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Abstract
Background Pulmonary metastases are a poor prognostic
factor in patients with osteosarcoma; however, the clinical
significance of subcentimeter lung nodules and whether
they represent a tumor is not fully known. Because the
clinician is faced with decisions regarding biopsy,

resection, or observation of lung nodules and the potential
impact they have on decisions about resection of the pri-
mary tumor, this remains an area of uncertainty in patient
treatment. Surgical management of the primary tumor is
tailored to prognosis, and it is unclear how aggressively
patients with indeterminate pulmonary nodules (IPNs),
defined as nodules smaller than 1 cm at presentation,
should be treated. There is a clear need to better understand
the clinical importance of these nodules.
Questions/purposes (1) What percentage of patients with
high-grade osteosarcoma and spindle cell sarcoma of bone
have IPNs at diagnosis? (2) Are IPNs at diagnosis associ-
ated with worse metastasis-free and overall survival? (3)
Are there any clinical or radiologic factors associated with
worse overall survival in patients with IPN?
Methods Between 2008 and 2016, 484 patients with a first
presentation of osteosarcoma or spindle cell sarcoma of
bone were retrospectively identified from an institutional
database. Patients with the following were excluded:
treatment at another institution (6%, 27 of 484), death re-
lated to complications of neoadjuvant chemotherapy (1%,
3 of 484), Grade 1 or 2 on final pathology (4%, 21 of 484)
and lack of staging chest CT available for review (0.4%, 2
of 484). All patients with abnormalities on their staging
chest CT underwent imaging re-review by a senior radi-
ology consultant and were divided into three groups for
comparison: no metastases (70%, 302 of 431), IPN (16%,
68 of 431), and metastases (14%, 61 of 431) at the time of
diagnosis. A random subset of CT scans was reviewed by a
senior radiology registrar and there was very good agree-
ment between the two reviewers (k = 0.88). Demographic
and oncologic variables as well as treatment details and
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clinical course were gleaned from a longitudinally main-
tained institutional database. The three groups did not
differ with regard to age, gender, subtype, presence of
pathological fracture, tumor site, or chemotherapy-induced
necrosis. They differed according to local control strategy
and tumor size, with a larger proportion of patients in the
metastases group presenting with larger tumor size and
undergoing nonoperative treatment. There was no differ-
ential loss to follow-up among the three groups. Two
percent (6 of 302) of patients with no metastases, no pa-
tients with IPN, and 2% (1 of 61) of patients with metas-
tases were lost to follow-up at 1 year postdiagnosis but
were not known to have died. Individual treatment deci-
sions were determined as part of a multidisciplinary con-
ference, but in general, patients without obviousmetastases
received (neo)adjuvant chemotherapy and surgical
resection for local control. Patients in the nometastases and
IPN groups did not differ in local control strategy. For
patients in the IPN group, staging CT images were
inspected for IPN characteristics including number, dis-
tribution, size, location, presence of mineralization, and
shape. Subsequent chest CT images were examined by the
same radiologist to reevaluate known nodules for interval
change in size and to identify the presence of new nodules.
A random subset of chest CT scans were re-reviewed by a
senior radiology resident (k = 0.62). The association of
demographic and oncologic variables with metastasis-free
and overall survival was first explored using the Kaplan-
Meier method (log-rank test) in univariable analyses. All
variables that were statistically significant (p < 0.05) in
univariable analyses were entered into Cox regression
multivariable analyses.
Results Following re-review of staging chest CTs, IPNs
were found in 16% (68 of 431) of patients, while an ad-
ditional 14% (61 of 431) of patients had lung metastases
(parenchymal nodules 10 mm or larger). After controlling
for potential confounding variables like local control
strategy, tumor size, and chemotherapy-induced necrosis,
we found that the presence of an IPN was associated with
worse overall survival and a higher incidence of metastases
(hazard ratio 1.9 [95% CI 1.3 to 2.8]; p = 0.001 and HR 3.6
[95% CI 2.5 to 5.2]; p < 0.001, respectively). Two-year
overall survival for patients with no metastases, IPN, or
metastases was 83% [95%CI 78 to 87], 65% [95% CI 52 to
75] and 45% [95%CI 32 to 57], respectively (p = 0.001). In
74% (50 of 68) of patients with IPNs, it became apparent
that they were true metastatic lesions at a median of
5.3 months. Eighty-six percent (43 of 50) of these patients
had disease progression by 2 years after diagnosis. In
multivariable analysis, local control strategy and tumor
subtype correlated with overall survival for patients with
IPNs. Patients who were treated nonoperatively and who
had a secondary sarcoma had worse outcomes (HR 3.6
[95% CI 1.5 to 8.3]; p = 0.003 and HR 3.4 [95% CI 1.1 to

