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ABSTRACT

PURPOSE Outcome of patients with localized osteosarcoma is challenging. The role of 
mifamurtide is still a matter of debate. Two prospective trials were carried out in 
Italy (ISG/OS-2) and Spain (GEIS-33) with mifamurtide in ABCB1/P-glyco-
protein (Pgp)–positive patients.

PATIENTS AND 
METHODS

Patients age ≤40 years with localized extremity high-grade osteosarcoma were 
eligible. Analysis of Pgp expression from diagnostic biopsy was centralized. 
Patients received two cycles of preoperative methotrexate, doxorubicin, and 
cisplatinum (MAP) before surgery. Postoperatively, in case of Pgp over-
expression (Pgp-positive), mifamurtide was added, combined with doxorubicin 
(one cycle) and four consecutive cycles of high-dose ifosfamide (HDIFO) for 
patients with poor histologic response, or with MAP in case of good response. 
Patients who were Pgp-negative received MAP postoperatively. We present the 
merged analysis of ISG/OS-2 and GEIS-33 trial, an observational study with 
same inclusion criteria and treatment of ISG/OS-2. The primary endpoint was 
5-year event-free survival (EFS) according to the use of mifamurtide. Secondary 
endpoint was overall survival (OS).

RESULTS From March 2013 to April 2018, 398 patients were analyzed. The median age was 
14 years (range, 4-40), male/female: 238/160 (1.48/1.0); 211 of 398 (53%) tu-
mors were Pgp-positive, and 204 of 398 (51.3%) patients received mifamurtide. 
With a median follow-up of 70 months (IQR, 49-90 months), the 5-year EFS 
and OS were 65.2% (95% CI, 60.1 to 69.8) and 74.8% (95% CI, 69.8 to 79.0), 
respectively, with superior EFS for patients undergoing mifamurtide and 
chemotherapy as compared with EFS of patients undergoing chemotherapy 
alone (5-year EFS 71.4% v 58.3%; P 5 .0139) not confirmed at multivariable 
analysis (P 5 .0593).

CONCLUSION In this merged analysis with a risk-adapted strategy for nonmetastatic oste-
osarcoma, the group with unfavorable prognoses, identified by Pgp expression, 
performed well when mifamurtide, combined with HDIFO in case of poor re-
sponse, was administered after surgery.

INTRODUCTION

High-grade osteosarcoma is the most frequent primary 
malignant bone tumor among children and adolescents and 
young adults (AYAs). 1-3 In the past 50 years, survival has not 
improved, and novel therapeutic strategies are urgently 
needed. 4,5

Histologic response to neoadjuvant chemotherapy according 
to Huvos has consistently shown a strong correlation with 
survival in patients with localized osteosarcoma. 6 In addition, 
high levels of ABCB1/P-glycoprotein (Pgp), an efflux pump 
that reduces the intracellular concentration of doxorubicin, 
demonstrated an unfavorable prognostic factor in osteosar-
coma in several published series, but controversy exists on its

ACCOMPANYING CONTENT

Appendix

Data Sharing 
Statement

Data Supplement

Protocol

Accepted June 13, 2025 

Published August 18, 2025

J Clin Oncol 43:3113-3122

© 2025 by American Society of 

Clinical Oncology

View Online 
Article

Creative Commons Attribution 
Non-Commercial No Derivatives 
4.0 License

ascopubs.org/journal/jco | Volume 43, Issue 28 | 3113

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 H
os

pi
ta

l G
en

 V
al

l D
 H

eb
ro

n 
B

ib
lio

te
ca

 o
n 

O
ct

ob
er

 1
7,

 2
02

5 
fr

om
 0

84
.0

88
.0

74
.0

03
C

op
yr

ig
ht

 ©
 2

02
5 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 

https://orcid.org/0000-0003-3406-6705
https://orcid.org/0000-0002-4305-950X
https://orcid.org/0000-0003-4462-5523
https://orcid.org/0000-0002-9257-900X
https://orcid.org/0009-0003-5452-431X
https://orcid.org/0000-0001-6426-7423
https://orcid.org/0000-0001-5665-0967
https://orcid.org/0000-0001-9922-0078
https://orcid.org/0000-0002-4534-6000
https://orcid.org/0000-0003-1505-758X
https://orcid.org/0000-0002-8587-7893
https://orcid.org/0000-0001-6114-9499
https://orcid.org/0000-0002-3890-1686
https://orcid.org/0000-0002-8080-4484
https://orcid.org/0000-0002-8519-4101
https://orcid.org/0000-0003-0259-4167
https://orcid.org/0000-0001-7350-6916
https://doi.org/10.1200/JCO-25-00210
https://ascopubs.org/doi/suppl/10.1200/JCO-25-00210
https://ascopubs.org/doi/suppl/10.1200/JCO-25-00210
https://ascopubs.org/doi/suppl/10.1200/JCO-25-00210
https://ascopubs.org/doi/suppl/10.1200/JCO-25-00210
http://ascopubs.org/journal/jco
http://crossmark.crossref.org/dialog/?doi=10.1200%2FJCO-25-00210&domain=pdf&date_stamp=2025-08-18


prognostic role. 7-24 Pgp mediates drug efflux through the 
plasma membrane and increases drug trapping within lyso-
somal drug safe houses 13,20,24,25 (Appendix Fig A1, online only).

