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Radiochemotherapy-induced elevations of plasma HMGB1 levels predict therapeutic 
responses in cancer patients
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ABSTRACT
High mobility group B1 (HMGB1) is a protein that is released from dying cancer cells in the context of 
immunogenic cell death (ICD). A recent study performed on patients with head and neck squamous cell 
carcinomas (HNSCC) reports that a chemoradiotherapy-induced increase in circulating HMGB1 levels 
predicts favorable outcome, echoing prior studies on neoadjuvant treatment of breast and rectal cancer 
in which the dynamics of HMGB1 plasma levels also have prognostic value. Hence, a therapy-induced rise 
in HMGB1 may be interpreted as a clinical sign of ICD and therapeutic response.
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The induction of immunogenic cell death (ICD) in response to 
anticancer treatment amplifies the adjuvanticity of malignant 
cells, thus facilitating the chemoattraction of dendritic cells 
(DC) as well as the uptake, processing and presentation of 
tumor-associated antigens (TAAs). In essence, ICD enables 
the reinstatement of immunosurveillance by adaptive immune 
circuitries and the generation of immunological memory 
against TAAs, altogether supporting the long-term efficacy of 
anticancer therapies, an effect that can further be boosted by 
combination of ICD induction with subsequent immune 
checkpoint blockade.

Therapeutic application of radiotherapy, chemotherapeutics 
or targeted agents such as anthracyclines, oxaliplatin, lurbinec-
tidin or crizotinib, all clinically approved for the treatment of a 
variety of cancer indications, can induce ICD. Immunogenic 
stress and death is characterized by the emission of danger 
associated molecular patterns (DAMPs) by cancer cells.1,2 This 
process follows a discrete spatial and temporal pattern, which is 
orchestrated by underlying cellular stress and death pathways.-
1,2 Thus, the chemotactic metabolite ATP is released by tumor 
cells via autophagy-associated lysosomal secretion. The cha-
perone calreticulin (CALR) translocates from the lumen of the 
endoplasmic reticulum to the plasma membrane surface dur-
ing the integrated stress response (ISR). The cytoplasmic pro-
tein annexin A1 (ANXA1) and the nuclear, nonhistone 
chromatin-binding protein high mobility group box 1 
(HMGB1) are both liberated when cell death is fully executed 
and the plasma membrane becomes permeabilized.

Altogether, the activation of full-blown TAA-specific adap-
tive anticancer immunity depends on the emission of immu-
noadjuvant DAMPs by malignant cells and their perception by 
antigen presenting dendritic cells (DCs). The release of ATP 

and ANXA1 triggers the chemoattraction into the tumor bed 
and close approximation toward malignant cells of DC expres-
sing the purinergic receptor P2X7 (P2RX7, for ATP) and for-
myl peptide receptor 1 (FPR1, for ANXA1). TAA uptake is 
triggered by the interaction between CALR on the surface of 
stressed/dying cancer cells and LDL-receptor-related protein 1 
(LRP1) on the surface of DCs. HMGB1 stimulates DC matura-
tion and TAA processing through the engagement of toll like 
receptor 4 (TLR4), followed by downstream signaling via the 
MYD88 innate immune signal transduction adaptor, alto-
gether facilitating MHC class I-restricted cross-presentation 
of TAAs by DCs.2,3

HMGB1 can be released by a variety of chemical agents includ-
ing prototype ICD inducers such as anthracyclines or oxaliplatin 
but also by epigenetic modifiers including azacitidine, decitabine, 
and suberoylanilide hydroxamic acid (SAHA).4 The absence of 
HMGB1 expression by malignant cells undergoing ICD compro-
mises the DC-mediated priming of effector T cells by TAAs.3 

Experimentally, the lack of HMGB1 can be compensated and 
the immunogenicity of dying tumor cells is restored by providing 
an alternative TLR4 agonist such as dendrophilin.5 There is ample 
evidence for the clinical importance of HMGB1 adjuvant signal-
ing such as the poor prognosis of breast cancer patients that carry 
a TLR4 loss-of-function allele and are treated with ICD inducing 
radio- or chemotherapy as compared to those with the wild type 
allele.3 Furthermore, the lack of HMGB1 expression in tumor 
biopsies can be employed as a prognostic biomarker to predict 
an increased residual risk of relapse after adjuvant chemotherapy 
in breast cancer.6,7 Consistently, the presence of circulating 
HMGB1 can be evaluated as a consensus maker of ICD and 
correlates with good prognosis in patients with rectal or breast 
cancer treated with neoadjuvant chemotherapy or radiation.8,9
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This contention is now echoed by a study evaluating 
the dynamic adaptation of circulating levels of HMGB1 in 
response to treatment with definitive chemoradiotherapy 
in head and neck squamous cell carcinoma (HNSCC) 
patients over the course of the therapy. A treatment- 
induced elevation of circulating HMGB1 levels predicted 
favorable outcome and all patients with augmented 
HMGB1 remained relapse-free during the course of the 
study.10 Of note, the prognostic value of circulating 
HMGB1 is reflected in the amplitude of the dynamics 
(the difference between baseline and post-treatment levels) 
rather than the baseline levels, which integrate multiple 
comorbidities including systemic inflammation and 
ongoing tissue damage (Figure 1).

In conclusion, dynamic monitoring of circulating 
HMGB1 levels might allow to detect the onset of ICD in 
response to oncological interventions and predict thera-
peutic outcome in other instances of solid malignancies.10 

It remains to be seen whether the difference in circulating 
HMGB1 concentrations before and after antineoplastic 
interventions will be solely affected by therapeutic efficacy 
or whether it may be affected as well by nosocomial 
infections and treatment-associated toxicities. Moreover, 
confirmatory studies validating the favorable prognostic 
impact of HMGB1 elevations are urgently awaited.
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Figure 1. Dynamic monitoring of circulating HMGB1 levels as a predictive marker for therapy outcome. The dynamic changes in circulating levels of high mobility group 
box 1 (HMGB1) in response to the induction of immunogenic cell death (ICD) by chemoradiation can be considered as a predictor of therapeutic efficacy. It is important 
to note that the prognostic value is reflected in the difference between baseline and post-treatment levels rather than the baseline level, which may be affected by 
several confounders such as systemic inflammation or tissue damage.
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