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complete surgical removal of the primary tumor and lung 
metastases (1 patient did not receive lung resections due to 
complete lung metastases remission). Patients who had a 
complete surgical remission of the primary and metastatic 
sites and who responded well to chemotherapy had a better 
event-free survival. These results confirm the importance 
of complete surgical remission and point to a noteworthy 
(though still be ameliorate) survival rate in our series of 
patients, underling a potential role for immunotherapy with 
IL-2 and LAK/NK cell activation.
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Introduction

Osteosarcoma (OS) is the most common primary bone 
malignancy in children and young adults. Approximately 
10–20% of patients have metastases at the time of their 
diagnosis, and the most common sites of metastatic disease 
are the lung (85–90% of all cases), followed by bones. The 
presence of metastatic disease at onset is a poor prognostic 
factor and is associated with 5-year survival rates ranging 
between 10 and 30% [1–5]. Intensifying the chemothera-
peutic regimens has proven of limited use in improving the 
prognosis in cases of metastatic OS, which has reached an 
unsatisfactory steady level. This means that new therapeutic 
approaches are necessary, especially for patients with mul-
tiple sites of metastases [6, 7]. Among the unconventional 
treatments considered for OS, immunotherapy is based on 
an upregulation of the immune response in tumor-bearing 
host. Interleukin-2 (IL-2) has aroused particular interest 
because of its ability to activate lymphocytes and to differ-
entiate lymphocyte subsets into lymphokine-activated killer 

Abstract  To improve the poor prognosis for children 
with metastatic osteosarcoma (OS), interleukin-2 (IL-2) 
was added to the standard treatment due to its capacity to 
activate lymphocytes and differentiate lymphocyte subsets 
into lymphokine-activated killer (LAK) cells that are capa-
ble of recognizing and killing various tumor cells. This study 
concerns a cohort of unselected patients aged < 18 years 
with metastatic OS, who were treated with IL-2, high-dose 
methotrexate, doxorubicin, cisplatin, ifosfamide, LAK rein-
fusion, and surgery, between 1995 and 2010. Thirty-five 
patients aged 4–17 years were involved. Thirty-two of the 35 
patients underwent surgery on their primary tumor, and 25 
had surgery on lung metastases too. Twenty-seven patients 
received IL-2 plus LAK reinfusion. The median follow-up 
was 130 months (77–228), and the 3-year event-free and 
overall survival rates were 34.3 and 45.0%, respectively. 
Eleven patients remained alive, all of whom achieved a 
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(LAK) cells [8], and also because this phenomenon can be 
amplified by the in vitro pulsing of peripheral blood autolo-
gous mononuclear cells with IL-2 [9]. In vitro, LAK cells 
have the capacity to recognize and kill various tumor cells, 
irrespective of their histocompatibility expression status 
[10]. When LAK cells are injected intravenously, they have a 
peculiar tropism for the interstitium of the lung, which is the 
most common site of metastatic disease in cases of OS [11]. 
Some studies have shown that multidrug-resistant cancer 
cells are instead susceptible to adoptive cellular immuno-
therapy, and these data support the hypothesis that adoptive 
immunotherapy may be associated with chemotherapy to 
kill multidrug-resistant clones [12–15]. These observations 
provided the rationale for a prospective, single-institution 
trial that included conventional chemotherapy, surgery, and 
immunotherapy with IL-2 for pediatric OS. The aim of this 
study was to improve the prognosis for patients with meta-
static OS at onset.

Materials and methods

All patients aged less than 18 years with OS revealing meta-
static disease at onset diagnosed during the study period 
(1995–2010) and were eligible for the study. A histological 
diagnosis on biopsy of the primitive tumor was mandatory, 
while biopsy of metastatic site(s) was not essential for dis-
ease staging purposes. Normal renal function (judging from 
BUN level and creatinine clearance) and normal cardiac 
function (assessed on echocardiogram and ECG) were man-
datory. The staging process included CT and/or NMR of the 
primary tumor, chest CT scan, TC-99 MDP bone scan, and 
CT of the metastatic skeletal site(s). The study was approved 
by the Institutional Review Boards (Istituto Nazionale per 
lo Studio e la Cura dei Tumori—Ethical Committee), and 
informed consent was obtained from parents or guardians.

