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Today’s Featured Speakers

Jason Luke, M.D.

Jason Luke, M.D. is the Director of the Immunotherapy and Drug Development 

Center and Associate Professor of Medicine at the University of Pittsburgh. 

Dr. Luke is an internationally recognized clinical and translational investigator and 

has been at the forefront of immuno-oncology combination therapies. Dr. Luke's 

drug development expertise spans first-in-human trials through late-stage clinical 

studies in melanoma, including lead investigator roles for practice-changing 

clinical trials of PD-1 inhibitors and immune checkpoint combinations. Dr. Luke 

is an At-Large Director of SITC and has received numerous awards including 

the Melanoma Research Foundation Humanitarian Award, Crain's 40 under 40, 

a DOD Career Development Award, an ASCO Merit Award, and the NCI Cancer 

Clinical Investigator Team Leadership Award. Dr. Luke received his M.D. degree 

from Rosalind Franklin University of Medicine and Science/Chicago Medical 

School, completed Internal Medicine Residency at Boston University Medical 

Center and Medical Oncology Fellowship at Memorial Sloan-Kettering Cancer 

Center and Weill Cornell Medical Center.

Jamie Spangler, Ph.D.

Jamie Spangler, Ph.D. is an esteemed researcher whose work has 

focused on engineering immune molecules such as cytokines, 

growth factors, and antibodies for targeted treatment of diseases 

such as cancer and autoimmune disorders. After completing a 

postdoctoral fellowship at Stanford University School of Medicine, 

Dr. Spangler launched her independent research group at Johns 

Hopkins University in July 2017, jointly between the departments 

of Biomedical Engineering and Chemical & Biomolecular 

Engineering. Her lab, located in the Translational Tissue 

Engineering Center at the School of Medicine, applies structural 

and mechanistic insights to re-engineer existing proteins and 

design new proteins that therapeutically modulate the immune 

response. She holds a B.S. in biomedical engineering from Johns 

Hopkins University and a Ph.D. in biological engineering from MIT.
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Today’s Agenda

1. Unmet need in Solid Tumors

2. Interleukin-12 Overview

3. IL-12 Clinical Landscape

4. Q&A

3



4

Unmet Need in 
Solid Tumors
"Cold" vs "Hot" Tumors & 
Differences in Their TMEs

Dr. Jason Luke
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Overwhelming Unmet Need Remains:
2022 US Incidence by Tumor Type and Category

*Estimated by taking incidence CRC patients & removing 5% for MSI-H. # Estimated by taking 5% of incident CRC patients. **Estimated by taking incidence endometrial patients & removing 25% for MSI-H. ***Estimated by taking 25% of incident 
endometrial patients. CRC: colorectal cancer; HCC: hepatocellular lung cancer; NSCLC: non-small cell lung cancer; SCLC: squamous cell lung cancer; SCSCHN: squamous cell cancer of head and neck; TNBC: triple negative breast cancer.

SCCHN

67,193

TNBC

28,299

Breast Her2+/HR+

27,188

Breast Her2+/HR-

10,192

Breast Her2-/HR+

216,856

#MSI-H CRC

7,549

MSS CRC

*143,426

Pancreas

62,003

Ovarian
19,833

Cervical

13,802

mCRPC

247,331

NSCLC

195,838

SCLC

29,435

Esophagus

20,124

HCC

27,147

Gastric

22,972

RCC

70,438

Bladder

85,504

***MSI-H Endometrial

15,951

MSS Endometrial

**47,852

Melanoma

200,306

Sarcoma

17,980
Per Cerner Enviza CancerMPact Epidemiology Database

Categories assigned based 

on approval of a checkpoint 

inhibitor (CPI) in that tumor 

and relative efficacy

Hot Tumors

784,558

Cold Tumors

792,661
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• Abundant CD8 T and NK cells in tumor

• Pro-inflammatory microenvironment

• Improved prognosis and effective killing of tumor 
cells with immunotherapy treatment

IL-12 can remodel cold tumor microenvironment towards a 
pro-inflammatory (hot) state that favors anti-tumor immunity

Adapted from “Cold vs Hot Tumors”, by BioRender.com, 2022. Retrieved 
from https://app.biorender.com/biorender-templates. 
Barraondo et al., Clin. Cancer Res., 2018. Nguyen et al., Front. Immunol., 2020.

