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l General approach to immunotherapy 

l Learn pathophysiology of checkpoint inhibitors.

l Review the landmark trials that lead to FDA approvals.

Presentation Objectives
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ImmuneModulatory	Receptors

Turning Up The Activating Blocking the Inhibiting

Activating Inhibiting

Mellman I et al. Nature. 2011 ;480:480-489.





• Autologous and allogeneic tumor cell cancer vaccines
• Intratumoral Bacillus Calmette-Guérin

• IFN-α
• IL-2
• IL-2	and LAK cells
• Other cytokines (TNF, IFNγ)
• IL-2	and TILs

• Gene-transfected tumor cell vaccines
• Defined antigen vaccines, viral vectors, and DCs

• Blockade of T-cell activation checkpoints (CTLA-4)
• Lymphocyte ablation + TIL
• T-cell and DC co-stimulatoryantibodies
• Blockade of tumor immune suppressivemechanisms (PD-1)
• Gene (CAR, TCR, cytokine)modified lymphocytes for adoptive cell transfer
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2011 • Combination of immune checkpoint inhibitors (CTLA-4, PD-1)

Historical	Overview	of	Development	of	Immunotherapy	
Approaches	in	Melanoma	



Surgery Branch,NCI: Overall SurvivalWith High Dose IL-21

1.	Smith FOet al.	Clin CancerRes. 2008;14(17):5610-5618.



Yang, J. C. et al. J Clin Oncol; 24:5576-5583 2006

Survival of 156 patients with metastatic renal cell cancer randomly assigned
to receive high-dose bolus interleukin-2



1. Co-stimulation
via CD28 ligation
transduces T-cell
activating signals

2.	CTLA-4	ligation	
on	activated	T-cells	
down-regulates	T-
cell	responses

3.	T-cell	function	in	
tissue	is	subject	to	
feedback	inhibition

MHC

TCR

T-cell CTLA-4

APC

MHC

TCR

T-
cell

TCR	
PD-1	IFNγ

MHC

Tumor

T-cell	functional	
block

MHC

TCR

T-cell

APC

CD28

CTLA-4

T-cell	
proliferative	
block

B7B7

T-cell activation

Cytokines
PD-1

Tumor	or	
immune	
cell

T-
cell

PD-L1

T-cell	
activation

T-Cell	Activation,	Proliferation,	 and	Function	Is	Controlled	 	

by	Multiple	Agonist	and	Antagonist	Signals	

CD28
PD-L1



24%

25%
14%

Time,	y

3. Wolchok JD	et al. Cancer	Immun. 2010;10:9.

46%

The CTLA-4 Experience: Ipilimumab in Melanoma1

Overall	Survival: Kaplan-Meier Estimate1-3,a

a Estimated overall	survival	rates as in the pivotal phase 3 studypublication.2
1. Yervoy (ipilimumab) [package insert]. http://packageinserts.bms.com/pi/pi_yervoy.pdf.
2. Hodi FS et	al. NEngl J Med. 2010;363:711-723.
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Median OS (95%	CI):
11.4 months (10.7-12.1)

3-year OS rate (95% CI):
22% (20%-24%)

The	CTLA-4	Experience:	 Primary	Analysis	of	Pooled	OS	Data	on	Ipilimumab	
in	1,861	Patients1

1. Schadendorf D	et al. European Cancer Congress 2013 (ESMO2013). Abstract24.



Patients

• Unresectable,	stage	3	or	4	melanoma
• ≤1	prior	therapy,	excluding	anti–

CTLA-4,	PD-1,	or	PD-L1	agents
• Known	BRAF	statusa
• ECOG	PS	0-1
• No	active	brain	metastases
• No	serious	autoimmune	disease

Pembrolizumab
10	mg/kg IV Q2W

Pembrolizumab
10 mg/kg IV Q3W

R
1:1:1

Stratification factors:
• ECOG PS	(0 vs 1)
• Line	of	therapy (first vs second)
• PD-L1 status (positiveb vs negative)

Ipilimumab
3	mg/kg	IV	Q3W	

x	4	doses

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

of	response,	 safety

Targeting	PD-1	in	Melanoma:	KEYNOTE-006	
International,	Randomized,	Phase	3	Study1

1. Robert C et al. N	Engl J Med. 2015;372:2521-2532.

a	Prior	anti-BRAF	targeted	therapy	was	not	required	 for	patients	with	normal	LDH	levels	and	no	clinically	 significant	
tumor-related	symptoms	or	evidence	of	rapidly	progressing	disease.
b		Defined	as	membranous	PD-L1	expression	in	≥1%	of	tumor	cells	as	assessed	by	IHC	using	the	22C3	antibody.



