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Human Immune System

Active Immunity

• Vaccine/infection
• Long-lasting protection
• Multiple immune cells and 

pathways affected
• It takes days/weeks to 

mount an immune 
response

• There is specificity
• There is memory

Passive Immunity

• Antibodies
• Rapid protection
• Short duration
• Antibody response
• There is specificity
• No memory immune 

response



Glen Dranoff, Cytokines in cancer pathogenesis and cancer therapy, 
Nature Reviews Cancer, 4, 11-22, 2004



Immunologic Response to Cancer

Slide courtesy of Steven A. Rosenberg, 1998



Cancer Research Institute, Website: www.cancerresearch.org



Classification of 
Current Anti-Cancer 

Immunotherapies

Oncotarget, Vol. 5, 
No. 24, 2015 



Therapeutic Cancer Vaccines





Patient cells injected with tumor-specific mutations identified 
by high-throughput sequencing and bioinformatics, or whole 

tumor cells



Autologous tumor lysate encapsulated into 
nanoparticle vehicles, delivered to DC’s in vivo



Dendritic cells loaded ex-vivo with autologous tumor 
antigens via pulsing with either tumor RNA or lysate
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Preventing cancer: 

True cancer vaccines



Cervical Cancer:
– Prevented 100%of HPV 16- and 18- related cervical pre-

cancers and non-invasive cervical cancers 
– Protects against 4 types of HPV in females ages 9 to 26
– Protects against 2 types of HPV that cause about 75% of 

cervical cancer cases, and 2 more types that cause 90% of 
genital warts.

Cervical Intraepithelial Neoplasia (CIN):
– Prevented 95%of low-grade cervical dysplasia and pre-

cancers caused by HPV 6, 11, 16 or 18

Genital Warts:
– Prevented 99%of cases of genital warts caused by HPV 6 

or 11
– Males ages 9 to 26, protect against 90% of genital warts

Human Papillomavirus Quadrivalent
(Types 6, 11, 16, and 18) Vaccine, Recombinant



Vaginal cancer:
– Helps protect females ages 9 to 26 against 70% of vaginal 

cancer cases and up to 50% of vulvar cancer cases.

Head/Neck Cancer ???
– HPV infections, especially HPV 16, contribute to some H/N 

cancers 
– HPV is found in an estimated 26-35% of head and neck 

squamous cell carcinoma).
– In principle, HPV vaccines may help reduce incidence of such 

cancers caused by HPV, but this has not been demonstrated.
• Given as 3 injections over 6 months.

Human Papillomavirus Quadrivalent
(Types 6, 11, 16, and 18) Vaccine, Recombinant





Edward Jenner

Smallpox

Milk maidens hand infected with 
cowpox virus

All based on a simple 
observation: 

Milk maidens who developed 
cowpox NEVERdeveloped 

smallpox



Bronze sculpture by Giulio 
Monteverde showing 

Edward Jenner 
inoculating his son with 

cowpox liquid as a 
prevention against 

smallpox

Variolation: Pricking into 
the skin with the fluid 
from a cowpox blister 

(vaccinia)

~ circa 1804



THE COW-POCKOR: THE WONDERFUL EFFECTS OF THE NEW 
INOCULATION [James Gilray, circa 1802]



• 1891: Attending Surgeon to 
the NYC Cancer Hospital 

• Utilized a combination of live 
bacterial cultures 
(Streptococcus pyogenes
[erysipelas] and Bacillus 
prodigiosus) 

• Injected around a cancerous 
tumor (sarcoma)

• Changed to filtered cultures 
due to high toxicity

• Coley’’’’s Toxin resulted in 
disappearance of large, 
bulky tumors in many 
patients, primarily with 
sarcoma

• Possibly led to discovery of 
tumor necrosis factor (TNF)

William B. Coley



William B. Coley

• First patient: to receive Coley Fluid 
was a sixteen-year-old boy with a 
massive abdominal tumor. 

