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I’ve always been a tumor immunologist!        

I was in style, out of style, in style,  
out of style, in style!   
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What Does “Immunotherapy” Encompass? 
1.  Monoclonal Antibodies 

 — herceptin/rituximab/bevacizumab, etc. 
 “targeted therapies” 

 
2.  Cytokines 

 — IL-2, GM-CSF, IL-15 
 
3.  Vaccines 

 — Sipuleucel-T, PROSTVAC, Stimuvax, GVAX 
 

4.  Checkpoint Inhibitors 
 — Ipilimumab* (anti-CTLA-4), anti-PD1, anti-PD-L1 

 
5.  Inhibitors of Immune Suppression 

 — anti-TGF-β, anti-IL8 
 — anti-IDO (d-methyl-tryptophan, d-1-MT) 

 
6.  Adoptive Transfer of Immune Cells 

 — LAK, TIL, Genetically modified T cells and NK cells 
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Immunotherapy Conventional Therapy 

Target
 

Tumor or its 
microenvironment 

Immune system 

 
Limitations 

 
Toxicity 

 
Requires adequate immune system  
function  (tumor size, multiple prior therapies) 

Tumor evolution/ 
new mutations 

Resistance to 
therapy  

Induction of new immunogenic  
targets via “antigen cascade” 
‒ enormous diversity of the immune system 

Pharmacodynamics Often immediate 
action
 

Delayed (may get better over 
time, e.g., booster vaccinations) 
 

Memory response No Yes 

Conventional Therapy vs. Immunotherapy 

 4 



Before	therapy	
Weeks	 Months	 Years	

Time	a5er	therapy	

RE-GROWTH	

TUMOR	
GROWTH	

CURE	

	
ANTITUMOR	
EFFECTS	

cytotoxic	cell	killing	
and	tumor	
shrinkage		

(prolonged	TTP)	

Chemotherapy/	
Targeted	therapy	

or	

RESISTANCE	
OR	TOXICITY	

CELLULAR	
RESPONSE		

immune	acOvaOon/	
proliferaOon		

(no	effect	on	TTP)	

Immunotherapy	

RESISTANCE	

RE-GROWTH	

CURE	

ANTITUMOR	
EFFECTS	

cytotoxic	cell	killing	
	and	tumor	
shrinkage	

DELAYED	EFFECT:	
Immune	

surveillance	
(prolonged	OS)	or	

or	

Immunotherapy-induced	CTLs	
Tumor	cell	
Tumor	cell	killed	by	T-lymphocytes	
Tumor	cell	killed	by	chemotherapy/targeted	therapy	
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Generate Immune Response 
 
 

Effector Cells Functional within Tumor 
 

Requirements for Effective Immunotherapy 
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PD-L1 Binds to PD-1 and Inhibits 
T-cell Killing of Tumor Cell 
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Blocking PD-L1 or PD-1 Allows 
T-cell Killing of Tumor Cell 
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MSB0010718C (anti-PD-L1) 

§  Fully human monoclonal antibody targeting PD-L1, IgG1 isotype 
–  PD-L1 on APC and tumor cells 
–  Potentially lower risk of immune related adverse events than other immune 

checkpoint targets 
 
 

§  Two main mechanisms of action for exerting its anti-tumor effects: 
1.  Blocking PD-L1 interaction with PD-1 or B7-1 by anti-PD-L1 can prevent T-cell 

immunosuppression from PD-L1+ tumors 
2.  ADCC-mediated lysis of tumor cells expressing surface PD-L1 
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Dual Functionality of Avelumab 

AVELUMAB 
(α-PD-L1) 

PD-L1 binding 

Antibody Dependent Cell-
Mediated Cytotoxicity 

(ADCC) 
IgG1 
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Vandeveer, Cancer Immunol Res 2016;4:452-462 

Rechallenge 

Intravesical tumors 

Anti-tumor Activity of Avelumab 
 in Bladder Cancer Models 

Days after tumor implantation 
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Isotype 

Avelumab 

+ anti-Asialo-GM1 

+ anti-CD4 

+ anti-CD8 

s.c. tumors 

Fallon, Oncotarget. 2017; 8:20558-20571. 
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Dual Functionality of Avelumab 

AVELUMAB 
(α-PD-L1) 

PD-L1 binding 

Antibody Dependent Cell-
Mediated Cytotoxicity 

(ADCC) 
IgG1 
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Antibody-dependent Cell-mediated 
Cytotoxicity (ADCC) 
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anti-PD-L1 isotype
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25:1 PBMC HD2
25:1 NK HD2

NK cells were purified from PBMC from 2 healthy donors (HD). 
Human lung cancer cell line as target.  