1. Robert C et al. N	Engl J Med. 2015;372:2521-2532.

First Interim Analysis: PFS1

Analysis cut-off date: September 3, 2014.

Arm Median
(95%	CI),	mo

Rate	at
6	mo

HR
(95%	CI)

P

Pembro	
Q2W

5.5
(3.4-6.9)

47.3% 0.58
(0.46-0.72)

<	.0001

Pembro	
Q3W

4.1
(2.9-6.9)

46.4% 0.58
(0.47-0.72)

<	.0001

IPI 2.8	(2.8-2.9) 26.5% — —



Second Interim Analysis: OS1

Analysis cut-off date:March 3, 2015.

1. Robert C et al. N	Engl J Med. 2015;372:2521-2532.

Arm Median
(95%	CI),	mo

Rate	at
6	mo

HR
(95%	CI)

P

Pembro	Q2W NR	(NR-NR) 84.8% 0.63	(0.47-0.83) .00052

Pembro	Q3W NR	(NR-NR) 87.8% 0.69	(0.52-0.90) .00358

IPI NR	(12.7-NR) 74.5% — —







CA209-067: Study Design   

Presented By Jedd Wolchok at 2016 ASCO Annual Meeting



Progression-Free Survival (Intent-to-Trea t Population)

Presented By Jedd Wolchok at 2016 ASCO Annual Meeting



Progression-free Survival by Tumor PD-L1 Expression

Presented By Jedd Wolchok at 2016 ASCO Annual Meeting



Current FDA approved SOC in melanoma 

! Ipilimumab + Nivolumab

! Pembrolizumab 

! Nivolumab 



CheckMate-025: Nivolumab in Previously 
Treated Metastatic RCC

§ Primary endpoint: OS

§ Secondary endpoints: PFS, ORR, OR duration, 
Safety

Motzer R, et al. N Engl J Med. 2015;373:1803-1813.

Nivolumab
3 mg/kg IV every 2 wks

Everolimus
10 mg PO daily

Metastatic RCC with ≤ 2 prior 
antiangiogenic therapies and 

≤ 3 total prior systemic regimens
(N = 821)



Motzer RJ et al. N Engl J Med 2015;373:1803-1813.

Kaplan–Meier Curve for Overall Survival.



CheckMate-025: Response Characteristics
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Motzer R, et al. N Engl J Med. 2015;373:1803-1813.



Nivolumab is FDA approved for second 
line metastatic RCC 



IMvigor210 and biomarkers of Atezolizumab in mUC

Presented By Jonathan Rosenberg at 2016 ASCO Annual Meeting

Bladder Cancer 



IMvigor210 and biomarkers of Atezolizumab in mUC

Presented By Jonathan Rosenberg at 2016 ASCO Annual Meeting



IMvigor210: Baseline Characteristics

Rosenberg JE, et al. Lancet. 2016;387:1909-1920.

Characteristic All Pts (N = 310)
Age, yrs (range) 66 (32-91)
Male, % 78
White race, % 91
No previous tobacco use, % 35
ECOG PS 0/1, % 38/62
CrCl < 60 mL/min, % 36
Hg < 100 g/L, % 22
Site of primary tumor, %
§Bladder or urethra/upper tract 82/16
No. of previous systemic regimens in the metastatic setting, %
§0/1/2/3/≥ 4 19/40/21/13/8
Previous platinum-based regimen, %
§Cisplatin/carboplatin/other 73/26/1





Mutation Load by FoundationOne and Survival

Presented By Jonathan Rosenberg at 2016 ASCO Annual Meeting



• Atezolizumab produced durable responses in mUC pts progressing during/after 
treatment with ≥ 1 platinum-based regimen across all evaluated biomarker 
subgroups. 

• Better ORR and/or longer OS associated with elevated PD-L1 expression on tumor 
infiltrating cells, higher median mutation load.

• The first agent in its class approved to treat locally advanced or metastatic urothelial 
carcinoma during or following platinum-based chemotherapy.



