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Osteosarcoma is the most common type of primary bone malignancy in children and young
adults [1-3]. This malignancy is rare, with an annual incidence of approximately 1 case per
100,000 children. In the 1970s, the 2-year survival was low (15–20%). Since then, the
introduction of effective multiagent chemotherapy regimens has helped improve outcomes
considerably, with the current overall 5-year survival being 50–75% [2,4,5].

Despite the improvement in survival rates over the past 30 years, patients with osteosarcoma
who present with metastatic lung disease do not fare well. At best, they have a 5-year
survival of 30%, provided complete resection of lung metastases is achieved and there are
no metastases in other sites [4,5].

The current recommended surgical approach for patients with osteosarcoma having lung
metastases is meticulous resection of all metastatic disease. This includes metastatic lesions
that are detected by imaging and those identified by palpation at thoracotomy [4–11].
Reports from various centers agree that complete resection of all lung metastases is the best
prognostic predictor of survival in these patients[8-12]. In 1971, before the introduction of
adjuvant chemotherapy, Martini et al. [13] reported 22 young patients with metastatic
osteosarcoma who underwent a total of 59 thoracotomies. The 3-year survival for patients
who underwent metastasectomy was 40%. The overall 5-year survival in this series was
32%, compared with 17% in patients who did not undergo metastasectomy.

Currently, surgical management of the contralateral hemithorax in patients presenting with
unilateral pulmonary nodules on computed tomography (CT) scans within 24 months of
diagnosis is controversial. Some authors advocate a contralateral thoracotomy in all patients
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with early metastases [10]. At the St. Jude Children’s Research Hospital, ipsilateral
thoracotomy is performed if CT scan identifies unilateral metastases. Performing a bilateral
thoracotomy in patients presenting with unilateral metastatic disease may be associated with
added morbidity therefore demands careful analysis.

The aim of this study was to conduct a retrospective review of osteosarcoma patients
presenting with unilateral pulmonary metastases within the first 24 months of diagnosis at
St. Jude from 1980 to 2005 to determine whether contralateral exploratory thoracotomy is
beneficial.

Materials and methods
Study Population

The study was approved by the St. Jude Institutional Review Board. We retrospectively
reviewed the clinical charts and institutional databases of patients presenting with or
developing early pulmonary metastases (within 24 months of diagnosis) at St. Jude from
June 1980 to September 2005. Patients who were not considered surgical candidates were
not included in this review.

According to our protocol, patients who presented with unilateral lung metastases had
unilateral thoracotomy and those with bilateral disease had staged bilateral thoracotomies.
Patients who had radiographically suspected recurrence were operated upon and suspected
nodules were removed. For the purpose of this study, “pulmonary metastases” refer to the
presence of pathologically proven osteosarcoma lung metastases and “recurrence” refers to
new pulmonary metastases that appeared after resection of all detectable pulmonary nodules.

Factors assessed for prognostic significance included unilateral versus bilateral pulmonary
metastases at presentation, number of pulmonary metastatic nodules at initial resection, and
laterality of pulmonary recurrence after the initial resection. Because we reviewed records
from over 25 years, we also analyzed survival along a timeline to determine the effect of
evolving imaging techniques and treatment protocols on the prognosis.

Statistical Methods
Descriptive statistics were reported for continuous and categorical variables. The Shapiro-
Wilk test was used to test the normality of each continuous variable. Group medians were
compared using the Wilcoxon-Mann-Whitney exact test. Associations from singly ordered
contingency tables were tested using the Kruskal-Wallis exact test. Exact simultaneous
confidence intervals (CI) for the incidence of each type of recurrence were calculated using
the methods of Blyth-Still-Casella and Goodman at the 95% level. The Kaplan-Meier
method was used to estimate survival curves for the whole cohort and by analysis group.
The log rank test was used to test for significant differences in the survival of analysis
groups.

Results
Demographics

Table 1 lists the demographics and site of primary tumor for the patients. From June 1980
and September 2005, 109 osteosarcoma patients (70 males and 39 females) with resectable
early pulmonary metastases were admitted to St. Jude. Median age of the patients was 14
years (range: 2.4–24.3 years). The follow-up period ranged from 4 months to 24 years with a
median of 1.5 years (table 1)

Karplus et al. Page 2

J Pediatr Surg. Author manuscript; available in PMC 2013 May 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Site of primary tumor
Of the 109 patients, 105 (96.4%) had primary tumors in the extremities: 66 (60.6%) in the
femur, 21(19.3%) in the tibia, 14 (12.8%) in the humerus, 3(2.8%) in the fibula, and 1
(0.9%) in the radius. Four (3.7%) patients presented with primary axial disease: 3 (2.8%)
with pelvic disease and 1(0.9%) with a primary tumor in the rib (Table 1).

