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Introduction

Soft tissue sarcomas (STSs) are a group of malignant 
tumors derived from non-epithelial extraosseous tissues, 
but do not include the reticuloendothelial system, the 
neuroglia or the supporting tissues of various parenchymal 
organs (1). It is a group of mesenchymal tumors with 

a highly heterogeneous pathology, and an annual 
incidence of about 3.4/100,000 in the USA (2), and about 
2.38/100,000 in China (3). Surgery plays an important role 
in the treatment of STS, and is not only the means to cure 
the disease, but also to obtain a pathological diagnosis (4,5). 
Combined with chemotherapy, radiotherapy (RT) and 
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other comprehensive treatment measures, the overall 5-year 
survival rate is about 50–60% (6,7).

In recent years, with the development of targeted therapy, 
the efficacy of non-surgical therapy for certain types of 
sarcoma (e.g., gastrointestinal stromal tumors) has greatly 
improved, but the role of chemotherapy in the treatment 
of STS is still very limited. Therefore, comprehensive 
treatment mainly refers to combined RT and surgery. 
Radiation therapy for tumors is a local treatment that 
uses radiation therapy tumors. In recent years, intensity-
modulated RT (IMRT) has become widely used globally, 
because it can maximize the dose for the tumor, reduce the 
dose to the surrounding normal tissue, reduce the irradiation 
volume, and thus reduce the complications, but also improve 
the local control rate of the tumor. It has been successfully 
used in the treatment of STS (8-10).

RT for STS includes neoadjuvant RT (or preoperative 
RT), adjuvant RT (or postoperative RT), and palliative 
RT. The indications of neoadjuvant RT are: (I) high-
grade STS: regardless of tumor size and location (11); (II) 
low-grade malignant STS: although controversial, RT is 
recommended for those with T2 stage tumor >5 cm or 
margin positive (12); (III) STS involving peripheral blood 
vessels or nerves. Compared with adjuvant RT, neoadjuvant 
RT shows almost no difference in the prevention of distant 
metastasis (13). The main advantages of neoadjuvant RT 
are tumor reduction, local improvement, and the possibility 
of respectability for inoperable patients (14,15). At the 
same time, the scope of operation tends to be reduced, 
which can better preserve postoperative function, eliminate 
micro-cancer nests and subclinical lesions, reduce tumor 
cell viability and the probability of local implantation and 
distant metastasis, and indicate sensitivity to chemotherapy. 
The delayed toxicity rate of preoperative RT is low, the 
blood supply of the preoperative tumor is abundant and thus 
sensitivity to RT is high, and the radiation field and dose 
can be lower than for postoperative RT (50 vs. 60–70 Gy).  
However, the major disadvantage of neoadjuvant RT 
compared to adjuvant RT is a significant increase in wound 
complications (35% vs. 17%) (13). Surgery is delayed and 
distant metastasis may occur during neoadjuvant RT. The 
surrounding tissue fibrosis after preoperative RT can make 
the surgical operation more difficult. Therefore, RT should 
be considered individually in the comprehensive treatment 
of STS, and factors such as the wound, tumor grade and 
resection margin should be taken into account.

Despite neoadjuvant RT for STS being used worldwide, 
it is rarely reported in China. In order to evaluate the 

efficacy and safety of neoadjuvant RT for STS, we 
conducted exploratory research of a multidisciplinary 
treatment model for STS in the Department of Orthopaedic 
Oncology Surgery, Beijing Ji Shui Tan Hospital, and the 
Department of Radiotherapy, Cancer Hospital Chinese 
Academy of Medical Sciences. We present the following 
article in accordance with the STROBE reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-98/rc).

Methods

Patient selection

Patients with confirmed advanced STS at Beijing Ji Shui 
Tan Hospital, who were considered as tumor boundary 
not clear, close to blood vessels and nerves, maximum 
diameter of tumor ≥2 cm, no distant metastasis and no 
contraindication of RT [no previous history of limb RT, 
Karnofsky Performance Scale (KPS) score >70, white 
blood cells >3.5×109/L, neutrophils >1.5×109/L, platelets 
>100×109/L]. Patients with rhabdomyosarcoma, primary 
neuroectodermal tumors, chondrosarcomas, osteosarcomas, 
or with distant metastases were excluded from the study. 
The histological diagnosis was based on the WHO 
classification (16).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the ethics committee of Beijing Ji Shui Tan 
Hospital (No. 20220306) and the ethics committee exempts 
patients from informed consent.

