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CA CANCER J CLIN, Sept 2018

>2 million cases per year
>1.7 million deaths per year

Changing in lung cancer landscape?

Women/men
Aging
Pollutants



The main cancer killer

Murray CJL, Lopez AD. Lancet; 349; 1269-76

Aging and cancer
Two sides of the same coin



Global increase of incidence in France in 2018First cause of death cancer in France (> 35.000 deaths in 2018)



Current therapeutic strategies in lung cancer

An urgent need to offer a personalized
treatment for all patients  

?

https://blogs.cdc.gov/genomics/2016/04/21/shift/


First line treatment in late stage NSCLC

ImmunotherapyTargeted therapy Chemotherapy

and/or

https://www.worldwidecancerresearch.org/blog-post/immunotherapy-the-future-of-cancer-treatment/
https://www.cancer.net/navigating-cancer-care/how-cancer-treated/personalized-and-targeted-therapies/understanding-targeted-therapy
https://char-fr.net/Hemodilution-par-serums-sales-a-la.html


First line treatment in late stage NSCLC (2018)

Challenge for precision

medecine

Less chemotherapy, more personalized treatment

https://www.worldwidecancerresearch.org/blog-post/immunotherapy-the-future-of-cancer-treatment/
https://www.cancer.net/navigating-cancer-care/how-cancer-treated/personalized-and-targeted-therapies/understanding-targeted-therapy
https://char-fr.net/Hemodilution-par-serums-sales-a-la.html
https://fr.fotolia.com/tag/%22carte%20france%22
http://www.ewocnj.org/sermon/new-years-challenge-january-7-2018/


Some patients (%?) do not get the « good » treatment due to: 

1) A long turnaround time for getting the results and/or,
2) A non appropriate testing (then receive chemo in first line)  

An urgent need for optimizing the process  
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Surgical specimen

BAL/CSF/pleural fluids

Bronchial aspirates

EBUS

Blood

Bronchial biopsy/

Transthoracic Biopsy
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http://www.yoursurgery.com/proceduredetails.cfm?BR=3&Proc=51


GeneReader NGS System PROM-10686-002 WW 16

https://www.google.com/imgres?imgurl=https%3A%2F%2Fssd.olympus.eu%2Fmedical%2Frmt%2Fmedia%2Fcontent%2Fcontent_1%2Fimages_1%2Fapplications_3%2Fpulmonology_2%2FAccessSampling-PulmoaryCoinLesion__application-illustration_002_V1_20120510_365x243.jpg&imgrefurl=https%3A%2F%2Fssd.olympus.eu%2Fmedical%2Fen%2Fmedical_systems%2Fapplications%2Fpulmonology%2Fdiagnostic_bronchoscopy%2Fdetection_and_diagnosiy_of_pulmonary_coin_lesion__spn_%2Fdetection_and_diagnosiy_of_pulmonary_coin_lesion__spn_.html&docid=C9tdI_ZOooEDNM&tbnid=hwvVKnhxFJM_wM%3A&vet=1&w=365&h=243&bih=940&biw=1920&ved=2ahUKEwid06u28undAhUOTBoKHVBvD0kQxiAoAnoECAEQEw&iact=c&ictx=1


GeneReader NGS System PROM-10686-002 WW

https://www.google.com/imgres?imgurl=https%3A%2F%2Fssd.olympus.eu%2Fmedical%2Frmt%2Fmedia%2Fcontent%2Fcontent_1%2Fimages_1%2Fapplications_3%2Fpulmonology_2%2FAccessSampling-PulmoaryCoinLesion__application-illustration_002_V1_20120510_365x243.jpg&imgrefurl=https%3A%2F%2Fssd.olympus.eu%2Fmedical%2Fen%2Fmedical_systems%2Fapplications%2Fpulmonology%2Fdiagnostic_bronchoscopy%2Fdetection_and_diagnosiy_of_pulmonary_coin_lesion__spn_%2Fdetection_and_diagnosiy_of_pulmonary_coin_lesion__spn_.html&docid=C9tdI_ZOooEDNM&tbnid=hwvVKnhxFJM_wM%3A&vet=1&w=365&h=243&bih=940&biw=1920&ved=2ahUKEwid06u28undAhUOTBoKHVBvD0kQxiAoAnoECAEQEw&iact=c&ictx=1
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https://www.bcrs.eu/ffpe-samples
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/


https://www.bcrs.eu/ffpe-samples
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/


