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Objective: To explore the effect of neoadjuvant chemotherapy combined with limb salvage 

surgery in patients with limb osteosarcoma of Enneking stage II.

Patients and methods: Medical records of 98 patients who met the inclusion criteria were 

retrospectively analyzed. Of these patients, 56 cases who received neoadjuvant chemotherapy 

combined with limb salvage surgery were listed as group A, while another 42 patients who 

received limb salvage surgery combined with adjuvant chemotherapy were listed as group B. 

The recurrence and metastasis rate, survival rate, limb function and incidence of adverse reac-

tions were compared between the two groups.

Results: All 98 patients completed the treatment in this study. Baseline characteristics 

showed no significant differences between group A and group B, including age, gender, tumor 

location, maximum tumor diameter and Enneking stage (all P0.05). The total metastasis 

and recurrence rate of group A was significantly lower than that of group B (25.0% vs 47.6%, 

χ2=5.419, P=0.020). The Kaplan–Meier method showed that progression-free survival (PFS) 

(log-rank χ2=4.014, P=0.045) and overall survival (OS) (log-rank χ2=3.859, P=0.049) of group 

A were both significantly higher than those of group B. There was no significant difference 

in the incidence of grades III–IV adverse reactions between the two groups (all P0.05). The 

excellent and good rate of limb function in group A was significantly higher than that in group 

B (83.9% vs 66.7%, χ2=3.982, P=0.046).

Conclusion: Neoadjuvant chemotherapy combined with limb salvage surgery for patients with 

Enneking stage IIA or IIB limb osteosarcoma patients has better efficacy and can significantly 

improve limb function of patients.

Keywords: limb osteosarcoma, neoadjuvant chemotherapy, limb salvage surgery, adjuvant 

chemotherapy

Introduction
Osteosarcoma is the most common orthopedic malignancy and often occurs in distal 

femur, proximal humerus, proximal tibia and metaphysic.1 The age with peak incidence 

rate ranges from 14 to 26 years old.2 The main clinical symptoms of osteosarcoma include 

progressive local pain, lumps, swelling, dysfunction and occasionally visible patho-

logical fracture. The oncologic outcomes of osteosarcoma are poor because of its high 

malignancy and characteristics prone to metastasis.3 The goal of osteosarcoma treatment 

is to control the primary tumor and (micro-)metastatic deposits, to maintain maximal 

extremity function and to minimalize the treatment-related adverse reactions.4

With the improvement of requirements to quality of life, limb salvage surgery 

has become the main way of treatment of limb osteosarcoma with satisfying local 
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control and short-term efficacy and yet limited long-term 

efficacy.5 The inclusion of aggressive polychemotherapy 

into an interdisciplinary treatment concept has led to dra-

matic prognostic improvements in young patients with 

seemingly localized extremity disease, with 5-year overall 

survival rates of ~50%–80% reported by specialized centers 

or multicentric groups.6 Neoadjuvant chemotherapy with its 

great advantages has been widely used in the treatment of 

osteosarcoma. First, neoadjuvant chemotherapy can reduce 

the boundaries of osteosarcoma, which contributes to the 

implementation of radical resection of the tumor and limb 

retention; second, neoadjuvant chemotherapy can eliminate 

the potential micrometastases and prolong relapse-free 

survival period.7 Therefore, neoadjuvant chemotherapy 

combined with limb salvage surgery for the treatment of 

non-metastatic osteosarcoma has been widely accepted by 

physicians and patients. Kudawara et al8 demonstrated the 

excellent outcome of neoadjuvant chemotherapy combined 

with limb salvage surgery for patients with limb osteosar-

coma. A study by Bacci et al9 also indicated that neoadjuvant 

chemotherapy combined with limb salvage procedures did 

not compromise the outcome of patients with limb osteosar-

coma. However, there are few studies or reports evaluating 

the feasibility of neoadjuvant chemotherapy combined with 

limb salvage surgery for Chinese patients with limb osteo-

sarcoma. Therefore, we designed this retrospective study 

aiming to compare short-term efficacy, treatment-related 

adverse reactions and long-term survival between neoadju-

vant chemotherapy combined with limb salvage surgery, and 

limb salvage surgery combined with adjuvant chemotherapy, 

for patients in Shandong province, China.

Patients and methods
Patients
This study was approved by the ethics committee of the Second 

Affiliated Hospital of Shandong University. When admitted, 

all the guardians of enrolled patients signed informed consent 

that the patients’ medical records could be used for clini-

cal research in the future. Inclusion criteria are as follows: 

1) a histological diagnosis of limb osteosarcoma by biopsy; 

2) no distant metastasis confirmed by computed tomography 

(CT) scan and radionuclide bone scan; 3) Enneking stage IIA 

or IIB; 4) the main nerve, blood vessels are not involved; 

5) patients without congenital disease, cardiovascular disease 

and respiratory disease; and 6) patients without chemotherapy 

contraindications and anesthetic allergy.

