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Abstract

Background—The clinical significance of subcentimeter nodules identified on staging chest
Computed Tomography (CT) for sarcoma remains unknown. Our goal was to evaluate the effect
of initial pulmonary nodule size and number on survival rates in young, newly diagnosed sarcoma
patients.

Methods—Medical records were reviewed for all patients <50 years of age with primary, high-
grade bone or soft tissue sarcoma at our institution over a 10-year period. This population was
divided into patients with no nodules (Group 1); 1 nodule <5 mm (Group 2); >1 nodule <5 mm
(Group 3); and =1 nodule =5 mm (Group 4). Kaplan-Meier analyses with log rank tests were
performed to compare overall and disease free survival between these 4 groups, as well as between
patients with unilateral and bilateral nodules.
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Results—There were 74 patients in Group 1 (59.2%), 26 in Group 2 (21%), 11 in Group 3 (9%),
and 13 in Group 4 (10%). Mean follow up was 74 (range 6-191) months. Survival was only
slightly worse with larger nodules but significantly worse with multiple nodules. In addition,
patients with bilateral nodules had a significantly worse prognosis than those with multiple
unilateral nodules.

Conclusions—This data suggests that in young patients with high grade sarcoma, the number
and distribution of subcentimeter pulmonary nodules are an important prognostic factor, while
nodule size may be less relevant.
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Introduction

In patients newly diagnosed with sarcoma, classification of the disease as localized or
metastatic has several important implications with respect to surgical intervention, inclusion
in clinical trials, and counseling regarding prognosis. Because the lungs are the most
common site for metastases of bone and soft tissue sarcomas, routine staging includes
Computed Tomography (CT) exams of the chest to screen for pulmonary involvement.
However, since 1996 the COG has had an evolving but inconsistent and unvalidated
definition of ‘pulmonary metastasis’ based on initial CT imaging for sarcoma. While it is
generally agreed that multiple or large nodules represent metastases, the significance and
optimal management of subcentimeter lesions remains unclear.!

The availability of thin slice CT technology introduced further uncertainty, increasing the
frequency of positive tests by detecting nodules <5 mm in diameter.2 The ability of even
experienced radiologists using this enhanced imaging modality to identify metastatic
pulmonary nodules has been shown to be unreliable.3 Subcentimer pulmonary lesions may
regress or resolve during chemotherapy; however, this does not resolve the question of their
etiology. These lesions may represent responsive metastasis, transient benign findings (such
as recent infection or artifact of sedation such as atelectasis), or simply different degrees of
sensitivity between scanners and radiologists. In spite of this, lung biopsy prior to treatment
is often not recommended or accepted and, in our study, only 1of 50 patients underwent
initial biopsy of a subcentimeter nodule. The resulting uncertainty surrounding the clinical
significance of these pulmonary nodules continues to pose a challenge in the management of
sarcoma patients.

At the COG Annual Meeting in 2008, the Children's Oncology Group (COG) identified
“small pulmonary nodules” as an area requiring additional research (COG Annual Meeting,
October, 2008); to date, however, the literature remains scant. The few studies that address
this issue do not include all patients under the age of 50 years, a group that is the target of
most of current COG sarcoma protocols.# Our institution has maintained a combined adult
and pediatric oncology sarcoma program for 30 years, treating all patients under 50
according to standard COG protocols. Over this period of time, the definition of pulmonary
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metastasis in sarcoma has not been uniform in either COG or the medical community. For
example, certain COG protocols have considered any number of nodules > 0.5 mm or
multiple nodules > 3 mm as “evidence” of metastasis, with smaller and fewer nodules
considered “questionable.” Definitions of metastatic disease have been especially
inconsistent as they relate to more than one nodule ranging from 1-4 mm in diameter.(5-23)

Given the impossibility of biopsying every lesion, and in the absence of a large
comprehensive study, we sought to better understand the clinical significance of
indeterminate pulmonary nodules by examining the cohort of young sarcoma patients treated
at our institution. Our purpose was to determine the long term outcome of subcentimeter
pulmonary nodules identified on initial thin cut CT scan in patients age 0-50 years who were
newly diagnosed with sarcoma and treated uniformly according to standard protocols from
COG or NCCN guidelines.

