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• Patents held through the Wisconsin Alumni Research Foundation
• NM600 for targeted radionuclide delivery and immunomodulation
• Bacterial membrane nanoparticle to enhance the in situ vaccine effect of radiation
• Brachytherapy catheter for intratumoral injection

• I will be discussing non-FDA approved indications during my presentation.
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Murciano-Goroff et al. Cell Research 2019

Summary of FDA-approved 
immunotherapies

Anticipated and necessary advancements in cancer 
immunotherapy

• Expanding clinical indications for existing immunotherapies
• Development of additional clinically effective immunotherapies
• Clinical testing of immunotherapy combinations
• Integration of immunotherapies with localized therapies
• Integration of immunotherapies with other systemic therapies
• Novel strategies for systemic and/or tumor immunomodulation
• Development of companion imaging and strategies for personalized 

immunotherapy
• Advancement of clinical correlative assays for immunotherapy
• Expanding access to cancer immunotherapy globally
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Expanding clinical indications for existing 
immunotherapies

Donini et al. J Thor Dis, 2018

Development of additional clinically effective 
immunotherapies: Immune checkpoint blockade
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Yu et al. Nat Rev Drug Disc, 2019

Development of additional clinically effective 
immunotherapies: Cell Therapies

Currently > 1,000 agents under 
clinical investigation

Yu et al. Nat Rev Drug Disc, 2019

Development of 
additional clinically 

effective 
immunotherapies: 

Cell Therapies
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Development of additional clinically effective 
immunotherapies: Cytokines/Chemokines

Conlon et al. J Interferon and Cytokine Res, 2019

Intratumoral delivery
Pegylation
Fusion proteins

Development of additional clinically effective 
immunotherapies: Oncolytic Viruses

Fountzilas et al. Oncotarget 2017
Ungerechts et al. Mol Ther 2016
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Clinical testing of 
immunotherapy combinations

Morrissey et al Clin Trans Sci 2016

Integration of immunotherapies with localized therapies
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NCT03275597
Mike Bassetti, Ticiana Leal, Andrew Baschnagel, 
Zach Morris, Josh Lang, and others

Phase Ib Study of Stereotactic Body Radiotherapy (SBRT) in Oligometastatic Non-
small Lung Cancer (NSCLC) With Dual Immune Checkpoint Inhibition 

(NCT03275597) 

Radiation may overcome mechanisms of tumor immune escape
Radiation

Immunogenic cell death
Proportional to dose

Phenotypic changes in cells surviving radiation (MHC-
1 expression, type I IFN response)

8-12 Gy

Cytokine release
2-5 Gy

Seconds

Hours

Days

Weeks

Temporary local depletion of lymphocytes 
(suppressor and effector)

2-3 Gy

Increased immune infiltrate

Dendritic cell maturation, antigen cross-presentation, and diversification of T cell response

In situ vaccine = personalized immuno-oncology
Destroy cancer cells in a way that enables them to function as a potent, personalized immune stimulus and source of antigenicity

for tumor-specific adaptive T cell immunity



10/2/2020

8

The in situ vaccine effect, while very rare with radiation alone, may be clinically 
meaningful when combined with immune checkpoint blockade

• 76 pts NSCLC randomized to pembro or pembro + 8 Gy x 3

• ORR at 12 wks = 18% vs 36% (P = .07)

• Median PFS 1.9 mos vs 6.6 mos (P = .19)

• Median OS 7.6 mos vs 15.9 mos (P = .16)

• Largest benefit in patients with PD-L1–negative tumors

• No increase in treatment-related toxic effects

Original Investigation
July 11, 2019

Effect of Pembrolizumab After Stereotactic 
Body Radiotherapy vs Pembrolizumab Alone 
on Tumor Response in Patients With 
Advanced Non–Small Cell Lung
Theelen WSME1, Peulen HMU2,3, Lalezari F4, van der Noort V5, de 
Vries JF5, Aerts JGJV6, Dumoulin DW6, Bahce I7, Niemeijer AN7, de 
Langen AJ1, Monkhorst K8, Baas P1.

IT-hu14.18-IL2 With Radiation, Nivolumab and 
Ipilimumab for Melanoma (NCT03958383)

• Patients with metastatic melanoma with injectable site of 
disease

• Phase I study
A. Dose escalation IT-hu14.18-IL2  daily x 3 
B. Radiation  + IT-hu14.18-IL2 
C. Radiation + IT-hu14.18-IL2 + anti-PD1 
D. Radiation + IT-hu14.18-IL2 + anti-PD1 + anti-CTLA4

Study Chair and PIs: Paul Sondel, Mark Albertini, Zachary Morris

Enhancing the in situ vaccination effect of external beam 
radiation with combinatorial local therapies

IL-2
hu14.18 anti-GD2 mAb

Lead 
shielding

5-6 
weeks

B78
melanoma RT: 12 Gy IC

Requires:    - Tumor GD2 antigen
- Host T cells
- Host Fcγ receptor and FasL

71% DF 
with T cell 
memory

Morris et al. Cancer Res, 2016
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Enhancing the in situ vaccination effect of external beam 
radiation with combinatorial therapies

Screen patients with biopsy-proven recurrent/metastatic head and 
neck squamous cell carcinoma who are taking or will be starting anti-

PD-1 therapy and have a need for palliative radiation. 

Cycle 1
Anti-PD-1* and NKTR-214

Cycle 2+
Anti-PD-1* and NTRK-214

Cycle 2 Day -3 to -7
Complete palliative radiation therapy

Schematic of Study Design:

Phase II Study of Bempegaldesleukin (NKTR-214) Together with Palliative Radiation and anti-PD-1 Checkpoint 
Blockade in Patients with Recurrent or Metastatic Head and Neck Squamous Cell Carcinoma (HNSCC)

Study Chairs: Zach Morris and Paul Harari   Study PIs: Adam Burr and Justine Bruce

O’Donnell et al. Sem Cancer Bio 2017

Integration of immunotherapies with other systemic 
therapies

• Chemotherapeutics
• Tyrosine kinase inhibitors/signaling blockade
• Anti-angiogenesis agents
• Therapies targeting tumor metabolism
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Novel strategies for systemic and/or tumor 
immunomodulation

Tumour
cell

Stroma
l 

cell
TIL
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Blood 
Vessel

TAF

Systemic Immunity
Innate and Adaptive

Tumour Genome and Epigenome

Tumour
MicroenvironmentEnvironment

Internal / External Factors

Epigenetic Changes

Tumour
cell

Tumour cells

Cogdill, Andrews, Wargo - British Journal of Cancer 2017

Novel strategies for systemic and/or tumor 
immunomodulation – Tumor Microbiome

Gopalakrishnan et al Science 2018
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Niemeijer et al. Nat Comm 2018

Development of companion imaging and 
strategies for personalized immunotherapy

Lapuente-Santana et al. Front Oncol 2020

Advancement of 
clinical correlative 

assays for 
immunotherapy
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WHO  https://www.who.int/news-room/fact-sheets/detail/cancer

Expanding access to cancer immunotherapy globally

 Cancer is the second leading cause of death globally
 Estimated 10 million deaths annually
 Globally, about 1 in 6 deaths is due to cancer

 Approximately 70% of deaths from cancer occur in low- and middle-income countries

 More than 90% of high-income countries reported treatment services are available compared to 
less than 30% of low-income countries

Questions and Discussion


