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PFS	� Progression-free Survival Rate
PRISMA	� Preferred Reporting Items for Systematic 

Reviews and Metanalyses
SD	� Standard Diet
TMZ	� Temozolomide
TTF	� Tumour Treating Fields

Introduction

The World Health Organisation classifies glioblastoma mul-
tiforme as a grade 4 tumour of the central nervous system 
[1], indicating a poor prognosis. Glioblastoma mortality 
rate is influenced by the limited treatment options. There is 
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Abstract
Glioblastoma is a diffuse, heterogenous tumour with a poor prognosis as current therapeutic options have limited efficacy. 
As a result, research aims to explore new treatment options which exploit the hallmarks of cancer. This review aimed to 
understand the breadth of research considering ketogenic metabolic therapy (KMT) as an adjuvant to standard therapy. 
KMT aims to improve overall survival by exploiting the metabolic reprogramming exclusive to neoplastic cells. Preclini-
cal trials show benefits in KMT when used alongside radiotherapy, through increasing anti-tumour effects compared to 
controls. Literature searches conducted over three databases, in line with PRISMA guidelines, collated studies relevant to 
KMT and glioblastoma. Six prospective studies and one retrospective study met the inclusion criteria for this review. Data 
regarding participants, interventions and survival were extracted. Studies included used small numbers of participants, as 
many aimed to assess the feasibility of larger-scale trials, which increases errors and bias of results. Furthermore, direct 
comparison between trials was limited due to study heterogeneity, as each trial used differing parameters and diet compo-
sitions. As a result, no definitive conclusions could be made. Future studies should use larger cohorts with standardised 
parameters so results are representative, and comparisons can be made to evaluate efficacy.
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a median survival of 15 months when treated aggressively 
with surgical resection, radiotherapy and chemotherapy 
compared to three months with surgery alone [2]. No link 
has been found between glioblastoma and other known car-
cinogens, except for ionising radiation therapy, although 
the latency period is unknown [3]. However, glioblastoma 
prevalence increases with age, as the mean age of diagnosis 
is 62 years [4].

Clinical presentation varies depending on tumour loca-
tion [5]. Tumours in the frontal lobe can affect a patient’s 
personality, whereas tumours in the occipital lobe can result 
in vision loss. Seizures are experienced by more than 60% 
of glioblastoma patients, with many going on to develop 
brain tumour-related epilepsy. Diagnosis is difficult as 
many symptoms are non-specific, including headaches, 
fatigue and cognitive decline. Following the presentation, 
immediate imaging is required. Magnetic resonance imag-
ing (MRI), if not contraindicated, is used as MRI is more 
sensitive to glioblastoma than computed tomography [6]. 
Specific MRI scans are used to understand tumour features, 
including T1-weighted gadolinium enhancement, fluid-
attenuated inversion recovery and MR spectroscopy [7]. 
Despite extensive imaging methods, a definitive diagnosis 
of glioblastoma occurs through histological analysis. Major 
histological features include microvascular proliferation 
and necrosis, both central due to insufficient blood supply 
and irregular necrotic foci spread throughout the tumour 
[8]. Other features include nuclear hyperchromatism, an 
increased mitotic index and anaplasia.

The first line of treatment, currently, is maximal surgi-
cal resection. However, due to the infiltrative nature of the 
tumour, complete resection is virtually impossible without 
causing major deficits to the patient [9]. Introducing 5-ami-
nolevulinic acid hydrochloride (5-ALA) to aid the visualisa-
tion of tumour margins enhanced the extent of safe surgical 
resection [10]. Retrospective studies have shown the use of 
5-ALA within surgery has increased the 6-month progres-
sion-free survival rate (PFS) by increasing gross resection 
[11]. In addition to surgery, both radiotherapy and an alkyl-
ating chemotherapeutic agent, temozolomide (TMZ), are 
considered standard therapy. A randomised trial by Stupp 
et al. (2005) [12] showed the benefits of concomitant TMZ 
therapy with a median increase of 2.5 months in survival 
when compared with radiotherapy alone. Following TMZ 
treatment, there is a high immunosuppression risk, thus 
trimethoprim-sulfamethoxazole prophylaxis is prescribed 
to prevent opportunistic infections [13]. Symptomatic relief 
can be given through the prescription of antiepileptics, such 
as levetiracetam, for seizures [14]. Dexamethasone, a cor-
ticosteroid, is used to reduce radiotherapy-related oedema; 
following improvement, this dosage is titrated down to pre-
vent side effect accumulation [11].