• Lack of CD8 T and NK cells within tumor

• Presence of immune suppressive cells 
(TREGs, MDSCs)

• Poor response to checkpoint inhibitors

Cold Tumor Hot Tumor

IL-12 
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The Potential of IL-12 as a Therapeutic Agent

INFγ: interferon gamma; MTD: maximum tolerated dose; NK: natural killer; TME: tumor microenvironment.; INFγ is a pleiotropic molecule with associated antiproliferative, pro-apoptotic and antitumor mechanisms. 
Th1-type cytokines tend to produce the proinflammatory responses responsible for killing intracellular parasites and for perpetuating autoimmune responses.

• IL-12 has ground-
breaking potential as a 
potent IO therapeutic 
agent

• Poor tolerability has 
limited its clinical 
progress for decades

• No currently approved 
IL-12 agents

IL-12 Has Highly Compelling Biology for IO Applications

Exquisitely potent 

stimulator of NK and 

T cell cytotoxicity and 

INFγ production

Demonstrated single 

agent objective 

responses in patients, 

but poorly tolerated 

(MTD <500 

nanograms/kg on 

repeat dosing)

Capable of polarizing 

CD4 T-cells towards 

Th1 phenotype, thus 

driving cellular immunity 

against infection and 

cancer

Robust INFγ induction 

results in broad 

remodeling of the TME 

towards a more 

immune-permissive 

environment
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IL-12 
Overview
Biology and Clinical Experience to Date

Dr. Jamie Spangler
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IL-12: Discovered in 1989 as a potent NK cell stimulator

IL-12

INF-γ

NK



10

IL-12 Discovery and Development Advances Over Decades

Wojno, Hunter & Stumhofer; Immunity 2019
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IL-12 is part of the IL-6/IL-12 Family of Cytokines

Wojno, Hunter & Stumhofer; Immunity 2019
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IL-12 is a heterodimeric cytokine and major driver of IFN-γ signaling

Berraondo et al. Clin Can Res 2018
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IL-12 Activates Innate and Adaptive Immunity

Wojno, Hunter & Stumhofer; Immunity 2019

What else does IL-12 do? 

• Differentiation, proliferation, 
cytotoxicity, IL-2 sensitivity 
and production, IL-10 etc. 

• Anti-pathogen

• Anti-cancer responses

• CTL activity
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Development of TH1 CD4+ T Cells Through IL-12 Produced 
by Listeria-Induced Macrophages

Hsieh et al. Science 1993

What else does IL-12 do? 
More than just IFN-gamma? 

• Differentiation, proliferation, 
cytotoxicity, IL-2 sensitivity 
and production, IL-10 etc.

T
IL-12

INF-γ

+ TCR

• Anti-pathogen

• Anti-cancer responses

• CTL activity

Chyi-Song Hsieh, Steven E. Macatonia, Catherine S. Tripp, 
Stanley F. Wolf, Anne O’Garra, Kenneth M. Murphy*
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IL-12 Exhibits Anti-tumor Activity

Brunda et al. J Exp Med 1993
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Combinations of IL-2 and IL-12 Potentiate Anti-tumor Immunity

Left panel: Deblaker-Hohe et al., Cellular Immunology, 1995 and Wigginton et al., Journal of the National Cancer Institute, 1996
Right panel: Adapted from Gollob et al., JCI 2003

Combination of IL-2 and IL-12 results in 
enhanced cytotoxicity and anti-tumor activity 

(pre-clinical data)

Addition of IL-2 to IL-12 reduces negative 
feedback and results in persistent INFγ 

production (human clinical data)

IL-12 alone (week 1)

IL-12 alone (week 3)

Combo (week 3)

Combo (week 6)

Twice weekly dosing
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What is the future?

Berraondo et al. Clin Can Res 2018

“Surely, if lymphokines prove to be valuable therapeutic 

agents, new approaches to a physiological type of drug 

delivery, mimicking normal modes of action, will be needed 

to improve their efficacy and to avoid the side effects which 

are almost certain to occur from systemic administration” 

(Paul, 1989).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6472917/#R200
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• Exquisitely potent stimulator of NK and T cell 
cytotoxicity and INFγ production.1-2

• Capable of polarizing naïve CD4 T-cells towards Th1 
phenotype, thus driving cellular immunity against 
infection and cancer.1-2

• Robust INFγ induction results in broad remodeling of 
the TME towards a more immune-permissive 
environment.1-2

• Demonstrated single agent objective responses in 
patients, but poorly tolerated (MTD <500 ng/kg).3

• Synergy with TIL and a-PD-1 preclinically.4-5

IL-12: Compelling biology for IO applications –
but limited without engineering

1Carter LL, J Exp Med 1999; 2Berraondo P, Clin Cancer Res 2018; 3Gollob JA, Clin Cancer Res 2000; 4Mazzolini G, Hum Gene Ther 2000; 5Garris CS, Immunity 2018

