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 I will discussing non-FDA approved treatment/ indications during 
my presentation today (research findings)
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Targeted therapies

• 2nd+ generation approaches in “old” mutations: EGFR, ALK

• 1st generation approaches in “new” mutations

 Immunotherapy

• Where we’re at: PD-1 inhibition in the 2nd and 1st line

• Where we’re going: combos and early stage



Two themes

Targeted therapies

• 2nd+ generation approaches in “old” mutations: EGFR, ALK

• 1st generation approaches in “new” mutations

 Immunotherapy

• Where we’re at: PD-1 inhibition in the 2nd and 1st line

• Where we’re going: combos and early stage



Two themes

Targeted therapies

• 2nd+ generation approaches in “old” mutations: EGFR, ALK

• 1st generation approaches in “new” mutations

 Immunotherapy

• Where we’re at: PD-1 inhibition in the 2nd and 1st line

• Where we’re going: combos and early stage



Targets

Li TH.  Genotyping and genomic profiling of NSCLC: Implications for current and future therapies. JCO 2013;31(8):1039-1049.



Targets

Li TH.  Genotyping and genomic profiling of NSCLC: Implications for current and future therapies. JCO 2013;31(8):1039-1049.



Histology??



Targets

Li TH.  Genotyping and genomic profiling of NSCLC: Implications for current and future therapies. JCO 2013;31(8):1039-1049.



Targets

Li TH.  Genotyping and genomic profiling of NSCLC: Implications for current and future therapies. JCO 2013;31(8):1039-1049.



Two themes

Targeted therapies

• 2nd+ generation approaches in “old” mutations: EGFR, ALK

• 1st generation approaches in “new” mutations

 Immunotherapy

• Where we’re at: PD-1 inhibition in the 1st and 2nd line

• Where we’re going: combos and early stage



EGFR– Epidermal growth factor receptor

 10-30% of NSCLC patients

Higher prevalence among:

• Asians

• Younger patients

• Females

• Never-smokers

• Adenocarcinoma



EGFR

 3 approved first line drugs: erlotinib, gefitinib, afatinib

 2009 IPASS study (Mok et al in NEJM)



EGFR

 1st line use established since 2009…

 ...but resistance inevitably develops.

Sequist, Sci Transl Med, 2011.
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EGFR resistance: T790M, the “gatekeeper”

Osimertinib 

Engineered to inhibit EGFR exon 19/L858R AND T790M, but less 
inhibitory of normal (“wild-type”) EGFR

• Effectiveness when erlotinib (or others) fail

• Fewer toxicities

Janne, NEJM 2015.



EGFR resistance: T790M, the “gatekeeper”

AURA3: osimertinib vs platinum-pemetrexed in T790M+

PFS 10.1 vs 4.4 mo, HR 0.3, p<0.001

Mok, NEJM 2017.



Osimertinib first line

FLAURA: osimertinib vs erlotinib/gefitinib (not selected for T790M)

Soria, NEJM 2017.



EGFR take-home points

Cancers evolve

Biopsy at the beginning to figure out the driver mutation

• ...and consider biopsy at progression to figure out the resistance 
mechanism 

• Osimertinib should follow 1st line 1st/2nd gen EGFR agent if 
T790M found

• ...and should now be 1st line in most patients (pending approval)

Future directions:

• Study resistance to osimertinib?

• 3rd/4th generation drugs?



EGFR– epidermal 

 10-30% of NSCLC patients

Higher prevalence among:

• Asians

• Younger patients

• Females

• Never-smokers

• Adenocarcinoma

 4-7% of NSCLC patients

Higher prevalence among:

• -

• Younger patients

• -

• Never-smokers

• Adenocarcinoma

ALK– anaplastic 
lymphoma kinasegrowth factor receptor 



ALK
 2007 detected as an alteration in NSCLC

 2011 crizotinib approved

• Single-arm ORR 50, 61%

• Vs docetaxel in the 2nd line, PFS 7.7 vs 3.0 mos

• Vs platinum combo in the 1st line, PFS 10.9 vs 7.0 mos

Solomon, NEJM 2014



ALK
…but resistance inevitably develops.

Why?

• Crizotinib good, not great as an ALK inhibitor, so cancer can 
overcome it

• Poor brain penetration, so cancer can thrive there

• Other mutations develop

 2nd generation ALK inhibitors– better ALK activity, better CNS 
activity

• Ceritinib approved 2014 (duration 7.1 mos post-crizotinib)

• Alectinib approved 2015 (duration 7.5 mos post-crizotinib)



ALK resistance
But what about 2nd generation first line?

