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Introduction

In recent years, with the advances of comprehensive 
treatment, the survival rate for osteosarcoma patients with 
pulmonary metastasis has increased from 0% in 1970 (1) 
to 17–34% recently (2). Many studies have suggested that 

the prognosis of patients with pulmonary metastasis of 
osteosarcoma is closely related to the rate of tumor necrosis 
after chemotherapy, disease-free interval before recurrence, 
number of metastases and unilateral or bilateral metastases 
(3-6). Importantly, the most critical prognostic factor is 
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of nodules which were resected and pathologically confirmed to be metastatic during surgery. The Spearman 
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more metastatic nodules were detected during thoracotomy than preoperative CT scans.  
Conclusions: Preoperative CT examination omits a few small pulmonary metastases of osteosarcoma and 
there is rare progress in recent years. Therefore, we recommend that patients with pulmonary metastases of 
undergo thoracotomy to locate and resect all metastases as much as possible through intraoperative direct 
palpation.
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whether the metastases can be completely removed (7,8). 
Therefore, surgical management is the primary choice for 
patients with pulmonary metastasis of osteosarcoma.

Additionally, with the rapid development of minimal 
invasive surgery technology, video-assisted thoracoscopic 
surgery (VATS) has been widely used in the resection of 
pulmonary tumor due to its advantages for the patient of 
mild postoperative pain and shorter hospital stays (9,10). 
However, the application of minimal invasive surgery in 
patients with pulmonary metastasis of osteosarcoma is 
limited because of the inability of direct vision or palpation 
to find and locate the metastasis. Despite of some new 
methods, such as intraoperative ultrasonic thoracoscope, 
preoperative lesion marker and metal filament localization, 
have been developed to try to deal with these problems (11).  
Relaying on preoperative computer tomography (CT) 
examination still affects the thoroughness of minimal 
invasive surgery for removal of pulmonary metastatic 
tumors.

Nearly 35% of all patients who underwent pulmonary 
metastasis surgery for osteosarcoma, according to one study, 
were underdiagnosed by preoperative CT in accessing the 
number of pulmonary lesions relative to the number of 
pathologically determined metastases after surgery (12). 
This study analyzed surgeries for patients with pulmonary 
metastasis of osteosarcoma carried out in our hospital over 
10 years. Through subgroup analysis of CT scan thickness, 
the era of operation, and the number of nodules detected by 
preoperative CT, we explored the necessity of thoracotomy 
for patients with pulmonary metastasis of osteosarcoma.

Methods

Inclusion and exclusion criteria 

All patients had osteosarcoma and underwent radical 
orthopedic surgical resection of primary lesions, and were 
then transferred to oncology department for comprehensive 
systemic chemotherapy. All patients were assessed by 
oncology physicians and thoracic surgeons together. Here 
it was confirmed that there were no extra-pulmonary 
metastasis and ideal treatment had been carried out. The 
possibility of complete resection of metastases was high and 
the perioperative risk was low. After that, the patients were 
transferred to thoracic surgery for resection of pulmonary 
metastases. 

We collected a total of 106 records of surgical 
operations for pulmonary metastases of osteosarcoma, 

in our hospital, from January 2008 to July 2018. Among 
which four operations were excluded for thoracoscopic 
palliative resection or an involvement of hilar lymph node, 
mediastinum, parietal pleura or chest wall. Considering 
the interplay between nodules, patients with diffused 
pulmonary lesions (>25 nodules), either on preoperative 
CT scan or found intraoperatively, were also excluded. 
In addition, those patients having six operations without 
available preoperative CT images were removed. In total, 
96 thoracic surgeries which were performed on 69 patients 
were finally included. This study was approved by ethics 
of committee of Shanghai Sixth People’s Hospital and the 
approval number is 2019-ky-005.

Radiological analysis

All patients were routinely followed up for CT scans with 
a layer thickness of 5 or 7 mm (either German Siemens 
Sonatom Sensation Cardiac64 or American GE LightSpeed 
VCT64). Two radiologists, with more than 10 years of 
experience, who did not participate in the surgical operation 
and did not know the postoperative pathological results 
of resected nodules, counted the number of pulmonary 
nodules separately on the operation side according to 
the latest CT images before surgery. When there were 
different numbers of the nodules in the same patient 
diagnosed by two radiologists, a third radiologist was 
asked to confirm and review the results together. If the 
number of nodules counted on preoperative CT scan was 
not less than the number of pathologically confirmed 
metastases, the CT examination was a predictive one for the 
detection of metastases. Otherwise, it would be considered 
as an underestimated one. When CT overestimated the 
number of metastases, only the number of pulmonary 
nodules resected increased, which did not affect the 
tumor prognosis. The situation was different when CT 
underestimated the number of metastases which led to 
missed resection.