Prognosis for glioblastoma remains low, even when 
treated with current options, with most patients surviv-
ing between 12 and 18 months from initial diagnosis [5]. 
Treatment resistance occurs through various mechanisms. 
Mutations causing glioblastoma result in the alteration and 
suppression of genes causing oncogenesis in three dis-
tinct cell lineages producing a heterogenic tumour [15]. 
This heterogeneity contributes to the inefficacy of cur-
rent treatments. Moreover, glioblastoma is highly infiltra-
tive producing microscopic projections into other brain 
regions, providing difficult margins for surgical resection 
[9]. Hypotheses also suggest neoplastic cells in the tumour 
periphery can quiesce, reducing the likelihood of resection 
and increasing the risk of recurrence [16]. The presence of 
the blood-brain barrier limits therapeutic options as specific 
drugs are not permeable and cannot reach the target area [9].

Mutations influence prognosis and treatment efficacy. 
Methylation of the O6-methylguanine-DNA methyltransfer-
ase (MGMT) promoter region determines TMZ effective-
ness. This gene codes for a ubiquitously expressed DNA 
repair enzyme which reverses alkylation damage caused by 
TMZ. Where TMZ alkylates the O6 site on guanine, MGMT 
removes this adduct, preventing damage and thus prevent-
ing cell death [17]. Methylation of this promoter region 
silences MGMT causing glioblastoma cells to be vulnerable 
to TMZ. This correlates to a favourable survival in glioblas-
toma patients, with a median overall survival (OS) of 21.7 
months when methylated and 12.7 months when not. How-
ever, the mutation is only prevalent in 35% of glioblastoma 
patients [6]. Moreover, mutations in the isocitrate dehydro-
genase enzymes (IDH) convey a favourable outcome com-
pared to wild-type tumours. Observations show an OS of 
31 months in IDH-mutated tumours compared to 15 months 
in IDH wild-type patients [18]. Although this study showed 
that younger patients were diagnosed with IDH-mutated 
tumours, there was a median age of 32 years for those with 
the mutation and 59 years for those without, which could 
influence OS.

Emerging treatments for glioblastoma include immuno-
therapy and targeted therapy. Randomised controlled phase 
II trials studying the use of dendritic cell vaccines con-
taining synthetic peptides targeting glioblastoma-specific 
antigens have shown benefits in PFS compared to controls 
[19]. However, phase III trials are required before approval. 
Stupp et al. (2017) [20] considered tumour-treating fields 
(TTF) as an adjuvant to TMZ in glioblastoma patients. This 
trial showed an increase in OS with no limits to quality of 
life when TTF was paired with TMZ in comparison to TMZ 
alone. This contrasts with a study by Seyfried et al. (2011) 
[21], considering the metabolic management of glioblas-
toma by implementing ketogenic metabolic therapy (KMT) 
due to the adaptations in glucose metabolism in glioblastoma 
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cells. Case reports also support this, showing a reduction in 
the tumour size two months post-treatment [22].

KMT, regardless of composition, consists of a high-fat, 
low-carbohydrate diet [23]. Many studies use 3:1 or 4:1, fat: 
carbohydrate, ratios, causing cells to metabolise ketones 
over glucose for energy. Ketogenic diets (KD) mimic the 
metabolic fasting state by reducing blood glucose [24]. 
Clinical benefits include anticonvulsant, anti-inflammatory, 
and antioxidative effects, with KD recommended to treat 
epilepsy [25], diabetes [26], and cancer [27].

