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Abstract

Background: Limb-sparing approaches involving a combination of surgery, chemotherapy, and radiotherapy
are preferred in primary malignant bone tumours whenever possible. The limb function can be maintained by
performing reconstruction either using a prosthesis or bone graft. Extracorporeal irradiation is a novel and exciting
technique in which the restoration is done using the patient’s own tumour bone. In this article, we present the
local control, complications, and functional outcome of 49 cases of primary malignant bone tumours treated
using the technique of extracorporeal irradiation. Materials and methods: 49 patients with primary malignant
bone tumours were treated with extracorporeal irradiation between the year 2007 to 2015.En-bloc resection of
the tumour and the involved bone along with soft tissues was performed about four weeks after the completion of
three to four cycles of neoadjuvant chemotherapy. The bone segment was irradiated with 6MV linear accelerator to
a dose of 50Gy. After extracorporeal irradiation, the bone was re-implanted using fixation devices. Local control,
relapse-free survival, complications and functional outcome were studied. Results: Out of 49 patients, there
were 33 males and 16 females. The median age was 19 years. Femur and tibia were the most common tumour
locations with osteosarcoma being the most common histology (74%). The local control rate was 94%. The 8
year local recurrence-free survival and distant metastasis-free survival were 89% and 84% respectively. The
overall complication rate was 20%. Infection was the most frequent complication, observed in 46% of the patients
who developed complications. Out of 49 patients, 40 had reported a good range of movements. Conclusion:
Extracorporeal irradiation and re-implantation is a convenient alternative to prosthesis from a health economics
point of view, provided severe complications are managed and avoided so that functional results can be achieved.

Keywords: Malignant bone tumours- extracorporeal irradiation- prosthesis- sarcomas

Submission Date: 12/15/2018

Asian Pac J Cancer Care, 4 (2), 53-57 Acceptance Date: 02/09/2019

Introduction

Primary malignant bone tumours are common in
children and adolescents because of active skeletal growth.
About sixty percentage cases occur between 10 and 20
years of age [1]. The standard management approach for
malignant bone tumours is multidisciplinary, especially
when there is a concern for limb salvage. The treatment of
malignant bone tumours has undergone a drastic change
in the last 20 years. Limb-sparing strategies are preferred
whenever possible, which may involve a combination of

surgery, chemotherapy, and radiotherapy [2-6]. The limb
function can be maintained by performing reconstruction
either using a prosthesis or bone graft. However, in
developing countries, many patients would not be able to
afford for prosthesis due to poor socioeconomic status or
there may be a delay in procurement of prosthesis leading
on to delay in the management. Moreover, prosthesis may
not provide precise anatomic fit and can be associated with
problems like loosening and instability. Recently, there has
been an excessive interest in using the patient’s tumour
bone for reconstruction after sterilisation, to preserve
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the limb function The various methods of sterilisation
include autoclaving, pasteurisation, use of liquid nitrogen
and extracorporeal irradiation (ECI). Extracorporeal
irradiation is a novel and exciting technique. In ECI,
the tumour bearing segment of bone is excised en bloc;
the tumour and the soft tissues are then removed from
the bone, and the bone is irradiated and reimplanted back
into the body [7-11]. In this article, we analyse and present
the results of malignant bone tumours treated using the
technique of extracorporeal irradiation.

Materials and Methods

Forty-nine histologically proved non-metastatic
primary malignant bone tumours suitable for limb
preservation therapy, from the year 2007 to 2015, were
included in this study after tumour board discussion.
The eligible patients underwent a clinical examination
by a multidisciplinary team and magnetic resonance
imaging of the affected limb to assess the local extent of
the disease. Contrast-enhanced CT of the thorax and bone
scan were done to exclude lung and bone metastases
respectively. Other routine investigations included
complete haemogram, renal function test, and liver
function test. The patients were usually treated with
neoadjuvant chemotherapy followed by surgery, ECI
and reimplantation followed by adjuvant chemotherapy.
Patients with osteosarcoma were given IAP [Ifosfamide
1.5g/m? day 1,2&3, Adriamycin 60mg/m? day 1, and
cisplatin 100mg/m2 divided over days1-3) regimen every
three weeks for six cycles. Ewings sarcoma patients were
treated with alternating VAC (vincristine 1.5mg/m? day
1, Adriamycin 60mg/m2 day 1, and cyclophosphamide
1200mg/m? day1) and IE (ifosfamide 1.8g/m?day for 5
days, etoposide 100mg/m?/day for 5 days) regimen every
three weeks for a total of 16 cycles.