Other Interesting ImmuneApproaches
• Metabolic

– IDO inhibitor
• Cytokines

– IL-2, IL-12, etc.
• Oncolytic viruses

– TVEC
• Targeted therapy

– BRAF, VEGF, etc.
• Chemotherapy

– Gemcitabine, cisplatin
• Radiation

The Future	Is in Combinations

1. Pardoll DM. NatRev Can.2012;12:252-264.



IDO Background

• Indoleamine 2,3-dioxygenase (IDO) catalyzes conversion of tryptophan to 
kynurenine. (Munn et al., 1998)
§ Inhibits the effector T cells.
§ Enhances the suppressive Treg.

• IDO can be expressed by tumor cells or by host antigen-presenting cells. 
(Uyttenhove et al., 2003)

• IDO is commonly found in melanoma and correlates with tumor progression 
and invasiveness. (Munn et al., 2004).



Adapted from Holmgaard et al. J Exp Med 2013;210:1389-1402

Anti–CTLA-4 and indoximod synergize to mediate tumor rejection

Synergy of IDO deficiency and PD-1/PDL-1



Methods

• Study Design:

§ Phase 1b: Dose-escalation

§ Phase 2: RP2D indoximod with provider choice of anti-PD-1/ CTLA-
4. 

§ Progression: Change therapy from one checkpoint inhibitor (anti-
CTLA-4 or anti-PD-1) to another while continuing indoximod.

Dose	Level	 Indoximod	(oral)	 Ipilimumab	(IV)

1 600 mg BID × 28 days 3 mg/kg q3 weeks × 4 doses
2 1200 mg BID × 28 

days
3 mg/kg q3 weeks × 4 doses





Patient Eligibility

• Inclusion criteria
§ Unresectable stage 3 or 4 melanoma, treatment naïve. 

• Exclusion criteria
§ Patients with known active, uncontrolled brain metastases.
§ Patients with autoimmune diseases.
§ Concurrent use of any systemic immunosuppressants or steroids.



Results: 

• 9 patients enrolled in phase 1 (3 female)
• No dose-limiting toxicities were observed
• Indoximod RP2D: 1200 mg PO BID 

• CR at 14 months 

• 6/9 patients are still alive (10-15 months from enrollment) and receiving 
additional treatment after coming off study.

• Phase 2 is ongoing, 92 Of a planned 96 patients are enrolled. 

Zakharia, Y et al, Abstract #514, ESMO/ECC Vienna, September 2015



Response	 rate	is	53%	(8/15)	with	two	CRs Zakharia, Y et al, Abstract #3075,  ASCO Chicago, May 2016. 



How	about	vaccines??



Ledford:	622,	Nature,Vol	526,	29	October	2015
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Patients were to remain on treatment beyond progression unless clinically 
significant (ie, associated with reduced performance status) after 24 weeks. 
Progression allowed before response.

OPTiM Phase III Study Design

Injectable, Unresectable
Stage IIIB-IV Melanoma 

T-VEC Intralesional up 
to 4 ml Q2W

N= 295 

GM-CSF Subcutaneous
14 days of every 

28 day cycle*
N= 141

2 : 1
N = 436

Primary Endpoint: 
Durable Response Rate 
(Objective response lasting at least 
6 months)

Secondary Endpoint: 
• OS
• ORR

• Dosing of intralesional T-VEC was  ≤ 4 mL x106 pfu/mL once, then after 3 weeks, ≤ 4 mL x108 pfu/mL Q2W. 
• Dosing of GM-CSF was 125 μg/m2 subcutaneous daily x14 days of every 28 day cycle.

Randomization Stratification:
1. Disease stage: IIIb/c, M1a, b, c 
2. Prior systemic treatment
3. Site of disease at first recurrence: local/distant
4. Presence of liver metastases

Andtbacka	et	al:	J	Clin	Oncol.	2015	Sep	1;33(25):2780-8.



Andtbacka	et	al:	J	Clin	Oncol.	2015	Sep	1;33(25):2780-8.



Primary analysis of overall survival (OS) in intent-to-treat population. 

Robert H.I. Andtbacka et al. JCO 2015;33:2780-2788

©2015 by American Society of Clinical Oncology



Andtbacka	et	al:	J	Clin	Oncol.	2015	Sep	1;33(25):2780-8.



Andtbackaet	al:	Ann	SurgOncol.	2016	Jun	24.







Take	Home	Message	

• Exciting	time	for	oncology	in	general

• Durable	 responses	 and	improve	survival	 can	be	achieved	with	
immunotherapy.	

• The	field	does	not	stop	at	PD-1/	PD-L1	inhibitors	

• The	future	 is	for	combination	therapy.	






