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Combinational Immunotherapy

 Vaccines

 Immune Modulators
o Immune Agonists 

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

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

o Immune inhibitors

o Check point inhibitors (CTLA4, PD1/PDL1, LAG3, TIM3, 
iDO)

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

 Standard Therapy
o Chemotherapy

o Radiation Therapy

 Small Molecules

 Chimeric Antigen ReceptorS





Radiation can

- Impact both innate and adaptive immunity

- Provide a source of robust tumor antigens

- Induce cytokines that can help to alter the profile and 

function of immune infiltrates

- Remodels the stromal and angiogenic compartments of 

the tumor microenvironment

More importantly

Surviving tumor cells after radiation therapy are more 

sensitive to immune-mediated killing



#1: Tumor-associated antigens (TAAs) are released by irradiated dying cancer cells. TAAs and cell debris are engulfed in the tumor

microenvironment by phagocytes such as macrophages, neutrophils, and dendritic cells for antigen processing and presentation.

#2: RT-induced cell death releases danger signals including heat-shock protein (Hsp), HMGB1, and calreticulin (eat-me signal for phagocytes).

#3: RT induces increased expression of tumor antigens and MHC class I molecules on tumor cells.

#4: RT-induced T cell activation increases expression of negative stimulatory molecules such as CTLA-4.

#5: Certain radiation doses may increase tumor production/secretion of immunosuppressive cytokines such as IL-10 and TGF-b.

#6: Activated APCs migrate to the draining lymph node, further mature upon encountering T helper cells, release interferons (IFNs) and IL-12/18

to stimulate Th1 responses that support the differentiation and proliferation of antigen-specific CTLs. Activated antigen-specific CTLs

traffic systematically from the draining lymph node to infiltrate and lyse primary and distal tumors.

A Schematic view of RT-induced immune modulations
Ahmed MM et al, Harnessing the potential of radiation-induced immune modulation for cancer therapy. Cancer Immunol Res 2013; 1, 280-4.



Rationale for Combining Radiation with 

PD-L1 and CTLA-4 Inhibition 

 Targeted radiation can have immune stimulating effects

o Potential mechanisms: immune co-stimulation, recognition of tumor antigens /

epitope spreading, increased MHC class I expression, interferon secretion,

natural killer cell activity, tumor infiltrating lymphocytes.

 Preclinical data and case reports demonstrate synergy between

targeted radiation and CTLA-4 and/or PD-1 inhibition

o Radiation combined with dual checkpoint blockade (CTLA-4 and PD-1) led to

60-80% response rates across multiple preclinical models with non

overlapping mechanisms of action (Saint-Victor et al. Nature 2015)

o Radiation combined with checkpoint blockade can lead to “abscopal”

responses out of the radiation field (Postow et al. NEJM 2012)

 The optimal radiation dose / fractionation scheme to combine with

checkpoint blockade is unknown







Approximately 20 Ongoing Trials Using PD-1 

Pathway Inhibitors and Radiation Therapy

Histology Stage Agent Type of RT 

NSCLC Metastatic Pembrolizumab SBRT

SCLC
Limited or 
extensive Pembrolizumab Conformal 

H&N, RCC, 
Urothelial, 
Melanoma, SCLC Metastatic Pembrolizumab Conformal 

Glioma Recurrent
Pembrolizumab+
Bevacizumab SRT

Colorectal Metastatic Pembrolizumab Unspecified

NSCLC Metastatic Pembrolizumab SBRT

H&N Localized Pembrolizumab Fractionated

Pancreatic 
cancer, 
Melanoma, 
NSCLC, breast Metastatic Pembrolizumab Unspecified

Melanoma, 
NSCLC Metastatic Pembrolizumab

6 Gy x5 or             
3 Gy x10 

Histology Stage Agent Type of RT 

Pancreatic cancer Locally advanced
Pembrolizumab+ 
Capecitabine Fractionated

Breast Oligometastatic Pembrolizumab SBRT

H&N Locally recurrent Pembrolizumab Fractionated, BID

Pancreatic cancer Unresectable MEDI4736 Fractionated

GBM Upfront MEDI4736 Fractionated

NSCLC IIIA/IIIB Nivolumab Fractionated

Multiple 
histologies Metastatic REGN2810 SBRT

NSCLC Metastatic MPDL3280 SBRT

NSCLC Metastatic MPDL3280 SBRT

Colon Metastatic AMP224 Unspecified

 Only 1 trial testing the combination of radiation PD-1 and CTLA-4

blockade in unresectable pancreatic cancer



 Few trials testing RT parameters in combination with

checkpoint blockade

 One trials testing low-dose ultrafractionated radiation (<1 Gy per

fraction) with PD-L1.

 Low-dose radiation was an effective inducer of tumor

infiltrating T-cells in mouse models (Klug et al. Cancer Cell

2013)

 Low-dose RT allows exploration of synergistic effects on local

control

 Only one trial explicitly evaluating RT dose (40 patients, 5

histology, multiple timings), not using combined checkpoint

blockade



F. Rödel et al. / Cancer Letters 356 (2015) 105–113



Challenges

Immune-modulation of tumor microenvironment and tumor 

cells by radiation

•Quality of radiation (high versus low-LET), dose, size, fractionation

(low-dose versus high-dose fractionation) and dose-rate (high-dose

rate versus low-dose rate), and schedule (hypofractionation versus

multifractionation

•Irradiation of complete tumor volume or partial volume adequate for

effective modulation of tumor immune microenvironment

 Gross tumor volume (GTV) or GTV plus LN



Partial volume radiation : Lattice Radiotherapy
Kanagavelu, S., Gupta, S., Wu, X., Philip, S., Wattenberg,

M. W., Hodge, J. W., Couto, M. D., Chung, K. D. and

Ahmed, M. M. In Vivo Effects of Lattice Radiation Therapy

on Local and Distant Lung Cancer: Potential Role of

Immunomodulation. Radiat. Res. 182, 149–162 (2014).

Partial tumor volume (20-50%) 

irradiation caused:

- Distal tumor growth delay

- IFNg and Th1 up and Th2 

down

- Increased CD3+ infiltration
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•HLA class I loss or low TCR diversity or checkpoint expression or

TILs.

•Balance between radio-induction of immune suppressive cytokines

and radio-induction of immune activating cytokines



Challenges

Effective combinations of radiation and immunotherapy

•Relevant pre-clinical models (NSG-PDX, GEMMs and canine) or from

clinical trials (reverse translational)

•Radiation effect on normal tissues and its impact on the efficacy of

radiation + checkpoint blockade therapy

• Efficacy area versus safety area

• Use of traditional endpoints for safety and efficacy

•Significant challenges in the selection of opportune biomarkers of

immunogenicity when radiation is combined with immunotherapy
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