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Abstract: Aim: To evaluate the prognosis of surgical treatment of osteosarcoma complicated by pathologic fracture. 
Materials and methods: We searched articles in PubMed, Web of Science, and Embase for studies published up to 
January 1, 2022, that reported the surgical prognosis of osteosarcoma patients complicated with/without patho-
logic fracture. The specific outcome indicators used in the meta-analysis included the local recurrence rate (LRR), 
distant metastasis rate (DMR), overall survival (OS) rate and disease-free survival (DFS) rate after surgical treat-
ment such as amputation or limb salvage in the pathologic fracture group and non-pathologic fracture group. Crude 
and adjusted Odds Ratio (OR) with 95% confidence intervals were used to compare data between the case group 
and control group. Fifteen studies and 3839 patients were included in the final meta-analysis. Results: The differ-
ence between the pathologic fractures group and the non-pathologic fracture group was not statistically significance 
in LRR analysis (OR = 1.27, 95% CI: 0.88-1.84, P > 0.05); however, a statistically significant difference was found 
between two groups in DMR (OR = 1.42, 95% CI: 1.03-1.95, P < 0.05). For survival rates, the following ORs were 
found: 3-year OS (OR = 1.71, 95% CI: 1.25-2.35, P < 0.05); 5-year OS (OR = 1.41, 95% CI: 1.06-1.87, P < 0.05); 
3-year DFS (OR = 1.88, 95% CI: 1.20-2.94, P < 0.05); and 5-year DFS (OR = 1.49, 95% CI: 1.10-2.03, P < 0.05). 
The pooled estimate of OR is 1.48 (95% CI: 0.72-3.04, P > 0.05) for local recurrence and 1.82 (95% CI: 0.92-3.60, 
P > 0.05) for distant metastasis in the amputation group and the limb salvage group for osteosarcoma patients 
with pathologic fractures, respectively. Our analysis indicated that patients with a pathologic fracture have a higher 
risk of DMR after surgery, but there is no significant difference in LRR between patients with a pathologic fracture 
and without. Additionally, in osteosarcoma patients with a pathologic fracture, there was no difference in LDR or 
DMR between limb-salvage surgery and amputation. Conclusion: Complicated with pathologic fracture is a negative 
prognostic indicator of osteosarcoma, and its poor survival rates (both OS and DFS) may be associated with a higher 
DMR. For osteosarcoma patients with pathologic fractures treated with standard treatment, LRR and DMR exhibit 
no significant difference between amputation and limb-salvage surgery.
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Introduction

Osteosarcoma is the most common primary 
bone malignant tumor in children and adoles-
cents [1]. Its incidence is about 0.3/100000 
[2]. The tumor occurs mainly at the ends of the 
long bones of the limbs, especially the distal 
femur and proximal tibia [1]. Osteosarcoma is 
characterized by extreme malignancy, strong 
local invasiveness, highly active cellular com-
ponents, marked atypia, and lack of matrix [3, 
4], resulting in the susceptibility to pathologic 
fractures.

5~10% of osteosarcoma patients undergo 
pathologic fractures during diagnosis or preop-

erative treatment [5]. Since pathologic frac-
tures can cause local hematomas, tumor cells 
may spread through adjacent tissues and enter 
the surrounding joints and blood vessels [6], 
resulting in difficulty of complete surgical 
removal and a probability of distant metastasis 
[7]. Therefore, the prognosis of osteosarcoma 
patients with pathologic fractures is clinically 
controversial.

Some studies have found that the limb osteo-
sarcoma patients with pathologic fractures 
have a high LRR, which significantly shortens 
the patient’s survival time and reduces the 
patient’s quality of life [8]; while other studies 
believe that pathologic fractures do not change 
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the patients’ LRR [9-11]. The lower survival rate 
is associated with earlier lung metastases. In 
addition, it is generally believed that as long as 
the limb local osteosarcoma does not invade 
the surrounding blood vessels and nerves, limb 
salvage surgery should be the first choice [12], 
but the surgical decision-making is difficult 
when they complicate pathologic fractures. 
Some surgeons believe that complete removal 
of the tumor as soon as possible can effectively 
prevent the progression of the disease caused 
by the fractures, so early amputation should be 
listed as an option for osteosarcoma patients 
with pathologic fractures [13-15]. However, a 
few surgeons indicate that the limb salvage sur-
gery has begun to be used to treat highly malig-
nant local osteosarcoma, and even in those 
patients with pathologic fractures, the clinical 
benefit observed was acceptable [9, 16, 17]. 
Although limb local osteosarcoma patients with 
pathologic fractures were not rare clinically, 
only a few studies have specifically compared 
the prognosis of limb salvage and amputation. 
It has not been determined whether limb sal-
vage surgery has a negative effect on survival 
or tumor recurrence, because of conflicting 
results in these studies.

