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Background: Rates of long-term survival for children with pulmonary metastatic osteosarcoma are low, and com-
plete surgical resection of all visible pulmonary metastases is necessary for long term survival. Surgical ap-
proaches for metastasectomy include thoracotomy and thoracoscopy, with the approach chosen influenced by
training and institutional bias. Thoracotomy with manual palpation of lung surfaces can identify nodules not
seen on preoperative imaging, but no clear survival benefit has been demonstrated compared to complete
thoracoscopic resection of all visible nodules.
Methods:Allmember of theAmerican Pediatric Surgical Associationwere surveyed, and 204members responded.
Results: Thoracoscopy was the preferred approach of 34% of surgeons for patients with 3 unilateral nodules but
only 21% for those with 5 unilateral nodules. Hospital volume did not correlate with operative approach. Locali-
zation strategies are used by 37% of surgeons who prefer thoracotomy and 64% who prefer thoracoscopy. Impor-
tantly, the vast majority of responding surgeons (84%) expressed a willingness to participate in a randomized
controlled trial of thoracotomy versus thoracoscopy.

Conclusion: Findings of this survey of North American pediatric surgeons confirm both the need for, and interest
in, a prospective trial to define optimal surgical management of childrenwith osteosarcomawith limited pulmo-
nary metastasis.
Level of evidence: V.

© 2020 Elsevier Inc. All rights reserved.
Pulmonary metastases are present at diagnosis in approximately
20% of patients with osteosarcoma, and another 20% at relapse
[1–3]. In the European and American Osteosarcoma Study
(EURAMOS) of more than 2000 patients, 12.5% had pulmonary me-
tastasis at diagnosis, and 92% of relapses involved the lungs [3]. Sur-
vival for patients with pulmonary metastatic disease is poor, with
long term survival <40% consistently reported [4]. A prerequisite
for cure is complete surgical clearance of all known metastatic dis-
ease. Open thoracotomy has been the standard approach for pulmo-
nary metastasectomy and manual palpation of all lung surfaces
frequently identifies additional small nodules not seen on preopera-
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tive imaging. Furthermore, some institutions advocate contralateral
exploration in patients with unilateral disease on preoperative imag-
ing, owing to the risk of nonvisualized contralateral lesions. How-
ever, the oncologic benefit of removing these “occult” nodules has
not been established, and the potential benefit should be weighed
against the morbidity of open thoracotomy. Improvements in imag-
ing and localization techniques, along with advances in
thoracoscopic technology now allow for successful minimally inva-
sive excision of pulmonary metastases.

Given the importance of complete resection of pulmonarymetastatic
disease in osteosarcoma, optimizing surgical management has the po-
tential to impact outcomes for these patients. While retrospective
multi-institutional data have demonstrated equivalent survival with
open and thoracoscopic pulmonary metastasectomy, the findings are
limited by significant selection bias [5]. These retrospective data do sug-
gest clinical equipoise for a randomized clinical trial (RCT) to defini-
tively establish the optimal surgical approach. Considerable effort
has been undertaken to design and implement an RCT in the
Children's Oncology Group comparing pulmonary disease-free
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Table 1
Survey responses with confidence intervals for preferred operative approach and willing
ness to participate in randomized trial.

Thoracotomy Thoracoscopy

Unilateral disease: 3 nodules
134 (66%; CI
59%–72%)

69 (34%; CI
28%–41%)

Unilateral disease: 5 nodules
160 (79%; CI
73%–84%)

43 (21%; CI
16%–27%)

Bilateral disease: 3 + 1 nodules
131 (65%; CI
58%–72%)

69 (35%; CI
28%–42%)

Yes No
Willingness to participate in
randomized trial

165 (85%; CI
79%–89%)

30(15%; CI
11%–21%)

CI, confidence interval.
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survival in patients undergoing pulmonary metastasectomy by open
surgery versus thoracoscopy. However, a major barrier to conducting
such a trial is determining patient and provider willingness to un-
dergo randomization. Given the relative rarity of the problem, ade-
quate accrual is dependent on a strong majority of surgeons
believing in the equipoise of the surgical question. A survey of the
American Pediatric Surgical Association (APSA) membership was
thus undertaken to obtain current practice information and willing-
ness to participate in an RCT.

