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Tiivistelmä – Referat – Abstract 
 
Soft tissue sarcomas (STS) are a group of cancers originating from mesenchymal stem cells. Usual 

locations for STS are the extremities and the trunk of the body. Radiochemotherapy (RCT) is an 

aggressive treatment approach aiming both to decrease the historically high rate of amputations and 

to increase local control. Results from similar but not identical protocols have been reported earlier. 

However, in many of these series patients with low-grade tumors have been included. Our main aim 

was to investigate survival rates and long-term complications. In this study we analyzed 89 high-risk 

STS patients treated during 1998-2016 by the Soft Tissue Sarcoma Group at Helsinki University Hospital. 

The RCT protocol used in this study consists of 6 doxorubicine-ifosfamide chemotherapy (CT) courses 

interdigitating with split-course hyperfractionated radiotherapy (RT). RESULTS: 99% of patients had 

high-grade tumors with local control (LC) of 81% and a limb salvage rate of 93% at a median follow-up 

of 5.4 years. DISCUSSION: The LC result compares satisfactorily with previous findings. Our study also 

highlighted the poor metastasis-free survival of the patients, which was 50.3% at three years. According 

to previous findings, higher limb salvage rate has not always led to longer survival rates. Soft-tissue 

sarcoma continues to be a rare and challenging disease with clinicians struggling to make definitive 

conclusions on the best treatment protocol due to low-powered studies. Here we add to the growing 

body of evidence in the absence of randomized controlled trials that RCT is a viable option for high-risk 

STS patients and anticipate further investigation of solutions to extend the metastasis-free survival. 

Avainsanat – Nyckelord – Keywords 
Soft tissue sarcoma, chemotherapy, radiation therapy 

Säilytyspaikka – Förvaringställe – Where deposited 
  
Muita tietoja – Övriga uppgifter – Additional information 
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Tiivistelmä – Referat – Abstract 

Pehmytkudossarkoomat (PKS) ovat ryhmä syöpäsairauksia, jotka saavat alkunsa 

mesenkymaalisista kantasoluista ja esiintyvät tyypillisesti raajoissa ja vartalonseinämässä. 

Radiokemoterapia (RKT) on aggressiivinen hoitoprotokolla, jolla pyritään entistä 

säästävämpään kirurgiseen hoitoon sekä parantamaan paikallista tautikontrollia. 

Aggressiivinen hoitomuoto on toisaalta raskas potilaille sekä sisältää riskin 

hoitokomplikaatioista. Näihin lukeutuvat hoidon jälkeinen raajajäykkyys sekä 

leikaushaavojen post-operatiiviset komplikaatiot. Kirjallisuudessa on raportoitu 

samankaltaisten, mutta ei identtisten protokollien käytön tuloksista. Tämän tutkimuksen 

päätavoitteina oli tutkia potilaiden selviytymistä ja pitkäaikaiskomplikaatioiden määrää. 

Tutkimuksessa analysoitiin 89 korkean riskin PKS-potilasta, jotka hoidettiin vuosina 1998-

2016 Helsingin yliopistollisessa sairaalassa pehmytkudostuumoriryhmän toimesta. Käytetty 

RKT-protokolla koostuu kuudesta lomitetusta doksorubisiini-ifosfamidi-solunsalpaajajaksosta 

sekä jaksotetusta hyperfraktioidusta sädehoidosta. TULOKSET: Potilaista 99 %:lla oli korkean 

riskin tauti. Hoitomyöntyvyys oli tutkimuksessa hyvä ja suurin osa potilaista sai suunnitellun 

hoidon kokonaisuudessaan. Paikalliskontrolli 5,4 vuoden seurannassa oli 81 % ja raajan 

säästävä kirurgia oli mahdollinen 93 %:lla potilaista. DISKUSSIO: Paikalliskontrolli on 

tyydyttävä aiempiin löydöksiin verrattuna, mutta metastaasiton selviytyminen oli vain 50,3 % 

kolmen vuoden seurannassa. Aiempien löydösten perusteella säästävä kirurgia ei aina johda 

parempaan selviytymiseen. Pehmytkudossarkooma on harvinainen ja haastava tauti, jonka 

hoidosta on vaikea tehdä tilastollisesti vahvaan tutkimusnäyttöön pohjautuvaa suositusta. 

Tämä tutkimus tuo lisää näyttöä RKT-protokollan hyödyllisyydestä korkean riskin potilaiden 

hoidossa satunnaistettujen kontrolloitujen hoitotutkimusten puuttuessa. Heikko 

kokonaisselviytyminen puoltaa uusien hoitomahdollisuuksien tutkimusta sekä kokeilua. 

Avainsanat – Nyckelord – Keywords 
Pehmytkudossarkooma, solunsalpaajahoito, sädehoito 
Säilytyspaikka – Förvaringställe – Where deposited 
  
Muita tietoja – Övriga uppgifter – Additional information 
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BACKGROUND 
 
Cancer is defined as an abnormal growth of cells, with the potential of spreading to other 

parts of the body from the primary site of the growth. Cancers are further classified 

based on the type of stem cells they originate from. Soft tissue sarcomas (STS) are of 

mesenchymal origin. Soft tissues connect organs and perform supporting functions 

around the body. Soft tissue types comprise of muscle, fat, connective tissue and 

tendons. Therefore, STS can originate in almost any site of the body. The most common 

sites are the lower and upper extremities where more than half of STS occur but 

occurrence in the trunk wall is also common. STS constitute roughly 1% of all cancers. 

They are subclassified into over 50 histological subtypes [1]. The most common subtype 

is undifferentiated pleomorphic sarcoma, which has a broad range of potential 

histologic appearances. The next most common STS subtypes are liposarcoma, synovial 

sarcoma and fibrosarcoma [2]. The disease often manifests as a growing painless lump 

that can be attached to underlying structures such as fascia or bone. STS only seldom 

awake systemic inflammation and therefore STS may reach considerable size when 

compared to for example lymphoma. 

 

The only curative treatment of STS is surgery with clear margin. Radiation therapy (RT) 

combined with surgery improves local control (LC) and enables less mutilating surgery 

in most patients [3]. Risk of local recurrence (LR) decreased from 23% to 5% in 1 094 

patients with an extremity STS treated in a large specialized sarcoma center during 1987-

2007 [4]. Similar results were reported also in Scandinavia where the Scandinavian 

Sarcoma Group (SSG) reported 3-year LC rates of 80% and 86% during 1987–1996 and 

2006–2011, respectively [5]. During the same period amputation rate decreased from 

5.9% in 1987–1996 to 3.5% in 2006–2011.  Increased use of RT improves LC but it has no 

documented effect on metastases-free survival (MFS) [3,6,7]. Twenty to 30% of STS 

patients develop metastases and most of them die from the disease [8-10]. Major risk 

factors for metastatic disease include high histologic grade, large tumor size and deep 

site [11,12]. 
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The use of drugs that specifically act against cancer is called chemotherapy (CT). CT is a 

systemic form of treatment that aims to prevent the spread of cancer. Cancerous cells 

are rapidly dividing which is why many chemotherapy drugs target mitosis. They disrupt 

the cell division process in various stages and decrease the uncontrolled growth [13]. 