In this study, the results of previous studies 
were systematically and comprehensively ana-
lyzed by meta-analysis, in order to provide a 
reasonable reference for the choice of treat-
ment methods for limb local osteosarcoma 
patients with pathologic fracture.

Materials and methods

Search strategy and selection criteria

According to the PRISMA 2009 checklist crite-
ria, we conducted a comprehensive search of 
the published literature via PubMed, Embase, 
and Web of Science of Controlled Trials data-
base for articles that reported the outcomes  
of osteosarcoma patients with/without patho-
logic fractures. We identified studies by using 
the following search terms in the title and 
abstract of these articles: ((pathologic fracture) 
OR (pathological fracture)) AND (osteosarco-
ma). The search terms were kept broad so as to 
cover all possibilities for applicable studies, 
and trace the references that have been includ-
ed in the literature, to expand the scope of the 
search. The deadline for the search is January 
1, 2022.

After reviewing the titles and excluding the  
literature that did not meet the requirements, 
two researchers (Wu and Yuan) independently 
reviewed all abstracts: full texts of articles that 
might meet the criteria for consideration were 
extracted for further analysis. We manually 
searched the reference lists of these articles to 
identify articles for further analysis. After that, 
according to the pre-set inclusion and exclusion 
criteria, eligible articles were selected for final 
analysis. Differences between the authors 
were resolved by consensus. 

All comparative articles recording the clinical 
outcome of osteosarcoma patients with/with-
out pathologic fractures were included. Addi- 
tionally, we only included studies with clearly 
defined clinical outcome indicators. If an arti- 
cle included people with a variety of different 
tumors, it was included only when reporting the 
outcomes of patients with limb local osteosar-
coma. Exclusion criteria include animal studies; 
osteosarcoma in Enneking stage III; benign and 
other malignant tumors; no control group; 
reports of clinical outcome indicators are miss-
ing or unclear (eg: unable to extract data from 
patients with limb local osteosarcoma); individ-
ual case reports, and non-English articles or 
conference abstract. The articles selected for 
the final analysis were independently graded by 
using the Newcastle-Ottawa Scale (NOS) to fur-
ther assess the quality of non-randomized 
studies in meta-analysis.

Data extraction and study assessment

We evaluated the final included articles, and 
obtained the following information from each 
article: year of publication; first author; study 
design; study population characteristics of the 
pathologic fracture group and non-fracture 
group; treatment; outcome measures; study 
endpoint; follow-up time and conclusion. The 
specific outcome indicators used in the meta-
analysis included the LRR and DMR, OS rate 
and DFS rate after surgical treatment such as 
amputation or limb salvage surgery in the 
pathologic fracture group and non-pathologic 
fracture group.

Studies used the Kaplan-Meier curves des- 
cribed OS and DFS rates. We used Engauge 
Digitizer 11.1 professional software to extract 
the follow-up time and survival rate at corre-
sponding time points from the survival curve. 
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Although only two of the OS rate, DFS rate, LRR 
and DMR were given in the study, we can esti-
mate the rest from the above data.