Treatment

The study design is shown in Fig. 1. The treatment consisted 
of immunotherapy, chemotherapy, and surgery on both pri-
mary tumors and metastases. The goal of surgery was to 
obtain a complete resection of the primary tumor with wide 

IL-2 Cycle A Cycle A IL-2 surgery M+ Cycle A IL-2

↓ ↓ ↓ ↓ ↓ ↓ ↓

Week 0 1 6 11 13 16 21

surgery T Cycle B Cycle B Cycle B IL-2

↓ ↓ ↓ ↓ ↓

Week 23 26 33 40 44

IL-2: Interleukin-2 on days 1-4 in continuous infusion

Cycle A:

day 1: VCR+MTX

day 8: VCR+MTX

day 15: CDDP+IFO --- followed by 21 days rest

Cycle B:

day 1: VCR+MTX

day 8: CDDP+IFO

day 28: CDDP+DOXO --- followed by 21 days rest

surgery M+: surgery on the metastatic sites

surgery T: surgery on the primary tumor

Fig. 1   Treatment plan
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margins, and the resection of all metastases, whenever fea-
sible. The resection of lung metastases generally preceded 
the resection of the primary tumor. From 1995 to 2006, after 
the first cycle with IL-2, a leukapheresis was performed, 
and peripheral blood mononuclear cells were activated with 
IL-2 in vitro to obtain LAK cells, which were cryopreserved 
and then reinfused before proceeding with the subsequent 
courses of IL-2. Due to legal restrictions on cellular prod-
ucts, the protocol was amended in January 2007 and, from 
then on, immunotherapy consisted only of courses of IL-2, 
without any cryopreservation or infusion of LAK cells. The 
treatment started with a first cycle of recombinant IL-2 at 
a dose of 9 × 10e6 IU/sqm/day for 4 days as a continuous 
infusion. Leukapheresis was performed 36 h after the end of 
the first course of IL-2, aiming to collect at least 20 × 10e9 
peripheral blood mononuclear cells/sqm. The peripheral 
blood mononuclear cells were then pulsed in vitro with IL-2 
using a short-term method [11] and cryopreserved in liquid 
nitrogen. The harvest was thereafter divided into 3 doses, 
for thawing and reinfusion immediately before each of the 3 
subsequent scheduled courses of IL-2.

Preoperative chemotherapy started 2 days after the IL-2 
infusion at week 1 and consisted of 2 monthly courses of 
vincristine 1.4 mg/sqm (maximum 2 mg) + methotrexate 
8 g/sqm in 6-h infusions on day 1 and day 8, and cisplatin 
40 mg/sqm/day + ifosfamide 1.5 g/sqm/day × 3 on day 15 
(cycle A; Fig. 1). The second course of IL-2 was scheduled 
at week 11. The surgical resection of lung metastases by 
sternotomy or bilateral thoracotomy was scheduled at week 
13. A third cycle A and a third course of IL-2 were then 
given at week 16. Surgery on the primary tumor was sched-
uled at week 23 and was performed with conservative intent 
whenever feasible. The Huvos four-grade system was used 
for the histological assessment after resection, and a good 
histological response was defined as grade III–IV, with less 
than 10% of viable tumor cells. When the tumor was judged 
inoperable or demolitive surgery would be required, hyper-
fractionated accelerated radiotherapy (in two daily fractions 
of 3 Gy at 6- to 8-h intervals) was delivered for 5 days a 
week to the site of the primary tumor, up to a total dose of 
48 Gy. After local treatment, patients received 3 courses 
of vincristine 1.4 mg/sqm (maximum 2 mg) + methotrex-
ate 8 g/sqm on day 1, cisplatin 40 mg/sqm/day + ifosfa-
mide 1.5 g/sqm/day × 3 on day 8, and cisplatin 50 mg/sqm/
day × 2 + doxorubicin 90 mg/sqm on day 28 (cycle B). This 
was followed at week 44 by the fourth course of IL-2, which 
concluded the treatment.

