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The History of 
Cancer Immunotherapy

• 1850s:
– Germany: patients' tumors shrink if infected ���� immune system 

could be harnessed to fight CA
– Europe: 

• Ed Jenner's smallpox vaccine
• Attempted to make a 'cancer vaccine' by injecting p ts with 

crude extracts of tumors



Cancer Immunotherapy 
Development 

http://www.fightcancerwithimmunotherapy.com

2014

Approval of 
2 anti-PD-1 
antibodies 
for 
advanced 
melanoma 
and  lung 
cancer



Cancer -Immunity Cycle

Schreiber et al, Sience 331 (6024): 1565-1570
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GM-CSF and IL-2 synergize for induction of CTL 

when combined with vaccine

Toubaji et, al. Vaccine 2007



Toubaji et, al. Vaccine 2007

GM-CSF and IL-2 synergize for therapeutic efficacy 

when combined with vaccine



Solid tumor with Ras mutation

Sequencing Ras

Mutant Ras peptide

Toubaji et al, 2008; Abrams et al, 2006; Khleif et al 1996



Phase II Trial with Tumor Specific 

Mutated ras Peptides and IL-2, 

GM-CSF, or both for Adult 

Patients with Solid Tumors 



Eligibility

• Ras Mutation: Gly to Cys, Asp, or Val

• Metastatic  disease except CNS metastasis

• Failed prior treatment



Vaccination Schedule Arm A

Days  0                             7                           14                          21                           30

Ras

cycle 1 IL-2 given 5 days post 

vacc for 10 days

If SD, continue vaccination up to 15 cycles

Ras

cycle 2

Rahma et at, JTM 2014



Vaccination Schedule Arm B

Ras

cycle 1

If SD, continue vaccination up to 15 cycles

GM-CSF 

given 1 

day pre-

vacc for 

4 days

Days  0                             7                           14                          21                           30

Ras

cycle 2

Rahma et at, JTM 2014
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Vaccination Schedule Arm C

Ras

cycle 1

If SD continue vaccination up to 15 cycles

Days  0                             7                           14                          21                           30

IL-2 given 5 days post 

vacc for 10 days

GM-CSF 

given 1 

day pre-

vacc for 

4 days

Ras

cycle 2

Rahma et at, JTM 2014
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Rahma et at, JTM 2014



Post 3 vax.

Rahma et at, JTM 2014



Post 3 vax.

Rahma et at, JTM 2014



Patient Profile Arm A: IL-2

Age Cancer Mutation
Pre-vaccination 

Therapy
Stage on 

Enrollment
Disease extension on 

enrollment

56 Colon ASP Sx1, Cx3 IV Liver, Lung, Para-aortic LN

57 Colon ASP Sx2, Cx2 IV Lung

62 Colon ASP Sx1, Cx3, Rx1 IV Lung

50 Pancreatic ASP Sx1, Cx2 IV

Pancreas, Liver, Adrenals, 

Omentum, Peritoneum, 

Infradiaphragmatic LN

60 Lung VAL Cx2, Rx1 IV Chest Wall

59 Colon VAL Cx2 IV Liver

52 Colon CYS Sx2, Cx2 NED NED

68 Lung CYS Sx1, Cx5, Rx2 IV Lung, Hilar Adenopathy

56 Colon ASP Sx2, Cx3, Rx2 NED NED

63 Colon ASP Sx3, Cx3 IV Liver, Lung

42 Pancreatic ASP Sx2, Cx1 NED NED

39 Colon ASP Sx1, Cx1 NED NED

67 Colon CYS Sx1, Cx2 IV Liver

51 Colon ASP Sx2, Cx1 NED NED

60 Pancreatic VAL Sx1, Cx4, Rx1 IV Liver

61 Colon ASP Sx1, Cx3 IV Liver, Lung



Patient Profile Arm B: GM-CSF 
Age Cancer Mutation Pre-vaccination 

Therapy
Stage on 

Enrollment
Disease extension on enrollment

55 Biliary VAL Sx2, Cx2, Rx1 NED NED

33 Colon CYS Sx1, Cx2 IV Liver

51 Colon ASP Sx1, C1 IV Liver

48 Pancreatic ASP Cx1, Rx1 NED NED

51 Colon ASP Sx1, Cx6 IV Liver, Lung

38 Colon ASP Sx1, Cx2, Rx1 IV Liver, Lung, Spleen, Abd Wall

60 Pancreatic VAL Sx1, Cx1, Rx1 IV Gastric Wall

57 Colon ASP Sx4, Cx6 IV Transverse Colon, Liver

52 Colon ASP Sx4, Cx1 IV Lung

58 Pancreatic ASP Sx1, Cx3 IV Pancreas, Liver, Lung

45 Pancreatic VAL Sx1, Cx2 IV Liver

79 Colon VAL Sx4, Cx5 IV Lung, Mediastinal LN

43 Colon CYS Sx3, Cx2 IV Liver, Lung, Pelvis

78 Colon ASP Sx2, Cx1, Rx1 NED NED

63 Colon ASP S1, Cx1 IV Omentum, Liver, Lung

64 Colon ASP Sx1, Cx1 IV Liver, Lung

71 Colon VAL Sx2, Cx4 IV Liver, Lung

58 Pancreatic VAL Cx2 IV Pancreas, Lung



Patient Profile Arm C: IL-2 + GM-CSF
Age Cancer Mutation Pre-vaccination Therapy Stage on 

