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Age 5 in 2012: gum bleeds, bruises on body, 
excruciating pain in legs- diagnosed with B-ALL; 
relapsed twice after intensive rounds of chemotherapy

Emily Whitehead: Miracles do happen! 

Age 12 in 2019: 7 years cancer free! 



Dr. Carl June (U. Penn)

Dr. Stephen Grupp (Oncologist)

Children’s Hospital of Philadelphia (CHOP)



Immunotherapy: Treatment to boost or 
restore the ability of the immune system 
to fight cancer
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In a dynamic process, the immune system can either

Suppress tumor growth, development & survival

-----OR-----

Allow tumor growth





Oncology meets Immunology: The 
Cancer Immunity Cycle
Daniel S Chen & Ira Mellman

Immunity Vol. 39 1-10 (2013)



The Cancer Immunity Cycle



Immunogenic cell death
Tolergenic cell death

TNF-a, IFN-a
CD40/CD154
IL-1, ATP
TLR, HMGB1
IL-10, IL-4, IL-13

CD28/B7.1
CD137/CD137L
OX40/OX40L
CD27/CD70
GITR, HVEM
IL-2, IL-12
CTLA-4/B7.1
PD-1/PD-L1
PDL1/B7.1
Prostaglandins

CX3CL1
CXCL9
CXCL10
CCL5

LFA1/ICAM1
Selectins
VEGF
Endothelin b receptor

TCR
Reduced p-MHC on 
cancer cells

IFN-g, T cell granule content
PD-1/PD-L1, LAG-3, TIM-3,
PD-L1/B7.1, IDO, TGFb, BTLA,
VISTA, B7-H4, Arginase





DC-based vaccines (Increased antigen presentation to T cells)

Vaccinate with tumor antigens (protein, DNA, RNA)



Dendritic Cell 
(DC)-based 

Vaccines



Sipuleucel-T 
(Provenge): Cellular 
Immunotherapy for the 
treatment of mCRPC





Vaccination with tumor antigens
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Administration of oncolytic
viruses for systemic 

autoimmunity







Talimogene
Laherparepvec (T-VEC): 

FDA Approved for 
Advanced Melanoma



Administration of immune 
cells directly to the patient 





TILs & 
Melanoma 
Regression





Administration of immune 
cells directly to the patient 





• Ipilimumab (ipi) mediates a statistically 
significant overall survival (OS) 
advantage in patients with previously 
treated metastatic melanoma

• Patients who received ipilimumab (ipi) 
alone or ipi + gp100 peptide vaccine had 
a median survival of 10.1 months 
compared to 6.4 months for patients 
receiving gp100 peptide vaccine alone

• Pilot trials with ipi in RCC, prostate 
cancer as well as NSCLC are underway

Dawn of the present: Ipilimumab (anti-CTLA4) elicits low 
frequency but durable responses in metastatic melanoma



Pembrolizumab (anti-PD-1) versus Ipilimumab (anti-CTLA4) 
in advanced melanoma



Broad activity 
for anti-PD-
1/PD-L1 in 

human cancer



Other IC 
Blockade 
Therapies:

Multiple other IC 
pathways have been 

identified: LAG3, TIM3, 
TIGIT, VISTA, BTLA

Therapies targeting LAG3 
are the furthest along in 

clinical development 
(mono & combo)

Several TIM3 antagonists 
are in pre-clinical 

development

Numerous other immune 
check point agents are 

currently under 
development  



Combination Therapies:

ADVANCED CANCERS MAY 
RESPOND TO 

MONOTHERAPY, BUT FOR 
THE MAJORITY, 

MONOTHERAPY MAY BE 
INEFFECTIVE

COMPLETE REMISSION 
AND CURES FOR CANCER 

PATIENTS, THE 
COMBINATION OF 

MULTIPLE THERAPEUTIC 
APPROACHES MAY BE 

REQUIRED

COMBINING IC BLOCKADE 
THERAPIES IS THE NEW 

TREND

IPI-NIVO STUDY: IPI (ANTI-
CTLA-4) + NIVO (ANTI- PD1) : 
TUMOR REGRESSION IN 50% 
PATIENTS WITH ADVANCED 

MELANOMA

PATIENTS WITH PREVIOUSLY 
UNTREATED METASTATIC 

MELANOMA WHO RECEIVED 
IPI + NIVO SHOWED AN 

OBJECTIVE RESPONSE RATE 
OF 61% COMPARED TO 11% 
SEEN IN PATIENTS TREATED 

WITH IPI ALONE



IC Inhibitors 
+ 
Conventional 
Therapies:

Chemotherapy may boost the 
immunotherapies by modifying 
the immunosuppressive tumor 

environment: Cyclophosphamide 
is known to deplete Treg cells; 

Paclitaxel & 5FU eliminate MDSCs

For melanoma patients with the 
B-raf V600E mutation: trials 
looking at combining FDA-
approved B-raf inhibitors 

(Zelboraf) with anti-CTLA-4 (Ipi) 
and anti-PD1 are underway

VEGF enhances the number of 
immunosuppressive Tregs and 

MDSCs in the tumor, while 
reducing the intratumoral flux of 
lymphocytes and suppressing DC 

maturation: combining IC 
inhibitors + VEGF inhibitors
