Statistical analysis

Stata 14.0 software was used to analyze the 
data. The heterogeneity of the included studies 
is tested, and the I2 value is used to measure 
the degree of homogeneity between multiple 
groups of studies (the smaller the I2 value, the 
stronger the homogeneity). If there is statistical 
homogeneity between the studies (P > 0.1, I2 < 
50%), the fixed-effects model is used for analy-
sis; if there is statistical heterogeneity between 
the studies (P < 0.1, I2 > 50%, we analyze the 
source of the heterogeneity, and conduct a  
subgroup analysis of the factors that may 
cause the heterogeneity; if statistical heteroge-
neity is present without clinical heterogeneity 
or the difference was not statistically signifi-
cant between the two groups, the random-
effects model is adopted for analysis; if the  
two groups show great heterogeneity, a descrip-
tive analysis is used. If necessary, sensitivity 
analysis is adopted to test the stability of the 
results. OR and 95% confidence interval (CI) 
were used to analyze the effect of pathologic 
fractures on the prognosis of limb local osteo-
sarcoma patients, and a “forest plot” was 
drawn. The Begg’s funnel chart was used to 
test publication bias, and P < 0.05 represented 
a significant difference.

Results

Study selection and characteristics

A total of 329 studies in the three databases of 
PubMed, Embase, and Web of Science were 
searched. After viewing the titles and abstracts, 
118 studies were excluded because they did 
not report an association between pathologic 
fractures and the prognosis of osteosarcoma 
patients; another 136 studies were excluded 
because they were either reviews, case reports, 
or animal studies; 32 other articles were also 
excluded because they were non-English litera-
ture or conference abstract. After a detailed 
evaluation of the remaining 43 studies, we 
excluded 9 studies because they did not 
arrange a control group or were duplicate stud-
ies. Of the remaining 34 papers, 19 were elimi-
nated because there was no data available 
after the full text review (eg: lack of information 
on patients with localized osteosarcoma of the 

extremity; the sample size of the control group 
or the case group is less than 4). Fifteen stud-
ies were finally included (Figure 1).

As shown in Table 1, all studies were conduct-
ed during 1992 to 2016, with sample sizes 
ranging from 9 to 982 patients. Of these includ-
ed studies, seven were conducted in Asia [11, 
18-23], four in North America [8, 24-26], and 
four in Europe [9, 10, 13, 27]. According to  
the NOS standards, all included studies were 
judged to be of high quality (Table 2). All were 
retrospective cohort studies. Thirteen reports 
were single-center and two were multi-institu-
tional. In the pathologic and non-pathologic 
fracture groups, eight studies provided LRR, six 
provided DMR, five provided 3-year OS rate, five 
provided 3-year DFS rate, four provided 5-year 
OS rate, and six provided 5-year DFS rate. Eight 
studies provided data on local recurrence after 
amputation or limb salvage surgery in patients 
with pathologic fractures; another six studies 
provided data on distant metastasis after 
surgery.

Difference of the OS and DFS between the 
pathologic fracture group and the non-fracture 
group

A meta-analysis of five studies about OS was 
conducted over a 3-year period, and there is no 
statistical heterogeneity among these studies 
(P = 0.641, I2 = 0.0%), so the fixed-effects 
model was used for analysis. The pooled analy-
sis results of the two groups showed that  
OR = 1.71 (95% CI: 1.25 to 2.35), P < 0.05. The 
pooled OR is clearly located to the right of the 
invalid line, which indicates the 3-year OS rate 
is significantly different between patients with 
pathologic fractures and without. The osteosar-
coma patients with pathologic fractures have a 
lower 3-year OS rate. 

Four studies analyzed the 5-year OS and these 
studies exhibited no statistical heterogeneity  
(P = 0.440, I2 = 0.0%), so the fixed effects 
model was used for analysis. The pooled OR = 
1.41 (95% CI: 1.06~1.87), P < 0.05, located  
on the right side of the invalid line, indicating 
that the risk of death in pathologic fractures 
group is higher than group without pathologic 
fractures.

The results of the analysis of DFS are consis-
tent with the above. Four studies reported 
3-year DFS, and there was no statistical hetero-
geneity among studies (P = 0.986, I2 = 0.0%), 
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so the fixed effects model was used for analy-
sis. The pooled analysis result of pathologic 
fractures group and non-pathologic fractures 
group showed that the 3-year DFS difference 
between the two groups was statistically signifi-
cant (OR = 1.88, 95% CI: 1.20 to 2.94; P < 
0.05). 

