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Introduction. Bone sarcomas are known to have a predilection for pulmonary metastasis. Surveillance protocols are thus focused
on periodic chest imaging, typically with CT scan. Pulmonary nodules can be easily identifed with this modality, but smaller
nodules are not readily biopsied and may not represent metastatic disease. Tese are called indeterminate. Te natural history of
indeterminate nodules in a bone sarcoma population and factors associated with progression to true metastatic disease are not
clearly defned.Methods. All bone sarcoma patients treated at a single institution from 2010 to 2020 were eligible for inclusion. We
treated 327 patients over this period; 119 were excluded for age less than 16 years, 31 were excluded for evident metastatic disease
at presentation, and 60 were excluded for incomplete clinical follow-up or CTchest imaging either at staging or in surveillance.We
assessed chest CT images for presence of pulmonary nodules and selected variables both at the staging and on surveillance images.
Nodules were considered metastatic if proven histologically with a biopsy or by clinical interpretation by the multidisciplinary
sarcoma team. Clinical and imaging factors were assessed for the association of indeterminate nodule progression to true
metastatic disease. Results. Seventy three of the 117 patients had indeterminate nodules on their staging CT scan; 41.1% of those
patients progressed to metastatic disease compared to 43.2% of the patients that did not have indeterminate nodules on staging
CT. Fifty eight of the 117 patients developed indeterminate nodules on surveillance chest CT, and 55.2% of those patients
progressed to metastatic disease. Tere were no clinical or imaging factors that predicted the development of metastatic disease in
the group that had indeterminate nodules at presentation; however, the number and size of nodules did correlate with progression
to metastasis in those that developed indeterminate nodules on surveillance. Conclusion. Indeterminate pulmonary nodules are
common on staging CT scans in patients with a bone sarcoma. Te presence or absence of these indeterminate nodules was not
predictive of progression to true metastatic disease in this cohort. However, the development of indeterminate nodules on
surveillance imaging was associated with progression to metastatic disease with the size and number of nodules being important
factors.

1. Introduction

Primary sarcomas of bone are a group of malignancies that
originate from mesenchymal tissues and share a proclivity
for pulmonary metastasis. While the diferent subtypes of
bone sarcoma demonstrate slightly diferent rates of me-
tastasis based on variables such as histology, grade, and
anatomic location, the vast majority of all bone sarcoma
patients who develop metastatic disease will have de-
monstrable disease in the lungs to the extent that it is es-
timated that over 90% of bone sarcoma patients who develop

metastatic disease will have sites of metastasis in the lungs
[1, 2]. Particularly troublesome, metastatic disease may
present across a long period of time, ranging from the time
of initial diagnosis to more than ten years after treatment.
Tis is critical in the care and management of the sarcoma
patient due to the fact that the presence of lung metastases
has a profound impact on prognosis [3]. It is for these
reasons that the imaging of the chest is a part of the rec-
ommended standard practice in the initial staging and the
post-treatment surveillance of all patients with a primary
sarcoma of bone.
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In their recommendations for the initial staging of pa-
tients presenting with most primary sarcomas of bone, the
National Comprehensive Cancer Network (NCCN) rec-
ommends imaging of the chest with computed tomography
(CT chest) as an integral part of the initial workup of the
patient [4]. CTscans of the chest can identify nodules as small
as 2mm, while biopsy of a pulmonary nodule is typically
unreliable if the lesion is under 10mm [5].Tis splits sarcoma
patients into several categories based on their chest CT scans
as follows: (1) those with no evidence of pulmonarymetastasis
on CT; (2) those with pulmonary nodules measuring 2–9mm,
making them indeterminant in nature, as they can be iden-
tifed by imaging but not reliably biopsied; and (3) those with
nodules 10mm or greater, which can be biopsied to poten-
tially render a diagnosis of metastatic disease versus unrelated
disease. Once the baseline CT chest is done, future scans can
determine whether any new nodules develop or if an existing
nodule grows or regresses.

