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The cancer-immunity cycle 

Chen DS, et al. Immunity 2013 
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For an anticancer immune response to lead to effective killing 
of cancer cells, a series of stepwise events must be initiated and 

allowed to proceed and expand iteratively 

Each stage of the cancer-immunity cycle is covered in 
further detail in ‘Basic immunology and the cancer-

immunity cycle’ 





Anti-PD1-Monoclonal Antibody Mechanism of Actio  



PD-L1 inhibitor (e.g. atezolizumab) can enhance 
T-cell priming and activation in the lymph node 

Park JJ, et al. Blood 2010; Paterson AM, et al. J Immunol 2011; Yang J, et 
al. J Immunol 2011; Chen DS, et al. Clin Cancer Res 2012. Genentech 
data, submitted 

In the lymph node 

PD-L1 inhibitor can enhance T-cell priming and activation through blocking  
the interaction of PD-L1 with B7.1 
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stimulatory signal to T cells for priming and 
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Checkmate 057: 
Non-Squamous NSCLC 

Checkmate 017: 
Squamous cell cancer 



Reckamp, et al. WCLC 2015 

CheckMate 017: updated OS 



 
PD-L1 NSCLC Sample Immunohistochemical Staining using 

the 22C3 antibody  

Gandhi L et al, AACR 2014 

PD-L1-Negative PD-L1-Positive 

Staining intensity: 0+ 
PD-L1 = 0% positive 

Staining intensity: 1+ 
PD-L1 = 2% positive 

Staining intensity: 2+ 
PD-L1 = 100% positive 

Staining intensity: 3+ 
PD-L1 = 100% positive 



Garon EB et al, ESMO, 2014 



Prevalence of PD-L1 Positivity and ORR by PD-L1 
Proportion Score: 

Prevalence, all 
screened patients, n 
(%) 

323 (39.2) 255 (31.0) 55 (6.7) 71 (8.6) 120 (14.6) 

ORR in CTA-
evaluable patients, n 
(%) [95% CI] 

7 (8.1) 
[3.3-15.9] 

19 (12.9) 
[8.0-19.4] 

6 (19.4) 
[7.5-37.5] 

13 (29.6) 
[16.8-45.2] 

39 (45.4) 
[34.6-56.5] 

Garon et al, AACR 2015 



Checkmate 017: Squamous cell cancer 



Checkmate 057: Non-Squamous NSCLC 









POPLAR: Both TC and IC are independent 
predictors of survival improvement 

PD-L1 status OS 
HRb (95% CI) 

TC1/2/3 and IC0 0.37 (0.12,1.13) 

IC1/2/3 and TC0 0.63 (0.36,1.12) 

TC1/2/3 and IC1/2/3 0.60 (0.34, 1.08) 

TC1/2/3 or IC1/2/3 0.59 (0.40, 0.85) 

IC1/2/3 and TC0 

 (86/287; 30%)a 

 

PD-L1 in IC only 

TC1/2/3 and IC0 
(33/287; 11%)a 

 

PD-L1 in TC only 

TC1/2/3 and 
IC1/2/3 

(76/287; 26%)a 

TC0 and IC0 
(92/287; 32%) 

aNumber of patients within subgroup/total study population; Percentage of total study population. bUnstratified HR. 
Data cut-off May 8, 2015. 



POPLAR: OS by PD-L1 expression 

Vansteenkiste, et al. ECC 2015 

aUnstratified HR for subgroups and stratified HR for ITT. 
Data cut-off May 8, 2015. 

Atezolizumab Docetaxel Censored + 

HRa = 0.49 (0.22, 1.07) 
P value = 0.068 
n = 47 

Median 15.5 mo 
(9.8, NE) 

Median 11.1 mo 
(6.7, 14.4) 

HRa = 0.54 (0.33, 0.89) 
P value = 0.014 
n = 105 

Median 15.1 mo 
(8.4, NE) 

Median 7.4 mo 
(6.0, 12.5) 

HRa = 0.59 (0.40, 0.85) 
P value = 0.005 
n = 195 Median 15.5 mo 

(11.0, NE) 

Median 9.2 mo 
(7.3, 12.8) 