ALEX (ASCO 2017, NEJM 2017), alectinib vs crizotinib

• RR 83 vs 76%

Peters, NEJM 2017

FDA approved 11/17



ALK take-home points
Cancers evolve

Biopsy at the beginning to figure out the driver mutation
• And biopsy at progression 

to determine next drug?

• Lorlatinib

‒ RR 31% after 3 prior TKIs

Gainor, Cancer Discovery, 2016
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Targets other than EGFR and ALK

 ASCO 2015
• BRAF V600E (more often seen in melanoma), 1-2%

‒ Dabrafenib + trametinib ORR 63%, PFS 9.7mo
‒ Now FDA approved for NSCLC

 ASCO 2016
• MET exon 14 skipping, 3-4%

‒ (often older patients, current/former smokers, sarcomatoid)
‒ Crizotinib ORR 44%, PFS not yet reached

• RET rearrangement, 1-2%
‒ Cabozantinib ORR 38%
‒ Vandetinib ORR 53%



Take-home points on other targets

You can’t treat a mutation you don’t know



The NCCN NSCLC 
Guidelines panel 
strongly advises 
broader molecular 
profiling with the goal of 
identifying rare driver 
mutations for which 
effective drugs may 
already be available, or 
to appropriately counsel 
patients regarding the 
availability of clinical 
trials. Broad molecular 
profiling is a key 
component of the 
improvement of care of 
patients with NSCLC. 



Take-home points on other targets

You can’t treat a mutation you don’t know

Beyond EGFR and ALK, drugs may not be FDA-approved

• Should we treat?



NCCN on “emerging targeted agents”



Take-home points on other targets

You can’t treat a mutation you don’t know

Beyond EGFR and ALK, drugs may not be FDA-approved

• Should we treat?

• Consider clinical trials! Access to new drugs, data for everyone.



Two themes

Targeted therapies

• 2nd+ generation approaches in “old” mutations: EGFR, ALK

• 1st generation approaches in “new” mutations

 Immunotherapy

• Where we’re at: PD-1 inhibition in the 2nd and 1st line

• Where we’re going: combos and early stage



Immunotherapy: Not a new idea

Cancer Research Institute website



Immunotherapy: PD1/PD-L1 (and CTLA4)

Ribas A. NEJM 2012





Immunotherapy- PD1/PD-L1

 High rates of somatic mutations in lung cancer may contribute to increased 
immunogenicity

 Therapies targeting the PD-L1/PD-1 pathway will alter the treatment of NSCLC

1Lawrence MS, et al. Nature. 2013;499(7457):214-218.
2Chen DS, et al. CCR. 2012.





Checkmate 017:
Nivolumab vs docetaxel in squamous cell NSCLC

Nivolumab prescribing instructions



Checkmate 017/057: Nivolumab vs docetaxel
Squamous Non-squamous

Response rate on 057

• Nivo 19% vs docetaxel 12%

Median duration of response

• Nivo 17.2mo vs docetaxel 5.6mo

Nivolumab PI, Paz-Ares, ASCO 2015

Response rate

• Nivo 20% vs docetaxel 9%

Median duration of response

• Nivo NR vs docetaxel 8.4mo



Checkmate 057: Nivo vs doce in non-squam NSCLC

Paz-Ares, ASCO 2015



Checkmate 057: Nivo vs doce in non-squam NSCLC

Paz-Ares, ASCO 2015



KEYNOTE-010: 
Pembrolizumab vs docetaxel in PD-L1+ NSCLC

Overall survival 

PD-L1>50% pts

‒ Pembro 14.9 vs 17.3 vs 
docetaxel 8.2 mo

All pts PD-L1>1%

‒ Pembro 10.2 vs 12.7 vs 
docetaxel 8.5 mo

Herbst, Lancet 2016



OAK: Atezolizumab vs docetaxel, 2nd or 3rd line
(PD-L1 inhibitor)

Barlesi, ESMO 2016



Safety of  PD-1 inhibitors

Herbst, Lancet 2016

Superior 
tolerability 

compared to 
chemo

Immune-
related 

toxicity is 
unique: 
anything 

“-itis”



PD-1 inhibitor 2nd line take-home messages

 Nivolumab, pembrolizumab and atezolizumab with similar benefit and 
toxicity, ~20% in all comers

• Nivo and atezo approved for all comers 2nd line

• Pembro approved for PD-L1+ >1% 2nd line

‒ Nivo q2w, atezo and pembro q3w

 Toxicities DIFFERENT than chemo

• Majority find it better tolerated…

• ...but any organ can be inflamed

• Low threshold to evaluate CT chest (pneumonitis), thyroid function tests 
(hypo or hyperthyroiditis), etc

• Consider use of steroid, other immune modulators



PD-1 inhibitor 1st line?

