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Conversely, data about survival outcomes are still controver-
sial, but it should be underlined that it was not the outcome 
of these preliminary studies. Conclusions: All comparatives 
studies have demonstrated that even fasting then KD results 
in a reduction of collateral effects of adjuvant chemotherapy 
(due to reduction of drugs toxicity) and a better QoL than in 
patients that follow no diet. Unfortunately, despite the fact 
that various laboratory and animal studies confirm advan-
tages from KD and fasting, few data are today disposable on 
humans: further studies are needed to confirm data exposed 
in this review. © 2020 S. Karger AG, Basel

Introduction

Diet may influence various aspects of human health. It 
is well established that a certain type of diet may favour 
the development of various illnesses (i.e., diabetes, hyper-
tension, and hypercholesterolaemia) [1]. Particularly, 
Fontana and Partridge [2] demonstrated that dietary re-
striction could improve organ function and resistance to 
stress and, so, health and longevity. It has also been dem-
onstrated that diet may facilitate the development of can-
cer [3]. In fact, diet may alter the epigenetic programme 
of our cells and, so, it could modify the expression of some 
genes, including the ones that are involved in cells’ pro-
liferation and growth [4]. For this reason, various studies 
have been conducted to analyse the connections between 
the consumption of certain types of food and the develop-
ment of some cancers, such as pancreatic cancer, colorec-
tal cancer, gastric cancer, breast cancer and so on [5, 6].

More recently, some studies have demonstrated the 
role of diet during chemotherapy, as it could alter the ef-
ficacy of therapy. With this regard, Hopkins et al. [7] 
demonstrated in murine models that hyperglycaemia and 
the subsequent increase in insulin could compromise 
chemotherapy effectiveness. Furthermore, in recent 
years, various studies have also investigated the role of 
some type of specific diets, such as fasting and ketogenic 
diet (KD) [8, 9] during chemotherapy, trying to clarify 
whether these approaches may increase chemotherapy’s 
outcome. Most of these studies have been conducted on 
animal models and there are only some experiences on 
humans. The aim of this study is to summarize scientific 
evidences about the role of both fasting and KD during 
chemotherapy, with a focus on studies conducted on hu-
mans, to better understand if these approaches deserve to 
be further investigated and might be suitable and benefi-
cial during cancer treatment.

Material and Methods

Information Sources and Search Strategy
The search was carried out in December 2018, using MEDLINE 

as the database. The search strategy was limited to English lan-
guage articles and there were no restrictions on date of publication. 
Databases were screened for search terms in either titles or ab-
stracts. Search terms were a combination of “fasting” or “ketogen-
ic” with “chemotherapy,” “cancer treatment.”

Eligibility Criteria
Studies
We included either randomized trial (both retrospective and 

prospective studies) or prospective cohort studies or case series if 
the number of patients was >10. Data from hand searching (meet-
ing proceedings of the Society of Gynaecologic Oncology, the Eu-
ropean Society of Medical Oncology, and the American Society of 
Clinical Oncology) were also included. We excluded reviews and 
studies conducted on animals or limited to radiotherapy treat-
ment, studies about fasting mimicking diets or that were about 
molecular mechanisms of fasting and KD, focussing our research 
on studies on humans receiving chemotherapy. We furthermore 
excluded not full-text available articles, articles not in English lan-
guage, articles that were irrelevant for our topic, and case series 
including <10 patients.

Participants
Eligible patients must be: (1) at least 18 years old; (2) affected 

by any cancer type; (3) receiving chemotherapy; and (4) receiving 
dietary adjustments (fasting or KD).

Outcomes
The outcomes considered were quality of life (QoL), reduction 

of toxicity from chemotherapy, progression-free survival (PFS), 
and overall survival (OS).

Study Selection, Data Extraction, and Data Synthesis
Study selection was independently carried out by 2 authors 

(G.M. and L.F.). Titles and abstracts were screened for eligibility 
according to inclusion and exclusion criteria. All titles or ab-
stracts considered ineligible were excluded. Differences in judge-
ment during the selection process between the reviewers were 
discussed in order to find a consensus. Information was collected 
using an Excel spreadsheet. For each study data about year of 
publication, study type, cancer type, chemotherapy regimen, 
sample size, outcome measures, and results were presented. Stud-
ies were heterogeneous, and for this reason a meta-analysis was 
not feasible.