Purified NK Cells Are Efficient Effectors of ADCC 
Mediated by anti-PDL1 Avelumab  
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healthy donors patients

Isolated NK cells from 5 healthy donors and 5 lung cancer patients were used in 
in vitro ADCC assays against the H441 human lung cancer cell line.   

Purified NK Cells from Cancer Patients Mediate ADCC Induced  
by Avelumab as Effectively as Those Isolated from Healthy Donors 
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16	

Flow-cytometry analysis of PBMC immune subsets: 30 markers, 123 subsets 
Subsets analyzed: 9 standard immune cell subsets, and 118 additional subsets relating to maturation/function 

1.  CD4: Helper T lymphocytes (32 subsets) 
2.  CD8: Cytotoxic T lymphocytes (29 subsets) 

•  Markers of PD-1 pathway and T cell activation (in CD4 and CD8): 
–  EOMES: activation 
–  TCR-αβ: activation 
–  Tbet: activation 
–  BATF: activation/exhaustion 

•  Maturation status of T lymphocytes (in CD4 and CD8): 
‒  Naïve: CD45RA+ CCR7+ 
‒  Central Memory: CD45RA- CCR7+  
‒  Effector Memory: CD45RA- CCR7- 
‒  Terminal (EMRA): CD45RA+ CCR7- 

•  T lymphocyte markers (in CD4 and CD8): 
–  CTLA-4: inhibition 
–  PD-1: activation/inhibition 
–  PD-L1: activation/cross-inhibition 
–  TIM-3: inhibition 
–  ICOS: activation (only on CD4) 

3.  Tregs: Regulatory T lymphocytes (CD4+ CD25+ FoxP3+ CD127-) (7 
subsets) 

–  CD45RA: Tregs highly expandable in vitro 
–  CTLA-4: Treg suppression 
–  CD49d: “contaminating” effector lymphocytes (non-Tregs) 
–  ICOS: Treg suppression 
–  PD-1: activation/inhibition 
–  PD-L1: cross-inhibition 

4.  B lymphocytes: CD19+ (5 subsets) 

–  CTLA-4: inhibition 
–  TIM-3: inhibition 
–  PD-1: activation/inhibition 
–  PD-L1: cross-inhibition 

5.  NK: Natural killer cells (CD56+ CD3-) (20 subsets) 
–  CD16+ CD56br: Functional intermediate, lytic and cytokine 

production 
–  CD16+ CD56dim: Mature NK, cytokine production 
–  CD16- CD56br: Immature, abundant in human placenta 
–  CD16- CD56dim: non-lytic, non-cytokine production 
–  TIM-3: activation 
–  PD-1: activation/inhibition 
–  PD-L1: cross-inhibition 

6.  NK-T: CD56+ CD3+ (4 subsets) 

–  TIM-3: activation 
–  PD-1: activation/inhibition 
–  PD-L1: cross-inhibition 

7.  cDCs (Conventional DCs): CD3-CD56-CD1c+CD303- (5 subsets) 
8.  pDCs (plasmacytoid DCs ): CD3-CD56-CD1c-CD303+ (5 subsets) 

•  Markers of DC activation 
‒  CD83: activation  
‒  TIM-3: inhibition 
‒  PD-1: activation/inhibition 
‒  PD-L1: cross-inhibition 

9.  MDSCs: Myeloid-derived suppressor cells (CD11b+ HLA-DRlow/- CD33+)  
(20 subsets) 

–  CD14: Common Myeloid Marker (high in monocytes, dim in 
granulocytes) 

–  CD15: Granulocyte marker  
–  CD16: most immature monocytic MDSCs 
–  PD-1: activation/inhibition 
–  PD-L1: cross-inhibition 

Immunophenotyping: Changes post- vs. pre-immunotherapy 
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PD-1 in Standard Subsets:  
No significant changes at any time point tested compared to pre 