Under an IRB approved protocol, a review was performed of young patients who were
diagnosed with high-grade bone or soft tissue sarcoma and treated at a single referral center.
Patients were identified through a clinical database maintained by the institution's sarcoma
practitioners, as well as a search of the pathology database for all patients with sarcoma
diagnoses. The 10 year study period began in 1998 with the introduction of thin slice CT
scans to our institution and ended in 2008 to allow for appropriate length of follow up. In
concordance with COG, the study populations included all patients aged <50 years with
diagnosis of high grade sarcoma, treated with chemotherapy, and without obvious metastatic
disease (nodules >1 cm or non-pulmonary lesions) at the time of diagnosis. Subjects were
subsequently excluded for history of a second malignancy or treatment prior to presentation.

Electronic medical records and patient charts were reviewed for patient demographics (age
and gender) and oncologic data (sarcoma type, primary tumor size, and location). Initial CT
scan reports were reviewed for diameter, location, and number of pulmonary nodules/
masses. Patients were then categorized according to presence and size of nodules as follows:
no nodules (Group 1); 1 nodule <5 mm (Group 2); more than one nodule <5 mm (Group 3);
and any nodule =5 mm (Group 4). All patients underwent surgical excision of the primary
tumor with adjuvant and neoadjuvant chemotherapy according to COG or National
Comprehensive Cancer Network (NCCN) standard of care. Ninety-six patients were either
enrolled in or following COG therapeutic trials, while 30 were not. All osteosarcoma
patients were treated with methotrexate, adriamycin, and either cis or carboplatinuum; of
these, several received additional ifosfamide or ifosfamide and etoposide according to the
standard treatments of the time. Ewing sarcoma patients were all treated with vincristine,
doxorubicin, cyclphosphomide, ifosfamide and etoposide, while soft tissue sarcoma patients
recieved ifosfamide and doxorubicin. Only one patient underwent nodule biopsy at time of
diagnosis; in addition, subcentimeter nodule(s) that arose or progressed during or following
initial treatment were managed with excisional biopsy according to COG/NCCN standards.

Kaplan-Meier survival curves for months of overall survival and DFS (ho evidence of
disease on physical exam and pulmonary imaging) were constructed for Groups 1-4 and
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compared using a log rank test. Osteosarcoma was the only histology subgroup large enough
for separate analysis. Among patients with multiple nodules (groups 3 and 4), Kaplan-Meier
curves and log rank test were used to compare overall and DFS in those with unilateral
versus bilateral nodules. Patient age, gender, diagnosis, primary tumor size (=5 vs <5 cm),
and primary tumor location (axial vs appendicular and bone vs soft tissue) and were
recorded and compared between groups using chi squared testing. Data was analyzed using
the SPSS version 10.0.5 (SPSS Inc, Chicago, Illinois), and an alpha value of 0.05 was
considered significant.

Of the 134 young sarcoma patients that met the inclusion criteria, 8 were excluded (4 for
history of previous malignancy, 3 for treatment prior to presentation, and 1 for two
simultaneous primary malignancies), leaving 126 available for study. Mean age was 23.5
years (range 1.8-49.8 years), and mean overall follow-up was 74 months (range 6-191
months). The study population was comprised of 50 females and 76 males; 99 primary bone
and 27 soft tissue sarcomas; 101 appendicular and 25 axial tumors. Diagnoses included
osteosarcoma (66), Ewing's sarcoma (24), fibrosarcoma (8), synovial sarcoma (7),
undifferentiated pleiomorphic sarcoma (6), leiomyosarcoma (3), chondrosarcoma (2),
liposarcoma (2), and other (8). Seventy-four patients (59.2%) presented with no nodules on
CT (Group 1); 26 (21%) had a single nodule <5 mm (Group 2); 11 (9%) had >1 nodules <5
mm (Group 3); and 13 (10%) had 1 or more nodules =5 mm (Group 4). There was no
statistically significant difference between Groups 1-4 with respect to patient age, gender,
diagnosis, primary tumor size, and primary tumor location.

Kaplan-Meier analysis with log rank test revealed statistically decreased survival in patients
with multiple small nodules (Group 3 compared to Group 1) for all sarcomas (mortality
p=0.022, DFS p=0.015) as well as only osteosarcomas (mortality p=0.041, DFS p=0.043). In
addition, we observed a trend toward worse prognosis with larger nodules (Group 4
compared to Group 1) for all sarcomas (mortality p=0.116, DFS p=0.231) and
osteosarcomas (mortality p=0.160, DFS p=0.330). Compared to patients with no pulmonary
nodules, those with a single <5 mm nodule (Group 2 compared to Group 1) did not show
significant improvement in prognosis (mortality p=0.682 and DFS p=0.662 for all sarcomas;
mortality p=0.685, DFS p=0.804 for osteosarcomas) (Figure 1, Table 2). The 2- and 5-year
survival rates for patients in each group are shown in Table 3. Finally, we observed
significantly worse prognosis in patients with multiple bilateral compared to multiple
unilateral nodules (p=0.023 for overall survival, p=0.014 for DFS) (Figure 2).

