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Abstract
Ketogenic diets are a widely known, yet controversial treatment for cancer patients. In this review, we summarize the clini-
cal evidence for anti-tumor effects, as well as the effects on anthropometry, quality of life, adverse events and adherence in 
cancer patients. In April 2019, a systematic search was conducted searching five electronic databases (EMBASE, Cochrane, 
PsychInfo, CINAHL and Medline) to find studies analyzing the use, effectiveness and potential harm of a ketogenic diet in 
cancer patients of any age as sole or complementary therapy. From all 19.211 search results, 46 publications concerning 
39 studies with 770 patients were included in this systematic review. The therapy concepts included all forms of diets with 
reduced carbohydrate intake, that aimed to achieve ketosis for patients with different types of cancer. Most studies had a low 
quality, high risk of bias and were highly heterogeneous. There was no conclusive evidence for anti-tumor effects or improved 
OS. The majority of patients had significant weight loss and mild to moderate side effects. Adherence to the diet was rather 
low in most studies. Due to the very heterogeneous results and methodological limitations of the included studies, clinical 
evidence for the effectiveness of ketogenic diets in cancer patients is still lacking.
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Abbreviations
KD  Ketogenic diet
RCT   Randomized controlled trial
CT  Controlled trial
PSADT  Prostate-specific antigen doubling time
PFS  Progression-free survival
PCS  Physical component summary
MCS  Mental component summary
SF-12  Short Form (12) Health Survey
QoL  Quality of life
HNC  Head and neck cancer
FM  Fat mass
FFM  Fat-free mass
AE  Adverse events
SoC  Standard of care
DLT  Dose-limiting toxicity
CTCAE  NCI Common Terminology Criteria for 

Adverse Events
OS  Overall survival

Introduction

Current cancer treatment is largely based on surgery, radia-
tion and chemotherapy. Despite the advances in these fields 
and the implementation of targeted therapies and immune 
checkpoint inhibitors, many cancer patients still suffer from 
a poor prognosis and search for alternative or complemen-
tary treatments. Since there is a growing recognition of the 
impact of dietary interventions on human health [1], many 
cancer patients try to optimize their diet to improve their 
prognosis and reduce treatment-associated side effects [2].

For these patients and professionals alike, the ketogenic 
diet (KD) is compelling due to its success in treating epi-
lepsy [3] and its theoretical foundation. The proposed anti-
tumor effect relies on Warburg’s observation, that cancer 
cells prefer anaerobic glycolysis, even in the presence of 
oxygen [4]. Further, cancer cells use glycolysis for rapid 
cell proliferation [5] and the formation of metastases [6]. 
Hence, KDs, which are high in fat and low in carbohydrates 
[7], try to reduce the amount of glucose in the body, that 
the cancer cells can utilize [8, 9]. The exact ratio of macro-
nutrients differs between the specific variations of this diet 
[10]. Probably, the most renown adaption of this diet is a 
4:1 fat-to-carbohydrate + protein ratio [7]. Such an approach 
was used successfully in cellular and animal studies [11, 
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12]. Nonetheless, there were also contradicting studies that 
showed that there are cancer cell lines, which can utilize 
fatty acids and ketone bodies [13–16].

Our aim in this review was to systematically assess 
whether the results from in vitro studies translated to clini-
cal evidence of anti-tumor efficiency and further analyze the 
impact that a KD has on the quality of life and anthropom-
etry of the patients.

Method

Criteria for including and excluding studies 
in the review

Inclusion and exclusion criteria are listed in Table 1 based 
on a PICO model. According to the recommendations of 
the Cochrane Effective Practice and Organization of Care 
(EPOC) systematic reviews, review and meta-analyses, ran-
domized controlled studies (RCT), non-randomized con-
trolled studies (CT), uncontrolled studies (process moni-
toring, uncontrolled before–after studies and time series 
analyses) and observational studies were included [17]. We 
additionally included case series and case studies, due to the 
low number of publications on this topic. Criteria for reject-
ing studies were primary prevention, gray literature, other 
publication types than primary investigation/report (e.g., 
comments, letters, abstracts) or precancerous conditions if 
the results of the patients with cancer were not reported sep-
arately. Additionally, studies were excluded if they reported 
no patient-centered outcomes (laboratory parameters, except 
PSA which was considered as a surrogate parameter for 

tumor progression of prostate cancer). Language restrictions 
were made to English and German.