Late stages NSCLC1

Early stages NSCLC2

Neoadjuvant immunotherapy

IIIB
IV

I-IIIA

LB (follow up) LB (follow up)

LB (baseline)

LB (baseline)LB (post resection/follow up)

TB (baseline)
TB (baseline)

TB (baseline)

TB  (Tissue Biopsy)
LB   (Liquid Biopsy)

https://www.rwjbh.org/treatment-care/surgery/thoracic-surgery/thoracic-surgery-services-and-procedures/lung-resection/
https://www.rwjbh.org/treatment-care/surgery/thoracic-surgery/thoracic-surgery-services-and-procedures/lung-resection/
http://www.npsg.uwaterloo.ca/people/daniel/rendering/
http://www.npsg.uwaterloo.ca/people/daniel/rendering/
http://www.npsg.uwaterloo.ca/people/daniel/rendering/
http://www.npsg.uwaterloo.ca/people/daniel/rendering/
http://www.npsg.uwaterloo.ca/people/daniel/rendering/
http://www.npsg.uwaterloo.ca/people/daniel/rendering/
http://www.npsg.uwaterloo.ca/people/daniel/rendering/
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https://www.esmo.org/Guidelines/Lung-and-Chest-Tumours

https://www.esmo.org/Guidelines/Lung-and-Chest-Tumours


Planchard D, et al. 

ESMO guidelines (updated Sep. 2019)



For advanced or metastatic lung adenocarcinoma: It is mandatory that all patients need, 1) to

have testing for EGFR and BRAF mutation, ALK and ROS1 rearrangements, and PD-L1

expression to predict response to EGFR, ALK, ROS1 or BRAF targeted inhibitors or

immunotherapy, respectively, and, 2) to get results in ten working days

*Other biomarkers are under investigation as predictors of response to targeted therapies, in

particular Her2 mutation, RET and NTRK rearrangements and MET splice mutations and

amplification.

For advanced or metastatic lung squamous carcinoma: PD-L1 IHC is indicated to select

patients for immunotherapy in the first line.



HER2 mutation
NTRK rearrangement
RET rearrangement

MET mutation
MET amplification

PD-L1 IHC
ALK IHC and/or ALK FISH
ROS1 IHC then ROS1 FISH

EGFR mutations
BRAFV600 mutations

Large gene panel

PD-L1 IHC

Stages IIIB/IV non squamous cell carcinoma of the lung

Stages IIIB/IV squamous cell carcinoma of the lung

10 working days
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https://www.cdiscount.com/maison/cuisson/sablier-creatif-5-minutes-sand-clock-decorations-e/f-117891276-auc2009697621688.html
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IHC PD-L1

The only validated test as a
predictive biomarker of I-O first line

– Patients with 0% of PD-L1 TC positivity can be good responders
– Patients with > 50% of PD-L1 TC positivity can be non responders
– Heterogeneity of PD-L1 staining limits its interpretation in small biopsies 
– Inter & intra operator variability in PD-L1 IHC assessment
– Many PD-L1 clones, different devices, different performances
– Many cut off (>1%, > 25%, > 50%) according to the anti-PD1/PD-L1 trt
– Clinical value of positive immune cells for PD-L1 is debated in NSCLC
– N-linked glycosylation of PD-L1 hinders its recognition by PD-L1 antibodies

Hofman P, Barlesi F. Expert Rev Mol Diagn. 2019; Hofman P. Expert Rev Mol Diagn. 2017; Ilie M, Hofman P. Transl Lung Cancer Res. 2017

Main issues

http://www.qmlabs.com/
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• Patients with tumors > 50% PD-L1: 30% patients

• Patients with poor PS not eligible for treatment: 34% patients

• Patients with either EGFR mut or ALK/ROS1 fusion: 18% patients

• Patients with preexisting autoimmune disease: 13% patients

Patients currently eligible for immunotherapy first line in clinical routine practice:

Around 10% of stage IIIB/IV NSCLC patients

In the real world, how viable an option is first line immunotherapy in NSCLC

according to the PD-L1 IHC status ? 