The fine interplay between tumor and immune cells is not 
fully understood, but M2-polarized macrophages have 
shown enhanced expression of Pgp. 26 It can be hypothesized 
that mifamurtide reverses the negative impact of M2 mac-
rophage polarization in tumors overexpressing Pgp. Besides, 
COX21 tumor-associated macrophages promote cancer cell 
proliferation and survival through different mechanisms, 
including by increasing Pgp. 27

Mifamurtide is a nonspecific immunomodulator binding to 
the extracellular Toll-like receptor-4 thus activating mono-
cytes and macrophages, promoting antitumor activity. 4,28,29 In 
2009, the European Medicines Agency granted a centralized 
marketing authorization for muramiltripeptide (mifam-
urtide; MTP) for patients age between 2 and 30 years 
presenting a high-grade nonmetastatic resected osteo-
sarcoma (EU/1/08/502/001). However, it is unclear which 
patients could potentially benefit from mifamurtide the 
most, and no approval has been obtained from the Food and 
Drug Administration. Moreover, in several European 
countries, the use of mifamurtide is still limited as the 
results of the INT-0133 trial have been a matter of debate 
between key-opinion leaders. 29

The ISG/OS-2 and GEIS-33 studies are prospective trials 
evaluating the role of a risk-modulated approach in patients 
with localized high-grade osteosarcoma of the extremities, 
stratifying patients on the basis of PgP expression and tumor 
response to neoadjuvant chemotherapy. 30,31

The results of the ISG/OS2 study were recently published, 30 

showing that adjuvant mifamurtide, combined with high-
dose ifosfamide (HDIFO) in case of poor responder (PR) to

induction chemotherapy, could improve event-free survival 
(EFS) in Pgp-positive patients. This clinical trial also re-
ported improved survival in comparison with previous 
studies. 10,32

This study is a secondary analysis of patients included in both 
ISG/OS-2 and GEIS-33 trial. All patients received metho-
trexate, doxorubicin, and cisplatinum (MAP) for induction 
chemotherapy, but those with Pgp expression also received 
adjuvant mifamurtide. Moreover, in Pgp-positive patients 
with poor response to preoperative treatment, mifamurtide 
was combined with a cycle of doxorubicin 1 four consecutive 
cycles of HDIFO. Pgp expression might be measured by RNA 
and immunohistochemistry. Because differences in immu-
nohistochemical Pgp assessment techniques might jeopar-
dize the interpretation of results, Pgp assessment was 
performed in one institution for all of the patients.

The aim of this study was to analyze the outcome of patients 
in both studies, thus addressing the role of mifamurtide in 
osteosarcoma treatment in a larger series of patients.

PATIENTS AND METHODS

Study Design

This study was carried out on patients treated within the ISG/ 
OS-2 and GEIS-33. ISG/OS2 (ClinicalTrials.gov identifier: 
NCT01459484) is an Italian, multicenter, uncontrolled phase 
II trial. GEIS-33 (ClinicalTrials.gov identifier: NCT04383288) 
is a Spanish phase IV, postauthorization, observational, 
multicenter study in patients age between 2 and 30 years, 
diagnosed with nonmetastatic high-grade osteosarcoma of 
the extremities.

For both trials, data collection was performed on electronic 
case report form and centralized.

CONTEXT

Key Objective
Is there a role for mifamurtide in patients with nonmetastatic extremity high-grade osteosarcoma?

Knowledge Generated
This analysis on about 400 patients with nonmetastatic osteosarcoma treated within two European prospective trials 
shows that high-risk patients, here defined by expression of P-glycoprotein, particularly in case of poor response to adjuvant 
chemotherapy, when ifosfamide was added, might benefit most from adjuvant mifamurtide.

Relevance (R.G. Maki)
Although it is unavailable in the United States, the post-chemotherapy period appears to be an opportune moment to 
impose other novel immunotherapeutic strategies in this patient population.*

*Relevance section written by JCO Associate Editor Robert G. Maki, MD, PhD, FACP, FASCO.
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Both studies evaluated the efficacy of risk-adapted che-
motherapy regimens, with adjuvant mifamurtide and 
HDIFO in Pgp-positive patients PR to induction chemo-
therapy. A written informed consent was obtained from 

the adult patients or from the guardians in case of pedi-
atric patients. The local Ethics Committees approved the 
protocols.

Patients’ inclusion and exclusion criteria were presented 
elsewhere. 30 Main inclusion criteria were a diagnosis of 
primary, central, high-grade localized osteosarcoma of the 
extremities; age ≤40 years; and no prior surgery or che-
motherapy for osteosarcoma; main exclusion criterion was 
metastatic disease at diagnosis (Data Supplement, online 
only).

Immunohistochemical Detecion of Pgp

For ISG/OS2 and GEIS-33 studies, assessment of Pgp was 
centralized at the Istituto Rizzoli and the expression of Pgp 
was evaluated by immunohistochemistry as described. 7,33

Briefly, only formalin-fixed, paraffin-embedded biopsies 
were used for immunohistochemical analysis of Pgp. Ex-
pression of Pgp was assessed with three monoclonal an-
tibodies, which react with different, mutually exclusive 
epitopes of this protein: JSB-1 (Sanbio, Uden, the Neth-
erlands), MRK16 (Kamiya Biomedical, Thousand Oaks, CA), 
and C494 (Signet Laboratories, Dedham, MA). Immuno-
histochemistry was performed by using an avidin-biotin

peroxidase complex method (Vectastain ABC kit, Vector 
Laboratories, Burlinghame, CA), and the final reaction 
product was revealed by incubation with diaminobenzidine 
(Sigma, St Louis, MO). For each specimen, a negative 
control was carried out by replacing the primary antibody 
with normal horse serum, whereas to check the antige-
nicity of the sample, one additional section was incubated 
with the V9 anti-vimentin monoclonal antibody (Roche 
Molecular Biochemicals, Mannheim, Germany). Sections of 
normal human kidney were used as reference control for 
Pgp immunostaining procedure because of its reported 
overexpression in proximal tubuli. Only specimens with 
a diffused immunostaining for Pgp were classified as 
positive.

From here onward, because the Pgp1 group is superim-
posable with the mifamurtide-receiving group, in this 
analysis, we will only refer to the Pgp1 group as the mifa-
murtide group.

