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Abstract

Background Osteosarcoma is the most common primary bone malignancy in skeletally immature patients. The
proximal humerus is the third most common site of osteosarcoma. The literature shows a paucity of published data
concerning the outcome of proximal humerus osteosarcoma managed by limb salvage. The purpose of this study
was to answer the following questions: (1) do patients with proximal humerus osteosarcoma managed by limb
salvage and neoadjuvant chemotherapy show good functional and oncological outcomes, and (2) are there any
prognostic factors that are associated with better oncological and functional outcomes?

Materials and methods The study was a retrospective case series study assessing the overall outcome of 34 patients
with proximal humerus osteosarcoma. Eighteen patients were males (53%) while 16 were females. Biological recon-
struction was done in 15 patients (44%), while nonbiological reconstruction was done in 19 patients. Resections

were mainly intraarticular (82%). Functional outcome was assessed using the Musculoskeletal Tumor Society (MSTS)
score, while oncological outcome was assessed based on local recurrence and development of chest metastasis.
Comparisons between quantitative variables were done using the nonparametric Mann-Whitney test. To compare
categorical data, the chi-square (x%) test was performed. The exact test was used instead when the expected frequency
was less than 5. Correlations between quantitative variables were examined using the Spearman correlation coefficient.

Results The mean MSTS score was 25.5 (range 23-29). A younger age was statistically correlated with a poorer MSTS
score (P=0.0016). Six patients out of 34 (17.6%) had local recurrence and four of them (67%) were treated by forequar-

ter amputation. 41% of patients developed chest metastasis, and the majority of them were treated by chemotherapy
(71%). In comparison with patients with osteosarcoma at other sites who were also managed in our institution, proximal
humerus osteosarcoma patients showed higher incidence rates of local recurrence and chest metastasis along with lower
5-year patient and limb survivorships compared to distal femur, proximal tibia and proximal femur osteosarcoma patients.

Conclusion Treatment of osteosarcoma of the proximal humerus by limb salvage and chemotherapy yields a good
functional outcome. The method of reconstruction does not impact the resultant function. The 5-year survivorship
of these patients is 65%. Younger patients have a better oncological outcome and an inferior functional outcome.

Level of evidence Level IV therapeutic study.
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Introduction

Osteosarcoma is the most common primary bone malig-
nancy in skeletally immature patients. Osteosarcoma
commonly occurs in the metaphysis of a long bone. The
most common sites are the femur (42%), the tibia (19%)
and the humerus (10%). The overall 5-year survival rate
for osteosarcoma is 68%, and there is no significant gen-
der difference [17].

Before 1970, most patients with high-grade sarcomas
arising in the proximal humerus were treated with fore-
quarter amputation. The development of effective induc-
tion and adjuvant chemotherapy protocols prompted
Marcove et al. to extend the indications for limb-sparing
shoulder girdle resections to include high-grade sarco-
mas of the proximal humerus and scapula [1].

The optimum method of reconstructing the shoulder
after resection of the proximal humerus remains contro-
versial. Options include the use of a fibular or autoclaved
humeral autograft, an osteoarticular allograft, an inter-
calary allograft prosthesis composite, the clavicula pro
humero procedure, a 3D-printed custom-made prosthe-
sis or an endoprosthesis. The decision depends on the site
and the size of the tumor, the level of resection required
to obtain wide, clear margins, the resources available and
the abilities of the surgeon.

Local recurrence remains a significant problem after
the resection of malignant tumors around the shoulder.
This is largely due to the proximity of the neurovascular
bundles to the bone, as only marginal margins may be
achieved when there is a significant soft-tissue component
of the tumor. Moreover, tumors close to the axial skeleton
may have a higher incidence of systemic relapse [14].

The aim of this study was to assess the functional and
oncological outcomes of patients with proximal humerus
osteosarcoma managed by limb salvage and the prognos-
tic factors that affect them.

Since the prevalence of osteosarcoma is low and the
proximal humerus is not a common site, assessing the
oncologic outcome of a tumor in this location requires
many years. Accordingly, we opted for a retrospective
analysis of our prospective database. Moreover, the lit-
erature shows a paucity of published data concerning the
subject of this study. We believe that this study, with its
relatively large number of patients with a long follow-up,
will be a valuable addition to the literature.