One nodule in a patient from Group 2 was biopsied at the time of diagnosis and proven
benign. In addition, 24 pulmonary nodules that developed or progressed during or following
chemotherapy underwent excisional biopsy; of these, 23 (96%) were confirmed to be
malignant. Late biopsy was performed in 11 (15%) of Group 1, 8 (31%) of Group 2, 1 (9%)
of Group 3, and 4 (31%) of Group 4 patients (Table 4). Patients who underwent excision/
biopsy tended to have a poorer prognosis in terms of both mortality and DFS than those who
did not, likely because progressive disease was the indication for which they underwent the
procedure.

J Pediatr Hematol Oncol. Author manuscript; available in PMC 2016 October 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 5

Discussion

The results of our study suggest that, in young sarcoma patients treating according to
standard COG protocols, the number of pulmonary nodules detected on thin-slice CT scan at
the time of diagnosis may have greater prognostic significance than their size. We observed
no significant difference in outcome between patients without nodules and those with a
single nodule <5 mm on initial CT, suggesting that for some patients chemotherapy may be
treating the “microscopic disease” that we have long suspected was present in the lungs of
sarcoma patients but had been unable to visualize with the imaging tools of the day.
However, multiple pulmonary nodules <5 mm were associated with significantly decreased
mortality and DFS in all patients suggesting that disease burden, now evident with modern
imaging, is also important.

The COG definition of clinically metastatic disease differs between sarcoma types and
continues to evolve. For osteosarcoma, a single nodule >10 mm or more then 3 nodules >5
mm is considered evidence of metastasis. Metastatic Ewing's sarcoma is currently defined as
a solitary nodule >5 mm or multiple nodules >3 mm, unless biopsied and proven benign;
previously, however, the criteria were a single nodule >10 mm or multiple nodules > 5 mm.
Finally, soft tissue sarcoma does not have imaging definitions based on size or number but
relies on biopsy to establish proof of metastasis. In all protocols, for lesions below the
‘absolute’ thresholds, the diagnosis can only be established through biopsy, which is left to
the discretion of the treating physician.>-23

Historically, the presence of sarcoma metastases at the time of diagnosis limited
chemotherapeutic treatment options and was associated with extremely poor survival.2*
Chemotherapy is responsible for improved survival of “non-metastaic” sarcoma since the
1980s, and the importance of adjuvant treatment to control residual microscopic lung disease
in sarcoma for children and young adults has been well established.25-28 The observation
that lung metastasis commonly occurred despite negative imaging and resection of the
primary, suggests there may be a threshold effect for the size of “microscopic disease” that
would allow chemotherapy to control or even eradicate disease that could not be seen by
imaging tools of the day.

Just as adjuvant treatments have improved, the sensitivity of cross sectional imaging has
increased dramatically in recent years, allowing for the detection of pulmonary
micronodules. Three prior studies of patients undergoing screening spiral CT exams upon
sarcoma diagnosis reported the prevalence of pulmonary nodules <1cm as 17-34%.(4.29.30)
We observed pulmonary nodule(s) in 41% of all sarcoma patients and 45% of osteosarcoma
patients at the time of diagnosis. This rate is substantially greater than those reported in the
prior studies, which we hypothesize may be related to further advances in CT sensitivity in
recent years. While advancing imaging technology will likely continue to increase
sensitivity, pursuing a diagnosis and treatment of possibly in significant nodules may cause
undue morbidity and anxiety for patients. Therefore, understanding the oncologic relevance
of subcentimeter nodules is critically important.
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Few comprehensive studies have examined the relationship between pulmonary nodules and
mortality. In their retrospective chart review of 210 subjects under the age of 25 years,
Absalon et al reported that patients who presented with any nodules at diagnosis had a lower
estimated survival compared to those with none (57.8 vs. 82.8 months). They also found an
association between the presence of more than 3 nodules or bilateral distribution and the
likelihood of pulmonary recurrence/progression in the first 3 years after diagnosis, but there
was no significant relationship to the size of largest pulmonary nodule.* Conversely, in
another retrospective CT scan review of 331 primarily older adult sarcoma patients, Rissing
et al found no association between number of nodules and survivorship, but they did observe
increased 3-year mortality in patients with nodule(s) =5 mm. This study, however, contained
primarily (90%) adult subjects, and young patients were not analyzed as a separate
subpopulation.3® Additional studies addressing this topic from varied perspectives have been
published in the Radiology and Orthopedic Surgery literature. Some correlate radiological
and surgical or pathological findings 1331 while others evaluate the use of CT scan
compared to other modalities,??: 32 however, variations in age range, nodule definition, and
outcome measures make comparison between these data challenging. Thus, while the
previous literature provides valuable information, our study offers the most comprehensive
analysis of the relationship between subcentimeter pulmonary nodules and mortality in a
young sarcoma patients treated with consistent chemotherapy protocols and management
paradigms.