In post-treatment surveillance for disease recurrence and
metastasis, the NCCN recommendations include imaging of
the chest with CT or radiographs, depending on the clini-
cian’s concern for the development of metastatic sites, based
on the totality of the presentation of the sarcoma [4]. For
high-grade sarcomas of bone, this often results in a schedule
of CT scans of the chest, declining in frequency, over the
period of 5–10 years. Findings on these scans place patients
into similar categories as noted above: those with no nod-
ules; those with nodules that are present on CT but unable to
be biopsied; and those with nodules that can be biopsied to
render a tissue diagnosis.

Te rationale for early and then repeated imaging of the
chest is to identify metastatic disease as early as possible so
that treatments such as chemotherapy, radiation, or surgical
resection may be given or adjusted. Likewise, negative chest
scans are potentially very reassuring to patients who have
sarcoma or a history of sarcoma. However, the presence of
indeterminant nodules seen on chest CT scans can lead to
a medical conundrum. Do these nodules represent meta-
static disease or are they merely incidental fndings? How
worried should a patient be and how should the practitioner
counsel the patient with regards to these indeterminant
nodules? Tese questions can lead to anxiety for the patient
and concerns about further testing and interventions for an
incidental or equivocally positive fnding [6].

When considering the relevance of indeterminant
nodules on chest CT scans, some imaging features may be
suggestive of metastasis. For osteosarcoma, as an example,
such features include multiple nodules, size >5mm, nodule
calcifcations, and change in the number or size during
neoadjuvant chemotherapy [7, 8]. Imaging features of
pulmonary metastases in Ewing’s sarcoma are less well
studied, but in general, those used for osteosarcoma, with
the exception of calcifcation, are accepted [9].
Chondrosarcoma-concerning features include high grade
and dediferentiated chondrosarcoma histology, size
>10mm, bilateral nodules, and nodule calcifcations [10].
None of these criteria have well-documented specifcity,
however. Indeed, benign pulmonary nodules are common
across the general population [11]. Gould et al. conducted

a retrospective observational study of adult members of an
integrated healthcare system and found pulmonary nodules
on 31% of all chest CT scans performed [12]. Even simple
data regarding the incidence and relative risks of indeter-
minant nodules found on staging and surveillance chest CT
scans are limited in the sarcoma medical literature.

Te primary purpose of this study is to identify the
behavior of indeterminant nodules found on initial chest CT
staging in patients with primary sarcoma of bone without
clear, evident metastatic disease on presentation. Using this
cohort of patients, we investigate what percentage of patients
with and without indeterminant nodules progress to met-
astatic disease and assess whether any patient-specifc factors
associate with the progression of indeterminant nodules to
true metastatic disease. We also investigate the rate of de-
velopment of indeterminant nodules during the surveillance
period in patients with primary sarcoma of bone and the
association of these indeterminant nodules with progression
to metastatic disease.

2. Methods

After Institutional Review Board’s approval, a retrospective
review was performed of all patients presenting to a single
National Cancer Institute Comprehensive Cancer Center
with a primary sarcoma of bone between the years 2010 and
2020. Patients were included in the study if they met the
following criteria: they were diagnosed with a primary sar-
coma of bone proven through biopsy and histologically
confrmed by a pathologist with specialty training in sarcoma;
full initial staging imaging was performed per NCCN
guidelines and no observable metastatic disease was evident;
patients were at least 16 years of age; and preoperative and
postoperative/post-treatment CT scans of the chest were
available for review. Patients were excluded if patients did not
have a confrmed diagnosis of a primary sarcoma of bone;
they presented on initial staging with demonstrable metastatic
disease as determined by biopsy of a lesion distant to the
primary site of disease; they were less than 16 years of age; they
did not have a pretreatment CT of the chest; or they did not
have surveillance scans with post-treatment CT scans of the
chest. Patients were included with follow-up CTscans as short
as 2months to capture early episodes of metastatic disease.