Study selection

A systematic research was conducted using five databases 
(Medline (Ovid), CINAHL (EBSCO), EMBASE (Ovid), 
Cochrane CENTRAL and PsycINFO (EBSCO)) in April 
2019. For each of these databases, a complex search strategy 
was developed, consisting of a combination of MeshTerms, 
keywords and text words in different spellings connected to 
cancer and ketogenic diets. The detailed search string is pro-
vided in online resource 1. The search string was highly sen-
sitive, since it was largely unrestricted by filters for study or 
publication type. After importing the search results into End-
Note X9, all duplicates were removed and a title–abstract 
screening was carried out by two independent reviewers 
(MR, JD). In case of disagreement, consensus was made 
by discussion. After that, all full texts were retrieved and 
screened again independently by both reviewers. When title 
and abstract did not have sufficient information for screening 
purposes, a full-text copy was retrieved as well. Addition-
ally, bibliography lists of all retrieved articles were manually 
screened for relevant studies. Such studies were included if 
they provided a comprehensive description of the study. The 
study flow during this process is presented in Fig. 1.

Assessment of risk of bias and methodological 
quality

All characteristics were assessed by two independent review-
ers (MR, JD). In case of disagreement, a third reviewer was 
consulted (JH) and consensus was made by discussion.

Table 1  Inclusion and exclusion criteria based on a PICO model

PICO Inclusion criteria Exclusion criteria

Patient Cancer patients (all entities and stages) Patients with precancerous conditions or carcinoma in situ
Primary prevention
Preclinical studies

Intervention Every intervention based on a ketogenic diet
No restrictions regarding the type of KD, dose, mode of application
KD applied as sole or supplementary treatment

Comparison All possible control groups (active control, placebo, standard/guide-
line/usual care)

Outcome Mortality (overall survival)
Morbidity (progression-/disease-free interval, tumor response)
Patient-reported outcomes (i.e., quality of life or other important 

psychological outcomes like psychological well-being, fatigue, as 
well as physical and mental adverse effects)

Weight and body composition
Toxicity and adverse events (CTCAE)

Others Language: German and English
Full publication

Gray literature (conference articles, abstracts, letters, ongo-
ing studies, unpublished literature, etc.)

Full text not available in German or English
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Risk of bias and methodological quality

The risk of bias of the included RCTs and CTs was analyzed 
with the SIGN-Checklist [18] for controlled trials version 
2.0. The AMSTAR-2 instrument for systematic reviews 
was used for reviews and systematic reviews. Other study 
types were analyzed based on the Cochrane Risk of Bias 
tool [19]. Further, these studies were rated with the Oxford 
criteria. Additional criteria concerning methodology were 
size of population, application of power analysis, adequacy 
of statistical tests (e.g., control of premises or multiple test-
ing) and selective outcome reporting (report of all assessed 
outcomes with specification of statistical data as the p-value) 
as well as possible conflicts of interest.

Data synthesis

No studies were suitable for a pooled analysis; hence, only 
a narrative analysis can be presented here.

Data extraction

Data extraction was performed by one reviewer (MR) and 
controlled by two independent reviewers (JD, JH). As a 
template for data extraction, the evidence tables from the 
national Guideline on Complementary and Alternative 
Medicine in Oncological Patients of the German Guideline 
Program in Oncology (https:// www. leitl inien progr amm- 
onkol ogie. de/ engli sh- langu age/) were used. Due to a large 
overlap in studies included in the systematic reviews, only 
the data from the individual studies, which were included 
in the systematic reviews, were extracted. Extraction was 
limited to data from primary literature and other sources, 
which provided a comprehensive description of the study, 
meeting the inclusion criteria.

Fig. 1  Preferred reporting 
items for systematic reviews 
and meta-analyses flow chart 
displaying the study selection 
process
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Results

The systematic search revealed 19.205 results. Six stud-
ies were added by hand search. At first, duplicates were 
removed leaving 16.373 studies. After screening title and 
abstract, 48 studies remained to complete review. Finally, 45 
publications were analyzed in this review, including 5 SR, 
1 review and additionally 5 publications on 3 RCTs, 2 con-
trolled studies and 33 single-arm studies and case reports, 
presented in 32 publications. All in all, 765 patients were 
described in 39 publications.

Characteristics of included studies

Concerning the RCTs and CTs, 322 patients were included 
and 250 of them were analyzed, due to 72 drop-outs. The 
mean age of patients (only reported in 3 studies) ranged from 
44.8 to 66.3 years and the range of age from 38 to 76 years 
(reported in 1 study). One publication only reported the 
median age, which was 72 years. A total of 156 (62%) par-
ticipants were female and 94 (38%) were male. Concerning 
the studies with a fixed duration of intervention, the extent 
of the diet ranged from 3 to 6 months.

In the single-arm studies and case series, a total of 443 
patients were included and analyzed. The age of the included 
patients ranged from 3 to 92 years. Information about the 
gender of the included patients could be obtained for 370 of 
the 443 patients. Out of these 370 participants, 184 (50%) 
were female and 186 (50%) were male. Duration of the die-
tary intervention in these studies reached from a single, 3 h 
long, application of parenteral nutrition [20] to a single case 
with more than 31 months of oral KD [21].

The KDs prescribed in the included studies varied exten-
sively between studies (see Table 6 for details concerning 
the prescribed diets) were in most articles not described in 
adequate detail, and the majority did not utilize standardized 
dietary protocols. Furthermore, the methods used for assess-
ing ketone body levels and diet compliance varied widely, 
with some studies not measuring them at all.