Study Description

Methotrexate is given once a day, 4 hour infusion, while 
adriamycin and cisplatin are administered as a continuous 
infusion. Frequency of administration is illustrated in 
Figure 1. After surgery, chemotherapy-induced necrosis 
was expressed as a percentage. When the percentage of 
tumor necrosis was 90% or more, patients were classified 
as good responders (GRs); when the percentage of tu-
mor necrosis was lower, patients were defined as PRs. In
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FIG 1. Treatment scheme of the ISG/OS-2 study by Pgp expression. HDIFO, high-dose ifosfamide; Pgp, 
P-glycoprotein.
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Pgp-positive patients, postoperative chemotherapy con-
sisted of MAP and mifamurtide for GRs or one cycle of A 
90 mg/m 2 intravenous (IV) continuous infusion (24h), 
every 3 weeks followed by four consecutive cycles of HDIFO 
(3 g/m 2 /d, day 1-5, continuous infusion) and mifamurtide 
(2 mg/m 2 ) for PRs. MTP was administered twice a week for
3 months and then weekly for 6 months at the dose of 2 mg/ 
m 2 (total duration 48 weeks). Patients who were Pgp-
negative continued MAP postoperatively, regardless of 
the response to induction chemotherapy. The total cu-
mulative dose of A was 420 mg/m 2 (75 mg/m 2 /day 3 two 
cycles in the neoadjuvant setting, combined with P, plus

90 mg/m 2 3 three cycles when administered in mono-
therapy, in the adjuvant setting).

Statistical Analysis

Continuous data were summarized as median with 
interquartile range and categorical data as frequencies 
with percentage. Alkaline phosphatase (ALP) and lactate 
dehydrogenase levels were classified as high when they 
exceed the upper limit of the normal range according to 
laboratories ranges, whereas levels within the ranges are 
deemed low.

TABLE 1. Baseline Demographic and Clinical Characteristics According to Mifamurtide Treatment

Characteristic All Sample (N 5 398), No. (%) Mifamurtide Yes (n 5 204), No. (%) Mifamurtide No (n 5 194), No. (%) P

Age, years

0-14 218 (54.8) 126 (61.8) 92 (47.4) .0041

15-40 180 (45.2) 78 (38.2) 102 (52.6)

Sex

Male 238 (59.8) 117 (57.4) 121 (62.4) .3074

Female 160 (40.2) 87 (42.6) 73 (37.6)

Serum ALP

High 133 (33.4) 62 (30.4) 71 (36.6) .0288

Normal 233 (58.6) 131 (64.2) 102 (52.6)

Unknown 32 (8.0) 11 (5.4) 21 (10.8)

LDH

Normal 258 (64.8) 134 (65.7) 124 (63.9) .5080

High 115 (28.9) 55 (27.0) 60 (30.9)

Unknown 25 (6.3) 15 (7.3) 10 (5.2)

Histologic response

GR 164 (41.2) 87 (42.6) 77 (39.7) .4301

PR 227 (57.0) 115 (56.4) 112 (57.7)

Unknown 7 (1.8) 2 (1.0) 5 (2.6)

Surgery

Resection 375 (94.2) 195 (95.6) 180 (92.8) .3495

Amputation 20 (5.0) 9 (4.4) 11 (5.7)

Rotationplasty 1 (0.3) 1 (0.5)

Unknown 2 (0.5) 2 (1.0)

Margins

Adequate 361 (90.7) 192 (94.1) 169 (87.1) .0181

Inadequate 34 (8.5) 12 (5.9) 22 (11.3)

Unknown 3 (0.8) 3 (1.6)

Histotype

Osteoblastic 287 (72.1) 147 (72.1) 140 (72.2) .8652

Other 110 (27.6) 57 (27.9) 53 (27.3)

Chondroblastic 45 (40.9) 19 (33.3) 26 (49.0)

Fibroblastic 21 (19.1) 14 (24.6) 7 (13.2)

Hemorragic 21 (19.1) 14 (24.6) 7 (13.2)

Small cell 16 (14.5) 6 (10.5) 10 (18.9)

Unspecified 7 (6.4) 4 (7.0) 3 (5.7)

Unknown 1 (0.3) 1 (0.5)

Abbreviations: ALP, alkaline phosphatase; GR, good response; LDH, lactate dehydrogenase; PR, poor response.
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Baseline characteristics according to mifamurtide treat-
ment were compared using the chi-square test or Fisher 
exact test.

EFS was calculated from the first day of chemotherapy to 
recurrence (local or distant), death from all causes, the 
appearance of secondary tumors, or the last follow-up 
examination. Overall survival (OS) was calculated from 

the first day of chemotherapy to death or the last follow-
up examination. Survival curves were calculated using the 
Kaplan-Meier method and compared using the log-rank 
test. Univariable and multivariable hazard ratios with 95% 

CIs were estimated using the Cox proportional hazards 
model. The multivariable model was computed including 
covariates statistically significant in univariable analysis. 
The proportional hazards assumption was tested using 
Schoenfeld residuals.

Tests were performed two-sided, and results were reported 
with 95% CI. We considered a P ≤ .05 as statistically sig-
nificant. Statistical analyses were performed using SAS 9.4 
(SAS Institute Inc, Cary, NC).

RESULTS

A total of N 5 401 patients (from ISG/OS n 5 279, and from 

GEIS n 5 122) were included in this study. Three patients did 
not have survival data and therefore were excluded (Ap-
pendix Fig A2). Overall, 398 patients were analyzed: 204 
(51.3%) treated with mifamurtide and 194 not treated with 
mifamurtide (48.7%).

The median age was 14 years (range, 4-40). Clinical char-
acteristics according to mifamurtide use are reported in 
Table 1. As shown in Table 1, there was an imbalance at
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baseline for some clinical potential prognostic factors fa-
voring the mifamurtide arm. Toxicities and compliance to 
therapy were reported elsewhere. 30,31

Outcomes

EFS

Overall, the median follow-up was 70 months (IQR, 49-90 
months). The 5-year EFS was 65.2% (95% CI, 60.1 to 69.8; 
Fig 2A).

