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Lung cancer
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Treatment options for NSCLC

Local disease

• Surgery

• Stereotactic body radiation 
therapy

• Chemotherapy

Stage III unresectable disease

• Concurrent chemo-radiation

• Consolidation immunotherapy

Metastatic disease

• Chemotherapy

• Targeted therapies

• Immunotherapy

• Radiation therapy
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Metastatic NSCLC treatment options 
overview

Drug type Molecular 
format

Administration 
route

Example for NSCLC Typical dosing 
regimen

Chemotherapy Small molecule Intravenous, 
occasionally oral

Nab-paclitaxel 100 mg/m2 on days 1, 
8, 15 of 21-day cycle

Targeted therapy Small molecule Oral Osimertinib (kinase 
inhibitor)

80 mg tablet once a 
day

Targeted antibody 
therapy

Antibody Intravenous Bevacizumab (VEGF-A 
inhibitor)

15 mg/kg Q3W

Immune 
checkpoint 
inhibitor

Antibody Intravenous Pembrolizumab (PD-1 
inhibitor)

200 mg Q3W or 400 
mg Q6W

Mancheril, Hosp Pharm 2014. #LearnACI

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4252182/


Immune checkpoint inhibitors in 
lung cancer

Nivolumab

PD-1

Pembrolizumab

PD-1

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
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Outline

• Non-small cell lung cancer
• Front-line – PD-L1-selected and unselected

• Later lines of treatment

• Stage III

• Small cell lung cancer

• Future directions for lung cancer immunotherapy
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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



Brief aside: PD-L1 TPS vs CPS

𝐶𝑃𝑆 =
# 𝑜𝑓 PD−L1 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑒𝑙𝑙𝑠 (𝑡𝑢𝑚𝑜𝑟 𝑐𝑒𝑙𝑙𝑠, 𝑙𝑦𝑚𝑝ℎ𝑜𝑐𝑦𝑡𝑒𝑠,𝑚𝑎𝑐𝑟𝑜𝑝ℎ𝑎𝑔𝑒𝑠)

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑢𝑚𝑜𝑟 𝑎𝑛𝑑 𝑖𝑚𝑚𝑢𝑛𝑒 𝑐𝑒𝑙𝑙𝑠
× 100

𝑇𝑃𝑆 =
# 𝑜𝑓 PD−L1 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑡𝑢𝑚𝑜𝑟 𝑐𝑒𝑙𝑙𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑖𝑎𝑏𝑙𝑒 𝑡𝑢𝑚𝑜𝑟 𝑐𝑒𝑙𝑙𝑠
× 100

𝐶𝑃𝑆 =
6 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑡𝑢𝑚𝑜𝑟 𝑐𝑒𝑙𝑙𝑠+2 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑖𝑚𝑚𝑢𝑛𝑒 𝑐𝑒𝑙𝑙𝑠

22 𝑡𝑜𝑡𝑎𝑙 𝑐𝑒𝑙𝑙𝑠
× 100 =36

𝑇𝑃𝑆 =
6 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑡𝑢𝑚𝑜𝑟 𝑐𝑒𝑙𝑙𝑠

14 𝑡𝑜𝑡𝑎𝑙 𝑡𝑢𝑚𝑜𝑟 𝑐𝑒𝑙𝑙𝑠
× 100 = 43

PD-L1-positive immune cell

PD-L1-negative immune cell

PD-L1-positive tumor cell

PD-L1-negative tumor cell



Treatment Naïve Regimens: Competing 
Strategies in NSCLC by biomarker status

PD-L1-selected PD-L1-unselected

Nivolumab + ipilimumab
CheckMate 227

Nivolumab + ipilimumab + platinum-doublet
CheckMate 9LA

Pembrolizumab
KEYNOTE-024, -042

Pembrolizumab + chemotherapy
KEYNOTE-189, -407

Atezolizumab
IMpower110

Atezolizumab + bevacizumab + chemotherapy
IMpower150

Atezolizumab + chemotherapy
Impower130
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CheckMate 227: Ipilimumab + nivolumab
vs chemotherapy for 1L NSCLC

#LearnACIRamalingam, ASCO 2020.
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KEYNOTE-024: Pembrolizumab vs. 
Chemotherapy for PD-L1 ≥ 50% NSCLC

