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ABSTRACT

Limb preserving surgeries are established as oncologically safe and
standard of care in the management of primary malignant bone tumors.
Surgical resection, extracorporeal irradiation and surgical reimplatation
is one among the limb sparing techniques. In our institute, we adopted
this method in 9 patients and analysed their oncological outcome.
Between 2019 to 2022 Nine patients diagnosed with primary bone
tumors after appropriate neoadjuvant chemotherapy, underwent surgical
resection and extracorporeal irradiation and surgical fixation. Six were
men and 3 women. Six patients were diagnosed with ewing’s sarcoma
and three with Osteogenic sarcoma. The median age was 14 years (range
8-20 years). The treated bones were femur (n = 4), tibia (n = 2), humerus
(n = 2), iliac bone with acetabulum (n = 1). After informed consent and
appropriate investigations, patients underwent wide local excision. The
resected bone was irradiated with single dose of 50 Gy, re-implanted and
stabilised with screws and plates. Patients were mobilised with
appropriate mechanical aids and referred for completion of
chemotherapy. All were followed-up with appropriate imaging. Out of the
9 patients, 1 patient with osteosarcoma after six month of disease free
interval developed local recurrence along with distant metastasis. One
patient with Ewing’s sarcoma had non-union, however the patient was
still on adjuvant chemotherapy. The remaining seven patients remained
disease free till the last follow-up. The mean musculoskeletal tumour
society scoring system (MSTSS) was 3 (range 1-4). In government aided
centres where majority of patients belong to lower socio-economic class,
unsupported by health insurance, limb preservation by extracorporeal
irradiation can be an alternative modality. ECRT would serve as best size
matched, “poormans” biological prosthesis, which is less expensive,
readily available and yet maintaining the purpose of limb function.
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INTRODUCTION

Primary bone tumors, commonly seen in children
and adolescents are rare accounting to approximately
0.5% of all cancers in the world™. In India, according to
Bombay cancer registry, bone malignancies were found
to represent 0.9% of all cancers and Ewing sarcoma
being commonest?.In Karnataka, a retrospective data
of 523 bone tumours, collected over 36 years,
Osteogenic sarcomas were 45.7 and 19.4% were
Ewing’s sarcoma®. The difference in incidence is due
to its rarity.

Historically, limb deforming surgery was the
standard of care. Since 1960, with the involvement of
inter-disciplinary team in decision making,
technological advances in radiation oncology, radiology
and newer chemotherapeutic drugs, treatment
concept has translated from deforming surgery to limb
sparing and function preservation methods. Although,
limb preservation using mega prosthesisis is commonly
practiced, but the associated complications like
loosening of implant, implant failure, infection,
heaviness of the limb and cost of the implant are the
inevitable sequel. The other methods of limb
preservation are adopting biological reconstruction
methods.

Re-implantation of devitalised or tumour sterilized
bone segment is one of the alternative reconstruction
option. The various methods of sterilizing the tumours
are autoclave, microwave, pasteurization, liquid
nitrogen and radiotherapy (extracorporeal
radiotherapy)*?. The advantage of extracorporeal
radiation and re-implantation is being cost effective,
convenient yet maintaining the objective of limb
preservation. Although the technique was first adopted
by Spiraet al in 1968 however it was not in regular
practice due to lack technical expertise™™. We are
reporting our initial experience and preliminary results
of nine patients treated with ECR.

MATERIALS AND METHODS
From 2019-2022, nine patients with histologically
proven primary malignant bone tumours were enrolled

after obtaining approval from institutional ethical
review board. All patients were evaluated in
multidisciplinary clinic involving orthopaediconco-
surgeons, radiation oncologists and medical
oncologists. Patients were evaluated with complete
hemogram, liver and renal function tests. Magnetic
resonance imaging (MRI) was performed in all the
patients to measure precise extension of the tumour,
its relation to neuro-vascular bundle, presence of extra
osseous component, involvement of bone marrow and
to assess the cortical strength. Computed tomography
of thorax and bone scan was done to rule out distant
metastasis. PET CT scan was done when ever feasible
and required. Patients with Ewing’s sarcoma family of
tumours underwent bone marrow evaluation as a part
metastatic workup. Patients with pathological fracture
or compromised bone strength were excluded for
ECRT.