Materials and methods

The study was a retrospective case series study assess-
ing the overall outcome of 34 patients with proximal
humerus osteosarcoma. Eighty-four patients diagnosed
with proximal humerus osteosarcoma were managed
in our institution from April 1995 to September 2021.
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Thirty-four of them met the inclusion criteria and were
therefore selected. Our inclusion criteria included all
patients with high-grade conventional osteosarcoma
of the proximal humerus who received the full chemo-
therapy protocol and were managed by limb salvage.
Our study included only patients with at least 2 years of
follow-up. All patients signed an informed consent; for
patients under 18 years of age, the informed consent was
signed by their parents or legal guardians.

General information, including demographics, recon-
struction type and functional outcomes, were reviewed.
Patients included in the study were all diagnosed with
conventional high-grade osteosarcoma. 30% of patients
had a pathological fracture on presentation. The tumor
necrosis and surgical margins were noted in the post-
operative pathology notes. All patients received neo-
adjuvant and adjuvant chemotherapy in accordance with
the EURAMOS (European and American Osteosarcoma
Studies) protocol.

All our patients underwent en block resection, with
wide and marginal margins obtained. Fifteen patients
underwent biological reconstruction with a vascular-
ized fibular graft and shoulder fusion, while the remain-
ing underwent nonbiological reconstruction through
the use of a PMMA (polymethyl methacrylate) spacer or
endoprosthesis.

Follow-up visits were scheduled every 6 weeks in the
first year, every 3 months during the second year and
every 6 months thereafter. Local recurrence and distant
metastasis were assessed clinically and aided by MRI and
CT scan and biopsy when applicable. The Musculoskel-
etal Tumor Society (MSTS) score [10] was used to evalu-
ate the functional scores of all patients.

Data were coded and entered using the Statistical Pack-
age for the Social Sciences (SPSS) version 26 (IBM Corp.,
Armonk, NY, USA). Quantitative data were summarized
using the mean, standard deviation, median, minimum
and maximum and categorical data were summarized
using frequency (count) and relative frequency (percent-
age) [3]. Comparisons between quantitative variables
were done using the nonparametric Mann—Whitney
test. To compare categorical data, the chi-square (y) test
was performed. The exact test was used instead when
the expected frequency was less than 5 [4]. Correlations
between quantitative variables were examined using the
Spearman correlation coefficient [5]. P values of less than
0.05 were considered statistically significant.

Results

Our population study was young, with a mean age of
15 years. The youngest patient was 3 years old while the
eldest was 28 years old. Eighteen patients were males
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Table 1 Overall description of the study population
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Count %
Sex
Male 18 53
Female 16 47
Method of reconstruction
Biological 15 44
Nonbiological 19 56
Resection type
Intraarticular 28 82
Extraarticular 6 18
Length resected
<15cm 12 35
>15cm 22 65
Deltoid resection
Yes 22 65
None 12 35
Complications
Radial nerve neurotmesis 2 6
No 32 94
Treatment of complications
Tendon transfer 2 100
Construct failure
Yes 6 17
No 28 83
Management of the failure
Revision 4 62
VFG 1 25
Open reduction 1 13
Surgical margin
Wide 29 85
Marginal 5 15
Pathological fracture on presentation
Yes 10 30
No 24 70
Chemotherapy
Yes 34 100
Local recurrence
Yes 6 18
No 28 82
Treatment of local recurrence
Forequarter amputation 4 67
No 33
Chest metastasis
Yes 14 41
No 20 59
Treatment of chest metastasis
Chemotherapy + metastasectomy 4 29
Chemotherapy only 10 71
Status at 5-year follow-up
Alive 22 65
Deceased 12 35
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(53%), while 16 were females (Table 1). Biological recon-
struction was done in 15 patients (44%), while nonbiolog-
ical reconstruction was done in 19 patients. Resections
were mainly intraarticular (82%). Resection length was
more than 15 cm (distal to deltoid insertion) in 65% of
patients. Regarding tumor necrosis, a good response
(>90%) was present in 19 patients (56%).

Functional outcome

The mean MSTS score was 25.5 (range 23-29). A younger
age was statistically correlated with a poorer MSTS score
(p=0.0016) (Fig. 1). None of the other variables, includ-
ing resection length, deltoid resection, surgical margins,
the method of reconstruction (biological and nonbio-
logical) and construct failure, were correlated with MSTS
scores (Table 2).