From January 2010 to December 2013, a total of 

98 patients met the inclusion criteria. Of these patients, 

56 cases received neoadjuvant chemotherapy combined with 

limb salvage surgery and were listed as group A, while 

another 42 patients received limb salvage surgery combined 

with adjuvant chemotherapy and were listed as group B.

Drugs
The chemotherapy drugs used in this study were as follows: 

epirubicin (EPI; Pfizer Pharmaceuticals Ltd., Jiangsu, China; 

H20000496); cisplatin (DDP; Biological Valley Pharmaceu-

tical Co., Ltd., Yunnan, China; H20043888); methotrexate 

(MTX; Yue Kang Pharmaceutical Group Co., Ltd., Beijing, 

China; H20113120); ifosfamide (IFO; Pfizer Pharmaceuticals 

Ltd.; H10950292); calcium folinate (CF; Hengrui Medicine 

Co., Ltd, Jiangsu, China; H20010615) and mesna (Pfizer 

Pharmaceuticals Ltd.; H10950290).

Treatment
Patients in group A received neoadjuvant chemotherapy com-

bined with limb salvage surgery. Neoadjuvant  chemotherapy 

regimen was EPI + DDP + MTX + IFO: DDP (95 mg/m2), 

d1, + EPI (85 mg/m2), d1–3, + MTX (10 g/m2), d4–10, + IFO 

(2 g/m2), d15–19. Adequate hydration and diuretics were 

prescribed after injection of DDP. After the first injection 

of MTX, CF (15 g/m2) was administered once every 6 hours 

14 times. In order to prevent cystitis, mesna (400 mg) was 

injected after IFO injection. The procedure was repeated 

every 3 weeks. Limb salvage surgery was conducted 2 weeks 

followed by two courses of neoadjuvant chemotherapy. 

The principle of osteosarcoma resection includes extensive 

resection of the capsule and at least 5 cm from the surgical 

margin to the tumor. Limb reconstruction methods included 

tumor inactivation and bone re-implantation, artificial knee 

arthroplasty, artificial prosthesis replacement and artificial 

hip arthroplasty. Vitro replantation was performed by 60Co 

irradiation, and the bone cement or bone graft was used to 

repair the defect. Prosthetic replacement was performed 

with bone cement to fill the joint. Drugs and procedure of 

postoperative adjuvant chemotherapy were the same as 

neoadjuvant chemotherapy for four courses. Symptomatic 

treatment was given for adverse reactions in the process of 

chemotherapy.

The patients in group B were treated with limb salvage 

surgery and six cycles of adjuvant chemotherapy. Surgical 

methods and chemotherapy regimens were the same as those 

of group A.

Observed indicator and evaluation 
criterion
The local recurrence and metastasis rate of the two groups 

was observed and recorded. The severity of complications 
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was classified according to the National Cancer Institute 

Common Toxicity Criteria (NCI-CTC v2.0). Limb func-

tion after 6 months treatment was assessed according to the 

Enneking limb musculoskeletal system surgical resection 

postoperative functional scoring system (MSTS93), includ-

ing the psychological capacity, pain, muscle strength, limb 

stability, joint mobility and ability to live with 5 points per 

item and a total of 30 points. The total score 24 is consid-

ered as excellent (E), 18–23 points is considered as good (G), 

12–17 points is considered as feasible (F) and 12 points is 

considered as poor (P).

Follow-up
Upon completion of treatment, patients were evaluated by 

chest CT scan and orthotopic and lateral X-ray of the suffer-

ing limb, every 1 or 2 months for the first and second year, 

every 3 months for the third year and every 6 months there-

after. Suspected cases of metastasis or recurrent disease were 

confirmed by CT scan and/or bone scan.

statistical methods
SPSS v18.0 was used for all statistical analysis. Differences 

between the two treatment groups were assessed using 

a χ2 test or Fisher’s exact test for enumeration data and 

independent sample t-test for measurement data. Survival 

curves were obtained using the Kaplan–Meier method and 

were compared using nonparametric survival analysis (log-

rank test). A P-value 0.05 was considered statistically 

significant. Multivariate analysis was performed using the 

Cox proportional hazard model with a stepwise method 

(forward selection), with P-values 0.05 as inclusion criteria 

and P-values 0.10 as exclusion criteria.

