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Abstract

Purpose—To determine if selected computed tomography (CT) characteristics of pulmonary
nodules in pediatric patients with osteosarcoma can help distinguish the nodules as benign or
malignant.

Methods—The institutional review board approved this HIPAA-compliant, retrospective study
of 30 pediatric osteosarcoma patients (median age 14 years, range 8-22) who underwent chest CT
with resection of 117 pulmonary nodules from January 2001 to December 2006. Two pediatric
radiologists and one chest radiologist independently and retrospectively reviewed the CT scans
and classified nodules as benign, malignant, or indeterminate on the basis of nodule size,
laterality, number, location, growth, density, margin appearance and calcification. Generalized
estimating equations were used to examine which characteristics were independent predictors of
nodule malignancy.

Results—Of the 117 nodules, 80 (68%) were malignant and 37 (32%) were benign by pathologic
review. The readers correctly classified 93-94% of the malignant nodules. For benign lesions, the
results were not as accurate, with the readers correctly classifying only 11-30% of lesions. The
majority of benign lesions were classified as indeterminate by the readers (54-65%). Nodule size
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(=5 mm) and the presence of calcifications were associated with an increased probability of
malignancy (p<0.05).

Conclusion—On chest CT, nodule size = 5 mm and the presence of calcifications are associated
with an increased probability of malignant nodule histology in pediatric patients with
osteosarcoma. However, nodule characteristics, apart from size and calcification, at chest CT
cannot reliably distinguish benign from malignant pulmonary nodules in these patients.
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INTRODUCTION

The correct determination of malignant potential discovery of pulmonary nodules in children
with known sarcoma is a clinical problem that radiologists face on a routine basis. Often the
assumption is that pulmonary nodules identified in children with sarcomas indicate
metastatic disease. However, benign causes for these nodules can include granulomata,
infection, inflammation, intrapulmonary lymph node, vascular malformations, hamartomas,
and atelectasis (1, 2).

Identifying a pulmonary nodule as malignant or benign is essential for accurate staging,
selecting the appropriate treatment and determining prognosis (3-5). The prognosis of
children with sarcoma has improved due to better staging, use of neoadjuvant chemotherapy
and aggressive surgical resection of all suspected disease (6-8).

Computed tomography (CT) is the imaging modality of choice for detecting pulmonary
nodules (9-14). The development of helical CT and more recently multi-detector CT has
improved the quality of chest CTs and the sensitivity in detecting small pulmonary nodules
(15-20).

Children with sarcomas are at risk for pulmonary metastases and are scanned to identify any
nodules both at the time of diagnosis and sequentially during their follow up. When
pulmonary nodules are detected an invasive procedure such as CT-guided needle biopsy,
video assisted thoracoscopy (VATS) or even thoracotomy may be necessary to establish the
histopathologic diagnosis. Although resection of pulmonary metastases is a safe and
effective treatment option (5), these procedures do carry risks. Moreover a substantial
percentage of patients undergo biopsy or surgery that ultimately reveals only benign nodules
(21). Furthermore, surgical recovery may delay needed administration of chemotherapy.

The purpose of this study was to evaluate CT characteristics of pulmonary nodules in
pediatric patients with osteosarcoma and determine if there are any associated characteristics
that can help distinguish malignant from benign nodules.

MATERIALS AND METHODS

Our institutional review board approved and waived the informed consent requirement for
this retrospective study, which was compliant with the Health Insurance Portability and
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Accountability Act. Through a review of our institutional database, we identified 298
pediatric patients (median age 12 years, range 0.1-18 years) with confirmed sarcoma who
had at least one CT of the chest between January 2001 and December 2006. The CT scans
were performed at the time of diagnosis and sequentially during follow up. Thirty
osteosarcoma patients in whom the nodule was resected at thoracotomy performed after CT
scanning were included in our study. In all of these patients a previous CT scan, that
indicated potential lesion enlargement, was available.

CT scans were obtained with a 4—detector row (LightSpeed QX/i; GE Healthcare,
Milwaukee, Wis), 8—detector row (LightSpeed Ultra; GE Healthcare) or 16—detector row
(LightSpeed 16; GE Healthcare) scanner. Images were obtained in the craniocaudal
direction with a slice thickness of 5 mm using either a 1:1 or 1:1.5 pitch. All patients were
scanned using the standard radiation safety principle, ALARA (As Low As Reasonable
Achievable). Children were classified by weight and size according to the Broselow-Luten
System, and dose was determined using the GE Color Coding for Kids CT protocols. Forty-
eight of the 59 scans included in our review were obtained without an intravenous contrast
agent.

