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Summary

Purpose: To analyze the efficacy of adriamycin (ADM) 
combined with high-intensity focused ultrasound (HIFU) in 
patients with osteosarcoma. 

Methods: A total of 72 patients with osteosarcoma were 
selected and divided into the control group (n=36) and the 
observation group (n=36). Patients in the control group were 
treated with ADM, while those in the observation group re-
ceived HIFU in addition to ADM. The efficacy and adverse re-
actions in the observation and control group were compared.

Results: The response rate and disease control rate in the 
observation group were significantly higher than those in the 
control group (p<0.05). No significant difference was found 
in the survival rate at year 1 after treatment between the two 
groups, but the observation group had overtly higher survival 
rates at years 2 and 3 after treatment in comparison with the 
control group (p<0.05). There was no obvious difference in the 

incidence rate of adverse reactions between the observation 
and control group. After treatment, the levels of serum tumor 
necrosis factor-alpha (TNF-α), interleukin-2 (IL-2) and IL-8 
in the observation group were clearly higher than those in the 
control group. Serum alkaline phosphatase (ALP) and creati-
nine (Cr) in the observation and control group showed no sig-
nificant differences. Compared with the control group, ALP 
level was significantly decreased in the observation group 
(p<0.05). The limb function and psychological behavior after 
treatment in the observation group were significantly supe-
rior to those in the control group (p<0.05).

Conclusions: The application of ADM combined with HIFU 
is conducive to improving efficacy on osteosarcoma, prolong-
ing survival and improving prognosis.
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Introduction

 Osteosarcoma, as the most common bone ma-
lignancy in clinical practice, has a high incidence 
rate in children and adolescents in particular, 
which is up to 5% based on relevant data [1]. For 
the treatment of osteosarcoma, surgery is usually 
adopted if there is no recurrence. However, osteo-
sarcoma is difficult to be cured by surgery alone 
once metastasis occurs. In addition, it is easy to 
relapse after surgery, with poor prognosis [2]. 
 As to chemotherapeutics for the treatment of 
osteosarcoma, adriamycin (ADM) is often used as 

first-line chemotherapy drug. Many clinical re-
search data have shown that the combination of 
ADM and other chemotherapy drugs or other treat-
ment methods is of great significance in improv-
ing the therapeutic effect [3]. Compared to other 
countries, the use of chemotherapy regimens for 
osteosarcoma is relatively late in China, so many 
current chemotherapy regimens are made based on 
foreign chemotherapy schemes [4]. However, some 
chemotherapy schemes are not applicable for pa-
tients in China in clinical practice due to individual 
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differences, so it is quite meaningful to consider 
some treatment regimens that are suitable for pa-
tients with osteosarcoma in China. 
 High-intensity focused ultrasound (HIFU) is a 
device developed in recent years and used for the 
treatment of malignant tumors, with independent 
intellectual property rights owned by China. It is 
a new non-innovative technology for external use 
[5]. HIFU is a high-end technology for the treat-
ment of malignancies in addition to other thera-
peutic methods including surgery and chemora-
diotherapy, with many advantages such as safety 
and precise treatment. However, there is no uni-
form conclusion on the evaluation of its efficacy 
[6]. Therefore, this study analyzed the efficacy of 
ADM combined with HIFU in osteosarcoma so as 
to further improve reference data.

Methods 

General data

 This study was approved by the ethics committee of 
Luoyang Orthopedic Hospital of Henan Province. Signed 
written informed consents were obtained from all par-
ticipants before the study entry. A total of 72 patients 
definitely diagnosed with osteosarcoma in our hospital 
from March 2011 to March 2015 were enrolled. They 
were divided into control group (n=36) and observation 
group (n=36) according to the random number method. 
Among them, there were 47 males and 25 females, aged 
10-65 (mean 29.1±4.7). All patients enrolled were diag-
nosed with osteosarcoma based on ultrasound, enhanced 
computed tomography (CT) and pathological examina-
tions. Inclusion criteria: Patients without contraindica-
tions for chemoradiotherapy, at stage III according to 
Enneking surgical staging, without locally relevant re-
currence, and with Karnofsky performance score (KPS) 
>70. Exclusion criteria: Patients with estimated survival 
time <3 months, severe infection, or severe cardiovascu-
lar and cerebrovascular diseases, pregnant or lactating 
patients, patients with mental disorders, or those com-
plicated with other malignant tumors.