Patients were initially staged, treated, and followed in
surveillance according to NCCN guidelines. Treatments for
all osteosarcoma and Ewing sarcoma patients included
chemotherapy and wide local resection; chondrosarcoma
was treated with wide surgical resections; and chordoma was
treated with radiation and wide surgical resection. Diagnoses
grouped as “other” included entities such a leiomyosarcoma
of bone, malignant fbrous histiocytoma of bone, and f-
brosarcoma of bone; these were treated with osteosarcoma
regimens and wide surgical resection.

During the study period, the intent of the hospital’s
sarcoma team was to complete surveillance for high-grade
bone sarcomas by imaging each patient every 3months for
the frst 2 years after surgery, every 6months for the ensuing
3 years, and then yearly until 10 years after local control.
Imaging consisted of CT scans of the chest, MRI of the
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anatomic location of the primary sarcoma, and additional
imaging based on the histologic subtype of the sarcoma.
Indeterminant nodules were recorded in radiology reports for
the number and size of lesions and confrmed by over-read, as
described by MacMahon et al. [13]. Once a nodule was
identifed on CT, it was followed on subsequent CTscans until
it regressed or progressed to metastatic disease. Nodules were
consideredmetastatic disease if they were histologically proven
through core needle biopsy or clinical progression coinciding
with a nonpulmonary biopsy, confrming metastasis. Patients
were followed until the end of the surveillance period, to
metastatic disease, to death, or to loss of follow-up.

Variables collected on each patient included age, gender,
smoking status, sarcoma diagnosis, anatomic location of the
primary tumor, treatments rendered, number and size of
nodules identifed on initial CT scan, number and size of
nodules identifed on post-treatment CT scans, progression
vs. stability vs. regression of all pulmonary nodules, follow-
up times, and event-free and overall survival.

2.1. Statistics. Descriptive statistics were collated for the
cohort, including age, gender, histologic diagnosis, anatomic
location, and presence of indeterminant nodules seen on CT
scans, both at the initial presentation and the post-treatment
surveillance time periods. Patients were initially grouped
into 2 categories as follows: those with initial CTscans of the
chest demonstrating indeterminant nodules and those with
CT scans without indeterminant nodules. Tese groups were
compared using Chi-square and Mann–Whitney U tests to
determine if they difered in the dependent variables listed.
Tese groups were then assessed for diferences in the de-
velopment of metastatic disease and overall survival. Chi-
square and Mann–Whitney U tests were again used to assess
for statistical signifcance in the development of metastatic
disease; Kaplan–Meier survival curves were generated and
compared with log-rank tests to assess diferences in survival.
Te number and size of the indeterminant nodules were also
recorded and assessed for association with the development of
metastatic disease. Cox regression analysis was performed,
and hazard ratios were generated to determine the relative
infuence and efect of age, histologic diagnosis, anatomic
location, size of the largest nodules, and number of nodules
on the development of metastatic disease.

Follow-up groups were then created by categorizing
those who developed indeterminant nodules during sur-
veillance CT scans of the chest and those who did not de-
velop indeterminant nodules. Variables of age, gender,
histologic diagnosis, anatomic location, and presence of
indeterminant nodules seen on the initial CTscan were then
compared between the two groups using Chi-square and
Mann–Whitney U tests. A p value of 0.05 was set for sta-
tistical signifcance.

3. Results

A total of 327 patients presented to the Sarcoma Team with
a diagnosis of primary sarcoma of bone during the study
period. After exclusion for age, evident metastatic disease on

presentation, absence of preoperative CT scan of the chest,
lack of clinical follow-up, and surveillance with chest ra-
diographs instead of CT scans, 117 patients met inclusion
criteria (Figure 1).