David Johnson, Chicago Oral Communication ASCO 2019



Thunnissen E et al. Programmed death-ligand 1 expression influenced by tissue sample size. Scoring based on tissue

microarrays' and cross-validation with resections, in patients with, stage I-III, non-small cell lung carcinoma of the

European Thoracic Oncology Platform Lungscape cohort. Mod Pathol. 2019 Nov 18.

Abstract

Oncology Platform Lungscape non-small cell lung carcinoma cohort to explore this issue. PD-L1 expression was assessed via

immunohistochemistry on tissue microarrays (up to four cores per case), using the DAKO 28-8 immunohistochemistry assay,

following a two-round external quality assessment procedure. At the two external quality assessment rounds, tissue microarray

scoring agreement rates between pathologists were: 73% and 81%. There were 2008 cases with valid immunohistochemistry

tissue microarray results (50% all cores evaluable). Concordant cases at 1, 25, and 50% were: 85, 91, and 93%. Tissue microarray

core results were identical for 70% of cases. Sensitivity of the tissue microarray method for 1, 25, and 50% was: 80, 78, and

79% (specificity: 90, 95, 98%). Complete agreement between tissue microarrays and whole sections was achieved for 60% of

the cases. Highest sensitivity rates for 1% and 50% cutoffs were detected for higher number of cores. Underestimation of PD-L1

expression on small samples is more common than overestimation. We demonstrated that classification of PD-L1 on small

biopsy samples does not represent the overall expression of PD-L1 in all non-small cell cancer carcinoma cases, although

the majority of cases are 'correctly' classified. In future studies, sampling more and larger biopsies, recording the biopsy size and

tumor load may permit further refinement, increasing predictive accuracy.



Ann Oncol 2016

PD-L1 clone, SP142





I-O & Chemotherapy in first line for non squamous cell carcinoma of the lung

Patients wild type for EGFR/ALK(&ROS1/BRAFV600)

I-O  in first line for non squamous cell carcinoma of the lung

Patients wild type for EGFR/ALK/ROS1/BRAFV600
and with > 50% of tumor cells positive for PD-L1
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ALK status: ALK IHC +++ stop; ALK IHC + or ++ go to ALK FISH
ROS1 status: ROS1 + to +++ go to ROS1 FISH

IHC versus FISH (versus RNA seq)

https://fr.dreamstime.com/images-stock-le-num%C3%A9ro-1-sur-l-%C3%A9tage-blanc-et-noir-image6048044


Specific-based PCR versus Next Generation Sequencing
Urgent need
Technology available
Sample quantity/quality

Targeted versus (large) panel sequencing?

According to :

https://pt.dreamstime.com/imagens-de-stock-o-n%C3%BAmero-2-no-assoalho-branco-e-preto-image6048074


Pyromark24 Rotor-Gene QCOBAS 480

Idylla

Thermo S5 Genereader (1.1)

MiseqDigital PCR

Targeted Sequencing Next Generation Sequencing

Laboratory of Clinical and Experimental Pathology (Nice, Fr)

https://www.illumina.com/systems/miseq.html
http://www.frontlinegenomics.com/news/3498/bio-rad-get-go-ahead-market-droplet-digital-pcr-europe/
https://www.google.com/imgres?imgurl=http://biotech.gsu.edu/core_facility/img/Instrumentation/IonS5.jpg&imgrefurl=http://biotech.gsu.edu/core_facility/whatsnew.html&docid=Owokaj2d1HX3iM&tbnid=8U33LBhNGjwFEM:&vet=1&w=577&h=493&client=firefox-b&bih=940&biw=1920&ved=2ahUKEwjetuzt3IfcAhUI7xQKHQkrCJIQxiAoBHoECAEQFQ&iact=c&ictx=1