Subset	 Pre	
N=16	

Day	127		
N=16	

Holm		
adjusted	p	

PD-1+	CD4	 3.3	 3.1	 0.9999	

PD-1+	CD8	 1.2	 1.1	 0.9999	

PD-1+	Treg	 0.07	 0.08	 0.9999	

PD-1+	NK	 0.02	 0.02	 0.9999	

PD-1+	NK-T	 0.03	 0.02	 0.3891	

PD-1+	B	cells	 0.4	 0.4	 0.9999	

PD-1+	cDC	 <0.01	 <0.01	 n/a	

PD-1+	pDC	 0.02	 0.03	 0.1005	

PD-1+	MDSC	 0.7	 0.8	 0.6664	

Subset	 Pre		
N=19	

Day	15		
N=19	

Holm	
adjusted	p	

PD-1+	CD4	 4.4	 4.2	 0.9999	

PD-1+	CD8	 1.3	 1.5	 0.9999	

PD-1+	Treg	 0.12	 0.16	 0.0705	

PD-1+	NK	 0.01	 0.01	 0.9999	

PD-1+	NK-T	 0.03	 0.04	 0.5457	

PD-1+	B	cells	 0.4	 0.3	 0.9999	

PD-1+	cDC	 <0.01	 <0.01	 n/a	

PD-1+	pDC	 <0.01	 <0.01	 n/a	

PD-1+	MDSC	 0.6	 0.5	 0.9999	

Subset	 Pre	
N=14	

Day	43	
N=14		

Holm	
adjusted	p	

PD-1+	CD4	 4.1	 4.5	 0.9999	

PD-1+	CD8	 1.3	 1.3	 0.9999	

PD-1+	Treg	 0.13	 0.16	 0.5200	

PD-1+	NK	 0.02	 0.01	 0.8112	

PD-1+	NK-T	 0.02	 0.03	 0.8526	

PD-1+	B	cells	 0.5	 0.5	 0.9999	

PD-1+	cDC	 <0.01	 <0.01	 n/a	

PD-1+	pDC	 <0.01	 <0.01	 n/a	

PD-1+	MDSC	 0.6	 0.6	 0.9999	

Values	indicate	median	%	of	PBMC		
Significant	change:	P<0.05	based	on	Wilcoxon	matched-pairs	signed	rank	test	with	holm	adjustment	made	for	number	of	
subsets	within	each	standard	subset	with	frequency	above	0.01%	of	PBMC	(n=	9	for	standard	subsets,	31	for	CD4,	25	for	CD8,	5	
for	Treg,	14	for	NK,	3	for	NK-T,	4	for	B	cells,	2	for	cDC,	3	for	pDC,	15	for	MDSC)		
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Cancer cell 

Macrophage 

Cytotoxic T cell 



Multifactoral Approach to Cancer Immunotherapy 
I.  Generation of an Effective Immune Response 
 

  ‒ Vaccine: TAA, neoantigens 
  ‒ Immunocytokine: IL-15 superagonist (ALT-803) 
  ‒ IDOi: enhance DC function 

II.  Maintenance of an Effective Immune Response at the Tumor Site/ Reduction of 
 Immunosuppressive Entities 

 

  ‒ anti-PD-L1 (avelumab) 
  ‒ anti-PD-L1/TGFβR2 (M7824) 
  ‒ Immunocytokine: NHS-IL12 
  ‒ Agonist MAbs to GITR, OX40, 41BB  
  ‒ IDOi 
  ‒ anti-PD-L1/IL15-FP (FP-809) 

III.  Modification of the Tumor/Tumor Microenvironment to Enhance Immune-mediated 
 Effectiveness 

 

  ‒ Immunogenic tumor cell death 
  ‒ Immunogenic modulation of tumor phenotype 
  ‒ anti-PD-L1/TGFβR2 (M7824) 
  ‒ IL-8R antagonist 

IV.  Adaptive Clinical Trial Designs Encompassing I, II, and III 
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LTIB / GMB  
Cancer Immunotherapy Program

Better Science, Better Treatments, Better Future 





Importance of PD-1/PD-L1 blockade 


NIH. News Headlines: https://ccr.cancer.gov/news/article/investigators-lead-first-human-trials-of-new-immunotherapy-drug 
(accessed August 2017) 
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Urothelial: avelumab  
Apolo AB et al. J Clin Oncol 2017 

Urothelial: pembrolizumab  
Plimack ER P et al. Lancet Oncol 2017 

HNSCC: pembrolizumab 
Seiwert TY et al. Lancet Oncol 2016 

NSCLC (squamous only): nivolumab  
Rizvi NA et al. Lancet Oncol 2015 

Urothelial: durvalumab  
Massard C et al. JCO 2016 

Urothelial: atezolizumab  
Powles T et al. Nature 2014 

MSI hi CRC: nivolumab  
Overman MJ et al. Lancet Oncol 2017 

NSCLC: avelumab  
Gulley JL et al. Lancet Oncol 2017 

Rapid, deep, durable responses 
Across a wide range of tumours 
Seen in a subset of patients 

PD-1/PD-L1 inhibiCon  




2013	 2017	Q1	2013	 Q2	 Q3	 Q4	 Q1	2014	 Q2	 Q3	 Q4	

Clinical	Trial	Open	
Jan	22	

Expansion	Cohorts	Begin	
Oct	21	 BLA	Urothelial	

Feb		28,	2017	

Approval	MCC		
Mar	23,	2017	

Jan	31,	2013			Cohort	1	

Apr	26,	2013		Cohort	2	

Jun	18,	2013	Cohort	3	

Sept	11,	2013	Cohort	4	

Oct	21,	2013	Expansion	Cohorts	(n=16)	