Oncological outcome

Six patients (17.6%) had local recurrence and four of
them (67%) were treated by forequarter amputation.
Local recurrence was not found to be related to any vari-
able—notably the surgical margins (P=0.2), pathologi-
cal fracture on presentation (P=0.3) and resected length
(P=1) (Table 3).

Fourteen patients (41%) developed chest metastasis,
and the majority of them were treated by chemotherapy
(71%). The most noticeable variable is deltoid resection,
which showed a significant inverse correlation with dis-
tant metastatic spread (P=0.05). The surgical margins
(P=0.6), resected length (P=0.2) and pathological frac-
ture on presentation (P=0.4), among others, were not
related to the risk of developing lung metastasis.

Survivorship

The 5-year survivorship of proximal humeral osteosar-
coma in this study was 65%. A younger age was associ-
ated with a greater survivorship, with the patients who
were deceased at 5 years of follow-up having a mean age
of 17 years whereas those who were alive at 5 years of
follow-up had a mean age of 13 years (P=0.03) (Table 4).
Other factors such as sex, resection length, deltoid resec-
tion and the presence of a pathological fracture did not
impact survivorship. Survivorship was significantly
dependent on an absence of local recurrence (P=0.014)
and definitely improved with an absence of chest metas-
tasis (P<0.001).

There was a failure of the reconstructive modality that
required revision in 6 patients. The construct survivor-
ship was 82% (Fig. 2). The limb survivorship in our study
was 88%, as only 4 patients underwent amputation to
treat local recurrence.
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Fig. 1 Plot highlighting the direct correlation of a younger age (in years) with a lower MSTS score

Complications

Radial nerve injury was only encountered in 2 patients
(6%), and those injuries were managed later on by ten-
don transfer. Two patients developed nonunion and were
treated by bone grafting. Two patients had proximal
migration of the endoprosthesis (MSTS 24) and one had
inferior sublaxation (MSTS 25). No further treatment
was done for those complications as they did not impact
the patients’ functional outcomes and surgical inter-
ference would not have improved the range of motion
of the shoulder. One patient had skin sloughing and a
superficial infection that was managed conservatively.
Two PMMA spacers broke and were revised with a more
durable PMMA spacer using a humeral nail.

Discussion

Our study was designed to assess the oncological out-
come of proximal humerus osteosarcoma treated by
limb salvage surgery and chemotherapy. Furthermore,
we compared the functional outcomes after limb salvage
using two main methods of reconstruction: biological
reconstruction using vascularized grafts with shoulder
fusion (Fig. 3) and nonbiological reconstruction using a
PMMA spacer or endoprosthesis with a mobile shoulder.
Finally, we assessed the prognostic factors that affect both

the oncological and functional outcomes. We assessed
oncological outcome in terms of 5-year survivorship,
local recurrence and chest metastasis, while functional
outcome was assessed using the MSTS score.

The 5-year survivorship in our cases was 65%, which is
similar to that reported by Wittig et al. [17], who man-
aged 23 patients with a proximal humerus resection for
stage IIA and IIB together with an endoprosthesis. Yao
et al. [18] estimated the 5-year survival rate at 71%. In
2009, Gupta et al. in 2009 reported on 23 cases, almost
all of whom were treated by limb sparing, and noted that
survivorship markedly decreased with time from 77% at
5 years of follow-up to 57% at 10 years [9].

Our study showed that local recurrence occurred in
18% of the patients and was not statistically correlated
with any of the studied prognostic factors, especially
resection length, deltoid resection, and pathological frac-
tures on presentation. Our study obtained the same result
as Gupta et al. [9] in terms of local recurrence, which
occurred in 13% in their cases and was highly linked with
positive margins.