 1st line trials presented at ESMO 2016

• Pembro vs chemo in PD-L1≥50% 

• Nivo vs chemo in PD-L1≥5% 



PD-1 inhibitor 1st line?

 1st line trials presented at ESMO 2016

• Pembro vs chemo in PD-L1≥50% POSITIVE

• Nivo vs chemo in PD-L1≥5% NEGATIVE



Pembrolizumab 1st line (PD-L1≥50%)

Recht, ESMO 2016
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Pembrolizumab 1st line (PD-L1≥50%)



Recht, ESMO 2016

Crossover from chemo to pembro: 66/151 (44%)

Pembrolizumab 1st line (PD-L1≥50%)



Recht, ESMO 2016

Pembrolizumab 1st line (PD-L1≥50%)



Socinski, ESMO 2016

Nivolumab 1st line (PD-L1≥5%)
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Nivolumab 1st line (PD-L1≥5%)



Take-home points: 1st line

And 2nd line (if chemo 1st line):
• Nivolumab
• Pembrolizumab (PD-L1>1%)
• Atezolizumab



Two themes
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• Where we’re at: PD-1 inhibition in the 2nd and 1st line

• Where we’re going: combos and early stage



Future of  immunotherapy in NSCLC

Use PD1 inhibitors with chemo?
• Motivation: Cancer cell death  release cancer cell antigens  improved priming and 

activation might let PD1 inhibitors work better

• Caveats:

‒ Steroids with some chemos

‒ General immunosuppressive state post-chemo

‒ Compound toxicity

Awaiting phase 3 studies of chemo +/- PD1 inhibitors
• Early data: Langer et al (Lancet Oncol and ESMO 2016), n=123 carboplatin/pemetrexed 

+/- pembrolizumab

‒ RR 55 vs 29%, PFS 13.0 vs 8.9 mo

APPROVED by FDA 5/10/17, before phase 3 data released



Future of  immunotherapy in NSCLC

Use PD1 inhibitors with other immunotherapy?
• Motivation: PD1 inhibition alone only works in 20% of tumors– what about the 

rest? Can we prime for response to PD1 inhibition?

• Caveats:

‒ Hard to anticipate results based on pre-clinical models

‒ Additive (even synergistic) efficacy possible, but so is additional toxicity

Awaiting studies of chemo vs PD1 vs PD1/CTLA4 
• CTLA4 inhibitor already approved in melanoma (ipilimumab)

• Early data: Hellman et al (ASCO 2016) nivolumab vs nivolumab/ipilimumab



Early data: 1st line nivo/ipi

Hellman, ASCO 2016

Await data from adequately powered phase 3 trials… next year?



Early data: 1st line nivo/ipi

Hellman, ASCO 2016



Future of  immunotherapy in NSCLC

Use PD1 inhibitors in early stage disease?

• Motivation: Potential downstaging, research platform for 
evaluating treatment effect in vivo

• Caveats:

‒ Toxicity

‒ Upstaging if not effective, esp in aggressive tumors

Awaiting early studies



Early data: Neoadjuvant nivo



UCSF efforts: Neoadjuvant pembrolizumab

 2 approved investigator-initiated studies

• PembroX (Yom, Fong, Gubens, Jablons)

‒ Neoadjuvant pembro +/- XRT 

• “IO-SPY Lung” (Gubens, Fong, Jablons)

‒ Neoadjuvant pembro combinations



UCSF efforts: Neoadjuvant pembrolizumab

 “IO-SPY Lung” (Gubens, Fong, Jablons)

varlilumab = CD27 agonist, epacadostat = IDO inhibitor



Future of  immunotherapy in NSCLC

Chen and Mellman, Immunity 2013 



Future of  immunotherapy in NSCLC

Chen and Mellman, Immunity 2013 



Future of  immunotherapy key points

Stay tuned…

• for data on chemo combos

• for data on immunotherapy combos

• for data on immunotherapy in earlier stage disease

Clinical trials are the way forward

• Special role for immunoREFRACTORY patients

Value in medicine







Future of  immunotherapy key points

Stay tuned…

• for data on chemo combos

• for data on immunotherapy combos

• for data on immunotherapy in earlier stage disease

Clinical trials are the way forward

• Special role for immunoREFRACTORY patients

Value in medicine

• These are expensive drugs…

• ...but optimizing them (better combos, better patient selection) 
may yield superior value by meaningfully improving survival in 
our patients



Thank you!
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