Summary of Findings
The flow diagram in Figure 1 shows the results of literature 

search and study selection process. The initial research produced 
1,896 works on fasting and KD; applying our inclusion and exclu-
sion criteria (only human patients receiving chemotherapy), we 
included 4 studies for KD: 1 cohort retrospective study and 3 pro-
spective randomized trials (between them, 1 was a prospective ob-
servational study); we included 4 studies for fasting: 1 prospective 
cohort study, 1 case series report, and 2 prospective randomized 
trials.
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Interaktion Darm - Nervensystem
Am Ende ist es doch anders…
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in increased susceptibly to S.t. induced weight loss (Figure 1A),
cecal bacterial abundance (Figure 1B), or dissemination to the
spleen or liver (Figure 1C). We next crossed Il18f/f mice with
mice expressing Villin1-Cre (Il18f/fVil1+) for targeted deletion of
IL-18 in intestinal epithelial cells (Madison et al., 2002). Similarly,
loss of epithelial-derived IL-18 had no effect on S.t.-induced
weight loss (Figure 1D), cecal colonization (Figure 1E), or periph-
eral tissue infection (Figure 1F). Thus, neither immune- nor
epithelial-derived IL-18 is required to drive anti-bacterial de-
fense, leaving open the possibility that there is an unidentified
source of IL-18 that confers protection against S.t. infection.

Enteric Neurons Express IL-18
We were particularly interested in the possibility that enteric
neurons could produce IL-18, because neurons in the brain are
reported to produce the cytokine (Kuwahara-Otani et al., 2017;
Sugama et al., 2002). To investigate this, we conducted whole-
mount confocal microscopy of the myenteric plexus isolated
from rat tissue for IL-18 reactivity. Strikingly, we uncovered a
large subset of neuronal ganglia, assessed by the pan-neuronal
marker beta tubulin 3 class III (Tubb3) (Caccamo et al., 1989;
Drokhlyansky et al., 2019), that were expressing IL-18 in the

Figure 2. Enteric Neurons Express IL-18
(A) Confocal immunofluorescence (IF) image of

the myenteric plexus (MP) isolated from rat

colon stained for IL-18 (red), the neuronal

marker Tubulin beta 3 (Tubb3; green), and

DAPI (blue).

(B and C) Confocal IF images of rat colon cross-

sections stained for IL-18 (red), Tubb3 (green),

and DAPI (blue). Arrows highlight IL-18+ Tubb3+

neurons, which can be seen near the base of

crypts and in villi.

(D) Confocal IF image of the MP isolated from rat

colon stained for IL-18 (red), nNOS (green), and

DAPI (blue). White arrow highlights an IL-18+

nNOS+ cell body, blue arrow highlights an IL-18+

nNOS! cell body.

(E) Visualization of Il18 (red) and Tubb3 (white)

transcripts and DAPI (blue) in mouse colon cross-

sections detected by single-molecule fluores-

cence in situ mRNA hybridization.

myenteric plexus (Figure 2A). Orthogonal
x,y,z plane analysis confirmed IL-18
immunoreactivity was within the neuronal
ganglia itself (Figure S1A). In addition, we
observed IL-18-positive staining in a
population of neurons located near the
base of crypts and innervating villi (Fig-
ures 2B and 2C), suggesting that
neuronal IL-18 may function in both the
myenteric plexus and submucosa. To
determine if IL-18+ neurons were nitrer-
gic or cholinergic in nature, we co-stained
for neuronal nitric oxide synthase (nNOS)
and choline acetyltransferase (ChAT)
(Qu et al., 2008). We observed a popula-

tion of IL-18+ nNOS+ neurons but did not observe IL-18+
ChAT+ neurons (Figures 2D and S1F; data not shown). In order
to confirm this observation, we performed single-molecule fluo-
rescence in situ mRNA hybridization (smFISH) using Il18 mRNA
probes in mice (Table S1). We verified the specificity of our Il18
mRNA probes using colon sections from Il18!/! mice (Fig-
ure S1B). We observed co-localization of Il18 mRNA probes
with neuron-specific Tubb3mRNA probes (Figure 2E). Together,
these data demonstrate that enteric neurons are novel pro-
ducers of IL-18 in the colon.
We next mined two published single-cell RNA sequencing

(scRNA-seq) datasets for expression of IL-18 in neurons.
scRNA-seq conducted on enteric sensory neurons showed
high expression of IL-18 in all neuron subtypes (Figure S1C)
(Hockley et al., 2019). Expression of IL-18 in these cells was
comparable with neuronal marker genes (Figure S1D). We next
investigated a scRNA-seq dataset that examined central,
peripheral, and enteric neurons (Zeisel et al., 2018). IL-18 is high-
ly expressed in several neuron populations, including enteric
neurons (Figure S1G). Interestingly, we did not observe expres-
sion of the closely related cytokine IL-1b in any neuron popula-
tion (Figures S1E and S1G). The distinct presence of IL-18 and
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Nahrungsaufnahme und Mortalität

50%4 and largest in South America.12,13 Simple interventions to
increase food intake such as protected meal times, more menu
choices, additional snacks, motivation of patients or sip feedings
have been proposed to prevent or reverse a further loss in body
weight.14,15 However, the effect of the fraction of the meal eaten on
mortality has not been determined on a large scale.