Therapeutic methods

 All patients enrolled were treated with ADM (30mg/
m2, peripheral intravenous infusion on d1-d3), followed 
by two weeks of test. After that, the second course of 
treatment started, 3 weeks per treatment course, with 4 
courses in total. Folic acid (400 μg/day) was taken orally 
before the administration of ADM for the entire course 
of treatment. One week before treatment intramuscular 
injection of vitamin B12 was given every 5 weeks. On 
day 1 before administration and the second day after 
administration, dexamethasone (3.75 mg) was taken 
orally. Patients in the observation group were treated 
with HIFU and ADM. Before treatment with HIFU, X-
ray, enhanced CT and bone imaging were performed to 
select the treatment area of the lesion. Then, focused 
ultrasound treatment tumor system was used to carry 

out HIFU under B-ultrasound monitoring and position-
ing system. Treatment parameters: frequency=0.8 MHz, 
focal length=135 mm, and treatment time=7,000 s. 
The therapeutic effect was evaluated 1-2 weeks after
treatment.

Judgment of efficacy and adverse reactions

 Efficacy classified as complete response (CR), partial 
response (PR), stable disease (SD) and progressive dis-
ease (PD) in accordance with RECIST criteria of World 
Health Organization (WHO). Overall response rate of 
the treatment = CR + PR/total number of cases. Disease 
control rate=CR+PR+SD/total number of cases. The ad-
verse reactions to treatment were evaluated according 
to the criteria for toxicity evaluation of antitumor drugs, 
and were classified into 0-IV grades according to their 
severity.

Detection of related indicators

 Fasting peripheral venous blood (15 mL) was col-
lected from enrolled patients in both treatment and con-
trol groups in the morning before treatment and 1 week 
after treatment. The levels of serum creatinine (Cr) and 
alkaline phosphatase (AKP) were measured using a fully 
automatic biochemical analyzer. Turbidimetric inhibi-
tion immunoassay was applied to detect the content of 
tumor necrosis factor-alpha (TNF-α), interleukin-2 (IL-2)
and IL-8. Musculoskeletal Tumor Society (MSTS) 93 
score and Symptom Checklist 90 (SCL-90) were used 
to evaluate limb function and psychological behavior 
of the patient.

Statistics 

 SPSS 19.0 software (IBM, Armonk, NY, USA) was 
used for data processing. All quantitative data were ex-
pressed as mean±SD. Comparison between groups was 
done using t-test. Chi square test was used for compari-
son of percent data and p<0.05 suggested that the dif-
ference was statistically significant.

Results

Comparisons of general data before treatment between 
the observation and control group 

 No significant differences were found in age, 
gender, pathological type, tumor location, tumor 
tissue necrosis rate and surgical approach between 
the observation and control group (p>0.05; Table 1).

Comparison of short-term efficacy between the observa-
tion and control group

 The overall response rate and disease con-
trol rate in the observation group were 88.9% and 
94.4%, respectively, while those in control group 
were 66.7% and 75.0%, respectively. Both rates in 
the observation group were distinctly higher than 
those in the control group, and the differences were 
statistically significant (p<0.05; Figure 1).
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Comparison of survival time between the observation 
and control group 

 There was no significant difference in the sur-
vival rate one year after treatment between the 
observation and control group, but the survival 
rates at 2 and 3 years of follow-up in the observa-
tion group were obviously higher than those in the 
control group (p<0.05; Table 2).

Comparison of the incidence of adverse reactions after 
treatment between the observation and control group

 Adverse reactions including nausea, emesis, 
alopecia, oral and intestinal mucosal inflammation, 
fall of hemoglobin, increased transaminases and 
neutropenia were recorded and analyzed. There 
were no significant differences in adverse reactions 
between the two group (p>0.05; Table 3).

Comparisons of TNF-α, IL-2 and IL-8 between the ob-
servation and control group before and after treatment

 Before treatment, serum TNF-α, IL-2 and IL-8 
between the observation and control group showed 
no clear differences. After treatment, the levels of 
TNF-α, IL-2 and IL-8 in the observation group were 
significantly higher than those in the control group 
(p<0.05; Table 4).

