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US Data 

https://seer.cancer.gov/statfacts/html/lungb.html 



Primi cinque tumori più frequentemente diagnosticati 

Fonte: I numeri del cancro in Italia, AIOM-AIRTUM, 2017, www.aiom.it  

Prime cinque cause di morte oncologica 

http://www.aiom.it/


• 41.800 NUOVI casi/anno (su 
369.000) 

• prima causa di morte 
oncologica in tutte le fasce di 
età negli uomini: 14% dei 
decessi tra i giovani (0-49aa), 
30% tra gli adulti (50-69 aa), 
26% >70 aa 
 

Dati  Italiani (incidenza e mortalità) 

I:-1.7% 
M: -2% 

I: +3.1% 
M:+2% 



 First line platinum based chemo has been standard treatment for a long decades 1990 

 
 Maintenance chemotherapy with pemetrexed has became standard option for patient treated  
 first line platinum based (either continuation or switch maintenance) JMEN e PARAMOUNT studies 

 
 Bevacizumab is maintenance treatment after induction with carbo/paclitaxel ECOG 4599 2006 

 
 Docetaxel has been established in the 1999 As standard second line therapy TAX 317  

 
 Adding nintedanib tp docetaxel in second line setting prolongs PFS and OS in adenok  
      population, especially in those progressing durind 9 months from starting first line LUME-LUNG1 

 

Background until 2015  



2015 



Marina	Chiara	Garassino	-	Grandangolo	2017.	Un	anno	di	Oncologia.	XIX	edizione	-	Genova,	14-16	dicembre	2017	
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Immune Checkpoint Inhibitors in Pretreated 
Advanced NSCLC: Randomized Late-StageTrials 

CheckMate 017 CheckMate 057 

KEYNOTE-010 OAK 

Nonsquamo

us Stage 

IIIB/IV 

(N = 582) 

Nivolumab 

Docetaxel 

Squamous 

Stage IIIB/IV 

(N = 272) 

Nivolumab 

Docetaxel 

Advanced 

NSCLC with 

≥ 1% PD-L1+ 

tumor cells 

(N = 1034) 

Pembrolizumab 
(2 mg/kg)   

Docetaxel 

Pembrolizumab 
(10 mg/kg)  

Advanced 

NSCLC 

(2L/3L) 

(N = 1225) 

Atezolizumab 

Docetaxel 



Garon et al. N Engl J Med 2015;372:2018–2028 

PDL-1 



ISTITUTO NAZIONALE 

PER LO STUDIO 

E LA CURA DEI TUMORI 

Marina Chiara Garassino - Grandangolo 2016: un anno di Oncologia. XVIII edizione - Genova, 15 dicembre 2016 

AACR 2016 

Solo il Ventana SP142 sembra diverso sulle 
cellule tumorali 

 

SOLO IL VENTANA SP142 SEMBRA 
DIVERSO SULLE CELLULE TUMORALI 



Come “testare” immuno in prima linea? 
SELEZIONANDO 
(PDL1≥50%) 
 

NON SELEZIONANDO 
(PDL1≥1%) 

KN024 CM026 

Pembro vs. chemo (KN042) VS. Nivo vs. chemo (CM026)

Presented By Leena Gandhi at 2018 ASCO Annual Meeting



2017 
KN024 

NUOVO STANDARD I LINEA 

(PDL-1 ≥50%) 



La Plenaria all’ASCO ci ha detto che.. 
Se non selezioniamo per PDL-1≥50% l’immuno da sola non serve...  

KEYNOTE-042 Study Design

Presented By Gilberto Lopes at 2018 ASCO Annual Meeting

Cross over not allowed 



Overall Survival: TPS ≥1%

Presented By Gilberto Lopes at 2018 ASCO Annual Meeting

Overall Survival: TPS ≥50%

Presented By Gilberto Lopes at 2018 ASCO Annual Meeting

Overall Survival: TPS ≥1-49% (Exploratory Analysisa)

Presented By Gilberto Lopes at 2018 ASCO Annual Meeting





NOVITA’ 2018: AACR & ASCO 

PDL-1 ≥1% 

PDL-1 <1% 
PDL-1>1% 

ALL COMERS 
Impower 150 

 

 
Impower 131 
Keynote 407 

 

squamosi Non-squamosi 

Checkmate 227 

Keynote 042 

Keynote 189 
 

Any histology 

Any histology 

TMB 



• Primary endpoints: PFS, OS 
• Secondary endpoints: ORR, DoR, safety 

Patients with untreated 
stage IV nonsquamous 
NSCLC; EGFR, ALK neg;  

ECOG PS 0 or 1; 
any PD-L1 expression; no 
prior systemic treatment; 

no symptomatic brain 
metastases 
(N = 616) 

Cisplatin 75 mg/m2 or Carboplatin AUC 
5 +  

Pemetrexed 500 mg/m2 + 
Pembrolizumab 200 mg Q3W for 4 

cycles (n = 410) 

Pemetrexed 500 mg/m2 Q3W + 
Pembrolizumab 200 mg Q3W for up to a 

total of 35 cycles 

Pemetrexed 500 mg/m2 + Placebo 
(normal saline) Q3W for up to a total of 35 

cycles 

PD 

Stratified by PD-L1 TPS (< 1% vs ≥ 1%), cisplatin vs carboplatin, 
smoking history (never vs former/current) Maintenance 

Cisplatin 75 mg/m2 or Carboplatin AUC 
5 + 

 Pemetrexed 500 mg/m2 + Placebo 
(normal saline) Q3W for 4 cycles (n = 

206) 

Pembrolizumab 200 mg Q3W for up to a 
total of 35 cycles 



KEYNOTE-189: OS 

Gandhi L, et al. N Engl J Med. 2018;[Epub ahead of print]. 

