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• Immune checkpoint inhibitors (ICIs) have

revoluzionized the therapeutic paradigm for

different types of cancer including NSCLC

• Unfortunately, durable benefit is limited to a

minority of patients

• The only adopted predictive biomarker, PD-L1

IHC testing, suffers from some limitations

• Better understanding of biomarkers

associated with response to ICIs is needed

Kim C. Ohaegbulamet al. Trends in Molecular Medicine 2015, Vol. 21, No. 1

Background and Rationale 



NEAR FUTURE



Investigating I-O Biomarkers: 

inflamed tumors

• Programmed death ligand 1 (PD-L1)

• Tumor-infiltrating lymphocites (TILs)

• Expression gene signature

• Tumour Mutational Burden

they may correlate with clinical response 

• Early reports sugges PD-L1 immunohistochemistry, T-cell infiltration levels, high tumor 

mutational burden (TMB) and gene expression profiling (GEP) may correlate with clinical 

response

• Emerging biomarkers such as TMB and GEP could be predictive of clinical benefit across 

diverse human cancers 

• There is a compelling need for a better understanding of factors that would predict response and 

progression

IO BIOMARKERS (BEYOND PD-L1) NEEDED



Study Disegn

Stage IV NSCLC 

samples treated with 

Nivolumab 3 mg/kg 

every 2 weeks;

>1 prior line of 

anticancer therapy for 

advanced disease;

ongene addicted

samples included;

tumour tissue

available for 

biomarker testing

Study Objectives

✓ To assess immune gene-expression (GEX) and genetic mutation profiles

✓ To evaluate association of GEX with clinical response to immunotherapy in advanced    

NSCLC samples treated with ICI

50 SAMPLES with formalin-fixed 

paraffin-embedded (FFPE) tissue

Targeted RNA-Seq by OIRRA panel

37 FFPE specimens 

RNA from FFPE tissue 

FRQ test 
Generate standard

curve with HL-60

RNA, plot samples

on standard curve

DNA from FFPE tissue 

NGS 22-genes Panel

rt-pcr



Material and Method
FFPE tissue samples from advanced NSCLCs, treated with nivolumab starting from the 2° line of therapy

1)  Tumor sample

▪ RNA and DNA extracted from FFPE sample

▪ QIAcube robotic workstation

RNA/DNA isolated using

•RNeasy FFPE KIT

•QIAamp DNA FFPE tissue Kit 

automatically purified by

QIAcube robotic workstation

Sample collection

Targeted RNA-Seq by

Oncomine™ Immuno Response Assay

(OIRRA)

Gene network analysis

Cancer somatic mutation

37 FFPE tissue samples 

CHARACTERISTICS PATIENTS

N=37 %

Median Age, Years (range) 64 (46-82)

Sex

Female 

Male

11

26

29,7

70,3

Performance Status*

0

1

2

10

23

4

27

62

1

Smoking History

Never smoker

Smoker

6

31

16,2

83,8

Histology

Adenocarcinoma

Squamous-cell carcinoma

27

10

73

27

Stage 

IV 37 100

Genetic alterations**

WT

EGFR mut

KRAS mut 

16

4

7

59,3

14,8

25,9

Type of immune checkpoint inhibitor (ICI)

Nivolumab 37 100

Clinical Response to nivolumab***

Responder (R) 

No-Responder (NR) 

15

22

40

60

N. lines of therapy before nivolumab

1

2

3 

4

22

11

3

1

59,5

29,7

8,1

2,7

Tab. 1 Clinical-pathological characteristics of patients

*      Before nivolumab
**    Analysis performed only in adenocarcinoma
*** Responder: CR/PR/ SD>6 months; No-Responder: PD, SD<6 months*     Before nivolumab

**   Adenocarcinoma histology
*** Responder: CR/PR/ SD≥6 months; No-Responder: PD, SD<6 months

Assessed by Recist 1.1

CHARACTERISTICS PATIENTS

N=37 %

Median Age, Years (range) 64 (46-82)

