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COMBINING RADIOTHERAPY AND IMMUNOTHERAPY:

A PARADIGM SHIFT 

The phenomenon “ABSCOPAL EFFECT” 

or “distant bystander effect” was originally

described by Mole (1953) and the term comes

from the latin “ab-” (position away from) and 

“scopus” (mark or target). 

Formenti S, J Natl Cancer Inst;2013;105:256–265



Over thirty years ago, Helen Stone and colleagues compared the effects

of  local tumor irradiation in immunocompetent and T cell deficient

mice, providing the first evidence that tumor RESPONSE TO

COMBINING 

RADIOTHERAPY AND 

CANCER IMMUNOTHERAPY:

A PARADIGM SHIFT 

Stone, H B.; Peters, L J.; and Milas, L, "Effect of  host

immune capability on radiocurability and subsequent

transplantability of  a murine fibrosarcoma." (1979). 

Subject Strain Bibliography 1979. Paper 831.

RADIOTHERAPY IS IMPAIRED IN THE 
ABSENCE OF A NORMAL T CELL 
repertoire. 



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

Formenti S, J Natl Cancer Inst;2013;105:256–265



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

RT enhances:

1. Immunosuppressive cytokines, 

such as TGFβ

Formenti S, J Natl Cancer Inst;2013;105:256–265

Nicole Barthelemy-brichant Int. J. Radiation Oncology Biol. Phys., 58,3: 

758–767, 2004



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

RT enhances:

1.                express tumor cell surface

receptors with inhibitory function for T cells, 

such as PDL-1 

Formenti S, J Natl Cancer Inst;2013;105:256–265

Deng, J Clin Invest. 2014;124(2):687–695



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

RT enhances:

2.                M2 macrophages, myeloid-

derived suppressor cells

Formenti S, J Natl Cancer Inst;2013;105:256–265

Vatner, Semin Radiat Oncol 25:18-27 C 2015



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

RT enhances:

3.             CD4 T cells with regulatory

function (Treg)

Formenti S, J Natl Cancer Inst;2013;105:256–265

Evelyn L. Kachikwu

Int. J. Radiation Oncology Biol. Phys., 

Vol. 81, No. 4, Pp. 1128–1135, 2011



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

RT enhances:

1. ANTIGENS EXPOSURE 

Formenti S, J Natl Cancer Inst;2013;105:256–265

Ionizing radiation modifies the tumor cell

PHENOTYPE



◆ CALRETICULIN exposure on the surface of  dying cells

◆ Secretion of  high-mobility group box 1 (HMGB1) protein

◆ Release of  ATP

The cardinal signs of  IMMUNOGENIC CELL DEATH (ICD) 

Each of  these molecules stimulates dendritic cells (DC) to promote heightened immune 

responses

Oncotarget404www.impactjournals.com/oncotarget

immunomodulatory consequences through direct action on 

surviving tumor cells and/or cells of the immune system 

[6-10]. We previously reported that radiation alters the 

biology of surviving tumor cells, rendering them more 

susceptible to T cell-mediated killing [6, 8]. We also 

demonstrated in both preclinical and clinical studies that 

radiation combined with vaccine elicits greater tumor 
+ T-cell responses and/or reduction 

in tumor burden than either modality alone [10, 11]. Here, 

we examined radiation’s ability to induce immunogenic 

modulation (IM) of breast cancer, non-small cell lung 

cancer (NSCLC), and prostate cancer cells, thus increasing 

their susceptibility to CD8+ CTL-mediated lysis. 

Importantly, we also examined the molecular mechanisms 

associated with IM of tumors. T cell-mediated killing 
+-restricted 

epitopes associated with MHC class I molecules on the 

surface of tumor cells, which is dictated by the cooperative 

action of multiple elements of the antigen-processing 

machinery (APM). Mounting evidence suggests that 

APM defects in tumor cells have a detrimental effect on 

T-cell recognition [12-15]. Radiation has been shown 

to modulate the peptide repertoire, enhance MHC I 

expression, and increase the activity of TAP1 [6, 8, 16]. 