Similarities with naturally occurring rapid cell division in some tissues of the body is the 

basis for common adverse effects, such as myelosuppression, mucositis and alopecia. 

Aim of CT in curative treatment is to reduce the risk for LR and distant recurrence and 

therefore improve survival. 

 

The role of adjuvant CT for STS remains controversial. In a meta-analysis from 2008, 

adjuvant anthracycline-based combination CT moderately improved LC as well as 

relapse-free and overall survival (OS) [14]. Both doxorubicin (absolute risk reduction 

(ARR) 9%) and doxorubicin combined with ifosfamide (ARR 10%) significantly but 

modestly decreased distant recurrence rate [14]. The combination of doxorubicin and 

ifosfamide was also associated with an OS benefit and an ARR of 11% [14]. 

 

Anthracyclines are a class of chemotherapeutic drugs and are the most commonly drugs 

used against STS. The first anthracycline, daunorubicin, entered clinical use in the 1960s 

[15]. However, cardiac toxicity was found shortly after and it took almost a decade for 

the second anthracycline, doxorubicin, to enter market. Anthracyclines are effective 

against a wide range of cancers e.g. leukemias, lymphomas, breast, stomach and uterine 

cancers [16]. As with many chemotherapeutic agents, neutropenia due to suppressive 

effect on the bone marrow, is a common form of toxicity with the use of anthracyclines. 

Cardiotoxicity is also a typical reason for dose reduction and withdrawal of the 

treatment. The mechanism of action of this drug category includes four modes [17]. 

Firstly, the drugs inhibit DNA replication mechanically through insertion between the 

base pairs. They also prevent the action of topoisomerase II, which is involved in the 

replication process. Additionally, the drugs aid in creating free radicals, molecules that 

cause damage to DNA. Finally, anthracyclines deregulate the control system of genetic 
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repair by affecting histones, the main protein components of DNA packaging format 

chromatin. 

Radiation therapy is a mode of cancer treatment where ionizing radiation is directed at 

the tumorous tissue in order to induce DNA damage and inhibit cellular growth. In 

contrast to CT, RT is a local treatment. The intent in RT administration in cancer therapy 

is rarely curative, and in the case of STS it acts as an adjunct. RT reduces risk for LR in 

STS [3]. It tends to result in significant but transient negative impact on the quality of 

life of the patient, specifically in reduced limb strength, range of motion and edema [18]. 

The energy is delivered to the tumor through multiple X-ray beams. The spatial 

configuration of the beams is designed and simulated by an expert using specific 

software in order to minimize damage to healthy tissue. Sometimes a challengingly 

placed tumor can limit the use of RT, due to potential irreparable harm to nearby organs 

or structures. 

 

The amount of RT given to a patient is measured as the amount of radiation absorbed 

by the targeted tissue. If the total dose is given in single session, the surrounding healthy 

tissue is also damaged. The aim of fractionation is to lower this unwanted damage by 

administering the radiation in smaller doses. The biological factors underlying this 

practice are fourfold. Firstly, damage to DNA is the primary effect of the radiation on the 

cancer cells and the repair mechanisms are more compromised in the rapidly 

proliferating cell lines than in healthy cells. Secondly, the time interval between the 

doses allows normal cells to continue functioning without potentially disrupting organ 

function. Also, the sensitivity of the cancer cells to radiation differs between the phases 

of the cell cycles. Therefore, by allowing the cancer cells to advance in the cell cycle 

during the pause, some cancer cell populations may become more sensitive to the next 

radiation dose. Finally, the mechanism by which the DNA damage occurs to the cancer 

cells is through free radical oxygen species. By allowing the restoration of oxygenated 

blood flow to the tumor during the break, the next radiation dose gains ammunition in 
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the form of more oxygen. In hyperfractionated RT the total dose is divided into even 

smaller fractions given usually twice a day. 

 

The aim of RT in treating STS is to increase LC while enabling less mutilative surgery. CT 

has more systemic effect. However, if the therapies are administered sequentially, the 

effect of one will diminish as the other is applied. This problem is particularly notable in 

cancers were the proliferation rate is high. Chemoradiation treatment (CRT) is often 

administered according to a split-course protocol: during the pauses between RT 

courses, the cancer cells are slow to recover, but the unwanted negative effects on 

healthy tissue are decreased. On the other hand, the critical systemic effects of the CT 

are not overly delayed. 

 

Many patients with STS at high risk of developing metastatic disease are also at risk of 

LR. Thus, these patients have indications for both RT and CT. The clinician may face a 

dilemma; which of the treatment modalities is to be applied first? Delaying RT may 

expose the patient to an increased risk of LR, and conversely delaying CT may expose 

the patient to growth of subclinical metastases during RT. In sarcomas, this dilemma 

may be especially important due to the fast growth rate of many high-grade sarcomas. 

Chemosensitization by doxorubicin and ifosfamide may compromise ability to deliver 

adequate doses during simultaneous CT and RT. Therefore, a sequential or interdigitated 

approach may be more attractive. Experience of interdigitated doxorubicin-based CT 

and hyperfractionated accelerated RT in Ewing’s sarcoma has also verified the feasibility 

of this approach [19,20]. 

 

In the present study, we retrospectively reviewed all STS patients at high risk who 

received hyperfractionated split-course RT interdigitated between (neo)adjuvant 

doxorubicin and ifosfamide CT with special interest on outcome and treatment-related 

long-term complications. Based on the performed literature review by Henri Mynttinen 
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and present data manuscript was prepared and published in Scientific Reports 

(attached). 
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METHODS 
 

Treatment protocol 
 
The treatment protocol studied in this analysis was set up in 1987 and it included 

indications for adjuvant RT. The margin was defined as wide if the tumor was excised 

with a smallest microscopical margin of at least 2.5 cm. However, a smaller margin was 

accepted, if it consisted of an uninvolved anatomical barrier (e.g. fascia). In case these 

requirements for a wide margin were not fulfilled, the margin was classified as marginal 

or intralesional. In 1998 the following amendment was added to the protocol concerning 

adjuvant CT: patients less than 70 years are offered adjuvant CT if the tumor malignancy 

grade is high (III-IV in a four-tiered scale) and the tumor fulfills at least two of the 

following criteria: size >8cm (in synovial sarcomas 5cm), presence of necrosis or vascular 

invasion according to the guidelines of the Scandinavian Sarcoma Group (SSG) [21]. 

 

The primary tumor was pre-operatively imaged by magnetic resonance imaging or 

computed tomography. The tumor was also biopsied through ultrasound-guided or CT-

guided core needle biopsy and fine needle aspiration. Computed tomography of the 

lungs was performed as a staging procedure. The primary treatment in all cases was 

surgical resection en bloc. Neoadjuvant CT combined with interdigitating 

hyperfractionated RT was preferred when the margin in definite surgery was likely to be 

intralesional or an amputation seemed unavoidable. Interdigitating hyperfractionated 

therapy was preferred when patients were offered both CT and RT. 

