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Dietary restriction during active cancer therapy is associated 
with improved treatment response: a systematic review and 
meta-analysis

Kajal Agrawal1*, Dominic Shao Yong Goh1*, Ee Chern Ng1, Shyn Yi Tan1, Carlos Cifuentes-González2, 
Jason Xing Kang1, William K. K. Wu3, Rashid N. S. Lui4,5, Rupesh Agrawal1,2,6,7,8, Yusuf Ali1,9, Sunny H. Wong1,10

1Lee Kong Chian School of Medicine, Nanyang Technological University, Singapore; 2National Healthcare Group Eye Institute, 
Tan Tock Seng Hospital, Singapore; 3Department of Anaesthesia and Intensive Care, Faculty of Medicine, The Chinese 
University of Hong Kong, Hong Kong SAR, China; 4Division of Gastroenterology and Hepatology, Department of Medicine 
and Therapeutics, Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong SAR, China; 5Department of Clinical 
Oncology, Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong SAR, China; 6Singapore Eye Research 
Institute, Singapore; 7Eye ACP Program, Duke NUS Medical School, Singapore; 8Department of Ophthalmology, National 
University of Singapore, Singapore; 9Clinical Research Unit, Khoo Teck Puat Hospital, National Healthcare Group, Singapore; 
10Department of Gastroenterology and Hepatology, Tan Tock Seng Hospital, Singapore

Cancer remains a leading cause of death worldwide, despite 
advances in surgery, chemotherapy, radiotherapy, and immu-
notherapy1. Challenges, like treatment-related toxicities and 
resistance, limit the overall benefits of current cancer therapies, 
leading to increased interest in supportive strategies that can 
boost treatment effectiveness while maintaining tolerability.

Dietary restrictions, including calorie restriction (CR), a 
fasting-mimicking diet (FMD), and short-term fasting (STF), 
are emerging as promising adjuncts in cancer treatment 
by modulating tumour metabolism and the body’s stress-
response pathways2. CR is defined as a sustained reduction in 
daily caloric intake (typically 20%–40%). A FMD is defined as 
a low-calorie, low-protein, low-carbohydrate dietary regimen 
administered over 3–5 d per cycle. STF is defined as complete 
or near-complete fasting lasting 24–72 h surrounding therapy.

Cancer cells undergo significant metabolic reprogram-
ming, primarily relying on aerobic glycolysis and growth fac-
tor signalling, a phenomenon known as the Warburg effect. 
This dependency makes malignant cells highly vulnerable to 
disruptions in the nutrient supply. Preclinical research has 
consistently shown that CR diets lower circulating insulin 

and insulin-like growth factor (IGF)-1 levels, activate AMP-
activated protein kinase, inhibit mechanistic target of rapa-
mycin (mTOR) signalling, and promote autophagy. While 
mTOR signalling is a key metabolic pathway implicated in 
several cancers, we acknowledge that cancer progression is 
heterogeneous and involves multiple parallel, context-specific 
pathways.

These effects help normal tissues develop resistance to 
stress, while making cancer cells more sensitive to treatment 
and improving therapy effectiveness without increasing col-
lateral damage. However, the clinical evidence remains frag-
mented. Previous reviews frequently group together various 
dietary interventions, such as ketogenic, low-carbohydrate, 
or protein-restricted diets, each affecting different biological 
pathways.

To address this gap, we performed a systematic review and 
meta-analysis focusing on dietary restriction strategies in 
patients with cancer. These strategies were applied for at least 
48 h during active cancer treatment. Our primary objective 
was to assess the response to oncologic therapy, while second-
ary outcomes included treatment-related toxicity, quality of life 
(QoL), and metabolic measures. The study followed PRISMA 
guidelines and was registered prospectively with PROSPERO 
(CRD42023460206).

Methodology
A thorough search of PubMed, Embase, and CINAHL from 
1973 to October 2025 identified 12 eligible studies involving 
human participants undergoing dietary restriction during 
active cancer treatment (Table 1)3-10. These studies included 
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nine randomized controlled trials, one prospective single-arm 
study, and one case report involving various solid tumours 
with breast and prostate cancers the most common. The die-
tary interventions studied were CR in six studies, a FMD in 
four studies, and STF in two studies. Treatment outcomes 
were assessed using RECIST criteria and classified as favour-
able (complete or partial response) or non-favourable (stable 
or progressive disease). Bias risk was evaluated with RoB 2, 
ROBINS-I, and Joanna Briggs Institute tools, depending on 
the study type. Importantly, dietary restriction interventions 
in the included studies were applied under controlled condi-
tions and patients with malnutrition or cachexia were gener-
ally excluded from the included studies.

Binary outcomes (e.g., treatment response) were sum-
marized using odds ratios (ORs), which are appropriate for 
dichotomous event data. Continuous outcomes (e.g., QoL and 
metabolic markers) were analysed using standardized mean 
differences (SMDs) to account for variability in measurement 
scales across studies. Pooling was performed only when at 
least three studies reported comparable outcomes with similar 
definitions and measurement approaches. Detailed methodol-
ogy is included in the Supplementary Material.