• Every few days, Coley injected 
““““Coley’’’’s fluid”””” directly into the 
tumor mass

• Produced the symptoms of an 
infectious disease, but did not 
produce the disease itself

• On each injection, there was a 
dramatic rise in body temperature 
and chills

• The tumor gradually diminished in 
size

• By May 1893, after four months of 
intensive treatment, the tumor was 
1/5th its original size

• By August, the remains of the growth 
were barely perceptible

• The boy received no further anti-
cancer treatment and remained in 
good health until he died of a heart 
attack 26 years later.



Annual Meeting 
of the AMA, June 

7th, 1898



A complete response rate of 47.6% (40/84 pts. at 5 years)
• CR @ 5 yrs., but <10 yr (13%)

• CR @ >10 yrs., but <20 yr (13%)

• CR @ > 20 yr (20%)



9July2004

IMMUNOTHERAPY
OF CANCER: 

OFFERING THE 
PROMISE OF 

TREATING HUMAN 
DISEASES BY 

MOBILIZING OR 
INHIBITING 

MULTIPLE ARMS OF 
THE IMMUNE 

SYSTEM



Steven A. Rosenberg Donald Morton

Pioneers of cancer immunotherapy



Clinical Studies with rIL -2 for the
Treatment of Metastatic Melanoma

Investigator Dosing//Schedule Pts. CR PR CR+PR %

Hersh et al. 12x106 IU/m, day 1,3,5 every week 26 0 3             12%

Parkinson et al. 600,000 IU/kg, TID x 5 days, q15th d 46 2 8             22%

Whitehead et al. 36-60 x 106 IU/m, day 1,3,5 q week 42 0 4             10%

Sparano et al. 6 x 106 U/m, TIDx 5 days, q15th d 44 0 2              5%

Demchak et al. 600,000 IU/kg, TID x 5 days, q15th d 27 0 4             26%

Rosenberg et al. 720,000 IU/kg, TID x 5 days, q15th 134 9 14 17%

CR = 7% PR = 10% Total CR + PR = 17%





Rosenberg et al., Nature Med., 1998



Tumor Cell Recognition by the Host Immune System: 
Mechanisms for Self-Antigens to Become Tumor Antigens

Post-Translational
ModificationOver-expressionMutation



Immunologic and Therapeutic Evaluation of a Synthetic Peptide Vaccine for the Treatment of 
Patients with Metastatic Melanoma. Nature Medicine, March 1998. Rosenberg SA, Yang JC, 
Schwartzentruber DJ, Hwu P, Marincola FM, Topalian SL, Restifo NP, Dudley ME, Schwarz 

SL, Spiess PJ, Wunderlich JR, Parkhurst MR, Kawakami Y, Seipp CA, Einhorn JH, White DE.

• Immunodominant peptides from the gp100 melanoma-associated 
antigen were identified, and a synthetic peptide (gp209-2M), 
designed to increase binding to HLA-A2 molecules, was used as a 
cancer vaccine to treat patients with metastatic melanoma

• On the basis of immunologic assays, 91% of patients could be 
successfully immunized with this synthetic peptide

• 13 of 31 patients (42%) receiving the peptide vaccine plus IL-2 
had objective cancer responses

• Four additional patients had mixed or minor responses
• Proof-of-principle that synthetic peptide vaccines based on the 

genes encoding cancer antigens can be effective therapies for 
development of novel cancer immunotherapies



Pre-vaccination Post-vaccination
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Pre-Vaccination Post-Vaccination



Pre-
Vaccination

Post-
Vaccination



(Rosenberg et al., Nature Med., 1998)



NATURE MEDICINE, Volume 10(9), September 2004

In the year 2003, there were 216 ongoing vaccine trials in cancer patients. For DC-
based vaccines alone, there are 98 published studies treating over 1,000 patients



Peptide Vaccine 
Immunization of 

Patients with 
Metastatic Cancer

Overall Response 
Rate = 2.9%



Viral Vaccine Immunization of Patients with 
Metastatic Cancer

Overall Response Rate = 1.9%



Rosenberg SA, Yang JC, Restifo NP. Cancer immunotherapy: moving 
beyond current vaccines. Nature Medicine, 10(9), 909-915, 2004

• 440 patients with stage IV melanoma
• Treated with 541 different vaccines over a nine-year period 