 

The protocol for interdigitating 6 doxorubicine-ifosfamide CT courses and split-course 

hyperfractionated RT derives from the SSG protocol IX for Ewing's sarcoma [19]. Patients 

with inoperable tumors and with inadequate margins received split-course 

hyperfractionated RT (1.5 Gy twice daily) in two CT breaks to a total dose of 42 Gy-60 

Gy. 
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CRT protocol used in Helsinki starts with two cycles of CT (21-day interval) followed by 

hyperfractionated RT 30 Gy/1.5 Gy twice a day for ten days. After first course of RT 

patients receive one cycle of CT followed by hyperfractionated RT 12 Gy/1.5 Gy twice a 

day for four days and one cycle of CT. Limb-sparing surgery is then planned whenever 

feasible. Postoperatively patients receive two cycles of CT if a good histological response 

is detected. Patients with positive margins have a re-operation and when this is not 

feasible a boost of 18 Gy (1.5 Gy twice daily) is delivered to a smaller target volume. 

Computed tomography based treatment planning and individual fixation methods were 

used. The target volume was defined as the involved muscle compartment in the 

transversal direction, with a margin of at least 5 cm longitudinally. Common Terminology 

Criteria for Adverse Events (CTCAE) Version 4.0 is used to report adverse effects [22]. CT 

consisted of doxorubicin (50 mg/m2)-ifosfamide (5 g/m2) combination given six times 

with three-week intervals. 

 

The equivalent dose of an accelerated hyperfractionated treatment scheme with 1.5-Gy 

fractions compared to a fractionation scheme with 2-Gy fractions is calculated by the 

linear quadrate (alfa/beta) formula modified by Thames and Hendry [23] to account for 

incomplete repair of sublethal damage when fraction interval is less than 24 hours. The 

equivalent dose is calculated according to the formula: 

 

 𝑇𝐸 = 𝑁 ∙ 𝑑 '
𝛼
𝛽 + 𝑑

(1 + ℎ𝑀)0 ,where (1) 

 

TE = total effect, N = number of fractions, d = dose per fraction, alfa/beta = measure of 

the fractionation sensitivity of the tissue, and hM = the correction term for incomplete 

repair of sublethal damage, dependent of repair half time, interval between fractions 

and number of fractions per day [24]. An alfa/beta ratio of 10 Gy for acute, and 3 Gy for 

late effects and a repair half time of 1.2 h for acute and 3.5 h for late effects are used. 

With these assumptions an accelerated hyperfractionated RT scheme of 1.5 Gy x 2 
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should be equivalent to a schedule of 2 Gy x 1 for late effects, while the acute effects 

should be slightly less. Total doses are reduced 15 % from 50 Gy to 42 Gy for microscopic 

and 70 Gy to 60 Gy for macroscopic disease to account for the radiosensitizing effect of 

doxorubicin and the improved effect of the shorter treatment time when compared to 

our dose recommendations of RT alone. 

 

Tumor size was defined as the largest diameter of the tumor in the surgical specimen 

reported by the pathologist, or in the case of neoadjuvant treatment largest measure in 

pretreatment magnetic resonance imaging or computed tomography. Histologic 

malignancy grade of the tumor was based on a four-tiered grading scale modified from 

Broders and colleagues [25], in which grades 1 and 2 were considered low and grades 3 

and 4 were high, based on cellularity, differentiation, number of mitoses per high-power 

field, cellular atypia and amount of necrosis. Grading is a numerical characterization of 

the malignancy of the tumor based on the differentiation, mitotic count and nuclear 

atypia of the cells [26]. Grading system can vary depending on the institution and the 

histology of the tumor. Three-tier and four-tier grading systems are most commonly 

used and the two have significant overlap with each other. In both systems, grades I-II 

correspond to well and moderately differentiated neoplasias. In the four-tier system, 

the malignant neoplasias of the highest grade III have been further split to grades III-IV 

corresponding to poorly differentiated and lacking any differentiation altogether 

(anaplasia). Grade I tumors tend to be locally aggressive, whereas Grade III tumors are 

more likely to metastasize. Histological malignancy of the tumour is determined 

according to the French system [26]. The stage of the disease is also determined. The 

stage refers to the extent of spreading and is based on the size of the tumor, presence 

of the disease in the nearby lymph nodes and the presence of metastases. The stage is 

classified according to the TNM staging system. Specimens were fixed in formalin. After 

fixation, the surfaces were painted, the specimens dissected and margins measured 

from histological slides. No histologic review was performed. 
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All patients had a regular follow-up. For high-grade sarcomas, the interval was 2 months 

during the first 2 years, thereafter 2 to 3 times annually, and 2 to 3 times annually for 

low-grade tumors. Patients underwent a chest X-ray at each visit and a computed 

tomography or MRI scan of the primary tumor region 6 months postoperatively and 

thereafter once every 6 months up to two years and thereafter annually up to 5 years. 

Patients with synovial sarcoma has an extended follow-up up to 10 years. 

 

Statistical methods and analysis 
 
In medical research, it is often desirable to estimate survival as a function of time after 

the onset of a treatment. Kaplan-Meier curve is a statistical tool used to accomplish this. 

It is a non-parametric method, meaning that it does not make assumptions about the 

distribution of the data [27]. The method calculates an estimate of the probability of 

survival for a given time interval by the following formula: 

 

 𝑆7 =
#	of	subjects	living	at	start − #	of	subjects	died

#	of	subjects	living	at	start  (2) 

 

where St is the probability of survival estimate at time interval t. In a hypothetical case 

of a total of six patients, the survival estimate for the first -interval is S1=(6-5)/6=0.83. 

However, as the time interval index increases, the probability is conditioned on the 

estimates of the previous intervals. For example, assuming that one patient dies during 

the second time interval and one during the third, the estimate becomes  

 

 

𝑆J|𝑆L, 𝑆M = 𝑆J ∙ 𝑆L ∙ 𝑆M	

=
4 − 3
4 ∙

5 − 4
5 ∙

6 − 5
6 	

= 0.5 

(3) 
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This example illustrates that the resulting curve is not smooth but a step-function. The 

estimate changes at the time points where new events (patient death) occur and the 

vertical lines are drawn to help with interpretation. The Kaplan-Meier curve is the most 

widely used statistical tool for communicating the findings on the effectiveness of a new 

treatment, particularly in cancer studies. 

 

Local recurrence-free, metastasis-free and sarcoma-specific survival rates were 

calculated with Kaplan-Meier analysis. IBM SPSS Statistics version 23 (SPSS, Chicago, 

Illinois, USA) was used for all analyses. 
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RESULTS 
 

Patients 
 
Eighty-nine high risk patients treated for local STS by the STS Group at Helsinki University 

Hospital (HUH) during 1998-2016 with CT and split-course hyperfractionated RT were 

included in the analysis. Approval for this study from the HUH Ethics Committee and the 

Ministry of Social and Health Affairs was received for conducting the study. 