Five-year EFS was 71.4% (95% CI, 64.5 to 77.1) for patients 
undergoing mifamurtide and MAP (HDIFO in case of PR) and 
58.3% (95% CI, 50.6 to 65.3) for patients undergoing MAP 
only (P 5 .0131; Table 2; Fig 2B). This difference was also 
significant in the subgroup of patients with poor response 
(P 5 .0359), whereas no significant difference in the GR 
patients was detected (Table 3; Appendix Fig A3).

Poor histological response to induction chemotherapy and 
high baseline ALP levels were associated with significant 
inferior EFS (Table 2), whereas age ≥15 years was not a 
negative prognostic factor in this series.

In the multivariable analysis, poor response to induc-
tion chemotherapy and high baseline ALP level were

both confirmed significant prognostic factors for EFS 
(Table 4).

OS

The 5-year OS was 74.8% overall (95% CI, 69.8 to 79.0; 
Figs 2A and 2C). The 5-year OS was 65.8% (95% CI, 57.8 to 
72.6) for MAP only and 75.4% (95% CI, 68.4 to 81.1) in case of 
chemotherapy plus mifamurtide (P 5 .0457; Table 2; Figs 2B 
and 2D). Poor histologic response to induction chemo-
therapy and high ALP levels at diagnosis were associated 
with significant inferior OS (Table 2).

In the multivariable analysis, poor response to induction 
chemotherapy and high baseline ALP level were both con-
firmed significant prognostic factors for OS (Table 4).

Survival Analysis on the Basis of Histologic Necrosis 
and Pgp

A subgroup of EFS and OS analysis on the basis of patients 
stratification according to histologic response in the Pgp– 

and Pgp1 subgroups was performed (Appendix Fig A4): 
Chemotherapy-induced necrosis after neoadjuvant che-
motherapy was confirmed as a strong prognostic factor, in 
both Pgp– and Pgp1 subgroups, supporting the evidence 
reported in Table 2.

TABLE 2. Univariable Analysis of EFS and OS in Patients With Nonmetastatic Extremity Osteosarcoma Treated in ISG/OS-2 and GEIS-33 Trials

Characteristic 5-Year EFS, % (95% CI) HR (95% CI) P 5-Year OS, % (95% CI) HR (95% CI) P

Age, years

0-14 66.8 (60.0 to 72.8) 74.3 (67.4 to 79.9)

15-40 63.3 (55.4 to 70.2) 1.0 (0.7 to 1.5) .8650 75.4 (67.9 to 81.5) 0.9 (0.6 to 1.4) .6233

Sex

Male 65.8 (59.1 to 71.7) 76.0 (69.5 to 81.3)

Female 64.3 (56.2 to 71.4) 1.0 (0.7 to 1.5) .7972 73.2 (65.0 to 79.7) 1.1 (0.7 to 1.7) .6423

Serum ALP

Normal 70.6 (64.0 to 76.2) 80.4 (74.2 to 85.3)

High 56.3 (47.2 to 64.4) 1.8 (1.2 to 2.5) .0017 63.7 (54.5 to 71.6) 2.1 (1.3 to 3.2) .0008

LDH

Normal 65.8 (59.4 to 71.5) 75.2 (69.0 to 80.3)

High 62.6 (52.8 to 71.0) 1.2 (0.8 to 1.7) .4168 69.9 (59.9 to 77.9) 1.2 (0.8 to 1.9) .3286

Histologic response

GR 79.0 (71.7 to 84.6) 85.8 (79.0 to 90.6)

PR 54.9 (47.9 to 61.4) 2.5 (1.7 to 3.7) <.0001 67.1 (60.0 to 73.2) 2.5 (1.5 to 4.1) .0002

Mifamurtide

Yes 71.4 (64.5 to 77.1) 75.4 (68.4 to 81.1)

No 58.3 (50.6 to 65.3) 1.5 (1.1 to 2.2) .0139 65.8 (57.8 to 72.6) 1.5 (1.0 to 2.3) .0457

Histotype

Osteoblastic 66.2 (60.2 to 71.5) 75.8 (70.1 to 80.7)

Other 62.5 (52.2 to 71.1) 1.1 (0.8 to 1.7) .4721 71.9 (61.5 to 78.0) 1.2 (0.8 to 1.9) .4755

Abbreviations: ALP, alkaline phosphatase; EFS, event-free survival; GR, good response; HR, hazard ratio; LDH, lactate dehydrogenase; OS, overall 
survival; PR, poor response.
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DISCUSSION

This study demonstrated a significant superior EFS and OS in 
patients undergoing mifamurtide as compared with che-
motherapy alone at univariable analysis. Despite the un-
balance for age and ALP, the multivariable analysis showed 
that among these factors, only ALP had an independent 
prognostic role, whereas the P value for mifamurtide ad-
ministration was .059.

Our study suggests that the anticipated poor prognosis for 
patients with Pgp1 tumors may have been mitigated by 
mifamurtide. Despite conflicting evidence regarding the 
prognostic effect of Pgp expression, we maintain that it 
holds significant prognostic value.

We believe that there are two different ways to interpret 
these findings, according with the potential role of Pgp as a 
prognostic factor.

If we assume that Pgp selects two groups with different 
prognosis, these results demonstrate that mifamurtide was 
able to improve EFS in the high-risk patient group. In-
triguingly, Pgp-positive patients with PR to neoadjuvant 
chemotherapy had a statistically significant EFS improve-
ment with this experimental approach (mifamurtide and 
HDIFO postoperatively), as compared with the Pgp-negative 
PR cohort (MAP only), suggesting that Pgp prognostic 
value might be outplayed by an integrated treatment 
and reinforces the hypothesis that ifosfamide might act

synergistically with mifamurtide. It is plausible that ifos-
famide and mifamurtide are potentially synergistic. Two 
decades ago, it was reported that ifosfamide could be an 
immunomodulator upregulating the expansion of Th1 cells. 34

Unfortunately, because the Pgp-negative population did not 
receive mifamurtide, our study cannot exclude the potential 
benefit of mifamurtide for this subgroup.