Excluded studies

A list of the studies excluded after full-text screening and 
the reasons for exclusion are presented in online resource 2.

Risk of bias in included studies

The methodical quality of the included RCTs and CTs was 
rated according to the SIGN checklists [18], and the results 
are presented in Table 2. Other study types were analyzed 
based on the Cochrane Risk of Bias tool [22], with the 
results presented in Table 3. These studies were further rated 

based on the Oxford criteria. These results and additional 
comments on methodology are provided in Table 4.

Efficacy of the ketogenic diet

The study characteristics and all relevant results reported in 
the included RCTs and CTs are presented in Table 5. Similar 
information concerning the included single-arm studies and 
case reports is presented in Table 6.

Survival and disease progression

Results from RCTs and CTs

Overall survival was only analyzed in one RCT [23]. In this 
study, the overall survival (OS) for a subgroup of patients 
with neoadjuvant treatment for breast cancer was signifi-
cantly higher in the intervention group (p = 0.04). However, 
no data for the entire study population are presented, which 
also consisted of patients with metastatic disease.

One RCT assessed the effects of the diet on prostate-
specific antigen doubling time (PSADT) as a surrogate 
parameter for progression of disease [24]. Per protocol, 
there was no between-group difference concerning the 
PSADT (p = 0.446). Only in post hoc exploratory analysis 
with adjusting for multiple baseline covariates and proposed 
hemoconcentration, a significantly increased PSADT could 
be found.

Results from single‑arm studies and case reports

Only five of these studies compared reported and expected 
survival, which was derived from historical controls [25–29]. 
In one study [25], two of the patients were analyzed and their 
survival was comparable with the expected survival, simi-
lar to another study where all of the different subgroups of 
patients had an OS in line with the historical controls [28]. 
Two other studies [26, 27] found a numerically better than 
expected survival. However, no statistical analysis was per-
formed. One study, however, reported a lower-than-expected 
survival for the patients receiving a KD [29].

Another study compared the subgroup of patients, who 
received bevacizumab salvage treatment while on a KD with 
other patients treated with bevacizumab in the same hospi-
tal, who did not receive a KD. There was no difference in 
median progression-free survival (PFS) (p = 0.38) [30].

Even though most studies reported on tumor stability 
and progression, the results were highly heterogeneous and 
the tools and methods used for this assessment were only 
reported in a minority of them in adequate detail. Further-
more, there was no analysis for statistical significance of 
the findings.
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An exception is the study of Fine et  al. [31], which 
reported that patients with stable disease or partial remis-
sion on PET scan after the diet exhibited significantly higher 
dietary ketosis than those with progressive disease (n = 4, 
p = 0.018).

Feasibility and adherence

Results from RCTs and CTs

Out of the included 322 patients, which were included in 

Table 2  Risk of bias in the included RCTs and CTs according to the SIGN checklist

RCT: randomized controlled trial; CT: non-randomized controlled trial; SIGN checklist: Scottish Intercollegiate Guidelines Network Methodol-
ogy: Checklist 2: Randomized Controlled Trials

Reference Study type Standardized rating of risk of bias Additional comments on methodology Evidence 
level 
(Oxford)

Freedland et al. [24] RCT Rating according to SIGN
Positive: 4 points
Uncertain: 2 points
Negative: 3 points
Overall quality: acceptable

PRO: in accordance with the ethical guidelines of 
the US Common Rule; randomization stratified by 
center and BMI; compliance surveilled in arm A with 
weekly urine ketone measurement; comprehensive 
and adequate analysis including the most important 
factors; power analysis

Contra: small sample size; no possibility for separation 
of the effects of weight loss and carbohydrate deficit; 
no information about approval by the ethics commit-
tee; no intention to treat analysis

1b–

Khodabakhshi et al. [23] RCT Rating according to SIGN
Positive: 3 points
Uncertain: 3 points
Negative: 2 points
Overall quality: acceptable

PRO: study protocol approved by responsible research 
institute; power analysis; groups are comparable

Contra: small sample size, especially concerning the 
subgroup of neoadjuvant-treated patients; no survival 
analysis for the whole study population, only for 
subgroup of neoadjuvant-treated patients; unclear if 
intention to tread analysis was actually performed, 
since only information about patients that completed 
the study is given; duration of follow-up for survival 
analysis is longer than timeframe from start of patient 
enrollment to submission of the article

2b–

Cohen et al. [32, 42, 56] RCT Rating according to SIGN
Positive: 4 points
Uncertain: 2 points
Negative: 3 points
Overall quality: acceptable

PRO: compliance surveilled in arm A with weekly urine 
ketone measurement; inclusion of the demographic 
characteristics as covariates during analysis; power 
analysis; groups are comparable; study approved by 
the local institutional review board