 

The mean age of the patients at diagnosis was 50.7 years. The three most common 

histological subtypes were undifferentiated pleomorphic sarcoma, liposarcoma, and 

synovial sarcoma. Median tumor size was 10.5 cm. All but one tumor were high grade, 

and all but one were deep-seated. 

 

For other results, please see the attached article based on these data. 
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DISCUSSION 
 
In the present retrospective study 89 patients with high-risk STS were treated with CRT 

in our institution during 1998-2016. Patients were evaluated for (neo)adjuvant 

treatment by our multidisciplinary team. The risk of LR and distant recurrence had to be 

high and the patient’s general health and performance status adequate. The patients 

were highly selected, representing only 7% of the STS patients treated by our group 

during the same period. 

 

While surgery alone with wide margins may be adequate treatment for some sarcomas, 

the risk of LR remains high in many patients [28]. To improve LC, different RT techniques 

and doses have been investigated. A randomized study by Yang and colleagues 

demonstrated that postoperative conventional RT decreased the probability of LR 

significantly in high grade STS but had no effect on OS [3]. In a Canadian study 

preoperative RT (50 Gy in 2-Gy fractions) was equally effective as postoperative RT (66 

Gy in 2-Gy fractions), but was associated with higher incidence of acute wound 

complications [7]. No difference in LC, survival or toxicity was seen when postoperative 

conventionally fractionated RT (50 Gy in 2-Gy fractions) was compared to 

hyperfractionated RT (45 Gy, 1.5 Gy twice daily) in a retrospective study of 62 sarcoma 

patients [29]. A randomized trial of adjuvant RT delivered by brachytherapy (BRT) 

showed a significant decrease in local recurrence rate in patients receiving BRT 

compared to the controls [30]. On the other hand, 5-year LC was 92% for intensity 

modulated RT (treated 50 Gy preoperatively or 63 Gy postoperatively) sarcoma patients 

and only 81% for BRT treated (total dose of 45 Gy) [31]. A recent database analysis of 

3,422 patients, who underwent resection for large high-grade STS between 2004 and 

2013, indicated that the hazard ratio for death was 35% less with combined surgery and 

RT compared to surgery alone [32]. 

 

Delays of start of RT or CT may compromise local or systemic disease control, because 

sarcomas may have an extremely high growth rate. To minimize treatment delays, we 
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have used interdigitated IA courses and split-course hyperfractionated RT for high-risk 

STS. Our protocol was derived from the SSG protocol for Ewing’s sarcoma which yielded 

high local and distant control with moderate toxicity [19]. 

 

At a median follow-up of 5.4 years for survivors, the LC rate was 81% and limb-salvage 

rate 93%. Nearly all of our patients had a high risk of developing LR and metastatic 

disease, because 99% of the tumors were deep seated, which is an important risk factor 

for both local and distant recurrence [33]. A large number of published studies have 

reported results of CRT in STS. Most studies are relatively small, and CT and RT regimens 

have been highly variable. Both concomitant and sequential delivery of CT and RT have 

been used. Hyperfractionated RT interdigitated between CT has been used in only five 

studies in addition to the present [34-38]. A summary of the most important efficacy 

endpoints and toxicity is shown in Table 1 [34-60]. The first neoadjuvant CRT protocol of 

bone sarcoma and STS was published by Eilber and colleagues in 1980 [39]. Total of 105 

patients were treated with preoperative intra-arterial doxorubicin (30 mg per day three 

consecutive days). Fractionated RT (35 Gy in 3.5 Gy doses) was started the day after 

completing CT. An impressive LC rate of 97% and limb salvage rate of 92% were achieved 

in patients with extremity tumors [39]. However, local toxicity was severe and included 

wound necrosis (13%), lymphoedema (10%), intra-arterial doxorubicin related vascular 

damage (7%) and bone fractures (6%). Later years CRT protocols were refined: intra-

arterial CT was replaced by intravenous CT regimens containing different chemotherapy 

agents and RT fraction schedules were modified [37,38,42-45,52,54-61]. Through the 

emerging work, focus began to shift towards non-amputative surgical solutions as 

acceptance towards multidisciplinary pre-operative treatment began to take hold. Since 

these findings, limb-preservation and the subsequent local control have remained the 

focus of studies concerning CRT. These studies usually discuss possible complications 

with wound healing and fibrosis. The focus is on improving the quality of life after the 

surgery by minimizing the potential wound complications and fibrosis due to radiation.
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Study CT RT (Gy) LC % (at 
years of FU) 

OS % (at 
years of FU) 

Major 
complications 

(%) 
      

Eilber et al. 1980 [39] A 30 mg x 1 i.a. 3 
days 35/3.5 97 (2.5) 75 (5) 28 

Goodnight et al. 1985 
[47] 

A 25-30 mg i.a. 3 
days 

35/3.5 or 40/2 100 (2.5) 82 (2.5) 35 

Levine et al. 1993 [48] 
A 10 mg/m2 i.a. 10 

days 25/2.5 85 (5) 69 (5) 25 

Mason et al. 1992 [49] A 10-30 mg i.a. 3 
days 

40-65/2 77 (4.5) - 69 

Nijhuis et al. 1999 [40] 
A 20 mg/m2 i.a. 3 

days 35/3.5 100 (7) 55 (7) 45 

Mack et al. 2005 [50] A 30 mg x 1 i.a. 3 
days 30/3 95 (5) 63 (5) 8 

Temple et al. 1997 [51] A 30 mg x 1 i.a. 3 
days 

30/3 97 (5) 79 (5) 13 

Temple et al. 2007 [36] A 30 mg x 1 3 days 30/3 or 33/1.65 x 2 96 (5) 73 (5) 11 
Dincbas et al. 2014 et 

al. [52] IA x 6 35/3.5 or 46-50/2 82 (5) 70 (5) 30 

Mantravadi et al. 1984 
[41] 

A 10 mg/m2 i.a. 10 
days 25/2.5 97 (3) 70 (3) - 

Brodowicz et al. 2000 
[38] 