10.0]; p = 0.03). The presence of nodule mineralization was
associated with improved overall survival in the uni-
variable analysis (87% [95%CI 39 to 98] versus 57% [95%
CI 43 to 69]; p = 0.008), however, because we could not
control for other factors in a multivariable analysis, the
relationship between mineralization and survival could not
be determined. We were unable to detect an association
between any other nodule radiologic features and survival.
Conclusion The findings show that the presence of IPNs at
diagnosis is associated with poorer survival of affected
patients compared with those with normal staging chest
CTs. IPNs noted at presentation in patients with high-grade
osteosarcoma and spindle cell sarcoma of bone should be
discussed with the patient and be considered when making
treatment decisions. Further work is required to elucidate
how the nodules should be managed.
Level of Evidence Level III, prognostic study.

Introduction

The presence of lungmetastases at the time of diagnosis is a
poor prognostic factor in patients with primary bone sar-
comas. In those with osteosarcoma, the 5-year overall
survival for patients with localized disease is 60% to 80%
[3, 12, 21, 26] compared with 30% to 40% for those with
lung metastases [3, 12, 22]. A lung metastasis typically is
defined as a parenchymal nodule with a maximal diameter
of greater than 10 mm [1, 2, 9, 10, 20, 24]. Studies suggest
that up to 30% of patients have subcentimeter lung nodules
detected on staging chest CT images [1, 10, 15, 24]. These
lesions are termed indeterminate pulmonary nodules
(IPNs).

Currently, there is no consensus as to the clinical rele-
vance of IPNs in patients with osteosarcoma. Specifically,
it is unclear which IPNs will progress to lung metastases
and what their association is with patient survival. Because
of the small size of IPNs, biopsy is challenging, and staging
is based on a radiologic evaluation. This clinical dilemma is
exacerbated by the fact that subcentimeter pulmonary
nodules are a common incidental finding, even in children
[4, 9, 11, 18], and there are no clear radiologic findings to
differentiate benign from malignant tumors [1, 4, 6, 7, 9,
10, 13, 17, 19, 23-25]. Although studies have suggested
that nodules that are mineralized [4, 6], round [9], multiple
in number [1, 7, 23], or are greater than 5 mm [4, 6, 17, 19,
24] have a higher chance of being malignant, others have
shown no correlation between CT parameters and overall
survival [10, 13, 25]. Surgical resection of the primary
tumor is performed within a few months of diagnosis, and
therefore, progression over time cannot be used to de-
termine prognosis before deciding on a treatment strategy.
Accurate prognosis is important for patient counselling and
surgical decision-making as radical or higher-risk
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procedures may not be appropriate for patients whose
survival is likely to be measured in months rather than
years.

We therefore asked (1)What percentage of patients with
high-grade osteosarcoma and spindle cell sarcoma of bone
have IPNs at diagnosis? (2) Are IPNs at diagnosis associ-
ated with worse metastasis-free and overall survival? (3)
Are there any clinical or radiologic factors associated with
worse overall survival in patients with IPN?

Patients and Methods

Patient Selection

After obtaining institutional review board approval, we
identified 484 patients with a first presentation of osteo-
sarcoma or spindle cell sarcoma of bone diagnosed be-
tween January 1, 2008 and December 31, 2016 from a
longitudinally maintained institutional database. Patients
with the following were excluded: treatment at another
institution (n = 27), death from chemotherapy (n = 3),
Grade 1 or Grade 2 on final pathology (n = 21) and no
staging chest CT performed within 2 months of diagnosis
(n = 2). The remaining 431 patients underwent a retro-
spective review of clinical charts (Fig. 1). Demographic
variables included age and sex. Oncologic variables in-
cluded histologic subtype, location (axial or extremity),
size (maximum diameter on MRI at presentation), and
presence of extrapulmonary or skip metastases. All sub-
types of high-grade osteosarcoma (such as, chondroblastic,
osteoblastic, or telangiectatic) and spindle or pleomorphic
sarcomas of bone were pooled as primary histologic sub-
types. Tumors in radiation fields or arising from precursor
lesions were grouped as secondary histologic subtypes.
Treatment variables included the percentage of necrosis
after chemotherapy, and management of the primary tumor
(with limb salvage, amputation, or palliative). The patient’s
clinical course was studied to determine metastasis-free

