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•"Do or do not. There is no try." ...

•"You must unlearn what you have learned." ...

•"Named must be your fear before banish it you can." ...

•"Fear is the path to the dark side. ...

•"That is why you fail." ...

•"The greatest teacher, failure is." ...

•"Pass on what you have learned."
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Evolution  of Immune Treatments for Patients with Melanoma
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Foundations of Cancer 

Therapy
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Disturbance of function (functio laesa): the 
legendary 5th cardinal sign of inflammation, 
added by Galen to the four cardinal signs of 

Celsus=Autophagy. 
Rather LJ. Bull N Y Acad Med. 1971.

Calor (warmth), dolor (pain), tumor

(swelling) and rubor (redness), and 

(later) loss of function Celsus, 

De Medicina

Cancer is the endstage of chronic 

inflammation in adults

De Medicina is a 

1st-century 

medical treatise by 

Aulus Cornelius 

Celsus, a Roman 

encyclopedist and 

possibly practicing 

physician.

//upload.wikimedia.org/wikipedia/commons/6/6a/Aulus_Cornelius_Celsus.jpg


Evolution of Cancer 

Treatments: Surgery (ACS)

Ancient physicians and surgeons knew that cancer would usually come back after it was 

surgically removed. The Roman physician Celsus wrote, “After excision, even when a scar 

has formed, none the less the disease has returned.”

Successful Surgical Excision is Immunotherapy

Successful Radiation Therapy is Immunotherapy

Successful Hormonal Therapy is Immunotherapy

Successful Chemotherapy is Immunotherapy
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History of Life

• 13.75 ± 0.11b Universe
• 4.5b Planet Earth
• 4.0b Life on Earth
• 2.5b Toxic Gas Brought into 

Atmosphere by Cyanobacteria
• Molecular Oxygen!
• 1.0b Mitochondria Find Their Way 

into Our Ancestral Cells
• 0.54b Cambrian explosion allowing 

speciation beyond trilobites
• 0.25b Permian Extinction of the 

Trilobites

Humans

Mitochondria

HMGB1

Life



SIGNAL 0 – PAMPS AND DAMPS

PATHOGEN AND DAMAGE ASSOCIATED MOLECULAR 

PATTERN MOLECULES

NK cells and MHC-like 

molecules 

(Maternal/Fetal 

interface): Botryllus

schlosseri is a colonial 

invertebrate chordate 

(Urochordata) PNAS 

2003 100:622-7.
DANGER-

Matzinger

(HMGB1, ATP, DNA, …)

Innate immunity in single cell 

organisms (4byrs) evolved: 

0) TLRs, NLRs, ALRs, RLRs, 

STING/cGAS (STRANGER-

Janeway) 

1) engulf organisms by 

xenophagy; 

2) develop ‘adaptive’ immunity 

involving CRISPR/Cas9; 

3) toxic metabolites (yeast: 

alcohol; plants: salicylic acid 

and jasmonic acid) that limit 

pathogens; 
4) SIRPα/CD47
5) PIR’s



A cold-blooded view of adaptive immunity 

Nature Review Immunology (2018)
Martin F. Flajnik Department of Microbiology and Immunology 

University of Maryland Baltimore



History of 

Immunotherapy 

Adapted from: Lesterhuis et al., Nature Reviews, 2011

1980

Fraietta, Joseph A <jfrai@upenn.edu>



Emperors



99.98% 

Identical

3x109

nucleotides

1-50 Mutations/MB 

DNA=

3,000-150,000

Mutations

~95% Identical

How does Genomic Instability Interface with Host Response?

<.002% Different

Genome

Mutanome

Microbiome

Adaptome

~5% 

Different

Recursive 7-10

Years of Interaction

Cancer Editing and Culling



The Critical Need for More Effective 

Immunotherapies for Solid Tumors 

Adapted from NEJM Dec 21 2017
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The lymphocyte as a factor in natural and induced 
resistance to transplanted cancer. 

Proc Natl Acad Sci U S A 1:435–437; 1915

Hence, it would seem fair 
to conclude that

the lymphocyte is a 
necessary factor in cancer

immunity – James B. 
Murphy and John J. 
Morton (Murphy and 
Morton 1915)







Rearranged Receptors in B and T Cells
Tonegawa S, et al. Evidence for somatic generation of antibody 
diversity. Proc Natl Acad Sci U S A 1974;71:4027-31.
Sakano H, Huppi K, Heinrich G, Tonegawa S. Sequences at the somatic 
recombination sites of immunoglobulin light-chain genes. Nature 
1979;280:288-94.
Tonegawa S. Somatic generation of antibody diversity. Nature 
1983;302:575-81.

