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3-D-conformal RT
Cobalt treatment Image-guided radiation therapy
Linear accelerator Intensity-modulated radiation therapy

Stereotactic radiation therapy
Radiotherapy

1890 1920 1950 1980 2010 \
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Immunotherapy /

First therapeutic use of radiation

First cancer vaccine (Coloey) BCG Tumor-specific mAbs
Cytokines Dendritic and T-cell therapies
T-cell checkpoint blockade
CAR T cells

Oncolytic viruses



Tumor cells
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Crosspresentation of
tumor derived antigens
Cell death
induced by

immunogenic Antitumor immune

radio/chemotherapy response
CD8+ T cells
Calreticulin
O e MHC I
HMGI -
Dying tumor cells Dendritic cells CD4+ T cells

Cancer Research Reviews
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The basic concept at a glance..
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Immunogenic effects of conventional RT:

Immunogenic cell death (ICD)

Tumor cell death resulting in an immune response.

ICD comprises the release of DAMPs: ATP, HMGB]1, calreticulin and
heat shock proteins resulting in the activation of tumor-specific
immune responses.

Radiation-induced DNA damage (nuclear fragmentation,
micronuclei) activates the cyclic GMP-AMP synthase (cGAS)-
stimulator of interferon genes (STING) pathway, resulting in
INTERFERON-1 production leading to upregulation of DAMPs,
recruitment of APCs and subsequent adaptive immune response.

STING pathway plays a central role in anti-tumor immunity and its
expression is lost in several cancer types.

Antigen presentation




adiation on tumor cells
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Multiple co-stimulatory and inhibitory
interactions regulate T cell responses.

Pardol Nature Review Cancer 2012



IR upregulates PD-L1
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The basic concept at a glance..
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1a Pattern 1.1: Echelon-1, -2 and -3 negative by EBUS / PET Tb Pattern 1.2 Echelon-1 positive, Echelon-2 and -3 negative by EBUS /Y PET

- 4 patients with EBUS-negstive @ 31 patients with EBUS-positive echelon-1,
a echelon-1. -2 and -3 [3.85 %] EBUS-negative echelon-2, -3 [29.81 %)
Echelon-3
— ‘ 4 patients with PET- Eckales-3 21 patients with PET-positive echelon-1.

“negative
echelon-1, -2, and -3 [3.55 %] mmmm—z.-omo 19 %5}

52 paticnts with EBU —

S-positive echeton-1 3 patients with EBUS positive echelon-2,
and -2, EBUS .negative echelon-3 [50 %)

EBUS-negative echelon-1 and -3 [2.88 %)

Z patients with PET-positive echel

37 patients with PET-positive schelon-1, on-2,
PET-negative echelon-1 and -3 [1.92 %]

and -2, PET-negative echelon-3 [35.58 %)

Echelon-1 = - Echelon-1

1f Pattern 1.6 Echelon-1, -2 and -3 positive by EBUS / PET
13 patients with EBUS positive
echelon-1, -2 and -3 [12.5%]

34 patients with PET-positive
echelon-1, -2 and -3 [32.69°%])

Pattern 1.5 .1- Echelon-1 and -2 negatwve, Echelon-3 positive by EBUS / PET
0 patients with eched 1 and -2 negative, echelon-3 positive by EBUS [0.0%]}

1 patiant with echelaon-1 and -2 negative, echelon-3 positive by PET [0.96%] y . ) Eches 1

Pattern 1.5 2 Echelon-1 and -3 positive. Echelon-2 negative by EBUS ¢/ PET
1 patient with echelon-1 and -3 positive, echelon-2 negative by EBUS [0.96%:)

4 pats with eched 1 and -3 positive, echelon-2 negative by PET [3.85%)
m Echelon-1 negauv. Echalon-2 and -3 positive by EBUS / PET
hed 1 negative, echelon-2 and -3 positive by EBUS [0.09:)

1 pnhmm.chm negative, echelon-2 and -3 positive by PET [0.96%)
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Presentation 21 d later 42 d later
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...0ut of the field, distant sites

Abscopal (Away from the Target) effects of Radiotherapy
as evidence of in situ, individualized vaccination

| ¥ | :
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Abscopal effects are rare
1969-2014: 46 abscopal cases (Abuodeh Y et al, Curr Probl Cancer 40,25-37, 2016)

--------

R.H. Mole 1953



A particular case scenario: Abscopal Effect

71 y.o. male patient with clear cell renal carcinoma with ab onset vertebral metastatic condition with complex
vertebral lesions at D3 and L4

Because of the complex vertebral localizations, the patient began the treatment course with dual stereotactic
therapy delivered every other day followed by administration of Nivolumab



Abscopal Effect
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A particular case scenario: Abscopal Effect




A particular case scenario: Abscopal Effect













PERSPECTIVES

OPINION

Time to abandon single-site irradiation
for inducing abscopal effects

Eric D. Brooks and Joe Y. Chang

Abstract | Considerable interest is being directed toward combining immune-
checkpoint inhibition (ICl) with radiotherapy to improve response rates to |Cl,
which have been disappointingly low at around 15-30% among patients with
advanced-stage cancers other than melanoma. Since a case report published in
2012, in which authors described the resolution of metastatic disease after
irradiation of a single lesion in a patient who had been receiving ICl, hundreds of
clinical trials have been launched with the aim of testing the safety and/or
efficacy of radiotherapy in combination with immunotherapy, nearly all of which
use this single-site irradiation, or ‘abscopal’, approach. However, emerging
preclinical and clinical evidence suggests that this approach likely produces
suboptimal results. In this Perspective, we describe this evidence and provide a
biological rationale supporting the abandonment of the single-site abscopal
approach. We instead advocate exploring comprehensive irradiation of multiple/
all lesions in order to enhance the likelihood of obtaining meaningful clinical
outcomes —if such a clinical synergy between radiation and ICl does exist —
before the failure of the current, single-site approach leads to the potential
premature and inappropriate abandonment of radiotherapy in combinationwith
ICl altogether.



PERSPECTIVES

OPINION

Time to abandon single-site irradiation
for inducing abscopal effects

Eric D. Brooks and Joe Y. Chang

Radiation of single tumour site

Radiation generates
TAAs, which prime
the immune system
to recognize tumours
expressing antigen A

Lack of expression of
antigen A precludes
a specific antitumour
immune response

Despite the presence of

antigen A other factors such as
localized immunosupression
and the inability to penetrate

the tumour vasculature
preclude a succesful

antitumour immune response

)

Tumour
antigen A

&

Tumour
antigen B

Immune cells penetrate
tumour and promote
further degradation

Radiation of all tumour sites

Radiation
promotes

immune cell
penetration

Radiation results in:

* Calreticulin

* Necrosis/apoptosis

* Increased cytosolic
DNA

Overcomes the issue
of heterogeneous
distribution of TAAs

Antigen-
presenting
cell

Lymph
node

o\
sle)
(&)

T cells primed
against TAA
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Max Dose: 44,980 Gy ¢ ' Densiy owerrides used in Monaco caiculation
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DOPED EVIDENCE = BAD MEDICINE