Te average age of the patients in the included cohort
was 48.6 years (range: 16–81 years). Follow-up averaged
38.2months, ranging from 2 to 192months. Tere was
a preponderance of male patients (59%, n� 69); 30.8%
(n� 36) of the cohort had a smoking history. Chon-
drosarcoma was the most common diagnosis, followed by
osteosarcoma. All patients who had a diagnosis of osteo-
sarcoma, Ewing sarcoma, and “others” were treated with
a regimen of chemotherapy and wide surgical resection. All
chondrosarcomas were treated with wide surgical resection
alone. Tree of the four chordomas were treated with ra-
diation and surgery, while 1 of the 4 was treated with surgery
alone.Te vast majority of patients had high-grade sarcomas
(93.2%, n� 109). Eight low-grade sarcoma cases were in-
cluded, as they had sufcient clinical or radiographic con-
cern to warrant high-grade surveillance, as deemed by the
oncologic team at the time. Te lower extremity was the
most common anatomic site (41%, n� 48), followed by the
pelvis (29.9%, n� 35) and then the upper extremity (17.9%,
n� 21).

Of the entire cohort, 62.4% (n� 73) of the group had
indeterminant nodules on presurgical CT scans of the chest.
When comparing those with indeterminant nodules on
initial CT scans of the chest to those without indeterminant
nodules, there were no diferences in the percentages of each
group regarding gender, smoking status, diagnosis, grade of
tumor, or anatomic location (Table 1). Te group that had
indeterminant nodules on initial CT scans of the chest went
on to develop metastatic disease in 41.1% of the cases, in
comparison to 43.2% for those who presented without any
nodules on initial chest CT scan (p � 0.825). Time to
metastatic disease averaged 13.5months from surgery for
the group with indeterminant nodules and 24.9months for
the group without indeterminant chest nodules (p � 0.008).
Figure 2 presents a Kaplan–Meier curve for the overall
survival and the metastasis-free survival between the two
groups, censoring for losses to the follow-up (p � 0.568 and
0.648, respectfully).

Of the 73 patients presenting with indeterminant nod-
ules at time of initial staging, 41.1% (n� 30) went on to
develop metastatic disease (Table 2). When comparing the
group with initial indeterminant nodules that developed
metastatic disease to those with initial indeterminant nod-
ules that did not develop metastatic disease, there were no
signifcant diferences between the groups with regards to
age, gender, smoking history, sarcoma diagnosis, grade of
tumor, anatomic location of the primary site of disease, size
of the pulmonary nodules, or the number of indeterminant
nodules seen at initial disease presentation. Tere was
a diference between these two groups in total months of
postoperative follow-up. Tose without metastatic disease
were followed for a mean of 53.7months (range:
2–193months), while those who eventually developed
metastatic disease were followed for a mean of 22.9months
(range: 2–107months) (p< 0.001). Tis diference is
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attributed to survival, as the median overall survival group
that developed metastatic disease was 24.0months (95% CI:
2.07–45.93months).

Fifty eight of the 117 total patients (49.6%) developed
indeterminant chest nodules on follow-up surveillance CT
scans, while 59 patients did not (50.4%). Tese two groups
did not demonstrate signifcant diferences in age, gender,
smoking history, sarcoma diagnosis, grade of tumor, or
anatomic location of the primary site of disease (Table 3).
When considering the presence of indeterminant chest
nodules at the time of initial disease presentation in relation
to the development of new nodules during the surveillance
follow-up, 43.1% of the patients who developed new nodules
during surveillance had indeterminant nodules at the time of
initial presentation, while 81.4% of patients who did not
develop nodules on the follow-up did have indeterminant
nodules at the time of initial presentation (p< 0.001). Tere
were no diferences between the group that developed
indeterminant chest nodules in surveillance and the group
that did not develop new nodules in surveillance, when
considering the size and number of those nodules observed
at the time of initial disease presentation (p � 0.253 and
0.059, respectively). Whether a patient developed indeter-
minant nodules on chest CT scans during the surveillance
period had a signifcant correlation with the likelihood of
developing metastatic disease. Tirty two of the 58 (55.2%)
patients who developed indeterminant nodules on surveil-
lance chest CTscans went on to develop metastatic disease at
an average of 21.2months after local control surgery.