IFADIC x 4 + IFDIC x 
2 51/1.7 x 2 94 (3.5) 97 (3.5) 10 

Aguiar Jr et al. 2009 
[58] A 20 mg/m2 x 3 30/2.5 82 (5) 58 (5) 42 

Greto et al. 2014 [42] IE x 2 50/2 - - - 
Mahmoud et al. 2016 

[59] 
IA x 4-6 6.3/1.8-2 71 (5) 67 (5) 10 

Gronchi et al. 2012 
[43] IE x 3-5 50 96 (5) 70 (5) - 

Gronchi et al. 2014 
[61] I 14 g/m2 x 3 50.4/1.8 63 (5) 59 (5) 22 

Kraybill et al. 2010 [56] MAID x 6 44 78 (5) 71 (5) 13 
Edmonson et al. 2002 

[54] 
IMAP x 2 + MAP x 3 45/1.8 90 (5) 80 (5) 5 

Brandts et al. 2012 [60] IA x 3 44 85 (5) 80 (5) 0 
Nesseler et al. 2017 

[57] A x 6 or MAID x 6 50-56/2 96 (5) 72 (5) 21 

Stubbe et al. 2016 [37] IA x 2 60/1.5 x 2 or 50.4-
28/3.5 

90 (5) 83 (5) 21 

MacDermed et al. 2010 
[46] I 2.5 g/m2 5 days 28/3.5 89 (5) 42 (5) 18 

Ryan et al. 2008 [53] IE x 5 + I x 1 28/3.5 88 (2) 84 (2) 24 

Mullen et al. 2012 [55] MAID x 6 44/2 90 (7) 84 (5), 66 (10) 46 

Jebsen et al. 2011 [34] IA x 6 36-45/1.8 x 2 71-90 (5) - 2 

Lehane et al. 2016 [35] A 30 mg x 1 3 days 30/1.5 x 2 88 (5) 87 (5) 14 

Okuno et al. 2016 [44] IMAP x 2 + MAP x 2 45-50/1.8 - 82 (3) - 

Raval et al. 2017 [45] MAID x 6 44/2 100 (3) 73 (3) 0 

Present study IA x 6 42-60/1.5 x 2 81 (5) 53 (5) 3 

Table 1:Studies on chemoradiation therapy for STS including the chemotherapy protocol, total radiation dosage, local 
control, overall survival and rate of major complications. 

Abbreviations: CT chemotherapy, RT radiation therapy, LC local control, OS overall survival, A doxorubicin, I 
ifosfamide, i.a. intra-arterial, IA ifosfamide+doxorubicin, IE ifosfamide+epirubicin, IFADIC 
ifosfamide+doxorubicin+dacarbazine, IFDIC ifosfamide+dacarbazine, IMAP 
ifosfamide+mitomycindoxorubicin+cisplatin, MAID doxorubicin+ifosfamide+dacarbazine, MAP 
mitomycin+doxorubicin+cisplatin 
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The long-term survival was grave in the present study with approximately 50% of 

patients dying from their disease despite of aggressive therapy. This is, however, to be 

expected in our cohort of patients with high-risk STS, since adjuvant CT has only a 

moderate effect on survival [14,32] and RT cannot cure patients, whose tumor has 

disseminated before local treatment. Long-term survival rates vary significantly among 

CRT studies (5-year OS 42-83%) probably mostly reflecting different patient 

characteristics (Table 1). The small size and a diversity of chemotherapeutic agents and 

RT fractionation, precludes firm conclusions on efficacy in comparing these studies and 

comparison to the present study. MFS in the CRT studies varies from 43 % to 75 % (Table 

1). The focus of the CRT protocol used in Helsinki is more towards inhibiting further 

progression rather than simply improving the limb preservation rate, as these outcomes 

may correlate only to a degree. Although significant progress has been made in avoiding 

limb amputation by applying and developing the Eilber protocol, less advances can be 

observed in relating to minimizing the distant metastasis-free survival of the patients 

with the highest risk. Another factor that possibly adds to the variability of the results 

from different STS studies is the inclusion criteria of patients with respect to the 

histological type and grade of the tumor. Many studies include patients with grade 1 

tumor (liposarcoma, desmoid tumor, dermatofibrosarcoma protuberans) which skews 

the observed MFS because aggressive surgical approach alone is adequate treatment 

for these non-metastasizing tumors. 

 

The treatment protocol used in the prospective non-randomized Scandinavian study 

was very similar to the one used in Helsinki [34]. The study recruited only patients with 

a tumor of grade 3 or grade 4. MFS at a median follow-up of five years was promisingly 

high at 59 % along with an OS of 68 %. Non-randomized setting and relatively small 

number of patients (n=119) deserve attention when drawing definitive conclusions and 

when comparing with other studies. 
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Three questionnaires are used to obtain an objective estimate of the quality of life: Short 

Form-36 [62], the Musculoskeletal Tumor Society Rating Scale (MSTS) [63] and the 

Toronto Extremity Salvage Score (TESS) [64]. The first of these, Short Form-36, is a more 

generic questionnaire on both physical and mental health. The other two are more 

specific to STS, with MSTS being a clinician-rated form and TESS a form rated by the 

patient and specific to extremity sarcomas. The disease specific questionnaires focus on 

the functional use of the operated limb. Interestingly, Rivard and colleagues reported 

that no significant difference in the quality of life scores was observed between patients 

with major wound complications and those without them [65]. However, the authors 

admit that this might be due to the low complication rate among their patients. Lower 

MSTS and TESS scores were present in the randomized study in patients with wound 

healing [18]. Wound complications were not reported in all studies included in Table 2 

so we described toxicity as a sum of fatal complications, complications requiring 

reoperation or embolectomy and late complications affecting the quality of life and this 

yielded wide variation from 0 to 69%. 

 

The development of prophylactic treatment, e.g. antiemetics and G-CSF, against side 

effects from CT, has allowed more intensified CT. More than a half of our patients used 

G-CSF and 26% received G-CSF after each IA course. The risk of acute toxicity due to CT 

was still relatively high because 26% of our patients were hospitalized due to infections. 

The SSG XIII CRT regimen most similar to but not identical with ours was associated with 

a similar risk of acute CT complications [34]. In that study one third of patients were 

hospitalized, received a blood transfusion or experienced fever [34] Treatment 

compliance was excellent in SSG study, since majority of patients completed all six IA 

courses. Other CT regimens have been considerably more toxic. For example, 97% of 

patients receiving MAID regimen experienced grade three or higher toxicities, although 

these were mostly acute and transitory [56]. Only 59-83% of patients could receive all 

six CT cycles [55,56]. 
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Reliable estimation of the efficacy and toxicity of hyperfractionated RT and sandwiched 

CT compared to sequential treatment would require a randomized controlled trial. In 

Ewing sarcoma, a randomized study of 137 patients comparing these regimens has been 

performed [20]. Patients received either conventional RT fractionation (once daily 1.8-

2.0 Gy, break of CT) or hyperfractionated split-course RT simultaneously with the CT 

(twice daily 1.6 Gy, break of 12 days after 22.4 Gy and 44.8 Gy, total dose and treatment 

time as for conventional fractionation) [20]. Hyperfractionated split-course RT and 

conventional fractionation yielded similar OS (63% and 65%) but LC was somewhat 

better with the hyperfractionated regimen although the difference was not significant 

(86% vs. 76%). Importantly, radiation-related long-term complications were rare with 

no difference between the two arms [20].  Direct comparison between Ewing’s sarcoma 

results and our results cannot be made, because patients with Ewing’s sarcoma were 

significantly younger (25 years or less) than patients in our study (mean age 50.7 years), 

and generally Ewing’s sarcoma is more sensitive to both RT and CT than other STS. 

