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Abstract 

Background: In patients with relapsed osteosarcoma, the surgical excision of all metastases, defined as second com-
plete remission (CR-2), is the factor that mainly influences post-relapse survival (PRS). Currently a validated follow-up 
policy for osteosarcoma is not available, both chest X-ray and computed tomography (CT) are suggested for lung sur-
veillance. The purpose of this study is to evaluate whether the type of imaging technique used for chest surveillance, 
chest X-ray or CT, influenced the rate of CR-2 and prognosis in patients with recurrent osteosarcoma.

Methods: Patients up to 40 years with extremity osteosarcoma enrolled in consecutive clinical trials and treated at 
the Rizzoli Institute from 1986 to 2009 were identified. Only patients who had lung metastases alone as first pattern of 
recurrence were considered for the analysis. The rate of CR-2, overall survival (OS) and PRS were the end-points of the 
study.

Results: The median follow-up was 47 months (1–300), 215 patients were eligible. Lung metastases were detected 
by chest X-ray in 100 (47%) patients, by CT in 112 (52%) and by symptoms in 3 (1%). CR-2 rate was 60% for patients fol-
lowed by X-rays and 88% for those followed by CT (p < .0001). 5-year PRS was 30% (95% CI 21–39) in the X-ray group 
and 49% (95% CI 39–59) in the CT group (p = .0004). 5-year OS was 35% (95% CI 26–44) in the X-ray group and 60% 
(95% CI 51–70) in the CT group (p = .004).

Conclusions: A follow-up strategy with chest CT leads to a higher rate of CR-2 and significantly improves PRS and OS 
in osteosarcoma, compared to chest X-ray.
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Background
High-grade osteosarcoma is the most frequent primary 
bone tumor, with a peak of incidence in the second dec-
ade of life [1, 2]. The addition of multi-agent chemother-
apy to surgery alone significantly improved survival rate, 
however, almost 40% of patients with localized disease 
relapse [3]. Recurrences usually occur within 3 years after 
the end of treatment, but late relapses, even after more 
than 10  years, are reported [4]. The most frequent site 

of metastasis is the lung (more than 80% of cases), local 
recurrences occur in less than 10% of cases [5–7].

Post-relapse survival (PRS) after distant recurrence 
is poor [5–7]. The complete removal of all metastases, 
defined as a second complete surgical remission (CR-2), 
is the main prognostic factor for PRS and relate to long 
survival [8–16].

Other prognostic factors related to a better PRS are the 
site of relapse (lung vs others), the number of lung nod-
ules (less than two) and a relapse free interval (RFI) of 
more than 2 years [5–7].

The role of chemotherapy in recurrent osteosarcoma is 
not yet well defined, but it has recently been emphasized 
in patients with a short relapse-free interval or in those 
who cannot achieve a complete surgical remission [3, 5, 6].
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Osteosarcoma surveillance programs should be able to 
detect recurrence when complete removal of all known 
tumor sites is still feasible. Currently, an evidence-based 
follow-up policy is not available. International guidelines 
stress the importance of an intensive follow-up program 
focusing on the chest and on the primary tumor site, 
particularly for the first 4–5 years [3, 17]. A radiological 
follow-up is recommended for the chest, with X-ray or 
CT scan. Chest CT scan is more sensitive and sensible 
than chest X-ray in detecting lung metastases, but is bur-
dened by higher radiation exposure and costs [18–20]. In 
clinical practice, follow-up programs vary in the different 
centers, both in terms of schedule and in terms of imag-
ing techniques in use [21]. Whether the type of follow-up 
influences prognosis in patients with osteosarcoma is still 
debated.

In order to evaluate if the technique of chest surveil-
lance (X-ray or CT) influence CR-2 rate and survival, 
we performed a retrospective cohort analysis of patients 
treated in a single Institution.

Patients and methods
Patients enrolled in clinical trials performed at the Riz-
zoli Institute between 1986 and 2006 were included in 
the analysis. Details of these studies have been published. 
IOR/OS-2 enrolled patients from 1986 to 1989 [22], IOR/
OS-3 from 1990 to 1993 [23], IOR/OS-4 from 1993 to 
1995 [24], Pilot ISG/OS from 1996 to 1997 [25], ISG/
SSG-1 from 1997 to 2000 [26] and ISG/OS-1 from 2001 
to 2006 [27].