Pulmonary metastases
Of the patients, 81 (74.3%) presented with early unilateral pulmonary metastatic disease: 35
(43.2%) had left pulmonary involvement only and 46 (56.8%) had right pulmonary
involvement only. Twenty-eight (25.7%) patients had bilateral involvement.

The median time from presentation to detection of pulmonary metastases was 12 months
(SD = 14.46 months) for bilateral and 15 months (SD = 20.26 months) for unilateral disease.
This difference was not statistically significant (p = 0.43).

The number of metastatic nodules resected at surgery was recorded in 108 (99%) patients.
Of the 27 patients with bilateral disease, 11 (41%) had 4 or fewer nodules and 16 (59%) had
5 or more nodules. Of the 81 patients with unilateral pulmonary involvement, 73 (90%) had
4 or fewer nodules and 8 (10%) had 5 or more nodules.

Recurrence patterns
Of the 81 patients presenting with unilateral metastatic disease, 39 (48%) had subsequent
pulmonary recurrence, which for most occurred within 6 months. Within the first 6 months,
9 (11%) patients had a recurrence on the same side and 10 (12%) on the contralateral side.
One year following thoracotomy, 12 (15%) patients had recurrence on the same side, 12
(15%) had recurrence on the contralateral side, and 1(1.2%) had bilateral recurrence. Two
years later, 13 (16%) had recurrence on the same side, 19 (23%) had recurrence on the
contralateral side, and 2 (2.5%) had bilateral recurrence.

Overall recurrence after initial resection of unilateral pulmonary metastases was as follows:
17.3% (95% CI:9.8%,26.6%) on the same side, 27.1%(95%CI:17.9%,38.1%) on the
contralateral side, and 3.7%(95% CI:1%,9.8%) bilateral. In patients presenting with
unilateral disease the overlapping confidence intervals indicate that we have no evidence of
a statistically significant difference between the number of patients with ipsilateral and
contralateral recurrence. (Table 2)

Of the 28 patients who presented with bilateral disease, 11(39.3%) had unilateral recurrence;
no patient had bilateral recurrence.

The number of metastatic pulmonary nodules was recorded in 81 patients with unilateral
disease: 44 (54.32%) had 1 nodule, 15 (18.52%) had 2 nodules, 16 (19.75%) had 3–5
nodules, and 6 (7.41%) had more than 5 nodules. There was no association between the
number of metastatic nodules in patients with early unilateral disease and the risk or side of
recurrence (p = 0.69; Fig. 1).

Survival analysis
The overall survival of patients diagnosed with osteosarcoma from June 1980 to September
2005 and presenting with early pulmonary metastases was 43% at 2 years and 30% at 5
years (Fig. 2).

Patients presenting with unilateral disease had 2- and 5-year survivals of 47% and 34%,
respectively, and those presenting with bilateral disease had 2- and 5-year survivals of 30%
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and 17%, respectively. There was no statistically significant difference in survival between
the patient with unilateral or bilateral disease, but a larger cohort might have supported this
finding (p = 0.051; Fig. 3).

Patients with ipsilateral recurrence had both 2- and 5-year survivals of 35% and those with
contralateral recurrence had 2- and 5-year survivals of 62% and 28%, respectively. There
was no significant difference in survival between patients with ipsilateral or contralateral
recurrences (p = 0.34; Fig. 4).

Timeline analysis
Improvements in imaging techniques—Because imaging techniques improved
significantly during the study period (from 1980 to 2005), data were subdivided into 3 time
periods. For 1980–1987, 1988–2000, and 2001–2005, the number of patients who had
unilateral disease or bilateral disease, respectively, were 28 (68.3%) and 13 (31.7%), 35
(74.5%) and 12 (25.5%), and 18 (85.7%) and 3 (14.3%).

Changes in treatment—To study the effect of advances in treatment protocols on
survival of patients with early unilateral disease, we evaluated survival rates in 3 periods.
For 1980–1989, 1990–1999, and 2000–2005, the 2- and 5-year survivals for patients,
respectively, were 45% and 35%, 30% and 22%, and 64% and 44%. These differences were
not statistically significant (p = 0.14; Fig. 5).

Discussion
We reviewed the recurrence patterns and survival data of 109 children with osteosarcoma
and early resectable pulmonary metastases admitted to St. Jude over a period of 25 years
(1980–2005). All 81 patients with early unilateral metastatic disease underwent unilateral
thoracotomy; none of them had an exploratory thoracotomy of the contralateral side. Our
analysis suggests that osteosarcoma patients with early unilateral pulmonary metastases may
not benefit from exploration of the contralateral hemithorax.

