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Roadmap 

• Basics about immunity and immune cells 

• Cancer immunity and immune tolerance 

• Effect of radiation on immunity and synergism 

• Double edged swords 

• Evidence from preclinical trials 

• Clinical evidence 

• Way forward
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Immunity 
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Cancer – self/ non self
• Cancers accumulate a range of genetic and molecular alterations 

affecting their functional properties
• Mutations in driver genes, chromosomal instability, and epigenetic 

alterations impact pathways related to cell signaling, metabolism, 
and apoptosis
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https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/genetics
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/chromosome-instability
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/signal-transduction


Immunity and recognition of self 
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• Any immature T cell with high-
affinity TCRs for a self antigen is 
deleted during its early 
development in the thymus

• Self-reactive T cells that have TCRs 
with relatively low affinity for self 
antigens

• However, these weak self antigens 
form unstable binding with MHC -
incapable of inducing immune 
responses 

• Mutated self peptide activates the T 
cells by binding strongly to MHC 
molecules on APC  - strong immune 
response 



Immuno- editing 
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So who wins? - Cancer Immunoediting 
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Pillars of Cancer immune tolerance 

• Cancer cell control over T cell localization
• Endothelial dysfunction
• Stromal inhibition of T cell recruitment
• Reduced production of chemokines involved 

in T cell recruitment

• Inhibition of target recognition
•  Suppression of MHC class I expression
• Immune escape via suppression of 

neoantigen expression
• Impaired target recognition through 

suppression of DC recruitment

• Limiting the attainment of optimal T cell 
effector function
• Persistent stimulation and Ag induced 

exhaustion
• Effector diversion and recruitment of 

suppressive populations
• Direct induction of T cell death and co-

inhibitory signaling
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Immunotherapy options in modern 
day practice  
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Immune check point inhibitors 

• Cancer cells secrete cancer-associated 
antigens that are captured by APCs 
through the MHC-I molecule

• APCs then activate T cells, which in turn 
kill cancer cells

• However,  immune checkpoints that are 
expressed on cancer cells and cancer-
specific lymphocytes can inhibit T cell 
activation

• Activation of T cells requires the 
interaction between CD28 expressed on T 
cells and B7 on APC, CTLA-4 on T cells 
binds B7, competing with CD28, and 
suppresses T cell activation

• The interaction between PD-1 and its 
ligand PD-L1 induces T cell exhaustion.

• Immune checkpoint inhibitors (ICIs) are 
monoclonal antibodies that specifically 
target immune checkpoints and 
inhibit/blocks them 
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Radiation and Immunity 
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Effects of IR on immune response 
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– triggers the release and 
presentation of tumor-
associated antigens (TAAs) 

– enhance systemic responses by 
triggering the recruitment of 
antigen-presenting cells (APCs), 
such as macrophages, dendritic 
cells (DCs), and B cells 

– enhance T-cell infiltration and 
promote anti-tumor immune 
responses in the host
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The immune effect of RT

• COLD TME - Down regulating their 
immunogenic surface markers such as major 
histocompatibility complex-1 and Fas

• RT is able to reverse this immunosuppressive 
effect by acting as an in-situ vaccine

• the release of tumor antigens into the TME 
that are then engulfed by antigen-presenting 
cells

14



Radiation Activation of the  the cGAS-STING 
Pathway

• STING is essential to protect hosts from DNA 
pathogens

• When the presence of cytoplasmic DNA is detected, 
the product of cyclic GMP-AMP synthase (cGAS), 
cyclic GMPAMP (cGAMP), activates STING

• Upregulate transcription of a type I interferon gene 
through a STING-TBK-IRF3-NFκB signaling pathway

• Activates type I interferon dependent antitumor 
immunity 
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Tumour associated neutrophils 
Anti tumorigenic  - N1

• IFN-β polarizes neutrophils 
to an antitumorigenic 
phenotype (N1) while 
inhibits N2 polarization

• promotes tumor cell 
cytotoxicity/apoptosis, 
strengthens the (ADCC), and 
activates T cells

Pro-tumorigenic  - N2

• TGF-β, polarizes neutrophils 
to a protumorigenic 
phenotype (N2) and inhibits 
N1 phenotypic polarization

• promotes tumor growth, 
stemness, angiogenesis, 
invasion, and suppression of 
immunity

Action 1 ; RT has also been demonstrated as an inhibitor of the TGF-β pathway, thereby 
stimulating the antitumor-N1 neutrophil phenotype polarization

Action 2. : RT may promote the conversion of N1 to N2 
Wisdom and his colleagues found that elevated neutrophil levels have a close relation to 
poor outcome of patients with cervical cancer after chemoradiation. Similarly, others have
found that genetic depletion of neutrophils improves RT response in a genetically 
engineered mouse model of sarcoma 16