Davis MM, Chien YH, Gascoigne NR, Hedrick SM. A murine T cell 
receptor gene complex: isolation, structure and rearrangement. 
Immunol Rev 1984;81:235-58.
Kavaler J, Davis MM, Chien Y. Localization of a T-cell receptor 
diversity-region element. Nature 1984;310:421-3.
Robertson M. Receptor gene rearrangement and ontogeny of T 
lymphocytes. Nature 1984;311:305-6.
Royer HD, Acuto O, Fabbi M, et al. Genes encoding the Ti beta subunit 
of the antigen/MHC receptor undergo rearrangement during 
intrathymic ontogeny prior to surface T3-Ti expression. Cell 
1984;39:261-6.
Siu G, Kronenberg M, Strauss E, Haars R, Mak TW, Hood L. The 
structure, rearrangement and expression of D beta gene segments of 
the murine T-cell antigen receptor. Nature 1984;311:344-50.

Hayday AC, Saito H, Gillies SD, et al. Structure, organization, and 
somatic rearrangement of T cell gamma genes. Cell 1985;40:259-69.
Lefranc MP, Rabbitts TH. Two tandemly organized human genes 
encoding the T-cell gamma constant-region sequences show multiple 
rearrangement in different T-cell types. Nature 1985;316:464-6.

Susumu Tonegawa Professor, Nobel Laureate 

(1987 Nobel Prize In Physiology or Medicine) 

Massachusetts Institute of Technology 

Massachusetts, US



doi: 10.4049/jimmunol.1800965

J Immunol 2018; 201:1331-1335

The Immunologic Big Bang



Zeev Pancer and Max Cooper With a Larval 

Lamprey at UAB.
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The Adaptome

>500 Million Years of Adaptive Immunity-Wu Xing 
The Immunologic Big Bang

NK Cells (1980-LAK)-Stress Ligands/MHC-/-

NKT Cells (2009)

Lipids/CD1

Antibody-B cells

(1986-Melanoma)

Shape/FcR

γδ T cells (2007)

Metabolites

αβ T cells (1988-TIL)

Linear Peptides/MHC

"Wǔ zhǒng liúxíng zhī qì" (五種流行之氣) or "the five 

types of chi dominating at different times".





The Hellström Paradox
• A paradox lies at the heart of 

cancer.

• Coursing through many tumors 

are legions of immune cells, 

including the T cells that should 

be fighting the cancer. 

• Yet these T cells are typically 

dysfunctional — they stop 

working and let the tumor grow 

with abandon.

• Ingegerd and Karl Hellström, 

the immunologists first drew 

attention to it more than 50 

years ago.



Original Hallmarks of Cancer

Hanahan D, Weinberg R. 

Hallmarks of Cancer: The 

Next Generation. Cell 

144, March 4, 2011



Hanahan D, Weinberg 

R. Hallmarks of Cancer: 

The Next Generation. 

Cell 144, March 4, 2011

Therapeutic 

Targeting 

Of the Hallmarks

Emerging 

Hallmarks

Enabling 

Characteristics



The Cells of the Tumor Microenvironment
Hanahan D, 

Weinberg R. 

Hallmarks of 

Cancer: The Next 

Generation. Cell 

144,, 2011





The Beginning of Molecular 
Therapeutics - 1978

But Cantell and the Finnish Red Cross, now producing 250 billion 

units (5,285 quarts) a year, have provided the great bulk of pure 

interferon used for clinical studies on humans, including a $2 

million batch bought last year by the American Cancer Society. 

“Production is the bottleneck,” says Cantell, who finds it “stupid 

and irritating” that until recently nobody else has tried to produce 

the substance in large-scale volume.



History of SITC
• 1980-1984 NCI Frederick Biologic Response 

Modifiers (nonspecific immunotherapies) -
Journal of Biologic Response Modifiers (1982); 
Society for Biologic Therapy (1984)

• 1985 Cytokine Therapeutics – 1st Annual Meeting 
of SBT (1986) in Williamsburg

• 1990’s Antibody (Her2, CD20, VEGF, etc.) 
Therapeutics – First Primer on Tumor 
Immunology (1998, Pittsburgh)

• 2000’s Cancer Vaccines - iSBTc (2002); SITC (2010) 

• 2010’s Cell Therapies (TIL, CART, DC, NK/NKT, etc.) 
- Journal for ImmunoTherapy of Cancer (2013)

• 2015 Checkpoint Inhibitors; Oncolytic 
Viruses/Cytokines

• 2020+ The Future Just Ain’t What it Used to be 
(Yogi Berra) – 1st Cancer Immunotherapy Winter 
School (2019); 34th Annual Meeting (2019)-OJF





20142013

Cancer Immunotherapy



Yoshinori Ohsumi 

Autophagy

Nobel Prize 2016

James Allison

Immunotherapy

Nobel Prize 2018

Tasuku Honjo

Immunotherapy

Nobel Prize 2018

Gordon Freeman

Dana-Farber scores legal win on immunotherapy patents likely 

worth billions: 6 things to know Alia Paavola, May 20th, 2019

In a major win for  Boston-based Dana-Farber Cancer Institute, a 

federal court ruled that one of its researchers should be listed as 

an inventor on six patents that are believed to be worth billions of 

dollars.