CT images were reviewed using a workstation (Advanced Workstation; GE Healthcare) of
our enterprise-wide picture archiving and communication system (PACS). Image analysis
was performed using standard lung window settings (width, =50 HU; level, 1500 HU) and
mediastinal window settings (width, 350 HU; level, 50 HU). CT scans were retrospectively
and independently reviewed by three radiologists (one thoracic radiologist with 14 years
experience in chest CT and two pediatric radiologists with 33 and 30 years of pediatric
radiology experience).

To ensure accurate comparisons, before imaging analysis, a fourth year radiology resident
reviewed all scans and correlated the sampled nodule(s) on each scan with the pathology
results as determined from the medical record. Only if this correlation was clearly indicated
was the nodule was included in our study. This investigator then numbered the
corresponding nodules on the CT images by using the annotation function in the PACS. This
numbering system allowed the individual nodules to be tracked among the readers and
enabled the readers’ findings to be correlated with the histologic nodule analyzed. On the
most recent CT scan before resection, each of the three readers independently assessed the
total number of nodules present, unilateral versus bilateral distribution of nodules, lobar site
of nodules, and the development and number of new nodules since the previous CT scan.
The size, margin appearance (smooth, spiculated, round, or lobulated), growth (any change
in size), density (solid, ground glass), and calcification (present or absent) of each biopsy-
sampled nodule were assessed. Each reviewer blindly and independently classified the
sampled nodules as benign, malignant, or indeterminate on the basis of these features and
their own knowledge and experience.

Inter-reader agreement of nodule classification as benign, malignant, or indeterminate was
measured using the Kappa statistic. To test for associations between each feature and nodule
status, a generalized estimating equations model was fit for each characteristic using a logit
link function and exchangeable working covariance matrix, in order to account for the
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correlation due to multiple nodules per patient. To examine which features were
independently associated with nodule status, a multivariate model was created for each
reader in which all predictors with univariate p values < 0.20 were entered into the model.
The model was reduced until only those predictors with a p value < 0.05 remained.

Nodule Classification Results

Thirty pediatric osteosarcoma patients underwent CT of the chest followed by resection of
one or more pulmonary nodules (n = 117) during the study period (Table 1).

Of the 117 nodules resected, 80 (68%) were malignant and 37 (32%) were benign (Table 2).
Twenty-five (83%) of the 30 patients had at least one malignant mass, while 5 (17%) of the
30 patients had only benign nodules. Seventeen (57%) had a combination of benign and
malignant nodules. In seventeen (57%) patients, nodules were distributed bilaterally.

Each reader classified each nodule as benign, malignant or indeterminate. Readers 1 and 3
correctly classified 75 of 80 malignant nodules (94%), and reader 2 correctly classified 74
(93%). The readers correctly classified only 11-30% of benign nodules, classifying 54-65%
as indeterminate and 76-84% as either benign or indeterminate. Overall, readers 1, 2, and 3
correctly classified 86 (74%), 83 (71%), and 79 (68%)nodules, respectively (Table 3).

Reader agreement was moderate, with kappa=0.52 between reader 1 and reader 2,
kappa=0.54 between reader 1 and reader 3, and kappa=0.73 between reader 2 and reader 3.

Nodule Characteristics (Univariate Results)

The results of the univariate analysis of nodule characteristics as predictors of nodule status
at biopsy are provided in Table 4. For all three readers, size and calcifications were both
associated with nodule status (malignant versus benign). Malignant lesions were more likely
to be larger and to have calcifications.

Nodule Characteristics (Multivariate Results)

In a multivariate analysis that incorporated all features showing a univariate trend, nodule
size and the presence of calcifications remained significantly associated with nodule status
for all three readers, while nodule growth was also significantly associated with nodule
status as determined by reader 1. Specifically, nodule size = 5 mm and the presence of
calcifications were associated with an increased probability of malignancy (Table 4).

DISCUSSION

The solitary pulmonary nodule is defined as a relatively spherical opacity that is < 3 cm
diameter and surrounded by lung parenchyma. CT imaging characteristics of pulmonary
nodules used for determining their nature in adults include nodule contour, margins and
internal characteristics. However, only two characteristics are considered to be sufficiently
predictive to preclude further evaluation in adult patients and classify the nodule as benign:
calcification in a benign pattern and stability in size for > 2 years (22).
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In children with osteosarcomas the detection of pulmonary nodules often suggests metastatic
disease that may not always be present. Even in studies of high-risk oncologic populations,
relatively high percentages (35-44%) of the pulmonary lesions in pediatric patients have
proved to be benign (21, 23). In our study, 32% of all nodules assessed were benign, and
17% of the patients evaluated had only benign nodules. At present, there is no algorithm for
making the distinction between benign and malignant pulmonary nodules based on
radiologic findings in pediatric patients with sarcomas.