Six studies reported the 5-year DFS, and there 
was no statistical heterogeneity among these 
studies (P = 0.256, I2 = 23.7%), so the fixed 
effects model was used for analysis. The 
pooled analysis results of the pathologic frac-

At the same time, a meta-analysis of the DMR 
after surgery in the six studies showed that 
there was no statistical heterogeneity among 
these studies (P = 0.765, I2 = 0.0%), so the 
fixed-effects model was used for analysis. The 
pooled OR = 1.42 (95% CI: 1.03 to 1.95), P < 
0.05, located on the right side of the invalid 
line. It can be considered that the pathologic 
fracture has an effect on the DMR after surgery 
of limb local osteosarcoma. The risk of metas-
tasis in the group with a pathologic fracture 
was higher than that in the group without 
(Figure 3B).

Figure 1. Flow chart showing the selection process for the included studies

ture group and the non-
pathologic fracture group 
showed that the difference 
in 5-year DFS between the 
two groups was statistically 
significant (OR = 1.49, 95% 
CI: 1.10 to 2.03; P < 0.05). 
The results showed that in 
comparison to the patho-
logic fracture group, the 
non-fracture group not only 
had a significant increase 
in the 3-year and 5-year OS 
rate, but also in the DFS 
rate in the same period 
(Figure 2).

Comparison of postop-
erative LRR and DMR be-
tween pathologic fracture 
group and non-pathologic 
fracture group

The LRR after surgery of ei- 
ght studies was meta-ana-
lyzed. There was no statis- 
tical heterogeneity among 
these studies (P = 0.262,  
I2 = 21.1%), so the fixed-
effects model was used  
for analysis. The pooled OR 
= 1.27 (95% CI: 0.88 to 
1.84), P > 0.05, crossing 
the invalid line. It can be 
considered that pathologic 
fractures have no statisti-
cally significant effect on 
the LRR of limb local osteo-
sarcoma after surgery (Fi- 
gure 3A).
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Table 1.Characteristics and summary of outcome data of included studies

Study/year Region Study type Case/n 
(PF/non-PF)

LR/n (PF/
non-PF)

DM/n (PF/
non-PF)

OS/% (PF/non-PF) DFS/% (PF/non-PF) LSS/AMP (in PF)
3-year 5-year 3-year 5-year Case/n LR/n DM/n

Glasser et al./1992 [24] USA Retrospective cohort; single center 48/231 / / / / / 81.0/77.0 / / /
Scully et al./1996 [25] USA Retrospective cohort; single center / / / / / / / 10/6 3/0 6/2
Abudu et al./1996 [13] UK Retrospective cohort; single center / / / / / / / 27/13 5/0 12/4
Scully et al./2002 [8] USA Retrospective cohort; multi center 52/55 11/2 12/11 / / 66.1/77.0 55.0/77.0 30/22 7/4 5/7
Bacci et al./2003 [9] Italy Retrospective cohort; single center 46/689 2/33 17/236 / 65.0/67.0 / 59.0/61.0 35/11 1/1 13/4
Bramer et al./2007 [10] Netherlands Retrospective cohort; single center 56/428 8/60 / / / / / 44/12 7/2 /
Kim et al./2009 [18] Korea Retrospective cohort and case 

control; single center
37/74 4/4 19/28 / / / 37.8/56.8 33/4 4/0 /

Ferguson et al./2010 [26] Canada Retrospective cohort and case 
control; single center

24/168 / / 52.0/78.0 52.0/68.0 44.0/63.4 44.0/60.0 / / /

Cho et al./2010 [19] Korea Retrospective cohort; single center 38/339 / 19/118 / / / / / / /
Xie et al./2012 [20] China Retrospective cohort; single center 28/171  4/15 14/64 50.5/71.0 45.4/61.9 45.1/62.4 40.0/54.9 / / /
Zuo et al./2013 [21] China Retrospective cohort; single center 15/50 4/7 4/16 66.7/75.3 / 53.3/66.5 / 10/5 3/1 2/2
Malagelada et al./2014 [27] Spain Retrospective cohort; single center / / / / / / / 5/4 / 2/2
Liu et al./2015 [22] China Retrospective cohort; single center 30/118 / / 66.7/83.0 66.7/82.3 / / / / /
Deng et al./2015 [11] China Retrospective cohort; multi center 95/887 10/107 / 61.5/68.3 59.4/63.1 / / 59/36 5/1 /
Poudel et al./2017 [23] India Retrospective cohort; single center 8/87 0/15 / / / / / / / /
(All studies were conducted during 1992 to 2016, with sample sizes ranging from 9 to 982 patients. Of these included studies, seven were conducted in Asia, four were conducted in North America, and four were conducted in Europe. PF, 
pathological fractures group; non-PF, non-pathological fracture group; OS, overall survival; DFS, disease-free Survival; AMP, amputation; LSS, limb salvage surgery; LR, local recurrence, DM, distant metastasis)