Results
Patient characteristics
All 98 patients completed the treatment in this study. Baseline 

characteristics showed no significant differences between 

group A and group B, including age, gender, tumor loca-

tion, maximum tumor diameter and Enneking stage (all 

P0.05; Table 1). Tumor bone was inactivated by Co-ray 

(70 Gy) after resection and then re-implanted for 31 patients 

in group A, while patients in group B were not eligible for 

such reconstruction because they underwent surgery without 

neoadjuvant chemotherapy. Therefore, there was a significant 

difference in the type of reconstruction between the two 

groups (P0.05).

recurrence and metastasis
The deadline for follow-up was December 2016. The median 

follow-up time was 59 months (range 36–84 months). As 

shown in Table 2, during the follow-up period, 14 (25.0%) 

patients in group A and 20 (47.6%) patients in group B 

experienced treatment failure. The metastatic site included 

lung and bone. In group A, five patients developed pulmo-

nary metastases from 17 to 82 months (median 35 months) 

and one patient developed bone metastasis 28 months after 

the start of the first treatment, while in group B, six patients 

suffered pulmonary metastases from 13 to 64 months 

Table 1 comparison of general characteristics between group a and group B

Characteristics Group A Group B χ2/t P-value

Total number of patients 56 42 – –
age,a years (range) 23.8±3.6 (12–46) 22.6±3.2 (13–49) 1.037* 0.381
gender (male/female) 33/23 24/18 0.031 0.859
Tumor location – 0.983#

Ulna 3 2
Fibula 5 3
Tibia 24 19
Femur 26 18

Maximum tumor diameter (cm) 0.817 0.366
10 18 10
10 38 32

enneking stage 0.595 0.441
iia 35 23
iiB 21 19

Type of reconstruction 46.427 0.000
Tumor inactivation and bone re-implantation 31 0
Artificial prosthesis replacement 6 29
Artificial hip arthroplasty 9 5
Artificial knee arthroplasty 10 8

Notes: aData shown as mean ± standard deviation. *t value; #Fisher’s exact test.
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(median 22 months) and two patients developed bone metas-

tasis 19 and 26 months after the start of the first treatment. 

The total metastasis and recurrence rate of group A was 

significantly lower than that of group B (25.0% vs 47.6%, 

χ2=5.419, P=0.020).

survival analysis
At the time of this report, 13 (23.2%) patients in group A 

and 18 (42.8%) patients in group B died of osteosarcoma. 

Mortality rates of group A were significantly lower than those 

of group B (χ2=4.282, P=0.039). Progression-free survival 

(PFS) and overall survival (OS) curves are shown in Figures 1 

and 2, demonstrating that PFS (log-rank χ2=4.014, P=0.045) 

and OS (log-rank χ2=3.859, P=0.049) of group A were both 

significantly higher than those of group B.

adverse reactions
There were no treatment-related deaths. Adverse reactions in 

both groups included hematologic toxicity, gastrointestinal 

reactions and abnormal liver and kidney function, most 

of which were mild (grades I–II). The occurrence rate of 

grades III and IV adverse reaction is shown in Table 3, and 

there were no significant differences between group A and 

group B (all P0.05). In addition, some patients in the two 

groups suffered from grades I–II peripheral neuritis, which 

was eased by symptomatic treatment.

limb function
As can be seen from Table 4, the excellent and good rate of limb 

function in group A was significantly higher than that in group B  

(83.9% vs 66.7%, χ2=3.982, P=0.046).

Discussion
As osteosarcoma is a highly malignant systemic tumor, 

80% of patients with newly diagnosed osteosarcoma have 

had blood micrometastases.10 Most patients died of distant 

metastases, mainly lung metastases after surgery. In the past, 

Table 2 comparison of the recurrence rate and metastasis rate 
between group a and group B

Recurrence and metastasis Group A (%) Group B (%)

local recurrence 8 (14.3) 11 (26.2)
Metastasis 6 (10.7) 8 (19.0)
local recurrence + metastasis 0 (0.0) 1 (2.4)

Note: χ2=5.419, P=0.020.

Table 3 comparison of the occurrence of grades iii and iV adverse 
reactions during chemotherapy of the two groups

Adverse reactions Group A Group B χ2 P-value

hematologic toxicities 13 9 0.044 0.834
leukopenia 8 3
Thrombocytopenia 5 6
gastrointestinal tract reaction 5 4 – 1.000#

hepatic and renal dysfunction 2 1 – 1.000#

Note: #Fisher’s exact test.
Figure 1 PFs for patients in group a and group B.
Abbreviation: PFs, progression-free survival.