OS in Intent-to-Treat Population 

PD-L1 < 1% 

PD-L1 1% to 49% 

PD-L1 ≥ 50% 

NR-11.3 

61.7 vs 52.2% 

71.5 vs 50.9% 

73 vs 48% 

Follow-up immaturo (mFU 10.5 mesi), OS ancora non raggiunta nel braccio sperimentale 
 
Rimane un quesito importante: nei PDL-1≥50% è meglio chemio-immuno o immuno da sola? 



KN 189 SAFETY  

• DISCONTINUATION because of sAEs was almost doubled in exp arm vs standard arm  
     (13.8 vs 7.9 exp. Arm in induction part and 20.2 vs 10.4 in maintenance arm) 
 
• HIGH number of deaths for Aes (27/405: 6.7% exp arm and 12/202: 5.9% standard arm) 

 
• More frequent febrile neutropenia in pembrolizumab-arm 

 
• Rash and diarrhoea >10% in pembro arm 

 
• Acute kidney failure in 5.2 vs 0.5 arm (additive effect of platinum/pemetrexed/pembro?) 

 
• 3 FATAL PNEUMONITIS in pembro arm 

Follow-up immaturo (mFU 10.5 mesi), OS ancora non raggiunta nel braccio sperimentale 
 
Rimane un quesito importante: nei PDL-1≥50% è meglio chemio-immuno o immuno da sola? 



Presented By Mark Socinski at 2018 ASCO Annual Meeting 

IMPOWER 150 



Presented By Mark Socinski at 2018 ASCO Annual Meeting 



1004/1739 
(58%) test adeguati per analisi TMB 



TMB≥10 
N: 444 (44.2%) 





• Età (comorbidità) 
• PS 
• Esposizione al fumo 
• Steroidi 
• Sesso? 
• Carico di malattia? 
• Pazienti “oncogene addicted” 
 
 

Per orientarsi nella valanga di novità rimangono sempre validi i  
fattori clinici.. 



IL FUMO 



Methods

Presented By Kathryn Arbour at 2018 ASCO Annual Meeting

Clinical Characteristics 

Presented By Kathryn Arbour at 2018 ASCO Annual Meeting



Impact of Baseline Steroids on PD-(L)1 Efficacy:<br />Overall Response Rate

Presented By Kathryn Arbour at 2018 ASCO Annual Meeting

Impact of Baseline Steroids on PD-(L)1 Efficacy:<br />Progression-free Survival

Presented By Kathryn Arbour at 2018 ASCO Annual Meeting
Impact of Baseline Steroids on PD-(L)1 Efficacy:<br />Multivariate Analysis

Presented By Kathryn Arbour at 2018 ASCO Annual Meeting

L’USO DEGLI STEROIDI AT BASELINE è PROGNOSTICO O PREDITTIVO? 
MOLTA CAUTELA NELL’UTILIZZO 
CONSIDERARE ANCHE LE ALTE DOSI FATTE IN PREMEDICAZIONE NEGLI SCHEMI CON CHEMIOTERAPIA 







David R. Spigel1, Alexa B. Schrock2, David A. Fabrizio2, Garrett M. Frampton2, Jun Luo2, Yali Li2, James Sun2, Jie He2, Kyle Gowen2, Melissa Johnson1, Todd Bauer1, Gregory Kalemkerian3, 

Luis E. Raez4, Sai-Hong Ignatius Ou5, Jose Bufill6, Jeffrey S. Ross2,7, Philip J. Stephens2, Vincent A. Miller2, Siraj M. Ali2

Tumor mutation burden (TMB) in lung cancer (LC) and relationship with response 

to PD-1/ PD-L1 targeted therapies

Conclusions

Abstract

• Within 11,000+ LC cases sequenced by Foundation Medicine, TMB was relatively 

consistent across histologies

• MSI-H status strongly correlated with high TMB (21/22 cases), and 27% of MS-stable LC 
cases (n = 1,567) were found to be TMB-high

• Tumors harboring confirmed druggable oncogenic drivers were significantly more likely 
to be TMB-low, whereas TMB-high cases were significantly more likely to harbor 

BRCA1/2 inactivating alterations, POLE mutation, and PD-L1 amplification

• Using a discovery set of 64 NSCLC cases treated with a PD-1/L1 targeted therapy, we 
found that longer time on drug correlated with high TMB, and using a threshold of 15 

mutations/Mb reached statistical significance (P = 0.010). Validation in an independent 
cohort is ongoing to confirm TMB as a predictor of response to ICPI

• CGP of LC to simultaneously determine TMB, MSI status, PD-L1 amplification, and the 

presence of driver alterations may provide clinically useful predictors of response to 
both PD-1/PD-L1 inhibitors and other targeted therapies