Contra: no adjustment for multiple testing; no intention 
to treat analysis; high drop-out; possible side effects 
are not mentioned

2b

Klement et al. [33] CT Rating according to SIGN
Positive: 3 points
Uncertain: 1 point
Negative: 0 points
Overall quality: acceptable

PRO: compliance surveilled in arm A with weekly 
beta-hydroxybutyrate blood measurement and patient 
questioning; analysis including the most important 
factors using linear mixed effects model; groups are 
comparable; study approved by the ethics committee

Contra: small sample size, especially in arm A; no 
possibility for separation of the effects of ketogenic 
diet and amino acid supplementation; low objectively 
measured diet adherence using blood beta-hydroxybu-
tyrate levels (69%)

3b

Ok et al. [34] CT Rating according to SIGN
Positive: 3 points
Uncertain: 0 points
Negative: 1 point
Overall quality: acceptable

PRO: study protocol approved by responsible institu-
tional review board; groups are comparable

Contra: small sample size; no possibility for separation 
of the effects of carbohydrate deficit and smaller but 
more frequent servings per day in intervention group; 
no power analysis; high drop-out; short follow-up

3b
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the 5 studies 72 drop-outs occurred (24.7%). From the 72 
drop-outs, 38 (53%) were part of the intervention group and 
34 (47%) of the control group [23, 24, 32–34].

Results from single‑arm studies and case reports

Feasibility and diet adherence was analyzed in 13 studies. 
In total, 84 out of 139 patients (60%) were able to continue 
the diet for the duration of the intervention [21, 25, 28–31, 
35–40].

Quality of life

Cohen et al. used the physical component summary (PCS) 
and mental component summary (MCS) out of the Short 
Form (12) Health Survey (SF12) questionnaire to measure 

the quality of life (QoL) and functioning of the patients. 
After adjusting for baseline values and chemotherapy score, 
the PCS score was significantly better in the KD group. 
There were no significant between-group differences con-
cerning the MCS score [32].

QoL was measured in 4 studies using the EORTC QLQ-
C30 questionnaire [29, 36, 37, 41]. The results were overall 
inconsistent, but most often reporting stable or decreasing 
QoL [29, 36, 41].

Changes in body weight

Results from RCTs and CTs

All 3 RCTs reported a significant higher weight loss in the 
KD group than in the control group [23, 24, 42]. Freedland 

Table 3  Risk of bias in the 
included single-arm studies and 
case reports according to the 
Cochrane risk of bias tool

Study RSQ AC BPP BOA IOD SR OSB

Champ et al. [45] − − − − + + +
Fearon et al. [44] − − − − + + +
Fine et al. [31] − − − − + + +
Jansen and Walach [54] − − − − + + −
Klement and Sweeney [41] − − − − + + +
Martin-McGill et al. [35] − − − − − + −
Martin-McGill et al. [49] − − − − + + −
Rieger et al. [30] − − − − + + −
Schmidt et al. [36] − − − − − + +
Tan-Shalaby et al. [37] − − − − − + +
van der Louw et al. [29] − − − − − + +
Woodhouse et al. [28] − − − ? + + +
Zahra et al. KETOLUNG [38] − − − − − + +
Zahra et al. KETOPAN [38] − − − − − + +
Bozzetti et al. [48] − − − − + + +
Schwartz et al. [39] − − − − + + +
Zuccoli et al. [46] − − − − + + +
Tóth and Clemens [47] − − − − + + +
Bozzetti et al. [20] − − − − + + +
Branca et al. [57] − − − − + + +
Nebeling et al. [40] − − − − + + +
Rossi-Fanelli et al. [43] − − − − + + +
Schroeder et al. [58] − − − − + + +
Artzi et al. [21] − − − − + + +
Iyikesici [26] − − − − + + +
Iyikesici [27] − − − − + + +
Strowd et al. [25] − − − − + + +
Moore [50] − − − − + + −
Elsakka et al. [59] − − − − + + +
Schwalb et al. [55] − − − − + + −
Brünings [60] − − − − ? ? ?
Brünings [61] − − − − ? ? ?
Schütz [62] − − − − ? ? ?



507Clinical and Experimental Medicine (2021) 21:501–536 

1 3

Table 4  Risk of bias in the included single-arm studies and case reports rated with the Oxford criteria

Reference Study type Standardized 
rating of risk of 
bias

Additional comments on methodology Evidence 
level 
(Oxford)

Champ et al. [45] Retrospective single-arm clinical study – PRO: study approved by responsible 
institutional review board, adherence 
checked with urine and blood ketone 
bodies measurements

Contra: small sample size, no standard-
ized KD, no possibility for separation 
of the side effects caused by KD and 
concurring radio-chemotherapy

4

Fearon et al. [44] Crossover study – PRO: study approved by local hospital 
ethical committee, crossover design 
to minimize confounding by covari-
ates

Contra: small sample size, no wash-out 
period resulting in possible carryover 
effects, extremely short duration of 
intervention