Normal cells metabolise energy through aerobic glycoly-
sis and oxidative phosphorylation. Metabolic reprogramming 
in tumour cells leads to an emphasis on aerobic glycolysis, 
reducing oxidative phosphorylation, when metabolising 
energy; this is deemed the Warburg effect [28]. Jelluma et al. 
(2006) [29] showed the high demand for glucose in glioma 
cells via glucose withdrawal. Cell death occurred as aero-
bic glycolysis could not occur leading to oxidative stress 
through the overproduction of mitochondrial oxygen free 
radicals, causing apoptosis. This did not occur in the control 
cells, normal human astrocytes. Aerobic glycolysis is less 
efficient at producing ATP, thus the demand for glucose is 
higher in glioma cells [24]. This can be exploited therapeu-
tically. Reducing the blood glucose concentration through 
KD results in a shift in energy metabolism from using glu-
cose as a substrate to ketone bodies [30], which yields more 
energy via oxidative phosphorylation than glucose, and thus 
is more efficient [31]. However, in cancer cells, metabolic 
reprogramming emphasises ATP production through glycol-
ysis, restricting the ability to use ketone bodies. Reducing 
glucose levels via KD induces metabolic stress as tumour 
cells are maladapted to using ketone bodies for energy 
metabolism. This reduces the availability for nucleotide and 
ATP synthesis, forcing cells into a pro-apoptotic state and 
restricting tumour growth [28].

Abdelwahab et al. (2012) [32] studied KMT with radio-
therapy in implanted glioblastoma tumours in mice. Results 
showed a statistically significant difference in the prolonged 
survival of the mice, with those fed a standard diet (SD) sur-
viving a median of 23 days compared to those on a 6:1 KD 
diet surviving 28. Moreover, KetoCal®, a KD, was found to 
cure the tumours. For those treated with radiation and Keto-
Cal®, there was an exponential decline in the biolumines-
cent signal, used to detect glioma cells, from day nine. This 
remained undetectable until day 104 when the mice were 
converted to an SD, where there was no detectable recur-
rence found before study completion [32]. Furthermore, 
KMT has proven to be beneficial for other cancers. Jemal 
et al. (2021) [33] completed a systematic review showing 
trials studying KMT and breast cancer. KMT was found to 
increase the response to therapeutic drugs. However, results 
stated more complex, randomised controlled trials were 

required to confirm this, despite most preclinical data sup-
porting KMT [33].

Previous systematic reviews have considered KMT as a 
treatment option for glioblastoma. Pangal et al. (2021) [34] 
studied complementary and alternative medicine when treat-
ing gliomas including KMT as well as hyperbaric oxygen 
and antioxidants. Whereas Martin-McGill et al. (2018) [35] 
solely focussed on the role of KMT but considered this a 
treatment option for both adult and paediatric gliomas rather 
than glioblastoma specifically. This systematic review aims 
to understand the scope of evidence detailing the use of 
KMT as an adjuvant to radiotherapy and chemotherapy in 
the treatment of glioblastoma. The eligibility criteria used 
ensured the efficacy of KMT alone was studied rather than 
incorporating other supporting therapies to understand if 
this is a feasible and clinically beneficial option for patients 
diagnosed with glioblastoma.

Methods

This study aims to review the efficacy of KMT as an adju-
vant to the current standard of care in patients with glioblas-
tomas by evaluating the effect of KMT on overall survival 
and progression-free survival.

Following the criteria outlined by PRISMA (Preferred 
Reporting Items for Systematic Reviews and Metanaly-
ses), a literature search of three databases was completed 
surrounding the use of KMT in the treatment of glio-
blastoma [36]. The systematic search was completed on 
PubMed, Scopus, and Medline (Ovid) using seven possi-
ble strings, reviewing all available search fields, including 
titles, abstracts, keywords and subject headings. The strings 
included: Glioblastoma and Ketogenic Metabolic; Glioblas-
toma Multiforme and Ketogenic Metabolic; Glioblastoma 
Multiforme and Ketogenic; Glioblastoma and Ketogenic; 
Glioblastoma and KMT; Glioblastoma and Ketogenic Meta-
bolic; Glioblastoma and KMT.