Table 2. Newcastle-Ottawa scale for the assessment of the quality of included studies

Study/year
Selection Outcome

Totol 
scoreCase definition 

adequacy
Representativeness 

of case
Selection 

of controls
Definition 
of controls

Comparability of 
cases and controls

Ascertainment 
of exposure

Same method of ascertain-
ment for cases and controls

Non-response 
rate

Glasser et al./1992 [24] ★ ★ ★ ★ ★ ★ ★ 7
Scully et al./1996 [25] ★ ★ ★ ★ ★ ★ ★ ★ 9
Abudu et al./1996 [13] ★ ★ ★ ★ ★ ★ ★ ★ 8
Scully et al./2002 [8] ★ ★ ★ ★ ★★ ★ ★ ★ 9
Bacci et al./2003 [9] ★ ★ ★ ★ ★ ★ ★ ★ 8
Bramer et al./2007 [10] ★ ★ ★ ★ ★ ★ ★ ★ 8
Kim et al./2009 [18] ★ ★ ★ ★ ★ ★ ★ ★ 8
Ferguson et al./2010 [26] ★ ★ ★ ★ ★ ★ ★ ★ 8
Cho et al./2010 [19] ★ ★ ★ ★ ★ ★ ★ ★ 8
Xie et al./2012 [20] ★ ★ ★ ★ ★ ★ ★ ★ 8
Zuo et al./2013 [21] ★ ★ ★ ★ ★★ ★ ★ ★ 9
Malagelada et al./2014 [27] ★ ★ ★ ★ ★ ★ ★ ★ 8
Liu et al./2015 [22] ★ ★ ★ ★ ★ ★ ★ 7
Deng et al./2015 [11] ★ ★ ★ ★ ★ ★ ★ ★ 8
Poudel et al./2017 [23] ★ ★ ★ ★ ★ ★ ★ 7
According to the Newcastle-Ottawa Scale (NOS) standards, the quality evaluation results show that 3 studies scored 7 points, 10 scored 8 points, and 2 scored 9 points, indicating that the quality of these literature is high and the credibility of 
this study is good.
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Prognostic differences of different surgical 
options

A meta-analysis of the amputation rate of the 
six studies showed that there was no statistical 
heterogeneity among these studies (P = 0.401, 
I2 = 2.3%), so the fixed effects model was used 
for analysis. The pooled OR = 1.825 (95% CI: 
1.363 to 2.444), P < 0.05, so the result was 
statistically significant. The amputation rate of 
limb local osteosarcoma patients with a patho-
logic fracture was higher than that of those 
without. 

Meta-analysis of the five studies about chemo-
therapy response showed no statistical hetero-
geneity among these studies (P = 0.936, I2 = 
0.0%). Therefore, the fixed effects model was 
used for analysis, and the pooled OR = 0.74 
(95% CI: 0.53 to 1.02), P < 0.05. The result was 
not statistically significant. Therefore, although 

the amputation rate of the pathologic fracture 
group was higher than that of the non-path- 
ologic fracture group, there was no significant 
difference in the neoadjuvant chemotherapy 
response between the two groups (Figure 4).

Data from eight and six papers were extracted 
for meta-analysis to compare the LRR and 
DMR after amputation and limb salvage, 
respectively

The eight studies used to analyze the LRR were 
not statistically heterogeneous (P = 0.690, I2 = 
0.0%), so the fixed-effects model was used for 
analysis. The pooled OR = 1.48 (95% CI: 0.72 to 
3.04), P > 0.05, crossing the invalid line. There 
was no statistical difference in the LRR between 
amputation and limb salvage.