Tumour associated Macrophages 

Tumour killing phenotype M1 

• In Vitro : high-dose IR may 
promote the polarization to 
M1

Tumour promoting phenotype M2

• low-dose IR may polarize to 
M2 phenotype
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• There are conflicting results of Dose dependent polarisation, with 
polarisation to M1 occurring both with 10Gyx2# and 2Gy x10# (Meng et al)

• Conflicting results may reflect the complexity and plasticity of TAMs

• The mechanisms about the effects of radiation dose on the polarization of 
TAMs remain unclear : ROS, NF-.B signaling, and MAPK phosphorylation

• Critical mechanisms is the NF-.B balance-that p50–p50 NF-.B homodimer 
may promote the polarization towards M2 macrophages while p50–p65 NF-
.B heterodimer favors the polarization towards M1 macrophages



Double edged sword
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Radiation – double edged sword

• Radiation induce immunogenic 
tumor cell death and release of 
tumor-specific antigens

• local release of inflammatory 
cytokines 

• Local release of DAMP resulting 
in local effects on endothelial 
cell expression of adhesion 
receptors

• production of type 1 IFN induce 
recruitment of effector T cells 
and APCs

• immune cell trafficking

• immune cell activation

• RT causes delayed increases in 
tumor infiltration by suppressive 
regulatory T cells 

• RT  can also drive recruitment of 
myeloid-derived suppressor cells

• Increased infiltration and 
activation of inhibitory 
macrophage and myeloid-derived 
suppressor cell lineages

• Additionally, prolonged activation 
of type 1 and 2 interferon can 
drive expression of ligands for 
multiple T cell inhibitory 
receptors
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Dose fractionation of RT and immune 
Effects 
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Fractionation and Immune activation 

Conventional 
fractionation
(i.e. 1.8–2 Gy per 
fraction) 

• stimulates pro-inflammatory factor secretion
• favors migration and maturation of immune 

cells
• activates cGAS-STING pathway
• induces upregulation of regulatory T cells and 

PDL1
• accumulation of immunosuppressive myeloid 

cells Death of tumor-infiltrating immune cells

Stereotactic schedules
(>12–15 Gy / fraction)

• enhance the immune system by presenting 
many more antigens

• increases the levels of TREX1, an 
exonuclease that degrades dsDNA, causing 
↓immune response Demaria S et al., 
Francolini G et al.

Hypo RT 
(6 Gy× 5# or 8 Gy × 3 #)

• superior dose in promoting anti-tumor 
immune response Dewan et al.
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Combining RT and immunotherapy 
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Biological rationale for iRT

• RT exerts potent antitumor 
immune response : influences 
almost all steps in the cancer-
immunity cycle.

• Stress response induced by RT –
Release of DAMPs-cellular 
response driven by DNA damage 
changes the immunogenicity of the 
irradiated cancer cells.

• Reprogrammed tumor 
microenvironment(TME) induced 
by RT plays a role as a “game 
changer” to transform “cold” 
tumors into “hot” tumors -a pre-
requisite for response to IC
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Effects of radiotherapy on the TME & potential 
strategies for the combination
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Mechanism of interaction between 
radiotherapy and immunotherapy 
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Options 

• Combination of Immune Checkpoint 
Inhibitor Therapy and Radiotherapy

• Combination Therapy Between Cytokine Therapy 
and RT

• Combination Therapy Between Adoptive Cell 
Therapy and RT

• Combination Therapy Between Tumor Vaccine and 
RT
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Historical timeline
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Combination Therapy Between 
Cytokine

Therapy and RT
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‘Proof of principle’ 
trial
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Mice were injected s.c. with 105 (“primary” tumor) and 
104 (“secondary” tumor) 67NR cells at Day 0. Mice were 
either left untreated (empty diamonds), were treated with 
RT (filled diamonds) at Day 20 (arrow) at a single dose of 2 
Gy exclusively to primaryt umors, or were given Flt3-L 
alone (empty circles) i.p. for 10 days starting at Day 21 or 
Flt3-L in combination with RT (filled circles)



Abscopal effect 
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• First described in 1953, a researcher named R. H. Mole showed 
that radiation could shrink a tumor on one side of a mouse and 
lead to the regression of an untreated tumor on the other side 
of the animal.

• Latin for “away from the target.”
• The abscopal effect is a systemic immune response mediated 

by the effects of radiation on the immune system.
• the phenomenon of the abscopal effect has been observed in a 

variety of tumor types and settings
• The effect was rarely observed and limited to an association 

with radiation, the recent advent and expansion of 
immunotherapy have added to a new realm in the observation 
and benefit of the abscopal effect.