Treatment plan

Neoadjuvant RT
Patients were referred to the Department of Radiotherapy, 
Cancer Hospital Chinese Academy of Medical Sciences 
and given conventional fractionated neoadjuvant RT 
[95% planning target volume (PTV) 50 Gy/2 Gy/25 f] for  
5 weeks, such like Dr. Rosenberg (5).

Adverse reactions and imaging evaluation of 
neoadjuvant RT
Acute complications after neoadjuvant RT were evaluated 
with the acute scoring criteria of the European Organization 
for Research and Treatment of Cancer/Radiation Therapy 
Oncology Group (17). Late radiation toxicity according 
to the RTOG-0630 trial was followed up (18). At 4 weeks 
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after RT, all patients were evaluated for local and distant 
metastases by magnetic resonance imaging/computed 
tomography (CT)/ultrasonography, and positron emission 
tomography-CT if possible. Each patient was classified as 
complete remission (CR), partial remission (PR), stable 
disease (SD), or progressive disease (PD) according to the 
response criteria of RECIST 1.1 (19). The objective response 
rate (ORR) was calculated by CR and PR, and the disease 
control rate (DCR) was calculated by CR, PR, and SD.

Surgery
Standard surgical excision was performed within 3–6 weeks 
after the end of RT. R0 excision was the main procedure, 
and some patients required a skin graft or vascular graft. 
Regarding the time interval between the end of RT and 
the operation, although somewhat controversial, 3–6 weeks 
is usually recommended (13,20), but there are reports of 
delaying for 8 weeks (18). The given interval is too short to 
achieve the goal of tumor reduction and reduced stage, and 
the tumor tissue was obviously necrotic and fibrotic, which 
shows the effect of RT, but at the same time, it is difficult to 
confirm the tumor’s boundary because of the surrounding 
hyperemia and edema. However, if the time interval is too 
long, then tumor regeneration and further delay of the 
operation may occur (21,22).

Surgical wound complications
All cases were examined by the team (including nurses, 
surgeons, and oncologists) to assess and evaluate wound 
complications in accordance with the criteria used by 
O’Sullivan et al. (13). Severe wound complications were 
defined as requiring “secondary surgery performed 
under general or local anesthesia for wound repair or 
management”.

Postoperative pathological evaluation
The pathological reaction was examined by a STS 
pathologist who was unaware of the tumor results, to 
determine whether pathological CR (pCR) was achieved. 
The European Organization for Research and Treatment 
of Cancer-Soft Tissue and Bone Sarcoma Group (EORTC-
STBSG) histopathological response score (23) was used for 
pathological evaluation of patients after neoadjuvant RT. 
The method calculates the percentage of residual tumor 
cells and response is divided into 5 grades: A = no stainable 
tumor cells; B = single stainable tumor cells or small clusters 
(overall <1%); C =1% to <10% stainable tumor cells; D 
=10% to <50% stainable tumor cells; E =>50% stainable 

tumor cells. Patients with grade A by EORTC-STBSG 
were pCR.

Follow-up
Defined as the time interval between the date of surgery 
and the date of death or the date of the last follow-up. The 
no local recurrence interval was calculated from the date of 
operation. The patients were followed up every 3 months 
in the first 2 years, every 4 months in the next 3–4 years, 
every 6 months in the 5th year, and every year after 5 years. 
Follow-up included evaluating local recurrence and distant 
metastasis, disease-free survival (DFS), and long-term 
complications such as skin lesions, muscle stiffness, and 
limited mobility.

Statistical analysis

Complications of neoadjuvant RT, postoperative wound 
complications and pCR were evaluated after operation. 
SPSS23.0 statistical software was used and the Chi-square 
or Fisher accurate probability test was used to compare the 
rate of the two classifiers. P<0.05 was defined as statistical 
difference.