Seventeen of the 59 patients (28.8%) who did not develop
any new lung nodules on follow-up CTscans still went on to
be diagnosed with metastatic disease at an average of
11.4months. Te time to metastasis between these groups
(21.2months vs. 11.4months) was statistically diferent
(p � 0.033). All 17 of these patients who were eventually
diagnosed with metastatic disease but did not develop any
new lesions on surveillance chest CT scans had indeter-
minant nodules at initial presentation, which progressed
into the diagnosed metastatic disease. Of note, once meta-
static disease was documented, we did not continue to follow
any subsequent CTscans to determine if new nodules would
then develop, as diagnosis of metastatic disease was the
endpoint of interest for this study.

Table 4 describes the group of patients that developed
indeterminant nodules on surveillance chest CT scans,
comparing the subgroups that developed metastatic disease
to those that did not. Tese subgroups did not difer in age,
gender, follow-up time, smoking history, sarcoma diagnosis,
grade of tumor, anatomic location of the primary sarcoma,
or the presence of indeterminant chest nodules found on
preoperative CT scan. Size of the largest nodule that de-
veloped on surveillance chest CT scan and the number of
nodules that developed were signifcantly diferent between
the group that ultimately developed metastatic disease and
the group that did not (p � 0.014 and 0.021 respectively).
Tose that developed metastatic disease were more likely to
have larger nodules on their surveillance scans, as the group
that did not develop metastatic disease only developed

All Patients Presenting with
Primary Sarcoma of Bone

327

119 - Excluded due to Age less than 16 years

31 - Evident Metastatic Disease on Presentation

14 - Excluded for No Pre-Operative CT Chest
19 - Excluded for No Clinical Follow-Up
27 - Excluded for Surveillance with Radiographs

Included in the Current
Study

117 

Figure 1: Inclusion and exclusion of patients.
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nodules larger than 5mm 26.9% of the time, while the group
that did progress to metastatic disease had nodules larger
than 5mm 65.7% of the time (p � 0.014). Likewise, patients
that progressed to metastatic disease were more likely to
develop multiple chest nodules while those that did not
progress to metastatic disease were more likely to develop
a solitary nodule on chest surveillance (p � 0.021).

Te results of the regression analysis are presented in
Table 5. For this cohort of patients with primary sarcoma of
bone not presenting with metastatic disease, age was not
found to associate with the development of metastatic
disease nor did gender or histologic diagnosis. Anatomic
location was assessed with the lower extremity site as the
standard, resulting in no signifcant associations with ana-
tomic location to the development of metastatic disease. Te
presence of indeterminant nodules on preoperative chest CT
did not demonstrate a predictive infuence on the devel-
opment of metastatic disease (HR: 0.981 and CI:
0.493–1.955).Te development of indeterminant nodules on
the follow-up trended towards signifcance in regard to
associating with metastatic disease, but the confdence in-
terval crossed one (HR: 2.008, CI: 0.997–4.041, and
p � 0.051).

Figure 3 presents a bar graph depicting the relative
likelihood of developing metastatic disease in patients
presenting with nonmetastatic primary sarcoma of bone
based on the presence or absence of indeterminant chest
nodules on initial staging or on surveillance chest CT
scans. When compared to the cohort as a whole, there was
no diference in the eventual development of metastatic
disease, whether a patient presented with indeterminant
nodules or not on the initial chest CT scan. Tere was
a signifcant diference in metastasis development when
comparing the group that did not develop nodules on the
follow-up CT compared to the group that did develop
nodules on surveillance CT scans (28.5% vs. 55.2%, re-
spectively, p � 0.039).