4

Fine et al. [31] Prospective single-arm pilot study – PRO: study approved by responsible 
committee on clinical investigations, 
adherence checked with written 
food-recall records and blood ketone 
bodies measurements

Contra: small sample size, no standard-
ized KD, no possibility for separa-
tion of the effects caused by KD and 
weight loss

4

Jansen and Walach [54] Systematic, prospective cohort study – PRO:
Contra: small sample size, number 

of observations for the majority of 
the variables reported insufficient to 
perform a reliable statistical analysis; 
no standardized KD, no information 
about an approval by the responsible 
ethics committee; no information 
about the occurrence of side effects; 
potential conflict of interest: the 
first author is a shareholder of the 
company, that patients were specifi-
cally informed about as a source for 
ketogenic food

4

Klement and Sweeney [41] Prospective
Case reports

– PRO: study approved by institutional 
ethics review board, adherence 
checked with food diaries written by 
the patients and monitoring of ketone 
levels in urine and blood

Contra: very small sample size, no 
standardized KD, no possibility for 
separation of the effects caused by 
KD and radio(chemo)therapy

4
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Table 4  (continued)

Reference Study type Standardized 
rating of risk of 
bias

Additional comments on methodology Evidence 
level 
(Oxford)

Martin-McGill et al. [35] Randomized, mixed methods, feasibil-
ity study

– PRO: study approved by local research 
ethics committee, adherence checked 
with food diaries written by the 
patients and monitoring of ketone 
levels in urine and blood; randomized

Contra: small sample size, potential 
conflict of interest: the first author 
received a PhD studentship of the 
company, that provided the medium-
chain triglyceride nutritional products 
used in Arm A; two co-authors 
received salary costs from the same 
company

4

Martin-McGill et al. [49] Prospective single-arm pilot study – PRO: study approved by local 
Research, Development and Innova-
tion committee; adherence checked 
with food diaries written by the 
patients and monitoring of ketone 
levels in urine

Contra: very small sample size, 
potential conflict of interest: the first 
author received a PhD studentship 
from a company, that produces KD 
foods and supplements

4

Rieger et al. [30] Prospective single-arm pilot study – PRO: study approved by local institu-
tional review boards of the partici-
pating hospitals; adherence checked 
with nutritional questionnaires and 
monitoring of ketone levels in urine

Contra: relatively small sample size, 
potential conflict of interest: one of 
the co-authors is the founder of a 
company, that produces KD foods 
and supplements and provided the 
nutritional packages used in the 
study; data not stratified by center

4

Schmidt et al. [36] Prospective, single-arm pilot study – PRO: study approved by local ethics 
committee; adherence checked with 
patient documenting food intake and 
monitoring of ketone levels in urine

Contra: small sample size, no stand-
ardization of KD despite carbohy-
drate intake

4

Tan-Shalaby et al. [37] Single-arm prospective feasibility trial – PRO: study approved by local Inde-
pendent Review Board

Contra: small sample size, no standard-
ized KD; no possibility for separa-
tion of the effects caused by KD and 
weight loss

4

van der Louw et al. [29] Prospective single-arm feasibility study – PRO: study approved by local 
medical ethical committee; adher-
ence checked with monitoring of the 
ketone body levels in the blood

Contra: small sample size, no pos-
sibility for separation of the effects 
caused by KD and radio-chemother-
apy

4
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Table 4  (continued)

Reference Study type Standardized 
rating of risk of 
bias

Additional comments on methodology Evidence 
level 
(Oxford)

Woodhouse et al. [28] Retrospective single-arm feasibility 
study

– PRO: study approved by local insti-
tutional review board; adherence 
checked with monitoring of the 
ketone body levels in the blood

Contra: small sample size, no pos-
sibility for separation of the effects 
caused by KD and radio-chemo-
therapy; retrospective study that 
only includes patients who achieved 
ketosis

4

Zahra et al. KETOLUNG [38] Prospective single-arm phase 1 clinical 
trial

– PRO: study approved by local insti-
tutional review board; adherence 
checked with food diaries written by 
the patients and monitoring of the 
ketone body levels in the blood

Contra: small sample size, no pos-
sibility for separation of the effects 
caused by KD and radio-chemother-
apy

4

Zahra et al. KETOPAN [38] Prospective single-arm phase 1 clinical 
trial

– PRO: study approved by local insti-
tutional review board; adherence 
checked with food diaries written by 
the patients and monitoring of the 
ketone body levels in the blood

Contra: small sample size, no pos-
sibility for separation of the effects 
caused by KD and radio-chemother-
apy

4

Bozzetti et al. [48] Single case report – PRO: adherence secured, due to paren-
teral feeding

CONTRA: only a single patient 
analyzed

4

Schwartz et al. [39] Case Report – PRO: study approved by local insti-
tutional review board; adherence 
checked with monitoring of the 
ketone body levels in the blood