Enrollment

Disease extension on 
enrollment

40 Rectal ASP Sx2, Cx2, Rx1 IV Lung

59 Colon ASP Sx1, Cx1 NED NED

58 Lung ASP Cx3, Rx1 III Lung

35 Colon ASP Sx2, Cx1 IV RP, Pelvic LN

52 Rectal ASP Sx1, Cx3, Rx1 IV Lung

36 Rectal VAL Sx5, Cx6, Rx1 IV Lung

75 Colon ASP Sx2, Cx3, Rx2 IV Liver

49 Colon CYS Sx1, Cx4, Rx1 IV Lung

42 Colon ASP Sx2, Cx3 IV Liver, Lung

48 Colon ASP Sx1, Cx4 IV Liver, Lung

48 Rectal ASP Sx2, Cx1 NED NED

54 Colon VAL Sx2, Cx3, Rx1 IV Lung

57 Colon ASP Sx2, Cx1, Rx1 NED NED

66 Pancreatic ASP Sx1, Cx3, Rx1 IV Liver, Lung

56 Rectal ASP Sx1, Cx2 NED NED

73 Pancreatic ASP Sx1 IV Pancreas

51 Colon ASP Sx2, Cx3, Rx1 IV Liver, Lung

57 Colon ASP Sx2, Cx3, Rx1 IV Liver, Lung

66 Pancreatic ASP Cx2 IV Liver



Patient Profile Arm C: IL-2 + GM-CSF
Age Cancer Mutation Pre-vaccination Therapy Stage on 

Enrollment

Disease extension on 
enrollment

40 Rectal ASP Sx2, Cx2, Rx1 IV Lung

59 Colon ASP Sx1, Cx1 NED NED

58 Lung ASP Cx3, Rx1 III Lung

35 Colon ASP Sx2, Cx1 IV RP, Pelvic LN

52 Rectal ASP Sx1, Cx3, Rx1 IV Lung

36 Rectal VAL Sx5, Cx6, Rx1 IV Lung

75 Colon ASP Sx2, Cx3, Rx2 IV Liver

49 Colon CYS Sx1, Cx4, Rx1 IV Lung

42 Colon ASP Sx2, Cx3 IV Liver, Lung

48 Colon ASP Sx1, Cx4 IV Liver, Lung

48 Rectal ASP Sx2, Cx1 NED NED

54 Colon VAL Sx2, Cx3, Rx1 IV Lung

57 Colon ASP Sx2, Cx1, Rx1 NED NED

66 Pancreatic ASP Sx1, Cx3, Rx1 IV Liver, Lung

56 Rectal ASP Sx1, Cx2 NED NED

73 Pancreatic ASP Sx1 IV Pancreas

51 Colon ASP Sx2, Cx3, Rx1 IV Liver, Lung

57 Colon ASP Sx2, Cx3, Rx1 IV Liver, Lung

66 Pancreatic ASP Cx2 IV Liver



What is the “go forward” 

strategy?
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Induction of immune 

response

Inhibition of 

suppression

Bhardwaj et al.  2007

Effective Therapeutic immunebalance
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NCI Immunotherapy Agent Workshop Proceedings



PD-1/PD-L1 Background

Keir et al, Annu Rev Immunol, 2008



Hamid O., et al. The New England journal of medicine 369(2), 134-144 (2013)

Safety and tumor responses with lambrolizumab (aPD1 )  
in melanoma

Best objective response



Hamid O., et al. The New England journal of medicine 369(2), 134-144 (2013)

Safety and tumor responses with lambrolizumab (aPD1 )  
in melanoma

CD8 T cell infiltrate



Hamid O., et al. The New England journal of medicine 369(2), 134-144 (2013)

Safety and tumor responses with lambrolizumab (aPD1) 
in melanoma



Robert C., et al. Lancet 384(9948), 1109-1117 (2014)

Treatment with pembrolizumab in ipilimumab-refractory  
advanced melanoma

Best objective response



Treatment with Nivolumab (aPD1 BMS) in solid tumors

1.0 mg per kilogram of body weight every 2 weeks.

Topalian SL et al. The New England journal of medicine 366(26), 2443-2454 (2012).



Treatment with Nivolumab (aPD1 BMS) in solid tumors

10.0 mg per kilogram of body weight

Topalian SL et al. The New England journal of medicine 366(26), 2443-2454 (2012).



MPDL3280A (anti-PD -L1) in metastatic bladder cancer

Powles T et al. Nature 515(7528), 558-562 (2014)



MPDL3280A (anti-PD -L1) in metastatic bladder cancer

Powles T et al. Nature 515(7528), 558-562 (2014)



Nivolumab plus ipilimumab in advanced melanoma

Wolchok JD et al. The New England journal of medicine 369(2), 122-133 (2013).