1. Methods

A survey on preferred surgical approach to patients with osteo-
sarcoma pulmonary metastasis, as well as willingness to participate
in an RCT, was distributed electronically to members of the
American Pediatric Surgical Association. The study was approved
through the Institutional Review Board of Christus Health and autho-
rized through the APSA Outcomes and Evidence based practice com-
mittee. The survey was sent to all 1197 active and associate members
of APSA during the month of November 2016. This included an initial
email invitation followed by 3 reminder emails sent over the course
of the month to those who did not respond. The median response
rate for surveys administered through the APSA Outcomes and Evi-
dence Based Practice committee is 27%. Survey questions and re-
sponse options are listed in Appendix 1. Questions investigated
surgeon's practice type, preferred surgical approach based on disease
burden, utilization of localization techniques, willingness to partici-
pate in a randomized controlled trial, and annual volume of patients
meeting potential inclusion criteria for a randomized trial. Questions
about surgical approach for different scenarios were all based on pa-
tients with synchronous pulmonary metastatic disease at the time of
osteosarcoma diagnosis. The pulmonary operation in these scenarios
typically occurs after induction chemotherapy and definitive local
control, but while the patient remains on chemotherapy. Recogniz-
ing that surgical approach for an individual patient is based on
many factors besides simply the number and laterality of the nodules
(including central vs peripheral location, relationship to major struc-
tures, etc), the intent of this analysis was to capture general practice
trends. Analyses were conducted eliminating missing data; a no im-
putation strategy for such data was employed. For cross tabulated
answers, the p-value for the test of hypothesis that the row charac-
teristic was not associated with the column characteristic was calcu-
lated using the exact conditional method [6].

2. Results

The survey was completed by 204 pediatric surgeons from North
America, 78% (n = 149) of whom practice at academic children's
hospitals. Complete responses are summarized in Appendix 2. Re-
spondents reported treating a median of 3 patients per year with
newly diagnosed osteosarcoma and limited metastatic disease bur-
den in the lungs. Sixteen percent (n=28) reported that their institu-
tions cared for more than 5 of these patients per year. One hundred
and sixty-five participants, representing the vast majority of respon-
dents (85%, confidence interval 79%–89%) expressed a willingness to
participate in a randomized trial comparing thoracoscopy to thora-
cotomy for these patients.

In describing their surgical approach for patients with pulmonary
metastases from osteosarcoma, practice patterns differed depending
on the extent ofmetastatic disease (Table 1). Thoracoscopywas the pre-
ferred approach for 34% of surgeons for patients with newly diagnosed
osteosarcoma (synchronous disease present at diagnosis) with limited
unilateral (3 on one side) and for 35% of patients with bilateral (3 on
one side, 1 on the other) disease. However, for a patient with newly di-
agnosed osteosarcoma with more extensive (5 nodules) unilateral dis-
ease, only 21% expressed a preference for thoracoscopy. For patients
283
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with unilateral disease on imaging, 29% of surgeons perform a routine
contralateral exploration.

Hospital volume did not correlate with surgical approach for any
of the three patient scenarios. For the scenario of a patient with 3 uni-
lateral nodules, 22% (6 of 27) at high volume (>5 per year) centers
prefer thoracoscopy compared to 36% (52 of 145) at lower volume
centers (p = 0.19). Likewise, there was no difference in utilization
of routine contralateral exploration at high volume (10 of 28, 36%)
or lower volume centers (40 of 143, 28%; p = 0.50).

Localization strategies are utilized by46% (n=90) of surgeonswhen
resecting osteosarcoma pulmonary metastases. The preferred localiza-
tion approach was a wire in 26% (n = 23), methylene blue injection in
14% (n=13), intraoperative sonography in 8% (n=7), the combination
of a wire andmethylene blue in 28% (n=25), and another combination
of the above modalities in 19% (n=17). Five respondents did not iden-
tify their preferred approach for localization. There was no difference in
utilization of localization strategies at high volume (13 of 28, 46%) or
lower volume (68 of 143, 48%, p=1) centers. However, therewas a sig-
nificantly greater utilization of localization techniques by respondents
who perform a thoracoscopic approach for 3 unilateral nodules (41 of
64, 64%) compared to those who perform thoracotomy (48 of 129,
37%, p = 0.0007).
3. Discussion

The lung is the most common metastatic site in osteosarcoma,
both at initial presentation and recurrence. Pulmonary
metastasectomy is believed to play a crucial role in the care of
these patients, with complete surgical resection of all known meta-
static disease shown to be a consistent prerequisite for survival in
published studies [2,7–10]. However resection of “occult” nodules –
microscopic nodules identified by manual palpation but not seen
on imaging – has never been shown to influence recurrence or sur-
vival. Specifically, patients with unilateral disease who underwent
unilateral thoracotomy with manual palpation of just that one lung
were equally likely to have ipsilateral and contralateral recurrence
[11]. While reports document statistically significant survival benefit
in those who had pulmonary metastasectomy for osteosarcoma, two
recent systematic literature reviews have shown that most data
come from single institution case series, with few cooperative
group trials [12,13]. Survival data are obscured by the rarity of the
problem, advances in imaging and surgical technique, varying che-
motherapy regimens, and institutional biases. As a result, it has
been difficult to establish a consensus for optimal surgical manage-
ment. Findings from this survey confirm the heterogeneity of current
practice, including the preferred operative technique, preference for
contralateral exploration and utilization of localization techniques.
Most importantly, however, the survey reveals widespread support
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for a randomized trial to more definitively determine optimal surgi-
cal management.