COBAS 480

Idylla

Thermo S5

Plasma TAT < 24h

Tissue TAT < 24h

Plasma TAT ~ 3 days

Tissue TAT ~ 10 days

Genereader (1.1)Tissue TAT < 3 days

Tissue TAT < 4 days

https://www.google.com/imgres?imgurl=http://biotech.gsu.edu/core_facility/img/Instrumentation/IonS5.jpg&imgrefurl=http://biotech.gsu.edu/core_facility/whatsnew.html&docid=Owokaj2d1HX3iM&tbnid=8U33LBhNGjwFEM:&vet=1&w=577&h=493&client=firefox-b&bih=940&biw=1920&ved=2ahUKEwjetuzt3IfcAhUI7xQKHQkrCJIQxiAoBHoECAEQFQ&iact=c&ictx=1
https://www.google.com/imgres?imgurl=https%3A%2F%2Fstatic.lexpress.fr%2Fmedias_10042%2Fw_1874%2Ch_1048%2Cc_crop%2Cx_174%2Cy_276%2Fw_640%2Ch_360%2Cc_fill%2Cg_north%2Fv1489069531%2Fune-equipe-medicale-nicoise-annonce-qu-il-est-possible-de-detecter-dans-une-population-de-patients-a-risques-un-cancer-du-poumon-grace-a-une-simple-prise-de-sang_5141693.jpg&imgrefurl=https%3A%2F%2Fwww.lexpress.fr%2Factualite%2Fsociete%2Fsante%2Fla-prise-de-sang-nouvelle-arme-anticancer_1887487.html&docid=boqbmyL-p8ZxKM&tbnid=rn_0zyRvNgRJ2M%3A&vet=1&w=640&h=360&client=firefox-b&bih=940&biw=1920&ved=2ahUKEwip29WP77rcAhXIJ1AKHUcCDHQQxiAoAnoECAEQEw&iact=c&ictx=1
https://www.google.com/imgres?imgurl=https%3A%2F%2Fstatic.lexpress.fr%2Fmedias_10042%2Fw_1874%2Ch_1048%2Cc_crop%2Cx_174%2Cy_276%2Fw_640%2Ch_360%2Cc_fill%2Cg_north%2Fv1489069531%2Fune-equipe-medicale-nicoise-annonce-qu-il-est-possible-de-detecter-dans-une-population-de-patients-a-risques-un-cancer-du-poumon-grace-a-une-simple-prise-de-sang_5141693.jpg&imgrefurl=https%3A%2F%2Fwww.lexpress.fr%2Factualite%2Fsociete%2Fsante%2Fla-prise-de-sang-nouvelle-arme-anticancer_1887487.html&docid=boqbmyL-p8ZxKM&tbnid=rn_0zyRvNgRJ2M%3A&vet=1&w=640&h=360&client=firefox-b&bih=940&biw=1920&ved=2ahUKEwip29WP77rcAhXIJ1AKHUcCDHQQxiAoAnoECAEQEw&iact=c&ictx=1
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiB5OqN8LrcAhVNJlAKHQ9bDekQjRx6BAgBEAU&url=https%3A%2F%2Fwww.commentguerir.com%2Farticle%2Ffibroscopie-bronchique&psig=AOvVaw098PVSQo1KPBDFqfYNFYtJ&ust=1532629440016284
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiB5OqN8LrcAhVNJlAKHQ9bDekQjRx6BAgBEAU&url=https%3A%2F%2Fwww.commentguerir.com%2Farticle%2Ffibroscopie-bronchique&psig=AOvVaw098PVSQo1KPBDFqfYNFYtJ&ust=1532629440016284
https://www.google.com/imgres?imgurl=https%3A%2F%2Fstatic.lexpress.fr%2Fmedias_10042%2Fw_1874%2Ch_1048%2Cc_crop%2Cx_174%2Cy_276%2Fw_640%2Ch_360%2Cc_fill%2Cg_north%2Fv1489069531%2Fune-equipe-medicale-nicoise-annonce-qu-il-est-possible-de-detecter-dans-une-population-de-patients-a-risques-un-cancer-du-poumon-grace-a-une-simple-prise-de-sang_5141693.jpg&imgrefurl=https%3A%2F%2Fwww.lexpress.fr%2Factualite%2Fsociete%2Fsante%2Fla-prise-de-sang-nouvelle-arme-anticancer_1887487.html&docid=boqbmyL-p8ZxKM&tbnid=rn_0zyRvNgRJ2M%3A&vet=1&w=640&h=360&client=firefox-b&bih=940&biw=1920&ved=2ahUKEwip29WP77rcAhXIJ1AKHUcCDHQQxiAoAnoECAEQEw&iact=c&ictx=1
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.roche.com%2Fdam%2Fjcr%3A0c39705c-da22-4a1d-aa4a-549bf0bcbfd3%2Fde%2Fventana_benchmark_ultra.jpg&imgrefurl=https%3A%2F%2Fwww.roche.com%2Fde%2Fproducts%2Fproduct-details.htm%3FproductId%3Df24ec609-22ea-43bb-9be4-18c9e1ee5875&docid=Bqudfi7sg5E3qM&tbnid=-eD5g7JG1ZBmtM%3A&vet=1&w=370&h=587&bih=940&biw=1920&ved=2ahUKEwjzuNaQ467eAhVQQRoKHdPQBc0QxiAoBnoECAEQFw&iact=c&ictx=1
https://www.google.com/imgres?imgurl=http%3A%2F%2Fwww.excilone.com%2Fclient%2Fgfx%2Fphotos%2Fproduit%2Fpathscan-fish-1_699.jpg&imgrefurl=http%3A%2F%2Fwww.excilone.com%2F%3Ffond%3Dproduit%26id_rubrique%3D71%26id_produit%3D516&docid=0wO4igbaHa5x_M&tbnid=t9DHjvwR_D1xcM%3A&vet=1&w=460&h=345&bih=940&biw=1920&ved=0ahUKEwj5sa_m467eAhVUQcAKHSfjCVgQMwhgKBQwFA&iact=c&ictx=1