On the other hand, if we are skeptical on the prognostic role 
of Pgp, these analysis shows that, in a cohort of unselected 
patients with localized osteosarcoma age ≤40 years, a strategy 
based on mifamurtide and chemotherapy with HDIFO in case 
of PRs is superior to chemotherapy alone in terms of EFS.

Particularly, INT0133 did not find a correlation between Pgp 
expression and worse EFS or OS. However, Pgp expression 
analysis was possible in only 139 (for C494 antibody) of 685 
patients (20.3%), using tissues from either diagnostic bi-
opsies or surgical specimens, and the staining technique 
differed from ours. 10

In both cases, these data would support, 17 years later, the 
findings of the controlled study by Meyer et al 35 . The former 
controlled study from the Children’s Oncology Group, 
INT0133 trial, using a randomized two-by-two factorial 
design, already hypothesized an interaction between mifa-
murtide and ifosfamide. This study reported a 3-year EFS 
of 68% in the group that received a combination of mi-
famurtide and MAP and 78% for those who received

TABLE 3. Univariable EFS According to Histologic Response to Induction Chemotherapy and Mifamurtide

Characteristic No. 5-Year EFS, % (95% CI) HR (95% CI) P

Good responder

MAP 1 mifamurtide (Pgp1) 87 83.5 (73.7 to 89.9) .1238

MAP (Pgp–) 77 73.5 (61.5 to 82.3) 1.7 (0.9 to 3.4)

Poor responder

MAP 1 HDIFO 1 mifamurtide (Pgp1) 115 62.5 (52.7 to 70.8) .0454

MAP (Pgp–) 112 47.0 (36.9 to 56.4) 1.5 (1.0 to 2.2)

NOTE. Seven patients with unknown necrosis were excluded from this analysis.
Abbreviations: EFS, event-free survival; HDIFO, high-dose ifosfamide; HR, hazard ratio; MAP, methotrexate, doxorubicin, and cisplatinum; Pgp, 
P-glycoprotein.

TABLE 4. Multivariable Analysis of EFS and OS in Patients With Nonmetastatic Extremity Osteosarcoma Treated in ISG/OS-2 and GEIS-33 Trials

Characteristic Variable

5-Year EFS 5-Year OS

HR (95% CI) P HR (95% CI) P

Serum ALP High v normal 1.9 (1.3 to 2.7) .0006 2.0 (1.3 to 3.2) .0013

Histologic response PRs v GRs 2.5 (1.7 to 3.8) <.0001 2.6 (1.6 to 4.3) .0002

Mifamurtide No v yes 1.4 (1.0 to 2.0) .0593 1.4 (0.9 to 2.1) .1480

NOTE. Models were performed on patients with completed data (n 5 359).
Abbreviations: ALP, alkaline phosphatase; EFS, event-free survival; GRs, good responses; HR, hazard ratio; OS, overall survival; PRs, poor 
responses.
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mifamurtide combined with MAP and ifosfamide (9 g/m 2 

continuous infusion per cycle). In a follow-up study, 
mifamurtide was associated with an OS benefit and with a 
positive EFS trend. 35 On the basis of these results, concerns 
whether INT0133’s results met generally accepted standards 
for practice-changing conclusions were raised.

Is the improvement observed in our study because of 
mifamurtide? Or is it the HDIFO salvage therapy in case of 
poor response? The EURAMOS study showed that the ad-
dition of ifosfamide (2.8 g/m 2 per day combined with eto-
poside 100 mg/m 2 per day, on days 1-5, every 21 days), to 
MAP does not improve survival, increases toxicity, and 
should not be considered as a salvage therapy for high-risk 
patients. 36,37 A recent Japanese phase II study has come to a 
similar conclusion, failing to demonstrate a survival benefit 
for ifosfamide given to patients with poor response to MAP. 38 

As the most important benefit in terms of EFS in this study 
was obtained for Pgp-positive patients with PR to induction 
chemotherapy, treated with both mifamurtide and HDIFO, a 
positive interaction between these drugs could be hypoth-
esized, and this combination might be proposed as salvage 
treatment of patients with unresponsive osteosarcoma.

Also, our study confirmed that poor histologic response to 
induction chemotherapy and high ALP at diagnosis predict 
worse outcome, as confirmed at multivariable analysis.

Interestingly, no relationship was found between the level of 
Pgp expression and histologic response after preoperative 
chemotherapy, as previously reported. 9,10 Most likely, the 
two parameters identify two phenomena related to resis-
tance to chemotherapy, only partly overlapping. In fact, 
although poor histologic response might be the result of a 
cumulative resistance to all drugs administered preopera-
tively, Pgp mediates a specific resistance to doxorubicin and 
might also be related to other tumor features, such as dif-
ferential biological aggressiveness of tumor cells.

We observed that survival for pediatric patients and AYA was 
not different when treated within the same protocol. This 
conflicts with other studies 29 and reinforce the suggestion of 
the AYA Working Group of the European Society for Medical 
Oncology and the European Society for Pediatric Oncology, 
that multicenter cooperation, including pediatric and adult 
cooperation, should be encouraged. 3

This is a retrospective analysis of data collected prospec-
tively. The major limitation of these clinical trials is the 
lack of a control group because of inherent difficulties to 
run a randomized trial in the adjuvant setting of a rare 
disease. Unfortunately, this is a limitation that will remain

unaddressed for now because the design of most of the trials 
in osteosarcoma is not controlled (Appendix Table A1). Re-
sults of the UNIFRA study, which will test the hypothesis that 
high-risk patients, defined by metastases at diagnosis or 
poor response to induction chemotherapy, might benefit 
from mifamurtide, are awaited. 39

An observational study is ongoing in Italy since 2021 (ISG/ 
AIEOP OS2 Oss) to collect real-word data on osteosarcoma; 
on the basis of these findings, the recommended approach, 
as per national guidelines, is to use mifamurtide in patients 
younger than 30 years, because of regulatory constraints, 
with a PR after neoadjuvant chemotherapy, and in combi-
nation with HDIFO. Similarly in Spain, this study facilitated 
the prescription of mifamurtide within its framework, 
promoting its rational use. The results of this study will be 
critical in establishing the use of high-dose ifosfamide in 
conjunction with mifamurtide as a national protocol, es-
pecially for patients younger than 30 years exhibiting a poor 
pathologic response to induction therapy with MAP.

