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Lung cancer

• 80-85% non-small cell lung cancer (NSCLC)

• 10-15% small cell lung cancer (SCLC)

• NSCLC has relatively long and extensive history of immunotherapy use

American Cancer Society



Immune checkpoint inhibitors in 
lung cancer
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Atezolizumab

PD-L1

Durvalumab

CTLA-4

PD-L1

Ipilimumab

2015
Nivolumab:
2nd line Sq NSCLC

Nivolumab:
2nd line Non-Sq
NSCLC 

Pembrolizumab: 
2nd line NSCLC           
(PD-L1 ≥ 50%)

2016

Pembrolizumab: 
1st line NSCLC 
(PD-L1 ≥ 50%)

Pembrolizumab: 
2nd line NSCLC         
(PD-L1 ≥ 1%)

Atezolizumab:  
2nd line NSCLC

2018 

Durvalumab: 
Stage III NSCLC 
(unresectable) s/p 
chemoradiation w/o 
progression

Nivolumab:
3rd line SCLC

Pembrolizumab + 
Carboplatin + 
(nab) Paclitaxel: 1st 
line Sq NSCLC

Atezolizumab + 
Bevacizumab + 
Carboplatin + 
Paclitaxel: 1st line 
Non-Sq NSCLC

2019

Atezolizumab + 
Etoposide/Platinum:
1st line ES-SCLC

Pembrolizumab: 
1st line PD-L1+ Stage 
III NSCLC

Pembrolizumab:
3rd-line ES-SCLC

2017

Pembrolizumab 
+ Pemetrexed + 
Carboplatin:
1st line NSCLC

2020

Durvalumab + 
Etoposide/Platinum:
1st line ES-SCLC

Nivolumab + 
ipilimumab:
1st line metastatic 
NSCLC with PD-L1 
≥1% and no EGFR/ALK 
mutations

Atezolizumab: 1st line 
metastatic NSCLC with 
PD-L1 ≥50% and no 
EGFR/ALK mutations

Nivolumab + 
ipilimumab + 
chemotherapy: 1st line 
NSCLC with no 
EGFR/ALK mutations

#LearnACI



Approved checkpoint inhibitors in 
NSCLC

Drug Approved Indication Dose

Nivolumab

2015
Metastatic Squamous NSCLC 

with progression after 
chemotherapy (2nd line) 240 mg Q2W or 480 mg 

Q4W

2015
Metastatic Non-Squamous 

NSCLC with progression after 
chemotherapy (2nd line)



Immunotherapy for first-line 
treatment of metastatic NSCLC

#LearnACI

Drug Indication Dose

Pembrolizumab
1st line metastatic NSCLC with PD-L1 TPS ≥ 1% and no 

EGFR/ALK mutations
200 mg Q3W or 400 mg Q6W

Atezolizumab
1st line metastatic NSCLC with PD-L1 ≥ 50% of tumor cells or ≥ 

10% of immune cells with no EGFR/ALK mutations
840 mg Q2W, 1200 mg Q3W, or 1680 mg Q4W

Nivolumab + ipilimumab
1st line metastatic NSCLC with PD-L1 ≥1% and no EGFR/ALK 

mutations
Nivolumab 3 mg/kg Q2W + ipilimumab 1 mg/kg Q6W

Nivolumab + ipilimumab + platinum-
doublet chemotherapy

1st line metastatic NSCLC with no EGFR/ALK mutations
Nivolumab 360 mg Q3W + ipilimumab 1 mg/kg Q6W + 2 cycles of 

chemotherapy

Pembrolizumab + pemetrexed + 
platinum

1st line metastatic non-squamous NSCLC with no EGFR/ALK 
mutations

200 mg Q3W or 400 mg Q6W

Pembrolizumab + carboplatin + 
paclitaxel/nab-paclitaxel

1st line metastatic squamous NSCLC 200 mg Q3W or 400 mg Q6W

Atezolizumab + bevacizumab + 
paclitaxel + carboplatin

1st line metastatic non-squamous NSCLC with no EGFR/ALK
mutations

For 4-6 cycles: atezolizumab 1200 mg Q3W + chemotherapy + 
bevacizumab; Maintenance: 840 mg Q2W, 1200 mg Q3W, or 