and overall survival. The date of lung metastasis was the
earliest of any of the following events: increase in the lung
nodule’s size by a minimum of 25%, appearance of a new
nodule on follow-up chest CT, thoracotomy with confir-
matory pathologic findings, or the date the treating oncol-
ogist documented the presence of lung metastases.

Identification and Characterization of IPN Patients

We identified 431 patients who met our inclusion criteria.
Overall survival for the entire cohort was 75% [95% CI 71
to 79] and 59% [95% CI 54 to 64] at 2 and 5 years, re-
spectively. A multivariable analysis demonstrated im-
proved survival for patients who received limb salvage
surgery, those who had a primary sarcoma, those with a
tumor size less than 8.0 cm, those with greater than 90%
chemotherapy-induced necrosis, and those with localized
disease on presentation (Table 1).

Based on an initial multidisciplinary team meeting
and/or report of the local radiologist, patients were
classified as follows: no metastases, metastases, and IPN
at the time of diagnosis. There was no differential loss to
follow-up among the three study groups; 2% (6 of 302)
of no metastasis, 0% of IPN, and 2% (1 of 61) of me-
tastasis patients were missing at one year and not known
to have died (see Table 1; Supplemental Digital Content
1, http://links.lww.com/CORR/A419). All patients with
lung lesions (metastases or IPN) underwent further
review. Those with normal chest CTs as per the initial
multidisciplinary team meeting were classified as no
metastases patients and their CTs were not re-reviewed
for this study. Per Rissing et al. [24], a lung metastasis
was defined as a parenchymal nodule with a diameter of
10 mm or greater. Using this definition, the CT scans of
all patients in the IPN category were re-reviewed in a
blinded fashion by a senior consultant radiology (RB). A
random subset of CT scans were reviewed by a senior
radiology registrar (GA) and there was very good
agreement between the two reviewers (k = 0.88). Staging
chest CT images were evaluated using an algorithm
modified from guidelines published by the British
Thoracic Society [5] and for lung cancer screening [16]
(Fig. 2). Based on this assessment, patients with lung
lesions consistent with a benign entity (for example, a
pleural tag or fissural lymph node) were re-categorized
into the no metastases category. A pleural tag was de-
fined as a linear thickening of interlobular septa of lung
extending to the pleura while a fissural lymph node was
defined a nodule seen within or adjacent to the fissures of
the lung and could be of varied shapes including oval,
triangular and lentiform [8]. As per the initial multidis-
ciplinary team meeting and/or chest CT report provided
by the referring hospital, 19% (84 of 431) of patients hadFig. 1 This flowchart shows the cohort included in this study.
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IPNs on presentation. After blinded re-review, 19% (16
of 84) of patients were judged to have benign pulmonary
entities and not IPNs. The benign nature of these lung

lesions was supported by the survival analysis; we could
not detect a difference in the survival of these patients and
the survival of those with normal staging studies (2-year

Table 1. Multivariable analysis for overall survival

Clinical variables
Patient

characteristics
Percent (n)
(n = 431)