Mifamurtide use will also be allowed according to investi-
gator preferences in the future European FOSTER-Cabos 
trial. This study will randomize maintenance cabozantinib 
in patients with localized and metastatic osteosarcoma 
nonprogressing after up-front chemotherapy. A run-in 
phase will also be undertaken to assess the feasibility of 
mifamurtide in combination with cabozantinib.

Identifying predictive factors to select patients and stratify 
treatment on the basis of their likelihood of responding to 
mifamurtide could lead to increased cost-effectiveness, 
particularly relevant considering reimbursement and cost 
saving concerns.

A translational genomic sequencing study on pretreatment 
sample, to identify subgroup of responders, is ongoing 
(ClinicalTrials.gov identifier: NCT03737435).

In conclusion, key finding from this study including almost 
400 patients with nonmetastatic osteosarcoma is the po-
tential role of HDIFO combined with mifamurtide as salvage 
treatment for Pgp-positive patients with poor histologic 
response to neoadjuvant chemotherapy. These results might 
pave the path for future treatment strategies in selected 
high-risk osteosarcoma groups. No specific indications on 
the generalized use of mifamurtide should be derived from 

this study. Nonetheless, the results of this trial, in the ab-
sence of a randomized controlled trial to further explore the 
role of mifamurtide, might have a prescriptive role for 
mifamurtide along with HDIFO in patients exhibiting a poor 
response to neoadjuvant treatment with MAP.
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Salgado, Cristina Mata, Michela Pierini, Anna Paioli, Andrea Marrari, 
Massimo Serra, Sebastian Dorin Asaftei, Marco Gambarotti, Stefano 
Ferrari, Claudia Valverde, Javier Martı́n Broto
Data analysis and interpretation: Emanuela Palmerini, Cristina Meazza, 
Gianni Bisogno, Franca Fagioli, Virginia Ferraresi, Luca Coccoli, Oscar 
Gallego, Roberto Luksch, Elisa Carretta, Marilena Cesari, Anna Paioli, 
Andrea Marrari, Massimo Serra, Marco Gambarotti, Stefano Ferrari, Toni 
Ibrahim, Javier Martı́n Broto
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT

The authors thank the participating patients and their family and the 
nurses. The authors also thank Michela Pierini, Valquiria Broll, and 
Antonio Carella for all support and editorial assistance; Stefano 
Zagnoni, Federica Sella, Francesca Michelacci, Maril ` u Fanelli, Serena 
Vella, Camilla Cristalli, Claudia Hattinger, Silvia Luppi, and Federica 
Magagnoli for immunohistochemical studies; and Maria Pia Cumani 
and Cristina Ghinelli for their help with the graphic design.

REFERENCES
1. Gitelis S: Bone and soft tissue tumors: Clinical features, imaging, pathology and treatment. 2nd ed. J Bone Joint Surg 83:801-802, 2001
2. Baumhoer D, B ̈ ohling TO, Cates JMM, et al: Osteosarcoma, in WHO Classification of Tumours Editorial Board (ed): Soft Tissue and Bone Tumours, Volume 3 (ed 5). Lyon, France, International

Agency for Research on Cancer, 2020, pp 403-409
3. Ferrari A, Stark D, Peccatori FA, et al: Adolescents and young adults (AYA) with cancer: A position paper from the AYA Working Group of the European Society for Medical Oncology (ESMO) and the 

European Society for Paediatric Oncology (SIOPE). ESMO Open 6:100096, 2021
4. Bielack SS, Hecker-Nolting S, Blattmann C, et al: Advances in the management of osteosarcoma. F1000Res 5:2767, 2016
5. Reed DR, Tulpule A, Metts J, et al: Pediatric leukemia roadmaps are a guide for positive metastatic bone sarcoma trials. J Clin Oncol 42:2955-2960, 2024

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 43, Issue 28 | 3121

Mifamurtide for Patients With Nonmetastatic High-Risk Osteosarcoma

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 H
os

pi
ta

l G
en

 V
al

l D
 H

eb
ro

n 
B

ib
lio

te
ca

 o
n 

O
ct

ob
er

 1
7,

 2
02

5 
fr

om
 0

84
.0

88
.0

74
.0

03
C

op
yr

ig
ht

 ©
 2

02
5 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 

mailto:emanuela.palmerini@ior.it
https://www.clinicaltrials.gov/ct2/show/NCT01459484
https://www.clinicaltrials.gov/ct2/show/NCT04383288
https://ascopubs.org/doi/full/10.1200/JCO-25-00210
https://ascopubs.org/doi/full/10.1200/JCO-25-00210
http://ascopubs.org/journal/jco


6. Strauss SJ, Frezza AM, Abecassis N, et al: Bone sarcomas: ESMO-EURACAN-GENTURIS-ERN PaedCan Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann Oncol 32:1520-1536, 
2021

7. Serra M, Scotlandi K, Reverter-Branchat G, et al: Value of P-glycoprotein and clinicopathologic factors as the basis for new treatment strategies in high-grade osteosarcoma of the extremities. 
J Clin Oncol 21:536-542, 2003

8. Zhao ZG, Ding F, Liu M, et al: Association between P-glycoprotein expression and response to chemotherapy in patients with osteosarcoma: A systematic and meta-analysis. J Cancer Res Ther 10: 
C206-C209, 2014