While diagnostic imaging is employed to define extent, location,
and laterality of disease to inform surgical strategy, manual palpation
is believed necessary to ensure complete resection of all lesions. One
study demonstrated that the number of lung lesions seen on preop-
erative CT scan correlated poorly with operative findings and
underestimated the number of viable metastases in 26% of patients
[14]. An additional study of patients presenting with unilateral dis-
ease within 2 years of diagnosis who underwent contralateral explo-
ration identified contralateral disease in 86% of patients [15].
However in a similar group of patients with unilateral metastatic dis-
ease from another institution managed with unilateral thoracotomy
and no contralateral exploration, the incidence of recurrence was
similar in the ipsilateral and contralateral lung [11]. The advent of
thoracoscopy further complicates surgical strategy. One recent in-
vestigation utilizing high resolution CT found that thoracoscopic re-
section of solitary metachronous metastasis did not compromise
survival [16]. Without tactile feel, thoracoscopy relies on preopera-
tive and intraoperative nodule identification, and in many cases in-
traoperative localization techniques with wires, coils, dye or
intraoperative ultrasound [17]. While thoracotomy remains the
mainstay of pediatric practice, thoracoscopy is more widespread in
adult patients owing to findings of comparable survival with de-
creased morbidity in selected patients with various sarcoma histolo-
gies [18]. However, no direct comparisons of the two surgical
techniques have been performed in adult patients with osteosar-
coma, and selection bias complicates interpretation because
thoracoscopy is utilized more frequently for patients with better
prognostic features (solitary, peripheral, and/or unilateral nodules).
Furthermore, with increased utilization of muscle-sparing tech-
niques for thoracotomy, the extent to which surgical morbidity dif-
fers between the two approaches is unclear.

The inconclusive evidence on optimal surgical practice manifests
with wide variety in clinical practice for the management of these
patients. A survey of themembership of the Connective Tissue Oncol-
ogy Society (CTOS), a multidisciplinary sarcoma focused organiza-
tion, demonstrated that management of a 2 cm unilateral lung
nodule present at initial diagnosis varies widely between medical
providers [19]. Treatment strategies ranged from resection at initial
diagnosis, delayed resection during chemotherapy, to resection
after completion of chemotherapy. Surgical approach in this survey
ranged from unilateral thoracoscopic resection to bilateral thoracot-
omies to median sternotomy. The management of nodules present at
diagnosis that resolved with chemotherapy was also found to be var-
iable, and the natural history of such patients, in the absence of
attempted resection, is poorly understood.

Findings from our survey confirm the heterogeneity of current
practice but indicate a willingness to participate in an RCT limited
to patients with oligometastatic disease in one or both lungs to op-
timally compare surgical and oncologic outcomes between surgical
approaches. Our survey suggests that in those scenarios, approxi-
mately one-third of pediatric surgeons prefer thoracoscopy, while
two-thirds prefer thoracotomy. While the use of thoracoscopy for
patients with 3 or fewer nodules by a substantial minority of sur-
geons was expected, the preference for thoracoscopy even in pa-
tients with 5 nodules by 21% of surgeons was surprising. While
this may represent response bias, the use of newer localization
techniques such as fluorescence-guided surgery with ICG may in
fact make this feasible in very select circumstances. The survey sug-
gests that many but not all surgeons have experience with the lo-
calization techniques necessary for reliable and successful
thoracoscopic excision. That experience has increased further
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since this survey was administered, and new techniques including
microcoil localization and fluorescence-guided metastasectomy
have gained some use.

Although limited by a survey response rate < 20%, our results do in-
clude broad representation of different types of pediatric surgical prac-
tice across North America and are thus likely representative of current
practice. Furthermore, in the event that surgeons who have increased
specialization in pediatric surgical oncology or who care for more pa-
tients with metastatic osteosarcoma were more likely to respond to
the survey, the findingswould actually better correlate with anticipated
participation in the proposed randomized trial. Additionally, in exten-
sive discussions with oncologists in the COG bone tumor committee,
strong support for a randomized trial has been repeatedly demon-
strated. Finally, support was obtained from patients at an osteosarcoma
patient advocacy meeting (The MIB FACTOR Conference) in 2019, with
69% of respondents expressing willingness to enroll in a randomized
trial [20].

