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a b s t r a c t 

Osteosarcoma is the most common primary malignant bone tumor in children and ado- 

lescents. Osteosarcomas are highly aggressive tumors that historically have had a dismal 

prognosis. However, the survival rate has improved significantly with the addition of adju- 

vant and neoadjuvant chemotherapy. Here, we present a case report of a 13-year-old male 

with a history of a left humeral osteosarcoma whose course was complicated by recurrent 

sarcoma-related pneumothoraces. Despite recurrent pneumothoraces being a relatively un- 

common complication of osteosarcoma, they present a great challenge to providing treat- 

ment that optimizes outcomes and quality of life for patients. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Osteosarcoma is the most common primary malignant bone
tumor in children and adolescents, of which high-grade in-
tramedullary osteosarcoma, also known as conventional os-
teosarcoma , accounts for 85% of all cases [ 1 ]. Osteosarcomas
typically arise in the metaphysis of long bones and spread lon-
gitudinally within the medullary cavity [ 1 ,2 ]. They are highly
aggressive tumors that historically have been accompanied
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by a dismal prognosis, with approximately 80% mortality
within 2 years despite surgical treatment [ 3 ]. In recent years,
the addition of neoadjuvant and adjuvant chemotherapy has
increased the 5-year survival to approximately 65% in pa-
tients without metastatic disease at presentation [ 1 ]. How-
ever, despite treatment, conventional osteosarcomas con-
tinue to have a high metastatic potential, particularly through
hematogenous spread to the lungs [ 1 ]. Pulmonary metastases
are typically peripheral and may be mineralized [ 4 ]. Rarely,
these metastases can result in chronic pneumothorax [4] . 
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Fig. 1 – Shoulder radiograph showing a sclerotic mass in 

the proximal left humeral diaphysis and metaphysis with a 
wide-zone of transition and an adjacent soft-tissue mass 
containing ossification (red arrow) (Color version of figure is 
available online). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – Fat-saturated post contrast T1 weighted MRI image 
showing an enhancing mass around the proximal humerus 
(red arrow) (Color version of figure is available online). 

Fig. 3 – Low-and high-power histologic images of bone 
biopsy (A-D). Hematoxylin and eosin (H&E)–stained 

sections show a hypercellular high-grade sarcoma with 

admixture of epithelioid, ovoid and plasmacytoid 

neoplastic cells, increased mitotic activity with atypical 
mitoses, and scattered clusters of multinucleated, 
non-neoplastic osteoclast-like giant cells (A-D). Focally, 
neoplastic, eosinophilic tumor bone formation is present 
(B), some with coarse and lace-like appearance (C). Rare foci 
of tumor necrosis are also seen (D). 

 

 

 

 

 

 

Case report 

A 13-year-old healthy male presented to his primary physi-
cian for evaluation of left shoulder pain that started after at-
tempting a layup during a basketball game. On physical ex-
amination, his shoulder alignment was normal, and there was
no redness, warmth, swelling, or palpable mass. He was neu-
rovascularly intact, and his motor function was preserved. A
radiograph demonstrated a blastic lesion in the left proximal
humerus extending from the proximal growth plate 7 cm dis-
tally along the humeral shaft ( Fig. 1 ). A follow-up MRI demon-
strated an aggressive, marrow replacing lesion extending from
the physis to the distal fourth of the diaphysis, approximately
5.5 cm proximal to the capitellar and trochlear physes ( Fig. 2 ).
There was also evidence of extraosseous spread within the
proximal third of the humeral diaphysis and a small enhanc-
ing soft tissue nodule concerning for a small pathologic lymph
node. Based on these findings, there was concern for osteosar-
coma with possible lymphatic metastasis. He therefore under-
went open left humeral biopsy; pathology demonstrated con-
ventional high-grade osteosarcoma ( Fig. 3 ). 

Given the extent of involvement, the patient completed a
course of neoadjuvant chemotherapy with doxorubicin prior
to proceeding with surgical resection. At that time, a chest
CT and bone scan were both negative for metastases. Af-
ter completion of chemotherapy, he underwent left proxi-
mal humerus resection with osteoarticular allograft and open
reduction and internal fixation of the left humerus. Pathol-
ogy demonstrated a 13 cm poorly differentiated osteosarcoma
with a 50% treatment response. All margins were negative for
osteosarcoma. 