Surgical method

All operations were performed by the same team of thoracic 
surgeons led by an attending surgeon with more than 10 
years of working experience. Double-lumen endotracheal 
intubation, conventional posterolateral incision, 5th or 
6th intercostal approach to the chest were used in the 
operation. During thoracotomy, each surgeon involved in 
the operation systematically palpated the whole lung in 
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turns, and all the nodules touched were wedge resected 
regardless of size, texture and location. After the pleural 
cavity was washed with warm water, each surgeon palpated 
the whole lung twice again in order to make sure that 
no suspicious nodules were missed. All included patients 
had highly suspected metastatic tumors on preoperative 
CT examination. Unless suspected nodules existed on 
the opposite side of preoperative CT simultaneously, 
contralateral thoracotomy was not routinely performed.

Pathologic analysis

All pulmonary specimens resected during surgery were 
examined under a microscope separately by two pathologists 
with more than 15 years of working experience. If a wedge 
resected specimen contained multiple metastases, the 
pathological diagnosis would be counted separately. But 
if the nodules were fused together and needed additional 
incisions to separate them, the pathological diagnosis was 
considered as one metastatic lesion. Our pathological report 
did not give feedback either on the necrosis rate or the 
tumor activity of the metastases, but we recorded the nature 
and number of non-osteosarcoma metastatic nodules.

Statistical analysis

For data with a non-normal distribution, such as the 
number of nodules on CT examination, the number of 
nodules resected during thoracotomy and the number of 
lesions pathologically confirmed as metastases after surgery, 
were described by median, range and quartiles of each 
distribution. The age, number of nodules on CT, size of 
nodules, and intervals between CT examination and surgery 
were analyzed across subgroups by Wilcoxon signed rank 

test. The Spearman correlation coefficient between the 
number of nodules on CT before surgery and the number 
of lesions pathologically confirmed as metastases were also 
calculated. All statistical analyses were completed using 
SPSS 20.0.0 and statistical significance was set at P<0.05.

Results 

There are 69 patients totally included in this study, of which 
45 are males (as presented in text). But the 69 patients 
had underwent 96 thoracic surgeries (some patients had 
more than one thoracic operation). Among the 96 thoracic 
surgeries, 63 were performed on males (as showed in Table 1).  
There was no significant difference in gender between 
the patients of CT predicted group and patients of CT 
underestimated group (P=0.471). The median number of 
thoracotomies per patient was 1 (range 1–4), the median 
age of patients was 19 (range, 6–58). The age of patients 
in CT predicted group (median 20 years; range, 6–58) and 
patients in CT underestimated group (median 17 years; 
range, 13–54) had no statistical difference (P=0.091). A 
total of 178 pulmonary lesions were found in preoperative 
CT examination (median 1 per CT; range, 1–9). There 
was no statistically significant difference in the amounts of 
nodules on preoperative CT between the patients in CT 
predicted group (median 1; range, 1–9) and the patients in 
CT underestimated group (median 1; range, 1–6) (P=0.785). 
The median mean diameter of nodules was 9 mm (range, 
2–80 mm) and the median sum of nodule diameter was 
15 mm (range, 3–120 mm). Finally, the median intervals 
between CT examination and operation was 7 days (range, 
1–44 days). There was no statistically significant difference, 
in diameter and interval, between the two groups (P=0.058, 
P=0.149, P=0.384).

Table 1 Demographic information

Characteristic Total population CT predicted CT underestimated P

N 96 60 36 –

Age 19 [6–58] 20 [6–58] 17 [13–54] 0.091

Male 63 41 22 0.471

CT lesion 1 [1–9] 1 [1–9] 1 [1–6] 0.785

Avg lesion size (mm) 9 [2–80] 9 [3–80] 7 [2–39] 0.058

Sum lesion size (mm) 15 [3–120] 17 [3–120] 13 [3–78] 0.149

Time to Tx (days) 7 [1–44] 6 [1–37] 7 [1–44] 0.384

CT, computer tomography; Tx, thoracotomy.
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In 96 thoracotomies, there were only 178 nodules 
detected on CT scanning before surgery, but 302 nodules 
were found and removed by palpation during operations, 
of which 228 (75.5%) were confirmed metastatic lesions 
by pathological examination. In addition, 50 (40.3%) of 
the 124 nodules, omitted by CT scanning while detected 
by palpation were metastatic lesions. The pathological 
diagnosis of all nodules resected intraoperatively is shown 
in Table 2. There were more nodules resected in the patients 
in CT predicted group than patients in CT underestimated 

group, and there was a statistically significant difference 
between the two groups (P=0.003).