During the IL-2 infusions, patients were continuously 
monitored for blood pressure, temperature, fluid intake, and 
diuresis. Paracetamol 10 mg/kg/q every 6 h and ranitidine 
50 mg/sqm BID were mandatory supportive care. Folinic 
acid 15 mg iv. or orally was given 24 h after starting the 
methotrexate infusion, and every 6 h thereafter, for a total of 

12 doses. Treatment-related side effects were graded accord-
ing to the Common Terminology Criteria for Adverse Events 
(CTCAE).

Statistical analysis

Survival was defined as the time elapsing from the date of 
diagnosis to the date of follow-up or death due to any cause. 
Event-free survival (EFS) was defined as the time elapsing 
from the date of starting the systemic therapy up until the 
first event, or the last follow-up if no events had occurred. 
An event was defined as a progression of the existing disease 
for patients not in complete remission, a local recurrence, 
a systemic recurrence, or death from any cause. Overall 
survival (OS) and EFS distributions were estimated using 
the Kaplan and Meier model. The log-rank test was used 
to compare survival curves. All survivors had been seen or 
contacted within the 6 months preceding the analysis.

Different variables were considered in the univariate 
analysis for EFS.

Results

Between 1995 and 2010, 35 consecutive children with OS 
revealing metastases at diagnosis entered the study. The 
median age at diagnosis was 13 years (range 4–17). Table 1 
shows the clinical characteristics of the sample. Four patients 
had an axial osteosarcoma. All children entered the pre-sur-
gical phase. Twenty-four patients experienced a progression 
or relapse a median 10 months (range 4–50 months) and 23 
died a median 18 months (range 8–150 months) after their 
diagnosis. One patient died in complete remission 30 months 
after being diagnosed as a result of severe viral infection. 
At the time of the present analysis, 11 patients (30%) were 
alive and in continuous complete remission (1 with skeletal 
metastases at diagnosis).

Eighteen patients had bilateral lung metastases at onset, 
11 had monolateral lung involvement, 2 had both lung and 
skeletal involvement, 3 had skeletal metastases alone, and 
1 had bone, visceral, and pleural involvement. High serum 
alkaline phosphatase (ALP) and lactic dehydrogenase (LDH) 
levels were recorded in 16 and 14 patients, respectively.

A total of 140 courses of IL-2 were administered, the side 
effects of which are detailed in Table 2. In 2 patients, the 
IL-2 treatment had to be stopped as a result of toxicity—at 
the fourth cycle due to transient anuria in both cases. All 
side effects were reversible after the IL-2 infusions came 
to an end. The 27 children enrolled between 1995 and 2006 
underwent leukapheresis, and it proved possible to pulse 
and collect a median 32 × 10e9/sqm (range 20–315) of 
LAK cells by means of one or 2 aphereses (median 1.1). 
As expected, severe pancytopenia, mucositis, and infections 
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were common after the chemotherapy courses and required 
a dose reduction or a delay of the subsequent treatment in 
18% of cases. Reversible alterations in liver function were 
also common after high-dose methotrexate, while severely 
impaired renal function was rare (2%). No toxic deaths were 
recorded.

Local treatment consisted of surgery on the primary 
tumor in 32 patients (11 patients underwent demolitive sur-
gery), while 3 received radiotherapy (1 patient with pelvis 
tumor not amenable to conservative surgery and 2 patients 
with rapidly progressing disease). Twenty-five patients 
underwent surgery on both primary tumors and lung metas-
tases: 14 patients had a thoracotomy and 11 a sternotomy. 
Seven patients had surgery on primary tumors but not on 
lung metastases, due to a rapid progression of the pulmonary 

disease in 6 cases and to a complete radiological remission 
in 1. After a sternotomy, 1 patient did not undergo demoli-
tive surgery on the primary tumor due to disease progres-
sion. Two patients underwent no surgery on either the pri-
mary tumor or multiple skeletal metastases.