Multivariable analysis

2-year OS (%) HR 95% CI p value

Age < 40 years 76 (326) 81 Ref

$ 40 years 24 (105) 54 1.3 0.8 to 1.8 0.29

Gender Male 58 (251) Not included

Female 42 (180) Not included

Local control Limb salvage 64 (276) 83 Ref

Amputation 26 (113) 74 1.6 1.1 to 2.3 0.008

Palliative 10 (42) 17 2.9 1.6 to 5.2 < 0.001

Subtype Primary 92 (398) 78 Ref

Secondary 8 (33) 35 1.8 1.0 to 3.2 0.03

Tumor size 0 to 7.9 cm 24 (105) 80 Ref

$ 8.0 cm 75 (322) 73 1.6 1.0 to 2.3 0.03

Pathological fracture No 84 (361) Not included

Yes 16 (70) Not included

Tumor site Extremity 86 (371) 80 Ref

Axial 14 (60) 43 0.9 0.6 to 1.6 0.88

Chemotherapy-induced necrosis < 90% 42 (180) 76 Ref

$ 90% 34 (146) 94 0.4 0.3 to 0.6 < 0.001

Stage No metastases 70 (302) 83 Ref

IPN 16 (68) 65 1.9 1.3 to 2.8 0.001

Metastases 14 (61) 45 3.0 2.0 to 4.4 < 0.001

OS = overall survival; HR = hazard ratio; Ref = the reference variable for multivariable analysis.

Fig. 2 The algorithm for evaluating subcentimeter pulmonary nodules on chest CT images
in our study is shown here. It was based on findings published by Callister [5] andMcWilliams
[16].
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overall survival of 72% versus 83%; HR 1.5 [95% CI 0.5
to 4.4]; p = 0.39).

For patients remaining in the IPN group, the staging CT
was inspected for the number of IPNs, IPN distribution
(unilateral or bilateral lung fields), and largest IPN char-
acteristics. The largest IPN characteristics were the maxi-
mum diameter (measured on lung windows), location
(right lung: upper, middle, or lower lobe; left lung: upper or
lower lobe), distance from the pleura (< 1 cm = peripheral;
> 1 cm = central), mineralization, and shape (1 = round
with clear margins; 2 = round with poorly defined margins;
or 3 = lobular) (see Fig. 1A; Supplemental Digital Content
2, http://links.lww.com/CORR/A420). All subsequent
chest CT images were examined to re-evaluate nodules
and identify the presence of new nodules (Fig. 3).
Specifically, on the restaging scan, we noted whether
nodules had changed in size or mineralized after neo-
adjuvant chemotherapy and on all subsequent chest CTs,
determined whether existing nodules increased in size
and/or new nodules had appeared (see Fig. 1B;
Supplemental Digital Content 2, http://links.lww.
com/CORR/A420). Nodule change was assessed
according to the British Thoracic Society guidelines [5]
and was considered significant if the largest diameter
increased or decreased by 25% or greater. Staging and re-
staging chest CT images were available for 50 patients
treated with neoadjuvant chemotherapy. Restaging scans
were performed at a mean (range) of 2.9months (1.6 to 5.4)
after the initial CT. Pulmonary nodules diminished in 11
patients and remained stable in 18 patients. In the other 18
patients, the lung disease progressed. Again, a subset of CT
images was randomly selected for review by a senior ra-
diology trainee (GA), and there was good agreement be-
tween reviewers (k = 0.62).

The three groups did not differ with regard to age,
gender, subtype, presence of pathological fracture, tumor
site or chemotherapy-induced necrosis. They differed with
regard to local control strategy and tumor size, with a larger
proportion of patients in the metastases group presenting
with larger tumor size and being treated nonoperatively.
There were no differences in the demographic, oncologic
or treatment variables studied between no metastases and
IPN patients (see Table 2; Supplemental Digital Content 3,
http://links.lww.com/CORR/A421).

Diagnosis and treatment were determined by a sarcoma
multidisciplinary team, with chemotherapy administered
per internationally agreed protocols. In general, patients
without obvious metastases received (neo)adjuvant che-
motherapy and surgical resection for local control. Limb
salvage surgery was performed if possible with amputation
reserved for unresectable tumors. Patients with clear met-
astatic disease had their primary tumor resected along with
metastatic deposits, if possible, or as part of their palliative
care plan. Patients in the no metastases and IPN groups did
not differ in local control strategy, while a higher per-
centage of patients with metastases were treated non-
operatively (see Table 2; Supplemental Digital Content 3,
http://links.lww.com/CORR/A421).

Thirty-eight percent (26 of 68) of patients with IPN at
diagnosis underwent a thoracotomy at a median (range) of
11 months postdiagnosis (6 to 57).

Staging chest CTs were analyzed to identify radiologic
characteristics associated with worse survival in IPN pa-
tients. Variables examined included the number of nodules
(single or multiple), distribution within the lung (unilateral
or bilateral lung fields), response to chemotherapy, and
characteristics of the largest nodule (diameter, distance
from the pleura, lobe, mineralization, and shape).