• 11,662 LC FFPE specimens were sequenced using a hybrid capture based next generation 

sequencing test (Foundation One)

• MSI status was determined according to a CLIA validated method using Foundation 

Medicine’s genomic signature algorithm that includes computational assessment of 

homopolymer repeats (J Clin Oncol 34, 2016 (suppl 4S; abstr 528))

• Tumor mutational burden (TMB) was calculated by counting all synonymous and 

nonsynonymous variants as well as indels across a 1.1 or 1.25 megabase coding region 

spanning 236 or 315 genes, respectively. Germline polymorphisms were filtered by 

comparing dbSNP, ExAC as well as internal FMI databases, in addition to using a 

proprietary somatic/germline algorithm (SGZ). Predicted “driver” alterations were 

removed to limit biasing of the data

• The distribution of TMB within all LC cases was determined; the top quartile (≥12.1 

mutations/Mb) were classified as TMB-high (TMB-H) and the bottom quartile (≤3.2 

mutations/Mb) were classified as TMB-low (TMB-L).

• A discovery set of 64 NSCLC cases were available with clinical response data (measured 

as time on drug) following treatment with PD-1 or PD-L1 targeted therapy. Additional 

studies to validate the findings of the dataset are ongoing

Results Results Results

Materials and Methods

All	subs	
and	indels

Filter	germline
&	driver	
variants

Mutations
/Mb

Tumor Mutat ional Burden Pipeline

Figure 1. Distribution of TMB  across all LC cases

• The top quartile of LC cases had a TMB ≥ 12.1 mutations/Mb

• 22/5,895 LC cases (0.4%) assessed were MSI-H, 5,849 (99%) were MSS, and 

24 cases were MSI-ambiguous. 21/22 MSI-H cases had high TMB, and 
represented 9 Adeno, 7 NSCLC NOS, 5 SCC, and 1 SCLC

Figure 2. Frequency of LC patients with selected variants between TMB-

high vs. TMB-low cohorts

Background: Immune checkpoint inhibitor (ICPI) therapies, including nivolumab and 

pembrolizumab, have been FDA-approved in squamous and non-squamous non-small 

cell (LC). Current IHC based diagnostics are challenged by assay and slide scoring 

issues, and more robust and comprehensive biomarkers of ICPI efficacy are needed.

Methods: Comprehensive genomic profiling (CGP) was performed on FFPE specimens 

during the course of clinical care. TMB (mutations/Mb) was assessed as the number of 

somatic, coding, base substitution and indel alterations per Mb of genome. The top 

quartile of LC was classified as TMB high. Microsatellite instable (MSI-H) or stable (MSS) 

status was determined using a proprietary computational algorithm. 

Results: For 11,662 LC cases TMB was similar across all LC histologies, but elevated 

compared to an average TMB of 7.3 for all 60,000+ samples in the database. TMB was 

consistently low in LC harboring known drivers, with the exception of BRAF or KRAS
mutant tumors: 22/5,895 LC cases (0.4%) assessed were MSI-H and 5,849 (99%) were 

MSS. 21/22 MSI-H cases had high TMB, and represented 9 Adeno, 7 NSCLC NOS, 5 SCC, 

and 1 SCLC. Alterations in BRCA1, BRCA2, and POLE were significantly enriched in LC 

with high TMB. 85 (0.7%) of 11,662 LC had PD-L1 amplification. Responses to PD-1/PD-

L1 targeted therapies and dependence on TMB will be presented.

Conclusion: TMB was consistent across LC histologies and was significantly reduced in 

most LC with confirmed druggable oncogenic drivers, but not in KRAS or BRAF mutated 

cases. MSI-H status strongly correlated with high TMB. CGP of LC to simultaneously 

determine TMB, MSI status, PD-L1 amplification, and the presence of driver alterations 
may provide clinically useful predictors of response to ICPI and other targeted therapies.

Distribution	of	TMB	across	LC	histologies

Mean	TMB

Adeno

(n=7,925)

SCC

(n=1,324)

NSCLC	NOS

(n=1,773)

SCLC

(n=640)

9.1 11.3 11.0 10.3

TMB	>	10	(%) 2350	(30) 541	(41) 711	(40) 269	(42)

TMB	>	20	(%) 760	(10) 113	(9) 233	(13) 42	(7)

TMB in	top	quartile	(%) 1848	(23) 394	(30) 577	(33) 193	(30)

Figure 2. LC cases were analyzed for enrichment in certain variants between the TMB-high 

vs. TMB-low quartiles. All variants examined were significantly enriched in either the TMB-high 
category (shaded green) or the TMB-low category (shaded orange), with the exception of 
POLE mutation, which strongly favored TMB-high, but did not reach statistical significance as 
determined by Pearson’s Chi-squared test (P = 0.0578).  

Figure 1. Tumor mutational burden (TMB) ranged from 0-680.4 mutations/Mb across all 

11,662 LC cases. TMB was similar across the four LC histologies, but elevated compared to an 
average TMB of 7.3 for all 60,000+ samples in the database.