Results

Clinical features

From March 2017 to March 2018, a total of 19 patients 
were enrolled in the study (Table 1): the median age was  
48 years (12–79 years), with 73.7% males (14/19) and 
26.3% females. There are 17 cases (89.5%) of STS in the 
limbs and 2 cases (10.5%) in the pelvis (perineum and hip). 
The median tumor size was 7.2 cm (2–17.9 cm). Most cases 
were high-grade STS (84.2%), all of which were located in 
the deep fascia (100%). Liposarcoma (26.3%) was the most 
common histological subtype. Before RT, 3 cases (25.8%) 
were recurrent and 16 cases (84.2%) were primary.

Toxicity of RT

The usual dose of neoadjuvant RT was 50 Gy (2 Gy/day) 
for 5 weeks (14). The target area included the whole tumor 
body and the tumor periphery may invade the subclinical 
focus scope, the actual treatment range also includes offsets 
during routine treatment and uncertainties in patient 
positioning (Figure 1). Compared to RT for other tumors, 
the most common toxic reaction after neoadjuvant RT for 
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STS is an acute skin reaction (Figures 2,3). In this study, the 
incidence was 68.4% (13/19), of which 7 cases (36.8%) were 
grade 1 and 6 cases (31.6%) were grade 2. All cases of skin 
toxicity recovered before operation.

Imaging evaluation after neoadjuvant RT

We used the standardized RECIST 1.1 criteria to evaluate 
the efficacy of neoadjuvant RT for STS. The main 
limitation of this method is that the evaluation of the primary 
lesion is one-dimensional and the size of local tumor may 
not change after RT. However, this standard is widely used 
in oncology and is easy to implement and explain, so we 
used it in this study. Of the 19 patients, 2 (10.5%) had PD (1 
leiomyosarcoma and 1 pleomorphic liposarcoma), 6 (31.6%) 
had PR (1 pleomorphic liposarcoma, 1 undifferentiated 
pleomorphic sarcoma, 1 myxoid fibrosarcoma, 1 synovial 
sarcoma, 2 unclassifiable STS; 4 cases in the thigh, 1 case 

in the forearm, 1 case in the buttocks); 11 (57.9%) had 
SD; there were no cases of CR in this study. The ORR was 
31.6% (6/19), and the DCR was 89.5% (17/19).

Surgery and surgical wound complications

All patients (100%) underwent limb salvage surgery 
with R0 resection. The median time between the end of 
neoadjuvant RT and the day of surgery was 5.3 weeks (range,  
3.4–8.0 weeks). Postoperative wound complications occurred 
in 6 patients (31.6%) (Figure 3): 3 cases of prolonged 
wound healing time, which were relieved by intermittent 
dressing change, and 3 cases (15.8%) of severe complications  
(2 cases of flap necrosis and 1 local hematoma); all wounds 
healed well after secondary operation. The incidence of 
acute complications after neoadjuvant RT for STS has been 
reported as 30–43% in the literature (13,23), and the incidence 
in this study was within this range. Age (<60, ≥60 years old), 

Table 1 Clinicopathologic characteristics of the study patients

Characteristics Cases (n=19)

Sex

Male 14

Female 5

Age (years), median [range] 48 [12–79]

Time interval between end of RT and operation (weeks), median [range] 5.3 [3.4–8.0]

Site of primary tumor

Upper limb 3

Lower limb 14

Pelvis (perineum + buttocks) 2

Pathologic type

STS unclassified 7

Liposarcoma (pleomorphic, myxoid, dedifferentiated) 5

Synovial sarcoma, pleomorphic undifferentiated sarcoma, leiomyosarcoma, fibrosarcoma, acinar sarcoma,  
malignant myofibroblastic tumor, clear cell chondrosarcoma

7 (1 case each)

Tumor status before neoadjuvant RT

Primary 16

Recrudescence 3

Tumor size (cm) before neoadjuvant RT

<5 5

≥5 14

RT, radiotherapy; STS, soft tissue sarcoma.
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the site of RT (upper limb, lower limb), the operation mode 
(local excision, local excision plus skin flap), the time interval 
between RT and operation (<5, ≥5 weeks), whether there 
was skin toxicity after RT, and the size of tumor (<5, ≥5 cm) 
were analyzed. There was no significant correlation between 
age, tumor site, time interval between RT and operation, skin 
toxicity after RT, skin flap transplantation, tumor size and 

wound complications (P>0.05). Late complications such as 
edema, joint stiffness, fracture, and skin fibrosis after RT were 
not observed in this study.