Briefly, protocols included patients aged up to 40 years 
with localized high-grade osteosarcoma of the extrem-
ity. The strategy of treatment was based on delayed sur-
gery after primary chemotherapy. The neo-adjuvant 
schemes of treatment were mainly based on metho-
trexate, doxorubicin, cisplatin,  ±ifosfamide. From our 
database we selected for the analysis the patients who 
relapsed and between these, those who had lung metas-
tases alone at time of the first recurrence. Clinical charts 
were reviewed. Data collection was in accordance with 
the local ethical committee standards. A statement on 
consent to use the data for scientific purposes and publi-
cation was obtained from all patients. The imaging tech-
niques used for chest surveillance changed over the study 
period. From 1986 to 1995 [22–24] follow-up was per-
formed with chest X-ray, from 1996 to 2000 [25, 26] both 
chest X-ray and CT scan were used. Since 2001 patients 
were followed up only by CT [27]. When chest X-rays 
was used, follow-up schedule was every 2 months for the 
first 2 years, every 3 months the 3rd year, and then every 
6 months. A confirmatory CT scan of the chest was per-
formed in case of suspected nodules. Starting from 1996 
all patients who completed chemotherapy underwent 

CT of the chest, whereas those who were already fol-
lowed up by X-rays continued with the same technique. 
When chest CT was used, follow-up schedule was every 
3 months for the first 2 years, every 4 months in the 3rd 
and 4th year, and then every 6 months. All the patients 
were evaluated in a multidisciplinary team at the time of 
recurrence of the disease. The surgical approach foresaw 
lateral thoracotomy and manual palpation of the whole 
lung. In case of bilateral lesions, a contemporary surgery 
or two-staged surgery was performed. A wedge resec-
tion was performed when possible. Surgical staplers were 
used only in selected cases.

The rate of patients who achieved CR-2, overall survival 
(OS), and post relapse survival (PRS) were the end-points 
of the study. For each patient, date of the first surgical 
remission (CR-1), date of the first recurrence, pattern of 
recurrence, the imaging technique used for chest follow-
up (X-ray or CT), relapse-free interval (RFI), number and 
size of lung nodules, laterality, treatment at recurrence 
were collected. Relapse free interval (RFI) was calculated 
from the date of CR-1 to first relapse. Post relapse sur-
vival (PRS) was calculated from the date of first relapse to 
date of death or last follow-up. Overall survival (OS) was 
calculated from the date of CR-1 to date of death or last 
follow-up. Survival curves were compared by Kaplan and 
Meier. Chi square and t test were used for comparison 
between groups when appropriate.

Results
Over the study period, 300 patients who recurred with 
lung metastases were identified. Lung metastases were 
associated with other recurrences in 63 patients, incom-
plete data were found in 22 patients. The remaining 215 
patients were eligible for the analysis (Fig.  1). Median 
age at time of the first relapse was 15  years (range 
6–43 years), 130 (60%) patients were male and 85 (40%) 
female.

Median RFI was 25 months (3–136 mos). Overall, 178 
(83%) patients underwent surgery and 159 (74%) achieved 
a CR-2 status. All patients who did not reach CR-2 died. 
The 3- and 5-year PRS was 45% (95% CI 38–52) and 39% 
(95% CI 32–46) respectively, and the median PRS was 
22 months (range 2–280 mos). With a median follow-up 
of 47 months (1–300 mos), OS was 64% (95% CI 58–71) 
at 3 years and 47% (95% CI 40–54) at 5 years.

Lung metastases were detected by chest X-ray in 100 
(47%) patients, by CT scan in 112 (52%) and by symptoms 
in 3 (1%) patients. These last 3 patients, all followed-up 
by chest X-ray, were excluded from the analysis, none 
achieved a CR-2 and they all died of the disease.

Comparing the two groups of patients we observed 
no difference in terms of age, sex and site of the primary 
disease, while the rate of good responder patients was 
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higher in the X-ray group compared to the CT group 
(Table  1). At first recurrence, the number of lung nod-
ules did not differs among the two groups, while the 
incidence of bilateral lung metastases was higher and 
nodules were larger when lung relapses were detected by 
chest X-ray (Table 2). We observed a shorter median RFI 
and a higher rate of patients with a RFI of <2 years in the 
CT group.

At the time of recurrence, the use of chemotherapy 
was mainly based on high-dose ifosfamide. As reported 
in Table  3 the percentage of patients who received 
chemotherapy at recurrence did not differ in the chest-
X-ray group compared with the CT group (p = .5). Most 
patients treated with chemotherapy underwent surgery, 
24 in the X-ray group and 34 in the CT group. In both 
groups only 7 patients were treated preoperatively.

Patients were surgically treated in two Centers (Unit 
of General Surgery of the University of Modena and 
Unit of General Surgery of the Rizzoli Institute) by three 
surgeons B.A., M.R., C.S. All patients underwent lat-
eral thoracotomy and manual palpation of the lung. In 
order to evaluate the whole lung, no patient was treated 
with video-assisted thoracoscopic resection. Up to 
2000, bilateral wedge resection was performed in 22% 
of the patients, monolateral wedge resection in 57% of 

the patients, lobectomy with or without wedge resec-
tion in 21%. In the most recent years the percentage of 
monolateral wedge resection was 70%, bilateral wedge 

Fig. 1 Patients eligible for the analysis, method of lung metastases detection and rates of CR-2. pts patients, X-ray chest X-ray, CT chest computed 
tomography, CR-2 second complete surgical remission

Table 1 Patient and disease features according to imaging 
technique used for follow-up

pts patients, X-ray chest X-ray, CT computed tomography

X-ray
100 pts

CT
112 pts

p

Age (years)

 Range 6–43 6–42 .7

 Median 15 16

Sex

 F 42 (42%) 42 (38%) .5

 M 58 (58%) 70 (62%)

Site

 Femur 49 (49%) 56 (50%) .9

 Tibia 30 (30%) 32 (29%)

 Humerus 16 (16%) 19 (17%)

 Other 5 (5%) 5 (4%)

Histological response (90 pts) (94 pts) .02

 Good 62 (69%) 49 (52%)

 Poor 28 (31%) 45 (48%)
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resection was 15%, lobectomy with or without wedge 
resection 15%.