Frequency	of	LC	Patients	with	selected	variants between	TMB-high	vs.	TMB-low	cohorts

Variant Mean	
TMB

TMB-high TMB-low P-value

No. of	cases % No. of	cases %

EGFR	ex19del 4.5 36 5 354 46 <	0.0001

EGFR	L858R 4.6 22 4 242 49 <	0.0001

EGFR	T790M 4.4 8 3 132 44 <	0.0001

EGFR mutation	(other) 4.5 24 5 267 52 <	0.0001

EML4-ALK 2.8 3 1 216 69 <	0.0001

non-EML4-ALK 2.8 2 4 46 84 <	0.0001

ROS1	rearrangement 3.9 5 4 71 59 <	0.0001

MET	ex14 6.2 22 8 118 41 <	0.0001

BRAF	V600E 6.8 20 10 99 48 <	0.0001

BRAF	non-V600E 9.7 104 36 49 17 <	0.0001

KRAS	mutation 10.3 934 30 622 20 <	0.0001

BRCA1	alteration 19.2 62 42 29 20 0.0005

BRCA2	alteration 13.8 77 32 49 20 0.0126

POLE	mutation 25.1 8 62 2 15 0.0578

PD-L1	amplification 15.6 44 52 3 4 <	0.0001

Figure 3. Swimmer plot showing available response data for 64 NSCLC patients treated with 

the PD-1 inhibitors pembrolizumab or nivolumab or the PD-L1 inhibitor avelumab. Each bar 

represents one patient. 29 cases (45%) were TMB-high (≥ 12.1) and 6 cases were TMB-low 
(≤ 3.2). Treatment is ongoing for 18 patients (arrows).

Figure 3. Comparison of t ime on anti-PD-1/ PD-L1 therapy vs. TMB

Figure 4. Evaluation of treatment duration for NSCLC patients (n= 64) 

using a TMB threshold of  12.1 or 15 mutations/ Mb

Time	on	drug	vs. TMB

TMB	cutoff
Median	time

on	drug

Number	of	

patients

Log–rank	

P-value
Hazard	Ratio 95%	CI

TMB	≥	15 64	weeks 20 0.010 0.396 [0.190	0.825]

TMB	<	15 17	weeks 44

TMB	≥	12.1 27	weeks 29 0.117 0.619 [0.339	1.127]

TMB	<	12.1 17	weeks 35

TMB	≥	10 22	weeks 33 0.373 0.767 [0.429	1.372]

TMB	<	10 17	weeks 31

Figure 4. Kaplan-Meier plot showing duration of treatment (weeks) with anti-PD-1/PD-L1 

therapy for 64 NSCLC patients according to a TMB threshold (mutations/Mb).
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TMB ≥  12.1 TMB <  12.1TMB ≥  15         TMB <  15

• In constructing a discovery set we explored various cutoffs for TMB predicting 
response to anti-PD-1/PD-L1 therapies
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11662 Lung cancer specimens were sequenced using hybrid capture NGS test.  
MSI and TMB were calculated 
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• Tumors harboring confirmed druggable oncogenic drivers were significantly more likely 

to be TMB-low, whereas TMB-high cases were significantly more likely to harbor 
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found that longer time on drug correlated with high TMB, and using a threshold of 15 
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Medicine’s genomic signature algorithm that includes computational assessment of 
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• Tumor mutational burden (TMB) was calculated by counting all synonymous and 

nonsynonymous variants as well as indels across a 1.1 or 1.25 megabase coding region 

spanning 236 or 315 genes, respectively. Germline polymorphisms were filtered by 

comparing dbSNP, ExAC as well as internal FMI databases, in addition to using a 

proprietary somatic/germline algorithm (SGZ). Predicted “driver” alterations were 

removed to limit biasing of the data

• The distribution of TMB within all LC cases was determined; the top quartile (≥12.1 

mutations/Mb) were classified as TMB-high (TMB-H) and the bottom quartile (≤3.2 

mutations/Mb) were classified as TMB-low (TMB-L).

• A discovery set of 64 NSCLC cases were available with clinical response data (measured 

as time on drug) following treatment with PD-1 or PD-L1 targeted therapy. Additional 

studies to validate the findings of the dataset are ongoing
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Figure 1. Distribution of TMB  across all LC cases

• The top quartile of LC cases had a TMB ≥ 12.1 mutations/Mb

• 22/5,895 LC cases (0.4%) assessed were MSI-H, 5,849 (99%) were MSS, and 

24 cases were MSI-ambiguous. 21/22 MSI-H cases had high TMB, and 
represented 9 Adeno, 7 NSCLC NOS, 5 SCC, and 1 SCLC

Figure 2. Frequency of LC patients with selected variants between TMB-

high vs. TMB-low cohorts

Background: Immune checkpoint inhibitor (ICPI) therapies, including nivolumab and 

pembrolizumab, have been FDA-approved in squamous and non-squamous non-small 
cell (LC). Current IHC based diagnostics are challenged by assay and slide scoring 

issues, and more robust and comprehensive biomarkers of ICPI efficacy are needed.

Methods: Comprehensive genomic profiling (CGP) was performed on FFPE specimens 

during the course of clinical care. TMB (mutations/Mb) was assessed as the number of 
somatic, coding, base substitution and indel alterations per Mb of genome. The top 

quartile of LC was classified as TMB high. Microsatellite instable (MSI-H) or stable (MSS) 

status was determined using a proprietary computational algorithm. 