HRa = 1.04 (0.62, 1.75) 
P value = 0.871 
n = 92 

Median 9.7 mo 
(6.7, 12.0) 

Median 9.7 mo 
(8.6, 12.0) 





KEYNOTE-010 (NCT01905657): 
International, Phase 2/3 Study 

Patients 
•Advanced NSCLC 
•Confirmed PD after ≥2 cycles of 
platinum-doublet chemotherapya 
•PD-L1 TPS ≥1% 
•ECOG PS 0-1 
•No active brain metastases 
•No serious autoimmune disease 
•No ILD or pneumonitis requiring 
systemic steroids 

Pembrolizumab  
2 mg/kg IV Q3W  

for 24 months 

Pembrolizumab  
10 mg/kg IV Q3W 

for 24 months 

R 
1:1:1 

Docetaxel 
75 mg/m2 Q3W 

per local guidelinesc 

Stratification factors:  
•ECOG PS (0 vs 1) 
•Region (East Asia vs non-East Asia) 
•PD-L1 statusb (TPS ≥50% vs 1%-49%) 

aAn appropriate tyrosine kinase inhibitor was required for patients whose tumors had an EGFR sensitizing mutation or an ALK translocation.  
bAdded after 441 patients enrolled based on results from KEYNOTE-001 (Garon EB et al. N Engl J Med. 2015;372:2018-28. 
cPatients received the maximum number of cycles permitted by the local regulatory authority. 

End points in the total population 
and TPS ≥50% stratum 

• Primary: PFS and OS 
• Secondary: ORR, duration of 

response, safety 



OS, Total Population 

Analysis cut-off date: September 30, 2015. 

Treatment Arm 
Median  

(95% CI), mo 
Rate at 

1 y 
HRa  

(95% CI) 
 

P 

Pembro 2 mg/kg 10.4 (9.4-11.9) 43.2% 0.71 (0.58-
0.88) 

0.00076 

Pembro 10 
mg/kg 

12.7 (10.0-
17.3) 

52.3% 0.61 (0.49-
0.75) 

<0.00001 

Docetaxel 8.5 (7.5-9.8) 34.6% — — 

aComparison of pembrolizumab vs docetaxel. 



OS, PD-L1 TPS ≥50% Stratum 

Analysis cut-off date: September 30, 2015. 

Treatment Arm 
Median  

(95% CI), mo 
Rate at 

1 y 
HRa  

(95% CI) 
 

P 

Pembro 2 mg/kg 14.9 (10.4-NR) 53.4% 0.54 (0.38-
0.77) 

0.00024 

Pembro 10 mg/kg 17.3 (11.8-NR) 58.1% 0.50 (0.36-
0.70) 

0.00002 

Docetaxel 8.2 (6.4-10.7) 38.0% — — 

aComparison of pembrolizumab vs docetaxel. 









Keynote -024 







Checkmate-026 



Is Combination Immune  
Checkpoint Therapy Better? 





CheckMate 067: Phase III Trial of Nivo + Ipi vs 
Nivo vs Ipi for 1st line Treatment of Melanoma 

● Coprimary endpoints: PFS, OS (OS data still blinded) 
● Secondary endpoints: ORR, tumor PD-L1 expression and efficacy, safety 

Previously untreated pts 
with unresectable stage 

III/IV melanoma and ECOG 
PS 0-1 

(N = 945) 

Nivo 1 mg/kg + Ipi 3 mg/kg q3w for 4  
doses, then Nivo 3 mg/kg q2w 

(n = 314) 

Nivo 3 mg/kg q2w + Placebo 
(n = 316) 

Wolchok JD, et al. ASCO 2015. Abstract LBA1. 

Until disease 
progression or 
unacceptable 

toxicity 

Stratified by PD-L1 expression (< 5% vs ≥ 
5%), BRAF status, and AJCC M stage 

Ipi 3 mg/kg q3w for 4 doses + Placebo 
(n = 315) 



CheckMate 067: Improved PFS with Nivo + Ipi or 
Nivo Alone vs Ipi Alone 

1.0 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 

0.1 
0 

0.2 

Pr
op

or
tio

n 
Al

iv
e 

an
d 

Pr
og

re
ss

io
n 

Fr
ee

 

Nivo + Ipi 
Nivo 
Ipi 

*Stratified log-rank P < .00001 vs Ipi. 
†Exploratory endpoint. Study not powered to detect a statistical difference between Nivo + Ipi and Nivo. 
 