Histological response to neoadjuvant chemotherapy on 
the primary tumor was evaluable in 31/35 patients. There 
were 14 patients who achieved necrosis of more than 90% 
of their tumor, while 17 were poor responders.

The 3- and 5-year EFS rates were 34.3 and 28.6% (SE = 8 
and 7.6%), respectively, and the overall survival rates were 
45.7 and 37.1% (SE = 8%), respectively (Figs. 2, 3).

Eleven patients were alive at 77–228 months (median 
130 months) after their diagnosis: 10 were in first complete 
remission (CR), and 1 in second complete remission. One 
of these 11 patients developed a second tumor (squamous 
carcinoma) 118 months after being diagnosed with OS. All 

Table 1   Patients’ characteristics and treatment

Patients 35
Sex
 Male 21
 Female 14

Age at diagnosis (range 4–17 years)
 < 14 years 21
 ≥ 14 years 14

Site of primary tumor
 Extremity 31
 Femur 18
 Humerus 9
 Tibia 4
 Axial site 4
 Rib 3
 Pelvis 1

Site of metastases
 Lung 29
 Skeleton 3
 Lung + bone ± other sites 3

Isolated lung
 Unilateral 11
 Bilateral 18
 Solitary 1
 2–5 lesions 10
 > 5 8

Study period
 1995–2006 (with LAK infusions) 27
 2007–2010 (without LAK infusions) 8

Surgery on both primary tumor and lungs 25
Surgery on primary tumor alone 32
Surgery on lungs alone 1
Surgical remission obtained
 Yes 25
 No 10

Table 2   Side effects of 140 courses with IL-2 (%)

Side effect Grade 1 Grade 2 Grade 3 Grade 4

Fever 95 14 5
Flu-like symptoms 83 35 20
Erythema multiforme 9 4 2
Nausea 31 10
Diarrhea 10 8 2
Capillary leak syndrome – 5
Hypotension 79 15 5
Sinus tachycardia 65 25 – –
Blood bilirubin increased 5 3
Platelets decreased 16 5
Anemia 30 25 6
Cytokine release syndrome 85 10 2
Acute renal injury 15 5 1
Bone pain 37 15 1 –
Anxiety 8 4
Somnolence 9 7

Fig. 2   Overall survival (OS)
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11 survivors achieved complete surgical resection of their 
primary tumor, and all pulmonary metastatic lesions were 
removed in 10 of them, while surgery was avoided in 1 due 
to complete remission of all his metastatic lesions. Seven of 
these 11 surviving patients were good responders in terms 
of the percentage of necrosis on the primary tumor after 
neoadjuvant chemotherapy.

Complete surgical resection of the primary tumor 
positively affected the outcome, giving patients better 
3- and 5-year EFS rates (37.5% [SE = 8.6%)] and 31.3% 
[SE = 8.2%], respectively) than patients who did not undergo 
surgery (EFS 0%; p = 0.0007). Patients requiring demoli-
tive surgery (amputation or disarticulation) had a worse 
3- and 5-year EFS (9% [SE = 9%]) than patients who had 
conservative surgery (EFS 52.4% [SE = 10.9%] and 42.9% 
[SE = 10.8%], respectively; p = 0.005). Patients whose lung 
metastases could be resected had better 3- and 5-year EFS 
rates (41.7% [SE = 10%] and 33.3% [SE = 9.6%], respec-
tively) than patients whose metastases could not be treated 
surgically (3- and 5-year EFS 18.2% [SE = 11.6%]), but 
the difference was not statistically significant (p = 0.08; 
Table 3).

For patients with lung metastases, the 3- and 5-year 
EFS probabilities were 54.5% (SE  =  15%) and 36.4% 
(SE = 14.5%), respectively, for patients with unilateral 
lung involvement, and 33.35% (SE = 11.1%) and 27.8% 
(SE = 10.6%), respectively, for patients with bilateral lung 
involvement; patients with skeletal metastases had instead 
a 3- and 5-year EFS of 16.7% (SE = 15.2%; p = 0.3944; 
Table 3). Five of the 6 patients with skeletal metastases died 
due to disease progression a median 18 months after being 
diagnosed, while the 1 surviving patient is disease-free 
135 months after the diagnosis.