Insufficient nutritional intake in hospital was addressed in 2003
by a resolution from the European Council16; and in 2006 by
guidelines by UK’s National Institute for Health and Clinical
Excellence (NICE)17: however, it is unknown whether these initia-
tives have had any impact on nutrition care in European hospitals.

We designed the NutritionDay Study 2006 to determine the
effect of food intake on all cause 30-day mortality in a large number
of hospitalised patients in addition to nutritional and clinical risk
factors.

2. Methods

2.1. Study design, questionnaires and recruitment

The NutritionDay Study consisted of a one-day cross-sectional
audit of patient food intake followed by an outcome evaluation
30 days later. The audit was done using three questionnaires
(Supplementary material eFig. 1, eFig. 2, eFig. 3a and 3b: the actual
2009 version of the NutritionDay questionnaires), available in 27
languages (free download from www.nutritionday.org). The first
questionnaire addressed the structure of the ward in which the
patient resided to be completed with the help of the head nurse or
physician and the second considered the caregiver’s view of the
patient, including data on patient’s age, height, weight, medical
condition, comorbidites, type of nutritional intake. The third
questionnaire allowed patients to self-report their actual food
intake, including how much they ate for each meal during the
NutritionDay, why they did not eat their full meal and their nutri-
tion history before hospitalisation. Food intake at each meal was
recorded by patients on questionnaire 3b (Supplementary material
eFig. 3b) using simple categories (all, about a half, about a quarter,
nothing) similar to those used by Olin et al.15 A symbolic plate was
used to visualize a meal in addition to the written categories and
the instruction stated on the sheet: ‘‘Please tick a circle for each
meal to indicate how much you ate today’’. Nutritional history was
recorded on questionnaire 3a with the use of selected categories
that were already proposed in questionnaires to screen patients for
nutrition risk and malnutrition from three scientific societies, the
British Association for Parenteral and Enteral Nutrition (BAPEN),18

the European Society for Clinical Nutritrion and Metabolism
(ESPEN)19 and the Austrian Society for Clinical Nutrition (AKE).20 If
needed, patients received help to fill out the third questionnaire by
students, student nurses, relatives, etc. Pilot data acquisition
showed that personnel specialised in nutrition was not needed to
fill out the questionnaires.

Participation was open to any ward that registered at the
website with an individual email and requesting an anonymous
centre and ward code. Enrollment was mainly promoted through
national clinical nutrition societies represented in the council of
the European Society of Clinical Nutrition and Metabolism
(ESPEN). The coordinating centre in Vienna gained ethical
approval for multi-centre data collection, local approval was
additionally necessary in some hospitals according to the different
national standards and local interpretations for observational
research and audits. All hospitals were instructed to inform
patients with the standardised patient information sheet about
their right to refuse participation (see Patient information sheet in
the Supplementary material). The responsibility to obtain local
approval was within the individual hospitals. The NutritionDay

2006 took place on Thursday January 19th 2006, although for local
reasons a few wards collected data on a different Thursday.
Outcome data were recorded by the local responsible coordinator
30 days after NutritionDay. Data entry was inputted on a dedi-
cated multilingual website (www.nutritionday.org).

2.2. Statistics and analysis

The effect of risk indicators on mortality was quantified with
crude odds ratios for dying in hospital within 30 days. Participants
had several possible outcomes (to get discharged home, to die, to be
transferred to other institution or to be still in hospital) and these
competing events removed the subject from being at risk to die in
the hospital. The probability of dying in hospital was calculated by
applying competing risk methodology using the risk set of patients
still remaining in hospital21 on a given day after hospital admission.