In 2003, Su and coworkers [10] from the Memorial Sloan-Kettering Cancer Center reported
on 9 osteosarcoma patients having CT findings of early unilateral pulmonary metastases.
Despite negative CT findings, all patients underwent contralateral exploratory thoracotomy,
and 6 (86%) had metastases in the contralateral lung. In the same study, in another group of
patients presenting with late metastases (more than 2 years from initial diagnosis), only 1 of
5 patients (20%) relapsed in the contralateral lung. On the basis of these results, the authors
advocated contralateral exploratory thoracotomy in patients with osteosarcoma and early
unilateral pulmonary metastases.

Because we did not perform an exploration of the contralateral lung, it was reasonable to
expect that our patients would have an increased recurrence in the contralateral lung.
However, Twelve months after resection 12 patient had ipsilateral recurrence and 12 had
contralateral recurrence representing a total of 30% one year recurrence rate. Two years into
the study 13 (16%) had unilateral recurrence and 19(23%) patients had contralateral
recurrence While small foci of tumor cells may lie dormant for quite some time, it is
unlikely that an early contralateral thoracotomy would identify these foci of tumor. Overall
on long term follow-up 22 (27%) patients had a recurrence on the contralateral side versus
14 (17%) with recurrence on the same side. There was no statistically significant difference
between the recurrences in the contralateral and ipsilateral lung.

The difference between our findings and those from the study by Su et al. [10] should be
interpreted with care. It is possible that if we had performed routine contralateral
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explorations as suggested, we might have found a higher incidence of patients with bilateral
metastases. However, these “occult” metastases, even if present, may not have developed
into recognizable metastases and detected by imaging and their clinical significance is
uncertain.

The prognostic significance of unilateral versus bilateral metastatic lung disease has been
discussed by several authors. In a Pediatric Oncology Group study, Harris et al. [14]
reported that patients presenting with unilateral disease had a 5-year event-free survival
(EFS) of 75% after resection and treatment and those presenting with bilateral disease had a
5-year EFS of 35%. However, this excellent survival rate for patients with unilateral disease
could not be reproduced in studies by other groups [7,9,10,11]. Kempf-Bielack et al. [15]
analyzed 576 eligible patients of all ages with relapsed osteosarcoma from the Cooperative
Osteosarcoma Study Group (COSS). There was a statistically significant 5-year survival
advantage for patients with unilateral disease (34%) over those with bilateral disease (14%)
[15]. In contrast, Harting et al. [11] in their retrospective study of 137 patients with
osteosarcoma and pulmonary metastases found no difference in survival of patients with
bilateral and unilateral metastatic disease.

In our series no patients were lost to follow-up but 57% of patients presenting with unilateral
disease died in the first 2 years. This mortality rate is high but not different from survival
data of other studies. Patients presenting with unilateral metastatic disease had a 5-year
survival of 34% and those presenting with bilateral disease had a 5-year survival of 17%.
While there was a trend indicating an improved survival patients with unilateral disease, the
difference in survival did not reach statistical significance (p = 0.051). A larger cohort might
have provided more conclusive data. Our results correlate with the survival data published in
the COSS study [15].

Younes et al. [16] investigated the need for bilateral thoracotomies in 179 patients with
various types of solid tumors presenting with unilateral pulmonary metastases. All the
patients in their study had only ipsilateral thoracotomies. On follow up, the overall
contralateral recurrence rate was 22%. The predictors of a contralateral metastatic lesion
were the type of the tumor (osteosarcoma) and more than 2 metastatic nodules in the
ipsilateral lung. Younes et al. do not advocate routine bilateral thoracotomy in patients with
unilateral disease. Bacci et al. [17] also found a striking correlation between the number of
pulmonary nodules and relapse: patients with 1 or 2 nodules had a recurrence rate of 10.8%
and those with more than 2 nodules had a recurrence rate of 53.1% [17]. In contrast, Harting
et al. [11] did not find a significant correlation between the number of nodules and
recurrence rate. Although it seems logical to assume that a higher tumor burden on one side
might indicate bilateral disease, in our study there was no correlation between the number of
metastatic nodules and contralateral recurrence.

There are several studies on the correlation between bilateral or unilateral lung involvement
and survival. Younes et al. [16] found the survival of patients with contralateral recurrence
to be comparable with that of patients presenting with bilateral disease. Harting et al. [11]
also found no correlation between laterality of recurrence and survival. In our study, there
was no statistically significant difference (p = 0.34) between the 5-year survival rates for
patients with ipsilateral recurrence (35%) and for those with contralateral recurrence (28%).

With advancements in imaging techniques, such as introduction of the spiral CT and
protocols involving smaller slices (5 mm vs. 10 mm), we expected an increase in patients
diagnosed with bilateral metastatic disease. However, our data indicated a reverse trend.
During the first period of our study (1980–1989), 13 (31.7%) patients had bilateral
metastatic disease. Recent data (2001–2005) showed that only 3 (14.3%) patients had
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bilateral disease. This might be because of earlier detection of early small pulmonary
lesions, better local control, and better chemotherapy treatment protocols.