After surgical resection of his tumor, the patient contin-
ued adjuvant chemotherapy with doxorubicin. Approximately
four months later (8months post-diagnosis), he presented to
the emergency department with fevers and chills. On evalu-
ation, his temperature was 99.7 F, he was tachycardic in the
120s, tachypneic in the 30s, and his oxygen saturation was in
the low 90s on room air. A chest radiograph demonstrated a
moderate left-sided pneumothorax ( Fig. 4 ). Due to his history
of osteosarcoma, there was a concern that his pneumothorax
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Fig. 4 – Chest radiograph showing a moderate left 
pneumothorax (red arrows); exam performed 8 months 
after initial diagnosis (Color version of figure is available 
online). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 – (A) Intraoperative photograph showing subpleural 
lung nodules, (B) Axial chest CT image showing a tiny 

calcified nodule in the right lower lobe following 
evacuation of a left-sided pneumothorax with a pigtail 
tube. Nodules were occult in the left lung at this time; exam 

performed 8 months after initial diagnosis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was secondary to metastases. A chest CT demonstrated inter-
val development of five nodules within the right middle and
lower lobes with calcifications suspicious for metastatic dis-
ease, but no detectable nodules on the left. The patient sub-
sequently underwent bilateral thoracotomies with wedge re-
sections of the right middle and lower lobes and the left lower
lobe ( Fig. 5 ); pathologic evaluation confirmed metastatic os-
teosarcoma in the right and left lower lobes ( Fig. 6 ). 

Despite surgical resection of the known pulmonary nod-
ules, the patient continued to present with recurrent left-
sided pneumothoraces. He represented with pneumothoraces
at 11, 13, and 15 months post-diagnosis ( Fig. 7 ). Each pneu-
mothorax was treated with chest tube placement for 0-2 days;
resolution of the pneumothorax was confirmed with chest ra-
diography prior to removal of the chest tubes ( Fig. 8 ). Due to his
recurrent pneumothoraces and interval progression and de-
velopment of pulmonary nodules as demonstrated on a chest
CT 15 months post diagnosis ( Fig. 9 ), the patient underwent
wedge resections of the left upper lobe and left lower lobe. Al-
though it was originally planned to resect the metastases on
the right lung the same day, the patient did not tolerate 1-lung
ventilation during the operation, and therefore the right mid-
dle lobe lobectomy and wedge resections of the right upper
and right lower lobes were performed in a second surgery a
few days later. The patient did well following surgery until he
again developed spontaneous, left-sided pneumothoraces 19
and 20 months post-diagnosis. These pneumothoraces were
again treated with chest tube placements for 0-1 days, and res-
olution of the pneumothoraces were confirmed with chest ra-
diography prior to removal of the chest tubes. Lastly, he devel-
oped a right-sided pleural effusion with a significant number
of loculations 24 months post diagnosis. He was briefly admit-
ted and treated with a tunneled pleural drainage catheter and
administration of 4 mg of alteplase daily for three days; the
catheter remained in place after discharge for continued out-
put monitoring. Although these interventions provided short-
term relief, he continued to have progressive disease. He en-
rolled in hospice care and ultimately passed away 26 months
after initial diagnosis. 

Discussion 

Osteosarcoma is a tumor characterized by the production of
osteoid by malignant cells. It is the most common nonhema-
tologic primary malignancy of bone. Although onset can oc-
cur at any age, osteosarcoma tends to follow a bimodal dis-
tribution, with primary high-grade osteosarcoma most com-
monly presenting in the second decade of life while parosteal
osteosarcomas peak in the third and fourth decades of life,
and other secondary osteosarcomas occur in older adults ( ≥
age 60), typically in the setting of Paget’s disease or prior radi-
ation therapy [ 3-5 ]. Primary osteosarcomas most often occur
at sites of the most rapid bone growth, including the distal
femur, the proximal tibia, and the proximal humerus [ 3 ]. The
presentation of osteosarcoma is very characteristic in nature.
The majority of patients present with localized pain, typically
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Fig. 6 – Low-and medium-power histologic images from 

lung lobe resections with metastatic osteosarcoma (A-C). 
Hematoxylin and eosin (H&E)–stained sections show foci of 
metastatic osteosarcoma within the lung parenchyma. 
Bone matrix and coarse, lace-like neoplastic lamellar bone 
with primitive, disorganized trabeculae is directly produced 

by the osteosarcoma. 

Fig. 7 – Frontal radiograph showing a moderate left-sided 

pneumothorax (red arrows); exam performed 13 months 
after initial diagnosis (Color version of figure is available 
online). 