The six studies analyzing the rate of distant 
metastasis also showed no statistical hetero-

Figure 2. A. Forest plot of the OR for 3-year OS analysis, showed that the 3-year OS rate is significantly different be-
tween patients with pathologic fractures and without, and 3-year OS of patients with pathologic fractures were lower 
(OR = 1.71 (95% CI: 1.25 to 2.35), P < 0.05); B. Forest plot of the OR for 5-year OS analysis, indicated that the 5-year 
OS rate is significantly different between patients with pathologic fractures and without, and 5-year OS of patients 
with pathologic fractures were lower (OR = 1.41 (95% CI: 1.06 to 1.87), P < 0.05); C. Forest plot of the OR for 3-year 
DFS analysis, showed that the 3-year DFS rate is significantly different between patients with pathologic fractures 
and without, and 3-year DFS of patients with pathologic fractures were lower (OR = 1.88 (95% CI: 1.20 to 2.94), P 
< 0.05); D. Forest plot of the OR for 5-year DFS analysis, showed that the 5-year DFS rate is significantly different 
between patients with pathologic fractures and without, and 5-year DFS of patients with pathologic fractures were 
lower (OR = 1.49 (95% CI: 1.10 to 2.03), P < 0.05).
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geneity (P = 0.955, I2 = 0.0%), so the fixed-
effects model was used for analysis. The 
pooled OR = 1.82 (95% CI: 0.92 to 3.60), P > 
0.05, crossing the invalid line. That there was 
no significant difference in the DMR after 
amputation and limb salvage (Figure 5).

Publication bias 

Begg’s funnel plots were made by using OS and 
DFS at 3 and 5 years after the studies included 
in the meta-analysis were pooled, as well as 

local recurrence and distant metastasis in the 
study group and control group. The result con-
firmed no statistically significant publication 
bias among these studies (Figure 6).

Discussion

Although diagnostic and treatment technology 
has made progress, mortality of patients with 
osteosarcoma remains very high [28, 29]. 
Generally speaking, patients with limb localized 
osteosarcoma have a better prognosis than 

Figure 3. A. Forest plot of the OR for local recurrence analysis, showed the LRR is not significantly difference be-
tween patients with pathologic fractures and without, and pathologic fractures have no effect on postoperative local 
recurrence in patients with osteosarcoma (OR = 1.27 (95% CI: 0.88 to 1.84), P > 0.05); B. Forest plot of the OR 
for distant metastasis analysis, indicated that the DMR is significantly different between patients with pathologic 
fractures and without, and the DMR of patients with pathologic fractures were higher (OR = 1.42 (95% CI: 1.03 to 
1.95), P < 0.05).

Figure 4. A. Forest plot of the OR for amputation rate analysis, indicated that the amputation rate is significantly 
different between patients with pathologic fractures and without, and the amputation rate of patients with patho-
logic fractures were higher (OR = 1.82 (95% CI: 1.36 to 2.44), P < 0.05); B. Forest plot of the OR for chemotherapy 
response analysis, showed that the chemotherapy response rate is not significantly different between patients 
with pathologic fractures and without, and pathologic fractures have no effect on chemotherapy response rate in 
patients with osteosarcoma (OR = 0.74 (95% CI: 0.53 to 1.02), P > 0.05).
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those with secondary metastases [30-32]. How- 
ever, once tumor pathologic fracture occurs, 
the treatment becomes more auxiliary and the 
prognosis is more uncertain. Spontaneous or 
trauma-inducing pathologic fractures of prima-
ry osteosarcomas are common due to changes 
in bone stress or mechanical damage caused 
by tumor necrosis after bone biopsy or chemo-
therapy. The complications of pathologic frac-
ture not only reduce the patients’ quality of life, 
but also affect the treatment decision-making 
for patients [33]. At present, there remain some 
disputes concerning the treatment and progno-
sis of patients with pathologic fracture of limb 
local osteosarcoma. Bacci et al. performed a 
retrospective study of 735 patients with local 
osteosarcoma of extremity and found that 
although the 5-year OS and DFS rates of osteo-
sarcoma patients with pathologic fractures 
were inferior to those without, no statistically 
significant differences were found [9]. The 
results of Kim et al. also showed that the 5-year 
DFS rate is not significantly different between 
osteosarcoma patients with pathologic frac-
tures and those without [18]. But Liu et al.  
compared 30 osteosarcoma patients with 
pathologic fractures and 118 patients without 
pathologic fractures. The 3-year OS rate in the 
pathologic fractures group was 66.7% and the 
3-year OS rate in the non-pathologic fracture 
group it was 83%, and this difference was sta-
tistically significant [22]. Given the limited sam-
ple size of these single study, these conclu-
sions are uncertain and conflicting. Therefore, 