CONTRA: extremely small sample 
size

4

Zuccoli et al. [46] Case Report – PRO:
CONTRA: only a single patient 

analyzed; no possibility for separa-
tion of the effects caused by KD and 
radio-chemotherapy; no systematic 
assessment of adverse effects

4

Tóth and Clemens [47] Case report – PRO: adherence checked with monitor-
ing of ketone levels in urine

CONTRA: only a single patient ana-
lyzed; no possibility for separation of 
the effects caused by KD and radio-
therapy; no systematic assessment of 
adverse effects; no standardized KD

4

Bozzetti et al. [20] Single-arm prospective Study – PRO: power analysis
Contra: small sample size; due to die-

tary intervention of only 3-h results 
can hardly be translated to the effects 
of a long-term dietary intervention

4
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Table 4  (continued)

Reference Study type Standardized 
rating of risk of 
bias

Additional comments on methodology Evidence 
level 
(Oxford)

Branca et al. [57] Single case report – PRO:
Contra: only a single patient analyzed; 

no assessment of adverse effects

4

Nebeling et al. [40] Case reports – PRO: study approved by local 
institutional review board; adher-
ence checked with food diaries and 
monitoring of the ketone body levels 
in blood and urine

Contra: small sample size; no system-
atic assessment of adverse effects; 
no possibility for separation of the 
effects caused by KD and radio-
chemotherapy

4

Rossi-Fanelli et al. [43] 3-Arm prospective Study – PRO: adherence secured, due to paren-
teral feeding

Contra: no assessment of adverse 
effects

3b

Schroeder et al. [58] Prospective quantitative study – PRO: study approved by local research 
ethics committee; prospective study

Contra: no assessment of adverse 
effects; no standardized diet; due 
to dietary intervention lasting only 
4 days at most, results can hardly be 
translated to the effects of a long-
term dietary intervention

4

Artzi et al. [21] Prospective,2 arm pilot study – PRO: study approved by local insti-
tutional review board; adherence 
checked with monitoring of the 
ketone body levels in the urine

Contra: no assessment of adverse 
effects; small sample size; control 
group added retrospectively

4

Iyikesici [26] Single-arm retrospective study – PRO: due to the retrospective nature no 
institutional review board approval 
required

Contra: no standardized diet; no pos-
sibility for separation of the effects 
caused by the KD and the additional 
treatments, including: polychemo-
therapy and hyperthermia

4

Iyikesici [27] Single-arm retrospective study – PRO: due to the retrospective nature no 
institutional review board approval 
required

Contra: no standardized diet; no pos-
sibility for separation of the effects 
caused by the KD and the additional 
treatments, including: polychemo-
therapy, hyperbaric oxygen therapy 
and hyperthermia

4

Strowd et al. [25] Single-arm study – PRO: study approved by institutional 
review board; adherence checked 
with monitoring of the ketone body 
levels in blood and urine

Contra: no structured assessment of 
adverse effects; small sample size

4
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et al. [24] found a weight loss of 12.1 kg in the interven-
tion group, compared to a weight loss of 0.5 kg in the con-
trol group (p < 0.001) during the 6 months of the diet. The 
study of Khodabakhshi et al. [23] reported a significantly 
larger weight loss in the intervention group than in the con-
trol group over the course of a 3 month diet with 6.3 kg 
compared to 1.3 kg, respectively (p < 0.001). Over the same 
3-month duration Cohen et al. [42] detected a weight loss 
of 6.1 kg in the intervention group and 3 kg in the control 
group (p < 0.05).

In one of the controlled trials by Ok et al. [34], there 
were no significant differences in the reduction of body 
weight between both groups (p = 0.475). In the other trial 

by Klement et al. [33], only regression coefficients for the 
changes in body weight were provided. Here, a significantly 
higher reduction of body weight was reported for the sub-
group of breast cancer patients (p = 0.00014) and rectal can-
cer patients (p = 0.01). However, in the subgroup of HNC 
(head and neck cancer) patients the regression coefficient for 
“Time × KD” implied a significant positive effect of the KD 
on the body weight of the patients (p = 0.008) [33].

Results from single‑arm studies and case reports

Changes in bodyweight were analyzed in 15 studies. A sta-
tistical analysis to check for significance was performed 

Table 4  (continued)

Reference Study type Standardized 
rating of risk of 
bias

Additional comments on methodology Evidence 
level 
(Oxford)

Moore [50] Single case report – PRO:
Contra: no structured assessment of 

adverse effects; no possibility for 
separation of the effects caused by 
KD and chemotherapy

4

Elsakka et al. [59] Single case report – PRO: study approved by institutional 
review board

Contra: no structured assessment of 
adverse effects; no possibility for 
separation of the effects caused by 
KD and other treatments including 
surgery, radiation, chemotherapy and 
other novel treatments