Jul	25,	2014	–	Sep	3	2015	MCC	Study	

Avelumab Clinical Trial Timeline

Q1	2015	 Q2	 Q3	 Q4	 Q1	2016	 Q2	 Q3	 Q4	 Q1	2017	 Q2	 Q3	

BLA	MCC	
Nov	29,	2016	

Approval	Urothelial	
May	9,	2017	

Enfrely	at	NIH	(n=53)	

Included	~80	
NIH	Pafents	

Bavencio	
Time	from	first	pafent	enrolled	to	approval	4	yr,	1	month,	21	days	
Because	of	CRADA,	study	started	at	NIH	and	recommended	Phase	2	dose	established	prior	to	any	outside	contract	finalized	
Also	allowed	in-depth	cukng	edge	analysis	of	immune	cell	subsets	at	NIH	
Led	to	first	agent	ever	approved	for	MCC	

Mulfple	Phase	3	studies	inifated	

Pfizer	alliance	



Treatment-related TEAEs

26	

Event*,	n	(%)	(n=600)	 Most	common	any	
TEAE,	all	grades	

Treatment-related	
TEAEs,	all	grades	

Any	TEAEs,	grade	≥3	 Treatment-related	
TEAEs,	grade	≥3	

Any	event	 559	(93.2)	 405	(67.5)	 266	(44.3)	 68	(11.3)	

Fafgue	 175	(29.2)	 110	(18.3)	 	7	(1.2)	 5	(0.8)	

Infusion-related	
reacfon	

83	(13.8)	 81	(13.5)	 5	(0.8)	 5	(0.8)	

Nausea	 146(24.3)	 68	(11.3)	 6	(1.0)	 1	(0.2)	

Chills	 61	(10.2)	 44	(7.3)	 0	 0	

Diarrhea	 87	(14.5)	 38	(6.3)	 3	(0.5)	 0	

Pyrexia	 64	(10.7)	 35	(5.8)	 1	(0.2)	 0	

Decreased	appefte	 91	(15.2)	 33	(5.5)	 1	(0.2)	 1	(0.2)	

Vomifng	 95	(15.8)	 30	(5.0)	 10	(1.7)	 2	(0.3)	

Anemia	 76	(12.7)	 16	(2.7)	 30	(5.0)	 7	(1.2)	

*Based	on	incidence	criteria	of	≥5%	for	treatment-related	TEAEs	and	>1%	for	treatment-related	grade	≥3	TEAEs	



irAEs

•  AEs	that	were	potenfally	immune-related	were	observed	in	11.0%	(66/600)	of	pafents,	with	the	
most	common	being	hypothyroidism	

•  Only	IRR	led	to	≥1%	of	disconfnuafon	events	(n=12;	2.0%)	

27	

Events,	n	(%)	 Immune-related	AEs,	n	(%)	
(n=600)	

Any	event	 66	(11.0)	

Hypothyroidism	 25	(4.2)	

Arthrifs	 7	(1.2)	

Pneumonifs	 7	(1.2)	



Bladder Cancer

Urothelial (n = 44 à 249)  



Merkel Cell
• Rare	tumor	(about	1,600	new	cases	a	year	in	US)	
•  Sun	exposed	areas	

•  Associated	with	MC	virus	or	sun	damage	(mutafons)	
•  Typically	has	underlying	immune	recognifon	

Isaac	Brownell,	MD	PhD	



Kaufman	et	al,	Lancet	Oncology	201	

N=88	
ORR	32%	

Merkel Cell



PFS at ≥1 year of follow-up*

PFS N=88 

Events, n (%) 55 (62.5) 

1-year rate, % (95% CI) 30 (21-41) 

Cowey 2016 
Avelumab 

Iyer 2016 
Becker 2016 
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Line of therapy 
Median PFS, months 
(95% CI) 

Cowey 2016 
Avelumab 

(current study) Iyer 2016 Becker 2016 
(N=88) 

2L+ 
2.7 

(1.4-6.9) 

(n=20) 
2L+ 
2.1 

(1.0-3.2) 

(n=34) 
2L+ 
3.0 

(2.6-3.1) 

(n=30) 
2L 
2.0 

(1.3-2.7) 

PFS with 2L+ treatment in distant mMCC1-3 

Chemotherapy 

Months from start of systemic therapy 

2L+, second line or later 
* This figure is for illustrative purposes only and is not a direct head-to-head comparison. 
1. Cowey CL, et al. Value Health. 2016;19(7):Abstract A717. 2. Becker J, et al. Ann Oncol. 2016;27(Suppl):Abstract 1154P. 3. Iyer JG, et al. Cancer Med. 2016;5(9):2294-301. 

88 Number at risk 43 32 30 27 21 11 8 5 2 1 0          24 6 



MCC paCent
baseline	 3	months	



MCC paCent

baseline	 4	months	



Cure	from	Within	