We hypothesized that radiation could induce IM of tumor-

cell phenotype and APM components, thereby enhancing 

productive interactions between CD8+ CTLs and tumor 

cells. Thus, we examined the effects of radiation on 

molecules that have been implicated in enhancing CTL-

mediated tumor lysis, including calreticulin and APM 

an evaluation of cardinal signs of ICD and immunogenic 

modulation following radiation of breast, lung, and 

prostate carcinoma cell lines, (b) the use of radiation to 

functionally increase expression of APM components in 

vitro and in vivo, and (c) the functional role of calreticulin 

cell-surface expression and endoplasmic reticulum (ER) 

stress on IM and increased sensitivity to CTL killing of 

a rationale for the use of radiation in combination with 

immunotherapy, including for patients who have failed 

radiation therapy or have limited treatment options.

RESULTS

Radiation induces dose-dependent alterations 

in human carcinoma cells ranging from 

immunogenic modulation to cardinal signs of 

immunogenic cell death

High-dose radiation has been reported to induce 

ICD in preclinical models [1, 2]. The cardinal signs of ICD 

are (a) calreticulin exposure on the surface of dying cells, 

(b) secretion of high-mobility group box 1 (HMGB1) 

protein, (c) release of ATP, and most importantly, (d) cell 

death. Each of these molecules stimulates dendritic cells to 

Figure 1: Radiation induces a continuum of dose-dependent cellular changes, ranging from immunogenic modulation 

to immunogenic cell death. Human breast (MDA-MB-231), lung (H522), and prostate (LNCaP) carcinoma cells were exposed to 10 or 

100 Gy (black circles, squares, and bars), or mock-irradiated with 0 Gy (open bars and circles). Mitoxantrone (MTX; 1 µM; gray bars and 

triangles) was used as a positive control for ICD. A, cell growth. Viability is indicated by percentage of 7-AAD– cells. B, ATP secretion. 

mock-irradiated cells (*P < 0.05, * *P < 0.01, * **P < 0.001). This experiment was repeated 3 times with similar results. 
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RADIOTHERAPY EFFECTS:

Gameiro SR, Oncotarget 2013

RT enhances:



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

RT enhances:

1. ANTIGENS EXPOSURE 

ATTRACTION OF ACTIVATED T 

CELLS

2.

Matsumura, Radiat Res. 2010 April ; 173(4): 418–425.



FIG. 3.

Real-time RT-PCR measurements of the expression of CXCL16 in irradiated cancer cells.

Data are the means ± SD of three independent experiments. Asterisks (*) indicate

statistically significant difference (P< 0.05) compared to levels on untreated cells.

Matsumura and Demaria Page 11

Radiat Res. Author manuscript; available in PMC 2011 April 1.
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ATTRACTION OF ACTIVATED T CELLS TO THE TUMOR (CXCL9-

10-16)

Upregulation of  vascular cellular adhesion molecule 1 (VCAM-1) on tumor

endothelium facilitates tumor infiltration by T cells. 

Tumor infiltration by T cells produces IFN-γ and TNF-α

Matsumura, Radiat Res. 2010 April ; 173(4): 418–425.



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

RT enhances:

1. ANTIGENS EXPOSURE 

ATTRACTION OF ACTIVATED T 

CELLS

2.

Matsumura, Radiat Res. 2010 April ; 173(4): 418–425.

3.                Expression of  molecules on 

SURVIVING TUMOR CELLS improves their

recognition and killing by T cells



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

Radiation-induced upregulation of  major histocompatibility complex class 1 

(MHC-1), NKG2D ligands (NKG2DL), intercellular adhesion molecule 1 

(ICAM-1), death receptor Fas, and costimulatory molecule CD80 on 

surviving tumor cells improves their recognition and killing by T cells. 

“Recent discovery suggests that RT 

can be applied as a powerful adjuvant

to immunotherapy and, in fact, can 

contribute to convert the irradiated

tumor into an IN SITU VACCINE, 

resulting in specific immunity against

metastases”

Formenti S, J Natl Cancer Inst;2013;105:256–265



Demaria and Formenti T-cell dependent radiation response

FIGURE 1 | Ionizing radiation acts as a modifier of the tumor

microenvironment converting the tumor into an in situ vaccine.

