttage

lliopsy

Iliopsy

Reexcis ion

tsxcision

Laminectomy
and biopsy

Biopsy

Latnincctomy

Biopsy

Biopsy

40 Gyll5 frl3 wk

55 Gy/25 irl5 wk

45 Gy/20 fil4 wk

60 Gy/30 1'r/6 wk

60 (iyl30 lr/6 wk

55 Cyt28 fil6 u'k

60 Gyi30 frl6 wk

60 Cyl30 frl(r wk

60 Gy/30 frl6 wk

60 Cyi30 fri6 wk

50 Cy/25 ftl5 wk

45 Gy/15 t i l5 *1

50 Gy/25 frl5 wk

45 Cy/15 fr l3 wk

Yes re-radiated

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes, Iung

No

No

No

No

No

Yes, marrow

No

No

Yes. lung

No

Al ive NED
109 mth
Alive NEI)
156 mth
Alive NED
156 mth
Alive diseased
145 mth
Al ive NED
9l rnth
Al ive NED
66 mth
Al ive NED
24 mth
Al ive NED
69 mth
Al ive NED
43 mth
Dead of disease
26 nlh
Dead NED
18 mth
Dead NED
6 mth
Alive NHI)
36 mth
Alive NED
26 mth

Abbreviat ions: NE,D : no evidence ofdisease progression; nos : nurrerical grade not specif ied.

Two paticnts developed local recurrsrlcc after radiother-
apy, both within the init ial targct volnme of radiotherapy,
One, with a previously untreated primary tumor of the D7
spine, recnrrcd l8 months after radiotlrcrapy (40 Gy in l5
fractions over 3 weeks). This patient underwent reirradia-
tion, and is alive with no neurologic deficit after 8 years.
The other patient, who received 55 Gy in 25 fractions over
5 weeks tbr recunent tumor of the lower end of radius,

rccurred l3 rnonths later. A below elbow amputation was
done, and the paticnt is alive and fi 'ee of disease after
3 years.

Pulmonary metastases occured in two patients during
follow-up. Both had received radiotherapy for previously
untreated primary tumor, and had local disease control. The
interval from radiotherapy to the occurrence oflung metas-
tasis was l9 months aild 24 months. One patient had ina-

' rable 2. Patient, disease. and treatrxent detai ls of 6 patients with local ly recurrent GCT

Age
and sex

'fumor site
and grade surgery surgery

Radiotherapy
schedule

Previous Present Local Metastasis Present
failure srarus

2l M Lowcr cnd of f ibula
Grade 3

26 F Lolr'c'r end of radius
Gracle 3

28 F Lower end of radius
Gradc- I

28 M Lower end of fernur
Crade I

l- l  M Upper end of t ibia
Benign nos

29 F Lower end of radius
Benign nos

Excision 4 yr ago

txcision 4 yr ago

Culettage 6 nro ago Biopsy

Curettagc 24 mo ago Nil

Curettage 7 mo ago Nil

Ercis ion 3 yr  ago Biopsy

Part ial excision 50 Cyl25 fr i5 wk

Recxcision 45 Gy/15 frl3 wk

55 Gyt28 fi/6 wk

50 Gyi25 frlJ *L

45 Gyll5 lrl3 wk

45 Gyl20 fi/4 wk

No

No

Yes
amputated

No

No

No

Ai ive NED
58 mth
Alive NEI)
62 mth
Al ive NED
5i mth
Al ive NED
48 mth
Alive NEI)
4ll rnth
Alive NEt)
26 mth

No

No

No

No

No

No

Abbreviat ions: NED : No evidencc of disease progression: nos = numerical gra6e not specif ied
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Table 3. F'actors influencing clinical and
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radiological response to radiotherapy

Svmptom relief at 6 months Bone sclerosis at I year

F actor
Contplc ' tc
response

Part ial
response Not known Total Absent Not known Total

Disease status
Previously untreated
I..ocally Lecurrent

Site
Venebra
Extremity

Dosage schedule
40-45 Gy/15 20 fr
50-55 Cy/20-28 fr
60 Gyl30 fr

Sofi  t issue involvement
Yes
No

2
I

2
I

l
l0

3
5
5

o

1
7

l - )

i
I

I

3
I

2
2

I
2
I

IO
5

4
l l

6
9

5
5
5

I 14
6

6
t4

7
'7

6

3

3

l4
6

6
l4

7
1
6

7
r3

a

4
2
2

I
3

2
I
I

diation for nretastasis and is surviving tvith stable disease at
the end of 9 years. The other. who reccived no spccific
treatment. is alive with disease after I year.

Three patients died, two of unrelated causes 6 mollths and
l8 months after radiotherapy. The only patient who died of
GCT had an unusual clinical course, presenting with exten-
sive bone marrow infiltration by GCT 20 months after
iradiation of a sacral primary. The patient died 4 months
later dcspite chenrotherapy. The original histopathology
specimen of this patient was revierved in view of this
extremely unusual presentation. aud was confirnred to be a
primary GCT of bone.