For univariate association between a risk factor and the risk for
dying in hospital within 30 days, unadjusted cumulative proba-
bilities for dying in hospital were calculated based on the original
cross-sectional prevalence data. In a cross-sectional survey,
patients with longer length of stay are more likely to be included in
the surveyed population. Adjusted cumulative probabilities for
dying in hospital were based on estimated incidence data, by
accounting for the length bias of cross-sectional sampling and
censoring at day 30, resulting in different weighting of each indi-
vidual case.22 For between group comparisons permutation tests
were performed based on 1500 random permutations using the
difference in 30-day mortality as a test statistic. Per risk factor
Bonferroni correction was used for multiple comparisons with
a reference group.

For multivariate survival analysis the proportional sub-
distribution hazards’ regression model of Fine and Gray23 was used
including time since ward admission as a covariable. We included
all variables which reached significance in the univariate analyses
and in a joint non-stepwise multivariate analysis. We entered two
patient factors related to demographic factors (age, gender), five
disease related factors (disease affected organ systems, comorbid-
ities, previous ICU stay, number of days that the patients had
already spent in hospital before NutritionDay, number of drugs
taken daily), three factors related to the ward (its specialty, the
number of beds in the ward, the presence of dedicated individual or
team-based nutritional care provision), two factors concerning
patient’s autonomy (ability to walk, help needed to fill patient
questionnaire), and five indicators related to nutritional status (BMI
in seven categories, weight loss in the previous 3 months, amount
eaten during the last week, fraction of meal eaten on NutritionDay,
number of snacks eaten on NutritionDay), as well as the interaction
between eating behaviour (amount eaten during the last week,
how much they ate on NutritionDay) and age, and the interaction
between eating behaviour and number of days the patient had
already spent in hospital previous to NutritionDay. We present
results only for the fraction for food intake at lunch. Fraction of the
meal eaten at lunch was highly positively correlated with intake at
other meals with a Kendall’s correlation coefficient of 0.6 and
larger.

For all the above calculations, sensitivity analyses were
performed with a restricted data set including only wards with
more than five beds, with at least 50% of patients participating on
NutritionDay and at least 90% of outcomes recorded.

All analyses were done with the help of a statistical program
(SAS 9.1, R 2.6.0). p-values less than 0.05 were considered statisti-
cally significant. 95% confidence intervals (CI) are given for odds
ratios (OR) and hazard rates (HR). Data are presented throughout as
proportions or medians with the interquartile range (IQR) between
participating wards. Proportion or median was calculated from the
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Pankreaskarzinom & Operation
N=242

Erholung der Patienten dauert bis zu 12 Monate !

Bachmann et al. Nutr & Cancer 2013
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Was darf ich Essen ?

§ ALLES !!!

§ Kein Nahrungsmittel ist grundsätzlich verboten

Ø Individuelle Unverträglichkeiten

Ø „Try and Error“ Strategie

§ Persönlicher Geschmack ist entscheidend

§ Ausnahmen der Regel

Ø Capsaicin nur in geringen Mengen

Ø Zucker bei Diabetes

Ø Alkohol

pixabay.com
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Vitamine und Ballaststoffe
Braucht man Vitaminkapseln ?

§ Keine Mangelernährung in Europa

Ø Vitamin-Substitution grundsätzlich NICHT notwendig

Ø Ausreichend in der normalen Ernährung

§ D-A-Ch Empfehlungen zum Teil unrealistisch

Ø 40g Ballaststoffe /d

§ Bei Erkrankungen und OP:

Ø Kontrolle der Ernährungssituation durch den Arzt

4 kg Gurken oder 500g Vollkornbrot /d
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Ernährung bei Tumorkachexie

§ 6 – 9 Mahlzeiten pro Tag

Ø modular aufgebauter Speiseplan

§ Gewürze ergeben Variantenreichtum !

Ø Bsp. Brotaufstrich /  Suppe / Nudelsoße

§ Gut ist das was schmeckt

§ Hohe kalorische Dichte der Lebensmittel

Ø Lebensmittel zum Gasgeben (Öl, Sahne etc.)

v Cave: Zuviel nimmt Geschmack

Ø Salat und Gemüse spielen untergeordnete Rolle

v zu wenig Kalorien

pixabay.com
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„Kochkurs” für Bauchoperierte

§ einmal im Monat

§ Patient 3-fach informiert

• M.E. Martignoni 

v Chirurgie – was ist passiert

• M. Adolph

v Ernährungsmed. – was hat das für Folgen

• A. Schuhbeck

v Praktische Umsetzung

§ Patienten sind begeistert

§ Viele neue Sichtweisen
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Ernährung ist individuell !

Es gibt keine wirkliche Krebsdiät

häufige Mahlzeiten können helfen

Gewicht im Normbereich halten

Sport und Ernährung sind untrennbar

Zusammenfassung
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