Completing the data retrieval process on two separate 
occasions, 15th February 2023 and the subsequent search 
on 22nd March 2023 ensured all relevant articles were 
included and no additional publications had been made. 
Studies were collated into an EndNote library (version 20), 
used to remove all duplicates. The collated research spanned 
the last 16 years, including all reviews and initial research 
into KMT. The papers included were subject to extensive 
filtering, including the removal of any gray literature, pri-
mary prevention studies, and reports. Subsequent filter-
ing, including analysis of the abstracts and the full papers, 
resulted in a total of 25 papers identified as relevant to this 
review. Further screening using the inclusion and exclu-
sion criteria, Table 1, eliminated 17 papers which did not 
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documented. This included composition of KMT, specifi-
cally ratios or restrictions and duration. Specific patient 
characteristics were also recorded, including sample size, 
average age, tumour stage and previous interventions. Data, 
if available, on mutation status and tumour location were 
also included. Studies were excluded if data was lacking on 
survival outcome measures. The specific outcome measures 
analysed in the studies include the PFS, OS, incidence of 
adverse events and side effects.

Results

Study characteristics

Seven papers met the criteria following the literature search 
(Table 2), based between 2014 and 2022, with the most 
recent in 2022. Only two papers [39]; [40] studied recurrent 
glioblastoma, with others studying primary glioblastoma. 
One trial was conducted retrospectively [41], with six pro-
spective, open-label, non-controlled trials. Both Rieger et al. 
(2014) [39] and Schwartz et al. (2022) [42] used single-arm 
trials, whereas the KEATING (ketogenic diets as adjuvant 
therapy for glioblastoma) trial conducted by Martin-McGill 
et al. (2020) [43], used randomisation to allocate the two 
possible KD to 12 participants.

The primary outcome of each study differed: five pro-
spective studies focussed on larger-scale trial feasibility 
and participant retention rate, while others focussed on 
the benefit to the patient and the impact on their quality of 
life. Despite different aims, each trial produced data about 
patient survival, either as overall (OS) or progression-free 
survival (PFS).

focus on glioblastoma and included both KMT and standard 
therapy. Studies were excluded if there were additional non-
conventional therapies used alongside KMT, such as hyper-
baric oxygen therapy [37] or the administration of intranasal 
perillyl alcohol [38]. Following this screening, a total of 
seven relevant papers were found to analyse clinical trials 
which studied KMT as an adjuvant to the current standard 
of care for glioblastoma.

Of the seven papers identified in the selection process 
(Fig.  1), data was extracted regarding the characteristics 
of both the study and the participants. The type of study 
design, presence of control groups and trial objectives were 

Table 1  Inclusion and exclusion criteria used to refine the literature found when searching the three databases

Fig. 1  PRISMA Diagram indicating the study selection process
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diagnosed with inoperable tumours and one patient declined 
the use of TMZ and chose to be managed palliatively. The 
lengths of TMZ treatment varied in this study, with only four 
patients completing the KD concomitant with TMZ therapy.

Composition of KMT

KMT was initiated for different lengths of time in each 
study, with the longest lasting 12 months and the shortest 
of six weeks. Furthermore, each diet consisted of a differing 
ratio of fats to carbohydrates and protein, and some consid-
ered the use of calorie restriction, while others utilised the 
patient’s body weight to determine baseline calories.

Two studies used a 4:1 KD ratio. In 2019, van der Louw 
et al. (2019) [44] provided participants with an “exclusively 
fluid” diet until a ketone level of >3mmol/l was achieved 
for three consecutive days. Following this, a single 4:1 
KD snack was provided. Six weeks post-chemoradiation, 
a solid-food KD was initiated at a ratio of 1.5–2.0:1, con-
tinuing for a further six weeks. Klein et al. (2020) [40] also 
used this ratio but provided total meal replacements for par-
ticipants restricting calories to 1600 per day. This cohort 
was separated into two groups: group 1, where KMT was 
initiated alongside chemoradiotherapy, and group 2, which 
initiated KMT post-recurrence, with four subjects in each. 
Of the cohort, only five completed the six months of KMT, 
with withdrawals due to disease progression (2) and diet 
restrictiveness (1).