Comparisons of Cr, ALP and ALP between the obser-
vation and control group before and after treatment 

 There were no significant differences in the 
levels of Cr, ALP and ALP between the two groups 
before treatment. After treatment, the levels of Cr 
and ALP in both groups were increased compared 
with those before treatment but without significant 
difference. Compared with the levels before treat-
ment, the level of ALP was significantly decreased 
in both groups, while the decrease in the observa-
tion group was more obvious compared to control 
group (p<0.05, Table 5). 

Comparisons of limb function and psychological be-
havior between the observation and control group be-
fore and after treatment 

 Before treatment, MSTS 93 score and SCL-90 
score in the observation and control group had no 
significant differences. After treatment, both the 
observation and control group had significantly el-
evated MSTS 93 score and clearly lowered SCL-90 
score compared with those before treatment, and 
the efficacy in the observation group was better 
compared with the control group (p<0.05; Table 6).

Discussion

 Osteosarcoma is a highly aggressive tumor 
derived from long bones and produces osteoid [7]. 
Metastasis to other sites will significantly reduce 
the patient survival. At present, there are many 
chemotherapy regimens for osteosarcoma in for-

Characteristics Observation 
group
(n=36)

Control 
group
(n=36)

Age (years) 29.5±5.1 28.7±3.9

Gender (male/female) 23/13 24/12

Pathologic type

Normal 34 32

Telangiectatic 2 2

Chondroblastoma-like 1 2

Tumor location

Upper tibia 19 18

Lower femur 6 5

Upper femur 3 2

Humerus 2 3

Upper ulna 3 2

Upper fibula 1 2

Scapula 1 3

Ilium 1 1

Tumor tissue necrosis rate (%)

≥ 90 28 29

< 90 8 7

Surgical approach

Limb salvage 19 20

Amputation 17 16

Table 1. Comparisons of general characteristics between 
observation and control group

Figure 1. Comparison of short-term efficacy between ob-
servation and control group (p<0.05).

Group n Year 1
n (%)

Year 2
n (%)

Year 3
n (%)

Control group 36 30 (83.3) 25 (69.4) 14 (38.9)

Observation group 36 27 (75.0) 19 (52.8) 8 (22.2)

p 0.578 0.032 0.003

Table 2. Comparison of survival time between observa-
tion and control group
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eign countries. However, for individual differences, 
these regimens are not suitable for patients in Chi-
na. There remains considerable controversy about 
second-line treatment(s) proposed internation-
ally, but no unified conclusion has been reached 
so far. Chemotherapy is the most used and most 
important method for the treatment of patients 
with early osteosarcoma [9]. Currently, applicable 
first-line chemotherapy drugs are mainly cisplatin 
(DDP), methotrexate (MTX), ADM and ifosfamide 
(IFO). The application of the above-mentioned 
chemotherapeutics can significantly improve the 
response rate of osteosarcoma [10]. With the con-
tinuous improvement in clinical experience and 

knowledge, surgical amputation is not necessary 
for most patients with osteosarcoma, and tumor 
resection and limb reconstruction are adopted in-
stead of amputation [11]. After local surgical re-
section of the tumor, there are many applicable 
limb reconstruction methods like implantation of 
prosthesis and allogeneic or autologous bone graft 
[12]. HIFU has substantial advantages in both fo-
cusing and positioning and achieving high tem-
perature, focusing on tumor sites to lead to coagu-
lation necrosis of tumor cells [13]. Osteosarcoma 
patients suffer of varying degrees of bone damage 
that makes the ultrasound feature of their dam-
aged tissues clearly distinct from that of normal 

Adverse reactions Observation group (n=36)
n (%)

Control group (n=36)
n (%)

p

Nausea & emesis 28 (77.8) 30 (83.3) 0.06

Alopecia 27 (75.0) 28 (77.8) 0.38

Oral and intestinal mucosal inflammation 15 (41.7) 18 (50.0) 0.29

Fall of hemoglobin 19 (52.8) 21 (58.3) 0.63

Increase of transaminases 32 (88.9) 31 (86.1) 0.5

Neutropenia 27 (75.0) 30 (83.3) 0.07

Table 3. Comparison of adverse reactions after treatment between observation group and control group

Group n Time TNF-α (U/mL) IL-2 (U/mL) IL-8 (U/mL)

Observation group 36 Before treatment 45.3±7.8 60.6±7.9 57.2±8.8

After treatment 89.8±7.2 95.1±9.4 93.8±8.5

Control group 36 Before treatment 46.3±7.0 58.3±6.9 55.9±7.0

After treatment 62.9±8.3 73.8±7.5 71.7±6.2
Compared with that before treatment, p<0.05; compared with control group after treatment, p<0.05.