Fig. 3 This figure displays the progression of an indeterminate pulmonary nodule. This
radiograph is from a 31-year-old man with a high-grade osteoblastic osteosarcoma of the
distal femur. Staging chest CT images demonstrated a single 4-mm IPN in the left lower lobe
that was not mineralized. The IPN was stable on restaging chest CT and the patient had an
above-the-knee amputation. Two months later, the IPN had grown and the patient died of
disease 21.6 months after diagnosis.
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Table 2. Multivariable analysis for metastasis-free survival

Clinical variables Patient characteristics
Percent (n)
(n = 370) 2-year MFS (%)

Multivariable analysis

HR 95% CI p value

Age < 40 years 76 (281) Not included

$ 40 years 24 (89) Not included

Gender Male 58 (215) Not included

Female 42 (155) Not included

Local control Limb salvage 68 (251) 74 Ref

Amputation 26 (95) 59 1.5 1.1 to 2.2 0.02

Palliative 6 (24) 52 0.9 0.4 to 2.0 0.85

Subtype Primary 92 (342) Not included

Secondary 8 (28) Not included

Tumor size 0 cm to 7.9 cm 27 (99) Not included

$ 8.0 cm 73 (271) Not included

Pathological fracture No 84 (309) Not included

Yes 16 (61) Not included

Tumor site Extremity 86 (320) Not included

Axial 14 (50) Not included

Chemotherapy-induced necrosis < 90% 43 (160) 63 Ref

$ 90% 35 (129) 83 0.6 0.4 to 0.8 0.005

Stage No metastases 82 (302) 77 Ref

IPN 18 (68) 35 3.6 2.5 to 5.2 < 0.001

MFS = metastasis-free survival; Ref = the reference variable for multivariable analysis.

Table 3. Multivariable analysis for overall survival for patients with IPN at diagnosis

Clinical variables Patient characteristics
Percent (n)
(n = 68) 2-year OS (%)

Multivariable analysis

HR 95% CI p value

Age < 40 years 76 (52) Not included

$ 40 years 24 (16) Not included

Gender Male 59 (40) Not included

Female 41 (28) Not included

Local control Limb salvage 57 (39) 67 Ref

Amputation 31 (21) 76 1.3 0.6 to 2.8 0.4

Palliative 12 (8) 25 3.6 1.5 to 8.3 0.003

Subtype Primary 93 (63) 68 Ref

Secondary 7 (5) 20 3.4 1.1 to 10.0 0.03

Tumor size 0-7.9 cm 21 (14) Not included

$ 8.0 cm 79 (54) Not included

Pathological fracture No 81 (55) Not included

Yes 19 (13) Not included

Tumor site Extremity 91 (62) Not included

Axial 9 (6) Not included

Chemotherapy-induced necrosis < 90% 50 (34) Not included

$ 90% 25 (17) Not included

Thoracotomy No 60 (41) Not included

Yes 38 (26) Not included

OS = overall survival; HR = hazard ratio; Ref = the reference variable for multivariable analysis.
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Most patients with IPN on their staging chest CT had
multiple nodules (60% [41 of 68]) as well as nodules that
were 5 mm or smaller (71% [48 of 68]), less than 10 mm
from the pleural surface (98% [67 of 68]) and not miner-
alized (79% [54 of 68]). Forty-one percent (28 of 68)
remained stable or shrank on neoadjuvant chemotherapy
while 26% (18 of 68) of patients had nodules that grew or
increased in number in this time period (see Table 3;
Supplemental Digital Content 4, http://links.lww.
com/CORR/A422).