Neoadjuvant chemotherapy was given for three to four
cycles. Surgery was performed about four weeks after the
completion of neoadjuvant chemotherapy. The surgical
procedure and ECI technique is summarised inb figure
During operation, the tumour bearing segment of the bone
is removed en bloc along with soft tissues. The tumour and
the soft tissues are then removed from the bone, which
is wrapped in a sterile towel and further twice wrapped
in sterile plastic bags and sent for radiation in an acrylic
phantom. Sterile saline water(tissue equivalent) was
poured in the phantom. The bone segment was irradiated in
the radiotherapy department with 6 MV linear accelerator
to a dose of 50 Gy using parallel opposed lateral beams.

Table 1. Assessment of Orthopaedic Outcome

During the ECI, the operative site was prepared for
reimplantation, and biopsy was performed at all osteotomy
sites to assess the status of resection margins. After ECI,
the bone was then reimplanted using fixation devices
under C-arm guidance. During the postoperative period,
immobilization was continued until the radiographic
imaging showed evidence of union. Full weight bearing
was allowed according to the clinical and radiological
progress.

The local control, relapse-free survival, complications
and functional outcome were studied. The functional
outcome was reported as good, fair, and poor based on the
criteria used by Uyttendaele et al [12], as shown in Table 1.

Results

49 patients with primary malignant bone tumours were
treated with extracorporeal irradiation technique at our
institute between 2007 and 2015. The clinical and tumour
characteristics were shown in Table 1. The predominant
histology was osteosarcoma (74%). Other histologies
included ewings sarcoma and chondrosarcoma. Majority of
patients were males (67%). The age group of the patients
ranged from nine to 40 years and the median age was
19 years. The long bones of the lower limbs were most
frequently affected and nearly 90% of the tumors were
located in femur and tibia. The median duration of follow
up was 24 months (range 4-108 months).

Ten patients had developed recurrence either in
the form of only local (two patients), distant metastases
(seven patients) or both (one patient). The local
control rate was 94%. The 8 year local recurrence free
survival was 84%. The 8 year distant metastasis free
survival was 84%. The type of complication that had
occurred in the perioperative period is shown in figure.
The overall complication rate was 20%. The most frequent
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Figure 1. Disease Status

Criteria used to classify the functional results

useful position and range of movement at any joint involved

no problems with activities of daily living

Good .
acceptable cosmetic appearance
no need for external support during walking
Fair fails to meet the above-mentioned criteria but the patient is pleased
Poor patient would have been better off with an external prosthesis after a radical resection
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Table 2. Patient and Tumour Characteristics

Characteristic Number Percentage
Gender
Male 33 67
Female 16 33
Age

Median 19 years
Range 9-40 years

Tumour location
Femur 24 49
Tibia 20 41
Humerus 2 4
Radius 2 4
Fibula 1

Histology
Osteosarcoma 36 74
Ewings sarcoma 4
Chondrosarcoma 3
Others 6 12
Follow up

Median 24 months
Range 4-108 months

complication was infection, seen in 46% of the patients
who developed complications. With respect to orthopedic
outcome, 40 patients had reported good range of
movements as shown in figure 4. At the end of last follow
up, out of 49 treated patients, 37 patients were alive, 9
patients had expired and 3 were lost to follow up.

Discussion

Limb sparing procedures are the preferred options for
malignant bone tumours whenever feasible [4]. Custom
made prostheses or osteoarticular allografts can be used
for reconstruction but prostheses are expensive and
cannot be afforded by all patients in developing countries.
Moreover, high complication rates, with 30% infection
and 23%nonunion, have been reported using allografts,
especially in children. Patients with graft complications
had a significantly lower probability of graft survival,
resulting in a worse functional outcome [7-8-13]. These
problems can be overcome by the technique of using the
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Figure 3. Extracorporeal Irradiation Technique

patients own bone as autograft for reconstruction after
extracorporeal irradiation. This technique of extracorporeal
irradiation and reimplantation was first developed by
Spira and Lubin [14]. There are only limited reports of
ECI available in the literature [9-14-16]. ECI has several
advantages over other methods of limb reconstruction.
These include precise anatomic fit, preservation of joint
mobility, avoidance of limb length discrepancy and
problems associated with allograft, such as dependence
on a bone bank, graft rejection, and the risk of viral
transmission such as the human immunodeficiency and
hepatitis C viruses.