Participant characteristics

Each study recruited small cohorts of patients. The average 
number of patients who began each trial was 11.2 (range of 
6 to 20), with an average of 6.9 patients completing the trial 
(range of 4 to 10). Across the seven studies, the average age 
varied from 49.8 to 58 years, with the youngest participant 
aged 22 and the oldest, 74.

Most studies focussed on primary glioblastoma patients, 
although some included patients with recurrent or second-
ary glioblastoma. Klein et al. (2020) [40] divided patients 
into two study groups, one containing four patients with pri-
mary glioblastoma and another containing two with second-
ary glioblastoma and two with recurrent glioblastoma. The 
ERGO trial [39] did not state tumour stage but detailed the 
patient’s specific previous treatments. The KEATING trial 
recruited patients newly diagnosed with glioblastoma and 
provided patient demographics, including tumour location 
and mutation status, although the survival data provided did 
not distinguish between each. The status of both IDH and 
MGMT mutations were provided by van der Louw et al. 
(2019) [44]. All nine patients who commenced the KD in 
this trial were negative for the IDH-1 mutation, conveying 
better prognoses. Limited data on specific tumour charac-
teristics were provided by Schwartz et al. (2022) [42], with 
evidence of mutational status lacking. Additionally, the case 
series by Phillips et al. (2022) [45] showed heterogeneity 
in the standard treatment regimen. Three participants were 

Table 2  Summary table of study characteristics showing the initial number of patients starting the trial and the number completing. KD = keto-
genic Diet; medium chain triglyceride ketogenic Diet = MCTKD; modified ketogenic Diet = MKD. 1 if this is not tolerated then the patient would 
be converted to the 3:1 ratio KD with 20 g/day of carbohydrates
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Survival outcomes

Each trial measured survival outcomes at differing origin 
points, Table 3.

Survival was measured at the time of diet initiation by 
Klein et al. (2020) [40] with results provided about seven of 
the eight participants; one patient was still alive at the time 
of analysis and continued the diet independently. From diet 
initiation until death, there was a mean OS of 20 months in 
group 1 and 12.8 months in group 2. However, from diag-
nosis, the mean OS was 21.8 months in group 1 compared 
to 25.4 months in group 2. Analysis showed two subjects 
in group 2 developed secondary glioblastoma tumours from 
grade 3 astrocytomas, contributing to the unexpectedly lon-
ger survival time.

The KEATING trial [43] measured survival from the date 
of surgical intervention. The median OS was 67.3 weeks, 
compared to the median PFS of 14.4 weeks. Additionally, 
this trial included a qualitative component analysing patient 
recruitment and questioning how this could be improved. 
However, van der Louw et al. (2019) [44] provided data on 
the median OS outcome measured from the date of diagnosis 
until death, with results stating an OS of 12.8 months (9.8–
19.0 months). Rieger et al. (2014) [39] measured survival 
from diet initiation; the median OS was 32 weeks (range of 
6–86 + weeks). Subsequently, there was a median time to 
progression, from diet commencement, of five weeks (range 
of 3–13 weeks).

In the case series by Phillips et al. (2022) [45], seven 
patients continued the diet until no longer feasible. The 
median OS was 13 months, with one patient alive (33 + 
months) at analysis. This compares to Schwartz et al. (2022) 
[42], where nine participants completed six weeks of the 
protocol reporting an increased survival in younger patients 

Klein et al. (2020) [40] implemented a calorie restriction 
of 1600 kcal for all participants, regardless of age, weight, 
or gender. This trial focussed on feasibility compared to 
Schwartz et al. (2022) [42] who focussed on side effects and 
tumour response. Schwartz et al. (2022) [42] also used a 
calorie restriction but balanced to the patient’s initial body 
weight in a 3:1 ratio.

Rieger et al. (2014) [39], supplied participants with 
500mls per day of a highly fermented yoghurt drink and 
two plant oils while restricting a carbohydrate intake to 60 g 
per day. There was an initial follow-up period of 6–8 weeks 
where an MRI evaluated tumour progression. If detected, 
the individual commenced salvage therapy while continuing 
the diet for another 6–8 weeks.