A meta-analysis was performed when at least three stud-
ies reported the same outcome, utilizing standardized mean 

differences with 95% confidence intervals within a random-
effects model. Heterogeneity was evaluated with the I2 statistic 
and considered with a narrative synthesis. A correlation coef-
ficient of 0.5 was assumed in accordance with Cochrane guid-
ance for studies reporting change-from-baseline outcomes 
without paired raw data. Although varying this assumption 
may have influenced the estimated variance, sufficient paired 
summary statistics were not consistently available to allow 
formal sensitivity analyses using alternative correlation coeffi-
cients. Therefore, this was considered a limitation of the study.

A random-effects model was used a priori due to the 
expected clinical heterogeneity across studies. Fixed-effect 
estimates were also examined and yielded similar results 
for outcomes with low statistical heterogeneity (I2 = 0%). 
Sensitivity analyses and narrative synthesis were prioritized 
and pooling was interpreted cautiously for outcomes with 
substantial heterogeneity (I2 >75%). Data were inverted by 
multiplying effect sizes by −1 to ensure consistency in inter-
pretation, such that negative values uniformly reflected 
improvement across all analyses for outcomes where higher 
values indicated improvement (e.g., QoL scores). Multiple 
cancer types were included to provide a comprehensive 
overview of current evidence given the limited number of 
available studies. However, subgroup analyses by cancer type 

Table 1  Outcomes of included studies

Study ID Change in QoL scores Number of adverse effects Treatment outcomes (Radiological response)

Control Intervention P Control Intervention P Control Intervention P

Bahrami et al. (2024)3 Grade I: 47
Grade II: 57
Grade III: 50

Grade I: 59
Grade II: 71
Grade II: 24

CR/PR: 8
SD/PD: 14

CR/PR: 15
SD/PD: 7

P 0.03

Demark-Wahnefried 
et al. (2017)4

+1.1 −0.04 0.68

Demark-Wahnefried 
et al. (2020)2

+0.9 +0.3 0.58

de Groot et al. (2015)5 3 6

de Groot et al. (2020)6 36 (out of 64) 11 (out of 22) 0.54 CR/PR: 38*
SD/PD: 14*

CR/PR: 47*
SD/PD: 6*

0.039*

Lugtenberg et al. (2021)7 −4.7 −0.8 0.30

Riedinger et al. (2020)8 +0.22 +5.1 0.01 2 0 0.49 CR/PR: 8
SD/PD: 2

CR/PR: 10
SD/PD: 0

0.47**

Zuccoli et al. (2010)9 No adverse side effects No clear evidence of disease recurrence

Study ID Average QoL scores

Li et al. (2015)10 M: 55.6 M: 67.8 <0.05

CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease. *intention to treat, **calculated using the Fisher’s 
exact test. Quality of life scoring: (Demark-Wahnefried et al. (2017)4: RAND-36, Demark-Wahnefried et al. (2020)2: FACT B, Lugtenberg et al. 
(2021)7: EORTC-QLQ-C30, Riedinger et al. (2020)8: NCCN FACT FOSI-18, Li et al. (2015)10: SF-36).
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were not feasible due to insufficient data. Notably, hormone-
sensitive cancers predominated in the included studies, 
which may have influenced the generalizability of findings 
to other cancer types.

Results
A meta-analysis of studies on the oncologic response showed 
that patients undergoing dietary restriction had a significantly 
higher probability of favourable treatment outcomes com-
pared to controls [OR: 4.55; 95% confidence interval (CI): 
1.64, 12.58]. The analysis exhibited low heterogeneity (I2 = 0%; 
P = 0.87) and a significant Z-score (P = 0.004; Figure 1).

These findings are consistent with individual clinical tri-
als showing that patients undergoing FMD during neoadju-
vant chemotherapy experience more significant pathologic 
responses, including higher rates of Miller–Payne grade 4/5 
responses and better radiologic outcomes.

With respect to treatment-related toxicity, multiple studies 
reported numerically fewer adverse events, including neu-
tropenia, neutropenic fever, and gastrointestinal symptoms, 

in the dietary restriction arms compared to controls. While 
pooled analyses did not demonstrate statistically significant 
reductions in toxicity, heterogeneity in reporting methods, 
toxicity grading, and treatment regimens limited quantitative 
synthesis. No study reported an increase in serious adverse 
events attributable to dietary restriction, supporting the short-
term safety of these interventions when implemented in con-
trolled settings.

QoL outcomes were evaluated using validated instruments 
across five studies. Although pooled analyses did not show 
statistically significant differences between dietary restriction 
and control groups (SMD: 0.18; 95% CI: −0.22 to 0.59; P = 
0.37), point estimates generally favoured dietary restriction 
and sensitivity analyses suggested that small sample sizes and 
methodologic heterogeneity were key contributors to impreci-
sion (I2 = 39%; P = 0.18).