Patients underwent surgery and achieved a CR-2 more 
frequently in the CT group as compared to the X-ray 
group (Table 3). CR-2 rate was 60% in patients followed 
up by X-ray, whereas it was 88% in those followed up by 
CT scan (p < .0001). We observed that the rate of patients 
who underwent surgery without achieving a CR-2 was 
higher in the chest X-ray group compared with CT 
group, 18 and 6% respectively (p = .01).

From 1996 to 2000 both X-ray and CT were used for 
chest surveillance. Seventy-five patients were included in 
this period, 19 were followed up by CT and 56 by X-ray. 
A CR-2 was obtained in all the patients followed with CT 
and in the 57% of patients followed by X-ray (p = .001).

The difference in terms of CR-2 translated in a signifi-
cant difference in terms of PRS and OS between the two 
groups (Fig. 2). The 3- and 5- year PRS was 33% (95% CI 
33–42) and 30% (95% CI 21–39) in the chest X-ray group 
and 58% (95% CI 49–68) and 49% (95% CI 39–59) in the 
CT scan group (p =  .0004) (Table 3). Overall survival at 
3 years was 58% (95% CI 48–68) in the X-ray group and 
72% (95% CI 63–80) in the CT scan group, at 5-years it 
was 35% (95% CI 26–44) and 60% (95% CI 51–70) in the 
two groups, with a difference that was statistically signifi-
cant. (p = .004) (Table 4). 

Discussion
Results from our analysis show that the routinely use of 
chest CT scan, compared with X-ray, in the follow-up of 
osteosarcoma patients leads to a higher rate of second 
complete surgical remission (CR-2) and, consequently, 
to a significant benefit both in terms of PRS, and in 
terms of OS.

One of the main aim of oncology follow-up is early 
detection of recurrence, especially when effective strat-
egy of treatment can be offered. We restricted the study 
population on patients who had metastases confined to 
the lung to emphasize better the potential benefit related 
to early diagnosis with regard to the follow-up programs. 
It is well known that this group of patients has a better 
probability of survival compared to that reported for 
those with multiple metastatic sites.

Relapse free interval of less than 2 years usually relate 
with a worse prognosis [5–7]. In our series we observed 
a higher rate of patients with RFI <2 years but a signifi-
cantly better PRS and OS in the CT group compared 
with the X-ray group. The median RFI was shorter when 
patients were followed-up by CT, suggesting that the bet-
ter prognosis observed in this group was probably due to 
the early diagnosis of recurrence, which led patients to be 
treated with surgery with radical intent more frequently, 
with a higher rate of CR-2.

The higher rates of necrosis after neo-adjuvant chemo-
therapy reported in the X-ray group compared with the 
CT group were probably related with the use of intraar-
terial infusion of cisplatin in most patients up to 1995 
[22–24].

It is widely accepted that CT scan is superior to X-ray 
for the detection of lung nodules, but is under discus-
sion whether the routine use of CT for chest surveillance 
can influence prognosis in patients with osteosarcoma. 
Data available in literature mainly comes from retrospec-
tive studies and only one prospective randomized study, 
which included both soft tissue and bone sarcomas.

It is interesting to note that in one study on soft tissue 
sarcomas where chest X-ray was used for follow-up, in 
21 (37%) of 57 patients, lung metastases were detected 

Table 2 Pattern of lung relapse according to imaging tech-
nique used for follow-up

pts patients, X-ray chest X-ray, CT computed tomography, RFI relapse free 
interval

X-ray
100 pts

CT
112 pts

p

RFI

 Median (months) 28.4 22.3 .01

 <2 years (pts) 49 (49%) 72 (64%) .02

Laterality

 Monolateral 63 (63%) 88 (79%) .01

 Bilateral 37 (37%) 24 (21%)

n. nodules (162 pts) 84 pts 78 pts .4

 1 52 (62%) 47 (60%)

 2–5 23 (27%) 21 (27%)

 >5 9 (11%) 10 (13%)

Size (112 pts) (cm) 54 pts 58 pts .03

 <2 20 (37%) 37 (64%)

 2–5 26 (48%) 19 (33%)

 ≥5 8 (15%) 2 (3%)

Table 3 Treatment and  incidence of second complete sur-
gical remission (CR-2) according to  imaging technique 
used for follow-up

pts patients, X-ray chest X-ray, CT computed tomography, Chemo chemotherapy, 
CR-2 second complete surgical remission

X-ray
100 pts

CT
112 pts

p

Surgery

 Yes 73 (73%) 105 (94%) <.0001

 No 27 (27%) 7 (6%)

1°line Chemo (89 pts) (104 pts) .5

 Yes 31 (35%) 41 (39%)

 No 58 (65%) 63 (61%)

CR-2 60 (60%) 99 (88%) <.0001
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when the patients had symptoms of lung involvement 
[28].