4

Schwalb et al. [55] Case reports – PRO:
Contra: small sample size; no struc-

tured assessment of adverse effects; 
no possibility for separation of the 
effects caused by the KD and the 
additional novel treatments, including 
high dose vitamin D, colostrum and 
multiple food supplements; two of 
the authors own companies, which 
produced most of the food supple-
ments used in this trial

4

Brünings [60] Case reports – PRO:
Contra: historic study, from a cur-

rent standpoint outdated and often 
subjective methods used to assess the 
effects of the diet

4

Brünings [61] Case reports – PRO:
Contra: historic study, from a cur-

rent standpoint outdated and often 
subjective methods used to assess the 
effects of the diet

4

Schulte and Schütz [62] Case reports – PRO:
Contra: historic study, from a cur-

rent standpoint outdated and often 
subjective methods used to assess the 
effects of the diet

4

KD ketogenic diet
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in 8 studies, of which 4 found a significant reduction in 
bodyweight [30, 36, 37, 41]. Three of these studies found 
a non-significant decrease in body weight [25, 31, 43] and 
only Fearon et al. [44] showed a significant increase in body 
weight.

Out of the remaining seven studies, where no statistical 
analysis was performed, weight loss during the diet occurred 
in six studies [38, 39, 45–47], while only one study showed 
an increase in body weight [48].

One study assessed the change in BMI and reported a 
median decline of 1.04 kg/m2, without checking for signifi-
cance [28].

Changes in body composition

Results from RCTs and CTs

Changes in body composition were analyzed in one RCT 
and both CTs. The RCT by Cohen et al. found a significant 
higher reduction of total fat mass in the KD group (− 5.2 kg) 
than in the control group (− 2.9 kg), while no significant 
differences concerning the lean body mass occurred [42].

Klement et al. provided primarily the regression coef-
ficients for the fat mass (FM) and fat-free mass (FFM). In 
the subgroup of rectal cancer patients, a significantly greater 
loss of FM occurred in the KD group, without significant 
differences in FFM. A comparable result was reported in 
the subgroup of breast cancer patients, who experienced a 
significant reduction in FM, while the FFM reduction was 
not significant. However, the 50 kHz phase angle, an indica-
tor for changes in cell mass, also significantly declined in the 
KD group. In the subgroup of HNC patients, the regression 
coefficients implied a significant increase in FFM in patients 
receiving a KD [33].

Ok et al. found a significantly lower reduction in body cell 
mass in the KD group (− 1.9 kg) than in the control group 
(− 2.9 kg), while no significant differences in body fat mass 
occurred [34].

Results from single‑arm studies and case reports

Two studies analyzed changes in body composition [35, 
41]. One study showed a significant FM reduction, without 
significant reduction in FFM [41], whereas the other study 
showed no significant effects on body composition [35].

Adverse events

Results from RCTs and CTs

Only one RCT [24] and one CT [34] monitored adverse 
events and only the CT by Ok et al. used a validated tool 
[34]. In the RCT by Freedland et al. [24], only mild AEs and 

one moderate AE (nausea) were reported. The number of 
AEs was similar at baseline but increased drastically in the 
KD group (30 vs 19 reported AEs) at 3 months. At 6 months, 
the number of AEs had subsided back to baseline in the KD 
group and was again close to the number in the control group 
at the same time.

Ok et al. [34] assessed the number of meal intake-related 
problems and postoperative complications. No significant 
differences between both groups in either of the two cat-
egories occurred.

Results from single‑arm studies and case reports

Adverse events were monitored in 19 studies. A validated 
tool was used in 11 of the 19 studies [26–29, 31, 35, 37, 38, 
45, 46]. Since many studies combined KD with standard of 
care (SoC) chemotherapy and/or radiation therapy, it was 
often not possible to determine the cause of the reported 
AEs. Most of the AEs were mild to moderate. The most 
common AEs include: fatigue [31, 45], constipation [29, 
31], diarrhea [29, 35] as well as nausea and vomiting [29, 
35]. Further reported AEs were: deep venous thrombosis, 
asymptomatic hypoglycemia, nephrolithiasis, leg cramps, 
dyspepsia, dry mouth, hyperuricemia, hyperlipidemia, 
pedal edema, anemia, neutropenia and febrile neutropenia, 
thrombocytopenia, halitosis, pruritus, hypoglycemia, hyper-
kalemia, hypokalemia, hypomagnesemia, flu-like symptoms, 
low carnitine, hallucinations, allergic reaction, wound infec-
tion, headaches and neuropathy [26–31, 35–39, 45–50].

Even though most AEs were mild to moderate, there 
were also DLTs (dose-limiting toxicity) like CTCAE (NCI 
Common Terminology Criteria for Adverse Events) grade 3 
dehydration, grade 4 hyperuricemia [38] and a case of grade 
5 neutropenia, resulting in the death of the patient [26].

Discussion

Summary of main results

The basic idea of using a KD to prohibit cancer growth relies 
on the Warburg hypothesis and successful animal and cell 
culture studies. However, clinical evidence demonstrating 
a beneficent effect on survival and anti-tumor efficiency is 
still lacking.