Nivolumab plus ipilimumab in advanced melanoma

Wolchok JD et al. The New England journal of medicine 369(2), 122-133 (2013).
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NCI Immunotherapy Agent Workshop Proceedings



Combinational Immunotherapy

• Vaccines

• Immune Modulators
– Immune Agonists 

• Stimulatory cytokines (IL-2, IL-12, IL-15, TLR etc..)

• Co-stimulatory molecules (OX-40, GITR, 4-1BB)

– Immune inhibitors
• Check point inhibitors (CTLA4, PD1/PDL1, LAG3, TIM3, iDO)

• Inhibitory cytokines/factors (IL-10, TGFb)

• Standard Therapy
– Chemotherapy

– Radiation Therapy

• Small Molecules

• CARS



Combinational Immunotherapy

• Type of Combination

• Schedule of combination

• Prediction of response



Regulatory Challenges

• What pre clinical data would be needed to 
move with the combination ?

• What clinical trial design ?

– Efficiency

– Cost

– Time 

• How to enable combinations from different 
developers
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Tumor escape mechanisms
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Tumor escape mechanismsTumor-Immune Modulating 
Network
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Day 7
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Evaluation of therapeutic efficacy of vaccine/anti-PD-1 

combination in TC-1 mouse model



Evaluation of therapeutic efficacy of vaccine/aPD-1 

combination  in TC-1 mouse model
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Treg cell inhibitor-cyclophosphamide (CPM)

Low Dose CPM selectively targets Treg cells, leaving other T cell

populations intact (Lutsiak et al, Blood, 2005; Ikezawa et al, J Dermatol Sci, 2005).

E7+aPD-1 

CPM

Days 0                7       8                      15                    22

TC-1

Monitoring of tumor 

growth and survival

E7+aPD-1 E7+aPD-1

Mkrtichyan et al, 2012
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*P<0.05, ***P<0.001

Vaccine/anti-PD-1/CPM combination increases the 

CD8/Treg ratio in tumor microenvironment
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How can we streamline clinical 
development?



Clinical Trial Translation

A phase II clinical trial of CT -011 and CPM with 
Provenge in prostate cancer patients



CPM = Low Dose Cyclophosphamide

Apheresis 2-3 days prior to each dose of Sipuleucel-T for cell generation

Part 1, Run In phase, up to 12 patients:  

Design

CPM 250 mg/m2  (Day -1)  +  

Sipuleucel –T Day 0, 14 and 28 (3-6 patients)

CPM 125 mg/m2



CPM = Low Dose Cyclophosphamide

Apheresis 2-3 days prior to each dose of Sipuleucel-T for cell generation

A. Sipuleucel-T: Q 2  Wk X 3

B. Sipuleucel-T Day 0 + 

CT-011 (3 mg/kg Day 2) Q 2 Wk X 3

C. CPM (Day -1 only)  +  

Sipuleucel-T  Day 0 + 

CT-011 (3 mg/kg Day 2) >>> Q 2 Wk X 3 

Part 2, Randomized, total 45 patients  

Design



• CRPC with progression, testosterone < 50 

ng/dL.

• PSA over nadir at least 2X, 3 weeks apart.

• Failed or refused chemotherapy.

Inclusion criteria 



Primary endpoint
• Feasibility Provenge™+ CPM.

• Immune Response

Trial Endpoints

Secondary endpoint

•Progression-free survival 

• Overall survival (OS) 

•Toxicity 



Clinical Trials

- A Phase I clinical trial combining CT-011 with

P53 vaccine

- A phase II clinical trial of CT-011 and

chemotherapy in pancreatic cancer patients as

an adjuvant therapy.



Do similar reagents act the same?



Clinical Trials

• Phase I/II NYESO Vaccine in combination 

with AKT inhibitors (AZ) in advanced ovarian 

cancer

• Combination of AKTi and anti PD1 (AZ) in 

advanced solid tumors



Clinical Trial Design for Vaccine 

and immune therapy…

Do we need dose escalation 

trials in vaccine ?



• Reviewed all cancer vaccine trials on PubMed 

• Phase 1, phase1/2, and pilot studies in  
therapeutic cancer vaccines 

• Reported from 1990 through 2011



What is the rate of vaccine-related 
toxicity in relation to the number 

of vaccinated patients?



• how does tumor get recognized by the 

immune system?

•What are the major impediment of the 

ability of the immune system to control 

tumors ?

Inclusion criteria 



• how does tumor get recognized by the 

immune system?

•What are the major impediment of the 

ability of the immune system to control 

tumors ?

Inclusion criteria 



1. Secretes factors that attract the T cells

2. Present foreign antigens on the HLA 

molecules

3. Secretes it own antibodies that 

recognize cancer

How does tumor get recognized by the immune 
system



1. PD1

2. CTLA4

3. TIM3

4. OX-40

The following are co -inhibitory molecules expressed 
on the tumor



1. T-regulatory cells

2. Myeloid Suppressive Derived Cells

3. IDO

4. All of the above

The following are inhibitory mechanism that help 
tumor escape the immune system