Figure 4 presents the cohort divided into a Punnett
square based on the presence of indeterminant nodules at
the time of initial staging (yes/no) and whether the patient

developed indeterminant nodules on surveillance scans
(yes/no).Te only combination that resulted in a statistically
diferent rate of metastasis was the group that had no
indeterminant nodules at presentation and developed no
pulmonary nodules on the follow-up. Tis subset of patients
(n� 11 of 117) had a 0% occurrence of metastatic disease
(p � 0.004).

4. Discussion

Te clinical signifcance of indeterminant pulmonary nod-
ules seen during the workup and subsequent surveillance of
bone sarcoma patients remains uncertain. Suspicion of any
pulmonary nodule must remain high, given the proclivity of
bone sarcoma to metastasize to the lung [14–16]. However,
clinical practice informs us that not all indeterminant
pulmonary nodules portend metastatic disease. In their
retrospective cohort study of patients with bone or soft tissue
sarcomas, Mayo et al. found that 33% of their patients
presented with indeterminate pulmonary nodules, but only
31% of that subset developed true metastatic disease [17].
Te primary aim of this study was to determine the in-
cidence of pulmonary nodules in a group of patients pre-
senting with presumptive localized primary sarcoma of bone
and to assess if there were any dependent variables that
associated with the subsequent development of metastatic
disease. In this cohort of patients, 62.4% of the patients
presenting with a nonmetastatic primary sarcoma of bone
had at least one indeterminant pulmonary nodule on the
initial staging CT scan of the chest. When comparing the
group that had indeterminant pulmonary nodules on pre-
treatment CTscans to those that had no nodules, the rates of
eventual development of metastatic disease were no diferent
(41.1% vs. 43.2%, respectively; p � 0.825). In addition, there
were no dependent variables that we studied that associated
with the progression of these nodules to metastatic disease,
including the number and size of the nodules. Tis suggests
that at the baseline, the presence of indeterminate pulmo-
nary nodules on initial chest staging do not refect or predict
a patient’s likelihood of developing metastatic disease in the
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Figure 2: Kaplan–Meier curve: (a) overall survival and (b) metastasis-free survival in patients with indeterminant nodules on initial
presentation versus those that did not have indeterminant nodules on initial presentation.
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future. Tis is contrary to the fndings of Rissing et al. that
found nodules 5mm or greater on initial staging CT scans
were predictive of the development of true metastatic
disease [18].

Te secondary aim of this study was to determine the
incidence of indeterminant pulmonary nodule development
on surveillance CT scans and to determine if there were
dependent variables that associated with metastatic disease

progression in this subset of patients. Nearly half of the
cohort developed an indeterminant nodule during the post-
treatment surveillance period (49.6%). Of this subset, only
slightly more than half eventually progressed to metastatic
disease (55.2%). When considering the development of
indeterminant nodules on surveillance chest imaging and
the likelihood that these nodules will progress to evident
metastatic disease, the size and number of the nodules

Table 5: Regression analysis for metastasis-free survival for patients with primary sarcoma of the bone without evident metastatic disease on
presentation.

Hazard ratio CI p value
Age 1.012 0.994–1.030 0.191

Gender Male 1.089 0.587–2.020 0.787Female

Diagnosis

Osteosarcoma 0.739 0.354–1.542 0.420
Chondrosarcoma 0.909 0.274–3.011 0.876
Ewing sarcoma 0.333 0.066–1.679 0.183
Chordoma 1.406 0.626–3.161 0.409Others

Anatomic location

Lower extremity 0.366 0.123–1.091 0.071
Upper extremity 0.870 0.286–2.643 0.806
Spine/chest wall 1.412 0.729–2.733 0.307Pelvis

Presence of indeterminant nodules on preoperative CT chest Yes 0.981 0.493–1.955 0.958No

