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Abstract:

Background: The survival and prognostic factors in non-metastaadiation-induced

bone sarcomas of bone have not been described. oMardhe quantitative data about

surgical outcomes and complications after limb-@gévsurgery versus amputation are

quite limited.

Methods: Twenty-five patients with non-metastatic, radiatioduced sarcoma of bone

who underwent definitive surgery were analysed. tdfligical diagnosis was

osteosarcoma in 19 and undifferentiated pleomorghicoma in six. The definitive

surgery was limb-salvage surgery in 15 patientseandmputation in 10.

Results: The 5-year overall survival rate (OS) and the 5-yeangfree survival rate

(EFS) were 53% (95% CI 31% to 70%) and 40% (21%9%), respectively. Patients

with wide or radical surgical margins (n = 13) slealsignificantly better OS compared

with those with marginal (n = 8) or intralesional£ 2) margins (5-year OS, radical or

wide = 74%, marginal = 17%, intralesional = 0%, p.6844). The risk of local recurrence

was significantly higher in the limb-salvage grotgmpared to the amputation group

(49% vs 0%, p = 0.011). OS and EFS were not scamfly different between

limb-salvage group and an amputation group (p 8®dnd 0.912, respectively).

Conclusions; We believe non-metastatic, radiation-induced sascof bone should be
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resected with the aim of achieving wide or radicargins. Although limb-salvage

surgery was related to higher rates of local remae compared with those of the

amputation group, OS and EFS were not differentregrtaro groups. Surgeons need to

discuss the higher risk of local recurrence in lisalvage surgery.

Keywords. Radiation-induced sarcoma of bone, Surgical outspfeognosis
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1. Introduction

Radiation-induced sarcoma of bone is a rare sardhiaiadevelops in a previously

irradiated field after median latency of 10 yedls5]. The link between radiation and

bone sarcomas was first established by Martlardl §] in 1929.

We have previously reported a poor prognosis inatesh-induced bone

sarcomas, especially for patients with metastasisresentation [7], which has been

substantiated by several authors [3, 8]. Howewer,survival and prognostic factors in

non-metastatic, radiation-induced bone sarcoma®ié have not been described.

It has been suggested that pre-operative chemgthdalowed by surgery

may improve survival [9-11]. Surgery for these pats is frequently challenging due to

the effects of previous irradiation on surrounditigsues causing, a loss of clear

distinction between anatomical planes, which campromise cross sectional imaging

and complicate surgical margins [12, 13]. Irradiatialso reduces the proliferative

capacity of normal tissues leading to poor wounaling and wound site infection [14,

15]. As a result, primary amputation was favoured datients with radiation-induced

bone sarcoma in several reports [3,4,13,16,17]. éd|w the quantitative data about

surgical outcomes and complications after limb-@gdév surgery versus amputation are

quite limited.
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We therefore aimed to determine surgical and ompoéd outcomes and

prognostic factors of non-metastatic, radiationdicetl sarcoma of bone. Surgical and

oncological outcomes were also compared betweesethmatients that underwent

limb-salvage and amputation. This data can guideicdns when deciding on an

optimal surgical treatment strategy in non-metastatsectable, radiation-induced

sarcoma.

2. Patientsand Methods

We identified 47 patients with a radiation-indudeghe sarcoma from our oncology

database between 1987 and 2017. Inclusion critegaired patients to be free of

metastatic disease at initial presentation and aeehundergone definitive surgery.