Similar results were reported in a more recent paper 
[29] where patients with high-grade primary bone or 
soft tissue sarcoma of the extremities followed-up by 
chest X-ray were included. Thirty-seven percent of the 90 
patients with bone sarcomas who developed pulmonary 
metastases were detected outside the follow-up program, 
13 were symptomatic. Overall, only nine (10%) patients 
survived after recurrence.

A retrospective analysis on a heterogeneous group of 
174 patients with low and high grade soft tissue sarcomas 
has been reported [30]. Most were followed-up by chest 
X-ray. Only in 9 of 22 patients who developed isolated 
and asymptomatic lung metastases surgical resection was 
feasible whereas for the remaining patients the extent of 
the pulmonary disease did not allow metastasectomy.

A study that compared CT and X-ray of the chest in 
soft tissue sarcomass did not find any difference of sur-
vival related to the modalty of follow-up for the whole 

study population [31]. Nevertheless, focusing on the 54 
patients who recurred with lung metastases, the 4-year 
survival rate after detection of pulmonary metastasis was 
0% in the chest X-ray cohort whereas it was 31.6% in the 
chest CT cohort (p < .05). Interestingly, as shown in our 
analysis, also in this study, unilateral lesions of smaller 
size were more frequently detected in CT group, leading 
to a higher rate of surgical complete remission.

The same group recently published results from a small 
retrospective study on high grade extremity osteosar-
comas, both localized and metastatic [32]. The imagin-
ing technique recommended for chest surveillance was 
X-ray, CT scan was planned at the end of the treatment, 
in case of suspicious finding or in case of lung metasta-
sis at diagnosis [32]. Twenty-two patients relapsed with 
lung metastases alone, 3 were detected by symptoms, 
10 by X-ray and 9 by CT. The rate of patients surgically 
treated with curative intent was higher in the X-ray group 
(9/10) compared to CT group (6/9), as was number of 
patients remain relapse free, 5 in the X-ray group and 2 
in the CT group. According to the authors, this difference 
is probably related to the higher baseline risk of relapse in 
patients followed with CT.

Only one randomized prospective trial on follow-up 
programs for patients with sarcoma of the extremities 
has been published [33]. Follow-up schedule (every 3 
and 6  months) and chest imaging (chest X-ray and CT 
scan) were compared in a two-by-two factorial design. 
Authors reported that 3-year overall survival was 67% in 
the CT scan group and 66% in the X-ray group and con-
cluded that the study demonstrated the non-inferiority 
of chest X-ray as compared to CT scan. Many criticisms 
can be addressed to this study. Firstly the heterogeneity 
of the sample, that included in the same analysis patients 
with soft tissue sarcomas and bone sarcomas, high and 

Fig. 2 Post relapse survival (PRS) and Overall survival (OS) at Kaplan and Meier analysis according to imaging technique used for follow-up. PRS post 
relapse survival, OS overall survival, X-ray chest X-ray, CT chest computed tomography

Table 4 Post relapse survival and  overall survival at  3 
and  5  years according to  imaging technique used for  fol-
low-up

pts patients, PRS post relapse survival, OS overall survival, CT computed 
tomography, 95% CI 95% confidence interval

X-ray
100 pts

CT
112 pts

PRS

 3-year PRS 33% (95% CI 33–42) 58% (95% CI 49–68)

 5-year PRS 30% (95% CI 21–39) 49% (95% CI 39–59)

OS

 3-year OS 58% (95% CI 48–68) 72% (95% CI 63–80)

 5-year OS 35% (95% CI 26–44) 60% (95% CI 51–70)
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low grade and primary and recurrent sarcomas. Fur-
thermore no data regarding histology of the bone sarco-
mas were given. It is well known that all these different 
entities have a different clinical behavior and a different 
response to treatments. For these reasons, the results 
obtained cannot be applicable to a single histotype and 
should not be considered conclusive. In our opinion, it is 
important to stress that the end point of the Indian study 
was the overall survival at 3 years. A rather short follow-
up period considering that the available lines of chemo-
therapy treatment and the aggressive surgical approach 
can prolong post relapse survival in bone and soft tissue 
sarcomas [3, 4, 34, 35]. Also in our study if we consid-
ered overall survival, the difference was less apparent at 
3 years (58 vs 72%), but at 5 years it reached a statistically 
significant (35 vs 60%).