Chest metastasis occurred in 41% of patients, which is
higher than in Yao et al’s study, where distant metastasis
occurred in 30% [18].
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Table 2 Correlations between MSTS score and different variables
MSTS score Pvalue
Mean sD Median Minimum Maximum

Sex
Male 2511 2.08 24.50 22.00 29.00 0.109
Female 26.06 1.65 26.00 23.00 29.00

Method of reconstruction
Biological 2553 1.73 25.00 23.00 29.00 1
Nonbiological 25.58 212 25.00 22.00 29.00

Resection type
Intraarticular 2543 197 25.00 22.00 29.00 0439
Extraarticular 26.17 1.72 27.00 24.00 28.00

Length resected

<15cm 2525 1.86 25.00 23.00 29.00 0.444

>15cm 2573 1.98 25.00 22.00 29.00

Deltoid resection
Yes 2541 1.79 25.00 23.00 29.00 0511
No 25.83 221 27.00 22.00 29.00

Complications
Radial nerve neurotmesis 23.50 0.71 23.50 23.00 24.00 0.107
No 25.69 191 25.00 22.00 29.00

Construct failure
Yes 24.75 1.91 24.50 23.00 29.00 0.164
No 25.81 1.90 26.00 22.00 29.00

Surgical margin
Wide 2548 1.94 25.00 22.00 29.00 0.603
Marginal 26.00 2.00 25.00 24.00 29.00

Pathological fracture on presentation
Yes 25.80 2.04 25.00 23.00 29.00 0.642
No 25.46 1.91 25.00 22.00 29.00

In comparison with patients with osteosarcoma at
other sites who were also managed in our institution,
proximal humerus osteosarcoma patients showed higher
incidence rates of local recurrence and chest metastasis
along with lower 5-year patient and limb survivorships
compared to distal femur, proximal tibia and proximal
femur osteosarcoma patients (Table 5). This was also
found by many other studies [12, 19].

Therefore, we believe that osteosarcoma of the humerus
has a slightly worse oncological outcome compared to
osteosarcoma around the knee and a better outcome than
spinal and pelvic osteosarcomas [7, 11]. This conclusion
was also drawn in other studies, such as a South Korean
study by Cho et al.,, who similarly identified a proximal
humerus osteosarcoma as having a poorer survivorship

compared to osteosarcomas at other anatomical extremi-
ties [6]. However, a review of 345 osteosarcoma cases was
performed in 1975 by Campanacci et al., who observed
that tumors affecting the proximal half of the femur and
humerus had a poorer outcome [2].

The mean MSTS score of our patients was 25 (83%);
the lowest score was 22 (73%), while the highest was 29
(96%). The functional outcome in our study was com-
parable to that reported by Wittig et al., who used an
endoprosthesis for reconstruction and achieved an
MSTS score of 80-90% [17]. Vitiello et al. also found an
excellent functional outcome in a patient with proximal
humerus chondrosarcoma managed by a wide resection
and 3D-printed custom-made prosthesis [16].
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Table 3 Local recurrence evaluation

Local recurrence P value
Yes No
Count % Count %
Sex
Male 3 16.7 15 833 1
Female 3 188 13 813
Method of reconstruction
Biological 2 133 13 86.7 0.672
Nonbiological 4 211 15 789
Resection type
Intraarticular 4 143 24 85.7 0.281
Extraarticular 2 333 4 66.7
Length resected
<15cm 2 16.7 10 833 1
>15cm 4 182 18 81.8
Deltoid resection
Yes 3 136 19 864 0.641
No 3 250 9 75.0
Complications
Radial nerve neurotmesis 0 00 2 1000 1
No 6 188 26 813
Construct failure
Yes 0 00 8 1000 0.297
No 6 23.1 20 76.9
Surgical margin
Wide 4 138 25 86.2 0.205
Marginal 2 400 3 60.0
Pathological fracture on pres-
entation
Yes 3 300 7 70.0 0328
No 3 125 21 87.5

In our study, both nonbiological reconstruction and
biological reconstruction yielded the same mean MSTS
score of 25; however, this comparison was not statisti-
cally significant (P=1). This is because, whatever the
reconstruction modality used, it ultimately acts as a
hanger for the upper limb to preserve elbow and hand
function. This is mainly due to the resection of the rota-
tor cuff muscles (as well as the deltoid muscle in some

Table 4 Relation between age and survivorship
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cases). In cases with shoulder fusion, some range of
motion of the shoulder is still present due to scapulo-
thoracic movement. This overall lack of superiority of
any reconstruction method over the other has been
reported by several previous studies [13, 15, 18].