Surgery: The surgery was planned 4 weeks after
appropriate neoadjuvant chemotherapy (NACT).
Adhering to the oncological principles, en-block
resection of the tumour with adequate margins was
done. The adequacy of the margins was confirmed by
frozen section taken from multiple sites. The resected
bone segment was given thorough antibiotic wash
before it is draped and packed in sterile plastic bags.
Adequate measures were taken to avoid any air
pockets while packing before sending for irradiation.

Extra-corporeal radiation (ECRT): A dedicated linear
accelerator was kept ready, to receive the specimen
and execute radiation treatment under aseptic
precautions. The specimen received from OT was
placed in a water phantom, customised as an
irradiator. The phantom was filled with sterile, distilled
water used routinely for RFA measurements (Fig. 1).
The radiation was delivered using 6MV photons, at
maximum dose rate, with parallel opposing beam
arrangements. The radiation dose of 50 Gy in single
fraction at mid plane was prescribed. Based on field
dimensions and separation, treatment Monitor Units

Fig. 1: ECRT set-up with a water phantom customised as bone irradiator
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Fig. 2: Post operative images of bone segment fixed using nails and screws

Table 1: Patients demographics (n =9)

Age Radiation Local
Sr. No. (years) Sex Histology Primarysite dose Local Disease statue Distant Metastasis complications
1 20 M ES Femur 50 Gy NED NO NIL
2 20 F 0s Femur 50Gy NED NO NIL
3 19 M ES Ilium 50Gy NED NO NIL
4 14 F ES Tibia 50Gy NED NO NIL
5 10 M ES NO NIL
6 11 M 0OS Tibia 50Gy Recurrence Lung metastasis on metronomic chemotherapy -
7 8 F ES Humerus 50Gy Pathological fracture/ Non union  On adjuvant chemotherapy -
8 10 M ES Tibia S50Fy NED NO NIL
9 17 M 0S Radius 50Gy NED NO NIL
M: Male, F: Female, ES: Ewings’s arcoma, OS: Osteogenic sarcoma, NED: No evidence of disease

(MU) were calculated by tissue maximum ratio
formula. The radiation was delivered by isocentric
(SAD) technique to reduce the treatment time. The
turnaround time of radiation ranged between
20-25 min. The bone segment thus irradiated was sent
back to OT under aseptic precautions for surgical
re-implantation and fixation using plates and screws
(Fig. 2).

RESULTS

Between Aug. 2019 to Dec. 2021, Nine patients
diagnosed with primary malignant bone tumours were
included in this series. Six patients were diagnosed
with Ewing’s sarcoma and three patients with
osteosarcoma. All patients underwent wide local
excision, extra-corporal bone radiation (ECI) and re-
implantation of the devitalised bone segment and
stabilised with plates and screws. All patients had RO
resection.

The patient demographic details and characteristic
features of the disease is mentioned in Table 1. Among
the nine patients, six were male and three were
female. The median age was 14 years (8-20 years).
Among the nine patients, six patients were diagnosed
with Ewing’s sarcoma and three with Osteosarcoma.
The treated bones were femur (n = 4), tibia (n = 2),

humerus (n = 2), iliac bone with acetabulum (n = 1).
The radiation dose delivered was 50 Gy in single
fraction at midplane. The median turnaround time of
radiation delivery (from the time of specimen reaching
treatment room to operating theatre) was 12 min
(9-25 min).

Patients were permitted to mobilize under
supervision with appropriate mechanical assistance.
Patients with lower extremity disease, partial guarded
weight bearing, walker assisted movement was
permitted. Gradual complete weight bearing walking
was allowed once the union was confirmed
radiologically and as advised by the surgeon. After
wound healing and appropriate postoperative
rehabilitation, patients were further referred for
completion of adjuvant treatment if any and kept on
regular follow-up.

Out of the nine patients, one patient having
osteosarcoma developed local recurrence along with
distant metastasis after six months of disease free
interval. One patient with Ewing’s sarcoma had non-
union however the patient was still on adjuvant
chemotherapy. The remaining seven patient remained
disease free till the last follow-up. Using modified
musculoskeletal tumour society scoring system
(MSTSS) the mean score was 3 (range 1-4)
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DISCUSSION
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CONCLUSION

In our institute we adopted ECRT as one of the
option of limb preserving method as it would serve as
best size matched, “poormans” biological prosthesis,
which is less expensive, readily available and yet
maintaining the purpose of limb function.
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