We are aware of the radiation risks related to the rou-
tine use of CT for chest surveillance, particularly in 
children and young adults [36–39]. On the other hand, 
a 25% gain in terms of OS at 5 years as reported in our 
analysis indicated that the benefit related to the use of 
CT exceeded the risks of second malignancies associ-
ated [40].

A limit of our study is its retrospective design, and the 
long period of observation. A change in surgical tech-
niques over the years could be a potential bias influenc-
ing results. However surgical procedures that allow the 
removal of metastases including a small amount of nor-
mal tissue around, like wedge resections, were available 
since early 1980s. The vast majority of the patients in our 
study, including patients who relapsed in the 1980s, were 
treated with wedge resections, monolateral or bilateral. 
It is important that the surgeon could evaluate the whole 
lung, in order to detect unrecognized nodules, for this 
reason no patient was treated with thoracoscopic resec-
tion [41]. Moreover, in the group of patients included 
when both X-ray and CT were used for chest surveil-
lance, the higher rate of CR-2 related with the use of CT 
compared with X-ray was confirmed. The higher rate of 
patients who underwent surgery without achieving CR-2 
reported in the X-ray group did not seem due to the 
availability of different surgical techniques, but rather to 
the delay of the diagnosis of recurrence and the higher 
incidence of large and bilateral lung metastases observed 
in this group.

Surgery was the treatment of choice at the time of 
first recurrence, however some patients in our series 
were treated with chemotherapy. The rate of patient 
treated with first line chemotherapy did not differ 
among the two group of patients. On the other hands, 
it is questionable whether chemotherapy at the time of 
recurrence has an impact on post relapse survival. In 
a previous paper including patients evaluated in the 

present analysis, we could not observe any benefit from 
chemotherapy in patients surgically free of disease [6]. 
A strength of our study is that we included a large and 
homogenous series of patients, treated and followed-
up in a single Institution. All patients had high grade 
localized osteosarcoma at diagnosis and lung metas-
tases alone at first recurrence. The surgical directions 
did not changed over the study period. At the time of 
recurrence all the patients were evaluated in a multi-
disciplinary way together with the surgeon and, if indi-
cated, they were treated by the same surgical team. In 
the group of patients followed-up with X-ray, in case 
of pathological findings, a confirmatory CT was per-
formed. At the same way, in case of uncertain diagno-
sis when very small size nodules were detected in the 
CT group of patients, a new confirmatory CT was per-
formed after 1 or 2 months, in order to evaluate the 
nodule growth. In the management of small lung nod-
ules, when usually the resectability is not a problem, it 
is important to assess their behavior, in order to avoid 
overtreatment.

Conclusions
In conclusion, in patients with osteosarcoma of the 
extremity a follow-up strategy based on chest CT allows 
a higher rate of second complete remission and signifi-
cantly improves prognosis with a higher probability of 
post relapse and overall survival when compared to sur-
veillance based on chest X-ray.

Abbreviations
CR-2: second complete surgical remission; PRS: post relapse survival; OS: 
overall survival; CT: chest computed tomography; Chemo: chemotherapy; 
X-ray: chest X-ray; pts: patients; CR-1: first complete surgical remission; RFI: 
relapse free interval; 95% CI: 95% confidence interval; Mos: months; CR-1: first 
complete surgical remission.

Authors’ contributions
AP, PP, DV, MR, SF: substantive intellectual contribution to conception and 
design of study, drafting and revision of manuscript, statistical analyses and 
interpretation of data. AP, EP, EM, ER, SF: final approval of the version to be 
published. AP, LC, MC, AL, MEA: patients selection/inclusion. All the authors 
declare that the work is original and has not been submitted or published 
elsewhere. All authors read and approved the final manuscript.

Author details
1 Chemotherapy Unit, Istituto Ortopedico Rizzoli, via Pupilli, 1, 40136 Bolo-
gna, Italy. 2 General Surgery Unit, Istituto Ortopedico Rizzoli, via Pupilli, 1, 
40136 Bologna, Italy. 3 Department of Orthopaedic Oncology, Istituto Ortope-
dico Rizzoli, via Pupilli, 1, 40136 Bologna, Italy. 4 Diagnostic and Interventional 
Radiology, Istituto Ortopedico Rizzoli, via Pupilli, 1, 40136 Bologna, Italy. 
5 Department of Pathology, Istituto Ortopedico Rizzoli, via di Barbiano, 1/10, 
40136 Bologna, Italy. 

Acknowledgements
The authors thank Alba Balladelli for revision of the manuscript.

Competing interests
The authors declare that they have no competing interests.



Page 7 of 8Paioli et al. Clin Sarcoma Res  (2017) 7:3 

Availability of data
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Ethics approval
Data collection was in accordance with the local ethical committee standards. 
A statement on consent to use the data for scientific purposes and publica-
tion was obtained from all patients.

Funding
This work was supported by: the Associazione Onlus “il Pensatore: Matteo 
Amitrano”; 5‰ donation (Italy).