Reck, J Clin Oncol 2019. #LearnACI

https://ascopubs.org/doi/full/10.1200/JCO.18.00149?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed


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 
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IMpower110: Atezolizumab vs 
chemotherapy in 1L NSCLC

Herbst, ESMO-IO 2019. #LearnACI

TC3
IC3

TC > 50%
IC > 10%

TC2/3
IC2/3

TC > 5%
IC > 5%

TC1/2/3
IC1/2/3

TC >1%
IC >1%



Treatments not reliant on PD-L1 
expression
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CheckMate 9LA: Nivolumab/Ipilimumab 
+ limited chemo

Reck M et al, ASCO 2020. #LearnACI



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

Gadgeel, J Clin Oncol 2020. #LearnACI
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https://ascopubs.org/doi/full/10.1200/JCO.19.03136?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed


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

Paz-Ares et al, N Engl J Med 2018. #LearnACI



Socinski et al, NEJM 2018

IMpower150: Atezolizumab/Carboplatin/
Paclitaxel/Bevacizumab vs Carboplatin/Paclitaxel/
Bevacizumab in Advanced Non-Squamous NSCLC

#LearnACI



IMpower130: Atezolizumab + chemo vs 
chemo alone for non-squamous NSCLC

#LearnACIWest, Lancet 2019



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



Second-line use of ICIs in NSCLC

Vokes, Ann Oncol 2018.
Herbst, Lancet 2016.
Fehrenbacker, J Thorac Oncol 2018.

#LearnACI

Study Treatment arms ORR
Median PFS 

(months)
Median OS 
(months)

CheckMate 017 and 
CheckMate 057

Nivolumab 19% 2.56 11.1

Docetaxel 11% 3.52 8.1

KEYNOTE-010
(PD-L1 TPS ≥ 1%)

Pembrolizumab 18% 4.0 12.7

Docetaxel 9% 4.0 8.5

OAK
Atezolizumab 14% 2.8 13.8

Docetaxel 13% 4.0 9.6



Immunotherapy for stage III NSCLC

#LearnACI

Drug Indication Dose

Durvalumab
Stage III NSCLC, ineligible for surgery and 
without progression after chemoradiation

10 mg/kg Q2W

Pembrolizumab
1st line stage III NSCLC (not candidate for 

resection or definitive chemoradiation) with 
PD-L1 TPS ≥ 1%

200 mg Q3W or 400 mg Q6W



PACIFIC: Durvalumab consolidation 
therapy for stage III NSCLC

#LearnACI

Antonia, N Engl J Med 2017.
Gray, J Thorac Oncol 2020.



Outline

• Non-small cell lung cancer
• Front-line – PD-L1-selected and unselected

• Later lines of treatment

• Stage III

• Small cell lung cancer

• Future directions for lung cancer immunotherapy

#LearnACI



Small cell lung cancer

• 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

#LearnACI



Approved checkpoint inhibitors in 
SCLC

Drug Indication Dose

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

one other therapy (3rd line)
200 mg Q3W or 400 mg Q6W

Atezolizumab + 
carboplatin + 

etoposide
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

Durvalumab + 
etoposide + 

carboplatin/cisplatin
1st line extensive stage SCLC

For 4 cycles: 1500 mg durvalumab Q3W + 
chemotherapy; Maintenance: 1500 mg 

durvalumab Q4W

#LearnACI



Front-line ICIs in SCLC

#LearnACI
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Later-line ICIs in SCLC

#LearnACI
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Outline

• Non-small cell lung cancer
• Front-line – PD-L1-selected and unselected

• Later lines of treatment

• Stage III

• Small cell lung cancer

• Future directions for lung cancer immunotherapy

#LearnACI



In development: answering 
outstanding questions

• Biomarker-driven treatment

• Timing of different treatments and combinations

• Emerging toxicities

#LearnACI



In development: answering 
outstanding questions

• Biomarker-driven treatment

• Timing of different treatments and combinations

• Emerging toxicities
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In development: answering 
outstanding questions

