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Total Incidence and 
Mortality

NCI SEER Database 2016. http://seer.cancer.gov/statfacts/html/lungb.html

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


Poor Survival

NCI SEER Database 2014. http://seer.cancer.gov/statfacts/html/lungb.html

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


Next Generation 
Chemotherapy 2002

• ECOG 1594

• 4 platinum-doublet 
chemotherapies have 
equivalent PFS and OS

• mOS = 7.9 months

• Carboplatin and paclitaxel 
preferred regimen

Schiller JH, et al. NEJM 2002
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Lung Cancer 2016+
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Drug Development

Anti PD-1 Drugs: Trial Names:

• Nivolumab (Opdivo®) CHECKMATE

• Pembrolizumab (Keytruda®) KEYNOTE

• Pidilizumab (CT-011)

Anti PD-L1 Drugs:

• Atezolizumab (MPDL3280A) Trees (Birch, Fir, Oak); IMpower

• Durvalumab (MEDI4736) ATLANTIC, PACIFIC, ARCTIC, NEPTUNE

• BMS935559 (MDX-1105)

• Avelumab (MSB0010718C) JAVELIN

Anti CTLA4 Drugs:

• Ipilimumab (Yervoy®)

• Tremelimumab



18% RR (14 of 76) for patients with NSCLC

Nivolumab Phase I



Nivolumab Trials

Early Phase

• 001
• Multiple solid tumors, NSCLC expansion cohort

• Median duration of response 17 months

• NEJM 2012 (Topalian), J Clin Oncol 2015 (Gettinger)

• 063
• Single arm phase II, nivolumab monotherapy for SCC

• ≥ 2 prior chemotherapies (platinum doublet, docetaxel)

• 14.5% RR (17 of 117)

• March 2015, Lancet Oncology (Rizvi)



Checkmate 001

Gettinger SN. J Clin Oncol. 2015;33(18):2004



Checkmate 001

Gettinger SN. J Clin Oncol. 2015;33(18):2004



Lancet Oncology 2015; 16: 257, Figure 2

Checkmate 063



Checkmate, Ph III - Results

• SCC

• Nivo vs. docetaxel

• ORR
• 20% vs. 9%

• P=0.0083

• Median DOR
• NR vs. 8.4 mo

• Median OS
• 9.2 mo vs. 6.0 mo

• HR 0.59, p=0.00025

• Non-Squamous

• Nivo vs. docetaxel

• ORR 
• 19% vs 12%

• HR 1.72, p=0.0246

• Median DOR 
• 17.2 mo vs. 5.6 mo

• Median OS
• 12.2 mo vs. 9.4 mo

• HR 0.73, p=0.0015

Checkmate 017 Checkmate 057



Brahmer et al. N Engl J Med 2015; 373:123-135

Checkmate 017



Checkmate 017 Toxicity

Brahmer et al. N Engl J Med 2015; 373:123-135



Pembro, Atezo

• Keynote 001 

• 495 pts with NSCLC

• ORR 19.4%

• ORR of 45.2% with PDL1>50% (more 
later)

• Keynote 010

• Phase III

• BIRCH (ESMO 2015)
• 667 pts

• PDL1 (2+/3+)

• ORR 17-27%

• Increasing PDL1 associated with higher RR

• FIR (ASCO 2015)
• Similar results, 138 pts

• POPLAR  (ASCO 2015)
• Phase II vs. docetaxel

• Improved OS, 12.6 mo vs. 9.7

• OAK (ESMO 2016)
• Phase III vs. docetaxel

• Improves OS

Pembrolizumab (MK-3475) Atezolizumab (MPDL3280A)

Garon et al, NEJM 2015;372:21
Besse B, et al. ESMO 2015, abst:16LBA
Spigel D, et al. ASCO 2015, abst:8028
Fehrenbacher , et al. Lancet 2016
Barlesi F, et al. ESMO 2016; abst:LBA44



Keynote 001
Adverse Events

Garon et al, NEJM 2015;372:21



Keynote 010

• Phase II/III randomized trial

• 2nd line after platinum doublet

• PDL1 expression ≥ 1%

• 1:1:1 randomization:

• Pembrolizumab 2 mg/kg q3 weeks

• Pembrolizumab 10 mg/kg q3 weeks

• Docetaxel 75 mg/kg q3 weeks

Herbst RS, et al. Lancet 2016;387:1540-50



Keynote 010

Herbst RS, et al. Lancet 2016;387:1540-50



Keynote 010

All patients (PD-L1 ≥ 1%) PD-L1 ≥ 50%

Herbst RS, et al. Lancet 2016;387:1540-50

mOS
Pembro 10: 12.7
Pembro 2: 10.4
Docetaxel: 8.4

mOS
Pembro 10: 17.3
Pembro 2: 14.9
Docetaxel: 8.2



FDA Approvals

• Nivolumab 3 mg/kg 240 mg every 2 weeks 
• March 4, 2015

• Squamous NSCLC (Checkmate 063 and 017)

• October 9, 2015 
• Non-Squamous NSCLC (Checkmate 057)

• September 2016 
• Dose modification to 240 mg q2 weeks

• Pembrolizumab 2mg/kg every 3 weeks
• October 2, 2015

• NSCLC (any histology), PDL1 positive (Keynote 001)
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Immunotherapy toxicity

• Treatment
• Grade 3-4 toxicity* (life-threatening)

• Permanently discontinue
• Initiate prednisone 1-2 mg/kg day
• Taper over 1 month

• Grade 2-3 toxicity (requiring intervention/hospitalization)
• Hold immunotherapy until Grade 0-1
• Steroids as above

• Other grade 1 toxicity
• Observe

• *For grade 3 nephritis, pneumonitis, hypophysitis, Type I 
diabetes, LFT elevations, permanently discontinue



Immunotherapy toxicity 
(melanoma)

OS by immune toxicity OS by steroids received

Horvat et al. JCO 2015;33:3193-3198



Case #1

• 66 yo F former 15 pk-yr smoker, presented with weight 
loss, dyspnea, cough.  Mediastinal lymphadenopathy with 
bilateral lung nodules, liver and adrenal metastases

• Stage IV lung adenocarcinoma
• EGFR, ALK, ROS1 wild-type

• Treatments:
• Carboplatin/pemetrexed x 6 cycles

• Maintenance pemetrexed x 4 months

• Docetaxel, 11 months

• Gemcitabine, 4 months

• Started Nivolumab



2 months 4 months 10 months

Nivolumab started “Progression”

Nivolumab
continued

Developed uveitis, 
grade 2
Topical steroids

7 Months
Uveitis + cataracts, 
held nivo 1 month, 
prednisone 1 
mg/kg

Baseline



10 months

12 months

Pneumonitis requiring O2 and 
hospitalization
- Bronchoscopy: lymphocyte 

predominate, negative for 
infectious etiology

- Prednisone 1 mg/kg
- Discharged w/o oxygen

14 months

Stable disease
Resolution of pneumonitis



Case #2

• 79 yo M former 35 pk-yr smoker with COPD, CAD, PE, 
presented with worsening dry cough and dyspnea.  
CXR showed lung mass.  CT and PET imaging with 
bilateral lung masses and right hilar lymphadenopathy.

• Stage IV lung squamous cell carcinoma

• Treatment course:
• Carboplatin/gemcitabine x 4 cycles, responsive disease

• Progression 2 months later

• Started Nivolumab 3 mg/kg 
• 6 months after diagnosis





Case #2: Nivolumab



Case #2: Nivolumab

8 weeks

8 Weeks
No complaints

Cough improved.  

Increased light-
moderate physical 
activity

SpO2: 92%/RA 
(baseline COPD)



Case #2: Nivolumab

8 weeks 14 weeks



Case #2 - Pneumonitis

• Week 14
• Patient reports increased dyspnea on exertion
• Remains active, but more limited
• SpO2: 85%/RA, corrected to 92%/2L O2 while ambulating
• methylprednisolone 125mg IV, 
• Prednisone 1 mg/kg daily, arranged for home O2.