Twenty-two patients were excluded due to: metastasidiagnosis (n = 8), received

only chemotherapy because of local tumour progoasén = 5), treatments at other

hospitals (n = 5), only palliative care (n = 2)dliduring pre-operative chemotherapy (n

= 1) or follow-up elsewhere (n = 1). The remaini2g patients were included. We

retrospectively reviewed the clinical records amdaging for these patients. The

diagnosis was made following a review of the hiatbplogy and radiology at the

multidisciplinary discussion. The diagnostic crigefor radiation-induced sarcoma of
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bone was according to previous reports by Arlemle{1l] and Cahan et al. [2]. All

tumours were resected with the aim of achieving@rcil@argins. An amputation was

performed if it was not possible to obtain cleargimes with limb-salvage surgery after

careful review of the pre-operative imaging. Thecisien for pre-operative

chemotherapy was made in consultation with meddaoablogists and patients, taking

into account the chemotherapy previously receivetigatients’ comorbidities. Margins

were evaluated according to Enneking’s criteria ].[18Any patient with

intralesional/marginal margins were assessed fahdu radiotherapy based on local

tissue toxicities from previous radiotherapy dosesa case-by-case basis following

discussion with clinical oncologists as part of theltidisciplinary team. Currently we a

use a 3 Tesla MRI scanner as our cross-sectioraing of choice.

Kaplan-Meier analysis was used to estimate overaWival (OS), event-free

survival (EFS), metastasis-free survival (MFS) dodal recurrence-free survival

(LRFS). OS was defined as the time from the diagnimsdeath by any cause and was

censored at the date of the latest follow-up. ERES defined as the time from diagnosis

to either the date of the death or recurrence locdistant) and was censored at the

date of the latest follow-up. LRFS and MFS werdraf as the time from the surgical

procedure to local recurrence or metastasis and wemsored at the date of the latest
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follow-up or death. Prognostic factors were assksseng log-rank test. Categorical

variables were compared between groups using claregtests; numerical variables

were compared using Mann-Whitney U tests. A twtethiprobability (P) value of

<0.05 was considered to be statistically signific&tatisticalanalyses were performed

using SPSS version 22.0 (IBMrmonk, NY).

3. Results

3.1 Patient demographics

Table 1 shows patients’ previous tumours for wiratliation therapy was performed.

The most frequent previous tumour in this series ®Weaing’'s sarcoma (n = 5, 20%).

Radiation-induced sarcoma of bone occurred aftenedlian 16 years (interquartile

range [IQR], 11 to 20 years) following radiationetapy for previous tumours.

Radiation doses were not available because ofehgth of the study period. There

were 10 males and 15 females (Table 2). The medige at diagnosis of a

radiation-induced sarcoma of bone was 42 years ,(I28Rto 63 years). The most

common site was the pelvis (n = 7, 28%). Histolabgdiagnoses were osteosarcoma in

19 patients and undifferentiated pleomorphic saecomsix, all categorized as high

grade. Definitive surgical resection achieved ligavage surgery in 15 patients and
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necessitated amputation in ten. The surgical margichieved were radical in three

patients, wide in ten, marginal in eight, intratesl in two patients and unavailable in

two patients.

Fourteen  patients received (neo-)adjuvant chemaplyer The

chemotherapy-induced necrosis wa80% in three patients, <90% in eight and

unavailable in three. The regimens varied: doxaiaband cisplatin (n = 3), high dose

methotrexate (HD-MTX), ifosfamide and etoposide=(8), HD-MTX, doxorubicin and

cisplatin (n = 1), doxorubicin and ifosfamide (n B, vincristine, ifosfamide,

doxorubicin and etoposide (n = 1) or no informatipm = 6). Predisposing genetic

diseases, such as Li-Fraumeni syndrome or bilatetaloblastoma, were not detected

in this study group. No patient underwent furthetiation therapy after surgery.

3.2 Oncological outcomes

The median follow-up time for all patients was 46nths (IQR, 14 to 192 months). The

5-year OS, 5-year EFS and 5-year LRFS for all p&tievere 53% (95% CI 31% to

70%), 40% (95% CI 21% to 59%) and 68% (95% CI 4%/84%), respectively.