Certain limitations of this study must be acknowledged. The distribution of patients within
our study population was uneven, with more in Groups 1 and 2 than in Groups 3 and 4,
which prevented us from analyzing the difference between single and multiple nodules >5
mm. Larger subject numbers would be required for evaluation of nodule characteristics as
risk factors for disease progression and mortality, as well as subgroup analysis by type of
sarcoma. In addition, this study was designed to report outcomes for patients treated
according to a common protocol, including aggressive resection of progressive pulmonary
nodules whenever feasible. This could introduce an element of treatment bias, as some
patients with multiple nodules may not have been surgical candidates; however, this
accurately reflects the relationship between number of nodules, disease resectability, and
prognosis when managed in a uniform way at an experience sarcoma treatment center.

Conclusions

Our results indicate that the number and distribution of subcentimeter pulmonary nodules on
initial screening CT may be a more important prognostic factor than nodule size in young
sarcoma patients treated according to standard chemotherapy protocols. Compared to
patients without pulmonary lesions at presentation, we observed no difference in outcome
for patients with a single nodule <5 mm. Patients with multiple nodules, especially when
bilateral, had significantly reduced overall and DFS regardless of nodule size. These results
suggest that metastatic disease and its prognosis may be more of a spectrum than is
recognized by current treatment protocols. Additional research will be needed to further
define these intermediate levels of disease and determine their optimal form of management.
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Figure 1.

Kaplan Meier survival curves demonstrating decreased rates of overall survival and DFS in
patients with multiple <5 mm nodules (Group 3) compared to those with no nodules (Group
1), a single <5 mm nodules (Group 2), or any number of nodules =5 mm (Group 4). This
finding was consistent across all sarcoma patients as well as the subset of osteosarcoma
patients. A) Overall survival in all sarcoma patients, B) DFS in all sarcoma patients, C)
overall survival in osteosarcoma patients, D) DFS in osteosarcoma patients.
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Figure 2.
Kaplan Meier survival curves demonstrating decreased rates of A) overall survival and B)

DFS in patients with multiple bilateral compared to multiple unilateral nodules.
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Table 1

Demographic and disease characteristics of the study population.

Agein yearsat diagnosis (mean, range) | 235 | 1.8-49.8
Gender (n, %) Male 77 61.1
Female 49 38.9
Ethnicity(n, %) Caucasian 88 69.8
African American 14 111
Hispanic 20 15.9
Other 4 3.2
Diagnosis (n, %) Osteosarcoma 66 52.4
Ewing sarcoma 24 19.0
Soft tissue sarcomas 27 21.4
Other 9 7.1
Tumor Location (n, %) Axial 25 19.8
Appendicular 101 8.0
Tumor size (n, %) Small (<5 cm) 21 16.7
Large (=5 cm) 105 83.3
Number of nodules at diagnosis (n, %) None 75 59.5
Solitary 26 20.6
Multiple unilateral 16 12.7
Multiple bilateral 10 7.9
Size of nodules at diagnosis (n, %) <3mm 22 431
3-5mm 16 314
5-10 mm 13 255
Chemotherapy regimen (n, %) MAP 52 49.2
MAPI 4 3.2
MAPIE 10 7.9
VACIE 24 19
Al 26 20.6
None 10 79
Total | 126 |

M = Methotrexate, A = Adriamycin, P = Cis/carboplatinuum, | = Ifosfamide, E = Etoposide, C = Cyclophosphamide, V = Vincristine
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Table 2

P values for log rank test comparing Kaplan Meier survival curves in Figure 1. These confirm that survival
and DFS were significantly decreased in Group 3, but not Groups 2 or 4, for all sarcomas as well as
osteosarcomas.

All Sarcomas Osteosarcomas

Survival DFS | Survival DFS

Group 1vs 2 0.682 0.662 0.685 0.804

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Group1vs3

0.022

0.015

0.041

0.043

Group 1vs 4

0.116

0.231

0.160

0.330
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