Postoperative pathological evaluation

There were 9 cases (9/19, 47.4%) of pCR. Considering 

A

B

Figure 1 RT plan for STS of the thigh. (A) Target delineation; (B) IMRT. RT, radiotherapy; STS, soft tissue sarcoma; IMRT, intensity-
modulated RT.
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the results of imaging evaluation, 83.3% of patients with 
PR after neoadjuvant RT were most likely to obtain pCR 
(Table 2; P<0.02), but we also found that pCR was possible 
even in PD patients, as occurred in 27.3% of SD patients. 
For the 10 patients who did not reach pCR, the pathologist 
in our center used the EORTC-STBSG histopathological 
response score for further assessment (15,23). Of the other 
patients underwent further assessment: there was 2 case 
of grade C (1% to <10% stainable tumor cells), 6 cases of 
grade D (10% to <50% stainable tumor cells), and 2 case of 
grade E (50% of stainable tumor cells).

Follow-up oncology results

Chemotherapy is also important in the treatment of STS. 
Even though neoadjuvant chemotherapy is controversial, 
it is often considered for patients with deep tumors, tumor 
>5 cm and with higher pathologic grade (24-27). Of the  
19 patients in this group, 17 were recommended for 
adjuvant chemotherapy regimens with anthracycline 
and ifosfamide. Finally, 11 patients received adjuvant 
chemotherapy, and the remaining 8 patients refused.

The median follow-up time was 14.3 months (range, 
11.9–24.7 months) (Figure 4). No cases of recurrence were 
found in the whole group. The 1-year non-recurrence rate 
was 100%. Lung metastases occurred in 2 patients (10.5%) 
during follow-up; therefore, the 1-year DFS rate for all 
the patients was 94.7%, and the 2-year DFS was 89.5%. 
The survival curve of patients with different pathologic 
evaluation results after neoadjuvant RT is shown in Figure 5,  
but there needs to be a longer follow-up. One of the 
two patients was a 48-year-old man with pleomorphic 
liposarcoma of the right thigh, and he developed multiple 

lung metastases 15 months after operation. He was in a 
clinical trial and his evaluation of neoadjuvant RT was PD 
on imaging and non-pCR under pathologic examination. 
The other patient was a 23-year-old man with alveolar STS 
of the right thigh, who developed a solitary pulmonary 
metastasis  9 months after surgery. He underwent 
thoracoscopic surgery, then a 6-week course adjuvant 
anthracycline-based chemotherapy and is now in follow-
up. The evaluation of neoadjuvant RT was SD on imaging 
and non-pCR under pathologic examination. The two 
patients with metastasis were both non-pCR. However, the 
EORTC-STBSG histopathological response score and the 
incidence of metastasis seems no significant correlation for 
STS with neoadjuvant RT (Table 3; P>0.05).

Discussion

The incidence of STS is relatively low, with a wide 
variety, wide distribution, and obvious heterogeneity. 
There are few clinical randomized controlled studies in 
China. Therefore, the best treatment for STS needs the 
participation of multiple disciplines. Surgical resection is 
the most important treatment method, and RT is a part of 
a multimodality strategy, which has been shown to reduce 
local recurrence in patients with STS in the extremities 
(23,28). Neoadjuvant RT is recommended for high-risk 
patients with the intention of increasing efficacy (29), and it 
is widely used abroad.

Advances in RT technology have improved its accuracy 
and reduced the damage to normal tissue around the lesion. 
IMRT has been found to reduce exposure to skin and solid 
tissue, and above all, reduce radiation-induced wound 
complications. A phase II clinical study in Canada confirmed 

A B

Figure 2 Patient’s skin before (A) and after (B) RT. There has been an acute skin reaction post-RT. (A) Pre-RT; (B) post-RT. RT, 
radiotherapy.
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A1