Fourteen (56%) of 25 patients died at last follgw-u

Eleven patients (44%) developed distant metastsassurgery with the most
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frequent location being lung (82%). Of the 11 pase nine died from metastases, one

patient was alive with disease at final follow-ughile one patient underwent excision

of two lung metastases after two months from ihdefinitive surgery and survived for

218 months.

Seven patients (28%) developed a local recurrdrmer. of these patients had

multiple lung metastases at the time of local remmege and therefore did not undergo

local treatments. Three patients did not have wlistaetastasis at the time of local

recurrence and underwent a re-excision. The riskoadl recurrence was 0% (0 of 3)

with radical margins, 30% with wide margins (3 ®),138% with marginal margins (3

of 8) and 50% (1 of 2) in intralesional margins.

3.3 Prognostic factors

Patients with wide or radical surgical margins (A3) showed significantly better OS

compared with those with marginal (n = 8) or irgegbnal (n = 2) margins (5-year OS,

radical or wide = 74%, marginal = 17%, intralesion®%, p = 0.044, Table 3 and Fig.

la). Local recurrences were significantly assodiatgh worse OS (p = 0.006). Patients

who received neo-adjuvant chemotherapy showedfsigntly better MFS (p = 0.040).

However, preoperative chemotherapy or chemotheirsghyeed necrosis 0t90% was



139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

not significantly associated with better OS (p #A0., p = 0.659, respectively).

3.4 Comparison of surgical and oncological outcomes between the limb-salvage

group and the amputation group

Table 4 shows patients demographics and outcom#seilimb-salvage group and the

amputation group.

Local recurrence;

Local recurrence was the most common complication.the 15 patients who

underwent limb-salvage surgery, seven (47%) paietgveloped local recurrence.

Local recurrence occurred in 60% (3 of 5) of thévigpecases, 75% (3 of 4) of the

scapula cases and 17% (1 of 6) in long bone cas$esrisk of local recurrence in the

limb-salvage group was significantly higher compate that of the amputation group

(47% vs 0%, p = 0.011). The LRFS was significarugtter in the amputation group

compared to that of the limb-salvage group (5-ye&00% vs 49%, p = 0.017, Fig. 1b).

In the limb-salvage group, risk of local recurrencas 50% (3 of 6) in patients with

wide margin, 43% (3 of 7) in patients with margimaargin and 100% (1 of 1) in a

patient with an intralesional margin. For localugence without distant metastasis, two

10
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pelvic recurrences underwent secondary hindquangrutation; one scapula recurrence

underwent re-excision. Four patients with pulmomastastases at restaging with local

recurrence received palliative chemotherapy withdotal control after MDT

discussion.

Surgical siteinfection:

No patients who underwent a primary amputationesaff surgical site infection. Three

patients developed infection after limb-salvagegsty: one distal tibial endoprosthetic

replacement was successfully treated with debridéna@d implant retention. One

scapulectomy patient developed chronic infectionessitating secondary forequarter

amputation. One distal femoral endoprosthetic m@ptent developed a superficial

infection and was successfully treated with antibsalone.

Overall complications and additional surgeriesfor complications:

Of the 15 patients who underwent limb-salvage syrgel (73%) developed at least

one complication, which was significantly higheamhthe amputation group (10%, p =

0.002). Similarly, the risk of additional surgerites the management of complications

was significantly higher in the limb-salvage grotingan that of the amputation group

11
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(33% vs 0%, p = 0.041).

Oncological outcomes:

The 5-year OS and EFS were 37% and 37% in the $aihmge group and 78% and

45% in the amputation group, respectively. Theseewet significantly different (p =

0.188 and p = 0.912, respectively). The 5-year Mi&S 56% in the limb-salvage group

and 45% in the amputation group (p = 0.452).

4. Discussion

We have reported the surgical and oncological oués and prognostic factors for

non-metastatic, radiation-induced sarcoma of bddwrause many previous reports

concerning radiation-induced sarcoma of bone arallscase series often combined

with radiation-induced soft-tissue sarcomas, itdifficult to compare our results

[1-5,19-23]. There are three reports that mainlyused on radiation-induced sarcoma

of bone (Table 5). Tabone et al. [9] and Shaheeal.dtL0] reported five-year OS as

between 50% and 69% respectively, which is simdaour result (five-year OS, 53%).