No severe acute or late complications of radiotherapy
were observed, except for lymphedema in one patient irra-
diated lbr GCT of the femur. Malignant trar.rsfonnation of
GCT or sarconras in the irradiated field did not develop in
any paticnt.

DISCUSSION

GCT is a locally aggressive tumor, with low metastatic
potential (2, 7). Surgcry has tladitionally been thc treatment
of choice, often resulting in significant functional disabil ity.
Sr.rrgical recurrences are salvaged by amputation or other

surgical techniques, resulting in loss of function (2, 4, 1,
l0). Radiotherapy was lbrmcrly uscd only in inoperablc
GCT and tbr pall iation of syrnptomatic local recun'ences.
l{owever, recent reports have shown that radiothcrapy is
effective in achieving local control witlt minimal long-term
el-fects (Table 4). In this series, 20 patients with GCT have
been treated with primary radiotherapy after biopsy or lim-
ited surgery. The l4 previously untreated tumors were con-
sidered to be at high risk for surgery cither by virtue ofsite
or large size which would othenvise compromise functional
outcome. In the othcr six patients. radiotherapy was used as
salvage treatment for surgical recuffences. In spite of this
being a high-risk group of paticnts, the local control rates
conlpare favorably with those reported in the literature.

There are no standard criteria fbr assessment of response
to radiotherapy in GCT. Schwartz et al. (15) scored re-
sponse in terrnrs of local control. i.e., absence of tumor
regror,l,t lr as asscssed clinically and radiologically. Chen el
al. (3) defined response by a conbination of pain relief',
resolution of the mass, and improvement in Karnofsky's
perfornrance status. Elennet et al. (12) described the radio-
logical changes after radiotherapy as disappearance of the
sclerotic rim of the lesion, follorved by reappearance, con-
tinued bone calcif ication, and resolution of the mass. In the

Table 4. Results of radiotherapv in CCT-review oi ' l i terature

Author
No. ol

Year patients l-ocal control
Distant

metastasls

Malignant
transfonnation

I. larwoocl et al.  (131
Bel l  et  a l .  l l7)
Chen er a/.  (3)
Seider er a/,  ( l t l )
Schwartz et ul.  (15\
Shanra et ql.  (5)
Bennc-t r:/ al. (12)
Malone et al.  (14)
Nair and Jyothirmayi
Total

197"1
198: i
l  986
l9tJ6
I  989
I 990
I 993
r 995
t99tl

l3

3s
t0
l l
30
l6
?l
20

t l l

t2t  t3
t4i t5
26i35
7n0
9i l l

2u130
t2/  t6
t9t2l
t8t20

r45/ l7 r  (85%)

0
0
0
3
2
U
I
0
3

9/17l (5.3oti t)

0
1
0
0
0
U

0
0
0

l/ l7t  (0.6%)



serjcs by l lanvood et ol. (13), hcaling with remineralization
of bone rvas notcd after an init ial apparent detelioration.
Slranna et al. (5) assessed response by a combinatior.r of
bone recalcif ication, restifution of joint function, and tumor
regression. In our serics, response of GCT to ladiotherapy
was assessed by a combination of clinical and radiological
criteria. Response to radiotherapy was comparable in pri-
mary and recurrent tumors, vertebral column, and extremi-
ties fbr various radiotherapy schedules and in the presence
or absence of sott t issue involvcment.

The factors affecting local control could not be analyzed
in this scrics. as rlnly two patients had local recurrence after
radiotherapy. Radiotherapy is seen to produce equally good
local control in primari, GCT and postsurgical recul-rence as
previously reported (5, 12, 14, l-5). l-ocal control is espe-
cially irnportant in vertebral rumols, since possibil i ty of
salvage tlrerapy after local recurrence is rernote (14). ln this
series, only one out of six patients with GCT of spine had
local recunence which was salvaged by reirradiation.

Histological grading of GCT has not been shown to
correlate with clinical bchavior (l). In this series too, three
of the four patients ll,ith grade 3 tumors are alive and fiee of
disr-a:r' at last follow-up.

Recommendations regarding radiotherapy dose and frac-
tionation schcdulcs vary. Bennet el al. (12) and Chen el a/.
(3) rccornmcnd a total dose of at least 40 Gy for optimal
local control. l. lorvever. I larwood el al. (13) and Malone el
al (14\ suggest a dose of J5 Gy in l5 fiactions over 3 rvceks
as a sa1'e ancl eff'ective tl'eatment regime. In this scrics. no
difTerence in local control was otrserved at higher doses. A
dose of45 Gy in l5-20 fractions over 3-4 rveeks appears

Radiotherapy in giant cel l  turnor o{ 'bune I  M. K. \ . . r tR et  d i
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