1680 mg Q4W

Atezolizumab + nab-paclitaxel +
carboplatin

1st line metastatic non-squamous NSCLC with no EGFR/ALK 
mutations

For 4-6 cycles: atezolizumab 1200 mg Q3W + chemotherapy
Maintenance: 840 mg Q2W, 1200 mg Q3W, or 1680 mg Q4W



Immunotherapy for 
relapsed/refractory NSCLC

#LearnACI

Drug Indication Dose

Nivolumab
Metastatic squamous or non-

squamous NSCLC with progression 
after chemotherapy (2nd line)

240 mg Q2W or 480 mg Q4W

Pembrolizumab
Metastatic NSCLC with progression 

after chemotherapy and PD-L1 ≥ 1%
200 mg Q3W or 400 mg Q6W

Atezolizumab

Metastatic NSCLC with progression 
after Pt-chemotherapy and targeted 

therapy if EGFR/ALK mutation-
positive

840 mg Q2W, 1200 mg Q3W, or 1680 
mg Q4W



Treatment Naïve Regimens: 
Competing Strategies in NSCLC

• KEYNOTE 024 – Pembrolizumab vs. Chemotherapy in PD-L1 ≥ 50%

• KEYNOTE 042 – Pembrolizumab vs. Chemotherapy in PD-L1 ≥ 1%

• KEYNOTE 189 – Pembrolizumab + Chemotherapy vs. Chemotherapy alone in advanced non-squamous NSCLC

• IMPOWER150 – Atezolizumab + Chemotherapy (Bev) vs. Chemotherapy (Bev) in advanced non-squamous 
NSCLC

• KEYNOTE 407 – Pembrolizumab + Chemotherapy vs. Chemotherapy in advanced squamous cell lung cancer

• CHECKMATE 227 – Ipilimumab + Nivolumab vs. Chemotherapy in advanced NSCLC with high TMB

• IMPOWER110 – Atezolizumab vs. chemotherapy in PD-L1 ≥ 1%

• CHECKMATE 9LA – Nivolumab/ipilimumab with limited chemotherapy vs. chemotherapy in squamous and 
nonsquamous NSCLC



• First report of long-term 
survival rate in patients with 
metastatic NSCLC treated 
with an immune checkpoint 
inhibitor

• According to the National 
Cancer Institute’s SEER data, 
5-year survival rate for 
patients with advanced 
NSCLC is 4.9%
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CheckMate 227

• Primary endpoint: OS in PD-L1 
≥ 1% (tumor cells)
• Nivo/ipi: 17.1 months

• Chemo: 14.9 months

• Longer duration of response 
with nivo/ipi over chemo

• Benefit of nivolumab + 
ipilimumab seen regardless of 
PD-L1 status in this study

Hellmann, NEJM 2019.

https://www.nejm.org/doi/full/10.1056/NEJMoa1910231


Key Eligibility Criteria

• Untreated stage IV NSCLC

• PD-L1 TPS ≥50% 

• ECOG PS 0-1

• No activating EGFR mutation or 
ALK translocation

• No untreated brain metastases

• No active autoimmune disease 
requiring systemic therapy

Pembrolizumab 

200 mg IV Q3W
(2 years)

R (1:1)
N = 305

PDa Pembrolizumab  

200 mg Q3W 

for 2 years

Platinum-Doublet 

Chemotherapy
(4-6 cycles)

Reck M et al, ESMO 2016, NEJM 2016

KEYNOTE-024: Pembrolizumab vs. 
Chemotherapy for PD-L1 Positive (≥ 50%)
NSCLC Study Design (NCT021427389)

PD



Reck M et al, ESMO 2016, NEJM 2016

KEYNOTE-024: Pembrolizumab vs. 
Chemotherapy for PD-L1 ≥ 50% NSCLC
Overall Survival



Lopes et al, ASCO 2018

KEYNOTE-042: Pembrolizumab vs. 
Chemotherapy for PD-L1 ≥ 1% NSCLC



Survival benefit seemed to be driven by the TPS ≥ 50% subset with little benefit witnessed in the subset TPS = 1 - 49%

Lopes et al, ASCO 2018

KEYNOTE-042: Pembrolizumab vs. 
Chemotherapy for PD-L1 ≥ 1% NSCLC 
Overall Survival