Table 4. Comparisons of TNF-α, IL-2 and IL-8 between observation group and control group

Group n Time Cr (mmol/L) ALP (U/L) ALP (U/L)

Observation group 36 Before treatment 79.6±8.7 106.5±21.6 285.7±22.8

After treatment 96.8±15.2 129.7±38.7 85.6±9.7

Control group 36 Before treatment 81.3±9.1 111.3±25.8 285.9±39.1

After treatment 105.6±14.7 127.8±23.1 157.3±16.4
Compared with that before treatment, p<0.05.

Table 5. Comparisons of Cr, ALP and ALP between observation group and control group before and after treatment

Group n Time MSTS 93 SCL-90

Observation group 36 Before treatment 9.5±7.6 7.9±2.6

After treatment 20.5±5.8*# 2.3±0.8*#

Control group 36 Before treatment 8.9±7.1 8.1±3.2

After treatment 13.7±4.3* 4.7±1.5*
*p<0.05 compared with that before treatment; #p<0.05 compared with the control group

Table 6. Comparisons of limb function and psychological behavior scores between observation group and control group 
before and after treatment (points)
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tissue. Ultrasound is difficult to penetrate the dam-
aged bone tissues when HIFU is therapeutically 
applied, so that heat is increased [14]. HIFU used in 
the treatment of osteosarcoma accurately locates 
the tumor area and causes no damage to tissues 
and organs surrounding the tumor [15]. Research 
data by Chen et al. [13] have suggested that the 
5-year survival rate of patients with osteosarcoma 
receiving HIFU is about 50%, and that of patients 
at stage IIb is much higher compared to patients 
with stage III. The authors reported that the sur-
vival rate of osteosarcoma patients receiving ADM 
combined with HIFU at the first year of follow-up 
was similar to that of those using ADM alone, but 
the survival rates at the second and third year were 
overtly higher than those in the control group. As 
for adverse reactions, no obvious differences were 
detected in patients using ADM combined with 
HIFU and those receiving ADM alone.
 TNF and ILs are the main cytokines that can 
strengthen the function of the immune system 
to enhance the antitumor effect [16]. This study 
reported that serum TNF-α, IL-2 and IL-8 levels 
in both the observation and control group were 
evidently increased after treatment compared with 
those before treatment, and the observation group 
had more obvious increases in comparison with the 
control group. ADM combined with HIFU adopted 
in the treatment of patients with osteosarcoma is 
capable of improving the immune function and 
enhancing the therapeutic effect in osteosarcoma. 
Furthermore, this study found that the serum 
level of ALP was distinctly decreased after treat-
ment, and the application of ADM combined with 

HIFU in osteosarcoma increased the kill rate of
tumor cells [17]. 
 Currently, it is crucial to improve both the sur-
vival rate and quality of life of patients with osteo-
sarcoma in clinical practice [18]. Close attention 
should be paid to mental health and limb function 
maintenance while taking survival time into ac-
count. Therefore, the judgment of overall efficacy 
and adverse reactions of patients with osteosar-
coma includes not only the evaluation of cardiopul-
monary function, but also their feelings, fear of dis-
ease and other worries [19,20]. This study revealed 
that both limb function and psychological behavior 
were affected to varying degrees before treatment, 
but improved clearly after treatment. Limb func-
tion and psychological behavior were not included 
in the analysis of adverse reactions. Osteosarcoma 
is no longer an incurable disease as previously de-
scribed. Both survival and prognosis of such pa-
tients can be improved through new technologies 
such as HIFU, but above all with ever-increasing 
technical experience and deep knowledge of clini-
cal and molecular disease characteristics.

Conclusions

 In conclusion, the application of ADM com-
bined with HIFU is conducive to improving efficacy 
on osteosarcoma, prolonging survival and improv-
ing prognosis.
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