By contrast, Lewis et al. [11] reported very pomefyear OS (24%) with high rate of

metastatic recurrences (73%).

12
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In our analysis, wide or radical surgical margingrev associated with

improved survival outcomes. However, multivariatealgses were not performed

because of the limited number in our study. Condrgp factors as well as selection

bias might have an effect on our results. Largediss are needed to possibly gain a

more valid conclusion. Our study also showed loeadurrence was significantly

associated with worse OS. Like other reports orveotional osteosarcoma [24-26], it

is difficult to determine whether local recurrergaises a poor outcome or is simply an

indicator of aggressive tumour biology. In our exgece, 57% of patients had

synchronous distant metastases at the time ofgiagtafter local recurrence.

The main surgical challenge in radiation-inducedcema of bone is the

difficulty of obtaining a clear margin. Our expere® showed that the local recurrence

rate was 47% in the limb-salvage group, which wighkdr than that previously report

by Shaheen et al [10] (25%). Local recurrence instudy occurred in 60% (3 of 5) in

pelvic cases, 75% (3 of 4) in scapula cases and (1786 6) in long bone cases. This

high local recurrence rate in our analysis is pmesoly related to the location of the

tumours. Indeed, 60% of tumours are located inpiblgis and scapula in our series,

while only 35% of tumours were located in the asiedleton in the study by Shaheen et

al. [10] Thijssens et al [16] also reported a Haytal recurrence rate (54%) after surgery,

13
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including amputation and excision, for radiatiodiiced bone or soft tissue sarcomas.

These high rates of local recurrence are possiiylamed by the difficulty of

identifying tumour planes using MRI due to tissuteration following radiotherapy

[27]. In our experience, MRI highlighted the difiity of detecting clear tumour

margins due to the combination of scarring andathérapy changes. Although we

evaluated the tumours using a combination of MRI, &d PET, there remains an

inherent difficulty to detect clear tumour margingissues following radiation therapy.

It is hoped that advancement in imaging modalitesy provide clearer anatomical

relationships in tissues exposed to radiotherapgid&ion-induced fibrosis also makes

it difficult for surgeons to palpably detect theudr tumour margin. Furthermore,

dissection of normal vessels and/or nerves awaw fitee tumour during resection is

also challenging post radiotherapy.

Our experience showed that 20% of patients in ih&-kalvage group

developed infection, while no patients developedndection in the amputation group.

The wound complication rate, including infectiorashbeen reported to be 17% (2 of

12) after limb-salvage surgery for radiation-inddicarcoma of bone [10]. High rates

(30%) of wound problems associated with excisiofssaft tissue sarcomas after

preoperative radiation therapy are well documengd]. Radiation damage leads to

14
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defective collagen deposition by the irradiateddiidasts [12-14], which hinders repair

of the wound. Moreover, the resection of normal datmuscle, to obtain a margin,

during surgery can impair the blood supply of stirer the surgical site. This would

explain the high risk of infection in the limb-salye group, compared to the amputation

group where skin closure uses normal tissue witbamdant blood supply.