Ghandi et al, NEJM 2018

KEYNOTE-189: Pembrolizumab/Platinum
/Pemetrexed vs Chemotherapy Alone for 
Advanced Non-Squamous NSCLC



KEYNOTE-189: Pembrolizumab/Platinum
/Pemetrexed vs Chemotherapy Alone for 
Advanced Non-Squamous NSCLC

Ghandi et al, NEJM 2018



Ghandi et al, NEJM 2018

PD-L1 < 1% PD-L1 = 1 – 49%

PD-L1 ≥ 50%

KEYNOTE-189: Pembrolizumab/Platinum
/Pemetrexed vs Chemotherapy Alone for 
Advanced Non-Squamous NSCLC



Key Eligibility Criteria

• Untreated stage IV NSCLC 
with squamous histology

• ECOG PS 0 or 1

• Provision of a sample for 
PD-L1 assessment

• No symptomatic brain 
metastases

• No pneumonitis requiring 
systemic steroids

Stratification Factors

• PD-L1 expression 
(TPSa <1% vs ≥1%)

• Choice of taxane
(paclitaxel vs nab-paclitaxel)

• Geographic region
(east Asia vs rest of world)

R 

(1:1)

Pembrolizumab 200 mg Q3W +
Carboplatin AUC 6 Q3W +

Paclitaxel 200 mg/m2 Q3W OR 
nab-Paclitaxel 100 mg/m2 Q1W

for 4 cycles (each 3 wk)

Placebo (normal saline) Q3W +
Carboplatin AUC 6 Q3W +

Paclitaxel 200 mg/m2 Q3W OR 
nab-Paclitaxel 100 mg/m2 Q1W

for 4 cycles (each 3 wk)

Pembrolizumab 
200 mg Q3W 

for up to 31 cycles

Placebo 
(normal saline) Q3W

for up to 31 cycles 

Optional Crossoverb

Pembrolizumab
200 mg Q3W 

for up to 35 cycles
PDb

Paz-Ares et al, ASCO 2018

KEYNOTE-407: Pembrolizumab/Chemotherapy vs 
Chemotherapy Alone for Advanced Squamous-
Cell NSCLC



Events HR (95% CI) P

Pembro + Chemo 54.7% 0.56 
(0.45-0.70)

<0.0001

Placebo + Chemo 70.1%

PFS (RECISTv1.1, BICR)
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KEYNOTE-407: Pembrolizumab/Chemotherapy vs 
Chemotherapy Alone for Advanced Squamous-
Cell NSCLC

Paz-Ares et al, ASCO 2018



Socinski et al, NEJM 2018

IMPOWER 150: Atezolizumab/Carboplatin/
Paclitaxel/Bevacizumab vs 
Carboplatin/Paclitaxel/
Bevacizumab in Advanced Non-Squamous NSCLC



Socinski et al, NEJM 2018

IMPOWER 150: Atezolizumab/Carboplatin/
Paclitaxel/Bevacizumab vs Carboplatin/Paclitaxel/
Bevacizumab in Advanced Non-Squamous NSCLC



IMpower110: Atezolizumab vs 
chemotherapy in 1L NSCLC

Herbst, ESMO-IO 2019.



In two independent cohorts, 
higher nonsynonymous tumor 
mutational burden (TMB) was 
associated with improved 
objective response, durable 
clinical benefit, and PFS. 

*Partial or stable response lasting > 6 mo

Durable clinical 
benefit*    

(n=14)

No durable
benefit      
(n=17)
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Rizvi N et al, Science, 2015

Tumor Mutational Burden (TMB) may 
Determine Sensitivity to PD-1 Blockade 
in NSCLC



CheckMate 9LA: Nivolumab/Ipilimumab 
+ limited chemo

Reck M et al, ASCO 2020.



CheckMate 9LA: Nivolumab/Ipilimumab 
+ limited chemo

Reck M et al, ASCO 2020.



