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Deciphering the role of histidine in cancer
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A new study reveals histidine as a readily 
measurable and potentially modifiable 
metabolic biomarker for cancer risk 
stratification and treatment optimization, but 
it also highlights the challenges of translating 
such associations into clinically usable 
interventions.

To elucidate effective cancer prevention and treatment strategies, 
researchers aim to identify biomarkers that can stratify patients at  
high risk before malignant transformation and to predict responses 
to immunotherapy and other treatments. Metabolic alterations 
are increasingly being recognized as key determinants of cancer 
development, progression and therapeutic response, which makes 
them potentially useful biomarkers1. Although some, such as serum 
lactate dehydrogenase (used for staging and prognosis of certain 
cancers), have advanced to clinical use, most biomarkers, such as 
tryptophan-derived metabolites2, are in the research stage of develop
ment, fueled by advances in metabolomics capabilities. In this issue 
of Nature Medicine, Suissa et al.3 report findings of a multi-cancer, 
multi-cohort, metabolic profiling study. Their goal was to identify 
and validate metabolic features associated with treatment response, 
assessed by progression-free survival (PFS) and other outcomes (Fig. 1).

Using machine-learning approaches, Suissa et al. analyzed 
metabolomics data from 4,336 plasma samples derived from  
1,714 patients across 16 independent cohorts3. The dataset included  
longitudinal samples from patients with lung, colon, kidney, blad-
der and skin cancer, spanning diverse disease stages and therapeutic  
regimens. The analysis revealed two distinct metabolic signatures  
associated with treatment outcomes: first, a negative association 
between therapeutic success and circulating levels of succinate and 

long-chain fatty acids; and second, a positive association between 
plasma levels of histidine and treatment response, overall survival, PFS 
and a reduced cancer risk. Given the established links between nutrient 
availability and cancer biology4, the authors combined dietary assess-
ment with fecal microbiome analyses to assess the factors underlying 
the elevated plasma levels of histidine. Their findings suggest that 
circulating levels of histidine are influenced not only by protein-rich 
diets but also by the composition and fitness of the gut microbiota.

Histidine is an essential amino acid involved in a wide range of 
biological processes. After metabolism in the gut and other tissues, 
histidine-derived metabolites are known to alter immune cell func-
tion and cellular metabolism. The role of histidine in cancer, however, 
remains unresolved. Previous preclinical studies have suggested that 
histidine can promote tumor progression and cancer-associated mus-
cle wasting, which would potentially limit its therapeutic efficacy5,6. In 
contrast, Suissa et al. provide strong evidence in support of a protec-
tive role for histidine, identifying it as a biomarker associated with 
improved clinical outcomes and enhanced therapeutic response 
to immunotherapy3. A key strength of this study is the large patient 
cohort with comprehensive background data, which highlights the 
importance of both dietary intake and cellular uptake for tumor and 
immune cell function, and supports the potential of histidine as a 
single-metabolite biomarker of therapeutic response.

From their profiling analyses, the authors conclude that elevated 
circulating levels of histidine are associated with both a reduced risk 
of cancer development and an increased likelihood of responding to 
immunotherapy. These findings support the long-studied concept 
of diet-modulated immune responses, whereby metabolic interven-
tions — such as inhibition of tryptophan metabolism, or asparagine 
deprivation — can enhance immune cell viability7. Building on those 
observations, Suissa et al. reveal a positive correlation between circu-
lating histidine levels and activated CD4+ helper T cells3, which coordi
nate anti-tumor immune responses by promoting the activation and 
recruitment of additional immune cell populations. Mechanistically, 
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Fig. 1 | Machine learning-based identification of metabolic biomarkers in 
cancer. Metabolomic profiling of a large multi-cohort patient dataset across 
five cancer types was integrated with machine-learning analyses to identify 
metabolic biomarkers associated with clinical outcomes. Elevated plasma levels 
of histidine (which the body must obtain from dietary sources) correlated with 

improved overall survival (OS), PFS and treatment response, whereas increased 
levels of succinate and long-chain fatty acids were associated with poorer 
outcomes. The study further suggests that circulating levels of histidine are 
influenced not only by dietary intake but also by the composition and fitness of 
the gut microbiota.
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they show that histidine restored basal T cell fatty acid oxidation and 
prevented T cell exhaustion driven by metabolic dysfunction. In mouse 
models, histidine supplementation reduced tumor burden and poten-
tiated anti-tumor immune responses in combination with immuno-
therapy. This work addresses a key unmet need in sustaining T cell 
activation to support durable therapeutic benefit.

Given the translational potential of these findings, the authors 
next explored whether dietary histidine intake could be leveraged to 
increase circulating levels of histidine and improve cancer outcomes. 
Although dietary histidine intake was associated with improved PFS 
in some patient cohorts, plasma levels of histidine did not corre-
late with dietary intake. These observations support the notion that 
plasma levels of histidine are not determined solely by dietary intake. 
Instead, the authors propose that the gut microbiota may represent 
a major contributor to circulating levels of histidine. These find-
ings are not yet clinically usable as a dietary intervention. Although 
plasma histidine is readily measurable and is associated with favorable 
outcomes, prospective studies are needed to determine whether 
changing histidine levels can improve treatment response. In the 
future, circulating histidine may have value as a biomarker for risk 
stratification or prediction of immunotherapy response, if validated in 
independent clinical cohorts. In the longer term, these findings could 
support personalized metabolic or dietary interventions, but only 
once causality, safety, dosing and patient selection are established. 
Moreover, the feasibility of dietary supplementation in patients may 
be constrained, owing to gastrointestinal comorbidities and adverse 
gastrointestinal effects induced by gut dysbiosis, which leads to 
impaired nutrient absorption.

Future work should move beyond dietary intervention alone and 
investigate why immunotherapies fail in patients with gut dysbiosis. 
Recent studies suggest that disrupted gut microbiota may be linked 
to increased baseline activation of the immune system, potentially 
driven by underlying gastrointestinal inflammatory disorders such 
as Crohn’s disease8–11. Assessing baseline activation of the immune 
system in patients with gut dysbiosis and gastrointestinal comor-
bidities may therefore be critical. Such analyses could help deter-
mine whether pre-existing activation of the immune system and 
concurrent inflammatory pathology contribute to the limited effi-
cacy of combined immunotherapy and dietary approaches, including 
histidine supplementation.

The findings of Suissa et al.3 highlight a central challenge in trans-
lating metabolic biomarkers into dietary interventions. Although 

circulating histidine is associated with improved outcomes, dietary 
histidine intake may not reliably increase plasma levels of histidine 
or reproduce the same therapeutic benefit. This discrepancy prob-
ably reflects interindividual differences in nutrient absorption, host 
metabolism, gut microbiota composition, tumor-specific metabolic 
dependencies, and baseline immune status. In addition, dietary 
interventions are difficult to standardize and may be constrained by 
dose, timing, treatment context, gastrointestinal comorbidities and 
patient adherence.

Future research should first validate circulating histidine as a 
predictive biomarker in prospective, independent cohorts. The field 
should then test whether histidine can be safely and reproducibly mod-
ulated through dietary or pharmacological approaches, and whether 
this improves the response to immunotherapy. Mechanistic studies 
that integrate metabolomics, microbiome profiling, tumor metabo-
lism and immune phenotyping — as well as prospective clinical studies 
designed to test causality and clinical feasibility — will be essential to 
determining whether histidine is a marker of favorable biology, a causal 
mediator of anti-tumor immunity, or both.
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