Results: For 11,662 LC cases TMB was similar across all LC histologies, but elevated 
compared to an average TMB of 7.3 for all 60,000+ samples in the database. TMB was 

consistently low in LC harboring known drivers, with the exception of BRAF or KRAS
mutant tumors: 22/5,895 LC cases (0.4%) assessed were MSI-H and 5,849 (99%) were 

MSS. 21/22 MSI-H cases had high TMB, and represented 9 Adeno, 7 NSCLC NOS, 5 SCC, 

and 1 SCLC. Alterations in BRCA1, BRCA2, and POLE were significantly enriched in LC 

with high TMB. 85 (0.7%) of 11,662 LC had PD-L1 amplification. Responses to PD-1/PD-

L1 targeted therapies and dependence on TMB will be presented.

Conclusion: TMB was consistent across LC histologies and was significantly reduced in 

most LC with confirmed druggable oncogenic drivers, but not in KRAS or BRAF mutated 

cases. MSI-H status strongly correlated with high TMB. CGP of LC to simultaneously 

determine TMB, MSI status, PD-L1 amplification, and the presence of driver alterations 

may provide clinically useful predictors of response to ICPI and other targeted therapies.
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Figure 2. LC cases were analyzed for enrichment in certain variants between the TMB-high 
vs. TMB-low quartiles. All variants examined were significantly enriched in either the TMB-high 

category (shaded green) or the TMB-low category (shaded orange), with the exception of 
POLE mutation, which strongly favored TMB-high, but did not reach statistical significance as 

determined by Pearson’s Chi-squared test (P = 0.0578).  

Figure 1. Tumor mutational burden (TMB) ranged from 0-680.4 mutations/Mb across all 
11,662 LC cases. TMB was similar across the four LC histologies, but elevated compared to an 

average TMB of 7.3 for all 60,000+ samples in the database.
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Variant Mean	
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TMB-high TMB-low P-value

No. of	cases % No. of	cases %

EGFR	ex19del 4.5 36 5 354 46 <	0.0001

EGFR	L858R 4.6 22 4 242 49 <	0.0001

EGFR	T790M 4.4 8 3 132 44 <	0.0001

EGFR mutation	(other) 4.5 24 5 267 52 <	0.0001

EML4-ALK 2.8 3 1 216 69 <	0.0001

non-EML4-ALK 2.8 2 4 46 84 <	0.0001

ROS1	rearrangement 3.9 5 4 71 59 <	0.0001

MET	ex14 6.2 22 8 118 41 <	0.0001

BRAF	V600E 6.8 20 10 99 48 <	0.0001
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KRAS	mutation 10.3 934 30 622 20 <	0.0001
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Figure 3. Swimmer plot showing available response data for 64 NSCLC patients treated with 
the PD-1 inhibitors pembrolizumab or nivolumab or the PD-L1 inhibitor avelumab. Each bar 

represents one patient. 29 cases (45%) were TMB-high (≥ 12.1) and 6 cases were TMB-low 
(≤ 3.2). Treatment is ongoing for 18 patients (arrows).

Figure 3. Comparison of t ime on anti-PD-1/ PD-L1 therapy vs. TMB

Figure 4. Evaluation of treatment duration for NSCLC patients (n= 64) 

using a TMB threshold of  12.1 or 15 mutations/ Mb

Time	on	drug	vs. TMB

TMB	cutoff
Median	time

on	drug

Number	of	

patients

Log–rank	

P-value
Hazard	Ratio 95%	CI

TMB	≥	15 64	weeks 20 0.010 0.396 [0.190	0.825]

TMB	<	15 17	weeks 44

TMB	≥	12.1 27	weeks 29 0.117 0.619 [0.339	1.127]

TMB	<	12.1 17	weeks 35

TMB	≥	10 22	weeks 33 0.373 0.767 [0.429	1.372]

TMB	<	10 17	weeks 31

Figure 4. Kaplan-Meier plot showing duration of treatment (weeks) with anti-PD-1/PD-L1 

therapy for 64 NSCLC patients according to a TMB threshold (mutations/Mb).
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Tumor mutation burden (TMB) in lung cancer (LC) and relationship with response 

to PD-1/ PD-L1 targeted therapies

Conclusions

Abstract

• Within 11,000+ LC cases sequenced by Foundation Medicine, TMB was relatively 
consistent across histologies

• MSI-H status strongly correlated with high TMB (21/22 cases), and 27% of MS-stable LC 
cases (n = 1,567) were found to be TMB-high

• Tumors harboring confirmed druggable oncogenic drivers were significantly more likely 

to be TMB-low, whereas TMB-high cases were significantly more likely to harbor 
BRCA1/2 inactivating alterations, POLE mutation, and PD-L1 amplification

• Using a discovery set of 64 NSCLC cases treated with a PD-1/L1 targeted therapy, we 
found that longer time on drug correlated with high TMB, and using a threshold of 15 

mutations/Mb reached statistical significance (P = 0.010). Validation in an independent 

cohort is ongoing to confirm TMB as a predictor of response to ICPI

• CGP of LC to simultaneously determine TMB, MSI status, PD-L1 amplification, and the 

presence of driver alterations may provide clinically useful predictors of response to 
both PD-1/PD-L1 inhibitors and other targeted therapies