Mos 
0 3 6 9 12 15 16 21 

Nivo + Ipi 
(n = 314) 

Nivo  
(n = 316) 

Ipi 
(n = 315) 

Median PFS, mos 
(95% CI) 

11.5 
(8.9-16.7) 

6.9 
(4.3-9.5) 

2.9 
(2.8-3.4) 

HR (99.5% CI) vs Ipi 0.42 
(0.31-0.57)* 

0.57 
(0.43-0.76)* 

_ 

HR (95% CI) vs Nivo 0.74 
(0.60-0.92)† 

_ _ 



Phase 1 CheckMate 012 Study Design: <br />Nivolumab Plus Ipilimumab in First-line NSCLC 

Presented By Matthew Hellmann at 2016 ASCO Annual Meeting 



Nivolumab Plus Ipilimumab in First-line NSCLC:<br />Efficacy Across All Tumor PD-L1 Expression Levels 

Presented By Matthew Hellmann at 2016 ASCO Annual Meeting 



Case of Pathological CR in One Patient Treated With Nivo 3 Q2W + Ipi 1 Q6W 

Presented By Matthew Hellmann at 2016 ASCO Annual Meeting 



Nivolumab Plus Ipilimumab in First-line NSCLC:<br />Treatment-related Select AEs 

Presented By Matthew Hellmann at 2016 ASCO Annual Meeting 





Immunotherapy + 
Chemotherapy 











Issues 

●Should we treat everyone? 



Audit of Patient Treated with Nivolumab for 
Relapsed Disease in Brisbane 



January 2016 
(Post-chemotherapy) 

68yo female patient 

• Diagnosed with metastatic 
sarcomatoid lung cancer August 
2015 following resection of a 
scalp lesion 

• Resection L distal femur 
metastasis Sept 2015  

• Received 4 cycles of carboplatin 
and gemcitabine Oct – Dec 2015 
showed progressive disease 

• Radiotherapy to a skin lesion – 
no effect 

• PS=3 but alert and well and 
symptoms related to disease only 

• Received Nivolumab  

• Complete remission 

• Feels NORMAL today! 



 
 

Biomarkers:  
The Target 



Known PD-L1 diagnostic assays differ in 
many key aspects 

Diagnostic Dako Dako Ventana Ventana 

PD-L1 antibody clone 22C3 28–8 SP263 SP142 

Machines utilised Link 48 Link 48 BenchMark ULTRA BenchMark ULTRA 

Compartment TM TM TM TC/IC 

Variables % of cells % of cells % of cells % of cells 

Cut-off used for patient 
subgroups 

Strong(+): ≥50% >1%, 5%, 10% TC PD-L1(high): ≥25%4 ≥1%, 5% or 10% for IC 
≥1%, 5% or 50% for TC  

Diagnostic type Companion 
diagnostic in NSCLC 

Complementary 
diagnostic in NSCLC 

Companion diagnostic 
in NSCLC, SCCHN and 

UC 

Complementary 
diagnostic in UC1 



Results from Blueprint demonstrate 
concordance between three assays with 

respect to TC staining 

 
 

Mean tumour cell score per case, based on three readers 
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AstraZeneca is generating proprietary data 
sets: NSCLC concordance study 

Dako  
22C3 

(Merck) Range of TC 
staining  

0% 

100% 

Ventana 
SP263 (AZ) 

Dako  
28–8 

(BMS) 



The NSCLC concordance study showed 
correlation between the  
three assays examined 

22C3 (Merck) 
28–8 (BMS) 
SP263 (AZ) 
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PD1/PDL1 Targeted 
Therapies work best 
in Inflammed Tumors 



Mutations and Response  
to Therapy 



Lung Cancer and Melanoma are Immunogenic Tumor: 
Gene Mutations Result in Neoantigens 

Alexandrov LB. Nature. 2013;500(7463):415-21. 