Before There were Checkpoints

https://oncologypro.esmo.org/content/download/85243/1583430/file/ESMO-

Preceptorship-Immuno-Oncology-Siena-July-2016-STAHEL.pdf

IDEC

https://oncologypro.esmo.org/content/download/85243/1583430/file/ESMO-Preceptorship-Immuno-Oncology-Siena-July-2016-STAHEL.pdf


Coley’s Toxins, 1893
W. Busch. 

Einfluβ von 

Erysipel. 

Berliner 

Klin Wschr 

1866. 3: 

245–246.



First 40 Yrs of Cancer Immunotherapy

Pubmed: > 357,762 articles about Tumor Immunology

1.5.20

T-cells & TCGF/IL2 Dendritic Cells/Tumor Vaccines CART/TIL

Checkpoints

1980

IL-2 Activate 
NK/LAK 

Cells
Infused

Steven A.

Rosenberg

2014

PD-1

IL-2 Given to 
Patients- The 

First 
Checkpoint 

Inhibitor

1985

Michael T. 

Lotze

Tumor 
Infiltrating 

Lymphocytes 
(TILs)

And gene 
therapy (PD-

1/PD-L1)

Suzanne

Topalian

1987

IL-4 given to 
patients; 
MART-

1/Melan A 

1989

Yutaka 

Kawakami

IL-12 given 
to patients

1995

Michael 

Atkins

HMGB1 as 
the Ur-

Cytokine; 
regulates 

autophagy 
and 

apoptosis

2017

Daolin

Tang

IL12
Gene

Therapy

Hideaki

Tahara

1996

Dendritic 
Cells

Given To 
Patients

1997

Olja

Finn
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Cytokine Brand name Status Indication Year  of 1st FDA 

Approval 

IL-2 Proleukin Approved Cancer 1992

IL-11 Neumega Approved Thrombocytopenia 1994

EPO Epogen Approved Anemia 1989

GCSF Neupogen Approved Myelosuppression from chemo 1991

GM-CSF Leukine Approved Myelosuppression from chemo 1991

IFN-a Intron-A Approved Hepatitis, Cancer 1991

IFN-b Betaseron Approved Multiple sclerosis 1993

IFN-g Actimmune Approved Granulomatosis 1990

IL-7 Clin dev Cancer, anti-viral

IL-10 Clin Dev Cancer, anti-inflammatory

IL-12 Clin dev Cancer, anti-viral

IL-15 Clin dev Cancer

IL-21 Clin dev Cancer

Cytokines are medically relevant endogenous 
small (~15kDa) proteins

Cytokine-based therapies in human disease

Baldo, 2018 

Drug Safety



Dupont 1983

Taniguchi, T 1983

Roche 9/84

Cetus-PEG

Chiron 1990

Novartis

Prometheus

Nestle

Clinigen

Return of 

Jonah

John 

Wehrle

1980 

Paging Dr. Crick
John Wehrle

The Story of IL-2 Commerce





Proof of Principle: 
Deep responses produce remissions

Atkins, Lotze et al. J Clin Oncol. 1999

CR

CR + PR

PR



High Dose IL-2 Immunotherapy

• Approved in patients with 

melanoma and kidney cancer.

• Significant ‘toxicity’.

• Associated with ‘cytokine storm’.

• iNOS blockers,  sTNF-R or     

IL-1Ra have yielded limited 

reduction in side effects.

• IL-2 treatment is associated with 

a ‘systemic autophagic 

syndrome’ and temporally 

limited tissue dysfunction.

AR. Chavez, X Liang, MT Lotze.  

Ann. N.Y.Acad.Sci.1182:14-27 (2009)

Baseline

After Treatment



Cytokine Working Group
CWG: The Abbreviated History (SITC 2018)

David McDermott, MD
Beth Israel Deaconess Medical Center
Dana Farber/Harvard Cancer Center

Harvard Medical School



J Clin Oncol 2005; 23:133-141

Second Randomized Treatment with Interleukin 2 as 

Immunotherapy for Cancer

J Clin Oncol 21:3127-3132. © 2003 by American

Society of Clinical Oncology.