Different strategies according to:

- The « quality » of the biopsies
- The urgent need for getting the results
- The budget and economic system



Different strategies according to:

- The quality of the biopsies
- The urgent need for getting the results
- The budget and economic system

How to optimize?



Diagnosis

biomarkers

Predictive

biomarkers

TTF1
P40

Keratin

ALK
ROS1
BRAF
PD-L1

0.5 cmbronchial 
biopsy

7 slides

2 slides
0.5 cm

From

To 

Ilie M, Baulande M, Erb G, Hofman V, & Hofman P, Automated chromogenic multiplexed immunohistochemistry assay for diagnosis and 

predictive biomarker testing in non-small cell lung cancer, Lung Cancer,  October 2018

5 mandatory biomarkers obtained
in 3 working days following the biopsy

EGFR EGFR testing

Save 5 tissue sections

https://www.cdiscount.com/maison/cuisson/sablier-creatif-5-minutes-sand-clock-decorations-e/f-117891276-auc2009697621688.html
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiB5OqN8LrcAhVNJlAKHQ9bDekQjRx6BAgBEAU&url=https%3A%2F%2Fwww.commentguerir.com%2Farticle%2Ffibroscopie-bronchique&psig=AOvVaw098PVSQo1KPBDFqfYNFYtJ&ust=1532629440016284
https://fr.wikipedia.org/wiki/Fichier:Documents_icon.svg