[Surgery Branch, NCI]
• Vaccine strategies: synthetic peptides, naked DNA, dendritic 

cells (DC) and recombinant viruses
• Overall Objective Response Rate = 2.6%
• Comparison was made of 35 other vaccine trials from around 

the world: 765 patients receiving similar type vaccines
• Overall Objective Response Rate = 3.8%
• Combining the results: 1,306 vaccine treatments in over 1,200 

patients:

OVERALL RESPONSE RATE OF CANCER 
IMMUNOTHERAPY OF 3.3%



Adoptive Immunotherapy

• Cancer ““““Vaccines””””
• Dendritic Cell-Based Therapy
• Cell-Transfer Therapy



Allogeneic Melanoma Vaccines

� Polyvalent, allogeneic, antigen-enriched whole cell irradiated 
melanoma vaccine

� Developed at the JWCI in Santa Monica, CA. (Morton et al.)
� Composed of 3 melanoma cell lines
� HLA haplotype match in 95% of melanoma pts
� Grow separately, combine, XRAY (150 Gy), stored sterile
� Most extensively studied vaccine with the longest follow-up

Common Tumor Antigens Melanoma-Associated Antigens
(+) GM2, GM3, GD2, GD3 Tyrosinase
gp90 MART-1
gp70 gp75, gp100
MAGE 1 HMW antigen
MAGE 3 LP 180
Sialyl Lewis X, a O-acetyl GD3



Vaccination Schedule

� Induction Phase with SQ injections q 2weeks x 5 
doses over 2 months

� BCG given with the first 2 vaccinations as a 
nonspecific immunostimulant

� Maintenance phase with SQ injections q 4 weeks 
x 1 year, then q 2 months x 1 year and then q 3 
months for a total of 5 years

� Minimal toxicity noted (fever, local reactions, 
fatigue, and muscle weakness)



Stage IV Trial Results

Disease-free 
survival

5-year 
survival

Median 
survival

Placebo arm 20.9% 7.2 months

Vaccine arm 27.4% 8.3 months

Morton DL et al. SSO, San Diego 2006

Overall 
survival

5-year 
survival

Median 
survival

Placebo arm 44.9% 38.7 months

Vaccine arm 39.6% 31.5 months

Disease-free 
survival

5-year DF 
survival

Median DF 
survival

Placebo arm 52.1% >60 months

Vaccine arm 47.2% 42.6 months

Overall 
survival

5-year 
survival

Median 
survival

Placebo arm 67.7% >69 months

Vaccine arm 59.1% >69 months

Stage III Trial Results

Allogeneic Melanoma Vaccines are NOT Effective



Although the vaccine doesn’t work:
Up-Front Surgery May Help in Select Cases:

Surgical resection of
all metastatic lesions

Randomize

CancerVax + BCG Placebo + BCG

Morton et al., SSO 2006

• 40% of all patients (in 
both arms) were alive at 
5 years

• Prolonged survival not
due to the vaccine

• Prolonged survival is 
likely due to complete 
surgical resection of 
metastatic disease



� Composition:  Two melanoma cell lines grown to confluence, expanded and mechanically 
disrupted

� Frozen lysates are thawed and mixed with Detox adjuvant (lipid A, mycobact. cell wall 
skeleton)and injected SQ in divided doses  (0.5mL, 10-40 M tumor cell equivalents)

1988 and 1990 (N=114): 1993 (N=106)
Phase I and II trials with Melacine Multicenter Phase III Trial
20%  Objective Response Rate Cyclophosphamide + Melacine vs.
5% CR, 15% PR DTIC+Cisplatin+Carmustine+Tamoxifen
8% (13/150) long-term survivors Objective Response Rate=7%
Median duration of response of 21 months 10%  chemo. with no diff. In OS (9.4 mo. 
Median survival time of 46 months vs. 12.3 mo., vs. chemo.)