Surgeons and patients need to make complex desisionthe surgical

treatment of non-metastatic radiation-induced saecof bone. Although limb-salvage

surgery was significantly associated with high satef local recurrence and

postoperative complications, OS and EFS were mptifssantly different between the

limb-salvage group and the amputation group. Howeseen if a wide margin was

obtained, 50% of the patients subsequently devdlopmal recurrence after

limb-salvage surgery. We recommend careful disomsabout the high risks of local

recurrence and complications when choosing limbagg surgery. This study is the

first to report comparative, quantitate data abtwt rates of local recurrence,

postoperative complications, including additionaigeries for complications, between

limb-salvage and amputation in this subset of p&ieOur data can help the surgeon

and patient to select a surgical procedure basepr@dicted risks for non-metastatic,

radiation-induced sarcoma of bone.
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It is difficult to discuss the benefit of preopevat chemotherapy because a

variety of regimens were used in our study. Thisesause chemotherapy protocols for

radiation-induced sarcoma of bone are not stanzizdldand are affected by previous

chemotherapy treatment. Tabone et al [9] conclugedients with resectable

radiation-induced osteosarcoma can be cured witlpesyi and intensive neo-adjuvant

chemotherapy based on their experience in 16 pati@melack et al [234lso reported

that the treatment of secondary osteosarcoma,dmguadiation-induced osteosarcoma,

with neoadjuvant chemotherapy and surgery had gnasas which approaches that of

primary osteosarcoma. In our study, preoperativenaitherapy was related to better

MFS. However, chemotherapy-induced necrosis didhaee a significant correlation

with OS and MFS, which is comparable with the poesi report by Lewist al [11].

Our current first choice of chemotherapeutic driggspatients with radiation-induced

sarcoma of bone is methotrexate, doxorubicin andsplaiin (MAP)

neo-adjuvant/adjuvant chemotherapy. However, eaatieri needs to be assessed

carefully by a specialist oncologist within a mdisciplinary team to determine the

potential risks and benefits of neo-adjuvant/adpivehemotherapy, paying particular

attention to the previous treatment regimes usedaioage past malignancies.

There are several limitations in our study inclgdismall sample size and

16
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retrospective nature of the study. However thi®ng of the largest series to report

non-metastatic, radiation-induced sarcoma of bone.

5. Conclusion

We believe that non-metastatic, radiation-inducagt@ma of bone should be resected

aiming to achieve wide or radical surgical margihsnb-salvage surgery showed

higher local recurrence and postoperative complinatates compared to amputation.

However, OS and EFS were not significantly diffédeetween two groups.

Conflict of interest statement

No conflicts of interest to declare.

17



278  Figurelegend

279  Figurel.

280 a) Kaplan-Meier curves of overall survival for all gatts stratified by surgical

281 margins.

282 b) Kaplan-Meier curves of local recurrence-free suam/oomparing limb-salvage

283 group and an amputation group.
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Table 1. Previous tumours

Total N %
Ewing’'s sarcoma 5 20
Breast cancer 4 16
Non Hodgkin lymphoma 4 16
Rhabdomyosarcoma 3 12
Osteosarcoma 2 8
Cervix cancer 2 8
Prostate cancer 1 4
Undifferentiated pleomorphic sarcoma 1 4
Giant cell tumour of bone 1 4
Ovarian teratoma 1 4
Not available 1 4
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Table 2. Patient demographics

N %
Total 25
Median age (years, IQR) 42 (23 to 63)
Sex Male 10 40
Female 15 60
Median size (cm, IQR) 11 (7.5to 15)
Pathological diagnosis Osteosarcoma 19 76
Undifferentiated pleomorphic sarcoma 6 24
Part of tumour Pelvis 7 28
Femur 5 20
Humeurs 5 20
Tibia 4 16
Scapula 4 16
Procedure Excision 7 28
Excision + endoprosthesis 8 32
Hindquarter amputation 3 12
Above knee amputation 5 20
Forequarter amputation 2 8
Margin Radical 3 12
Wide 10 40
Marginal 8 32
Intralesional 2 8
Not available 2 8
Preoperative chemotherapy 14 56
Necrosis after chemotherapy  >90% 3 21
<90% 8 58
Not available 3 21
Local recurrence 7 28
Status at last follow-up Continuously disease-free 9 36
No evidence of disease 1 4
Alive with disease 1 4
Death of sarcoma 11 44
Death of unknown cause 2 8
Death of heart disease 1 4