• 11,662 LC FFPE specimens were sequenced using a hybrid capture based next generation 

sequencing test (Foundation One)

• MSI status was determined according to a CLIA validated method using Foundation 

Medicine’s genomic signature algorithm that includes computational assessment of 

homopolymer repeats (J Clin Oncol 34, 2016 (suppl 4S; abstr 528))

• Tumor mutational burden (TMB) was calculated by counting all synonymous and 

nonsynonymous variants as well as indels across a 1.1 or 1.25 megabase coding region 

spanning 236 or 315 genes, respectively. Germline polymorphisms were filtered by 

comparing dbSNP, ExAC as well as internal FMI databases, in addition to using a 

proprietary somatic/germline algorithm (SGZ). Predicted “driver” alterations were 

removed to limit biasing of the data

• The distribution of TMB within all LC cases was determined; the top quartile (≥12.1 

mutations/Mb) were classified as TMB-high (TMB-H) and the bottom quartile (≤3.2 

mutations/Mb) were classified as TMB-low (TMB-L).

• A discovery set of 64 NSCLC cases were available with clinical response data (measured 

as time on drug) following treatment with PD-1 or PD-L1 targeted therapy. Additional 

studies to validate the findings of the dataset are ongoing
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Figure 1. Distribution of TMB  across all LC cases

• The top quartile of LC cases had a TMB ≥ 12.1 mutations/Mb

• 22/5,895 LC cases (0.4%) assessed were MSI-H, 5,849 (99%) were MSS, and 

24 cases were MSI-ambiguous. 21/22 MSI-H cases had high TMB, and 
represented 9 Adeno, 7 NSCLC NOS, 5 SCC, and 1 SCLC

Figure 2. Frequency of LC patients with selected variants between TMB-

high vs. TMB-low cohorts

Background: Immune checkpoint inhibitor (ICPI) therapies, including nivolumab and 

pembrolizumab, have been FDA-approved in squamous and non-squamous non-small 
cell (LC). Current IHC based diagnostics are challenged by assay and slide scoring 

issues, and more robust and comprehensive biomarkers of ICPI efficacy are needed.

Methods: Comprehensive genomic profiling (CGP) was performed on FFPE specimens 

during the course of clinical care. TMB (mutations/Mb) was assessed as the number of 
somatic, coding, base substitution and indel alterations per Mb of genome. The top 

quartile of LC was classified as TMB high. Microsatellite instable (MSI-H) or stable (MSS) 

status was determined using a proprietary computational algorithm. 

Results: For 11,662 LC cases TMB was similar across all LC histologies, but elevated 
compared to an average TMB of 7.3 for all 60,000+ samples in the database. TMB was 

consistently low in LC harboring known drivers, with the exception of BRAF or KRAS
mutant tumors: 22/5,895 LC cases (0.4%) assessed were MSI-H and 5,849 (99%) were 

MSS. 21/22 MSI-H cases had high TMB, and represented 9 Adeno, 7 NSCLC NOS, 5 SCC, 

and 1 SCLC. Alterations in BRCA1, BRCA2, and POLE were significantly enriched in LC 
with high TMB. 85 (0.7%) of 11,662 LC had PD-L1 amplification. Responses to PD-1/PD-

L1 targeted therapies and dependence on TMB will be presented.

Conclusion: TMB was consistent across LC histologies and was significantly reduced in 

most LC with confirmed druggable oncogenic drivers, but not in KRAS or BRAF mutated 
cases. MSI-H status strongly correlated with high TMB. CGP of LC to simultaneously 

determine TMB, MSI status, PD-L1 amplification, and the presence of driver alterations 

may provide clinically useful predictors of response to ICPI and other targeted therapies.
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(n=1,324)
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(n=1,773)

SCLC

(n=640)

9.1 11.3 11.0 10.3

TMB	>	10	(%) 2350	(30) 541	(41) 711	(40) 269	(42)

TMB	>	20	(%) 760	(10) 113	(9) 233	(13) 42	(7)

TMB in	top	quartile	(%) 1848	(23) 394	(30) 577	(33) 193	(30)

Figure 2. LC cases were analyzed for enrichment in certain variants between the TMB-high 

vs. TMB-low quartiles. All variants examined were significantly enriched in either the TMB-high 

category (shaded green) or the TMB-low category (shaded orange), with the exception of 
POLE mutation, which strongly favored TMB-high, but did not reach statistical significance as 

determined by Pearson’s Chi-squared test (P = 0.0578).  

Figure 1. Tumor mutational burden (TMB) ranged from 0-680.4 mutations/Mb across all 
11,662 LC cases. TMB was similar across the four LC histologies, but elevated compared to an 

average TMB of 7.3 for all 60,000+ samples in the database.