Repeal and Replace (or add to Interleukin 2) 

Cbl-Bi 



• Ultra low dose IL-2 

– Expands Tregs and NK cells 

– Effective for steroid refractory GVHD 

– Has been used for GVHD prophylaxis in matched 
donor SCT 

• Quality and quantity of regulatory Treg and NK 
cells impact haplo-SCT outcomes

ULD IL-2 for GVHD Prophylaxis: ↑Tregs (S. Ito, J. Ritz)

Koreth et al. N Engl J Med 2011; 365: 2055, Koreth et al. Blood 2016; 128: 130 

Kennedy-Nasser, Ito S et al. Clin Cancer Res 2014; 20: 2215



Cheever, Greenberg, Fefer



822 | NOVEMBER 2019 | volume 18 www.nature.com/nrd

Growth of Cell Therapy Last 25 Years

1980 LAK  1985 TIL   1997 DC (UPMC and IDM)   2009 iRepertoire

IOVANCE

FPI – Reg

2020?



C.K. (200cGy)      Pre                                        12 days





Tumor Infiltrating Lymphocyte (TIL) Therapy – Iovance 
(Instil, Myst, NxACT-Nurix,  Achilles…)

Lotze, US Patent 20190083539 2018



Genetically engineered T-cells

Porter DL, Levine BL, Kalos M, Bagg A, June CH. Chimeric 

antigen receptor-modified T cells in chronic lymphoid 

leukemia. N Engl J Med. 2011;365:725–733.

Novartis

Kochenderfer JN, Wilson WH, Janik JE, Dudley ME, Stetler-

Stevenson M, Feldman SA, Maric I, Raffeld M, Nathan DA, Lanier 

BJ, Morgan RA, Rosenberg SA. Eradication of B-lineage cells 

and regression of lymphoma in a patient treated with 

autologous T cells genetically engineered to recognize CD19. 
Blood. 2010 Nov 18;116(20):4099-102. Kite/Gilead

Kershaw MH, Westwood JA, Parker LL, Wang G, Eshhar Z, Mavroukakis SA, White 

DE, Wunderlich JR, Canevari S, Rogers-Freezer L, Chen CC, Yang JC, Rosenberg 

SA, Hwu P. A phase I study on adoptive immunotherapy using gene-modified T cells 

for ovarian cancer. Clin Cancer Res. 2006 Oct 15;12(20 Pt 1):6106-15. PubMed PMID: 

17062687; PubMed Central PMCID: PMC2154351.









Ipilimumab/CTLA-4 Antibody
for melanoma patients-2010

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=QKy_j-KsBNsYVM&tbnid=1S6MCGigBI00CM:&ved=0CAUQjRw&url=http://www.onclive.com/conference-coverage/asco-2013/Combining-Ipilimumab-and-Nivolumab-Shows-Promise-in-Advanced-Melanoma&ei=7adjUozDEfWj4AP8gIGQAQ&bvm=bv.54934254,d.dmg&psig=AFQjCNEBot__gh8wBVvU0414aFECeYF7eQ&ust=1382349161038641


PD1 AB RESULTS: RCC PATIENTS

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=f92p5V3OPRy36M&tbnid=HQ_GPI2qfcYqXM:&ved=0CAUQjRw&url=http://www.hopkinsmedicine.org/doctors/results/directory/profile/0020944/suzanne-topalian&ei=4KFjUpSHMrfF4APHmYGwDg&bvm=bv.54934254,d.dmg&psig=AFQjCNFkb1OV95wEZrIVpfAcYOk_664o_A&ust=1382347607604125


Immunotherapy Drugs Slow Skin Cancer That Has Spread to 

the Brain

NYT August 22, 2018





Matson et al., Science 359, 104–108 (2018) 5 January 2018

Operational

Taxonomic

Units

Merck Pembro Anti-PD1 + Bifidobacterium longum



Foundations of Cancer 

Therapy (WuXing Again)

Tu
m

o
r • Surgery

• ChemoRx

• Radiation

• Other 
Targets:

• Signal 
Transduction

• Autophagy

• Oncogenes 
(BRAF, RAS)

• Tumor MAPK 
pathways

• Kinases-BTK

T 
C

el
ls • Immune 

Stimulants

• Checkpoint 
Inhibition

• Adoptive 
Cell 
Therapy 
(CARs, TIL)

• DC AND 
Vaccines

• Oncolytic 
Viruses

En
d

o
th

el
iu

m • Anti-VEGF

• Chloroquine

• Platelet Derived 
Growth Factor 
(PDGF) 

• Fibroblast 
Growth Factor 
(FGF)

• TKI’s (Sorafenib, 
Sunitinib, 
Axitinib, 
Pazopanib)

St
ro

m
a 

an
d

 M
ye

lo
id

 C
el

ls

• Stromal 
Compo
nent

• Tumor 
Associa
ted 
Macrop
hages

• VISTA

• MDSCs

• Neutrop
hils

•Erythropoietin

•Thrombopoietin

• Interleukin 11

•Red Cells

•Platelet Derived 
Growth Factor 
(PDGF) P

la
te

le
ts

 a
n

d
 R

B
C