Durvalumab (n=473) 
IV 10 mg/kg Q2W 

≤12 months

Placebo (n=236) 
IV Q2W

Patients with locally advanced unresectable 
NSCLC (Stage III) 

in a consolidation setting

R 2:1
N=709

Absence of progression following 
at least 2 cycles of platinum-based 

chemotherapy concomitant with radiation 
therapy

(Randomization after chemoradiotherapy
completion)

PACIFIC (NCT02125461): Durvalumab after 
chemoradiotherapy in Stage III NSCLC

Antonia et al, NEJM 2018



Antonia et al, NEJM 2018

PACIFIC (NCT02125461): Durvalumab after 
chemoradiotherapy in Stage III NSCLC

OS PFS



CK Lee et al.,  JTO 2016

Checkpoint Inhibitors in Metastatic EGFR-
Mutated NSCLC
Meta-Analysis: CM-057, KN-010, POPLAR; IMPOWER-150

M Reck et al.,  Lancet Resp Med 2019

IMPOWER-150



CHECKMATE 017
(nivolumab)

KEYNOTE 010 (TPS ≥ 1%)
(pembrolizumab)

CHECKMATE 057
(nivolumab)

OAK 
(atezolizumab)Brahmer NEJM 2015

Borghaei, NEJM 2015
Herbst Lancet 2016
Rittmeyer Lancet 2017 

PD-1/PD-L1 Inhibitors Increase Overall 
Survival in 2L Advanced NSCLC



Small cell lung cancer

• 10-15% of lung cancers

• Almost exclusively former/current smokers

• Median survival 1-2 years after diagnosis

• Until recently, only one FDA-approved 2nd line option: topotecan –
DOR: 3.3 months

• Recent approvals of immunotherapies mark the first progress in 
decades



Approved checkpoint inhibitors in 
SCLC

Drug Approved Indication Dose

Nivolumab 2018

Metastatic small cell lung 
cancer with progression on 
Pt-chemotherapy and one 

other therapy (3rd line)

240 mg Q2W

Atezolizumab + carboplatin 
+ etoposide

2019 1st line extensive stage SCLC

For 4 cycles: atezolizumab
1200 mg + carboplatin + 

etoposide Q3W
Maintenance: 840 mg Q2W, 
1200 mg Q3W, or 1680 mg 

Q4W

Pembrolizumab 2019

Metastatic small cell lung 
cancer with progression on 
Pt-chemotherapy and one 

other therapy (3rd line)

200 mg Q3W



CheckMate-032: Nivolumab in 3rd

line SCLC
• Nivolumab in SCLC with progression on platinum chemotherapy and 

another therapy

• Nivolumab 3 mg/kg Q2W

• @28.3 months:
• ORR: 11.9%

• mDOR: 17.9 months

Ready, J Thorac Oncol 2019



Pembrolizumab in 3rd-line SCLC

• KEYNOTE-028: PD-L1+ only 
(Cohort C1)

• KEYNOTE-158: PD-L1 +/-
(Cohort G)

• Combined analysis:

• ORR: 19.3%
• 2 CR, 14 PR
• 14/16 responders were PD-L1+
• 9/16 responders had response 

≥18 mo.

• mOS: 7.7 months

PD-L1+ (KEYNOTE-028)

Ott, J Clin Oncol 2017.



IMpower133: Atezolizumab + chemo 
in 1st-line SCLC

• Induction phase: four 21-day cycles of carboplatin and etoposide + 
atezolizumab (1200 mg once per cycle) or placebo

• Maintenance phase: either atezolizumab or placebo

• @13.9 mo: 
• mOS = 12.3 vs 10.3 mo

• mPFS = 5.2 vs 4.3 mo

Horn, NEJM 2018.



Immunotherapy for mesothelioma

• Approval based on CheckMate 743
• Nivolumab + ipilimumab vs platinum-based chemotherapy

• Median OS: 18.1 months vs 14.1 months

• 2-year OS: 41% vs 27%

• Median PFS: 6.8 months vs 7.2 months

• First FDA approval for mesothelioma since 2004

#LearnACI

Drug Indication Dose

Nivolumab + ipilimumab
Frontline unresectable malignant 

pleural mesothelioma
Nivolumab 360 mg Q3W + 
ipilimumab 1 mg/kg Q6W



Conclusions

• NSCLC has been a proving ground for checkpoint inhibitors

• Moving from 2nd/3rd line options to the front line

• Clear-cut biomarkers still lacking



Resources



Case Studies



Case Study 1

53F with lung adenocarcinoma, cT4N2M1c, stage IVB, who presents for first line 
treatment. 