a meta-analysis of the currently published stud-
ies to further evaluate the relationship between 
pathologic fractures and prognosis in patients 
with limb local osteosarcoma has guiding sig-
nificance for clinical treatment.

The 15 retrospective cohort studies included in 
our study included 542 patients with a patho-
logic fracture and 3297 patients without. The 
quality evaluation results show that 3 studies 
scored 7 points, 10 scored 8 points, and 2 
scored 9 points, indicating that the quality of 
these literature is high and the credibility of this 
study is good; the Begg’s funnel plots analysis 
results shows that the funnel plot has good 
symmetry on both sides, and the Begg’s test 
results shows that there is no obvious publica-
tion bias, so the conclusion is convincing. A 
meta-analysis of 5 articles about chemothera-
py response shows that the selected studies 
were homogeneous and the invalid lines were 
crossed, indicating that there was no statistical 
difference in chemotherapy efficacy between 
the pathologic and non-pathologic fracture 
groups. This allowed us to further compare the 
outcomes of different surgical approaches 
under a relatively consistent condition [34].

Our study analysis results show that the select-
ed studies are homogeneous, and the forest 
plot results are on the right side of the invalid 
line (3-year OS: OR = 1.71, P < 0.05; 5-year OS: 
OR = 1.57, P < 0.05), suggesting that there is a 
significant difference in the prognosis between 

Figure 5. A. Forest plot of the OR for local recurrences analysis after amputation and limb salvage surgery, showed 
that the LRR was not significantly different between patients after amputation and limb salvage surgery, and limb 
salvage surgery did not increase LRR (OR = 1.48 (95% CI: 0.72 to 3.04), P > 0.05); B. Forest plot of the OR for dis-
tant metastasis analysis after amputation and limb salvage surgery, also showed that the DMR is not significantly 
different between patients after amputation and limb salvage surgery, and limb salvage surgery did not did not 
increase DMR (OR = 1.82 (95% CI: 0.92 to 3.60), P > 0.05).
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Figure 6. A, B. Begg’s funnel plot for 3-year OS and 5-year OS analysis; C, D. Begg’s Funnel plot for 3-year DFS and 
5-year DFS analysis; E, F. Begg’s Funnel plot for postoperative local recurrence rate and distant metastasis rate 
analysis; G, H. Begg’s Funnel plot for local recurrence rate and distant metastasis rate analysis between amputation 
and limb salvage. As is shown in these figures, the studies we included were roughly symmetrical in funnel plots, 
suggesting the absence of publication bias and other biases.
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patients with pathologic fractures and those 
without, and pathologic fractures can increase 
the mortality of patients with osteosarcoma. 
The results of DFS analysis also showed that 
there were significant differences in the 3-year 
and 5-year DFS between patients with patho-
logic fractures and those without. We found  
the OS rate and DFS rate of local osteosar- 
coma patients with pathologic fractures is sig-
nificantly lower than those without, regardless 
of whether the cut-off point of survival was 3 
years or 5 years. These results confirm that 
pathologic fracture is an independent negative 
factor affecting the prognosis of patients with 
limb local osteosarcoma. A basic research 
experiment on osteosarcoma found that patho-
logic fracture will further destroy the tissue 
around the tumor, affect the microcirculation, 
and make osteosarcoma cells more likely to 
spread [7]. This may be the reason for the rela-
tively poor prognosis of osteosarcoma patients 
with pathologic fractures. 