In the subgroup of 10 patients who did not achieve a mac-
roscopically complete resection because of unresectable pri-
mary or metastatic disease, 8 died due to disease progression 
(with a 3- and 5-year EFS rate of 11% [SE = 10%] vs. 3- and 

5-year EFS rates of 42.3 and 34.6% [SE = 9%], respectively, 
for patients who underwent complete resection).

Patients achieving a good necrosis after chemotherapy 
had better 3- and 5-year EFS rates (64.3% [SE = 12.8%] and 
50% [SE = 13.4%], respectively) than patients responding 
less well to chemotherapy (11.8% [SE = 7.8%] and 5.9% 
[SE = 5.7%], respectively; p = 0.0045; Fig. 4).

Patients whose disease relapsed or progressed at least 
24 months after they had been diagnosed had a better 3-year 

Fig. 3   Event-free survival (EFS)

Table 3   Univariate analysis of event-free-survival

a Patients operated on the site of primary tumor

No. of patients 3-year EFS ± SE (%) P

Sex
 Male 21 38.1 ± 10.6% 0.9126
 Female 14 28.6 ± 12.8%

Histology
 Osteoblastic 25 36 ± 9.6% 0.0059
 Chondroblastic 7 28.6 ± 17.1%
 Telangiectatic 3 33 ± 27.2%

LDH level
 Normal 21 42.9 ± 10.8% 0.1495
 High 14 21.4 ± 10.6%

ALP level
 Normal 19 42 ± 10.8% 0.3340
 High 16 18.8 ± 11%

Site of primary tumor
 Extremities 31 42 ± 12% 0.0907
 Axial site 4 25 ± 21.7%

No. of metastatic organ
 One 29 37.9 ± 9% 0.3944
 Multiple 6 16.7 ± 15%

Isolated lungs
 Unilateral 11 54.5 ± 15% 0.485
 Bilateral 18 33.3 ± 11%

LAK cell reinfusions
 Yes (1995–2006) 27 40.7 ± 9% 0.1006
 No (2007–2010) 8 12.5 ± 12.5%

Surgical remission of the primary tumor
 Complete 32 37.5 ± 8.6% 0.0007
 Incomplete 3 0%

Surgical remission of lung metastases
 Yes 24 41.7 ± 10% 0.0849
 No 11 18.2 ± 11.6%

Response to preoperative chemotherapya

 Good 14 64.3 ± 12.8% 0.0045
 Poor 17 11.8 ± 7.8%

Disease relapse or progression
 < 24 months 20 0% 0.0001
 > 24 months 4 50 ± 25%
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EFS than those whose disease relapsed or progressed earlier 
on (50% [SE = 25%] vs. 0%, p = 0.0001).

Log-rank tests revealed no differences in 3-year EFS rates 
by gender, histology, LDH level, ALP level, site of primary 
tumor, surgical approach to lung metastases, or treatment 
with LAK reinfusions.

Discussion

The presence of metastases at diagnosis is the most impor-
tant prognostic factor in patients with OS and is an independ-
ent predictor of a poor outcome: patients with metastatic 
disease have long-term survival rates in the range of 10–30% 
[1–5]. Patients with primary metastatic OS form a hetero-
geneous group, however, and their prognosis depends on 
the pattern of metastatic disease at diagnosis. For instance, 
patients with lung metastases have a better prognosis than 
patients with multifocal bone dissemination, which seems to 
herald a catastrophic outcome. Among the patients with lung 
metastases alone, unilateral lung involvement carries a better 
prognosis than bilateral lung metastases [4, 5]. High serum 
alkaline phosphatase levels, visceral pleural involvement, 
and the chondroblastic subtype are reportedly associated 
with a poor prognosis in some series.