Molecular testing was negative for EGFR, ALK, ROS-1 and BRAF mutations. 

PDL1 TPS 70%. 

Disease burden high with multiple liver and osseous metastases. 



Case Study 1

53F with lung adenocarcinoma, cT4N2M1c, stage IVB, who presents for first line treatment. Molecular 
testing was negative for EGFR, ALK, ROS-1 and BRAF mutations. PDL1 TPS 70%. Disease burden high 
with multiple liver and osseous metastases. 

Question 1: What treatment would you initiate? (More than one possible answer.) 

A: Pembrolizumab monotherapy

B: Pembrolizumab + chemotherapy (platinum/pemetrexed)

C: Atezolizumab + Carboplatin + Paclitaxel + Bevacizumab 

D: Chemotherapy alone (platinum/pemetrexed) 



Case Study 1

53F with lung adenocarcinoma, cT4N2M1c, stage IVB, who presents for first line treatment. Molecular 
testing was negative for EGFR, ALK, ROS-1 and BRAF mutations. PDL1 TPS 70%. Disease burden high 
with multiple liver and osseous metastases. 

Question 1: What treatment would you initiate?

A: Pembrolizumab monotherapy

B: Pembrolizumab + chemotherapy (platinum/pemetrexed)

C: Atezolizumab + Carboplatin + Paclitaxel + Bevacizumab

D: Chemotherapy alone (platinum/pemetrexed) 

IO + chemo > IO alone in patient with 
high disease burden in whom you may 
want faster time to response 

Not incorrect given >50%, but . . . 

Would reserve in patients with IO 
contraindication 



Case Study 1

53F with lung adenocarcinoma, cT4N2M1c, stage IVB, who presents for first line treatment. Molecular 
testing was negative for EGFR, ALK, ROS-1 and BRAF mutations. PDL1 TPS 70%. Disease burden high 
with multiple liver and osseous metastases. 

Pembrolizumab + carboplatin + pemetrexed were initiated and she achieved a very good partial 
response. 



Ghandi et al, NEJM 2018

PD-L1 < 1% PD-L1 = 1 – 49%

PD-L1 ≥ 50%

KEYNOTE-189: Pembrolizumab/Platinum
/Pemetrexed vs Chemotherapy Alone for 
Advanced Non-Squamous NSCLC



Case Study 1

53F with lung adenocarcinoma, cT4N2M1c, stage IVB, who presents for first line treatment. Molecular 
testing was negative for EGFR, ALK, ROS-1 and BRAF mutations. PDL1 TPS 70%. Disease burden high 
with multiple liver and osseous metastases. 

Pembrolizumab + carboplatin + pemetrexed were initiated and she achieved a very good partial 
response. 



Case Study 1

53F with lung adenocarcinoma, cT4N2M1c, stage IVB, who presents for first line treatment. Molecular 
testing was negative for EGFR, ALK, ROS-1 and BRAF mutations. PDL1 TPS 70%. 

Disease burden low with few osseous metastases. 

Question 2: Would your initial management change with a lower disease burden?

A: Pembrolizumab monotherapy

B: Pembrolizumab + chemotherapy (platinum/pemetrexed)

C: Atezolizumab + Carboplatin + Paclitaxel + Bevacizumab 

D: Chemotherapy alone (platinum/pemetrexed) 



Case Study 1

53F with lung adenocarcinoma, cT4N2M1c, stage IVB, who presents for first line treatment. Molecular 
testing was negative for EGFR, ALK, ROS-1 and BRAF mutations. PDL1 TPS 70%. Disease burden high 
with multiple liver and osseous metastases. 

Question 2: Would your initial management change with a lower disease burden?

A: Pembrolizumab monotherapy

B: Pembrolizumab + chemotherapy (platinum/pemetrexed)

C: Atezolizumab + Carboplatin + Paclitaxel + Bevacizumab

D: Chemotherapy alone (platinum/pemetrexed) 

Would involve patient in decision. Could 
initiate IO alone and add in 
chemotherapy for combination if 
slow/limited response. 