Radiation induces an immunogenic cell death of tumor cells characterized by

calreticulin translocation to the surface of dying cells, and release of HMGB-1

and ATP. Calreticulin allows uptake of dying cells by dendritic cells via

scavenger receptor(s). HMGB-1 binds to TLR4 and promotes the

cross-presentation of tumor antigens, while ATP binds to P2X7 and triggers

the activation of the inflammasome. Activated dendritic cells migrate to the

draining lymph node, where they activate naïve T cells specific for tumor

antigens. Activated CD8 T cells acquire effector functions and traffic to the

tumor guided by radiation-induced chemokines. Tumor infiltration by CTLs is

facilitated by radiation-induced upregulation of VCAM-1 on the vascular

endothelium. Once in the tumor, CTLs interact efficiently with tumor cells

expressing increased levels of MHC-I, ICAM-1, NKG2D ligands, and Fas that

promote the formation of stable immunological synapses between targets

and effectors and facilitate the killing of tumor cells by CTLs. Tumor cells

killed by CTLs become a source of antigens for cross-presentation, thus

fueling the process.

(Formenti and Demaria, 2009). In murine models, exogenously

prepared DC injected in the tumor following radiation induced

anti-tumor immune responses (Nikitina and Gabrilovich, 2001;

Teitz-Tennenbaum et al., 2003; Kim et al., 2004). These effects

were translated in the majority of patients with hepatoma and

high risk sarcoma treated in two early clinical trials (Chi et al.,

2005; Finkelstein et al., 2012). In preclinical models molecu-

lar mimics of the danger signals associated with pathogens, like

olygodeoxynucleotidescontainingCpGmotifsthat bind to TLR9,

when injected intratumorally enhanced DC activation and ability

to cross-present tumor antigensreleased by radiation (Milaset al.,

2004; Mason et al., 2005). A similar combination of local radio-

therapy and CpG administration was tested in 15 patients with

low-grade B-cell lymphoma, showing abscopal responses, asso-

ciated with development of tumor-specific T cells (Brody et al.,

2010). Taken together, thedatasupport theability of radiation to

generatean in situ vaccine: theefficacy of thisapproach isdepen-

dent on DCfitnessand can beenhanced by interventionsdirected

at improving DC.

A complementarystrategy isbased on targetingcheckpoint co-

inhibitory receptors or co-stimulatory receptors expressed by T

cellswith blockingor agonisticantibodies, respectively, to achieve

stronger and more sustained responses of anti-tumor T cells.

Our group tested thehypothesis that inhibiting akey checkpoint

receptor, CTLA-4, in combination with radiotherapy would

induce therapeutically effective anti-tumor responses. While

CTLA-4 isa dominant inhibitory receptor for T cells, asdemon-

strated by the development of uncontrolled T cell proliferation

in mice deficient in CTLA-4 (Chambers et al., 1997), CTLA-4

blockade as monotherapy failed to induce regression of poorly

immunogenic tumors, requiring itsusein combination with vac-

cination (Peggs et al., 2008). Therefore, we hypothesized that

radiotherapy would synergize with anti-CTLA-4, due to its abil-

ity to generatean in situ vaccine. This hypothesis wasconfirmed

in mice models of poorly immunogenic carcinomas (Demaria

et al., 2005; Dewan et al., 2009). The therapeutic efficacy of the

anti-tumor T cellsactivated by treatment wasenhanced by other

effects of radiation such as an improved tumor infiltration by

effector T cells, confirming it’sbeneficial effectsat both theprim-

ingand effector phaseof anti-tumor responses(Matsumuraet al.,

2008). A recent case report suggests that the successof the com-

bination of local radiotherapy and anti-CTLA-4 can betranslated

in melanomapatients (Postow et al., 2012), with multipleclinical

trialsbeing conducted to confirm theseresults.

Targeting of other co-stimulatory or co-inhibitory receptors

expressed by T cells, CD137 and programmed death (PD)-1,

respectively, has also shown some success in combination with

radiation in micemodels(Newcomb et al., 2010; Verbruggeet al.,

2012), supporting more studies to develop these strategies for

clinical use.