Metabolic outcomes demonstrated biologically consistent 
trends. Several studies reported reductions in insulin, glucose, 
and IGF-1 levels in the dietary restriction groups, supporting 
mechanistic plausibility. Meta-analyses of these parameters 
did not reach statistical significance, largely Due to substan-
tial heterogeneity in glucose reporting, including absolute 
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Figure 1  Effect of dietary restriction on clinical outcomes: Forest plots comparing the effect of DR vs. control across included studies. Fixed-
effects model (Mantel–Haenszel method): The pooled OR demonstrated a significant association favouring dietary restriction (OR = 4.80, 
95% CI: 1.74, 13.25; P = 0.002). There was no evidence of heterogeneity among studies (χ2 = 0.29, df = 2, P = 0.87; I2 = 0%). Random-effects 
model: Using a random-effects model, the overall effect remained significant (OR = 4.55, 95% CI: 1.64, 12.58; P = 0.004), with similarly low 
heterogeneity (τ2 = 0.00; χ2 = 0.29, df = 2, P = 0.87; I2 = 0%). Each square represents the effect estimate for an individual study with size 
proportional to study weight and horizontal lines indicating 95% confidence intervals. The diamond represents the pooled effect estimate. 
Values to the right of the line of no effect (OR = 1) favour dietary restriction. CI, confidence interval; DR, dietary restriction; OR, odds ratio.
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concentrations, change scores, median values, and percentage 
changes without corresponding measures of variance, a quan-
titative meta-analysis of glucose outcomes was not feasible 
[insulin (SMD: −0.83; 95% CI: −1.86, 0.21; P = 0.12) or IGF-1 
(SMD: 1.16; 95% CI: −0.79, 3.11; P = 0.24)]. Both analyses 
demonstrated substantial heterogeneity [insulin (I2 = 88%) or 
IGF-1 (I2 = 92%)]. Sensitivity analyses excluding outlier stud-
ies reduced heterogeneity and attenuated effect sizes toward 
neutrality, suggesting that variability in intervention protocols, 
baseline metabolic status, and concurrent therapies influenced 
observed effects.

Discussion
From a mechanistic standpoint, the improvement in treatment 
response without increased toxicity supports the biological 
concept of differential stress resistance and stress sensitization. 
CR reduces systemic insulin and IGF-1 levels, which downreg-
ulates pro-growth pathways, such as PI3K–AKT–mTOR, and 
activating stress responses, including AMP-activated protein 
kinase pathways and autophagy7. These shifts lead to cell-cycle 
arrest, better oxidative stress resilience, and improved cellular 
repair in healthy tissues. Conversely, cancer cells, defined by 
constant oncogenic signalling and poor stress response, can-
not activate protective mechanisms, making cancer cells more 
vulnerable to damage from chemotherapy and radiotherapy. 
This difference helps explain the positive treatment outcomes 
observed in studies, even when patient-reported toxicity and 
QoL change little.

Notably, the high prevalence of hormone-sensitive cancers, 
like breast and prostate cancers, in the reviewed studies may 
partly account for the treatment responses observed. These 
tumours rely heavily on metabolic and endocrine signalling 
pathways, making the tumours potentially more responsive 
to transient nutrient deprivation. In addition, evidence from 
both preclinical and clinical research indicated that even brief 
interventions can lead to significant decreases in insulin and 
IGF-1 levels, supporting the biological basis for the minimum 
duration of intervention examined in this review.

Several factors likely explain the lack of statistically robust 
findings across secondary outcomes, including heterogene-
ity in cancer types, treatment modalities, dietary protocols, 
and adherence monitoring. Compliance varied widely, par-
ticularly in the FMD studies, and contamination of control 
groups was observed in some trials. In addition, most studies 
enrolled small sample sizes with a short duration of follow-up, 
limiting the ability to detect modest but clinically meaningful 
effects. The predominance of hormone-sensitive cancers may 
further restrict generalizability because these tumours could 
be particularly responsive to metabolic interventions. Long-
term clinical outcomes, including progression-free and over-
all survival, remain underreported in the current literature 
and represent a key gap in knowledge. Future studies should 

incorporate these endpoints to better evaluate the clinical 
impact of dietary restriction strategies in cancer therapy.

Despite these limitations, this analysis provides a focused syn-
thesis to date of calorie-based dietary restriction during active 
cancer therapy, distinct from broader dietary modification 
strategies. To our knowledge, this is the first systematic review 
to isolate CR, a FMD, and STF and examine clinical responses 
and metabolic biomarkers within a unified framework.

Conclusions
In conclusion, dietary restriction implemented during active 
cancer treatment was associated with a favourable response 
without evidence of increased toxicity or compromised quality 
of life. While secondary outcomes did not demonstrate statis-
tically significant pooled effects, observed trends and mecha-
nistic coherence support further investigation. These findings 
highlight key considerations for future trials, including stand-
ardized dietary protocols, objective adherence monitoring, 
and incorporation of metabolic and immune biomarkers to 
identify responders. Long-term oncologic endpoints, such 
as progression-free and overall survival remain largely unex-
plored. Together, these data suggest that calorie-based dietary 
restriction is a biologically coherent adjunct to cancer therapy 
and warrants evaluation in adequately powered randomized 
trials.
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