Statistical Analysis

The statistical analysis was performed using Prism 8
(GraphPad Software; San Diego, CA, USA) and SPSS
(Version 26, IBM Corp, Armonk, NY, USA). Survival was
assessed as the time between the date of diagnosis and the date
of death of any cause (overall survival) or date of metastasis
(according to the above-mentioned criteria). Outcomes for
living patientswere censored at the time of their last follow-up
examination. The exploratory analysis into variables associ-
ated with overall- and metastasis-free survival was performed
using the Kaplan-Meier method (log-rank test). All variables
with a p < 0.05 were advanced to Cox regression multivari-
able analysis. Variables considered were: age at diagnosis,
gender, local control strategy (limb salvage, amputation,
palliative), subtype (primary, secondary), tumor size, patho-
logical fracture, tumor site, chemotherapy-induced necrosis
and stage (no metastases, IPN, metastases). For overall sur-
vival, age, local control strategy, subtype, tumor size, tumor
site, chemotherapy-induced necrosis and stage advanced to
multivariable analysis (Table 1), there were 25 events per
variable. For metastasis-free survival, local control strategy,
chemotherapy-induced necrosis and stage advanced to mul-
tivariable analysis (Table 2), there were 50 events per vari-
able. A subgroup analysis focusing on patients with IPN was
performed. For overall survival, local control strategy and
subtype advanced to multivariable analysis (Table 3), there
were 20 events per variable. We evaluated the presence of
differences between groups using a t-test, one-way analysis of
variance, and chi-square or Fisher’s exact test, as appropriate.
Interrater reliability was calculated using the kappa test.
Statistical significance was set at p < 0.05.

Results

Incidence of IPN in High-grade Osteosarcoma and
Spindle Cell Sarcoma of Bone

Using 10 mm as the cutoff to differentiate an IPN from a
lung metastasis, we found that 16% (68 of 431) of patients
had an IPN on presentation. An additional 14% (61 of 431)

of patients had lung metastases identified on staging chest
CT images.

IPNs, Metastasis-free, and Overall Survival

Overall survival for patients with IPN was worse than for
patients with no metastases on presentation (HR 1.9 [95%
CI 1.3 to 2.8], p < 0.001; Fig. 4A). At 2 years, patients with
IPNs had an overall survival of 65% (95% CI 52 to 75)
while those with no metastases at diagnosis had an overall
survival rate of 83% (95% CI 78 to 87; p < 0.001). The
worst overall survival was experienced by patients with
metastases, whose 2-year overall survival was 45% (HR
3.0 [95% CI 2.0 to 4.4]; p < 0.001). Similarly, patients with
IPNs had worse metastasis-free survival than did patients
with a normal staging chest CT (HR 3.6 [95% CI 2.5 to
5.2]; p < 0.001; Fig. 4B). At 2 years, patients with IPNs
had a metastasis-free survival of 35% (95% CI 24 to 46)
while those with normal staging chest CTs had a
metastasis-free survival of 77% (95% CI 71 to 81; p <
0.001). Overall, metastases developed in 73% of patients
with IPNs by a median (range) of 5.1 months (1.8 to 56.9),
and 87% of these patients had disease progression by
24months after diagnosis. In contrast, only 34% of patients
without metastases had distant disease, and this event oc-
curred by a median (range) of 18.5 months (0.5 to 76.0).

Factors Associated with Survival in Patients with IPN

Of the variables analyzed, only treatment of the primary
tumor and tumor subtype were associated with overall
survival in patients with IPNs. Among this cohort, patients
with IPNs who had their primary tumor treated surgically
had better survival than those treated with chemotherapy
only (67% versus 25% at 2 years; HR 3.6 [95% CI 1.5 to
8.3]; p = 0.003). In addition, patients with primary tumors
had improved overall survival compared with those with
sarcomas secondary to radiation or predisposing lesions
(68% versus 20% at 2 years; HR 3.4 [95% CI 1.1 to 10.0];
p = 0.03) (Table 3).

Presence of nodule mineralization was associated with
improved overall survival in univariable analysis (87%
[95% CI 39 to 98] versus 57% [95% CI 43 to 69]; p =
0.008); however, as we could not control for other factors
in a multivariable analysis, the relationship between min-
eralization and survival could not be determined. With the
numbers available, we were unable to detect an association
between other CT chest findings, such as IPN size, number,
shape or location, and overall survival. Similarly, IPN re-
sponse to chemotherapy was not found to be related with
this outcome (see Table 3; Supplemental Digital Content 4,
http://links.lww.com/CORR/A422).
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Discussion