Received: 24 September 2016   Accepted: 2 February 2017

References
 1. Campanacci M. Bone and soft tissue tumors. Clinical features, imaging, 

pathology and treatment. 2nd ed. New York: Springer; 1999. p. 463–557.
 2. Fletcher CDM, Bridge JA, Hogendoorn PCW, Mertens F. WHO classification 

of tumours of soft tissue and bone. 4th ed. Lyon: IARC Press; 2013.
 3. Casali PG, Blay JY, Bertuzzi A, et al. Bone sarcomas: ESMO clinical 

practice guidelines for diagnosis, treatment and follow-up. Ann Oncol. 
2014;25(Suppl):3.

 4. Ferrari S, Bacci G, Picci P, Mercuri M, Briccoli A, Pinto D, Gasbarrini 
A, Tienghi A, Brach del Prever A. Long-term follow-up and post-
relapse survival in patients with non-metastatic osteosarcoma of 
the extremity treated with neoadjuvant chemotherapy. Ann Oncol. 
1997;8(8):765–71.

 5. Kempf-Bielack B, Bielack SS, Jürgens H, Branscheid D, Berdel WE, Exner 
GU, Göbel U, Helmke K, Jundt G, Kabisch H, Kevric M, Klingebiel T, Kotz 
R, Maas R, Schwarz R, Semik M, Treuner J, Zoubek A, Winkler K. Osteosar-
coma relapse after combined modality therapy: an analysis of unselected 
patients in the Cooperative Osteosarcoma Study Group (COSS). J Clin 
Oncol. 2005;23(3):559–68.

 6. Ferrari S, Briccoli A, Bertoni F, Picci P, Tienghi A, Del Prever AB, Fagioli 
F, Comandone A, Bacci G. Postrelapse survival in osteosarcoma of the 
extremities: prognostic factors for long-term survival. J Clin Oncol. 
2003;21(4):710–5.

 7. Gelderblom H, Jinks RC, Sydes M, Bramwell VH, van Glabbeke M, Bram-
well VH, Grimer RJ, Hogendoorn PC, McTiernan VH, Lewis IJ, Nooij MA, 
Taminiau AH, Whelan J. European Osteosarcoma Intergroup. Survival after 
recurrent osteosarcoma: data from 3 European Osteosarcoma Intergroup 
(EOI) randomized controlled trials. Eur J Cancer. 2011;47(6):895–902.

 8. Saeter G, Høie J, Stenwig AE, Johansson AK, Hannisdal E, Solheim OP. 
Systemic relapse of patients with osteogenic sarcoma: prognostic factors 
for long term survival. Cancer. 1995;75:1084–93.

 9. Putnam JB Jr, Roth JA, Wesley MN, Johnston MR, Rosenberg SA. Survival 
following aggressive resection of pulmonary metastases from osteogenic 
sarcoma: analysis of prognostic factors. Ann Thorac Surg. 1983;36:516–23.

 10. Goorin AM, Delorey MJ, Lack EE, Gelber RD, Price K, Cassady JR, Levey 
R, Tapper D, Jaffe N, Link M, et al. Prognostic significance of complete 
surgical resection of pulmonary metastases in patients with osteogenic 
sarcoma: analysis of 32 patients. J Clin Oncol. 1984;2(5):425–31.

 11. Leary SE, Wozniak AW, Billups CA, Wu J, McPherson V, Neel MD, Rao 
BN, Daw NC. Survival of pediatric patients after relapsed osteosar-
coma: the St. Jude Children’s Research Hospital experience. Cancer. 
2013;119(14):2645–53. doi:10.1002/cncr.28111 (Epub 2013 Apr 26).

 12. Meyer WH, Schell MJ, Kumar AP, Rao BN, Green AA, Champion J, Pratt 
CB. Thoracotomy for pulmonary metastatic osteosarcoma: an analysis of 
prognostic indicators of survival. Cancer. 1987;59:374–9.

 13. Huth JF, Eilber FR. Patterns of recurrence after resection of osteosarcoma 
of the extremity: strategies for treatment of metastases. Arch Surg. 
1989;124:122–6.

 14. Belli L, Scholl S, Livartowski A, Ashby M, Palangié T, Levasseur P, Pouillart 
P. Resection of pulmonary metastases in osteosarcoma: a retrospective 
analysis of 44 patients. Cancer. 1989;63:2546–50.

 15. Skinner KA, Eilber FR, Holmes EC, Eckardt J, Rosen G. Surgical treatment 
and chemotherapy for pulmonary metastases from osteosarcoma. Arch 
Surg. 1992;127:1065–71.

 16. Ward WG, Mikaelian K, Dorey F, Mirra JM, Sassoon A, Holmes EC, Eilber FR, 
Eckardt JJ. Pulmonary metastases of stage IIB extremity osteosarcoma 
and subsequent pulmonary metastases. J Clin Oncol. 1994;12(9):1849–58.

 17. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®)—
Bone Cancer Version 1.2016. In: NCCN guidelines for treatment of cancer 
by site. National Comprehensive Cancer Network. 2016 https://www.
nccn.org/professionals/physician_gls/f_guidelines.asp. Accessed Jan 
2016.