It is suggested that the lower OS and DFS rates 
in osteosarcoma patients with pathologic frac-
tures are associated with postoperative distant 
metastasis. Our study analyzed the effect of 
pathologic fractures on local recurrence and 
distant metastasis of limb local osteosarcoma 
patients. The forest plot results of local recur-
rence shows that the invalid line was crossed, 
indicating that the effect of pathologic fracture 
on local recurrence of osteosarcoma is not sta-
tistically significant. Similarly, the influence of 
pathologic fractures on distant metastasis in 
patients with limb osteosarcoma was analyzed. 
The forest plot results are located on the right 
side of the invalid line, indicating that patients 
with pathologic fractures are at a significantly 
higher risk of distant metastasis after surgery 
than those without. The results proved the pre-
vious view that, in osteosarcoma patients with 
pathologic fractures, lower OS rate, and DFS 
rate were associated with distant metastasis 
after surgery rather than local recurrence. 
Therefore, pathologic fractures are more likely 
to cause distant metastasis of osteosarcoma, 
and then affect the prognosis of patients. In 
osteosarcoma patients with pathologic frac-
tures, although no metastasis was found be- 
fore operation, the metastasis rate in the later 
stage of treatment is still very high, especially 
lung metastasis. Therefore, improving the early 
detection rate of small metastases is particu-

larly critical for the treatment of these patients 
[35].

The incidence of pathologic fractures in pati- 
ents with osteosarcoma is about 5%-10% [5, 
36]. Because of the poor prognosis of patients 
with pathologic fractures, pathologic fractures 
are regarded as contraindications to limb sal-
vage treatment. In this meta-analysis, a sub-
group analysis of the treatment methods of  
the pathologic fracture group showed that  
there was no significant difference in the LRR 
between the limb salvage group and the ampu-
tation group. In addition, the results of sub-
group analysis of distant metastasis were con-
sistent with the results of postoperative LRR, 
indicating no significant difference in DMR 
between the limb salvage group and the ampu-
tation group. Unfortunately, because there is 
not enough data on OS and DFS after amputa-
tion and limb salvage in patients with patho-
logic fractures, we cannot directly analyze 
whether there are differences between the two 
groups. Only from the perspective of no signifi-
cant difference in LRR and DMR, the OS rate 
and DFS rate of two groups should be consis-
tent. Therefore, although patients with a patho-
logic fracture have a higher risk of amputation, 
as long as they undergo standardized neoadju-
vant treatment and meet the indications for 
limb salvage surgery, limb salvage will not 
increase the risk of local recurrence or distant 
metastasis after surgery [36].

Our meta-analysis yielded meaningful results 
that may help clinicians make more appropriate 
decisions in the face of osteosarcoma patient 
complicated with pathologic fractures. However, 
it has several limitations and needs further 
improvement. First, our study considered only 
the effects of pathologic fractures while no fur-
ther grouping analysis was conducted for other 
prognostic factors, such as histologic subtype 
[37], size [38, 39] and surgical margin [40, 41]. 
Second, relevant research in other languages is 
excluded because all publications included are 
written in English. Third, in our study, we ana-
lyzed only published data from existing studies, 
so unpublished data may influence the results. 
In addition, although we included more studies 
than in previous meta-analyses, the number of 
publications included is still limited. Considering 
these limitations, we believe that further large-
scale studies should be performed to confirm 
our conclusion.
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There is no authoritative standard guideline for 
the treatment of osteosarcoma with pathologic 
fracture, and the views of the current research 
are contradictory. Clinically, the appearance of 
pathologic fractures undoubtedly makes it dif-
ficult for surgeons to make treatment decisions. 
Our study found that pathologic fracture is a 
negative prognostic indicator in osteosarcoma, 
and its poor survival rates (OS and DFS) may  
be related to the higher rate of distant metasta-
sis. For osteosarcoma patients with pathologic 
fractures who received standard treatment, 
there was no significant difference in the LRR 
and DMR between amputation and limb sal-
vage surgery. Although patients with pathologic 
fractures have a higher risk of amputation, limb 
salvage surgery will not increase the risk of 
local recurrence or distant metastasis as long 
as they receive standardized neoadjuvant ther-
apy and meet the indications for salvage.
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