Lung metastases are a poor prognostic factor in patients with
high-grade osteosarcoma and spindle cell sarcoma of bone [3,
12, 22]. The size cutoff of a lung metastasis varies between
1 cm and 3 cm [1, 2, 9, 10, 20, 24]. Subcentimeter pulmonary
nodules, also called IPNs, are a common incidental finding on
chest CT [4, 9, 11, 18], and it is unknown how to differentiate
benign from malignant nodules given that the small lesion
size renders biopsy difficult. The association of IPN with
metastasis-free and overall survival is unclear in this disease
but critically important when determining prognosis and
planning treatment. We found that patients with high-grade
osteosarcoma and spindle cell sarcoma of bone who had IPN
on presentation hadworsemetastasis-free and overall survival
than patients with a normal staging chest CT. We did not
identify any radiologic characteristics among patients with
IPN that were associated with overall survival. We believe
that the negative survival implications of IPNs on presentation
should be discussed with patients and their families. This is
particularly relevant when considering treatment plans that
have a high risk of complications and long postoperative re-
covery, such as biological reconstructions. Future study is
required to determine how the pulmonary nodules should be
managed, specifically, the role of thoracotomy.

Limitations

This study has several limitations. First, data was drawn
from a longitudinally maintained institutional database and

the study is therefore subject to selection bias. As treatment
details were analyzed retrospectively, we acknowledge that
patients with IPN may have been treated differently than
patients with normal staging chest CTs. Similarly, there may
have been treatment differences within each of the three
groups (no metastases, IPN, and metastases). In general, pa-
tients with both no nodules and IPN on staging chest CTs
were treated with an intent-to-cure approach that included
(neo)adjuvant chemotherapy and resection of the primary
tumor, with either limb salvage surgery or amputation, as
dictated by the tumor size and location. Patients with clear
metastatic disease on presentation were treated with a palli-
ative approach, receiving surgery for palliative purposes or
chemotherapy with or without radiation. We also acknowl-
edge the possibility of chronological variance. Although
chemotherapy protocols have not changed since 2005 (the
first-choice protocol since then has been high-dose metho-
trexate, doxorubicin, and cisplatin) and therefore should not
influence results, indications for surgical approach may have
varied over time due to advances in implant technology and
differences in the decision-making processes of individual
surgeons. We believe that patient review by an institutional
multidisciplinary sarcoma team meeting reduced selection
bias, and we could not detect a difference in overall treatment
strategy between no metastases and IPN patients.

Second, some patients were lost to follow-up, although
the numbers lost were reasonably low and did not vary
between groups. This indicates that transfer bias is unlikely
to have influenced our findings.

Third, patients with normal chest CTs as per the initial
multidisciplinary team meeting did not have their imaging

Fig. 4 A-B Patients with IPN at diagnosis have worse overall and metastasis-free survival
compared with patients with normal staging chest CTs. (A) This figure shows overall sur-
vival for patients with no metastases, IPN, or metastases at diagnosis. At 2 years, patients
with IPNs had an overall survival of 65% (95% CI 52 to 75) while those with nometastases at
diagnosis had an overall survival rate of 83% (95% CI 78 to 87; p < 0.001). The worst
outcomes were experienced by patients withmetastases, whose 2-year overall survival was
45% (95% CI 32 to 57; p < 0.001). (B) This figure shows metastasis-free survival for patients
with nometastases or IPNs at diagnosis. At 2 years, patients with IPNs had ametastasis-free
survival of 35% (95% CI 24 to 46) while those with normal staging chest CTs had a me-
tastasis-free survival of 77% (95% CI 71 to 81; p < 0.001).
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re-reviewed for this study. Consequently, there is the po-
tential that IPN patients were underidentified if the
reporting radiologists did not detect a pulmonary nodule.
This would lead to an underestimation of the incidence of
IPN and falsely lower metastasis-free and overall survival
estimates for the no metastasis group. However, the main
finding of this study would not be altered by this potential
misclassification of patients between nometastasis and IPN
groups.

Fourth, although we identified which IPN patients had a
thoracotomy and the time interval between diagnosis and
thoracotomy, due to the data collection method, we were
unable to ascertain at which point in the clinical course this
procedure was performed and what surgery the patient
received. We recognize that thoracotomy is a known
prognostic factor in this disease but also that its utility in the
setting of IPN is unknown. We therefore suggest that this
should be studied in future work.