Sex
Female 
Male

11
26

29,7
70,3

Performance Status*
0
1
2

10
23
4

27,0
62,0
1,0

Smoking History
Never smoker
Current Smoker

6
31

16,2
83,8

Histology
Adenocarcinoma
Squamous-cell carcinoma

27
10

73,0
27,0

Stage 
IV 37 100

Genetic alterations**
WT
EGFR mut
KRAS mut 

13
5
9

48,1
18,6
33,3

Type of immune checkpoint inhibitor (ICI)
Nivolumab 37 100

Clinical Response to nivolumab***
Responder (R) 
No-Responder (NR) 

15
22

40,0
60,0

N. lines of therapy before nivolumab
1
2
3 
4

22
11
3
1

59,5
29,7
8,1
2,7

Samples
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Material and Method

Oncomine™ Immuno Response Assay 

(OIRRA)
RNA samples were performed by RNA-Seq using

the OIRRA (ThermoFisher Scientific) on Ion Torrent

PGM and Transcriptome Analysis Console (TAC)

v4.0 Software. The panel measures the expression

level of 395 genes.

Cancer somatic mutation

DNA samples were assessed by Ion Ampliseq

Colon and Lung Cancer Research Panel v.2 that

detected cancer somatic mutation of 22 genes on

PGM Instrument starting from 10 ng of DNA

Gene network analysis

Gene network analysis based on Bayesian algorithm

was performed by GeneMANIA database querying

with the genes selected through mRNA expression

analysis

2) Library and template preparation

▪ Ion ChefTM system

▪AmpliSeqTM RNA panel for immune 

Response with low imput 10ng RNA

4)  Analyze Data

▪Ion Reporter Software

▪ Torrent SuiteTM

▪Transcriptome Analysis Console 

(TAC) 4.0 Software

Ion PGM System Sequencer

3)  Next-generation sequencing

For research use only.  Not for use in diagnostic procedures



OIRRA panel

Analysis of the immune pathway and low-expressing 

genes from samples with 10 ng FFPE RNA

Oncomine™  Immune Response Research Assay

OIRRA content includes 395 genes across 36 

functional annotation groups 

Groups are comprised of genes associated with 

lymphocyte regulation - cytokine signaling -

lymphocyte markers checkpoint pathways and 

tumor characterization

For research use only.  Not for use in diagnostic procedures



OIRRA NGS Workflow



OIRRA Workflow

RNA from FFPE Tissue → TEST FRQ

• Real-time PCR for RNA quality assessment 37 samples  FRQ≥0.2 (74%) 

13 samples  FRQ<0.2 (26%)

Primary Analysis

Torrent Suite Analysis 

Ion Torrent PGM 

2 Chip318 x8 samples

CHP files 

normalized by RPM 

(Reads per Milion)

10 ng of RNA →

OIRRA Chef-Ready Kit

• Reverse transcription and target amplification

Secondary Analysis

TAC analysis



OIRRA Data Analysis
Torrent Suite Analysis – Primary Analysis

Among 37 FFPE samples only 18 showed more than 300 OIRRA detectable target genes

OIRRA > 300 targetsOIRRA all samples

Signal Box plot
Signal Box plotPrincipal Component Analysis Principal Component Analysis

TAC analysis - Secondary Analysis



OIRRA Results
18 samples showed more than 300 OIRRA detectable target genes

Gene expression analysis revealed (p-value < 0.05):

Immune Gene Expression

Clinical Response to nivolumab

Responder (R) 

No-Responder (NR) 

N.

15

22

%

40

60

Responder: CR/PR/ SD>6 months; No-Responder: PD, SD<6 months

• 7 genes up-regulated

CCR2, CRTAM, FASLG, SELL, TIGIT, TNFRSF4, and TP63
• one gene down-regulated

CXCL8 
in ICI-responders (R) compare to ICI-no responders (NR)