Analyzing the interpretations of two experienced pediatric radiologists and one experienced
thoracic radiologist, we found that only two of seven evaluated imaging parameters were
consistently useful in predicting the malignancy of nodules: nodule size and the presence of
calcifications. Nodules that were = 5mm or calcified were more likely to be malignant. The
correlation between malignancy and calcification is interesting, as it is the opposite of what
is observed in the adult population, in which nodules with calcification are more likely to be
benign (22). To get a homogeneous patient population we only included patients in our
study whose primary tumors were osteosarcomas. In this study population the osteoid matrix
produced by the osteosarcoma cell may form bone and lead to calcification in pulmonary
nodules (24 - 26). However, studies of similar pediatric patient cohorts with similar
distribution of primary tumors found a negative correlation between malignancy and
calcification (21, 27, 28).

We expected the growth of nodules to be predictive of nodules’ histologic status, since
studies conducted by Pass et al and Gross et al (14, 29) have suggested that nodules that
enlarge over time are much more likely to be metastatic than are nodules that remain stable.
However, there was a significant association between nodule growth and malignant
histology for only one of the three readers in this study. These findings with respect to
nodule growth are in agreement with those of McCarville et al. (21), who found no relation
between nodule growth and malignancy.

MccCarville et al. (21) found that sharply defined pulmonary nodules were more likely to be
malignant. They speculated that this was due to the metastatic character of the nodules and
the biologic behavior of primary tumors that metastasize to the lung in pediatric age groups.
However, in our study, no correlation was found between nodule margins and histology.

In our study, multivariate analysis revealed that nodule size = 5mm indicated a greater
probability of malignancy. This finding is in agreement with the results of a study by
Ginsberg et al. (30) that involved 315 adults with cancer, in whom 685 pulmonary nodules
were assessed. Ginsberg et al. found that smaller nodules resected at VATS were
significantly more likely to be benign.

Univariate analyses showed that for all three readers in our study, size and the presence of
calcification were associated with malignant nodule status at histology.

None of the benign nodules in our study were granulomas (Table 2). However, depending
on the prevalence of benign granulomatous disease in the subject populations the distinction
between benign and malignant calcified nodules can be challenging (31).
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In our study, two experienced pediatric radiologists and one experienced thoracic radiologist
were able to correctly identify and predict nodule histology type on the basis of radiologic
appearance for only 68-74% of the nodules resected. However, the readers correctly
predicted malignancy for 93-94% of the malignant lesions. Of the 37 histologically benign
lesions evaluated, the radiologists classified only 11-30% correctly and classified 54-65% as
indeterminate. These data show that our three experienced radiologists were more effective
in predicting malignant histology than in predicting benign histology.

Our study was limited by our patient population. We are a specialized cancer center where
patients are often referred for treatment of advanced malignancies. Therefore in our study
population, the incidence of benign nodules may be lower than at other institutions. This
lower incidence of benign nodules limits the statistical power of our study. CT scans also
identify fewer nodules than the number of lesions identified at thoracotomy. Kayton et al.
(32) showed that in more than one third of thoracotomies in their study, metastases would
have been missed by any tactic besides manual palpation of the lung during open
thoracotomy. Finally, the estimates are potentially subject to verification bias in the study
design arising inclusion of only patients with a biopsy.

In addition the authors think that for future studies, it would also be interesting to evaluate
the added values of FDG - PET/CT and dynamic MRI, because these modalities may
potentially add more information for the differentiation of malignant or benign pulmonary
nodules in children with known sarcoma and therefore may also play a complementary role
in the management of pulmonary nodules.

