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Background

GENE EXPRESSION SIGNATURE IN DIAGNOSTIC OSTEOSARCOMA SAMPLES OF 79 PATIENTS IN THE OS2006 PROTOCOL 

VALIDATED IN 82 PATIENTS IN THE TARGET DATASET

▪ Cohort pediatric and adult patients, diagnostic samples

▪ Unsupervised classification stratified into

favorable (G1) and unfavourable (G2) prognostic tumours

▪ RNA seq – 15 gene set / Nanostring 37 gene set

▪ Gene involved in the tumor micrenvironment

79 pts
15 y (4.7–36.8 years)
80% nonmetastatic
76% good response

VALIDATION OF A FOCUSED GENE EXPRESSION SIGNATURE TO STRATIFY OSTEOSARCOMA IN AN INDEPENDENT 

PEDIATRIC AND ADOLESCENT COHORT: A WAY FORWARD FOR FUTURE TRIALS? 

41 pts
14 y (4-17 years)

56% nonmetastatic
34% good response

▪ Cohort pediatric and adult patients, diagnostic and relapse samples

▪ RNA seq – whole transriptomics sequencing (KAPA) – ribosome depleted

▪ With coefficent from the 15 gene signature

Lennart Kester Roelof van Ewijk

Salt Lake City, Utah, 28 June 2028
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CARISBO

FOUNDATIONPHASE 2 STUDY FOR NONMETASTATIC EXTREMITY HIGH-GRADE OSTEOSARCOMA IN PEDIATRIC AND AYA

PATIENTS WITH A RISK-ADAPTED STRATEGY BASED ON P-GLYCOPROTEIN EXPRESSION: AN ITALIAN SARCOMA 

GROUP TRIAL (ISG/OS-2)

Pgp negative

M  P/A     M  P/A

-------------------------

0    1          4     5   wks

M = methotrexate 12g/m2;

P = cisplatin 120 mg/m2; 

A = adriamycin 75 mg/m2

Surgery
A° M M   P A    M M    P A° M M  P° M M  

--------------------------------------------------------------
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weeks

Pgp positive

A° HDIFO  HDIFO HDIFO  HDIFO 

---------------------------------------------

9     12       15       18       21 weeks

A° = adriamycin 90 mg/m2

HDIFO= ifosfamide 3 gr/m2/die, day 1-5

Good

Response

≥90%

Poor

Response

<90%

Surgery

M  P/A     M  P/A

-------------------------

0    1          4     5   wks MIFAMURTIDE
M = methotrexate 12g/m2;

P = cisplatin 120 mg/m2; 

A = adriamycin 75 mg/m2 2 mg/m2 twice/week x 3 months, 

than weekly for 6 months

A° M M   P A    M M    P A° M M  P° M M  

--------------------------------------------------------------

9   12 13  14  17  20 21  22 25    28 29  30   33 34  

weeks

Design Phase II, uncontrolled

Endpoint EFS

Main inclusion Non metastatic

osteosarcoma

Age 4 (4-38)

N. of patients 279

Median follow up 51 months (IQR 36-65)

Background
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CARISBO

FOUNDATIONIS THERE A ROLE FOR MIFAMURTIDE IN NON-METASTATIC HIGH-GRADE OSTEOSARCOMA? RESULTS FROM THE 

ITALIAN SARCOMA GROUP (ISG/OS-2) AND SPANISH SARCOMA GROUP (GEIS-33) TRIALS

Design Phase II, exploratory

Endpoint EFS by mifamurtide

Main inclusion Non metastatic

osteosarcoma

Age 4 (4-40)

N. of patients 398

Median follow up 70 months (IQR 49-90)

Background

Event-Free Survival Overall Survival

Salt Lake City, Utah, 28 June 2028
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Background

Fight Osteosarcoma Through European Research

FOSTER Survey

Mifamurtide cost in Europe 142.999 euro/patient
Salt Lake City, Utah, 28 June 2028

DO YOU PRESCRIBE MIFAMURTIDE?