Frequency	of	LC	Patients	with	selected	variants between	TMB-high	vs.	TMB-low	cohorts

Variant Mean	
TMB

TMB-high TMB-low P-value

No. of	cases % No. of	cases %

EGFR	ex19del 4.5 36 5 354 46 <	0.0001

EGFR	L858R 4.6 22 4 242 49 <	0.0001

EGFR	T790M 4.4 8 3 132 44 <	0.0001

EGFR mutation	(other) 4.5 24 5 267 52 <	0.0001

EML4-ALK 2.8 3 1 216 69 <	0.0001

non-EML4-ALK 2.8 2 4 46 84 <	0.0001

ROS1	rearrangement 3.9 5 4 71 59 <	0.0001

MET	ex14 6.2 22 8 118 41 <	0.0001

BRAF	V600E 6.8 20 10 99 48 <	0.0001

BRAF	non-V600E 9.7 104 36 49 17 <	0.0001

KRAS	mutation 10.3 934 30 622 20 <	0.0001

BRCA1	alteration 19.2 62 42 29 20 0.0005

BRCA2	alteration 13.8 77 32 49 20 0.0126

POLE	mutation 25.1 8 62 2 15 0.0578

PD-L1	amplification 15.6 44 52 3 4 <	0.0001

Figure 3. Swimmer plot showing available response data for 64 NSCLC patients treated with 

the PD-1 inhibitors pembrolizumab or nivolumab or the PD-L1 inhibitor avelumab. Each bar 

represents one patient. 29 cases (45%) were TMB-high (≥ 12.1) and 6 cases were TMB-low 
(≤ 3.2). Treatment is ongoing for 18 patients (arrows).

Figure 3. Comparison of t ime on anti-PD-1/ PD-L1 therapy vs. TMB

Figure 4. Evaluat ion of treatment duration for NSCLC patients (n= 64) 

using a TMB threshold of  12.1 or 15 mutat ions/ Mb

Time	on	drug	vs. TMB

TMB	cutoff
Median	time

on	drug

Number	of	

patients

Log–rank	

P-value
Hazard	Ratio 95%	CI

TMB	≥	15 64	weeks 20 0.010 0.396 [0.190	0.825]

TMB	<	15 17	weeks 44

TMB	≥	12.1 27	weeks 29 0.117 0.619 [0.339	1.127]

TMB	<	12.1 17	weeks 35

TMB	≥	10 22	weeks 33 0.373 0.767 [0.429	1.372]

TMB	<	10 17	weeks 31

Figure 4. Kaplan-Meier plot showing duration of treatment (weeks) with anti-PD-1/PD-L1 

therapy for 64 NSCLC patients according to a TMB threshold (mutations/Mb).
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cases (n = 1,567) were found to be TMB-high

• Tumors harboring confirmed druggable oncogenic drivers were significantly more likely 
to be TMB-low, whereas TMB-high cases were significantly more likely to harbor 

BRCA1/2 inactivating alterations, POLE mutation, and PD-L1 amplification

• Using a discovery set of 64 NSCLC cases treated with a PD-1/L1 targeted therapy, we 
found that longer time on drug correlated with high TMB, and using a threshold of 15 

mutations/Mb reached statistical significance (P = 0.010). Validation in an independent 
cohort is ongoing to confirm TMB as a predictor of response to ICPI

• CGP of LC to simultaneously determine TMB, MSI status, PD-L1 amplification, and the 

presence of driver alterations may provide clinically useful predictors of response to 
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• MSI status was determined according to a CLIA validated method using Foundation 

Medicine’s genomic signature algorithm that includes computational assessment of 
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• Tumor mutational burden (TMB) was calculated by counting all synonymous and 
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spanning 236 or 315 genes, respectively. Germline polymorphisms were filtered by 

comparing dbSNP, ExAC as well as internal FMI databases, in addition to using a 

proprietary somatic/germline algorithm (SGZ). Predicted “driver” alterations were 

removed to limit biasing of the data

• The distribution of TMB within all LC cases was determined; the top quartile (≥12.1 

mutations/Mb) were classified as TMB-high (TMB-H) and the bottom quartile (≤3.2 

mutations/Mb) were classified as TMB-low (TMB-L).

• A discovery set of 64 NSCLC cases were available with clinical response data (measured 

as time on drug) following treatment with PD-1 or PD-L1 targeted therapy. Additional 

studies to validate the findings of the dataset are ongoing
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Figure 1. Distribution of TMB  across all LC cases

• The top quartile of LC cases had a TMB ≥ 12.1 mutations/Mb

• 22/5,895 LC cases (0.4%) assessed were MSI-H, 5,849 (99%) were MSS, and 

24 cases were MSI-ambiguous. 21/22 MSI-H cases had high TMB, and 
represented 9 Adeno, 7 NSCLC NOS, 5 SCC, and 1 SCLC

Figure 2. Frequency of LC pat ients with selected variants between TMB-

high vs. TMB-low cohorts

Background: Immune checkpoint inhibitor (ICPI) therapies, including nivolumab and 

pembrolizumab, have been FDA-approved in squamous and non-squamous non-small 

cell (LC). Current IHC based diagnostics are challenged by assay and slide scoring 

issues, and more robust and comprehensive biomarkers of ICPI efficacy are needed.

Methods: Comprehensive genomic profiling (CGP) was performed on FFPE specimens 

during the course of clinical care. TMB (mutations/Mb) was assessed as the number of 

somatic, coding, base substitution and indel alterations per Mb of genome. The top 

quartile of LC was classified as TMB high. Microsatellite instable (MSI-H) or stable (MSS) 

status was determined using a proprietary computational algorithm. 