Frontiers in Oncology | Molecular and Cellular Oncology August 2012 | Volume 2 | Article 95 | 54

IONIZING RADIATION ACTS AS A MODIFIER OF THE 

TUMOR MICROENVIRONMENT CONVERTING THE 

TUMOR INTO AN IN SITU VACCINE.

Demaria and Formenti, Frontiers in Oncology 2012



RADIOTHERAPY 

IMMUNOSUPPRESSIVE AND PROIMMUNOGENIC EFFECTS 

Data suggest that positive effects of  

radiation often predominate over 

negative ones but ARE 
INSUFFICIENT TO SHIFT 
THE BALANCE of  the 

IMMUNOSUPPRESSIVE TUMOR 

MICROENVIRONMENT to achieve

tumor rejection in the absence of  

targeted immunotherapy. 



Why are ABSCOPAL EFFECTS uncommon

RADIOTHERAPY per se is generally unable to subvert a patient’s immune 

tolerance toward the tumor.  

Tumor antigens that are STRONGLY 

IMMUNOGENIC ARE USUALLY 

ALREADY LOST at the time of  clinical

presentation

CRITICAL CONCENTRATION OF 

FULLY FUNCTIONAL T CELLS 

primed against the tumor is required to 

achieve immune-mediated tumor

rejection in experimental tumor models

and in the clinic.



IMMUNO-RT: CLINICAL DATA

◆ MELANOMA data

◆ NSCLC (KEYNOTE 001- PEMBRO RT-PACIFIC TRIAL)

◆ PROSTATE data



Hiniker SM, Int J Radiat Oncol Biol Phys. 2016 

November 1; 96(3): 578–588 

22 patients with stage IV melanoma treated with  palliative RT and ipilimumab for 4 cycles. 
RT to 1-2 disease sites was initiated within 5 days after starting ipilimumab.

50.0% had clinical benefit from therapy, at 
median follow-up of 55 weeks. 

27.3% achieved an ongoing systemic CR at 
median follow-up of 55 weeks

This rate of CR is much greater than the 1.5-11% 
rate reported for ipilimumab alone, suggesting 
that combined IPI + RT may provide benefit.
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30%
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Complete Response



Koller KM, CANCER BIOLOGY & THERAPY 2017, VOL. 18, NO. 1, 36–42

Retrospective analysis

A total of 101 patients received ipilimumab
from May 2011 through June 2015, with a 
median follow up time of 19 months:
70 IPI+RT
31 IPI alone



42 (43%) of 97 patients had previously received any
radiotherapy for the treatment of NSCLC before the first cycle of 
pembrolizumab. 

Narek Shaverdian, Lancet Oncol 2017; 18: 895–903



38 (39%) of 97 patients received extracranial radiotherapy

Narek Shaverdian, Lancet Oncol 2017; 18: 895–903



Randomized phase II study of pembrolizumab after
stereotactic body radiotherapy (SBRT) versus 

pembrolizumab alone in patients with advanced non-
small cell lung cancer: The PEMBRO-RT study.

Patients (n = 74) with advanced NSCLC (≥2nd line) regardless of PD-L1 status 
were randomized (1:1) between:

✓ pembrolizumab (200mg q3w) alone (control arm) 

✓ pembrolizumab preceded by SBRT (3x8Gy within 7 days prior to the first 
cycle) on a single metastasis (experimental arm). 