Medical Oncologist 4/46 9%

Pediatric Oncologist 10/70 14%
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Results
n %
62 100

Age

median 14 years (5-40)

0-14 years 32 51.6

> 14 years 30 48.4

Gender

Male 43 69.4

Female 19 30.6

Serum alkaline phosphatase (ALP)

High 16 25.8

Normal 46 74.2

Histologic Response

Good response (GRs) 31 50

Poor response (PRs) 31 50

Mifamurtide

Yes 33 53

No 29 47

62 pts

14 y (5-40 years)

100% nonmetastatic

50% good response

Demography

PROGNOSTIC AND MIFAMURTIDE-RELATED SIGNATURES FOR  LOCALIZED OSTEOSARCOMA:

AN ISG/OS2 TRIAL CORRELATIVE STUDY OF TUMOR IMMUNE MICROENVIRONMENT (TME)
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PanCancer Immune Profiling Panel –

Nanostring

▪ Input non decalcified FFPE, bone, pre-treatment, biopsy

▪ 770 genes: 730 TME + 40 House Keeping

FFPE Formalin-fixed paraffin embadded

TME Tumor micro-environment

Methods

PROGNOSTIC AND MIFAMURTIDE-RELATED SIGNATURES FOR  LOCALIZED OSTEOSARCOMA:

AN ISG/OS2 TRIAL CORRELATIVE STUDY OF TUMOR IMMUNE MICROENVIRONMENT (TME)

Salt Lake City, Utah, 28 June 2028
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Primary Objective

1 – identifying a prognostic signature 

in all ISG/OS2 patients

2 – identifying a  predictive signature in  

the cohort  of patients  undergoing 

mifamurtide

62 pts
33 pts undergoing

MIFAMURTIDE

29 pts CHEMO only

33 pts undergoing
MIFAMURTIDE

Methods

PROGNOSTIC AND MIFAMURTIDE-RELATED SIGNATURES FOR  LOCALIZED OSTEOSARCOMA:

AN ISG/OS2 TRIAL CORRELATIVE STUDY OF TUMOR IMMUNE MICROENVIRONMENT (TME)
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Discovery Cohort

62 pts
100% nonmetastatic

PROGNOSTIC AND MIFAMURTIDE-RELATED SIGNATURES FOR  LOCALIZED OSTEOSARCOMA:

AN ISG/OS2 TRIAL CORRELATIVE STUDY OF TUMOR IMMUNE MICROENVIRONMENT (TME)
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PROGNOSTIC AND MIFAMURTIDE-RELATED SIGNATURES FOR  LOCALIZED OSTEOSARCOMA:

AN ISG/OS2 TRIAL CORRELATIVE STUDY OF TUMOR IMMUNE MICROENVIRONMENT (TME)

21- Genes Prognostic Signature

Cut Off 

Risk Score 2.41

Salt Lake City, Utah, 28 June 2028



Results

Multivariate Analysis 

For Prognostic SIgnature

Overall Survival Variable Univariate Cox Multivariate Cox

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

Discovery cohort (n = 62)

Gene signature (high- vs low-risk) 10.60(3.77–29.73) 0.000003 9.83(2.74-35.2) 0.00044

Histologic Response (Prs vs Grs) 3.95(1.28-12.11) 0.016 4.21(1.24-14.21) 0.02

Age (0-14 vs > 14 years) 0.99(0.93-1.04) 0.63 0.97(0.90-1.04) 0.51

Serum alkaline phosphatase (normal vs high) 0.46(0.17-1.22) 0.12 0.55 (0.17-1.74) 0.32

MICROS – PROJECT

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL

E Palmerini et al, Clinical Cancer Research 2025

Salt Lake City, Utah, 28 June 2028



Results

Validation Cohort 1

62 pts – TARGET – OS TCGA
100% nonmetastatic

MICROS – PROJECT

TARGET Therapeutically Applicable

Research to Generate Effective Treatment

OS Osteosarcoma

TCGA The Cancer Genome Atlas

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL
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Results