Development of indeterminant nodules on surveillance CT chest Yes 2.008 0.997–4.041 0.051No

*p=0.0385, comparing group 5 to groups 2-4

41.8%

49

68

43

30

19
32

17

42
2625

120

100

80

60

40

20

0
1 2 3 4 5

41.2%

43.2%
55.2%

28.8%*

1 = All patients who met inclusion criteria: primary sarcoma of bone without evident metastasis
2 = Patients who presented with indeterminant nodules on pre-operative Chest CT
3 = Patients who presented without indeterminant nodules on pre-operative Chest CT
4 = Patients who developed indeterminant nodules on post-operative surveillance Chest CT
5 = Patients who did not develop indeterminant nodules on post-operative surveillance Chest CT

Did Not Develop Metastatic Disease
Did Develop Metastatic Disease

Figure 3: Development of metastatic disease based on the presence or development of indeterminant chest nodules.
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appear to be important. Patients that had larger nodules
were more likely to progress to metastatic disease and
patients that had more nodules were likewise more apt to
progress to metastatic disease. Tis is similar to prior
studies that have identifed size and number to be im-
portant factors in development of metastatic disease.
Nakamura et al. found that pulmonary nodules that
exceeded 5mm were predictive of being true metastatic
disease in their studied cohort [19].

When taken together, the presence of indeterminant
nodules at the time of disease presentation and development
of indeterminant nodules during surveillance, there

remained little predictive value in who would eventually
progress to metastatic disease. For instance, 25 patients had
both chest nodules at the time of presentation and developed
pulmonary nodules during surveillance; only 13 (52.0%) of
these 25 went on to develop metastatic disease. In this data
set of adult patients with presumptive localized primary
sarcoma of bone, the only circumstance, in relation to
pulmonary nodules, that strongly predicted whether a pa-
tient would develop metastatic disease or not was the case of
having no nodules at the time of presentation and no
nodules develop on surveillance. Tis circumstance was met
in only 9.4% (n� 11) of the cohort. None of these patients
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Figure 4: Development of metastatic disease in patients with primary sarcoma of bone grouped by the presence and development of
pulmonary nodules during cancer staging.
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had metastatic disease at the time of fnal follow-up (mean:
35.6months).

Tere are several limitations to this study. First, the
retrospective nature of the study limits the data to that which
were collected and available for review. Sixty patients were
excluded due to absence of preoperative chest CT (n� 14),
no clinical follow-up (n� 19), or lack of surveillance CT
scans (n� 27). While that number amounts to 18.3% of the
total cohort, it actually represents 33.9% of the cohort that
would have met inclusion criteria once patients were ex-
cluded for age (n� 119) and clearly metastatic disease at the
time of presentation (n� 31).Tis is a substantial percentage,
and the unknown efects of these missing data must be
acknowledged. Second, we excluded pediatric patients from
the assessment, limiting the cohort to adults. Tis decreases
the generalizability of the results and likely obscured the
efect of age on metastatic progression. We felt that the
pediatric and adult populations represent distinct cohorts
and did not want to mix these populations, as they may have
a diferent likelihood of having incidentally found pulmo-
nary nodules. Indeed, Kaste et al. found the number of
nodules and bilateral nodules on initial staging CT scans to
be predictive of true metastatic disease in their cohort of
pediatric patients with osteosarcoma [20]. As such, the efect
of indeterminant pulmonary nodules on the prognosis of
pediatric patients with bone sarcoma should be considered
and studied of its own accord. Tird, this cohort of patients
resided in a predominantly arid geography of the Mountain
West region of the United States. Tis may refect an en-
vironmental infuence, making the likelihood of non-
cancerous pulmonary nodule development more likely.
Other geographies, with less (or more) airborne particulates,
may have a lower (or higher) incidence of benign nodule
formation. Suggestive of this, Mayo et al. [17] found in-
cidental pulmonary nodules in 33% of their sarcoma patients
at the time of initial staging compared to 62.4% in the
current study. Finally, our cohort is small. With 117 subjects
meeting inclusion, the power to detect minor diferences is
limited.