Results: For 11,662 LC cases TMB was similar across all LC histologies, but elevated 

compared to an average TMB of 7.3 for all 60,000+ samples in the database. TMB was 

consistently low in LC harboring known drivers, with the exception of BRAF or KRAS
mutant tumors: 22/5,895 LC cases (0.4%) assessed were MSI-H and 5,849 (99%) were 
MSS. 21/22 MSI-H cases had high TMB, and represented 9 Adeno, 7 NSCLC NOS, 5 SCC, 

and 1 SCLC. Alterations in BRCA1, BRCA2, and POLE were significantly enriched in LC 

with high TMB. 85 (0.7%) of 11,662 LC had PD-L1 amplification. Responses to PD-1/PD-

L1 targeted therapies and dependence on TMB will be presented.

Conclusion: TMB was consistent across LC histologies and was significantly reduced in 

most LC with confirmed druggable oncogenic drivers, but not in KRAS or BRAF mutated 

cases. MSI-H status strongly correlated with high TMB. CGP of LC to simultaneously 

determine TMB, MSI status, PD-L1 amplification, and the presence of driver alterations 

may provide clinically useful predictors of response to ICPI and other targeted therapies.
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Figure 2. LC cases were analyzed for enrichment in certain variants between the TMB-high 

vs. TMB-low quartiles. All variants examined were significantly enriched in either the TMB-high 
category (shaded green) or the TMB-low category (shaded orange), with the exception of 
POLE mutation, which strongly favored TMB-high, but did not reach statistical significance as 
determined by Pearson’s Chi-squared test (P = 0.0578).  

Figure 1. Tumor mutational burden (TMB) ranged from 0-680.4 mutations/Mb across all 

11,662 LC cases. TMB was similar across the four LC histologies, but elevated compared to an 

average TMB of 7.3 for all 60,000+ samples in the database.
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EGFR	ex19del 4.5 36 5 354 46 <	0.0001

EGFR	L858R 4.6 22 4 242 49 <	0.0001

EGFR	T790M 4.4 8 3 132 44 <	0.0001

EGFR mutation	(other) 4.5 24 5 267 52 <	0.0001

EML4-ALK 2.8 3 1 216 69 <	0.0001
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ROS1	rearrangement 3.9 5 4 71 59 <	0.0001

MET	ex14 6.2 22 8 118 41 <	0.0001

BRAF	V600E 6.8 20 10 99 48 <	0.0001

BRAF	non-V600E 9.7 104 36 49 17 <	0.0001

KRAS	mutation 10.3 934 30 622 20 <	0.0001

BRCA1	alteration 19.2 62 42 29 20 0.0005

BRCA2	alteration 13.8 77 32 49 20 0.0126

POLE	mutation 25.1 8 62 2 15 0.0578

PD-L1	amplification 15.6 44 52 3 4 <	0.0001

Figure 3. Swimmer plot showing available response data for 64 NSCLC patients treated with 

the PD-1 inhibitors pembrolizumab or nivolumab or the PD-L1 inhibitor avelumab. Each bar 

represents one patient. 29 cases (45%) were TMB-high (≥ 12.1) and 6 cases were TMB-low 
(≤ 3.2). Treatment is ongoing for 18 patients (arrows).

Figure 3. Comparison of t ime on anti-PD-1/ PD-L1 therapy vs. TMB

Figure 4. Evaluation of treatment duration for NSCLC patients (n= 64) 

using a TMB threshold of  12.1 or 15 mutations/ Mb
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TMB	≥	15 64	weeks 20 0.010 0.396 [0.190	0.825]

TMB	<	15 17	weeks 44

TMB	≥	12.1 27	weeks 29 0.117 0.619 [0.339	1.127]

TMB	<	12.1 17	weeks 35

TMB	≥	10 22	weeks 33 0.373 0.767 [0.429	1.372]
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Figure 4. Kaplan-Meier plot showing duration of treatment (weeks) with anti-PD-1/PD-L1 

therapy for 64 NSCLC patients according to a TMB threshold (mutations/Mb).
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Hyperprogressive disease 

Recist 1.1. defined as progressive disease during 
treatment and ΔTGR exceeding 50%,  
corresponding to an absolute increase in TGR 
exceeding 50% per month 
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Conclusioni  
• L’immunoterapia ha sicuramente cambiato il nostro modo di trattare i pazienti affetti  
da NSCLC, modificandone la storia naturale 
 
• Nonostante l’innovazione prodotta dall’immunoterapia, non possiamo ancora parlare di  
«guarigione», ma di effetti anche a lungo termine 
 

• Le combinazioni (chemio-immuno, anti-PD-1/anti-CTLA4, chemio/biologico/immuno)  
potranno ulteriormente migliorare i risultati ottenuti, soprattutto nei pazienti scarsamente  
responsivi 

• Sono  ongoing studi nelle fasi più precoci di malattia 

• IL MODO MIGLIORE DI ABBATTERE LA MORTALITA’ PER TUMORE POLMONARE E’ NON  
FUMARE  

• Per quel che riguarda i tumori localmente avanzati, lo studio PACIFIC ha dimostrato  
L’efficacia della immunoterapia come strategia di mantenimento dopo chemio-radioterapia  
definitiva 
 