Nonsynonymous mutation burden (whole exome 
sequencing) associated with PFS benefit of anti–

PD-1 therapy (pembro).  

Naiyer A. Rizvi et al. Science 2015;348:124-128 
Published by AAAS 



















No Association Found Between PDL1 Expression  
and Mutational Burden 





Oncogene Drivers  
and Efficacy of Therapy 



Hussein, et al. WCLC 2015 

Pembrolizumab (KEYNOTE-001) 

Nivolumab (CA209-153 study) 
 

CR, n(%) PR, n(%) SD, n(%) 
Total patients N=531 0 63 (12) 233 (44) 

EGFR Mut+ (n=55) 0 9 (16) 26 (47) 

EGFR WT (n=300) 0 34 (11) 123 (41) 

ALK+ (n=12) 0 1 (8) 7 (58) 

ALK neg (n=299) 0 35 (12) 123 (41) 



Checkmate 057 Study Results 



Nivolumab Plus Ipilimumab in First-line NSCLC: Efficacy by Smoking and EGFR Mutation Status 

Presented By Matthew Hellmann at 2016 ASCO Annual Meeting 



Issues 

●What’s the optimal duration of 
therapy? 

–Long term toxicities 





Immune Adverse Events 
● Onset:   

– Average is 6-12 weeks after initiation of therapy 
– Can occur within days of the first dose, after several 

months of treatment, and after discontinuation of 
therapy 

● Pt complaints are autoimmune and drug related until 
proven otherwise 
– Rule out infections, metabolic causes, tumor effects, 

etc 
● Early recognition, evaluation, and treatment are critical 

 
 







Treatment 
Related 
Adverse 
Events 

Reported in 
at Least 5% 

Patients 





Progress 

● Symptoms improved with NSAIDs 
 
Other significant issue 

 
● A CT scan after 2 cycles demonstrated ground glass 

changes consistent with pneumonitis 
 



Toxicity 
●Received cycle 2 anti-PD1 therapy on the 

28/1/2016 
● 1/2/2016 contacted by wife 

– Symptoms of somnolence, memory loss, 
expressive dysphasia and ataxia 

●Admitted to hospital 
– Investigations including CT brain and MRI 

scan unremarkable apart from post-surgical 
and radiotherapy changes 

– CSF – completely normal (including 
subsequent JC virus PCR) 

 
 



Progress 
●Auto-antibody and vasculitic screen normal 
● EEG demonstrated a generalised 

encephalopathy 
●Condition deteriorated further over 3 days in 

hospital 
– Decision to commence high dose methyl-

prednisone (1G daily for 3 days and 
subsequent weaning) 

● Patients condition improved signficantly and 
symptoms on follow-up have now virtually 
resolved 

• Anti-PDL1 therapy discontinued 
 
 



Neurological side-effects 
● Neurological adverse events were considered rare with checkpoint 

inhibitors 

● Recent review of melanoma in Royal Marsden – 2.8%  

● Ipililumab associated with Guillain-Barre Syndrome, Transverse 
myelitis, Myasthenia Gravis, meningitis, and Posterior Reversible 
Encephalopathy Syndrome 

● Limbic encephalitis secondary to pembrolizumab reported 

– MRI and CSF findings abnormal but EEG no epileptiform discharges 

– cognitive decline was not reversed with high dose corticosteroids 

● The majority resolve high dose steroids, however fatalities have 
been reported  

● Significant toxicities probably under-called 

 



Issues 

●…..and the optimal duration of 
therapy? 



Deep Partial Response to Pembrolizumab 

Response ongoing 16 months after stopping Pembrolizumab 



Gettinger SN et al 



NCCN guidelines for NSCLC V5, 2017 

* Consider rebiopsy, if appropriate; ** See NCCN Guidelines for Palliative Care. 
NGS, next generation sequencing; NOS, not otherwise specified.  

