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• High dimentional cytometry

• Single-cell RNA sequencing

• Single cell TCR and BCR sequencing
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 In lung adenocarcinoma while intratumoral TCF-1+ 

CD8+ T cells acquired dysfunctional features and 

decreased in number as tumors progressed, a reservoir of

TCF-1+ CD8+ T cells in the tumor draining LN (dLN) 

remained stable by conventional type I dendritic cells

 Decrease of these cDC1 as the tumor progresses 

contributes to failed anti tumor immunity

 Flt3L+CD40 boosts cDC1, increases TCF-1+ 

CD8+ T cell frequencies, decreases tumor burden



• TA-HEVs are main sites of lymphocyte extravasation 

Into PD-1/aCTLA-4-treated tumors

• Increasing TA-HEC differentiation increases the 

proportion of stem-like CD8+ T cells

• TA-HEVs predict response and survival of melanoma 

patients treated with aPD-1/aCTLA-4





Importantly, lymphadenectomy abrogated 

the tumor-suppressive effects of PDL1 ICB, 

while the adoptive transfer of TdLN-TTSM

cells, but not TdLN-TPEX cells, efficiently 

rectified PD-L1 ICB mediated anti-tumor 

efficacy in tumor-bearing mice with 

lymphadenectomy
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A= immune desert

B= heterogenous, immune-low

C= vascularized

D= heterogenous, immune-high

E= immune and TLS high
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Q: Can low dose radiation reprogramme the tumor microenvironment of tumors with 

scarce immune infiltration and together with immunotherapy induce mobilization of 

(innate and/or adaptive) immunity?



 orthotopic intraperitoneal (i.p.) murine ID8 ovarian cancer model



 orthotopic intraperitoneal (i.p.) murine ID8 ovarian cancer model



 Low-dose radiotherapy (LDRT) of murine tumors promotes T-cell infiltration and enables 

responsiveness to combinatorial immunotherapy

 Treatment efficacy relied upon mobilizing both adaptive and innate immunity and depended 

on both CD4+ and CD8+ T cells

 LDRT elicited predominantly CD4+ cells with features of exhausted effector cytotoxic cells
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RACIM expands tumor-rejecting CD4+ and CD8+ TILs with activation and exhaustion 
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 Low-dose radiotherapy (LDRT) of murine tumors promotes T-cell infiltration and enables 

responsiveness to combinatorial immunotherapy

 Treatment efficacy relied upon mobilizing both adaptive and innate immunity and depended 

on both cytotoxic CD4+ and CD8+ T cells

 LDRT elicited predominantly CD4+ cells with features of exhausted effector cytotoxic cells

 These findings were translated to a phase I clinical trial administering LDRT, low-dose 

cyclophosphamide and immune checkpoint blockade to patients with immune desert tumors. 

In responsive patients, the combinatorial treatment triggered T-cell infiltration, predominantly 

of CD4+ cells with Th1 signatures



Immune desert tumors in humans are reprogrammed following low-dose radiotherapy 



 Low-dose radiotherapy (LDRT) of murine tumors promotes T-cell infiltration and enables 

responsiveness to combinatorial immunotherapy

 Treatment efficacy relied upon mobilizing both adaptive and innate immunity and depended 

on both cytotoxic CD4+ and CD8+ T cells

 LDRT elicited predominantly CD4+ cells with features of exhausted effector cytotoxic cells

 These findings were translated to a phase I clinical trial administering LDRT, low-dose 

cyclophosphamide and immune checkpoint blockade to patients with immune desert tumors. 

In responsive patients, the combinatorial treatment triggered T-cell infiltration, predominantly 

of CD4+ cells with Th1 signatures

 These data support the rational combination of LDRT, that elicits dramatic reprogramming 

of the TIME, with immunotherapy for the treatment of low-T cell infiltrated tumors
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Cancer Discovery (2021); DOI: 10.1158/2159-8290.CD-21-0003

Along with its direct tumoricidal effects, hypofractionated (high-dose) 

radiation therapy (RT) can mediate important immunomodulatory 

effects including:

(i) In situ vaccination through release of tumor-associated antigens

(ii) the activation of dendritic cells (DCs)

(iii) the release of danger signals and the upregulation of cytokines and 

chemokines

(iv) normalization of the tumor vasculature

(v) activate DNA sensing pathways in host and tumor cells, triggering 

production of type I interferon (IFN) and mobilizing innate and 

adaptive immunity

(vi) abscopal effect