Mitchell, M. et al.  Active Immuntherapy of Melanoma. Phase I trial of allogeneic melanoma lysates and a novel 
adjuvant. Cancer Research 1988
Mitchell, M. et al.  Active Specific Immuntherapy for Melanoma. J Clin Oncol 1990

Allogeneic Melanoma Lysates in Active 
Specific Immunotherapy



SWOG 9035: Phase III observation-controlled trial of allogeneic 
melanoma vaccine in patients with intermediate thickness (1.5-4.0 
mm Breslow’s depth) melanoma and clinically negative regional 

lymph nodes (T3N0M0)

• 1:1 randomization of observation vs. 2 years of 
adjuvant vaccinations with four 6-month cycles 
composed of 10 treatments (2 injections/treatment or 
20 injections/cycle)

• No clinical evidence of nodal or distant metastasis and 
surgical staging allowed, but not required

• Results reported after median follow-up of 5.6 years, 
RFS reported but OS endpoints not yet met



Sondak et al.: Adjuvant Immunotherapy of Resected, Intermediate-Thickness Node-
Negative Melanoma with an Allogeneic Tumor Vaccine. I. Overall Results of a 

Randomized Trial of the Southwest Oncology Group. J Clin Oncol 2002; 20: 2058-66

Disease-free survival by treatment arm for 
all 689 patients on SWOG 9035

P=0.34 after correction for 
known prognostic 

variables



Phase III, Randomized, Double-Blind, Placebo-Controlled Multicenter 
Vaccinia Melanoma Oncolysate Trial

Wallack, Balch, Sivanandham, Urist, Bland, Murray, Robinson, Flaherty, 
Richards, Bartolucci, Rosen. J Am Coll Surg 1998

� Polyvalent vaccina melanoma oncolysate developed from 4 cell 
lines and vaccinia virus

� Stage III patients randomized to VMO (n=104) vs. control virus 
(n=113)

Results:
� No difference in overall survival or disease-free survival in total 

group

� Retrospective subset analysis of pts. with 1-5 nodes (+), b/t the ages 
of 44-57, showed a survival advantage with VMO



A Phase II Clinical Trial of an Anti-Tumor Immunotherapy Regimen 

Comprised of Pegylated Interferon-Alpha-2b and Dorgenmeltucel-L 

for Subjects with Advanced Melanoma. 

Riker et al. 2014, The Ochsner Journal



•Mixture of irradiated, allogeneic, whole cancer cells

• Genetically modified to add α-(1,3)-galactosyl transferase 

gene to cell surface antigens

• Based on mechanism of Hyperacute rejection in xeno-
transplantation

• Designed to break tolerance and enable longer duration of 
anti-tumor effect

• Platform is broadly applicable to multiple cancers

• Simple to manufacture and QC

Dorgenmeltucel-L Vaccine Platform





Stored at -1700 C

Thawed and injected
(Intradermal)

within 30 minutes



Combination Immunotherapy

Pegylated
Interferon
[6 ug/kg]

Dorgenmeltucel-L

+

















Pre-Trial

Week 9

Week 6

Post-Trial



June 2008
Pre-treatment

February 2009
Immediate

Post-treatment

June 2009
5 months

Post-treatment

A B C

Primary
Melanoma

Metastatic
Melanoma

Bladder

Kidney

Primary
Melanoma
Regressed

2 Residual
Lesions



June 2008
Pre-

Treatment

August 2011, 
38-months 

post-
treatment







Intratumoral 
Electroporation 

Device

Plasmid Vector: Full-
Length Human IL -12 

Gene







Histologic Appearance of Electroporated Lesions





Day 5 Day 513



Talimogene
Laherparepvec



Overall Response 
Rate:

26.4% in T-VEC 
arm vs. 5.7% in the 

GM-CSF arm

Median Overall 
Survival

23.3 months in T-
VEC vs. 18.9 

months in the GM-
CSF group



GM-CSF T-VEC

Change from Baseline



Duration of Response [Months]

GM-CSF T-VEC



Median Overall 
Survival of 23.3 

months in T-VEC 
vs. 

18.9 months in the 
GM-CSF group



Durable 
Response Rate Overall Survival



Stage 3B,3C, 4M1a

Second-line tx. or >

Stage 4M1b, M1c

First-line tx.