A modified KD (MKD), with macronutrients containing 
a minimum of 60% fat, was used by Phillips et al. (2022) 
[45]. Patients were advised to fast for 5–7 days every 1–2 
months. Seven patients continued this diet until it was no 
longer feasible, usually a month prior to death.

Knowledge of the specific components of the KD used 
in the retrospective trial is limited. However, of the 134 
patients treated for glioblastoma using surgery and chemo-
radiation, only six adhered to a KD consisting of 77% of 
calories from fat [41].

Only the KEATING trial compared different KD compo-
sitions. 12 patients were recruited and randomised between 
an MKD and a medium-chain triglyceride ketogenic diet 
(MCTKD), with six adhering to each [43]. At the primary 
endpoint of three months, three patients completed the 
MCTKD, and only one completed the MKD. These four 
patients continued the diet to the secondary endpoint of 12 
months, with only one withdrawing from the MCTKD due 
to gastrointestinal intolerance.

Table 3  Table showing the overall survival (OS) and progression-free survival (PFS) from the six prospective trials. The data included States the 
point at which the outcomes are measured from and until. m = month, w = week
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one patient not receiving steroids entirely. Comparing the 
survival data of these trials can result in discrepancies as 
steroids influence KMT efficacy through hyperglycaemia. 
Hyperglycaemia negatively affects survival by provid-
ing additional substrate for aerobic glycolysis, mediating 
tumour growth and increasing the infection rate by reducing 
neutrophil activity; this is further enhanced by the prescrip-
tion of steroids [47]. Tumour mutation status also affects 
comparisons. Mutations affect prognosis, with mutations 
in the IDH gene conveying favourable outcomes [48] and 
methylation of MGMT improving prognosis by increas-
ing the response to TMZ [17]. Direct comparisons between 
these patients will affect the validity of results as the initial 
prognosis of these patients will differ prior to KD imple-
mentation. Some trials considered this when communi-
cating the results, with Schwartz et al. (2022) [42] stating 
that two IDH mutation-positive patients showed longer 
survival. Other studies included mutation status, although 
no reference was made in the results or discussion. Incor-
rect conclusions may be made about KMT efficacy if these 
differences are not accounted for when proposing a study. 
Future research could include subsets within the trials to 
study the efficacy of KMT in patients with different genetic 
mutations to directly compare the prognosis for their spe-
cific tumour characteristics and understand if the addition of 
KMT improves survival.

Glioblastoma prevalence increases with age. Those aged 
65 or older are 2.63 times more likely to develop glioblas-
toma than younger patients [49]. Consequently, trials using 
larger numbers of younger patients do not accurately repre-
sent the population of glioblastoma patients. Conclusions 
by Schwartz et al. (2022) [42] support the higher survival 
rate of younger patients, as three long-term survivors, aged 
32, 28, and 22, were alive at analysis, compared to partici-
pants with a mean age of 55, who succumbed to disease 
progression. Results conveyed that older patients with con-
firmed ketosis did not benefit from KMT, with suggestions 
made that future trials focus on younger patients. This com-
pares to the retrospective study (median age of 54 years), 
which showed reduced serum glucose levels resulting from 
the KD improved outcomes via anti-angiogenic and anti-
tumour effects [41]. Disparities in average ages may suggest 
the results are not representative, and thus conclusions may 
not translate to clinical decision-making. Larger clinical 
trials are necessary to formulate accurate efficacy conclu-
sions representative of the glioblastoma patient population, 
accounting for differing prognosis-defining characteristics.

The definitions of key parameters differed between stud-
ies. Some studies considered OS from the date of diagno-
sis, including those by van der Louw et al. (2019) [44] and 
Schwartz et al. (2022) [42], whereas the ERGO trial mea-
sured OS and PFS from the date of diet initiation. Data was 

compared to older counterparts. The three younger patients 
(aged 32, 28, and 22) had a median PFS from diagnosis of 
64 months compared to 7.7 months in the six older patients 
(mean age of 55 years).

At the time of analysis in the retrospective study, after 
a follow-up period of 14 months, four of six subjects were 
alive, with a PFS of 10.3 months [41]. PFS can be impacted 
by the diagnosis as one deceased patient had a multifocal 
glioblastoma which is associated with a significantly worse 
survival than primary glioblastoma [46].