TTF1

HES

Lung adenocarcinoma

Lung squamous cell 

carcinoma

p40 PD-L1

TTF1 p40 PD-L1

TTF1 p40 PD-L1 Keratin

TTF1

HES

p40 PD-L1

TTF1 p40 PD-L1

TTF1 p40 PD-L1 Keratin



ALK ROS1 BRAF

ALK BRAF

ALK positive

lung adenocarcinoma

ROS1 positive

lung adenocarcinoma

HES

HES

ROS1

ALK BRAFROS

ALK ROS1 BRAF

ALK BRAFROS1

ALK BRAFROS



https://www.genengnews.com/gen-exclusives/the-promise-of-tumor-mutational-burden-for-cancer-immunotherapy/77900833


Tissue Tumor Mutation Burden 1L (CM227)

PDL1>1% PDL1<1%

Peters S, et al. ESMO 2019; Hellman M, et al. NEJM 2019

NIVO + IPI
(n = 396)

NIVO
(n = 396)

Chemo
(n = 397)

Median OS, mo 17.1 15.7 14.9

HR (vs chemo)a

CI
0.79

0.65–0.96b
0.88

0.75–1.04c

No. at risk

396 341NIVO + IPI 295 264 190 165 153 145 129 91 41 9 1 0212244

396 330NIVO 299 265 176 153 139 129 115 70 36 10 2 0201220

397 358Chemo 306 250 166 141 126 112 93 57 22 6 1 0190218

OS

NIVO + IPI

Chemo

NIVO
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57% 33%

40%
36%

186 164 135 107 92 74 49 41 062Chemo 0512192935

177 159 139 119 102 88 67 60 078NIVO + chemo 019234048

187 165 142 120 110 100 87 80 0NIVO + IPI 73 2819345969

51%

60%

59%

23%

40%

35%

NIVO + chemo
Chemo

NIVO + IPI

NIVO + IPI
(n = 187)

NIVO + chemo
(n = 177)

Chemo
(n = 186)

Median OS, mo 17.2 15.2 12.2

HR (vs chemo)
CI

0.62
0.48–0.78a

0.78
0.60–1.02b,c

O
S

 (
%

)
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40

20

0

100

Months

0 3 6 9 12 15 21 24 2718 30 33 36 39 42 45
No. at risk

OS
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Does Tumor Mutational Burden dead…or not ?

Some similar challenges than for PD-L1 IHC evaluation:

Needs for comparing the different available commercially panels (sensitivity & specificity)
Needs for doing intra laboratory assessment
Needs for doing inter laboratory assessment
Needs to get an accreditation for using TMB in routine clinical practice
Needs to evaluate the costs
Needs to assess the turnaround time for getting results

But:

Different panels (size, number and type of genes and mutations)
Different approaches (hybrid capture, amplicon based sequencing)
Different devices
Different turnaround times according to the sequencing system
Different costs
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Which perspectives?



Biomarkers

Response Resistance Toxicity Hyperprogression

https://www.worldwidecancerresearch.org/blog-post/immunotherapy-the-future-of-cancer-treatment/
https://www.cancer.net/navigating-cancer-care/how-cancer-treated/personalized-and-targeted-therapies/understanding-targeted-therapy


e.g. EGFR, ALK, ROS1 e.g. IHC PD-L1, TMB

https://www.google.com/imgres?imgurl=https://s1.lmcdn.fr/multimedia/101500319996/1a34e5846bc41/produits/variateur-universel-odace-blanc-schneider-electric.jpg&imgrefurl=https://www.leroymerlin.fr/v3/p/produits/variateur-universel-odace-blanc-schneider-electric-e1500319837&docid=tgPv33T8ppeKtM&tbnid=k53Y4-9IZhTDIM:&vet=1&w=1500&h=1500&bih=940&biw=1920&ved=2ahUKEwicyNCKsu3gAhXvA2MBHTmdAKgQxiAoAnoECAEQEw&iact=c&ictx=1
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STK11/LKB1 & KEAP1 genomic alterations and I-O 

resistance in non squamous NSCLC
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