The survival of patients with metastatic OS has improved 
slightly with an optimal use of intensive chemotherapy, and 
especially thanks to more aggressive surgery, resecting both 
the primary tumor and metastases [4, 5, 16–18]. High-dose 
chemotherapy and autologous stem cell rescue did not show 
any survival advantage, but only a major hematological and 
non-hematological toxicity [6, 7].

Different strategies have been used in an effort to 
improve the current cure rate for metastatic OS patients, 
such as enhancing the local efficacy of chemotherapy for 

lung metastases by using liposomal, aerosolized drug 
formulations of cisplatin (sustained-release lipid inhala-
tion targeting [SLITTM] cisplatin) or aerosolized granu-
locyte–monocyte colony-stimulating factor (GM-CSF), 
natural killer (NK) cell infusion and aerosol IL-2, or add-
ing immunostimulating as muramyl tripeptide phosphati-
dylethanolamine (MTP-PE, i.e., mifamurtide) and alpha 
interferon [19–23].

Some encouraging responses to IL-2 have been reported 
in clinical trials on adult patients with various tumors, but it 
only proved effective for renal cell carcinoma and melanoma 
[24]. Data on the use of IL-2 for solid tumors in children are 
limited, however, and neuroblastoma is the only pediatric 
tumor for which IL-2 has been included in phase III proto-
cols to date [13].

The present study reports the clinical results obtained 
in a series of 35 consecutive children with metastatic OS 
treated according to a program that included IL-2 in addi-
tion to chemotherapy and surgery. In the first part of the 
study period, patients also received repeated reinfusions of 
autologous LAK cells. The decision to administer LAK cells 
together with the IL-2 infusions stemmed from the fact that 
LAK cells are distributed preferentially to the lungs—the 
most common site of metastatic spread from OS. No statisti-
cally significant differences emerged in the 3-year EFS rate 
between the subsets of patients given pulsed LAK + IL2 as 
opposed to IL2 alone, suggesting a limited role for in vitro 
pulsing of PBMC cells. Though it is still not satisfying, the 
survival rate in our series was higher than reported else-
where. The survival of more than 40% of patients at 3 years 
is encouraging—especially if we consider that a consider-
able percentage of patients in our series (17%) had extrapul-
monary metastases, which is associated with a catastrophic 
prognosis. Our results point to a potential role for immuno-
therapy with IL-2 and LAK/NK cell activation in controlling 
lung metastases.

Histological response to neoadjuvant chemotherapy is a 
well-recognized prognostic factor in patients with non-met-
astatic OS, and this applies to metastatic patients too. Our 
findings confirm as much, but the small number of patients 
in our series may represent a bias.

The results of our study confirm other reports in the lit-
erature: complete surgical resection of all metastatic sites 
carries a better prognosis [4, 5]; patients cannot be cured 
without the concomitant surgical resection of all clinically 
detectable lesions, and all resectable metastases should be 
removed regardless of their number and site. Patients with 
clinically detectable tumor have a fivefold higher risk of 
dying than patients achieving a complete surgical resection 
of all detectable tumors [25].

Further prospective studies on larger numbers of patients 
could establish the efficacy of adding IL2 to chemotherapy 
for OS.

Fig. 4   Event-free survival according to histological response to neo-
adjuvant chemotherapy
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The present study has 3 principal biases: the small num-
ber of cases, the lack of a control arm, and the long-term of 
the enrollment. Moreover, we miss the date of tumor infil-
trating lymphocytes at the time point of surgery. The rarity 
of the presentation justifies the first two biases, and further 
the study population is composed by an unselected cohort 
of consecutive patients. The long period of the enrollment 
was due to our institutional choice to prolong the study con-
ceived in the early 1990s.

The prognosis for patients with metastatic OS remains 
dismal, especially in cases with multiple unresectable metas-
tases. In this setting, it is crucial to identify and validate 
new agents that might be administered, alone or as adjuvants 
to conventional chemotherapy, in an effort to better con-
trol local and metastatic disease, and thus improve not only 
patients’ chances of survival and cure, but also their quality 
of life. The combination of genomic complexity, low inci-
dence, and inter- and intratumoral heterogeneity make OS 
biology difficult to investigate thoroughly, however.
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