TAC 4.0 analysis

Gene Symbol Description R Avg (log2) NR Avg (log2) Fold Change P-val

TNFRSF4 tumor_necrosis_factor_receptor_superfamily_member_4 7,54 0 185,53 0,003

CRTAM cytotoxic_and_regulatory_T_cell_molecule 7,05 0 132,75 0,0093

FASLG Fas_ligand_TNF_superfamily_member_6 6,59 0,13 88,02 0,0168

SELL selectin_L 4,87 3,02 3,6 0,0202

CCR2 chemokine_C-C_motif_receptor_2 8,65 7,28 2,59 0,0245

TP63 tumor_protein_p63 7,63 0 197,44 0,0028

TIGIT T_cell_immunoreceptor_with_Ig_and_ITIM_domains 8,05 5,83 4,66 0,0331

CXCL8 C-X-C_motif_chemokine_ligand_8 10,5 11,59 -2,13 0,0385

Clinical Response assessed by RECIST 1.1



OIRRA Results
Immune Gene Expression

Heatmap ALL TARGETS

Hierarchical cluster analysis

Heatmap gene signature TARGETS 

P-val <0.05



Bayesian Computational Analysis

Bayesian enrichment computational analysis of eight gene expression signature 

showed a more complex network which involves other 10 genes

Gene Network based on Bayesian algorithm was performed by GeneMANIA database 

querying with the genes selected through mRNA expression analysis

Three main immune-pathways were

identified (p < 0.01) (T cell activation,

leucocyte activation and migration)

involving TIGIT, TNFRSF4, CCR2 and

CXCL8 genes among the gene

expression signature identified

SIRPG, GZMK, XCL2, CD8A, CD2, 

IFNG, SIT1, TAGAP, PTPRC and GZMH   

→ correlated with different functional 

groups. 



Cancer somatic mutation analysis
by Ion Torrent

Ion Ampliseq Colon and Lung Cancer Research Panel v.2

Gene mutational analysis was feasible for 42 samples

- TP53 mutations were detected in 84,6% of ICI-No responder respect to 37.5% of ICI-Responder (p<0.01)

- No STK11 mutation was found in ICI-responders, consistent with previous reports

- KRAS mutations were detected in 46% of ICI-responders respect to 16.6% of ICI-no responders

P = 0.0027 Fisher exact test

Group TP53WT TP53MUT

% Responder 71,4% (10/14) 21,4% (6/28)



Conclusions

Our preliminary results revealed an immune response gene expression

signature of 8 genes differentially expressed between ICI-responder and ICI-no

responder

CCR2, CRTAM, FASLG, SELL, TIGIT, TNFRSF4, and TP63

CXCL8

Cancer systems biology analysis approach strengthen our findings identifying

an immune molecular network and confirm the correlation of the gene

expression signature with relevant immune regulatory functions

T cell activation, leucocyte activation and migration

If validated, our results may have an important role for the development

of a robust test to select patients properly and predict immune response

to enable precision immunotherapy



Figure 2. Gene Network by Bayesian computational analysis

Immune Gene Expression, Bayesian Network and Genetic Mutation Analysis in Advanced NSCLC 

Patients Treated with Immunotherapy
S. Baglivo1, F. Bianconi2, F.R.Tofanetti1, B. Ricciuti3, L. Pistola1, A. Siggillino1, M.S. Reda1, G. Metro1, G. Bellezza4,

V. Minotti1, F. Roila1, V. Ludovini1

1Medical Oncology, S. Maria della Misericordia Hospital, Perugia/Italy, 2Independent Researcher, Perugia/Italy, 3Dana-Farber Cancer Institute, Boston, MA/United States of 

America, 4Department of Experimental Medicine - Section of Anatomic Pathology and Histology - Medical School - University of Perugia, Perugia/Italy

Sample collection
Thirty-seven formalin-fixed paraffin-embedded (FFPE) samples

from advanced NSCLCs, treated with nivolumab starting from the

2° line of therapy, were collected. RNA/DNA were isolated using

RNeasy FFPE KIT and QIAamp DNA FFPE tissue Kit,

respectively, and automatically purified by QIAcube robotic

workstation (Qiagen).

Oncomine Immuno Response Assay (OIRRA)

RNA samples were performed by RNA-Seq using the OIRRA

(ThermoFisher Scientific) on Ion Torrent PGM and Transcriptome

Analysis Console (TAC) v4.0 Software. This panel measures the

expression level of 395 genes associated with 36 functional

groups including checkpoint pathways, lymphocyte regulation

and cytokine interactions.