IL-12: A key cytokine bridging innate and 
adaptive cellular immunity

IL-12 properties highlight potential in IO, 
but tolerability remains limiting

IL-12 

Innate Adaptive
CD4 CD8NK NKT

Immune
Infiltration

M1 Macrophage
Polarization

Tumor 
Angiogenesis

Antigen 
Presentation
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IL-12 Clinical 
Landscape
Dr. Jason Luke
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T cell-inflamed gene expression and tumor mutational burden/tumor 
neoantigenicity predict immunotherapy treatment outcomes

Luke and Ott. Oncotarget. 2015; Cristescu et al. Science 2018
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Immunobiology of T cell-inflamed & non-T cell-inflamed 
tumor microenvironment

Gajewski et al. Nature Immunol. 2013; Spranger et al., Science Trans. Med. 2013 ; Harlin et al. Clin Can Res. 2009; Ribas et al. J Clin Oncol 33, 2015

T cell-inflamed

CD8

FoxP3

PD-L1

IDO

Non-T cell-

inflamed

PFS and OS in Patients With Melanoma and IFNγ
Signature Score Above and Below the Cutoff

PFS by RECIST v1.1 Overall Survival



22

Phase I Study of IV Recombinant Human IL-12 was Highly Toxic

Atkins et al. Clin Can Res. 1997

• Common toxicities included:

- Fever/chills

- Fatigue

- Nausea 

- Vomiting

- Headache

• Fever first observed at 3ng/kg dose level, 
typically occurred 8-12 h after rhIL-12 
administration and was incompletely 
suppressed with non-steroidal drugs.

• Transaminase elevation were dose limiting
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Progressive decline in IFN-γ after exposure to IV rhIL-12

Atkins et al. Clin Can Res. 1997
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Intermittent rhIL-12 to limit IFN-γ suppression

Gollob et al. Clin Can Res. 2006
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IL-2 + rhIL-12 enhances IFN-γ

Gollob et al. Clin Can Res. 2006
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Clinical approaches for delivery of IL-12 and its impact on the 
tumor microenvironment

Lyerly et al. Clin Can Res. 2019
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Electroporation of plasmid IL-12 may overcome resistance

Canton et al. Future Medicine 2017; Algazi et al. Clin Can Res 2020
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TAVO pIL12 + pembro in PD1 refractory melanoma

Fernandez-Penas et al. SITC 2020
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TAVO pIL12 + pembro shows durable responses in PD1 
refractory melanoma

Fernandez-Penas et al. SITC 2020
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Patients With Immunologically “Cold” Tumors at Screen 
Quickly Get “Hot” With a Productive Immune Infiltrate

Fernandez-Penas et al. SITC 2020
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• Local administration is effective in injected lesions, 
but distant effects are rare.

• Greatest unmet need for IL-12 are often in tumors 
with inaccessible lesions.

Novel systemic delivery approaches overcome limitations and 
provides possible synergies

Tavokinogene telseplasmid

• Requires intra-tumoral administration.1

• Activity observed in melanoma and Merkel cell 
carcinoma both as single agent and in combination 
with anti-PD-1.2-4

• Response is associated with antigen-specific 
circulating immune responses.5

Other approaches: lipid-nanoparticle mRNA encoding 
IL-126, NDV encoding IL-127 and gene therapy 
approaches8.

Existing IL-12 modalities
Limitations and need for 
systemic administration

1Canton DA, Immunotherapy 2017; 2Algazi AP, Clin Cancer Res 2020; 3Algazi AP, Ann Oncol 2020; 4Bhatia S, Clin Cancer Res 2020 5Graney SK, Cancer Immunol Res 2020; 6Hewitt SL, Clin Cancer Res 2020; 7Purroy N, AACR 2022; 
8Chiocca EA, Sci Transl Med 2019
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Examples of current IL-12-based therapies

Intra-tumoral Systemically active Tumor-activated

TAVO XTX301DF6002

Xilio Therapeutics
Dragonfly 

Therapeutics

Oncosec

Immunotherapies
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Conclusions

• IL-12 is a high priority cytokine for clinical development

• Systemic treatments have either not been tolerable or have not 

demonstrated adequate PK/PD/response to date

• Clinical development of tavokinogene telesplasmind as intra-tumoral 

approach has demonstrated relevant pharmacodynamics in patients, 

including in “cold” tumors

• Multiple novel approaches including tumor-activated IL-12 to overcome 

limitations of intra-tumoral administration and systemic toxicity

33
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Q & A

• Please submit questions via the chat function
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Thank you
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