Validation Cohort 2

57 pts – GSE 33382
100% nonmetastatic

MICROS – PROJECT

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL
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Results

Cibersort X

MICROS – PROJECT

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL

LM-22 signature
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Results

Cibersort X Cell Deconvolution

MICROS – PROJECT

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL
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Methods

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL

MICROS – PROJECT

Primary Objective

1 – identifying a prognostic signature 

in all ISG/OS2 patients

2 – identifying a  predictive signature in  

the cohort  of patients  undergoing 

mifamurtide

62 pts
33 pts undergoing

MIFAMURTIDE

29 pts CHEMO only

33 pts undergoing
MIFAMURTIDE
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Results

n %
62 100

0-14 years 32 51.6
> 14 years 30 48.4

Male 43 69.4
Female 19 30.6

alkaline phosphatase (ALP)
High 16 25.8
Normal 46 74.2

dehydrogenase (LDH)
High 14 22.6

Normal 47 75.8

Unknown 1 1.6
Response

Good response (GRs) 31 50
Poor response (PRs) 31 50

glycoprotein (Pgp)
Pgp- 27 43.6
Pgp+ (mifamurtide) 34 54.8
Not evaluable 1 1.6

31-Genes Mifamurtide Signature

MICROS – PROJECT

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL

33 pts undergoing

MIFAMURTIDE  
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High 16 25.8
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dehydrogenase (LDH)
High 14 22.6

Normal 47 75.8

Unknown 1 1.6
Response

Good response (GRs) 31 50
Poor response (PRs) 31 50

glycoprotein (Pgp)
Pgp- 27 43.6
Pgp+ (mifamurtide) 34 54.8
Not evaluable 1 1.6

31-Genes Mifamurtide Signature

MICROS – PROJECT

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL

33 pts undergoing

MIFAMURTIDE  

Cut Off 

Risk Score 8.69

Salt Lake City, Utah, 28 June 2028



Results

Overall Survival Variable Univariate Cox Multivariate Cox

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

PgP positive primary Osteosarcoma  (n = 33)

Gene signature (high- vs low-risk) 24.51(3.39-176.84) 0.00000001 75.17(8.79-642.42) 0.000079

Histologic Response (Prs vs Grs) 3.06(0.76-12.36) 0.097 4.20(0.46-38.15) 0.25

Age (0-14 vs > 14 years) 0.96(0.85-1.08) 0.47 0.93(0.80-1.08) 0.36

Serum alkaline phosphatase (normal vs high) 0.52(0.14-1.93) 0.31 2.16(0.29-16.30) 0.45

Mifamurtide sensitivity signature of the 31-gene

Multivariate Analysis 

For Mifamurtide

MICROS – PROJECT

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL

33 pts undergoing

MIFAMURTIDE  

Salt Lake City, Utah, 28 June 2028
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Results

Genes Only Partially Overlapping

21-gene prognostic
signature

31-gene mifamurtide-
sensitivity signature

34%

10.7%

55.3%

MICROS – PROJECT

RESPONSE TO MIFAMURTIDE AND TUMOR MICRO-ENVIRONMENT: A DECONVOLUTION NANOSTRING ANALYSIS IN 

LOCALIZED OSTEOSARCOMA PATIENTS TREATED WITHIN THE ISG/OS2 TRIAL

Salt Lake City, Utah, 28 June 2028

Palmerini E et al, Clinical Cancer Research 2025

1. CD36

2. CCR3

3. IRF5

4. CD97

5. ABCB1



Conclusions

▪ A validated osteosarcoma TME prognostic gene signature has been identified, independent 

of mifamurtide treatment.

▪ Importantly, a mifamurtide-specific signature was developed. 

▪ Tumor-immune interactions possibly implicated in disease progression and treatment 

response were shown.

▪ If the mifamurtide-sensitive signature will be validated, a NanoString Customized Test, which 

might cost about 170 USD per patient, will represent a new tool to assign mifamurtide 

treatment.

MICROS – PROJECT
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