 

 

 

 

 

 

 

Fig. 8 – Frontal radiograph showing resolution of the 
left-sided pneumothorax following anterior pigtail chest 
tube placement; exam performed 13 months after initial 
diagnosis. 

Fig. 9 – Axial chest CT image showing a small calcified 

nodule in the lingula. A tiny residual left-sided 

pneumothorax is present following chest tube placement; 
exam performed 15 months after initial diagnosis. 

 

 

 

 

 

 

 

 

 

 

of several months’ duration. Pain frequently begins after an
injury, and may wax and wane over time [ 6 ]. Pain may initially
improve with conservative measures and activity modifica-
tion, which may distract clinicians against a possible malig-
nancy. However, the pain will tend to worsen with time and be-
come refractory to initial therapies [3]. While night pain would
be helpful in identifying a malignancy, only about 25% of pa-
tients experience this phenomenon. Systemic symptoms such
as fever, weight loss, and malaise are generally absent [ 6 ]. 

Because patients with osteosarcoma typically present with
a musculoskeletal complaint, initial imaging workup will typ-
ically consist of a radiograph. It should be noted that many
patients will be misdiagnosed with a more common mus-
culoskeletal problem at the initial visit and imaging may
not be performed, thus leading to a delay in diagnosis. In
some instances, this delay in diagnosis may be substantial.
In 1 study, the delay from symptom onset to correct diag-
nosis was approximately 15 weeks, inclusive of a 6-week pa-
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tient delay (time from symptom onset to physician encounter)
and a 9-week physician delay (time from patient encounter
to correct diagnosis). The most common reason for physi-
cian delay included failure to obtain radiographs at the initial
visit [ 3 ]. 

Although conventional and secondary osteosarcomas are
histologically indistinguishable, the diagnoses of these sub-
types are made on the basis of radiographic appearance [ 7 ]. On
radiography, conventional osteosarcoma typically presents as
a metaphyseal lesion. There is a spectrum of radiographic ap-
pearances ranging from entirely lytic to entirely sclerotic. Most
commonly, the medullary component is lytic with a spectrum
of osteoid or chondroid matrix. Osteoid matrix is classically
described as ‘cloud-like’ or ‘fluffy’, while chondroid matrix is
often described as a rings and arcs pattern [ 4 ]. Tumor margins
are often ill-defined and can show a lytic permeative or ‘moth-
eaten’ appearance, which are features of an aggressive un-
derlying process [ 4 ]. Cortical destruction is common, resulting
in the development of an eccentric extra-osseous soft-tissue
mass, which commonly shows typical osseous amorphous
matrix mineralization. The density of the extra-osseous mass
is increased by periosteal new bone formation that is fre-
quently complex-perpendicular, spiculated or ‘sunburst’, or
lamellated/onion skin or reactive with Codman angles at the
margin of the tumor [ 4 ]. Although an MRI is not critical to di-
agnosing osteosarcoma, it is required for surgical staging as it
can best define the extent of involvement of the tumor within
bone, soft tissues, joints, and neurovascular structures. Addi-
tionally, MRI is often utilized to evaluate for the presence of
intraosseous skip metastases, a known complication of con-
ventional osteosarcoma. The presence of these skip lesions
highlights the importance of covering the entire length of the
involved bone and adjacent joints. 

The natural history of osteosarcoma is hematogenous
spread with subsequent development of pulmonary metas-
tases [ 4 ]. Thus, the status of metastatic disease at time of
presentation is the most important prognostic factor for os-
teosarcoma. As a group, patients with metastatic disease have
a poor prognosis, with less than 20% long-term survival [ 3 ].
Patients with non-pulmonary metastases have an even worse
prognosis, with less than 5% long-term survival. Other indi-
cators of poor prognosis include larger tumor size, high le-
sion grade, poor response to chemotherapy ( ≤90% necrosis),
and a more proximal lesion location. Historically, patients
with high-grade osteosarcoma were treated with immediate
wide or radical amputation. Despite this treatment, 80% of pa-
tients with apparently isolated disease died of distant metas-
tases. Based on this statistic, it is theorized that, despite a
lack of imaging findings, most patients with high-grade os-
teosarcoma have nondetectable micrometastases at presen-
tation. The goal of adjuvant and neoadjuvant chemotherapy
is to treat these micrometastases. Currently, the treatment of
high-grade osteosarcoma consists of neoadjuvant chemother-
apy followed by surgical resection of the tumor and then ad-
juvant chemotherapy. Following adjuvant chemotherapy, pul-
monary metastases are resected if possible [ 8 ] . 

