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Patter ns of care and outcome of Radiation-I nduced Soft Tissue Sarcomas

Abstract

More than half of all cancer patients receive rddkoapy. With the increasing number
of long-term cancer survivors, there is a growingaeern about the risk of radiation induced
second malignant neoplasm. Sarcomas representdsiefrequent type of cancer than can be
induced by radiation exposure. We report the ldrgesies of radiation-induced sarcomas
(RIS). We demonstrate that a majority of RIS carcbeed, provided they underwent well-

planned surgery.



I ntroduction

Radiation therapy is used as a treatment for mangars, alone or in combination with other
treatment modalities such as chemotherapy and rurb®wever, radiation exposure is a
well-established risk factor for secondary maligrias, soft-tissue sarcomas (STS) being the
most common tumor type occurring in this settinglyQimited data regarding the incidence,
clinical characteristics, outcome and prognostagdrs of radiation-induced STS (RIS) are

available in the localized and advanced setting®)(1

Methods

Between January 1, 1990, and December 31, 201391&dult patients were identified from
a prospective French Sarcoma Group Database. Tvenee 510 patients (0.03%) identified
with radiation-induced sarcomas (RIS), which wewrfireed as (i) history of radiation
exposure at least 6 months before the developniesarooma (3), (ii) occurrence of sarcoma
within the radiation field, and (iii) pathologic wfirmation of a sarcoma histologically
different from the primary cancer. Bone sarcomasewexcluded from the study. Margin
status was defined as previously described withRheystem (4). Prognostic factors for
locoregional-free survival (LRFS), metastases-Bervival (MFS) and overall survival (OS)
were planned to be identified by univariate andtivattiate analyses using a Cox regression
model. Variables tested in univariate analysis udel: age (median:66 years), gender,
histological subtype, grade, tumor size (medianmbd), tumor depth, tumor location, margin
status and presence of a lymphodema. Variableciassd with with a p-value<0.05 in the
univariate analysis were planned to be includethenmultivariate analysis. Analyses were
performed using SPSS 18.0 statistical softwareQIR®., Chicago, USA). All statistical tests

were two-sided, and p<0.05 indicated statistiqghificance.



Results

Patient characteristics are summarized in Tabl&ht most common histologic type was
angiosarcoma followed by undifferentiated pleomarpsarcoma. 31 patients (6%) had
synchronous metastases at diagnosis. For the 4hgsawith non-metastatic disease, 256
patients (53.4%) were treated solely with surgicakection, 148 (30.9%) received
neoadjuvant/adjuvant chemotherapy, and 42 (8.8%g weated with neoadjuvant/adjuvant
radiotherapy. 33 patients had unresectable tumods did not underwent surgery. On
multivariate analysis, the main factors signifidpratssociated with unresectability were male
gender (OR=1.9 IC95% [1.1-3.4] p=0.03), tumor sitéside of trunk wall (OR=2.01 [1.2-

3.4] p=0.008), tumor size > 55mm (OR=4.2 [2.3-7®}0.0001), and presence of a

lymphedema (OR=5.9 [2.6-13.1] p<0.0001).

Median follow-up was 62.9 months [55.0-73.0].

Median LRFS for MO patients with RO/R1 surgery wlds?2 months 95% [33.7-112.9]. 5-year
and 10 year LRFS rates were 47.2 % [41.2-52.9] 4hd% [35.0-49.1] respectively. On
multivariate analysis, the independent predictofsworse LRFS were age > 66 years
(HR=1.5[1.1-2.1], p=004), angiosarcoma (HR=1.2{1.9], p=0.001), tumor size > 55 mm

(HR=1.2 [0.8-1.7],p<0.0001, and R1 margin statuB<£H.6 [1.2-2.3],p<0.0001).

Median MFS for patients with RO/R1 surgery was meatched. 5-year and 10-year MFS rates
were 66.2% [60.2-71.4] and 60.5% [53.0-67.2] resSpely. On multivariate analysis, the
independent predictors of worse MFS were grade B=3#4 1C95% [1.5-7.8], p<0.001) and
R1 margin status (HR=1.8 IC95% [1.2-2.7],p=0.02¢ri-operative chemotherapy did not

influence MFS (p=0.5).



Median overall survival for patients MO with RO/Rlirgery was 65.1 months 95% [50.0-
98.4] The 5-year and 10-year OS rates were 52.94%l1{58.2] and 41.0% [34.2-47.7]
respectively. On multivariate analysis, the premtigtof worse OS were age > 66 years
(HR=1.4 1C95% [1.02-1.93] p=0.04), R1 margin staidR=1.8 IC95% [1.3-2.5] p < 0.001),
grade 3 (HR=1.9 IC95% [1.1-3.4] p=0.02) and siz&5mm (HR=1.6 1C95% [1.1-2.2]

p=0.02) (Figure 1).