Since methotrexate was introduced in the 1960s, treatment protocols have evolved
significantly. In 1976, Rosen introduced the T5 protocol, which included multidrug therapy
with vincristine, doxorubicin, and weekly high-dose methotrexate. Since then, treatment has
continued to evolve and improve. The current standard therapy includes high-dose
methotrexate, doxorubicin, and cisplatin, and some protocols add cyclophosphamide,
ifosfamide, etoposide, or carboplatin [18]. To show the impact of evolving imaging
techniques, surgical approach and treatment protocols we looked at patient survival over
three decades. In our series, patients with early unilateral pulmonary metastases had a 5-year
survival rate of 35% and 22% for 1980–1989 and 1990–1999, respectively. The survival for
2000–2005 rose to 44%, but the differences for the 3 periods are not statistically significant
and are comparable to reports from other studies. These results also show that the survival
rates of these patients have not improved despite the improvement in imaging techniques
and more efficient treatment protocols. Prospective studies should focus on finding ways to
improve the survival of patients with osteosarcoma and pulmonary metastases.

Conclusions
This retrospective study of 109 osteosarcoma patients with early resectable pulmonary
metastases admitted to our institution over a period of 25 years suggests that osteosarcoma
patients with early unilateral pulmonary metastases may not benefit from exploration of the
contralateral hemithorax. Based on evidence presented in this study a prospective
randomized long term study would be needed to establish the best approach to these children
before routine bilateral thoracotomy can be recommended.
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Fig. 1.
Number of pulmonary metastases at presentation in patients with osteosarcoma and
unilateral lung metastases as a factor in different recurrence patterns
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Fig. 2.
The Kaplan–Meier plot showing overall survival of patients diagnosed with at St. Jude with
osteosarcoma from June 1980 to September 2005 and presenting with pulmonary
metastases. Point estimates and 95% CIs for survival after 2 years are 0.43 (0.33, 0.53) and
after 5 years are 0.30 (0.19, 0.40).
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Fig. 3.
Kaplan–Meier plot showing overall survival of patients presenting with unilateral
pulmonary metastases vs. that for patients presenting with bilateral pulmonary metastasis.
The log rank test p-value for the difference between the survival rates in these groups is
0.051. Point estimates and 95% CIs for survival for unilateral and bilateral pulmonary
metastases, respectively, after 2 years are 0.47 (0.36, 0.58) and 0.30 (0.12, 0.47) and after 5
years are 0.34 (0.21, 0.47) and 0.17 (0.03, 0.30).
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Fig. 4.
Kaplan–Meier plot showing survival of patients diagnosed with osteosarcoma with
pulmonary metastases where reccurrence is ipsilateral vs. contralateral. The log rank test p-
value for the difference between the survival rates in these groups is 0.34. Point estimates
and 95% CIs for survival for ipsilateral and contralateral recurrence, respectively, after 2
years are 0.35 (0.10, 0.60) and 0.62 (0.43, 0.82) and after 5 years are 0.35 (0.00, 0.74) and
0.28 (0.01, 0.55).
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Fig. 5.
Kaplan–Meier plot showing survival of patients diagnosed with osteosarcoma with
unilateral pulmonary metastases. The log rank test p-value for the difference between the
survival rates in these groups is 0.14. Point estimates and 95% CIs for survival are as
follows: 1980-1989 2 year: 0.45 (0.27, 0.62); 5 year: 0.35 (0.19, 0.51) 1990-1999: 2 year:
0.30 (0.13, 0.48); 5 year: 0.22 (0.05, 0.39) 2000-2005: 2 year: 0.64 (0.45, 0.83); 5 year: 0.44
(0.07, 0.80)
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Table 1

Patient demographics and site of primary tumor

N (%)

Age (years)

   0-5 5 (4.6)

   6-10 15(13.8)

   11-15 44 (40.4)

   >15 45 (41.3)

Gender

   Male 70 (64.2)

   Female 39 (35.8)

Site of primary tumor

   Femur 66 (60.6)

   Tibia 21 (19.3)

   Humerus 12 (12.8)

   Fibula 3 (2.8)

   Radius 1 (0.9)

   Pelvis 3 (2.8)

   Rib 1 (0.9)
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Table 2

Time after the first thoracotomy to recurrence in patients with unilateral disease

Months

Recurrence site 6 12 24 Overall

Ipsilateral 9 12 13 14(17.3%)

Contralateral 10 12 19 22(27.2%)

Bilateral 0 1 2 3(3.7%)
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