A well-known but rare manifestation of metastatic lung
cancer is a spontaneous pneumothorax [ 9 ]. Generally, the inci-
dence of cancer-related spontaneous pneumothorax is small,
accounting for less than 1.5% of all spontaneous pneumotho-
races [ 10 ]. However, within cancer-related spontaneous pneu-
mothoraces, the incidence varies by malignancy type. In par-
ticular, pneumothoraces appear to be more common in pa-
tients with sarcomas, especially osteosarcomas. In 1 study, ap-
proximately 11% of patients with osteosarcoma developed a
spontaneous pneumothorax [ 11 ]. Although the exact mecha-
nism of spontaneous pneumothorax in metastatic osteosar-
coma is unknown, several mechanisms have been proposed.
In sarcomas and germ cell tumors, spontaneous pneumoth-
oraces are most commonly thought to be induced by necro-
sis and hemorrhage of pulmonary metastases as a result of
chemotherapy. Specifically, it is thought that some peripheral,
subpleural nodules are particularly chemosensitive, leading
to rapid lysis and necrosis after treatment with chemother-
apy. The eventual rupture of these nodules results in leak-
age of air into the pleural space, producing a pneumotho-
rax [ 12 ,13 ]. Another mechanism that has been proposed in-
cludes the use of emetogenic chemotherapy agents. It is be-
lieved that, in combination with necrosis of subpleural nod-
ules induced by chemotherapy, the increased intrathoracic
pressure produced by emesis leads to rupture of the nodules,
producing a pneumothorax [ 9 ,13 ]. Lastly, some authors have
proposed that direct extension of metastatic lesions into the
pleura or impairment of repair processes produced by some
chemotherapy agents (eg Adriamycin, Doxorubicin), may be
responsible for spontaneous pneumothoraces in metastatic
osteosarcoma [ 12-14 ]. As mentioned previously, the current
mechanism of spontaneous pneumothorax in patients with
pulmonary metastatic osteosarcoma is unknown. It should
also be noted that the previously proposed mechanisms are
based on observational data, case reports, and review articles
[ 11 ,14-16 ]. In fact, in a case report by Bini et al. in 2000, it was
noted that only 28 cases of spontaneous pneumothorax as a
complication of chemotherapy had previously been described
[ 14 ]. 

Despite pneumothorax recurrence being common in os-
teosarcoma patients who develop a pneumothorax, the op-
timal management in this patient population is relatively
unknown. Several methods have been tried, including chest
tubes, pleurodesis, wedge resections, and chemotherapy.
However, pneumothoraces still tend to recur [ 9 ]. In the future,
it will be important to identify which treatment modalities op-
timize outcomes and quality of life for patients with recurrent
pneumothoraces, as the current treatment options appear to
provide limited, short-term benefit. 

The development of a spontaneous pneumothorax in pa-
tients with sarcomas is a poor prognostic indicator with mor-
tality rates of 50% at 4-5 months, 75% at one year, and 91%
at 2 years. In particular, osteosarcoma had the lowest 3-
month survival rate of the sarcomas, measuring 58% post-
pneumothorax. Pneumothorax recurrence is also common in
patients with sarcoma-associated pneumothorax and can be
seen in almost 1-half of patients. In particular, patients pre-
senting with spontaneous pneumothorax requiring chest tube
placement are at a higher risk of recurrence [ 12 ]. As men-
tioned previously, pulmonary metastases may be treated with
surgery and chemotherapy. While this method may be bene-
ficial for patients with limited metastatic disease, it may not
provide great benefit for patients with recurrent metastases.
These patients may develop recurrent pulmonary metas-
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tases leading to chronic pneumothorax necessitating frequent
chest tube placement and multiple surgical resections. 

Conclusion 

This case reviews pneumothorax as a complication of os-
teosarcoma. Chest tube placement, pleurodesis, wedge resec-
tions, and chemotherapy are all treatment options [ 9 ,12 ] . De-
spite pneumothorax recurrence being common in osteosar-
coma patients, the optimal management in this patient popu-
lation is unknown. In the future, it will be important to identify
which treatment modalities optimize outcomes and quality of
life for patients with recurrent sarcoma-related pneumotho-
races. 

Patient consent 

Written informed consent for publication was obtained from
the patient. 

R E F E R E N C E S  

[1] Pope TL , Davies AM , Douis H , James SLJ . Musculoskeletal 
imaging. Elsevier Saunders; 2015. p. 924–43. essay .