Table 3 lists the probability that preoperative CT 
examination underestimated the number of pulmonary 
metastatic nodules in patients, the correlation coefficient 
between the counts of nodules on CT and the number 
of actual pulmonary metastases, and the corresponding 
correlation coefficient of subgroup analyses. Subgroups 
were arranged according to the era of surgery, the number 
of nodules and the thickness of CT layer. Thirty-six 
preoperative CT scans in a total 96 thoracotomies (37.5%) 
underestimated the number of pulmonary metastases. The 
correlation coefficient between the number of nodules on 
CT and the number of pulmonary metastases confirmed 
pathologically was 0.65, confirming the existence of 
a positive correlation. Table 4 shows the diameters of 
pulmonary metastases that were missed on preoperative CT 
scans, and it is clear that the omitted nodules were small in 
diameter.

Discussion

Since CT examination is more sensitive than X-ray chest 
plain film, it is been regarded as the best method to 
diagnose pulmonary metastatic tumor. However, there 
are many studies showing that CT cannot detect the exact 
number of pulmonary metastases accurately (13,14). In 
this study, we have confirmed the inadequacy of routine 
CT examination in determining the number of pulmonary 
metastases of osteosarcoma. Despite the development of 
image technology and the thinner CT slice thickness in 
the past decade, the probability of CT scans omitting the 
metastases has not declined. Also, the correlation between 
the number of nodules on preoperative CT and the number 
of metastasis resected by palpation has not increased 
significantly.

If the minimal invasive surgery is performed in patients 

Table 3 Results of subgroup analyzing

Subgroup
CT  

predicted
CT  

underestimated
Thoracotomy r

Era

All 10 years 60 36 (37.5%) 96 0.650

2008–2013 31 20 (39.2%) 51 0.614

2014–2018 29 16 (35.6%) 45 0.687

CT lesions

1 33 20 (37.7%) 53 –

>1 27 16 (37.2%) 43 0.553

Avg size

≤9 mm 33 23 (41.1%) 56 0.603

>9 mm 27 13 (32.5%) 40 0.722

CT slice size

5 mm 41 25 (37.9%) 66 0.613

7 mm 19 11 (36.7%) 30 0.726

CT, computer tomography.

Table 4 The diameter of pulmonary metastases that were missed 
on preoperative CT scans

Diameter of metastases (mm) Number of CT missed

<2 8

2 13

2.5 5

3 1

CT, computer tomography.

Table 2 Pathological diagnosis of all nodules

Pathological diagnosis 
Total number  

(% of resections)

Metastasis of osteosarcoma 228 (75.5%)

Lymph node 31 (10.3%)

Pulmonary parenchyma 14 (4.6%)

Sclerosing pneumocytoma 13 (4.3%)

Organized pneumonia 7 (2.3%)

Atypical hyperplasia of alveolar epithelium 4 (1.3%)

Pulmonary tuberculosis 3 (1.0%)

Granuloma of foreign body 2 (0.7%)
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with pulmonary metastasis of osteosarcoma, CT images 
might be the only reference for the resection of the 
pulmonary lesions. While some small tumors can be 
accurately located and precisely resected with the help 
of preoperative or intraoperative techniques in VATS, 
minimal invasive surgery can only guarantee to resect 
all nodules detected on CT scan. Certainly could not 
resect any nodes not shown on CT images, which will 
inevitably lead to incomplete lung metastases resection. 
Conventional thoracotomy is not only to find and resect the 
nodules detected by CT scanning rapidly and accurately, 
but also find more lesions not detected by CT through 
careful palpation so as to realize the complete resection 
of the metastatic lesions. Some studies supported the use 
of minimal invasive surgery in selected patients recently 
(15,16), but these researches all have the disadvantages of 
small sample size and highly specific patients.

In view of previous studies, it has been shown that the 
crucial factor influencing the prognosis of patients with 
pulmonary metastasis of osteosarcoma is whether pulmonary 
metastases are completely resected (7,8). Therefore, we 
believe that if thoracic surgeons only perform the VATS for 
resection of pulmonary metastases according to the number 
of nodules shown by preoperative CT examination, without 
palpation, the goal of radical resection will certainly not be 
achieved.

Conclusions 

This research demonstrated that nearly 37.5% preoperative 
CT examinations neglected the pulmonary metastases 
of osteosarcoma. Additionally, correlation between the 
number of nodules on preoperative CT and the number of 
resected metastases was not high. Subgroup analysis showed 
that these indicators have not changed significantly in the 
past 10 years, nor did they change with the thickness of CT 
slices and the number of nodules on preoperative CT. This 
result supports the recommendation that thoracotomies be 
performed using direct palpation for complete removal of 
pulmonary metastases secondary to osteosarcoma.
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