In conclusion, we found an important difference between CT imaging characteristics of
pulmonary nodules in children — namely, in children with osteosarcoma, the presence of
calcification appears to be associated with malignant histology. We also found that, as in
adults, nodule size is associated with histologic type. We found no correlation between
histologic type and nodule density or margins and only evidence from one reader of a
correlation between histologic type and nodule growth. Although experienced readers can
correctly classify the histologic status of > 90% of malignant nodules seen on CT, they
cannot reliably classify benign nodules. Further research is needed to develop means to
distinguish benign from malignant nodules on imaging.
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Figure 1. Example of a malignant pulmonary nodule
Axial CT images in (A) lung and (B) mediastinal window settings of a pulmonary nodule in

an 11-year-old female patient with pathologically proven metastasis from osteosarcoma.
Typical calcification is seen in the nodule.
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Figure 2. Example of benign and malignant nodules in a single patient
Axial CT images from a 17-year-old male patient with osteosarcoma. Image (A) shows a

pathologically proven benign nodule which was rated by all three readers as either
indeterminate or benign. The calcified nodule in (B) and (C) (lung and mediastinal window
settings, respectively) was rated by all three readers as malignant and proved to be malignant
at resection.
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Figure 3. Example of a malignant nodule read as benign or indeterminate
Axial CT image shows a pathologically-proven malignant pulmonary nodule from an 18-

year-old male patient with osteosarcoma which was rated by the three readers as either
benign or indeterminate.
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Patient characteristics.

Table 1

Characteristic Number
Sex
Male 18 (60.0%)
Female 12 (40.0%)

Median age (range) at biopsy | 14 (8.0 - 22.0)

Number of nodules

1 5 (16.7%)
2 4 (13.3%)
3 6 (20.0%)
4 5 (16.7%)
5 3 (10.0%)
6 4 (13.3%)
7 1 (3.3%)
10 2 (6.7%)
Median (range) 4(1.0-10.0)

Time from scan to biopsy

24 (2.0 - 193.0)
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Table 2

Histologic types of 37 benign nodules.

Histologic Type

Number (%)

Fibrosis

16 (43.2%)

Lymph node

10 (27.0%)

Atelectasis (normal lung tissue) 4 (10.8%)

Calcified nodule

3(8.1%)

Chronic inflammation

2 (5.4%)

Calcified thrombi

1(2.7%)

Organized pneumonia

1(2.7%)
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A: Nodule imaging features as predictors of malignant histology. Univariate analysis among Osteosarcoma

patients

Imaging feature OR (95% CI) p-value
Reader 1

Size 0.02

<3mm reference

3-5mm 1.67 (0.65, 4.30)

>5mm 7.03 (157, 31.48)

Calcifications 9.05 (2.68, 30.60) <0.01

Growth 1.75 (0.77, 3.96) 0.18

Solid density 11.55 (0.53, 252.94) 0.12

Smooth margins 1.35(0.72, 2.54) 0.34

Spiculated margins 0.54 (0.04, 6.72) 0.63

Round margins 0.62 (0.34, 1.14) 0.12

Lobulated margins 1.61(0.71, 3.67) 0.26
Reader 2

Size 0.04

<3mm reference

3-5 mm 1.37 (0.59, 3.21)

>5mm 6.49 (1.47, 28.74)

Calcifications 8.01 (2.41, 26.65) <0.01

Growth 1.47 (0.60, 3.59) 0.39

Solid density 11.68 (0.18, 743.33) 0.25

Smooth margins 0.70 (0.39, 1.25) 0.22

Spiculated margins 0.62 (0.03, 13.67) 0.76

Round margins 1.00 (0.54, 1.88) 0.99

Lobulated margins 1.29 (0.55, 2.99) 0.56
Reader 3

Size 0.01

<3mm reference

3-5mm 0.96 (0.47, 1.98)

>5mm 5.60 (1.31, 24.04)

Calcifications 7.97 (2.50, 25.42) <0.01

Growth 1.30 (0.56, 3.00) 0.55

Solid density 11.68 (0.18, 743.33) 0.25

Smooth margins 1.12 (0.56, 2.24) 0.75

Spiculated margins 0.62 (0.03, 13.67) 0.76

Round margins 0.81 (0.39, 1.66) 0.56

Lobulated margins 1.41(0.57, 3.47) 0.45
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Imaging feature

| OR (95% Cl)

| p-value

4B: Nodule imaging features as predictors of malignant histology. Multivariate analysis among Osteosarcoma patients.

| OR (95% CI) | p-value

Reader 1

Size 0.03

<3mm

3-5mm 1.16 (0.38, 3.47)

=5mm 6.77 (1.25, 36.69)

Calcifications 17.44 (4.11, 74.08) <0.01

Growth 2.57 (1.04, 6.37) 0.04
Reader 2

Size 0.04

<3mm

3-5 mm 1.42 (0.55, 3.67)

>5mm 7.98 (1.54, 41.44)

Calcifications 9.25 (2.49, 34.44) <0.01
Reader 3

Size <0.01

<3mm

3-5mm 0.78 (0.32, 1.86)

>5mm 6.09 (1.24, 29.89)

Calcifications 8.47 (2.35, 30.49) <0.01
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