1. NCCN Clinical Practice Guidelines in Oncology. Non-Small Cell Lung Cancer Version 5. 2017. Available at: 
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf (accessed April 2017) 

• Establish 
histological 
subtype with 
adequate tissue 
for molecular 
testing* 

• Smoking 
cessation 
counselling 

• Integrative 
palliative care** 

• Adenocarcinoma 
• Large cell 
• NSCLC NOS 

Molecular testing: 
• EGFR mutation 

testing (cat 1) 
• ALK testing (cat 1) 
• ROS1 testing 
• Testing should be 

conducted as part of 
broad molecular 
profiling 

• PD-L1 testing 

Sensitising 
EGFR 

mutation 
positive 

ALK positive 

EGFR, ALK, 
ROS1, PD-L1 
are negative or 

unknown 

Metastatic 
disease 

Clinical presentation Histological 
subtype 

ROS1 positive 

PD-L1 positive 
and EGFR, 
ALK, ROS1 
negative or 
unknown 

Testing 

https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf


NCCN guidelines for NSCLC V5, 2017 

* Consider rebiopsy, if appropriate; ** See NCCN Guidelines for Palliative Care. 
NGS, next generation sequencing; NOS, not otherwise specified.  

1. NCCN Clinical Practice Guidelines in Oncology. Non-Small Cell Lung Cancer Version 5. 2017. Available at: 
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf (accessed April 2017) 

• Establish 
histological 
subtype with 
adequate tissue 
for molecular 
testing* 

• Smoking 
cessation 
counselling 

• Integrative 
palliative care** 

• Adenocarcinoma 
• Large cell 
• NSCLC NOS 

Molecular testing: 
• EGFR mutation 

testing (cat 1) 
• ALK testing (cat 1) 
• ROS1 testing 
• Testing should be 

conducted as part of 
broad molecular 
profiling 

• PD-L1 testing 

Sensitising 
EGFR 

mutation 
positive 

ALK positive 

EGFR, ALK, 
ROS1, PD-L1 
are negative or 

unknown 

Metastatic 
disease 

ROS1 positive 

PD-L1 positive 
and EGFR, 
ALK, ROS1 
negative or 
unknown 

Clinical presentation Histological 
subtype 

Molecular testing: 
• Consider EGFR 

mutation and ALK 
testing especially in 
never smokers or 
small biopsy 
specimens, or mixed 
histology 

• Consider ROS1 
testing 

• Testing should be 
conducted as part of 
broad molecular 
profiling 

• PD-L1 testing 

Sensitising 
EGFR 

mutation 
positive 

ALK positive 

EGFR, ALK, 
ROS1, PD-L1 
are negative or 

unknown 

ROS1 positive 

PD-L1 positive 
and EGFR, 
ALK, ROS1 
negative or 
unknown 

Squamous cell 
carcinoma 

Testing 

https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf


Current NCCN guidelines for 1L 
treatment of stage IV NSCLC1,2 

1. https://www.nccn.org/patients/guidelines/quick_guides/lung-nsclc/treatment_options/ 2. NCCN guidelines. Non-
Small Cell Lung Cancer Version 5. 2017. Available at: https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf 

(accessed April 2017) 
a EGFR, ALK and ROS1 negative or unknown  

Stage IV 

EGFR+ 

Normal or no 
EGFR, ALK, or 
ROS1 markers  

Erlotinib, afatinib, or gefitinib 

Supportive care if unsuitable for chemotherapy 

ALK+ Crizotinib Ceritinib or alectinib 

Chemotherapy 

ROS1+ Crizotinib 

PD-L1+a Pembrolizumab 

https://www.nccn.org/patients/guidelines/quick_guides/lung-nsclc/treatment_options/
https://www.nccn.org/patients/guidelines/quick_guides/lung-nsclc/treatment_options/
https://www.nccn.org/patients/guidelines/quick_guides/lung-nsclc/treatment_options/


Conclusions 

● Immune checkpoint inhibitors targeting the 
PD1/PDL1 pathway are a new standard of care 
in the treatment of NSCLC 

● In the first line setting selection of patients 
using PDL1 IHC is required 

●Combination therapies with either anti-CTLA4 
antibodies or chemotherapy in the first line 
setting, and in patients with oncogene driver 
mutations, are promising 

●Better biomarkers to select patients, particularly 
with poor prognostic features, are required 
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