Would reserve in patients with IO 
contraindication 



Case Study 2

79F with excellent performance status and very limited tobacco exposure who presented with 
confusion and clumsiness was found to have a 3.4cm basal ganglia mass. Body imaging showed a 
5.1cm LUL mass and ipsilateral hilar and mediastinal lymphadenopathy. Biopsy of the primary mass 
revealed adenocarcinoma. 

T3N2M1b, Stage IVA by AJCC 8th ed. 

PD-L1 returned at 90%. Molecular studies pending. 



Case Study 2

79F with excellent performance status and very limited tobacco exposure who presented with 
confusion and clumsiness was found to have a 3.4cm basal ganglia mass. Body imaging showed a 
5.1cm LUL mass and ipsilateral hilar and mediastinal lymphadenopathy. Biopsy of the primary mass 
revealed adenocarcinoma. T3N2M1b, Stage IVA by AJCC 8th ed. PD-L1 returned at 90%. Molecular 
studies pending. 

After treating the brain metastasis, she is asymptomatic. 

Question 1: What treatment would you initiate?

A: Pembrolizumab monotherapy

B: Pembrolizumab + chemotherapy (platinum/pemetrexed)

C: Chemotherapy alone (platinum/pemetrexed)  

D: Await molecular studies prior to systemic therapy 



Case Study 2

79F with excellent performance status and very limited tobacco exposure who presented with 
confusion and clumsiness was found to have a 3.4cm basal ganglia mass. Body imaging showed a 
5.1cm LUL mass and ipsilateral hilar and mediastinal lymphadenopathy. Biopsy of the primary mass 
revealed adenocarcinoma. T3N2M1b, Stage IVA by AJCC 8th ed. PD-L1 returned at 90%. Molecular 
studies pending. 

After treating the brain metastasis, she is asymptomatic. 

Question 1: What treatment would you initiate?

A: Pembrolizumab monotherapy

B: Pembrolizumab + chemotherapy (platinum/pemetrexed)

C: Chemotherapy alone (platinum/pemetrexed)  

D: Await molecular studies prior to systemic therapy

Avoid upfront immunotherapy in a 
patient with potential driver mutation 

Good option if need to control symptoms 

Best choice if able to wait on results 



Case Study 2: 
Toxicities of combined TKI and IO 

• Nivolumab + erlotinib  19% grade 3 AEs

• Durvalumab + osimertinib 38% ILD, study terminated 

• Durvalumab + gefitinib  40-70% grade 3/4 liver enzyme elevation 

• Atezolizumab + erlotinib  39% grade 3-4 AEs



Case Study 2

79F with excellent performance status and very limited tobacco exposure who presented with 
confusion and clumsiness was found to have a 3.4cm basal ganglia mass. Body imaging showed a 
5.1cm LUL mass and ipsilateral hilar and mediastinal lymphadenopathy. Biopsy of the primary mass 
revealed adenocarcinoma. T3N2M1b, Stage IVA by AJCC 8th ed. PD-L1 returned at 90%. 

Molecular studies reveal a targetable EGFR mutation and she is treated with first line osimertinib.

Question 2: What would you offer at progression of disease?

A: Pembrolizumab monotherapy

B: Pembrolizumab + chemotherapy (platinum/pemetrexed)

C: Chemotherapy alone (platinum/pemetrexed)  

D: Test for resistance mutations, offer clinical trial



Case Study 2

79F with excellent performance status and very limited tobacco exposure who presented with 
confusion and clumsiness was found to have a 3.4cm basal ganglia mass. Body imaging showed a 
5.1cm LUL mass and ipsilateral hilar and mediastinal lymphadenopathy. Biopsy of the primary mass 
revealed adenocarcinoma. T3N2M1b, Stage IVA by AJCC 8th ed. PD-L1 returned at 90%. 

Molecular studies reveal a targetable EGFR mutation and she is treated with first line osimertinib.

Question 2: What would you offer at progression of disease?

A: Pembrolizumab monotherapy

B: Pembrolizumab + chemotherapy (platinum/pemetrexed)

C: Chemotherapy alone (platinum/pemetrexed)  

D: Test for resistance mutations, offer clinical trial

Would be hesitant given “cold” tumor type

Best options if clinical trial not available. 
Okay to use IO following TKI, avoid in 
combination or TKI following IO. 

C797S may respond to earlier gen TKIs; also 
need to test for MET amp and rule out SCLC 
transformation  