Extracorporeal irradiation as an useful, costeffective
alternative during limb salvage in bony malignancies had
been reported by various studies. The studies by Davidson
et al. [15], and Poffyn et al. [16] were the largest in the
literature of ECI that had treated 50 or more patients. Ours
is the next largest study that had included 49 patients of
primary malignant bone tumours managed with ECI.
Davidson et al. [15] in study treated 50 patients with

Figure 2. Complications

Figure 4. Orthopaedic Outcome
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Table 3. Literature Review of Local Complications

Hong et al.(9) Sys et al.(21) Uyttendale et al.(12) Davidson et al.(15) JIPMER
N=16 N=15 N=15 N=50 N=49
Infection 1 3 2 3 6
Nonunion 0 1 1 9 1
Fracture 1 0 1 3 4
Amputation 1 0 3 0 0
Reoperation 0 1 5 17 1

extracorporeal irradiation and reimplantation and found
four recurrences at a mean follow up of 38 months. Poffyn
et al. [16] retrospectively reviewed 107 patients with 108
malignant or locally aggressive bone tumours treated
between 1978 and 2009 by extracorporeal irradiation with
300 Gy to eradiacte the tumour, and reimplantation of
the bone as an orthotopic autograft. No local recurrences
were detected in the irradiated grafts. In the study of 12
patients with Ewings sarcoma by Puri et al. [17], six
patients were free of disease and six patients had died
from the disease at the time of last review and there
were two recurrences around the operative site but away
from the irradiated graft. Sharma et al. [18] treated 12
patients of primary malignant bone tumours with 50
Gy ECI dose and found 3 local recurrences at a median
follow up of 22 months. The 2 year local recurrence free
survival was 73%. In our study, ten patients had developed
recurrence either in the form of only local (two patients),
distant metastases ( seven patients) or both (one patient)
at a median follow up of 24 months. The local control
rate was 94%. The 8 year local recurrence free survival
was 89%. At the end of last review, out of 49 treated
patients, 37 patients were alive, 9 patients had expired
and 3 were lost to follow up. Thus, the local control rate
and recurrences were varying among the studies, which
could be attributed to the small sample size and varying
doses of radiation used for ECI.

The optimal dose of ECI has not been determined.
The radiation doses varying fom 50 to 300 Gy had been
used in the literature. Chen et al. [19], Uyttendacle et
al. [12], and Poffyn et al. [16] used doses of 300 Gy.
In our study, we delivered midplane dose of 50Gy in one
fraction using Source to axis distance(SAD) technique
with parallel opposed lateral beams. Hong et al. [9] and
Davidson et al. [15] delivered doses of 50 Gy similar
to our study. The risk of wound infection and other
complication in various ECI series had been reported to
be upto 8-17% [17-20]. Sharma et al. [18] found wound
infection rate of 14% ( 2 out of 14 patients). In our study,
the infection rate was 12% which is similar to that reported
in the literature. The lierature review of various local
complications is shown in Table 3.

The limitation of this study is that it is not a randomized
study to establish extracorporeal irradiation and
reimplantation as the standard technique in bone tumours
when limb salvage is concerened. Even in the literature,
only retrospective and non randomised studies are
available. Hence, in the future, it would be worth doing
arandomised study comparing extracorporeal irradiation

to prostheses.

In conclusion, Limb salvage approach involving
multidisciplinary team is the current recommended
treatment of choice for primary malignant bone
tumours whenever feasible. Extracorporeal irradiation is
a convenient alternative to prosthesis since affordability
is a matter of concern in developing countries. If serious
complications can be managed or avoided, functional
results can be achieved. Thus, from a health economics
point of view, ECI is a relatively low-cost technique
compared with the high cost of prostheses. However,
the most important determinants of the feasibility of
ECI include tumour location and extent, and appropriate
selection of patients.
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