The functional outcome in our study was not affected
by whether the resection length was less or more than 15
cm (proximal or distal to the deltoid insertion) (P=0.444).
However, in another study done to assess the functional
outcome and shoulder instability of the reconstruction of
proximal humerus metastases, El Motassime et al. found
that patients with a resection length of>10 cm had worse
outcomes than those who had a resection length of 10 cm.
They chose 10 cm as this was the minimum resection done
considering the size of the smallest module of prosthe-
sis used. However, in their study, the rotator cuff muscles
and the deltoid were preserved in some cases, as they were
unaffected by the tumor (metastasis); this was not the case
in our study, which assessed only primary aggressive osteo-
sarcoma [8].

The poorer functional outcome noticed in our younger
patient group was also found in a study by Yao et al., who
encountered constraints such as a small intramedullary
canal, compliance with immobilization and poor soft-tissue
coverage due to insufficient remaining adjacent tissues in
this patient group [18].

Strong points in our study include a relatively large sam-
ple of exclusively proximal humerus osteosarcoma cases
in a single center, with surgery and follow-up done by the
same team. To the best of our knowledge, this is the highest
cumulative number of cases of proximal humerus osteosar-
coma currently studied. Another strong point of our study
is the use of biological and nonbiological reconstruction
modalities in almost all of our 34 patients, who showed
similar functional outcomes to patients who had received
an endoprosthesis elsewhere. The cost effectiveness with-
out compromising the functional outcome should be con-
sidered as well in the management of proximal humerus
osteosarcoma.

Our study encountered limitations that should be taken
into consideration when interpreting the results, such
as the combination of pediatric and adult populations,
given that these groups require different reconstruction

Patients who were deceased at 5 years of follow-up Patients who were alive at 5 years of follow-up P value
Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum
Age (years) 17.67 5.25 17.00 8.00 27.00 13.23 592 12.50 3.00 28.00 0.034




Sadek et al. Journal of Orthopaedics and Traumatology

(2024) 25:18

Page 7 of 9

Fig. 2 A Preoperative investigations, including a shoulder X-ray of the Rt (right) shoulder and MRI with contrast. Note the osteolytic
superimposition on the periosteal reaction at the right proximal humerus radiograph. MRI highlighted an abnormal signal intensity on coronal
and axial views from a T2-weighted gadolinum contrast study. B Resected specimen. C Postoperative radiograph in which a PMMA spacer
was used. D At 7 years of follow-up (in 2014), the patient presented construct failure, as the spacer was exposed, so spacer removal and NVFG

(non-vascularized fibular graft) were performed

modalities, meaning different functional outcomes and
different oncological outcomes. Also, being a retrospec-
tive study, it potentially allows selection bias; however, this
can be justified by the rarity of the tumor at this site as well
as the long follow-up required to evaluate the oncological
outcome. Future systematic reviews and a meta-analysis
analyzing the outcomes of proximal humeral osteosarcoma
in particular are required to provide more solid data.

Conclusion

Treatment of osteosarcoma proximal humerus by limb sal-
vage and chemotherapy yields a good functional outcome.
The method of reconstruction does not impact the result-
ant function. The 5-year survivorship of these patients is
65%. Younger patients have a better oncological outcome
but an inferior functional outcome. Compared to other

Table 5 Comparison between the outcomes of osteosarcomas affecting different sites in our institution

Osteosarcoma site Number of Local Chest 5-year Limb Construct MSTS score
patients recurrence (%) metastasis (%) survivorship (%) survivorship (%) survivorship (%)

Distal femur 82 37 14.6 95.6 98.8 67.7 26

Proximal tibia 55 55 18.2 83.6 88.2 824 26

Proximal femur 32 93 18.7 81 93 9 24

Proximal humerus 34 18 41 64.7 875 85.2 25
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Fig. 3 A Preoperative investigations. Left: X-ray of the Rt shoulder showed an extensively sclerotic lesion with a periosteal reaction, as indicated
by a Codman triangle and sunburst appearance. Center: Axial-cut MRI of the shoulder with T1 gadolinium tumor enhancement. Right: Coronal-cut
MRI demonstrating a high signal intensity on T2-weighted imaging. B Resected specimen. C Immediate postoperative X-ray (left) and imaging
performed at 12 weeks of follow-up (right), with fusion at the humerus-implant junction readily visible. D At 6 months of follow-up, the patient
showed satisfactory elbow flexion ROM (range of motion), varying between 10 and 120 degrees, while shoulder abduction was limited to 40
degrees

anatomical sites, osteosarcoma affecting the proximal
humerus has a slightly worse oncological outcome.
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