Markers
S100, p55, CD83, 
OX62, M342, 2A1, 

MIDC-8

Adhesion and co-stimulation
CD24 / HAS

CD50 / ICAM-1, 3
CD58 / LFA-3

CD80, CD86 / B7-1, B7-2

High Level of 
Antigen Expression
MHC-I, MHC-II, CD1

Signaling
TNF-R, CD120, CD40, Cytokine-R: 
GM-CSF, IL-1, IL-10, IL-4, TGF-ββββ
7-TM-R: CCR5, CXCR4, CCR6, 

CD88, NFκκκκB

Receptors for 
antigen 
uptake

MMR, DEC-
205, CD32, 

CD64, ASGPR

Secretions
IL-12, 

Chemokines, 
proteases

Homing
CD11A, B,C, CD49D, 

CD44, E-cadherin

The Ultimate Antigen Presenting Cell





• Double-blind, placebo-controlled 
Phase 3 trial evaluating 
supuleucel-T in men with 
asymptomatic, metastatic 
androgen-independent prostate 
cancer. 

• Significantly improved survival 
compared to placebo. 

• Improvement of 4.5 months 
median survival and a greater 
than 3-fold increase in survival at 
36 months when compared to 
placebo 

• Patients receiving placebo had a 
relative risk of dying 70% higher 
than those receiving sipuleucel-T

• 34% of patients receiving 
sipuleucel-T were alive at 36 
months compared to 11% 
receiving placebo. 

• Survival benefit seen with 
sipuleucel-T was independent of 
Gleason’’’’s Score

Sipuleucel-T



Disease-Free Progression with or without Sipuleucel-T



Overall Survival with or without Sipuleucel-T





FDA Approval
April 29 th, 2010



Dendritic Cell-Based Immunotherapy for 
Metastatic Melanoma

• German Dendritic Cell Study Group: Prospective, randomized 
phase III clinical trial of autologous peptide-pulsed DC-based
vaccine in patients with stage IV melanoma compared to 
standard chemotherapy with DTIC alone

Response Rates 
– DC vaccine group = 3.8% TTP=2.8 OS=9 months
– DTIC alone = 5.5% TTP=3.2 OS=11 months

• No statistically significant differences noted in response, 
toxicity, overall and progression-free survival between groups

Schadendorf D, Nestle FO, Broecker EB, Enk A, Grabbe S, Ugurel S, Edler L, Schuler G, DeCOG-
DC Study Group. Dacarbacine (DTIC) versus vaccination with autologous peptide-pulsed 

dendritic cells (DC) as first-line treatment of patients with metastatic melanoma: Results of a 
prospective-randomized phase III study Journal of Clinical Oncology, 2004 ASCO Annual 

Meeting Proceedings (Post-Meeting Edition). Vol 22, No 14S (July 15 Supplement), 2004: 7508



TWO MAIN APPROACHES TO TUMOR IMMUNOTHERAPY

THREE PRINCIPLES OF EFFECTIVE TREATMENT:
1. There must be a sufficient number of lymphocytes that recognize the tumor

2. These lymphocytes must reach the tumor
3. Once there, they must be able to destroy established tumor

VACCINE THERAPY CELL TRANSFER THERAPY



25 October 2002, Volume 298
SCIENCE

Concept of 
Adoptive 

Immunotherapy 





Cancer regression in patients with metastatic melanoma after the 
transfer of autologous anti-tumor lymphocytes. Rosenberg SA, 

Dudley ME, Proc Natl Acad Sci., September 20th , 2004 

• Autologous cell transfer after lymphodepleting chemotherapy
• Eighteen of 35 patients (51.4%) treated with tumor-reactive 

lymphocyte cultures with objective clinical response (>50% 
reduction in tumor)

• 4 complete responders (11.4%)
• Tumor regression was accompanied by a large in vivo

expansion of the administered anti-tumor lymphocytes (ATL)
• ATL persisted in peripheral blood at >70% of total 

lymphocytes for many months after transfer
• ATL consisted of heterogeneous lymphocyte populations with 

high avidity for tumor antigens, derived from tumor-
infiltrating lymphocytes



Overall Response
Rate

49%

52%

72 %

XRT









In Conclusion

• The immunotherapy of cancer has dramatically 
changed the way we treat cancer patients today

• There is proof of principle that our own immune 
systems can become specifically activated to 
attack and destroy cancer cells

• The bodies immune system is powerful, against 
cancer, when properly activated

• There will certainly be more advances in the near 
future, with improved treatment options that are 
based upon activating our immune systems



Thank you 

!!