162 patients had metastases at diagnosis or dialiog/-up. 85 (52.5%) of them receivedl
line of chemotherapy, 4% 2 lines of treatment and 21 patiert8 lines or more. 9 patients
did not receive any systemic treatment. Median timaext treatment was 3.5 months [2.7-
5.4] and 2.9 [2.3-5.0] in the 1st line and 2nd Ig&tting respectively. Polychemotherapy was
significantly associated with improved time to sedpgent-treatment in the 1st and 2nd line

settingviedian oOverall survival of patients with metastatic disease was 8.2 months 95 ClI [6.4-10.4].

Discussion

Previous studies based on small series sugges&tdRils have a poor sarcoma-related
survival with 5-year overall survival ranging frob® to 36% (1-2). With a 5-year OS for
patients with RO/R1 surgery of 52.9%, our study destrates that a significant proportion of
patients with RIS can be cured, provided they umdat well-planned RO surgery which
represent a major independent predictor of deattiis flesult emphasizes the need to refer
patients with RIS to expert surgeons applying thmes standard surgical procedures as for

other sarcoma patients.

The risk of metastatic relapse remains high ocegrm up to 33% of patients. Two recent
studies have shown the positive significant impafcheoadjuvant systemic therapy on the

reduction of the risks of metastatic relapse andtldeHowever, none of them included



patients with RIS (5-6). In our series, 148 (30.9%gtients received peri-operative
chemotherapy without any impact on MFS or OS sugggsa relative resistance to
chemotherapy. Such resistance is also illustratedhb very poor outcome of RIS in the
metastatic setting (8.2 months) in comparison vgforadic soft-tissue sarcomas (12-18

months) (7).

Altogether, our results indicate that patients WRIS should be managed with the same
curative intent than patients with sporadic STS/e@ithe limited benefits of cytotoxic drugs
currently used for the management of STS, futurdiss investigating the biology of RIS are
warranted to identify the mechanisms involved ieittdevelopment and their therapeutic

vulnerabilities to improve outcome.
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FIGURE LEGEND

Figure 1. Kaplan-Meier curves of overall survivalpatients with RO/R1 surgical resection of
radiation-induced STS according to age (A), tunioe §B) and margin status (C).



A B C
g. 8, 8,
o w© o
s 59 £
2 Zg z
£3 Z o] z 8
£ 3 ~— 38
2 [ i
g e = &5 <8l
& c o
8
S 3 8
0 12 24 3 48 60 72 B4 96 108 120 e T T T T T T T T
Time (months) G B B & L) g CF G D 0 12 24 38 48 60 72 84 96 108 120
Number at risk Mumber atrisk Time (months)
Age<=66ans 197 176 145 1080 77 62 57 46 42 37 26 Sie <=55mm 185 170 138 106 84 67 55 41 35 27 20 Number atrisk
Age>GGans 192 172 121 87 61 48 27 15 10 5 3 Stzesssmm 133 114 81 S5 33 24 18 13 11 10 7  MaginRO 200 263 204 154 112 80 68 52 44 35 24
Margin R1 % 85 62 42 26 19 16 9 8 7 5
Age <= 68ans Age > 68 ans ] Size <=55mm Size >55mm
Margin RO Margin R1

Figure 1. Kaplan-Meier curves of overall survival in patients with RO/R1 surgical resection of
radiation-induced STS according to age (A), tumor size (B) and margin status (C).



TABLE

Table 1. Patients characteristics

Total
N (510) %col
Sex
Female 412 80.8
Male 98 19.2
Age_at_diagnosis
Median 66.0
Minimum 15.0
Maximum 93.0
Site_of_tumour_sub_category
Head and neck 50 9.8
Internal trunk 51 8.0
Lower limb 37 5.1
Others 31 6.1
Trunk wall 294 57.6
Upper limb 47 7.1
Depth_of_tumour
Deep 221 43.3
Superficial 194 38.0
Superficial and deep 93 18.2
Size_of_tumour__mm_
Median 55.0
Minimum 6.0
Maximum 380.0
Nodes involvement
No 501 98.2
Yes 9 1.8
Metastasis at diagnosis
No 479 93.9
Yes 31 6.1
Histological subtype
Angiosarcoma 195 38.2
Undifferentiated pleomorphic 172 33.7
Other 143 28.0
Grade
1 56 11
2 175 34.3

3 220 43.1