C1

D1 D2 D3 D4

C2 C3

B1 B2A2 A3

Figure 3 Postoperative wound condition in three cases before and after RT and surgical treatment (OP). (A) Case 1: grade 1 skin toxicity 
after radiation (A1) pre-RT, (A2) post-RT, (A3) post-OP; (B) case 2: grade 2 skin toxicity after radiation (B1) post-RT, (B2) post-OP; (C) case 
3: grade 2 skin toxicity after radiation and severe wound complication after operation (C1) pre-RT, (C2) post-RT, (C3) post-OP; (D) case 4: 
grade 2 skin toxicity after radiation and severe wound complication after operation (D1) pre-RT, (D2) post-RT, (D3) 6 days post-OP, (D4) 1 
month post-OP. RT, radiotherapy; OP, operation.
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that preoperative IMRT significantly reduced complications 
(including incision complications), minimized exposure to 
normal tissue, and maintained good limb function (29). This 
is a feasible, effective, and safe treatment for advanced STS 
of the limb (30,31), and 95% PTV 50 Gy/2 Gy/25 f is the 
currently recommended standard dose. High-level evidence 
is still lacking and the conduction of relevant clinical studies 
in qualified centers is recommended. Multidisciplinary 
cooperation of Departments of Orthopaedic Oncology 
Surgery, Radiotherapy, Oncology, Pathology, and other 
disciplines is a clinical model of great significance to 
improve the survival rate and functional status of patients. In 
neoadjuvant therapy, STSs are not sensitive to neoadjuvant 
chemotherapy, while neoadjuvant RT for STSs can improve 
the local control rate and preserve limb function. But in 
different centers in China, due to the different background 
of specialists and the different strengths of disciplines, the 
mode of multidisciplinary treatment is also different. This 
study was a cross-unit multidisciplinary collaboration, 
which made use of complementary advantages and a strong 
team working closely together.

The results showed that neoadjuvant RT was safe 
in STS. The most common side effect was mild grade  
1–2 acute skin reaction (68.4%), and all cases of skin 
toxicity recovered before further operation. Wound 
complications occurred in 6 patients (31.6%) after surgery 
and could be controlled. There were severe complications 
in 3 cases (15.8%) and all patients underwent secondary 
surgery, then healed well. The local tumor DCR of 
neoadjuvant RT was as high as 89.5%, and the pCR rate 
was up to 47.4%.

There are some limitations to this study. Firstly, the 
number of cases was relatively small, due to the low incidence 
of STS and the strict indication of neoadjuvant RT. Because 
the national conditions in China, it is difficult to carry out a 

Table 2 Correlation between pCR and RECIST 1.1 criteria

Pathologic remissions
Cases, n [%]

P value
PD PR SD

pCR 1 [50] 5 [83] 3 [27] 0.022

Non-pCR 1 [50] 1 [17] 8 [73]

Total 2 6 11

pCR, pathologic complete remission; PD, progressive disease; 
PR, partial remission; SD, stable disease.

Figure 4 Survival curve of all 19 patients with STSs who 
underwent neoadjuvant RT. STS, soft tissue sarcoma; RT, 
radiotherapy.
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Table 3 Correlation between pCR and metastasis

Pathologic remissions
Cases, n [%]

P value
Metastasis Non-metastasis

pCR 0 9 [100] 0.503
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Total 2 17

pCR, pathologic complete remission.
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randomized controlled study of neoadjuvant RT and non-
neoadjuvant RT in patients with STS. One of the important 
reasons is that Chinese surgeons have scruples about the 
wound complications after neoadjuvant RT. However, this 
single-center preliminary study has proved the feasibility 
and safety of neoadjuvant RT for STS in China, and given 
surgeons confidence to conduct follow-up studies. Secondly, 
the results were not inferior to another study with 15.7% 
recurrence rate and 15.7% metastasis rate (32), though the 
oncology results require a longer follow-up. Finally, the cost 
of neoadjuvant RT and the treatment of postoperative wound 
complications increased the patients’ medical expenses, but 
neoadjuvant RT is also within the scope of Medical Insurance 
Reimbursement in China.

In China, the effective cooperation of MDT between the 
department of RT and bone oncology should be improved, 
which can optimize the scientific radiation dose, target 
area and proper time interval. It’s necessary and helpful to 
improve the curative effect and reduce the complication of 
neoadjuvant RT.
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