9. Pakos EE, Ioannidis JPA: The association of P-glycoprotein with response to chemotherapy and clinical outcome in patients with osteosarcoma: A meta-analysis. Cancer 98:581-589, 2003
10. Serra M, Picci P, Ferrari S, et al: Prognostic value of P-glycoprotein in high-grade osteosarcoma. J Clin Oncol 25:4858-4861, 2007
11. Liu T, Li Z, Zhang Q, et al: Targeting ABCB1 (MDR1) in multi-drug resistant osteosarcoma cells using the CRISPR-Cas9 system to reverse drug resistance. Oncotarget 7:83502-83513, 2016
12. Schwartz CL, Gorlick R, Teot L, et al: Multiple drug resistance in osteogenic sarcoma: INT0133 from the Children’s Oncology Group. J Clin Oncol 25:2057-2062, 2007
13. Seebacher NA, Richardson DR, Jansson PJ: A mechanism for overcoming P-glycoprotein-mediated drug resistance: Novel combination therapy that releases stored doxorubicin from lysosomes 

via lysosomal permeabilization using Dp44mT or DpC. Cell Death Dis 7:e2510, 2016
14. Serra M, Pasello M, Manara MC, et al: May P-glycoprotein status be used to stratify high-grade osteosarcoma patients? Results from the Italian/Scandinavian Sarcoma Group 1 treatment protocol. 

Int J Oncol 29:1459-1468, 2006
15. Park YB, Kim HS, Oh JH, et al: The co-expression of p53 protein and P-glycoprotein is correlated to a poor prognosis in osteosarcoma. Int Orthop 24:307-310, 2001
16. Hornicek FJ, Gebhardt MC, Wolfe MW, et al: P-glycoprotein levels predict poor outcome in patients with osteosarcoma. Clin Orthop Relat Res 373:11-17, 2000
17. Baldini N, Scotlandi K, Serra M, et al: P-glycoprotein expression in osteosarcoma: A basis for risk-adapted adjuvant chemotherapy. J Orthop Res 17:629-632, 1999
18. Gorlick R, Huvos AG, Heller G, et al: Expression of HER2/erbB-2 correlates with survival in osteosarcoma. J Clin Oncol 17:2781-2788, 1999
19. Serra M, Maurici D, Scotlandi K, et al: Relationship between P-glycoprotein expression and p53 status in high-grade osteosarcoma. Int J Oncol 14:301-307, 1999
20. Shnyder SD, Hayes AJ, Pringle J, et al: P-glycoprotein and metallothionein expression and resistance to chemotherapy in osteosarcoma. Br J Cancer 78:757-759, 1998
21. Chan HS, Grogan TM, Haddad G, et al: P-glycoprotein expression: Critical determinant in the response to osteosarcoma chemotherapy. J Natl Cancer Inst 89:1706-1715, 1997
22. Radig K, H ̈ ackel C, Herting J, et al: Expression of P-glycoprotein in high grade osteosarcomas with special emphasis on chondroblastic subtype. Gen Diagn Pathol 142:139-145, 1997
23. Baldini N, Scotlandi K, Barbanti-Br ` odano G, et al: Expression of P-glycoprotein in high-grade osteosarcomas in relation to clinical outcome. N Engl J Med 333:1380-1385, 1995
24. Bodey B, Taylor CR, Siegel SE, et al: Immunocytochemical observation of multidrug resistance (MDR) p170 glycoprotein expression in human osteosarcoma cells. The clinical significance of MDR 

protein overexpression. Anticancer Res 15:2461-2468, 1995
25. Serra M, Scotlandi K, Manara MC, et al: Analysis of P-glycoprotein expression in osteosarcoma. Eur J Cancer 31A:1998-2002, 1995
26. Robinson K, Tiriveedhi V: Perplexing role of P-glycoprotein in tumor microenvironment. Front Oncol 10:265, 2020
27. Li H, Yang B, Huang J, et al: Cyclooxygenase-2 in tumor-associated macrophages promotes breast cancer cell survival by triggering a positive-feedback loop between macrophages and cancer 

cells. Oncotarget 6:29637-29650, 2015
28. Kleinerman ES, Jia SF, Griffin J, et al: Phase II study of liposomal muramyl tripeptide in osteosarcoma: The cytokine cascade and monocyte activation following administration. J Clin Oncol 10: 

1310-1316, 1992
29. Meyers PA, Schwartz CL, Krailo M, et al: Osteosarcoma: A randomized, prospective trial of the addition of ifosfamide and/or muramyl tripeptide to cisplatin, doxorubicin, and high-dose 

methotrexate. J Clin Oncol 23:2004-2011, 2005
30. Palmerini E, Meazza C, Tamburini A, et al: Phase 2 study for nonmetastatic extremity high-grade osteosarcoma in pediatric and adolescent and young adult patients with a risk-adapted strategy 

based on ABCB1/P-glycoprotein expression: An Italian Sarcoma Group trial (ISG/OS-2). Cancer 128:1958-1966, 2022
31. Salazar J, Arranz MJ, Martin-Broto J, et al: Pharmacogenetics of neoadjuvant MAP chemotherapy in localized osteosarcoma: A study based on data from the GEIS-33 protocol. Pharmaceutics 16: 

1585, 2024
32. Smeland S, Bielack SS, Whelan J, et al: Survival and prognosis with osteosarcoma: Outcomes in more than 2000 patients in the EURAMOS-1 (European and American Osteosarcoma Study) cohort. 