Furthermore, patients with STS other than Ewing often have competing causes of death 

and when assessing the effectiveness of STS treatment, more correct measurement 

might be disease-specific survival, a metric that only considers the patients who died of 

STS. 

 

In summary, CRT with interdigitated CT courses and hyperfractionated split-course RT 

yielded satisfactory LC with low long-term complication rate in the present series. Our 

results and previous studies indicate that interdigitated RT and CT is a feasible method 

of delivering both treatment modalities in STS patients with highly aggressive STS, where 

treatment delays may be detrimental. The value of hyperfractionated RT in STS should 

ideally be evaluated in a prospective randomized trial. 

  



22 
 

REFERENCES 
 
[1] C.D.M. Fletcher, World Health Organization., International Agency for Research on 

Cancer. WHO classification of tumours of soft tissue and bone. 4th ed. Lyon: IARC Press; 

2013. 468 p. p. 

[2] S.H. Zahm, J.F. Fraumeni, Jr. The epidemiology of soft tissue sarcoma, Semin Oncol 

24 (1997) 504-514. 

[3] J.C. Yang, A.E. Chang, A.R. Baker, W.F. Sindelar, D.N. Danforth, S.L. Topalian, et 

al. Randomized prospective study of the benefit of adjuvant radiation therapy in the 

treatment of soft tissue sarcomas of the extremity, Journal of clinical oncology : official 

journal of the American Society of Clinical Oncology 16 (1998) 197-203. 

[4] A. Gronchi, R. Miceli, C. Colombo, P. Collini, S. Stacchiotti, P. Olmi, et al. Primary 

extremity soft tissue sarcomas: outcome improvement over time at a single institution, 

Annals of Oncology : Official Journal of the European Society for Medical Oncology / 

ESMO 22 (2011) 1675-1681. 

[5] C. Trovik, H.C.F. Bauer, E. Styring, K. Sundby Hall, F. Vult Von Steyern, S. Eriksson, 

et al. The Scandinavian Sarcoma Group Central Register: 6,000 patients after 25 years of 

monitoring of referral and treatment of extremity and trunk wall soft-tissue sarcoma, Acta 

Orthop 88 (2017) 341-347. 

[6] L.B. Harrison, F. Franzese, J.J. Gaynor, M.F. Brennan. Long-term results of a 

prospective randomized trial of adjuvant brachytherapy in the management of completely 

resected soft tissue sarcomas of the extremity and superficial trunk, International journal 

of radiation oncology, biology, physics 27 (1993) 259-265. 

[7] B. O'Sullivan, A.M. Davis, R. Turcotte, R. Bell, C. Catton, P. Chabot, et al. 

Preoperative versus postoperative radiotherapy in soft-tissue sarcoma of the limbs: a 

randomised trial, Lancet 359 (2002) 2235-2241. 

[8] D.A. Potter, T. Kinsella, E. Glatstein, R. Wesley, D.E. White, C.A. Seipp, et al. High-

grade soft tissue sarcomas of the extremities, Cancer 58 (1986) 190-205. 

[9] K.G. Billingsley, J.J. Lewis, D.H. Leung, E.S. Casper, J.M. Woodruff, M.F. Brennan. 

Multifactorial analysis of the survival of patients with distant metastasis arising from 

primary extremity sarcoma, Cancer 85 (1999) 389-395. 



23 
 

[10] M.M. Sampo, K. Klintrup, E.J. Tukiainen, T.O. Bohling, C.P. Blomqvist. Improved 

prognosis in soft-tissue sarcoma of extremity and trunk wall, Acta Orthop (2016) 1-5. 

[11] P.W. Pisters, D.H. Leung, J. Woodruff, W. Shi, M.F. Brennan. Analysis of 

prognostic factors in 1,041 patients with localized soft tissue sarcomas of the extremities, 

Journal of clinical oncology : official journal of the American Society of Clinical 

Oncology 14 (1996) 1679-1689. 

[12] M. Sampo, M. Tarkkanen, R. Huuhtanen, E. Tukiainen, T. Bohling, C. Blomqvist. 

Impact of the smallest surgical margin on local control in soft tissue sarcoma, The British 

journal of surgery 95 (2008) 237-243. 

[13] L.M. Pasetto, M.R. D'Andrea, A.A. Brandes, E. Rossi, S. Monfardini. The 

development of platinum compounds and their possible combination, Crit Rev Oncol 

Hematol 60 (2006) 59-75. 

[14] N. Pervaiz, N. Colterjohn, F. Farrokhyar, R. Tozer, A. Figueredo, M. Ghert. A 

systematic meta-analysis of randomized controlled trials of adjuvant chemotherapy for 

localized resectable soft-tissue sarcoma, Cancer 113 (2008) 573-581. 

[15] H. Brockmann. [Anthracyclinones and Anthracyclines. (Rhodomycinone, 

Pyrromycinone and Their Glycosides)], Fortschr Chem Org Naturst 21 (1963) 121-182. 

[16] H. Cortes-Funes, C. Coronado. Role of anthracyclines in the era of targeted therapy, 

Cardiovasc Toxicol 7 (2007) 56-60. 

[17] G. Minotti, P. Menna, E. Salvatorelli, G. Cairo, L. Gianni. Anthracyclines: molecular 

advances and pharmacologic developments in antitumor activity and cardiotoxicity, 

Pharmacol Rev 56 (2004) 185-229. 

[18] A.M. Davis, B. O'Sullivan, R.S. Bell, R. Turcotte, C.N. Catton, J.S. Wunder, et al. 

Function and health status outcomes in a randomized trial comparing preoperative and 

postoperative radiotherapy in extremity soft tissue sarcoma, Journal of clinical oncology 

: official journal of the American Society of Clinical Oncology 20 (2002) 4472-4477. 

[19] I. Elomaa, C.P. Blomqvist, G. Saeter, M. Akerman, E. Stenwig, T. Wiebe, et al. Five-

year results in Ewing's sarcoma. The Scandinavian Sarcoma Group experience with the 

SSG IX protocol, European journal of cancer 36 (2000) 875-880. 

[20] J. Dunst, H. Jurgens, R. Sauer, H. Pape, M. Paulussen, W. Winkelmann, et al. 

Radiation therapy in Ewing's sarcoma: an update of the CESS 86 trial, International 

journal of radiation oncology, biology, physics 32 (1995) 919-930. 



24 
 

[21] P. Gustafson, M. Akerman, T.A. Alvegard, J.M. Coindre, C.D. Fletcher, A. 

Rydholm, et al. Prognostic information in soft tissue sarcoma using tumour size, vascular 

invasion and microscopic tumour necrosis-the SIN-system, European journal of cancer 

39 (2003) 1568-1576. 

[22] N.C. Institute. Common Terminology Criteria for Adverse Events v4.0. In: NCI N, 

DHHS. May 29,, editor.: NIH publication # 09-7473; 2009. 

