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Cancer patients do not 

respond to 

immunotherapy60-80%



Eskiizmir and Özgür, 2018

Tumor 

microenvironment 

is very heterogeneous



Dranoff, NRC, 2004

Inmunidad innata y adaptativa
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Inmunidad adaptativa

Domínguez-Andrés, Joosten, Netea. Curr Opin Immunol, 2019



Domínguez-Andrés, Joosten, Netea. Curr Opin Immunol, 2019
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Inmunidad entrenada



Domínguez-Andrés et al, J Leukoc Biol , 2018
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Inmunidad entrenada
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Inmunidad entrenada
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Epigenética e inmunidad entrenada
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Epigenética e inmunidad entrenada

Domínguez-Andrés, Dos Santos, Bekkering et al. 2023
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Metabolismo e inmunidad entrenada



Immunosuppression
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Inmunosupresión vs. Inmunidad entrenada



Trained immunity
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Inmunosupresión vs. Inmunidad entrenada
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Efectos inespecíficos contra cáncer



Kölmel et al., Eur J Cancer, 2005
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BCG y cáncer
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BCG e inmunidad entrenada
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BCG e inmunidad entrenada
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Lipids and metabolites

Mevalonate
Escualene

Free fatty acids
Derivatives of itaconate and fumarate

oxLDL

Environmental stimuli

High fat and sugar diet
Resveratrol
Pollutants

Microbial agents

β-glucans
Lipopolysaccharides (LPS)
Peptidoglicans and muramyl dipeptides (MDP)
Bacillus Calmette-Guérin (BCG)
Candida albicans

Listeria monocytogenes

Shigella

Inductores de inmunidad entrenada



Priem et al., Cell, 2020
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Resultados preclínicos prometedores



Kalafati et al., Cell, 2020
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Resultados preclínicos prometedores



Moreo et al., Nat Communications, 2023
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Resultados preclínicos prometedores



RCT Phase II
High-risk relapsed 
metastatic 
neuroblastoma

NS/P.O.

Enhanced 
seroconversion of 
anti-ganglioside 
IgG1

Cheung et al., 2023

SACT Phase II
Stage IV KRAS-
mutant colorectal 
cancer

Soluble/I.V.
Compelling clinical 
activity

Segal et al., 2016

RCT ASCUS/LSIL Soluble/T.O.P.
Increased disease 
clearance rates

Laccetta et al., 2015

SACT Phase I/II
High-risk chronic 
lymphocytic 
leukemia

Soluble/I.V.
A high complete 
response rate

Cs et al., 2015

RCT Mixed NS/P.O.
Increased energy 
intake

Milla et al., 2024

SACT Phase I/II Mixed advanced Soluble/P.O.
Relatively increased 
blood cell counts

Ab, 2008

Research Type Tumor Type β-Glucan Form Main Effects Reference
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Aplicaciones clínicas de β-glucano



RCT Breast cancer Soluble/P.O. Decreased IL-4
Ostadhimi et al., 
2024

RCT Phase II Advanced NSCLC Soluble/I.V. Increased ORR Thomas et al., 2017

SACT Gastric cancer Soluble/I.V.
Increased quality-of-
life scores

H et al., 2009

SACT Pancreatic cancer
Superfine 
dispersed/P.O.

Increased quality-of-
life scores

Shimizu et al., 2009

CCT
Esophageal 
carcinoma

Soluble/I.V.

Increased 
chemotherapy 
efficacy, pro-
inflammatory ILs, 
decreased anti-
inflammatory ILs

Ji et al., 2012

Research Type Tumor Type β-Glucan Form Main Effects Reference
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Aplicaciones clínicas de β-glucano



RCT Breast cancer Soluble/P.O.

Decreased IL-4; 
increased IL-12; 
enhanced energy 
intake

Ostadhimi et al., 
2014

RCT Breast cancer Soluble/P.O.

Decreased IL-4; 
increased IL-12; 
enhanced energy 
intake

Ostadhimi et al., 
2014

SACT NSCLC Particulate/P.O. Decreased MDSC
Albeituni et al., 
2016

SACT
Advanced breast 
cancer

Soluble/P.O.
Increased peripheral 
monocyte count

Demir et al., 2007

RCT Advanced NSCLC Soluble/I.V.
Relatively increased 
ORR

Engel-Riedel et al., 
2018

Research Type Tumor Type β-Glucan Form Main Effects Reference
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Aplicaciones clínicas de β-glucano



Biomarker identification: We need specific signals that can predict which patients will 

respond best to these treatments.

Effect duration: We must optimize the persistence of immune reprogramming 

without adverse effects.

Interaction with the adaptive system: It is essential to understand how to 

coordinate innate and adaptive responses to maximize the therapeutic benefit.
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Retos futuros



Targeted administrationPersonalised vaccines

Combine agents that induce 

adaptive and innate memory

Combined therapies

Integrate trained immunity with 

existing therapies

Epigenetic inhibitors

DNA methylation and acetylation 

modulators
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Aplicaciones futuras

Tumor site/bone marrow:

e.g., nanoparticles
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Cáncer de pulmón

Cáncer de pulmón y melanoma

Cáncer de páncreas

Melanoma

Carcinoma hepatocelular

Cáncer de vejiga

Influenza A

β-glucano

β-glucano

β-glucano, CTB, 
MTP10-HDL

BCG

BCG

Wang et al. 2023

Kalafati et al., 2020; Ding et al. 2023

Geller et al., 2022; Woeste et al., 2023

Vuscan et al., 2024; Tepale et al., 2024;
Priem et al., 2020

Vaziri et al., 2024

Buffen et al., 2014
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Resultados preclínicos prometedores



Stimulus

Modulator

Trained immunity in vitro
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Cytokine production in monocytes

Increased

responsiveness

Metabolic

reprogramming

Epigenetic 

reprogramming

Trained immunity in vitro
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LPS

Trained immunity in vitro
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