Discussion

Seven studies were included in this review; for five, the 
main aim was larger-scale trial feasibility. Only the prospec-
tive trial by Schwartz et al. (2022) [42] and the retrospec-
tive trial considered the influence on tumour progression 
and side effects as primary outcomes. Of trials focussed on 
feasibility, only one used a precise definition, with others 
merely stating their conclusions. van der Louw et al. (2019) 
[44] defined feasibility as “at least 60% of patients suc-
cessfully following the KD for 14 weeks.” 11 began this 
trial, with two withdrawing immediately. Of the nine ini-
tiating the diet, six completed this, equating to 67% reten-
tion, meeting the threshold. Therefore, larger trials were 
deemed possible. In contrast, in the ERGO trial, only 40% 
of an initial 20 participants reached the endpoint. Despite 
this reduced retention, conclusions indicated the feasibility 
of larger trials and suggested further trials considered the 
effects of calorie restrictions or combination therapies [39]. 
Other trials provided similar conclusions, with no definitive 
threshold set but the feasibility of larger clinical trials was 
stated as possible, these trials will facilitate clear conclu-
sions on the efficacy of KMT with enhanced representation 
of the general population of glioblastoma patients.

Direct comparisons were limited by heterogene-
ity between trials. Each trial differed via definitions and 
measures of ketosis, KD composition and participant 
characteristics.

Characteristics of participants and tumours varied vastly 
despite the small sample sizes used. Tumour location and 
stage, mutation status and treatment regimens differed. 
Some trials standardised medications between participants 
through exclusion criteria or adjustments. Specifically, 
there was incongruent use of dexamethasone between trials. 
Klein et al. (2020) [40] tapered the dosage of the partici-
pants receiving steroid therapy, although two restarted ther-
apy during the trial at the advisement of their oncologists, 
whereas dexamethasone use was excluded from the van der 
Louw et al. (2019) [44] trial. However, the KEATING trial 
did not alter dexamethasone, with varying dosages used and 
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expectancy bias can arise as many patients volunteer for 
these trials, believing it would work, which can skew data 
in favour of the intervention [50]. The influence of expec-
tancy bias was discussed in the qualitative component of 
the KEATING trial, as many patients chose to participate 
following treatment resistance or tumour recurrence [43]. 
The inclusion of control groups would enable comparisons 
of KMT’s efficacy while considering the impact of expec-
tancy bias. Prospective trials included in this review were 
non-controlled, open-label trials, which prevented the com-
parison of possible benefits and efficacy of KMT to the 
general population. Comparing trial data to the OS of the 
general population of glioblastoma patients will not con-
sider confounding factors including age and compliance. 
Future clinical trials conducted to study KMT efficacy could 
include control groups to directly compare the effects of the 
intervention and minimise potential bias. The unblinded 
nature of these trials results in selection bias, although spe-
cific trials implemented strategies to minimise this. Phil-
lips et al. (2022) [45] completed a case series which can be 
influenced by selection bias; however, all patients referred 
were accepted, mitigating this. Contrarily, van der Louw et 
al. (2019) [44] may have been subject to selection bias as 
patients requiring dexamethasone were excluded. Other tri-
als [41]; [45] included patients requiring dexamethasone as 
standard, affecting comparability between trials due to the 
impact on patient survival.

There was limited understanding of compliance between 
each trial. Many did not consider the factors which may 
affect patients’ adherence and thus trial results. Several 
studies indicated caloric restriction enhanced the metabolic 
effects of KMT by promoting ketosis and reducing the cir-
culating glucose levels; however, there were large discrep-
ancies in the burden of caloric restriction. Additionally, the 
burden of caloric restriction should be included in future 
research to consider the effects of restriction on disease-
related symptoms, such as cancer-related cachexia, and the 
complexity of meal preparation or nutritional counselling.