• Week 15 (~11 months after diagnosis)
• Resolution of dyspnea, increased appetite
• Not wearing O2
• 92% on RA
• Initiated slow prednisone taper over 4 weeks
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Keynote 001: 356 patients, Pembrolizumab

Garon et al, NEJM 2015

PDL1 Expression



CHECKMATE 017 (SCC):

PDL1 Expression

Brahmer et al. N Engl J Med 2015; 373:123-135



Borghaei H, et al. NEJM 2015; 373:1627-1639

PDL1 Expression: Checkmate 
057 (non-squamous)



PDL1 Expression

Borghaei H, et al. NEJM 2015; 373:1627-1639

Who are these 
patients who 
may be better 
served by 2nd

line docetaxel?



Toxicity

Brahmer et al. N Engl J Med 2015; 373:123-135



Immunotherapy

• Immunology and checkpoint regulation

• Notable Clinical Trials

• PDL1 expression

• Future directions

• ESMO 2016 updates



First line PD-1 vs. chemo

• Pembrolizumab vs. 
chemo

• PDL1 ≥ 50%

• PFS 10.3 mo vs. 6 mo, 
(HR 0.50, p<0.001)

• RR 44.8% vs. 27.8%

• OS significant, medians 
not reached

• Nivolumab vs. chemo

• PDL1 ≥ 5%

• PFS 4.2 vs 5.9 mo
(HR 1.15, p=0.25)

KEYNOTE 024 Checkmate 026

Socinski M, et al. ESMO 2016, abst: LBA7Reck M, et al. NEJM 2016
Reck M, et al. ESMO 2016, abst: LBA8



Keynote 024 PFS, OS

PFS OS

Reck M, et al. NEJM 2016



Pembro + Chemo
Keynote 021, G

Langer CJ, et al. Lancet Oncology 2016, epub ahead of print



Keynote 021, PFS

Langer CJ, et al. Lancet Oncology 2016, epub ahead of print



POPLAR, Phase II

Fehrenbacher , et al. Lancet 2016, epub ahead of print



OAK, Phase III

Barlesi F, et al. ESMO 2016; abst:LBA44_PR



Possible roles for 
immunotherapy

• Use as first line single agent

• Keynote 024

• Combination with chemotherapy (1st and 2nd+ line chemo)

• Keynote 189, IMpower studies

• Maintenance after chemotherapy

• Adjuvant for stage I-III

• ANVIL (part of ALCHEMIST trials program)

• PACIFIC: durvalumab (MEDI4736) – Stage III

• HCRN 14-179: after concurrent chemoRT

• Combination immunotherapy

• CTLA4 + PD-1 

• Lung-MAP

• Checkmate 012

• Keynote 021, Cohorts D, H

• Checkmate 227, Phase III vs. chemo 1st line

• NEPTUNE, Medimune + tremelimumab vs. chemo

• PD-1 plus others (LAG3, etc.)

• Immunotherapy + targeted therapy (EGFR, etc.)

• Keynote 021

• Checkmate 370

• AZD9291 + durvalumab for T790M+



Key Questions

• Increased antigen load = increased efficacy?

• Concurrent with chemotherapy

• Concurrent with radiotherapy

• Effects of prior chemotherapy?

• Certain chemotherapy agents may be deleterious to 
tumor infiltrating lymphocytes or promote Treg

• Effects of corticosteroids when given with 
chemotherapy



Summary

• Nivolumab
• FDA approved for the treatment of 2nd line or greater SCC-NSCLC based on CHECKMATE 

017 and CHECKMATE 063 and for NS-NSCLC based on CHECKMATE 057.
• Improved OS vs. docetaxel

• Pembrolizumab
• FDA Approved based on KEYNOTE 001 and KEYNOTE 010

• Improved OS vs. docetaxel

• KEYNOTE 024: Improved OS vs. chemotherapy for PDL1 ≥ 50%

• Atezolizumab
• FDA breakthrough designation

• OS benefit compared to docetaxel from Ph II POPLAR and Ph III OAK studies

• SAEs are usually mild and less frequent than with chemotherapy

• PDL1 expression seems to play a role, but there may be differences between 
drugs, assays, histology that need to be further explored.

• Many areas of active research, including clinical trials at UVA