Figure 2 Os for patients in group a and group B.
Abbreviation: Os, overall survival.
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patients with limb osteosarcoma were mainly treated with 

amputation, which would lead to loss of limb function and 

reduced the quality of life of the patients. In the treatment of 

patients with limb osteosarcoma, physicians and patients not 

only wish to extend the survival time of patients but also aim 

to retain the diseased limb and save its function, and thereby 

improve patients’ quality of life. With the advent of bone 

graft with blood vessels, artificial prosthesis replacement 

and resection and inactivation and replantation of tumor 

bone, amputation surgery has been gradually replaced by 

limb salvage surgery, which has now become the standard 

procedure for limb osteosarcoma.11,12

Due to the combination of aggressive chemotherapy and 

surgery, the long-term survival for patients with osteosar-

coma increased from 10%–15% to 65%–70%.13 In 1982, 

Rosen et al14 first proposed preoperative chemotherapy for 

the treatment of limb osteosarcoma. Neoadjuvant chemo-

therapy has many advantages. First of all, this method can 

limit or shrink the primary lesion, eliminate tumor satellite 

lesions and increase opportunities of limb surgery or reduce 

the difficulty of surgery. Neoadjuvant chemotherapy can 

eliminate the micrometastases in the blood and reduce tumor 

recurrence rate. In addition, effectiveness of chemotherapy 

drugs can be assessed according to tumor cell necrosis rate, 

and based on this, postoperative chemotherapy drugs would 

be prescribed.15 It is reported that neoadjuvant chemotherapy 

has greatly increased the 5-year survival rate of patients with 

osteosarcoma.16,17

The EPI + DDP + MTX + IFO regimen used in this 

study is an internationally recognized first-line regimen for 

the treatment of osteosarcoma.18,19 EPI, DDP and IFO are 

all cell cycle non-specific drugs. EPI can directly embed in 

DNA base pairs, split DNA bonds and interfere in the syn-

thesis of DNA and RNA; at the same time, it can damage 

the structure and function of cell membranes.20 DDP inhibits 

DNA replication and cancer cell division by binding to DNA 

and forming a platinum compound. IFO kills tumor cells by 

cross-linking with DNA. EPI, DDP and IFO have synergistic 

effects and can significantly reduce the occurrence of drug 

resistance.21 MTX, as a kind of cell cycle-specific drug, acts 

on the S phase of the cell cycle and affects the biosynthesis 

of the purine nucleotides and pyrimidine nucleotides in tumor 

tissue by inhibiting the dihydrofolate reductase, and thereby 

achieves the effect of inhibiting tumor cell proliferation. 

Kudawara et al8 have used this regimen for the treatment of 

non-metastatic osteosarcoma of the extremities and demon-

strated the 5-year event-free and overall survival rates to be 

83% and 98%. In this study, the tumor cell necrosis rates in 

group A assessed during operation were all 90%, which 

further illustrated that osteosarcoma cells were sensitive 

to these chemotherapy drugs. Therefore, the EPI + DDP + 

MTX + IFO regimen has continued to be used for postopera-

tive chemotherapy.

In 2009, we introduced neoadjuvant chemotherapy 

combined with limb salvage surgery to treat some patients 

with limb osteosarcoma. This study retrospectively analyzed 

the patients with osteosarcoma treated in our hospital from 

January 2010 to December 2013. The total metastasis and 

recurrence rate of group A was significantly lower than that 

of group B, and the Kaplan–Meier method showed that 

PFS and OS of group A were both significantly higher than 

those of group B, indicating that neoadjuvant chemotherapy 

can give patients with osteosarcoma more survival benefit. 

The excellent and good rate of limb function in group A 

was significantly higher than that in group B, illustrating 

that neoadjuvant chemotherapy can reduce the tumor size, 

help to find the best surgical resection margin, retain limb 

function with the greatest degree and achieve the purpose of 

local radical therapy. Preventive medication or symptomatic 

support was given to all patients during chemotherapy, and 

all patients tolerated the chemotherapy well. In addition, 

there was no significant difference in the incidence of grades 

III–IV adverse reactions between the two groups.

Conclusion
This study demonstrated the excellent outcome of neoadju-

vant chemotherapy combined with limb salvage surgery for 

the patients with limb osteosarcoma of Enneking stage II. 

However, this study is a retrospective study with a small 

sample size. In the future, a multicenter, randomized con-

trolled trial with larger sample size will be conducted to 

achieve more reliable results.
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Table 4 comparison of the limb function between group a and 
group B

Limb function Group A (%) Group B (%)

e 27 (48.2) 15 (35.7)
g 20 (35.7) 13 (31.0)
F 7 (12.5) 7 (16.7)
P 2 (3.6) 7 (16.7)
e and g 47 (83.9) 28 (66.7)

Note: χ2=3.982, P=0.046.
Abbreviations: e, excellent; g, good; F, feasible; P, poor.
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