Median follow-up (months, IQR)

40 (14 10192)

IQR, Interquartile range
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367  Table 3. Prognostic factors for overall survivaS)Gnd local recurrence-free survival (LRFS)

N 5-year OS (%) p value 5-year LRFS (%) p value

Age (years) <40 12 56 0.775 64 0.908
>40 13 50 75

Sex Male 10 36 0.143 80 0.351
Female 15 80 58

Size (cm) <8 6 60 0.618 80 0.958
>8 12 53 80
Not available 7

Site Pelvis 7 43 0.368 51 0.407
Others 18 58 77

Preoperative chemotherapy Yes 14 57 0.747 70 20.80
No 11 48 69

Chemotherapy-induced necrosis (%) <90 9 56 0.659 64 0.296
>90 3 67 100
Not available 13

Limb salvage No 10 69 0.188 100 0.017
Yes 15 38 49

Latency period (years) <15 9 44 0.100 70 0.454
>15 11 80 90
Not available 5

Local recurrence Yes 7 0 0.006 Not available
No 18 71 Not available

Margin Radical or wide 13 74 0.044 75 0.707
Marginal 8 38 60
Intralesional 2 0 0
Not available 2
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Table 4. Comparison of patient demographics andomugs between the limb-salvage group and the atgutroup

Total Limb salvage % Amputation % p value
Total 25 15 10
Gender Male 10 5 33 50 0.405
Female 15 10 67 50
Median size (cm) 11 10 15 0.139
Site Pelvis 33 2 20 0.162
Femur 7 4 40
Humeurs 5 3 20 2 20
Tibia 4 2 13 2 20
Scapula 4 27 0 0
Margin Radical 3 0 0 3 30 0.067
Wide 10 6 40 4 40
Marginal 8 7 46 1 10
Intralesional 1 1 10
Not available 1 1 10
Complications Local recurrence 7 7 47 0 0.011
Infection 3 20 0 0.132
Dislocation 1 7 0 0 0.405
Delayed wound healing 1 0 0 1 10 0.211
Aseptic loosening 1 1 7 0 0 0.405
At least one complication 12 11 73 1 10 0.002
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Surgery for complication

5-year overall survival (%)

5-year event-free survival (%)

5-year metastasis-free survival (%)
5-year local recurrence-free survival (%)

Secondary amputation
Debridement
Revision for aseptic loosening
At least one surgery for complication

37
37
56
49

100

o O o o

0.132
0.405
0.405
0.041
0.188
0.912
0.452
0.017
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371 Table 5. Summary of the comparative literature

Non-metastatic ~ Received Preoperative LR after Metastatic ~ Overall
Authors Years N Histology (N) LSS (%) SSI (%) Prognostic factors
cases (%) surgery (%) chemotherapy (%) LSS (%) recurrence  survival
Tabone et 8l 1999 23 0OS (23) 20 (87) 16 (70) 14 (61) 14 (61) NA NA NA 8yr, 50% NA
OS (17), UPS (4), CS
Shaheen et &l 2006 24 18 (75) 20 (83) 14 (58) 12 (50) 3(25) 2 (10) 50%  yr, 59%* NA
(1), FS (1), LMS (1)
Lewis et al* 2006 27 OS (27) 26 (96) 27 (100) 22 (81) 21 (78) A N NA 73% 5yr, 24% Long latency period
Wide or radical
Current paper 2018 25 OS (19), UPS (6) 25 (100) (128) 14 (56) 15 (60) 7 (47) 3(12) 44% 5yr, 53%
margin

* Ten patients with non-metastatic tumour who reedichemotherapy and surgery

OS, osteosarcoma; UPS, undifferentiated pleomorgamcoma; CS, Chondrosarcoma; FS, fibrosarcoma;, ldit8nyosarcoma; LSS, limb-salvage surgery; LRalaecurrence; SSlI, surgical site infection; NA,

not available
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