Preclinical trials- ABSCOPAL EFFECT
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41 patients with solid tumours 

35Gy/10# to one site 

GM CSF simultaneously 

35 Gy to second site 

 

Measured response at 3 sites 

      11 /41 patients had response 
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‘Proof of principle’ trial 



The RadScopal technique

RadScopal is a unique technique 
where H-XRT is applied to a 
primary tumor and
L-XRT is applied to secondary 
tumor(s) in patients undergoing 
or who have progressed on 
immunotherapy
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The Hypothesis-based model 
explaining Radscopal effect  
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Preclinical evidence 
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LDRT immune modulation 

Complete Response with LDRT to Liver metastases. (A) CT scanning 
(9/4/2019) before LDRT showed multiple liver metastases. (B) The patient 
received 50 Gy/4 fractions to a lung lesion and 5.6 Gy/4 fractions to nearly 
the entire liver from 10/8/2019 to 10/11/2019. (C) 19 months after LDRT, CT 
scans (4/19/2020) showed a complete response in the liver.

He K, et al Novel Use of Low-Dose Radiotherapy to Modulate the Tumor 
Microenvironment of Liver Metastases. Front Immunol. 2021 Dec 15;12:812210. 36



Factors affecting Abscopal effect
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Combination Therapy Between Tumor
Vaccine and RT
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Cancer vaccine 
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Type Preclinical Clinical 

1. Dendritic-
Cell 
Vaccines

Murine model of MCA-102 
fibrosarcoma, intratumoral 
injection of DCs following 15 Gy of 
external-beam radiation therapy 
(EBRT) 

• Sipuleucel-T (Provenge®; 
Dendreon)  plus RT –mcrpc

• combination of RT plus 
injection of autologous 
immature DCs in advanced-
stage/metastatic hepatoma 

• DC-based vaccine in 
combination with 
conformal RT for metastatic 
and recurrent solid tumours 

2. Whole 
Tumor-Cell 
Vaccines

Whole-brain RT enhanced the 
effectiveness of immunotherapy 
with irradiated GL261 cells 
secreting GM-CSF as a WTCV 
(GVAX)

•  Ongoing phase I study : in 
patients with resected 
adenocarcinoma of the 
pancreas46 is comparing 
GVAX vaccine, fractionated 
SBRT (6.6 Gy), and 
FOLFIRINOX chemotherapy



With a median follow up of 50.3 months The 
study met its primary endpoint
• Significant improvement in DFS for CAN-2409 

plus radiation therapy (n=496) vs. radiation 
therapy alone (n=249) (p=0.0155; HR 0.7) in 
the ITT population

• 14.5% relative improvement in DFS observed 
at 54 months

• DFS improvement was observed both in 
patients receiving short term ADT and not 
receiving ADT

• CAN-2409 showed a highly significant effect 
(p=0.0046; HR 0.6) on prostate cancer-free 
survival

• It induced 80.4% pathological complete 
responses (pCRs) in the 2-year post-
treatment biopsies compared to 63.6% in the 
control arm (p=0.0015)

Vaccine and Radiation – Randomised Trial 

CAN 2409 +RT + 
valacyclovir 

± SCADT 

Placebo + RT + 
valacyclovir 

± SCADT

Intermediate 
Risk  prostate cancer 

• Planned for 
prostate-only RT

• ECOG PS: 0-2

2:1R
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Combination Therapy Between 
Adoptive

Cell Therapy and RT
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Adoptive cell therapy (ACT)

ACT can target antigen-specific tumor cells by isolating immunoreactive cells from 
patients, inducing differentiation, modification, and amplification in vitro, and then 
transfusing them back into patients
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Adoptive Immunity and Radiation 
Synergry 

(A) RT promotes the expansion of CAR-T 
cells and ↑their killing effect on 
tumor cells.

(B)  RT modulates the inflammatory 
TME and ↑the secretion of 
chemokines and proinflammatory 
cytokines, leading to the homing of 
CAR-T cells.

(C) RT induces an ↑in the expression of 
the integrins ICAM-1 and VCAM-1 in 
vascular endothelial cells, which 
facilitates the migration of CAR-T 
cells across the vascular 
endothelium into the tumor tissue 
and normalizes tumor blood vessel

(D)  RT potentially improves the efficacy 
of CAR-T cell therapy by activating 
and enhancing endogenous target 
antigen-specific immune responses.
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Preclinical and clinical studies 
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Immune check point inhibitors and 
Radiation 
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Rationale of synergy between immune 
check point inhibitors  and RT 
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Schema of different sequencing with 
immunecheck point inhibitors  
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Evidence from clinical trials 
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Metastatic Disease 
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KEYNOTE 001



• patients who had previously received RT for the treatment of NSCLC before 
receiving pembrolizumab had significantly longer PFS and OS 

• higher number of patients with treatment related pulmonary toxicity after 
pembrolizumab treatment and thoracic radiotherapy, but not more grade 3 or 
greater 