[23] Fractionation in Radiotherapy. Philadelphia, Pennsylvania: Taylor and Francis; 

1987. 

[24] I. Turesson, G. Notter. Accelerated versus conventional fractionation. The degree of 

incomplete repair in human skin with a four-hour-fraction interval studied after 

postmastectomy irradiation, Acta Oncol 27 (1988) 169-179. 

[25] A.C. Broders, R. Hargrave, H.W. Meyerding. Pathologic features of soft tissue 

fibrosarcoma with special reference to the grading of its malignancy., Surg Gynecol 

Obstet 69 (1939) 267-280. 

[26] J.M. Coindre. Grading of soft tissue sarcomas: review and update, Arch Pathol Lab 

Med 130 (2006) 1448-1453. 

[27] E. Kaplan, P. Meier. Nonparametric estimation from incomplete observations., J 

Amer Stat Assoc 53 (1958) 457-481. 

[28] P.W. Pisters, R.E. Pollock, V.O. Lewis, A.W. Yasko, J.N. Cormier, P.M. Respondek, 

et al. Long-term results of prospective trial of surgery alone with selective use of radiation 

for patients with T1 extremity and trunk soft tissue sarcomas, Annals of Surgery 246 

(2007) 675-681; discussion 681-672. 

[29] C. Le Pechoux, M.C. Le Deley, S. Delaloge, E. Lartigau, C. Levy-Piedbois, S. 

Bonvalot, et al. Postoperative radiotherapy in the management of adult soft tissue sarcoma 

of the extremities: results with two different total dose, fractionation, and overall 

treatment time schedules, International journal of radiation oncology, biology, physics 44 

(1999) 879-886. 

[30] M.F. Brennan, B. Hilaris, M.H. Shiu, J. Lane, G. Magill, C. Friedrich, et al. Local 

recurrence in adult soft-tissue sarcoma. A randomized trial of brachytherapy, Archives of 

Surgery (Chicago, Ill : 1960) 122 (1987) 1289-1293. 



25 
 

[31] K.M. Alektiar, M.F. Brennan, S. Singer. Local control comparison of adjuvant 

brachytherapy to intensity-modulated radiotherapy in primary high-grade sarcoma of the 

extremity, Cancer 117 (2011) 3229-3234. 

[32] O. Mahmoud, A. Tunceroglu, R. Chokshi, J. Benevenia, K. Beebe, F. Patterson, et 

al. Overall survival advantage of chemotherapy and radiotherapy in the perioperative 

management of large extremity and trunk soft tissue sarcoma; a large database analysis, 

Radiotherapy and oncology 124 (2017) 277-284. 

[33] A. Gronchi, S. Lo Vullo, C. Colombo, P. Collini, S. Stacchiotti, L. Mariani, et al. 

Extremity soft tissue sarcoma in a series of patients treated at a single institution: local 

control directly impacts survival, Annals of Surgery 251 (2010) 506-511. 

[34] N.L. Jebsen, O.S. Bruland, M. Eriksson, J. Engellau, I. Turesson, A. Folin, et al. 

Five-year results from a Scandinavian sarcoma group study (SSG XIII) of adjuvant 

chemotherapy combined with accelerated radiotherapy in high-risk soft tissue sarcoma of 

extremities and trunk wall, International journal of radiation oncology, biology, physics 

81 (2011) 1359-1366. 

[35] C. Lehane, F. Ho, S.R. Thompson, D. Links, C. Lewis, R. Smee, et al. Neoadjuvant 

chemoradiation (modified Eilber protocol) versus adjuvant radiotherapy in the treatment 

of extremity soft tissue sarcoma, J Med Imaging Radiat Oncol 60 (2016) 539-544. 

[36] C.L. Temple, D.C. Ross, E. Magi, L.M. DiFrancesco, E. Kurien, W.J. Temple. 

Preoperative chemoradiation and flap reconstruction provide high local control and low 

wound complication rates for patients undergoing limb salvage surgery for upper 

extremity tumors, Journal of surgical oncology 95 (2007) 135-141. 

[37] F. Stubbe, A. Agaimy, O. Ott, S. Lettmaier, N. Vassos, R. Croner, et al. Effective 

local control of advanced soft tissue sarcoma with neoadjuvant chemoradiotherapy and 

surgery: A single institutional experience, Cancer Radiother 20 (2016) 6-13. 

[38] T. Brodowicz, E. Schwameis, J. Widder, G. Amann, C. Wiltschke, M. Dominkus, et 

al. Intensified Adjuvant IFADIC Chemotherapy for Adult Soft Tissue Sarcoma: A 

Prospective Randomized Feasibility Trial, Sarcoma 4 (2000) 151-160. 

[39] F.R. Eilber, J.J. Mirra, T.T. Grant, T. Weisenburger, D.L. Morton. Is amputation 

necessary for sarcomas? A seven-year experience with limb salvage, Annals of Surgery 

192 (1980) 431-438. 



26 
 

[40] P.H. Nijhuis, E. Pras, D.T. Sleijfer, W.M. Molenaar, H.S. Koops, H.J. Hoekstra. 

Long-term results of preoperative intra-arterial doxorubicin combined with neoadjuvant 

radiotherapy, followed by extensive surgical resection for locally advanced soft tissue 

sarcomas of the extremities, Radiotherapy and oncology 51 (1999) 15-19. 

[41] R.V. Mantravadi, M.J. Trippon, M.K. Patel, M.J. Walker, T.K. Das Gupta. Limb 

salvage in extremity soft-tissue sarcoma: combined modality therapy, Radiology 152 

(1984) 523-526. 

[42] D. Greto, L. Livi, C. Saieva, P. Bonomo, I. Meattini, M. Loi, et al. Neoadjuvant 

treatment of soft tissue sarcoma, Radiol Med 119 (2014) 195-200. 

[43] A. Gronchi, S. Frustaci, M. Mercuri, J. Martin, A. Lopez-Pousa, P. Verderio, et al. 

Short, full-dose adjuvant chemotherapy in high-risk adult soft tissue sarcomas: a 

randomized clinical trial from the Italian Sarcoma Group and the Spanish Sarcoma Group, 

J Clin Oncol 30 (2012) 850-856. 

[44] S. Okuno, I. Petersen, T. Shives, M. Mahoney, M. Haddock, F. Sim, et al. 

Chemotherapy, Irradiation, and Surgery for Function-preserving Curative Therapy of 

Primary Extremity Soft Tissue Sarcomas: Initial Treatment With I-MAP and Inhalation 

GM-CSF During Preoperative Irradiation and Postoperatively, Am J Clin Oncol 39 

(2016) 204-209. 

[45] R.R. Raval, D. Frassica, K. Thornton, C. Meyer, D.S. Ettinger, F. Frassica, et al. 

Evaluating the Role of Interdigitated Neoadjuvant Chemotherapy and Radiation in the 

Management of High-Grade Soft-Tissue Sarcoma: The Johns Hopkins Experience, Am J 

Clin Oncol 40 (2017) 214-217. 