64 evaluable patients
ORR at 12 weeks was 19% in the control arm (n = 32) vs 41% in the 
experimental arm (n = 32);
Median PFS was 1.8 months in the control arm vs 6.4 months in the exp arm
No increase in treatment related toxicity was observed in the experimental 
arm Theelen W, presented June 3 2018



PACIFIC Trial design
Ph. III, randomized, double-blind, placebo-
controlled, multicenter, international study

Antonia SJ et al. N Engl J Med 2017



PACIFIC: PFS by BIRC (Primary
end-point; ITT)

Antonia SJ et al. N Engl J Med 2017



Our aim was to assess the use of ipilimumab after radiotherapy in patients with metastatic 
castration-resistant prostate cancer that progressed after docetaxel chemotherapy

Multicentre, randomised, double-blind, phase 3 trial

bone-directed radiotherapy (8 Gy in one fraction) 
followed by either ipilimumab 10 mg/kg 

placebo every 3 weeks for up 
to four doses 

From May 26, 2009, to Feb 15, 2012, 799 patients were randomly assigned (399 to ipilimumab
and 400 to placebo), 

Kwon, Lancet Oncol. 2014 June ; 15(7): 700–712 



Kwon, Lancet Oncol. 2014 June ; 15(7): 700–712 

Median overall survival was 11·2 
months (95% CI 9·5–12·7) with 
ipilimumab and 10·0 months with 
placebo 

KEY POINTS:

✓Irradiation Site: Bone Metastasis

✓Radiotherapy Dose: 8Gy in single fraction



MANY QUESTIONS :

• Optimal site to irradiate in metastatic disease

• RT dose and fractionation

• Sequencing of  RT/Immunotherapy

• Patient selection and biomarkers

• Best combination



MANY QUESTIONS :

• Optimal site to irradiate in metastatic disease

• RT dose and fractionation

• Sequencing of  RT/Immunotherapy

• Patient selection and biomarkers

• Best combination

THE CHOICE OF TARGET



THE CHOICE OF TARGET

• Not all target are immunogenically equal

• Most case of abscopal effects have involved
visceral organs rather than bone 

Kang, J Immunother Cancer 2016, 4:51
Fujisaki, Nature 2011; 474:216-9



An Abscopal Response to Radiation and Ipilimumab in 

a Patient with Metastatic Non–Small Cell Lung Cancer

Encouse B. Golden, ..and Silvia C. Formenti

Cancer Immunol Res; 1(6); 365–72.2013

Liver SBRT 

30 Gy (6Gyx5 

fractions in 10 

days)

The day after RT,

IPILIMUMAB, 3 

mg/kg body 

weight. 3cycles 

q3-week



Ipilimumab with stereotactic ablative radiation 
therapy: Phase I results and immunologic correlates 
from peripheral T-cells

Clinical benefit, defined as out-of-field irPR or irSD lasting at least 6 months 

Tang,  Clin Cancer Res. 2017 March 15; 23(6): 1388–1396 



Ipilimumab with stereotactic ablative radiation therapy: 
Phase I results and immunologic correlates from 
peripheral T-cells

Tang,  Clin Cancer Res. 2017 March 15; 23(6): 1388–1396 

Hepatic irradiation increases early systemic immune activation relative to lung radiation, as 

indicated by increasing proportions of T-cells expressing antigens with pro-immune 

function and compensatory increases in antigens with inhibitory functions.



THE CHOICE OF TARGET

IMMUNE PRIVILEGE refers to a phenomenon of 

certain site being more tolerant of antigen than others

The question of NODAL IRRADIATION: beneficial

or detrimental to an effective antitumoral response?

Kang, J Immunother Cancer 2016, 4:51
Fujisaki, Nature 2011; 474:216-9



MANY QUESTIONS :

• Optimal site to irradiate in metastatic disease

• RT dose and fractionation

• Sequencing of  RT/Immunotherapy

• Patient selection and biomarkers

• Best combination



CAN SBRT ACHIEVE A MORE ROBUST IMMUNE 

RESPONSE THAN CONVENTIONALLY 

FRACTIONATED RADIOTHERAPY?

SBRT Fx RT

RT



Dovedi, Blood, Vol. 121, No. 2, 10.01.2013, p. 251-259.

5x2Gy resulted in greater tumor response than a single 10Gy fraction in 

murine lymphoma model

Systemic delivery of  a TLR7 agonist in combination

with radiation primes durable antitumor immune 

responses in mouse models of  LYMPHOMA.



Maximizing Tumor Immunity With Fractionated Radiation

Shaue D, Int J Radiat Oncol Biol Phys. 