Incidence of IPN in High-grade Osteosarcoma or
Spindle Cell Sarcoma of Bone

We found that nearly 1 in 6 patients with high-grade os-
teosarcoma and spindle cell sarcoma of bone presented
with IPNs at the time of diagnosis. This proportion is
similar to those reported in other studies: 21% to 33% [1,
10, 15, 24]. The high incidence of IPNs found in this large
series of patients adds to the existing body of evidence
suggesting that subcentimeter nodules are a relevant issue
in this patient population. At the same time, however, we
believe that all chest CT images should be re-reviewed
once the diagnosis is established in a specialized sarcoma
center to ensure that patients are accurately classified.

IPNs, Metastasis-free, and Overall Survival

With the numbers available, we found that patients who
presented with IPNs had worse overall survival than patients
with normal staging chest CTs. The prognostic significance of
IPN in patients with osteosarcoma was previously studied
[10]. This group retrospectively reviewed 120 patients, 25%
of whom had pulmonary nodules less than 10 mm on staging
chest CT images. The authors found no correlation between
IPN and poorer overall survival, but their study was smaller
than ours and relied on the initial radiology report without a
re-review of CT images. Another study found that patients
with IPNs between 5 mm and 10 mm in diameter had worse
3-year disease-free survival than did those with no or smaller
nodules [24]. This study did not address overall survival and
pooled all diagnoses of bone and soft-tissue sarcomas.
Similarly, we found thatmetastasis-free survival wasworse in
patients with IPNs than for the no-metastasis group.

Metastases developed in 3 of 4 patients with IPNs by a me-
dian of 5.1 months, and by 2 years, most (87%) patients who
would later have systemic disease had evidence of pro-
gression. Interestingly, in more than half of these patients,
lung metastases occurred in a different location than did the
IPN. This suggests that IPNs may represent micrometastatic
disease. Our practice has been to follow patients with IPN
using serial chest CTs to detect disease progression early.
Although a prospective study is required to determine the
natural history and timeline of IPN evolution, these pre-
liminary findings suggest that patients should be followed
radiologically using chest CT for a minimum of 2 years.
Complete resection of lung metastases has been shown to
have a survival advantage [14]. Given the high incidence of
IPN in these patients, future work is warranted to determine
whether surgical resection of these pulmonary nodules im-
proves prognosis.

Factors Associated with Survival in Patients with IPN

Subgroup analysis of patients with IPN at presentation
demonstrated that treatment with chemotherapy only and
diagnosis of a secondary sarcoma were associated with
worse overall survival. Although other studies have sug-
gested that multiple IPNs [1, 7, 23], presence of minerali-
zation [4, 6], round shape [9], and size greater than 5 mm
[4, 6, 17, 19, 24] are associated with a higher chance of
nodule malignancy in patients with sarcomas, we did not
find a clear association between any radiologic features and
overall survival. As these studies pooled a broad range of
sarcoma types, used different criteria for defining an IPN,
and/or included smaller numbers of patients, it is difficult to
directly compare our results with the previous publications.
Similarly, we did not find a correlation between IPN re-
sponse to chemotherapy and patient survival. As it would
be clinically useful to identify a subset of patients with IPN
at diagnosis who can expect a better outcome, a multicenter
study is warranted to include a sufficient number of patients
with high-grade osteosarcoma to adequately address this
question. Until this data is available, our results indicate
that all patients with IPN on their staging chest CT should
be counselled on the negative survival implications of this
finding. Furthermore, the presence of IPN should be con-
sidered when deciding on a patient’s treatment plan; given
their poorer overall survival, surgical procedures that in-
volve prolonged recovery or carry a high risk of compli-
cations may not be suitable.

Conclusion

We found that IPNs were relatively common at the time of
diagnosis in patients with high-grade osteosarcoma or
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spindle cell sarcoma of bone, and that the presence of IPNs
was associated with a poorer overall survival. Most patients
with IPN progress to clear metastatic disease within 2 years
and as a group, have a worse metastasis-free survival than
patients with normal chest CTs at diagnosis. We suggest
that this finding be conveyed to patients and their families
and be considered when deciding on surgical approach, as
procedures with a prolonged postoperative phase may not
be in their best interest. We believe that it is important for
sarcoma-experienced radiologists to re-review CT images
at the time of diagnosis to accurately stratify patients.
Future work should investigate the best treatment strategy
for managing the subcentimeter pulmonary nodules in this
patient population, in particular the role of thoracotomy.
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