Cancer somatic mutation
DNA samples were assessed by Ion Ampliseq Colon and Lung

Cancer Research Panel v.2 that detected cancer somatic

mutation of 22 genes on PGM Instrument.

NGS Workflow

Gene network analysis

Gene network analysis based on Bayesian algorithm was

performed by GeneMANIA database querying with the genes

selected through mRNA expression analysis..

Our results revealed an immune response gene expression signature of 8 genes differentially expressed between ICI and ICI-no responders. Cancer systems biology analysis approach

strengthen our findings identifying an immune molecular network and confirm the correlation of the gene expression signature with relevant immune regulatory functions. If validated, our

results may have an important role for the development of a robust test to select patients properly and predict immune response to enable precision immunotherapy
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Immune Gene Expression

Among 37 FFPE samples only 18 showed more than 300 OIRRA detectable target genes.

In this subgroup (Table 1), gene expression analysis revealed 7 genes (CCR2, CRTAM,

FASLG, SELL, TIGIT, TNFRSF4, and TP63) up-regulated and one gene (CXCL8) down-

regulated (p-value < 0.05) in ICI-responders (R) compare to ICI-no responders (NR).

Table 1
Gene Network

Bayesian enrichment computational analysis of eight gene expression signature

showed a more complex network which involves other 10 genes (SIRPG, GZMK,

XCL2, CD8A, CD2, IFNG, SIT1, TAGAP, PTPRC and GZMH), correlated with

different functional groups. Three main immune-pathways were identified (p < 0.01)

(T cell activation, leucocyte activation and migration) involving TIGIT, TNFRSF4,

CCR2 and CXCL8 genes among the gene expression signature identified.

Gene mutational analysis

Gene mutational analysis was feasible for 28 samples. KRAS mutation was detected

in 41% of ICI-responders respect to 12.5% of ICI-no responders. Conversely, no

STK11 mutation was found in ICI-responders, consistent with previous reports.

Abstract ID:1361

Background

Immune checkpoint inhibitors (ICIs) have dramatically

revoluzionized the therapeutic paradigm for NSCLC, but only a

small subset of patients achieves durable benefit. The only

adopted predictive biomarker, PD-L1 IHC testing, suffers from

some limitations. A better understanding of biomarkers

associated with response to ICIs is needed.

Objectives
To assess immune gene-expression and genetic mutation

profiles.

To evaluate association with clinical response to

immunotherapy in advanced NSCLC patients treated with ICI

Materials and methods

Results

Gene Symbol R Avg (log2) NR Avg (log2) Fold Change P-val

TNFRSF4 7,54 0 185,53 0,003

CRTAM 7,05 0 132,75 0,0093

FASLG 6,59 0,13 88,02 0,0168

SELL 4,87 3,02 3,6 0,0202

CCR2 8,65 7,28 2,59 0,0245

TP63 7,63 0 197,44 0,0284

TIGIT 8,05 5,83 4,66 0,0331

CXCL8 10,5 11,59 -2,13 0,0385

Conclusion

(A) Heatmap of  the targets               (B) Signal Box Plot                       (C) Principal Component Analysis

Figure 1-A,B,C. User friendly analysis solution on Transcriptome Analysis Console (TAC) v4.0 Software



Future Perspectives 
Realizing Precision Immunotherapy

✓ Validation of our previous findings on the predictive role of GEP on a wider retrospective and prospective population

of advanced NSCLC patients

✓ Evaluating baseline Tumour Mutational Burden (TMB) as candidate predictive and prognostic biomarkers of

immunotherapy

✓ Assessment of TMB using the same retrospective and prospective advanced NSCLC populations of GEP

✓ Assessment of Blood TMB (bTMB) on liquid biopsy at baseline and during treatment

✓ Gene mutational profiling in the same populations

✓ Analysis of GEP and TMB also on early-stage NSCLC setting as prognostic biomarkers

✓ Combination between RNA-Seq experiments and Computational Investigations (Collaboration with Prof. A. Califano

Systems Biology Lab at Columbia University USA and Prof. P.Valigi group at Department of Engineering, University of Perugia)

Development of a multidimensional approach for the understanding predictors of immune response to 

those patients who will derive optimal benefit from treatment 

Project submitted to AIRC IG 2019…
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