In conclusion, this survey of the American Pediatric Surgical Associa-
tion membership highlights the need for, and the average pediatric
surgeon's interest in a randomized controlled trial to define optimal sur-
gical management of children with osteosarcoma with limited pulmo-
nary metastasis.
Appendix A. Appendix 1: survey questions

What is your surgical approach for a patient with newly diagnosed
osteosarcoma and 3 unilateral radiographically diagnosed pulmonary
metastases?

Open Thoracotomy Thoracoscopy
What is your surgical approach for a patient with newly diagnosed

osteosarcoma and 5 unilateral radiographically diagnosed pulmonary
metastases?

Open Thoracotomy Thoracoscopy
What is your surgical approach for a patient with newly diagnosed

osteosarcoma and 3 unilateral radiographically diagnosed pulmonary
metastases, 2 on the right, one on the left?

Open Thoracotomy Thoracoscopy
Do you perform a staged contralateral procedure for a patient with

newly diagnosed osteosarcoma and 3 unilateral radiographically diag-
nosed pulmonary metastases?

Yes No
Would you bewilling to participate in a study of patients with newly

diagnosed osteosarcoma and pulmonary metastases where you could
be asked to perform thoracoscopy when your traditional approach
would be open thoracotomy (or vice versa)?

Yes No
Do you use localization strategies when resecting pulmonary nod-

ules in osteosarcoma?
Yes No
IR Wire placement is a localization strategy when resecting pulmo-

nary nodules in osteosarcoma utilized Yes
IR injection of methylene blue is a localization strategy when

resecting pulmonary nodules in osteosarcoma utilized Yes
Intraoperative sonography is a localization strategy when resecting

pulmonary nodules in osteosarcoma utilized Yes
Number of patients with newly diagnosed osteosarcoma and <3

pulmonary metastases treated at your institution per year _________
Type of practice Academic Children’s Hospital Community Chil-

dren’s Hospital Community Hospital
Zip Code/Province of practice ____________________



30 1 0.6%
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Appendix B. Appendix 2: complete survey results
What is your surgical approach for a patient with newly diagnosed
osteosarcoma and 3 unilateral radiographically diagnosed
pulmonary metastases?

Count %

Unknown/Missing 1 .
Thoracotomy 134 66.0%
Thoracoscopy 69 34.0%

Frequency missing = 1
What is your surgical approach for a patient with newly diagnosed
osteosarcoma and 5 unilateral radiographically diagnosed
pulmonary metastases?

Count %

Unknown/Missing 1 .
Thoracotomy 160 78.8%
Thoracoscopy 43 21.2%

Frequency missing = 1
What is your surgical approach for a patient with newly diagnosed
osteosarcoma and 3 radiographically diagnosed pulmonary
metastases, 2 on right, 1 on left side?

Count %

Unknown/Missing 4 .
Thoracotomy 131 65.5%
Thoracoscopy 69 34.5%

Frequency missing = 4
Do you perform a staged contralateral procedure for a patient with
newly diagnosed osteosarcoma and 3 unilateral radiographically
diagnosed pulmonary metastases?

Count %

Unknown/Missing 10 .
No 138 71.1%
Yes 56 28.9%

Frequency missing = 10
Would you be willing to participate in a study of patients with newly
diagnosed osteosarcoma and pulmonary metastases where you
could be asked to perform thoracoscopy when your traditional
approach would be open thoracotomy (or vice versa)?

Count %

Unknown/Missing 9 .
No 30 15.4%
Yes 165 84.6%

Frequency missing = 9
Do you use localization strategies when resecting pulmonary nodules
in osteosarcoma?

Count %

Unknown/Missing 10 .
No Localization 104 53.6%
Localization 90 46.4%

Frequency missing = 10
Localization strategy Count %
Missing: not answered 10 .
Missing: do not apply (answered “no localization”) 104 .
None identified 5 5.6%
IR wire placement 23 25.6%
IR injection of methylene blue 13 14.4%
Intraoperative sonography 7 7.8%
IR wire placement; IR injection of methylene blue 25 27.8%
IR injection of methylene blue; intraoperative sonography 3 3.3%
IR wire placement; intraoperative sonography 5 5.6%
IR wire placement; IR injection of methylene blue; intraoperative
sonography

9 10.0%

Frequency missing = 114
Number of patients with newly diagnosed osteosarcoma and <3
pulmonary metastases treated at your institution per year.

Count %

. 31 .
0 4 2.3%
1 35 20.2%
2 29 16.8%
3 26 15.0%
4 10 5.8%
5 41 23.7%
6 3 1.7%
8 5 2.9%
10 10 5.8%
12 4 2.3%
15 2 1.2%
20 3 1.7%

(continued on next page)

Frequency missing = 31
Type of practice Count %
Not answered/missing 14 .
Academic children 149 78.4%
Community children 34 17.9%
Community 7 3.7%

Frequency missing = 14
285
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