2012 July 15; 83(4): 1306–1310

In murine MELANOMA, after single 

doses, tumor control increased with the 

size of  radiation dose, as did the 

number of  tumor-reactive T cells. This

was offset at the highest dose by an 

increase in Treg representation. 

Fractionated treatment with medium-

size radiation doses of  7.5Gy/fraction

gave THE BEST TUMOR 

CONTROL AND TUMOR 

IMMUNITY WHILE 

MAINTAINING LOW TREG 

NUMBERS.



CANCER IMMUNOTHERAPY AND RT: 

MOUSE BREAST CARCINOMA cells

Dewan MZ et al. Clin Cancer Res 2009;15(17):5379–88 

Abscopal Lesion

8Gyx3+ anti CTLA4

20Gyx1+ anti CTLA4
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An Abscopal Response to Radiation and Ipilimumab in 

a Patient with Metastatic Non–Small Cell Lung Cancer

Encouse B. Golden, ..and Silvia C. Formenti

Cancer Immunol Res; 1(6); 365–72.2013

Liver SBRT 

30 Gy (6Gyx5 

fractions in 10 

days)

The day after RT,

IPILIMUMAB, 3 

mg/kg body 

weight. 3cycles 

q3-week



Cellular response to IR shape the immunogenicity of irradiated
cancer cells

Progression of cancer cell through
mitosis folllowing IR induced unrepaired
DNA DSBs lead to the formation of 
MICRONUCLEI, they have defective
membranes that easily breack down 
exposing dsDNA to cytosolic SENSOR 
cGAS

CYTOSOLIC SENSORS

MICRONUCLEI

MITOSIS TUMOR CELL

DSBs

Rodriguez-Ruiz, Trends in Immunology 2018 38: 644-655



CYTOSOLIC DNA 
SENSORS

AIM2 cGAS

Activation of AIM2 causes
assembly of the inflammasome, 

wich results in activation of 
CASPASE1

Activated CASPASE1  triggers
realease of proinflammatory

citokines

APOPTOSIS

In presence of 8x3 and 
checkpoint inhibitor cGAS

recognizes damaged DNA and 
activates STING

Recruitment of dendritic cells and 
the priming of antit. CD8+ Tcell.

ABSCOPAL EFFECT

Campbell A et Decker RH, Oncology (Williston Park). 2018 Jul 15;32(7):370-4.



Vanpouille-Box C, Nat Commun 2017; 8: 15618

TREX1 
DNA exonuclease
that degrades
cytosolic single 
and DSBs



MANY QUESTIONS :

• Optimal site to irradiate in metastatic disease

• RT dose and fractionation

• Sequencing of  RT/Immunotherapy

• Patient selection and biomarkers

• Best combination



Timing of Radiation Therapy and 
Immuniotherapy

RT BEFORE - rationale

More effective immunologic
priming (more tumor antigen
is liberated during radiation-

induced cell death)

RT AFTER- rationale

The adaptive immune system
is in a state of readiness to 

respond to antigen liberated
by radiation-induced cell death

Campbell A et Decker RH, Oncology (Williston Park). 2018 
Jul 15;32(7):370-4.
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Timing of Radiation Therapy and 
Immuniotherapy

RT and anti-CTLA-4

Concurrently with RT since
CTLA-4 signaling occurs during

T-cell activation phase

RT and anti-PD1-PD-L1

Immuno after RT since this
immune checkpoint step
occurs during the T cell-

effector phase

Campbell A et Decker RH, Oncology (Williston Park). 2018 
Jul 15;32(7):370-4.

+
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OLIGO-PROGRESSION

DISEASE 

CONTROL

METASTATIC NSCLC; 

THE BEST ABSCOPAL RESPONSE CR+PR 58%

6Gyx5: 100% patients

METASTATIC NSCLC, NO OBSERVATION OF 

ABSCOPAL RESPONSE

6Gyx5: 26% patients



MANY QUESTIONS :

• Optimal site to irradiate in metastatic disease

• RT dose and fractionation

• Sequencing of  RT/Immunotherapy

• Patient selection and biomarkers

• Best combination

“Nessuna grande scoperta è 

mai stata fatta senza una 

audace congettura.” 