Research studying KMT and glioblastoma is limited, with 
only seven out of 165 possible papers meeting the inclusion 
criteria for this review. This is comparable to the breadth 
of research focussing on TMZ and glioblastoma. Literature 
searches of PubMed, following import into EndNote, pro-
duced 5,888 papers relevant to TMZ and glioblastoma, with 
the earliest published in 1994. Conversely, the first pub-
lished paper for KMT and glioblastoma was a pre-clinical 
study by Zhou et al. (2007) [51], studying the benefits of 
a calorie-restricted KD. Conclusions indicated the diet led 
to anti-tumour and anti-angiogenic effects, which indicated 
KD’s potential as an alternative treatment. Preclinical tri-
als have provided supportive evidence for the use of KMT, 
however, the limited evidence in clinical trials prevents 

provided using both starting points by Klein et al. (2020) 
[40], compared to the KEATING trial, which provided sur-
vival from the date of surgical intervention. The differing 
parameters prevented direct comparisons between trials. 
Discrepancies are enhanced by conflicting follow-up peri-
ods. One study completed an initial 6-week assessment [39], 
whereas another analysed outcomes at 12 weeks, repeating 
at 12 months [43]. Moreover, how ketosis was measured dif-
fered between trials, with Rieger et al. (2014) [39] defining 
ketosis through urine ketone. Whereas Phillips et al. (2022) 
[45] used the therapeutic glucose ketone index (GKI), a 
ratio of blood glucose to ketone concentration, allowing for 
standardisation between patients. The lack of standardisa-
tion between studies prevented direct comparisons and thus, 
statistical analysis. Accurate conclusions cannot be made 
using statistics due to sampling bias and confounding vari-
ables. Larger clinical trials indicated by feasibility studies 
will benefit from standardised measurements, such as GKI, 
and using the same reference point for survival data. This 
allows for direct comparison between trials to study the 
optimum ketogenic ratio and enhance reproducibility.

KD composition differed between each study. Two tri-
als used a carbohydrate restriction, trials by Champ et al. 
(2014) [41] and Rieger et al. (2014) [39], while others uti-
lised a ratio of fats to carbohydrates, commonly 3:1 or 4:1. 
Total meal replacement was used by Klein et al. (2020) [40] 
which allowed for diet standardisation but did not consider 
individual preferences and requirements. In comparison, 
Schwartz et al. (2022) [42] implemented a 3:1 KD with cal-
orie restrictions based on the patient’s initial body weight. 
Due to the heterogeneity in both patient characteristics and 
parameters, it is not possible to directly compare each KD 
to ascertain the optimum composition beneficial to patient 
survival. Standardisation between clinical trials using larger 
cohorts could provide results detailing the most effica-
cious KD composition to improve survival in glioblastoma 
patients.

Trial recruitment was low, with each prospective trial, 
excluding Phillips et al. (2022) [45] experiencing with-
drawal due to diet restrictiveness. Klein et al. (2020) [40] 
screened an additional 27 patients to the active trial partici-
pants, with eight declining due to constraints Moreover, it 
is easier to monitor compliance with pharmaceutical inter-
ventions over dietary interventions as more are likely to 
adhere due to simplicity and near-immediate effect. Dietary 
interventions require lifestyle changes and possible external 
involvement, in some cases, circumstances may not allow 
for these changes to be feasible.

KMT requires participants to self-certify to evidence 
compliance. This can result in response bias where par-
ticipants provide inaccurate results aligning with the trial’s 
hypothesis as they believe this is wanted. Furthermore, 
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prospective trials lacked control groups to compare KD to 
SD.

The breadth of research conducted on KMT is limited, 
with few completed clinical trials in comparison to other 
treatment options for glioblastoma. In addition, the clinical 
trials completed recruited small numbers of participants, 
focussing on the feasibility of larger-scale trials, increasing 
the influence of possible biases on the results. The inconclu-
sive nature of the results in this review highlights the need 
for more extensive research in this field. Definitive conclu-
sions concerning the efficacy of KMT will require clinical 
trials involving large cohorts with comparative statistics 
to the consumption of SD. Study designs should include 
standardised definitions of specific parameters, including 
survival outcomes and ketosis, with defined population 
characteristics to understand the effects on specific classes 
of glioblastoma.
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