The RCT conducted by Freedland et al. [24] failed to 
detect a significant anti-tumor effect in per-protocol analysis 
and an effect was only visible in a strongly adjusted explora-
tory analysis. Only Khodabakhshi et al. [23] found a sig-
nificantly longer OS of the neoadjuvant treated subgroup of 
breast cancer patients. But said data are only presented as a 
Kaplan–Meier plot, without any further information, despite 
a p value of 0.04 and the claim of a higher survival rate in 
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the KD group. It is also noteworthy that the follow-up time 
in this study’s Kaplan–Meier plot appears to be 26 months. 
However, the recruitment started in 07/2017 and stopped in 
10/2018. The finished article was received by the publish-
ing journal in 02/2019. This is just 4 months after the last 
patient was recruited. The resulting follow-up is 19 months 
at most for the first patients recruited. Furthermore, the KD 
was only administered for 3 months. These inconsistencies 
raise serious concerns regarding the presented data. Addi-
tionally, no data were provided for the subgroup of meta-
static patients in this publication. Even though the data from 
these patients were not published as an original publication, 
they are reported in a systematic review by Klement et al. 
[51]. Here, the patients in the KD group had a numerically 
shorter OS (p = 0.078).

The studies in this review showed an overall low adher-
ence to the KD, but the drop-out rates varied greatly between 
studies. Important reasons for low adherence were: limita-
tions in monitoring and delivery [39], patients finding the 
meals unpalatable [38] and problems trying to integrate the 
diet into family life [36].

QoL was only assessed in a few studies. The RCT 
by Cohen et al. [32] was only able to show a significant 
improvement in perceived physical functioning after adjust-
ing for several variables and without adjusting for weight 
loss, which attenuated the effect. No beneficial effects on 
mental functioning were found in this trial. This is in line 
with other studies, which also failed to show a QoL benefit 
of the KD [29, 36].

Almost all controlled and non-controlled studies showed 
a weight loss during the KD, which was often significant, if 
statistical analysis was performed [23, 24, 42]. This is rather 
concerning, since malnourishment, sarcopenia and cancer 
cachexia have been shown to negatively impact clinical out-
comes and greatly reduce QoL [52, 53]. For patients with 
an increased risk of cancer cachexia, a KD can therefore 
be detrimental and the idea of implementing a KD in these 
patients should raise serious safety concerns. Nevertheless, 
studies analyzing body composition revealed that the loss 
of fat mass appears to be more pronounced than the loss in 
fat-free mass [41, 42].

The studies in this review showed a variety of adverse 
events related to a KD. The most frequent were fatigue [31, 
45], constipation [29, 31], diarrhea [29, 35] as well as nausea 
and vomiting [29, 35]. Despite the fact that most of these 
were only mild to moderate several serious AEs like grade 
3 dehydration and grade 4 hyperuricemia [38] and a case of 
grade 5 neutropenia occurred [26]. Especially problematic 
is, that many studies did not measure AEs and the ones that 
did, often attributed those that happened entirely to the SoC 
anti-cancer treatments [26]. Thus, the AEs of a KD seem to 
be underreported.

Finally, it should be noted that definite conclusions are 
still difficult to ascertain from the available data, due to a 
high level of bias in most studies, a small number of patients 
with high level of adherence and the lack of a control group 
and randomization, further increasing especially allocation, 
and performance bias. It should also be noted that in several 
studies the authors had a potential conflict of interest, due to 
financial and non-financial support or owning shares from 
companies producing products used in a KD [30, 35, 49, 
54, 55].

Furthermore, the studies are highly heterogenous, in 
many cases not limited to one cancer type and often use the 
KD complementary to other therapies, limiting the possibil-
ity to assess whether effects and AEs were caused by the diet 
or other simultaneous interventions—this also impairs the 
possibility to pool the results to perform a meta-analysis.

Limitations of this work

Some limitations of this systematic review must be men-
tioned. For once, due to the heterogeneity of the included 
RCTs no meta-analysis could be conducted, and no mod-
erators of the effects caused by a KD could be determined. 
Furthermore, only studies published in English or German 
were included in this review.

Conclusion

Even though a variety of studies have been conducted in 
the past on KDs for cancer patients, evidence for increased 
survival, anti-tumor efficacy and a reduction of side effects 
is lacking, even in the most recent controlled trials. More 
robust and consistent clinical evidence from larger patient 
groups with comparable methodology, thorough dietary pro-
tocols and an assessment of side effects using validated tools 
are necessary, before a KD can be recommended to most 
cancer patients. Currently possible side effects including 
weight loss as well as patient co-morbidities must be care-
fully weighed when considering applying a KD to cancer 
patients. To form a final judgment about the efficiency of a 
KD in Oncology, a randomized controlled trial with a well-
designed control group and sufficient power to also detect 
evidence for absence of anti-tumor effects is necessary.
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