Eur J Cancer 109:36-50, 2019
33. van der Valk P, van Kalken CK, Ketelaars H, et al: Distribution of multi-drug resistance-associated P-glycoprotein in normal and neoplastic human tissues: Analysis with 3 monoclonal antibodies 

recognizing different epitopes of the P-glycoprotein molecule. Ann Oncol 1:56-64, 1990
34. Binotto G, Trentin L, Semenzato G: Ifosfamide and cyclophosphamide: Effects on immunosurveillance. Oncology 65:17-20, 2003 (suppl 2)
35. Meyers PA, Schwartz CL, Krailo MD, et al: Osteosarcoma: The addition of muramyl tripeptide to chemotherapy improves overall survival—A report from the Children’s Oncology Group. J Clin Oncol 

26:633-638, 2008
36. Marina NM, Smeland S, Bielack SS, et al: Comparison of MAPIE versus MAP in patients with a poor response to preoperative chemotherapy for newly diagnosed high-grade osteosarcoma 

(EURAMOS-1): An open-label, international, randomised controlled trial. Lancet Oncol 17:1396-1408, 2016
37. Bielack SS, Werner M, Tunn PU, et al: Methotrexate, doxorubicin, and cisplatin (MAP) plus maintenance pegylated interferon alfa-2b versus MAP alone in patients with resectable high-grade 

osteosarcoma and good histologic response to preoperative MAP: First results of the EURAMOS-1 good response randomized controlled trial. J Clin Oncol 33:2279-2287, 2015
38. Hiraga H, Machida R, Kawai A, et al: Methotrexate, doxorubicin, and cisplatin versus methotrexate, doxorubicin, and cisplatin 1 ifosfamide in poor responders to preoperative chemotherapy for 

newly diagnosed high-grade osteosarcoma (JCOG0905): A multicenter, open-label, randomized trial. J Clin Oncol 43:1886-1897, 2025
39. Brard C, Piperno-Neumann S, Delaye J, et al: Sarcome-13/OS2016 trial protocol: A multicentre, randomised, open-label, phase II trial of mifamurtide combined with postoperative chemotherapy for 

patients with newly diagnosed high-risk osteosarcoma. BMJ Open 9:e025877, 2019

3122 | © 2025 by American Society of Clinical Oncology

Palmerini et al

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 H
os

pi
ta

l G
en

 V
al

l D
 H

eb
ro

n 
B

ib
lio

te
ca

 o
n 

O
ct

ob
er

 1
7,

 2
02

5 
fr

om
 0

84
.0

88
.0

74
.0

03
C

op
yr

ig
ht

 ©
 2

02
5 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Is There a Role for Mifamurtide in Nonmetastatic High-Grade Osteosarcoma? Results From the Italian Sarcoma Group (ISG/OS-2) and Spanish 
Sarcoma Group (GEIS-33) Trials

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated unless 
otherwise noted. Relationships are self-held unless noted. I 5 Immediate Family Member, Inst 5 My Institution. Relationships may not relate to the 
subject matter of this manuscript. For more information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or 
ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open 
Payments).

Emanuela Palmerini
Consulting or Advisory Role: Daiichy Sankyo, Deciphera 
Pharmaceuticals, Eusa Pharma, SynOx Therapeutics, Ipsen 
Biopharmaceuticals and Servier
Travel, Accommodations, Expenses: Takeda

Gianni Bisogno
Consulting or Advisory Role: Bayer

Franca Fagioli
Research Funding: Jazz Pharmaceuticals (Inst), Novartis (Inst), EUSA
Pharma (Inst), Gilead Sciences (Inst), Takeda (Inst), Medac Pharma 
(Inst), Merck (Inst), Novimmune (Inst), Roche (Inst)

Virginia Ferraresi
Consulting or Advisory Role: Bristol Myers Squibb, Novartis,
GlaxoSmithKline, Serb
Speakers’ Bureau: Bristol Myers Squibb, Novartis, Pierre Fabre, MSD 
Oncology, PharmaMar
Travel, Accommodations, Expenses: Pierre Fabre

Giuseppe Maria Milano
Consulting or Advisory Role: Recordati Rare Disease

Alba Rubio-San-Simón
Honoraria: Roche, Miltenyi Biotec, Ricordati Rare Disease 
Speakers’ Bureau: SERB
Travel, Accommodations, Expenses: EUSA Pharma, Roche

Jaume Mora
Consulting or Advisory Role: Ymabs Therapeutics Inc, Bristol Meyers 
Research Funding: Roche/Genentech (Inst)
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APPENDIX

TABLE A1. Ongoing Studies With Mifamurtide in Patients With High-Grade Osteosarcoma

NCT Number Study Title Sponsor Other ID

NCT00631631 Mifamurtide (L-MTP-PE) for High-Risk 
Osteosarcoma

Millennium Pharmaceuticals, Inc MTP-OS-403

NCT01194284 Surveillance Study of Patients With Newly
Diagnosed Osteosarcoma

Millennium Pharmaceuticals, Inc C23003
2009-017204-89 (EudraCT 

Number)

NCT02441309 A Eurosarc Study of Mifamurtide in Advanced 
Osteosarcoma (MEMOS)

University of Oxford OCTO_039

NCT04571229 Expanded Access Use of L-MTP-PE for the 
Treatment of Osteosarcoma

Memorial Sloan Kettering Cancer 
Center

20-324

NCT03643133 Mifamurtide Combined With Postoperative
Chemotherapy for Newly Diagnosed High Risk
Osteosarcoma Patients (SARCOME13)

UNICANCER UC-0150/1704
2017-001165-24

(EudraCT_Number)

NCT01459484 ABCB1/P-glycoprotein Expression as Biologic
Stratification Factor for Patients With
Non Metastatic Osteosarcoma

Italian Sarcoma Group ISG-OS2
2011-001659-36

(EudraCT_Number)

NCT04383288 ABCB1/P-glycoprotein Expression Influence on 
Nonmetastatic Osteosarcoma of the Extremities

Grupo Espanol de Investigacion 
en Sarcomas

Geis-33

NCT04890067 Observational Study in Localized Osteosarcoma AIEOP/Italian Sarcoma Group AIEOP/ISG OS2 Oss

Abbreviations: ID, identifier; L-MTP-PE, liposomal muramyl tripeptide phosphatidyl ethanolamine; NCT, noncontrolled trial.
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FIG A3. EFS according to induction chemotherapy and mifamurtide in (A) GRs and (B) PRs. EFS, event-free survival; GRs, good 
responses; HDIFO, high-dose ifosfamide; MAP, methotrexate, doxorubicin, and cisplatinum; PRs, poor responses.
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