[46] D.M. MacDermed, L.L. Miller, T.D. Peabody, M.A. Simon, H.H. Luu, R.C. Haydon, 

et al. Primary tumor necrosis predicts distant control in locally advanced soft-tissue 

sarcomas after preoperative concurrent chemoradiotherapy, International journal of 

radiation oncology, biology, physics 76 (2010) 1147-1153. 

[47] J.E. Goodnight, Jr., W.L. Bargar, T. Voegeli, F.W. Blaisdell. Limb-sparing surgery 

for extremity sarcomas after preoperative intraarterial doxorubicin and radiation therapy, 

American Journal of Surgery 150 (1985) 109-113. 

[48] E.A. Levine, M. Trippon, T.K. Das Gupta. Preoperative multimodality treatment for 

soft tissue sarcomas, Cancer 71 (1993) 3685-3689. 



27 
 

[49] M. Mason, M. Robinson, C. Harmer, G. Westbury. Intra-arterial adriamycin, 

conventionally fractionated radiotherapy and conservative surgery for soft tissue 

sarcomas, Clinical oncology (Royal College of Radiologists (Great Britain)) 4 (1992) 32-

35. 

[50] L.A. Mack, P.J. Crowe, J.L. Yang, N.S. Schachar, D.G. Morris, E.C. Kurien, et al. 

Preoperative chemoradiotherapy (modified Eilber protocol) provides maximum local 

control and minimal morbidity in patients with soft tissue sarcoma, Annals of Surgical 

Oncology : The Official Journal of the Society of Surgical Oncology 12 (2005) 646-653. 

[51] W.J. Temple, C.L. Temple, K. Arthur, N.S. Schachar, A.H. Paterson, T.S. Crabtree. 

Prospective cohort study of neoadjuvant treatment in conservative surgery of soft tissue 

sarcomas, Annals of Surgical Oncology : The Official Journal of the Society of Surgical 

Oncology 4 (1997) 586-590. 

[52] F.O. Dincbas, D.C. Oksuz, O. Yetmen, M. Hiz, S. Dervisoglu, H. Turna, et al. 

Neoadjuvant treatment with preoperative radiotherapy for extremity soft tissue sarcomas: 

long-term results from a single institution in Turkey, Asian Pac J Cancer Prev 15 (2014) 

1775-1781. 

[53] C.W. Ryan, A.G. Montag, J.R. Hosenpud, B. Samuels, J.B. Hayden, A.Y. Hung, et 

al. Histologic response of dose-intense chemotherapy with preoperative hypofractionated 

radiotherapy for patients with high-risk soft tissue sarcomas, Cancer 112 (2008) 2432-

2439. 

[54] J.H. Edmonson, I.A. Petersen, T.C. Shives, M.R. Mahoney, M.G. Rock, M.G. 

Haddock, et al. Chemotherapy, irradiation, and surgery for function-preserving therapy 

of primary extremity soft tissue sarcomas: initial treatment with ifosfamide, mitomycin, 

doxorubicin, and cisplatin plus granulocyte macrophage-colony-stimulating factor, 

Cancer 94 (2002) 786-792. 

[55] J.T. Mullen, W. Kobayashi, J.J. Wang, D.C. Harmon, E. Choy, F.J. Hornicek, et al. 

Long-term follow-up of patients treated with neoadjuvant chemotherapy and radiotherapy 

for large, extremity soft tissue sarcomas, Cancer 118 (2012) 3758-3765. 

[56] W.G. Kraybill, J. Harris, I.J. Spiro, D.S. Ettinger, T.F. DeLaney, R.H. Blum, et al. 

Long-term results of a phase 2 study of neoadjuvant chemotherapy and radiotherapy in 

the management of high-risk, high-grade, soft tissue sarcomas of the extremities and body 

wall: Radiation Therapy Oncology Group Trial 9514, Cancer 116 (2010) 4613-4621. 



28 
 

[57] J.P. Nesseler, J. Salleron, M. Rios, P. Nickers, F. Marchal, F. Brocard, et al. A 

retrospective cohort study to assess adjuvant concurrent chemoradiation (CCRT) 

compared to adjuvant radiation therapy (RT) in the treatment of grade 2 and 3 extremity 

soft tissue sarcomas, Radiotherapy and oncology 125 (2017) 160-167. 

[58] S. Aguiar Junior, O. Ferreira Fde, B.M. Rossi, E.M. Santos, J.V. Salvajoli, A. Lopes. 

Neoadjuvant chemoradiation therapy for soft tissue sarcomas of the extremities, Clinics 

(Sao Paulo) 64 (2009) 1059-1064. 

[59] O. Mahmoud, A. Dosch, D. Kwon, J.D. Pitcher, S. Conway, P. Benedetto, et al. The 

Impact of Perioperative Chemotherapy Timing in Conjunction With Postoperative 

External-Beam Radiation Therapy on Extremity Soft-Tissue Sarcomas Outcome, Am J 

Clin Oncol 39 (2016) 528-534. 

[60] C.H. Brandts, C. Schulz, N. Willich, B. Steffen, J. Hardes, G. Gosheger, et al. 

Adjuvant therapy for resectable high-risk soft tissue sarcoma: feasibility and efficacy of 

a sandwich chemoradiotherapy strategy, Cancer chemotherapy and pharmacology 69 

(2012) 613-620. 

[61] A. Gronchi, A. De Paoli, C. Dani, D.F. Merlo, V. Quagliuolo, G. Grignani, et al. 

Preoperative chemo-radiation therapy for localised retroperitoneal sarcoma: a phase I-II 

study from the Italian Sarcoma Group, European journal of cancer 50 (2014) 784-792. 

[62] J.E. Ware, Jr., M. Kosinski, B. Gandek, N.K. Aaronson, G. Apolone, P. Bech, et al. 

The factor structure of the SF-36 Health Survey in 10 countries: results from the IQOLA 

Project. International Quality of Life Assessment, Journal of clinical epidemiology 51 

(1998) 1159-1165. 

[63] W.F. Enneking, W. Dunham, M.C. Gebhardt, M. Malawar, D.J. Pritchard. A system 

for the functional evaluation of reconstructive procedures after surgical treatment of 

tumors of the musculoskeletal system, Clinical orthopaedics and related research (1993) 

241-246. 

[64] A.M. Davis, J.G. Wright, J.I. Williams, C. Bombardier, A. Griffin, R.S. Bell. 

Development of a measure of physical function for patients with bone and soft tissue 

sarcoma, Qual Life Res 5 (1996) 508-516. 

[65] J.D. Rivard, S.S. Puloski, W.J. Temple, A. Fyfe, M. Kwan, N. Schachar, et al. 

Quality of life, functional outcomes, and wound complications in patients with soft tissue 

sarcomas treated with preoperative chemoradiation: a prospective study, Annals of 



29 
 

Surgical Oncology : The Official Journal of the Society of Surgical Oncology 22 (2015) 

2869-2875. 

 