Despite the limitations in the study design and execu-
tion, we believe this investigation brings needed clarity to the
issue of staging and surveillance of patients with primary
sarcomas of bone. Chest imaging is crucial, as the clinical
implications of evident metastatic disease are profound and
immediate. Treatment strategies often change based on the
diagnosis of localized versus metastatic disease. Certainly,
having no nodules on initial staging is a moment of relief for
patients dealing with a very troublesome and anxiety pro-
voking diagnosis, but these data suggest that this is no reason
to lose vigilance, as the rate of subsequent metastasis is the
same as those with indeterminant pulmonary nodules.
Likewise, for those with indeterminant nodules, there is
reason to hope, as 58.9% of this group did not develop
metastases on clinical surveillance. With this in mind,
treatment decisions should not be made based on indeter-
minant nodules, aside from continued vigilance, and pa-
tients should be informed of the “grey areas” that current
medical practice resides, with regards to pulmonary nodules
that can be seen but not biopsied.

5. Conclusion

Indeterminant pulmonary nodules remain a prognostic
conundrum for patients with primary sarcomas of bone. In
this series of adult patients with localized primary sarcoma
of bone, 62.4% of the patients had indeterminant nodules on
initial staging CT chest imaging. Presence of these nodules
did not predict progression to metastatic disease from the
group that had no nodules. None of the dependent variables
studied (age, gender, histology, anatomic location, number
of nodules, and size of nodules) had an association or
predictive impact on whether a patient with an indeter-
minant nodule at the time of disease presentation would
progress to metastatic disease. Development of pulmonary
nodules after local control did signifcantly correlate with the
subsequent development of metastatic disease, however,
with the size and number of nodules demonstrating a sig-
nifcant impact on the likelihood of developing metastatic
disease.
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[14] R. Ladenstein, U. Pötschger, M. C. Le Deley et al., “Primary
disseminated multifocal Ewing sarcoma: results of the Euro-
EWING 99 trial,” Journal of Clinical Oncology, vol. 28, no. 20,
pp. 3284–3291, 2010.

[15] H. Gelderblom, R. C. Jinks, M. Sydes et al., “Survival after
recurrent osteosarcoma: data from 3 European Osteosarcoma
Intergroup (EOI) randomized controlled trials,” European
Journal of Cancer, vol. 47, no. 6, pp. 895–902, 2011.

[16] T. Ozaki, A. Hillmann, N. Lindner, S. Blasius, and
W. Winkelmann, “Metastasis of chondrosarcoma,” Journal of
Cancer Research and Clinical Oncology, vol. 122, no. 10,
pp. 625–628, 1996.

[17] Z. Mayo, S. Kennedy, Y. Gao, and B. J. Miller, “What is the
clinical importance of incidental fndings on staging CTscans
in patients with sarcoma?” Clinical Orthopaedics and Related
Research, vol. 477, no. 4, pp. 730–737, 2019.

[18] S. Rissing, B. T. Rougraf, and K. Davis, “Indeterminate
pulmonary nodules in patients with sarcoma afect survival,”
Clinical Orthopaedics and Related Research, vol. 459,
pp. 118–121, 2007.

[19] T. Nakamura, A. Matsumine, N. Rui et al., “Management of
small pulmonary nodules in patients with sarcoma,” Clinical
& Experimental Metastasis, vol. 26, pp. 713–718, 2009.

[20] S. C. Kaste, B. Charles, A. M. C. Pratt, D. J. Jones-Wallace, and
B. N. Rao, “Metastases detected at the time of diagnosis of
primary pediatric extremity osteosarcoma at diagnosis: im-
aging features,” Cancer, vol. 86, pp. 1602–1608, 1999.

Sarcoma 13