• combination of RT with pembrolizumab has a clinically acceptable safety 
profile and shows promising activity among patients with advanced NSCLC

KEYNOTE 001
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KEYNOTE-867
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• Adenocarcinoma 
prostate, 

• at least one bone 
metastasis

• Received at least 
1 docetaxel-
containing 
regimen 

• Progressed 

R (1:1)

RT to bone 
mets 

8Gy /1#

RT to bone 
mets 

8Gy /1#

Ipilumumab  10mg/kg q3weeks x 4 doses 

Placebo

OS 
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• no difference in overall survival between patients who received ipilimumab vs 
placebo after bone-directed radiotherapy 

• an exploratory piecewise hazard model suggested that the HR decreased over 
time:  ipilimumab seeming to be associated with better survival than placebo 
at later time points. 

• Ipilimumab was associated with reductions in PSA concentration and an 
improvement in progression-free survival 54



Met  
HNSCC

Nivo  q2wks , 96 wks 

Nivo  q2wks , 96 wks 

SBRT to one 
lesion 

• Combination of nivolumab and SBRT had similar safety as nivolumab alone
• Combined therapy did not confer a significant improvement in ORR,
      PFS, or OS 55



PEMBRO RT

Met NSCLC 
progress after1 
line of CT 
At least 2 lesions, 
one measurable 
>18 years 
(ECOG) PS  :0 or 1 
 

R

Pembrolizumab, 200mg q3weeks 

Pembrolizumab, 200mg q3weeks 

SBRT 
8x3 
Gy

ORR at 
12 
weeks 
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Results 
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ISABR
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Ongoing trials 
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Localised disease 
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Localised disease 
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PACIFIC Trial 

62

• Unresectable Stage 
III NSCLC without 
progression after 
definitive Platinium 
based cCRT (> 2 
cycles) 

• 18 years or older 
• WHO PS 0 -1
• If available archived 

pre cCRT tumour 
block for PD-L1

          N=713

Durvalumab 
10mg/kg q2w for upto 12 m

N=476

Placebo 
N=237

Primary endpoints
• PFS 
• OS  
Key Secondary end 
points 
• OOR,TTDM
• Safety
• PROs

R
2;1 

1-42 days 



PACIFIC trial 
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PACIFIC II 
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CheckMate 577
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JAVELIN Head and Neck 100 

High Risk Sqcc of 
the OC, OP, HP or 
larynx
(HPV-negative 
disease stage III, 
IVa, or IVb /HPV-
positive OP 
disease T4 or N2c 
or N3)
>18 years 
(ECOG) PS  :0 or 1 
 

R (1:1)

Avelumab
10 mg/kg ( D1, q2 

wk, 12 weeks ) 

Placebo

CTRT 
RT: 70Gy/35#/7 wk

Cisplatin : 100mg/m2, 
D1,22, 43

Avelumab : 10mg/kg 
D8, 25, 39 

CTRT
RT: 70Gy/35#/7 wk

Cisplatin : 100mg/m2, 
D1,22, 43

Placebo  : D8, 25, 39 

 

Placebo 

Avelumab
10 mg/kg ( D1, 1 wk) 

The primary endpoint was progression-free survival, Secondary endpoints were 
overall survival 
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Barriers to effective translation of 
preclinical findings to clinical trials 

1. Preclinical model limitations 
i. murine cancer cell lines are generally more 

immunogenic than human tumors 
ii. studies in mice lacking a functional immune system 

cannot be used to study the capacity of 
immunotherapy to act on these tumors via 
endogenous immune elements 

2. Limited number of phase I & phase II clinical 
trials

3. Uncertainty in understanding the effect of  
Scheduling and sequencing , optimal dose and 
other cofactors 
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Current challenges of IRT 

A. Optimization of treatment timing: using 
immunotherapy concurrently, 
sequentially, or as neoadjuvant therapy 
with radiotherapy

B. Optimization of radiation dosing: 
conventional fractionation or 
hypofractionation

C. Reduction of the radiation-induced 
toxicity of circulating and tumor-
infiltrated lymphocytes.s
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D. Selection of 
immunoradiation therapy 
or standard therapy for 
patients based on 
predictive biomarkers
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Current challenges of IRT 



Factors associated with efficacy of 
radio-immunotherapy
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The way forward 
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Take home points 

• Strong biological rationale of combination use – 
potential for synergistic effects 

• Abundance of encouraging preclinical data  supporting 
this synergism 

• Initial Clinical Evidence of efficacy in NSCLC, bladder 
cancer and melanoma have stemmed up the 
enthusiasm 

• However there are challenges in translation, 
warranting further well formulated clinical research 

• Need for personalized approaches – owing to 
variability in tumour biology and patient responses 
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We still don’t have the complete 
picture 
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