 18. Vanel D, Henry-Amar M, Lumbroso J, Lemalet E, Couanet D, Piekarski JD, 
Masselot J, Boddaert A, Kalifa C, Le Chevalier T, Lemoine G. Pulmonary 
evaluation of patients with osteosarcoma: roles of standard radiography, 
tomography, CT, scintigraphy, and tomoscintigraphy. AJR Am J Roent-
genol. 1984;143(3):519–23.

 19. Goel A, Christy ME, Virgo KS, Kraybill WG, Johnson FE. Costs of follow-up 
after potentially curative treatment for extremity soft-tissue sarcoma. Int J 
Oncol. 2004;25(2):429–35.

 20. Pass HI, Dwyer A, Makuch R, Roth JA. Detection of pulmonary metastases 
in patients with osteogenic and soft-tissue sarcomas: the superiority of 
CT scans compared with conventional linear tomograms using dynamic 
analysis. J Clin Oncol. 1985;3(9):1261–5.

 21. Gerrand CH, Billingham LJ, Woll PJ, Grimer RJ. Follow up after primary 
treatment of soft tissue sarcoma: a survey of current practice in the 
United Kingdom. Sarcoma. 2007;2007:6. doi:10.1155/2007/34128

 22. Bacci G, Picci P, Ferrari S, Ruggieri P, Casadei R, Tienghi A, Brach del Prever 
A, Gherlinzoni F, Mercuri M, Monti C. Primary chemotherapy and delayed 
surgery for non metastatic osteosarcoma of the extremity: results in 164 
patients preoperatively treated with high doses of methotrexate, fol-
lowed by cisplatin and doxorubicin. Cancer. 1993;72:1216–26.

 23. Ferrari S, Mercuri M, Picci P, Bertoni F, Brach del Prever A, Tienghi A, 
Mancini A, Longhi A, Rimondini S, Donati D, Manfrini M, Ruggieri P, 
Biagini R, Bacci G. Nonmetastatic osteosarcoma of the extremity: results 
of a neoadjuvant chemotherapy protocol (IOR/OS-3) with high-dose 
methotrexate, intraarterial or intravenous cisplatin, doxorubicin, and 
salvage chemotherapy based on histologic tumor response. Tumori. 
1999;85(6):458–64.

 24. Bacci G, Ferrari S, Mercuri M, Longhi A, Capanna R, Tienghi A, Brach del 
Prever A, Comandone A, Cesari M, Bernini G, Picci P. Neoadjuvant chemo-
therapy for extremity osteosarcoma–preliminary results of the Rizzoli’s 
4th study. Acta Oncol. 1998;37(1):41–8.

 25. Bacci G, Ferrari S, Longhi A, Picci P, Mercuri M, Alvegard TA, Saeter G, 
Donati D, Manfrini M, Lari S, Briccoli A, Forni C. Italian Sarcoma Group/
Scandinavian Sarcoma Group. High dose ifosfamide in combination with 
high dose methotrexate, adriamycin and cisplatin in the neoadjuvant 
treatment of extremity osteosarcoma: preliminary results of an Italian 
Sarcoma Group/Scandinavian Sarcoma Group pilot study. J Chemother. 
2002;14(2):198–206.

 26. Ferrari S, Smeland S, Mercuri M, Bertoni F, Longhi A, Ruggieri P, Alvegard 
TA, Picci P, Capanna R, Bernini G, Müller C, Tienghi A, Wiebe T, Coman-
done A, Böhling T, Del Prever AB, Brosjö O, Bacci G. Saeter G; Italian 
and Scandinavian Sarcoma Groups. Neoadjuvant chemotherapy with 
high-dose Ifosfamide, high-dose methotrexate, cisplatin, and doxoru-
bicin for patients with localized osteosarcoma of the extremity: a joint 
study by the Italian and Scandinavian Sarcoma Groups. J Clin Oncol. 
2005;23(34):8845–52.

 27. Ferrari S, Ruggieri P, Cefalo G, Tamburini A, Capanna R, Fagioli F, Coman-
done A, Bertulli R, Bisogno G, Palmerini E, Alberghini M, Parafioriti A, 
Linari A, Picci P, Bacci G. Neoadjuvant chemotherapy with methotrexate, 
cisplatin, and doxorubicin with or without ifosfamide in nonmetastatic 
osteosarcoma of the extremity: an Italian sarcoma group trial ISG/OS-1. J 
Clin Oncol. 2012;30(17):2112–8.

 28. Whooley BP, Gibbs JF, Mooney MM, McGrath BE, Kraybill WG. Primary 
extremity sarcoma: what is the appropriate follow-up? Ann Surg Oncol. 
2000;7:9–14.

 29. Cool P, Grimer R, Rees R. Surveillance in patients with sarcoma of the 
extremities. Eur J Surg Oncol. 2005;31:1020–4.