• Biomarker-driven treatment

• Timing of different treatments and combinations

• Emerging toxicities

#LearnACI

Stratification
• PD-L1 status
• Smoking status

R
A
N
D
O
M
I
Z
A
T
I
O
N

Pembrolizumab

Pembrolizumab

Induction
Pembrolizumab + 

pemetrexed + 
carboplatin

Maintenance
Pembrolizumab + 

pemetrexed

Pemetrexed + 
carboplatin

Pembrolizumab
+pemetrexed + 

carboplatin

Not specified

Arm A

Arm B

Arm C

1st-line treatment

1st-line treatment

1st-line treatment

2nd-line treatment

2nd-line treatment

2nd-line treatment

INSIGNIA trial



In development: answering 
outstanding questions

• Biomarker-driven treatment

• Timing of different treatments and combinations

• Emerging toxicities – radiation and ICIs

#LearnACISchoenfeld, J Immunother Cancer 2019. 



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

• Many front-line options available for NSCLC

• Clear-cut biomarkers still lacking

• SCLC and mesothelioma are beginning to benefit from 
immune checkpoint inhibitor treatments

#LearnACI



Resources
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Case Study 
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Case Presentation 

Mr Y is 61 y.o male never smoker who was diagnosed with Stage IV adenocarcinoma from lung 
primary with an EGFR exon 19 deletion on tumor next generation sequencing and a tumor PD-L1 
TPS (22C3) of 80%. He was started on 1st line therapy with EGFR Tyrosine Kinase inhibitor 
Osimertinib , with a good response to treatment that lasted for 2 years before he developed 
widespread progression of disease. A plasma- based next generation panel was checked and he 
currently does not have any potentially targetable actionable mutations. He presents in clinic today 
to discuss options for next line treatment. Which of the following would NOT be preferred as an 
option for second line treatment for him ?

1. Carboplatin + pemetrexed with or without bevacizumab 

2. Carboplatin + paclitaxel + bevacizumab plus atezolizumab 

3. Single agent nivolumab , pembrolizumab or atezolizumab 



Case Study 1

Mr Y is 61 y.o male never smoker who was diagnosed with Stage IV adenocarcinoma from lung 
primary with an EGFR exon 19 deletion on tumor next generation sequencing and a tumor PD-L1 
TPS (22C3) of 80%. He was started on 1st line therapy with EGFR Tyrosine Kinase inhibitor 
Osimertinib , with a good response to treatment that lasted for 2 years before he developed 
widespread progression of disease. A plasma- based next generation panel was checked and he 
currently does not have any potentially targetable actionable mutations. He presents in clinic today 
to discuss options for next line treatment. Which of the following  regimens would NOT be preferred 
as an option for second line treatment for him ? 

1. Carboplatin + pemetrexed with or without bevacizumab 

2. Carboplatin + paclitaxel + bevacizumab plus atezolizumab

3. Single agent nivolumab , pembrolizumab or atezolizumab 



Immunotherapy in driver mutated NSCLC 

IMMUNOTHERAPY IN TREATMENT OF NSCLC WITH MUTATIONS IN EGFR OR ALK: When and how?

• Patients harboring EFGR sensitizing and ALK mutations failed to demonstrate benefit from PD-1/PD-L1 therapy in 
the phase III trials that evaluated single agent immunotherapy vs Docetaxel in relapse/ refractory advanced 
NSCLC. 1-5

• PD-L1 expression has been described as mechanism of immune invasion for EGFR mutant NSCLC in preclinical 
studies ad may not be a marker of adaptive immune response. 6

• Most of the first line chemo-immunotherapy trials excluded patients with EGFR sensitizing or ALK mutations 
except IMpower150 that included a subset of chemotherapy and immunotherapy naïve patients with EGFR or 
ALK mutations 
• In subset analysis chemotherapy and immunotherapy naïve patients with EGFR sensitizing mutations 

showed an improvement in OS (HR:0.31, 95% CI 0.11,0.83) and PFS (HR: 0.41  95% CI 0.23,0.75)when 
treated with combination of carboplatin, (nab)paclitaxel, atezolizumab and bevacizumab compared to 
carboplatin, (nab)paclitaxel and bevacizumab. 7

• There are several ongoing studies evaluating the role of immunotherapy combinations in this unique subset of 
patients with NSCLC (NCT03786692, NCT03515837)
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