[2] Goldblum JR , Lamps LW , McKenney JK , Myers JL . Rosai and 

Ackerman’s surgical pathology. Elsevier; 2018. p. 1752–9 .
[3] Azar FM , Canale ST , Beaty JH , Campbell WC , Heck RK , Toy PC .

Campbell’s operative orthopaedics. In: Campbell’s Operative 
Orthopaedics. Elsevier; 2021. p. 1009–48. essay .

[4] Adam A , Dixon AK , Gillard JH , Schaefer-Prokop C ,
Grainger RG , Patel A , et al.. Grainger & Allison’s diagnostic 
radiology: a textbook of medical imaging. Elsevier; 2021. 
p. 1041–65. essay .
[5] Mikkilineni H , Sundaram M . Imaging of bone sarcomas. In: 
Ilaslan H, editor. Bone Cancer. Elsevier; 2015. p. 371–92. essay .

[6] Meyers PA, Gorlick R. OSTEOSARCOMA. Pediatr ClinNorth 

Am 1997;44:973–89. doi: 10.1016/s0031- 3955(05)70540- x .
[7] Yarmish G, Klein MJ, Landa J, Lefkowitz RA, Hwang S. 

Imaging characteristics of primary osteosarcoma: 
nonconventional subtypes. Radio Graphics 2010;30:1653–72. 
doi: 10.1148/rg.306105524 .

[8] Briccoli A, Rocca M, Salone M, Bacci G, Ferrari S, Balladelli A, 
et al. Resection of recurrent pulmonary metastases in 

patients with osteosarcoma. Cancer 2005;104:1721–5. 
doi: 10.1002/cncr.21369 .

[9] Fayda M, Kebudi R, Dizdar Y, Gorgun O, Gun F, Aksu G, et al. 
Spontaneous pneumothorax in children with osteosarcoma: 
report of 3 cases and review of the literature. Acta Chir Belg 
2012;112:378–81. doi: 10.1080/00015458.2012.11680856 .

[10] Steinhauslin CA , Cuttat JF . Spontaneous pneumothorax: a 
complication of lung cancer. Chest 1985;88:709–13 .

[11] Smevik B, Klepp O. The risk of spontaneous pneumothorax 
in patients with osteogenic sarcoma and testicular cancer. 
Cancer 1982;49:1734–7. doi: 10.1002/1097-0142(19820415)49: 
8 〈 1734::aid- cncr2820490833 〉 3.0.co;2- k .

[12] Hoag JB, Sherman M, Fasihuddin Q, Lund ME. A 

comprehensive review of spontaneous pneumothorax 
complicating sarcoma. Chest 2010;138:510–18. 
doi: 10.1378/chest.09-2292 .

[13] Laurencet FM, Zulian GB, Dietrich PY. Pneumothorax 
following induction chemotherapy for a germ cell tumor. Eur 
JCancer 1997;33:169–70. doi: 10.1016/s0959- 8049(96)00296- 1 .

[14] Bini A, Zompatori M, Ansaloni L, Grazia M, Stella F, 
Bazzocchi R. Bilateral recurrent pneumothorax complicating 
chemotherapy for pulmonary metastatic breast ductal 
carcinoma: report of a case. Surg Today 2000;30:469–72. 
doi: 10.1007/s005950050628 .

[15] Guiliano A. Chemotherapy and thoracotomy for metastatic 
osteogenic sarcoma. J Pediatr Surg 1978;13:554. 
doi: 10.1016/s0022- 3468(78)80380- 7 .

[16] Rosen G , Tan C , Sanmaneechai A , Beattie EJ , Marcove R ,
Murphy ML . The rationale for multiple drug chemotherapy in
the treatment of osteogenic sarcoma. Cancer 1975;35:936–45 .

http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0005
https://doi.org/10.1016/s0031-3955(05)70540-x
https://doi.org/10.1148/rg.306105524
https://doi.org/10.1002/cncr.21369
https://doi.org/10.1080/00015458.2012.11680856
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0010
https://doi.org/10.1002/1097-0142(19820415)49:8$<$1734::aid-cncr2820490833>3.0.co;2-k
https://doi.org/10.1378/chest.09-2292
https://doi.org/10.1016/s0959-8049(96)00296-1
https://doi.org/10.1007/s005950050628
https://doi.org/10.1016/s0022-3468(78)80380-7
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00533-1/sbref0016

	Recurrent spontaneous pneumothoraxes as a complication of osteosarcoma metastases: a case report
	 Introduction
	 Case report
	 Discussion
	 Conclusion
	 Patient consent
	 References