 30. Rothermundt C, Whelan JS, Dileo P, Strauss SJ, Coleman J, Briggs TW, Haile 
SR, Seddon BM. What is the role of routine follow-up for localised limb 

http://dx.doi.org/10.1002/cncr.28111
https://www.nccn.org/professionals/physician_gls/f_guidelines.asp
https://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://dx.doi.org/10.1155/2007/34128


Page 8 of 8Paioli et al. Clin Sarcoma Res  (2017) 7:3 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

soft tissue sarcomas? A retrospective analysis of 174 patients. Br J Cancer. 
2014;110(10):2420–6. doi:10.1038/bjc.2014.200 (Epub 2014 Apr 15).

 31. Cho HS, Park IH, Jeong WJ, Han I, Kim HS. Prognostic value of computed 
tomography for monitoring pulmonary metastases in soft tissue sarcoma 
patients after surgical management: a retrospective cohort study. Ann 
Surg Oncol. 2011;18(12):3392–8.

 32. Rothermundt C, Seddon BM, Dileo P, Strauss SJ, Coleman J, Briggs TW, 
Haile SR, Whelan JS. Follow-up practices for high-grade extremity Osteo-
sarcoma. BMC Cancer. 2016;6(16):301.

 33. Puri A, Gulia A, Hawaldar R, Ranganathan P, Badwe RA. Does intensity of 
surveillance affect survival after surgery for sarcomas? Results of a rand-
omized noninferiority trial. Clin Orthop Relat Res. 2014;472(5):1568–75.

 34. Toulmonde M, Le Cesne A, Mendiboure J, Blay JY, Piperno-Neumann S, 
Chevreau C, Delcambre C, Penel N, Terrier P, Ranchère-Vince D, Lae M, 
Le Guellec S, Michels JJ, Robin YM, Bellera C, Italiano A. Long-term recur-
rence of soft tissue sarcomas: prognostic factors and implications for pro-
longed follow-up. Cancer. 2014;120(19):3003–6. doi:10.1002/cncr.28836 
(Epub 2014 Jun 18).

 35. Bielack S, Kempf-Bielack B, Branscheid D, Carrle D, Friedel G, Helmke 
K, Kevric M, Jundt G, Jundt G, Ku¨hne T, Maas R, Schwarz R, Zoubek 
A, Ju¨rgens H. Second and subsequent recurrences of osteosarcoma: 
presentation, treatment, and outcomes of 249 consecutive cooperative 
osteosarcoma study group patients. J Clin Oncol. 2009;27(4):557–65.

 36. Hall EJ, Brenner DJ. Cancer risks from diagnostic radiology: the impact of 
new epidemiological data. Br J Radiol. 2012;85(1020):e1316–7

 37. Pearce MS, Salotti JA, Little MP, McHugh K, Lee C, Kim KP, Howe NL, 
Ronckers CM, Rajaraman P, Sir Craft AW, Parker L, Berrington de González 
A. Radiation exposure from CT scans in childhood and subsequent risk 
of leukaemia and brain tumours: a retrospective cohort study. Lancet. 
2012;380(9840):499–505.

 38. Fazel R, Krumholz HM, Wang Y, Ross JS, Chen J, Ting HH, Shah ND, Nasir 
K, Einstein AJ, Nallamothu BK. Exposure to low-dose ionizing radiation 
from medical imaging procedures. N Engl J Med. 2009;361(9):849–57. 
doi:10.1056/NEJMoa0901249.

 39. Smith-Bindman R, Miglioretti DL, Johnson E, Lee C, Feigelson HS, Flynn M, 
Greenlee RT, Kruger RL, Hornbrook MC, Roblin D, Solberg LI, Vanneman N, 
Weinmann S, Williams AE. Use of diagnostic imaging studies and associ-
ated radiation exposure for patients enrolled in large integrated health 
care systems, 1996–2010. JAMA. 2012;307(22):2400–9.

 40. Radiation Risks and Pediatric Computed Tomography (CT): A Guide for 
Health Care Providers. In: The causes and prevention of cancer. National 
Cancer Institute. 2012. https://www.cancer.gov/about-cancer/causes-
prevention/risk/radiation/pediatric-ct-scans. Accessed 7 June 2016.

 41. Ciccarese F, Bazzocchi A, Ciminari R, Righi A, Rocca M, Rimondi E, Picci P, 
Bacchi Reggiani ML, Albisinni U, Zompatori M, Vanel D. The many faces 
of pulmonary metastases of osteosarcoma: retrospective study on 283 
lesions submitted to surgery. Eur J Radiol. 2015;84(12):2679–85.

http://dx.doi.org/10.1038/bjc.2014.200
http://dx.doi.org/10.1002/cncr.28836
http://dx.doi.org/10.1056/NEJMoa0901249
https://www.cancer.gov/about-cancer/causes-prevention/risk/radiation/pediatric-ct-scans
https://www.cancer.gov/about-cancer/causes-prevention/risk/radiation/pediatric-ct-scans

	Osteosarcoma follow-up: chest X-ray or computed tomography?
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Patients and methods
	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




