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General discussion and future perspectives

Discussion

This chapter discusses the main findings of the studies described in the eight previous
chapters in the context of the current literature. The thesis is divided into two parts as
described in the introduction (Chapter 1); the first part focusses on the effects of short-
term fasting on chemotherapy outcome in patients with breast cancer and the second
part on the IGF-1 and insulin pathway as a target for cancer therapy and as a biomarker
for chemotherapy outcome.

Part I. Short-term fasting and fasting mimicking diets as an adjunct to
chemotherapy

In this part of the thesis the effects of short-term fasting and fasting mimicking diets on
toxicity and efficacy of chemotherapy is investigated.

In Chapter 2, preclinical research is evaluated, which shows that short-term fasting
during chemotherapy is effective in vitro in a wide variety of tumors, such as breast cancer,
ovarian cancer, melanoma, lung cancer and colorectal cancer'?. Moreover, data suggest
that short-term fasting enhances the effects of radiotherapy and tyrosine kinase inhibitors
(TKIs) as well*>. Preclinical studies also show that short-term fasting simultaneously
protects mice from chemotoxicity"®. The mechanisms behind the distinctive response of
healthy and cancer cells, which is described as “Differential Stress Resistance” (DSR), to
short-term fasting are not fully unravelled”®. However, it is clear that IGF-1 and insulin
are important factors, as a decrease of these growth factors increase stress resistance in
healthy cells to chemotherapy agents like doxorubicin or cyclophosphamide, but not in
cancer cells?. Autophagy and glucose metabolism are also proposed mechanisms behind
the DSR, due to nutrient deprivation, whereby tumors with diminished autophagy
are highly sensitive to short-term fasting’. Although preclinical results are promising,
the application of short-term fasting in cancer patients is not obvious. The metabolic
differences between mice and humans for example may cause that humans need to fast
for much longer periods to have similar effects as seen in mice'. Clinical research is in
its infancy, however, the few small clinical studies to date show that short-term fasting

as an adjunct to chemotherapy in humans is safe''®

12,14-16

, as only mild side effects as hunger
and dizziness were seen

The effects of short-term fasting on chemotherapy-induced side effects and quality
of life (QOL) in humans is not evident yet, however, there are some indications that
patients may benefit. In a case series a reduction in fatigue, weakness, vomiting and
diarrhea was seen when patients with distinct chemotherapy schedules fasted during the
chemotherapy cycles compared to chemotherapy cycles without fasting'>. Bauersfeld
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et al. concluded that short-term fasting led to a better tolerance to chemotherapy with
less compromised QOL and reduced fatigue in the 8 days following chemotherapy®.
In another pilot trial from our hospital (Chapter 3), no difference in side effects were
found, however, mean erythrocyte and thrombocyte counts 7 days post-chemotherapy
were significantly higher in patients who fasted 24 hours before chemotherapy compared
to patients in the control group'’. In our DIRECT trial (Chapter 4), however, we found
no difference in chemotherapy-induced side effects or QOL'. Moreover, the increase
of levels of y-H2AX in PBMCs, a marker of chemotherapy induced DNA damage
in healthy cells, were lower in patients who fasted or used a fasting-mimicking diet
compared to patients in the control group'"'4. Reduction of side effects would improve
QOL and potentially reduce expenses of hospitalization and the use of drugs such as
anti-emetics. Moreover, short-term fasting may broaden the therapeutic window of
cancer treatments, allowing for an increase of the dosage of (chemo) therapeutic agents,
thereby enhancing their eflicacy.

Although the effects of fasting on hormones and growth factors are studied in healthy
subjects and it is known that glucose, insulin and IGF-1 levels decrease dramatically
during short-term fasting'’", the exact effects of short-term fasting on these mediators
in cancer patients during chemotherapy were unknown. In our pilot study we found
evidence thatduring docetaxel, doxorubicin and cyclophosphamide (TAC) chemotherapy
plasma glucose levels increased and insulin levels remained constant despite short-term
fasting''. The use of concomitant dexamethasone for anti-emesis, reduction of fluid
retention and dampening of hypersensitivity reactions in response to docetaxel may
explain these findings, as it induces insulin resistance, compensatory hyperinsulinemia
and hyperglycemia®. Therefore, the use of dexamethasone or other corticosteroids may
counteract the beneficial impact of short-term fasting and fasting mimicking diets on
chemotherapy tolerability and efficacy. In the DIRECT trial dexamethasone was omitted
in the fasting mimicking diet arm during the first half chemotherapy cycles to reduce its
potentially counteractive metabolic effects. As expected, a large decrease in insulin and
glucose was found in the patients who were compliant to the fasting mimicking diet
compared to the patients with a regular diet'®.

Preclinical studies show that chemotherapy eflicacy can be enhanced by short-term fasting
or fasting mimicking diets'. The first (small) clinical studies were predominantly focused

on safety and the effects on chemotherapy-induced toxicity'">

, although the effects on
efficacy of chemotherapy may be more interesting. In the randomized DIRECT study,
we found the first evidence of increased efficacy as a result of a fasting mimicking diet on
radiological and pathological response according Miller and Payne in early breast cancer
patients treated with doxorubicin, cyclophosphamide followed by docetaxel (AC-T) or

5-FU, epirubicin, cyclophosphamide followed by docetaxel (FEC-T). However, the,

178



General discussion and future perspectives

pathological complete response after neo-adjuvant chemotherapy (Miller and Payne 5),
was not different between the fasting mimicking diet group and the control group. Data
on survival are not available yet'®. Therefore, more research is needed to establish the
effects of short-term fasting on chemotherapy efficacy and to research in which tumors
short-term fasting may be effective as an adjunct to cancer treatment.

In the DIRECT study, the compliance to follow a 72-hour fasting mimicking diet
during the chemotherapy cycles was high for 1 cycle but decreased with subsequent
cycles. In other (small) studies usually a higher compliance rate for 3 or more cycles is
seen'>". The disappointing compliance rate in the DIRECT study may be caused by
aversion to distinct components of the diet in combination chemotherapy, the amount of
chemotherapy cycles and lacking support by a dietician which was not standard offered.
Therefore, close monitoring of patients by nutritionists with expertise in low calorie
diets may increase compliance. As well as diets with a more variable and fresh taste may
be needed to increase compliance and successfully examine the impact on chemotherapy
tolerability and efficacy. Although, one or two cycles of short-term fasting may be enough
to increase efficacy of chemotherapy as seen in preclinical studies'. Additionally, ketone
bodies measurements in urine appeared to be a good objective marker for compliance.

An important remark on safety is that effects of short-term fasting in patients at risk for
malnutrition or cachexia are unknown and further limitation of nutrient intake in these
patients may be unsafe, even for a short period of time. However, in fit patients, with
a normal or high BMI treated with (neo)-adjuvant chemotherapy and without diabetes
mellitus, short-term fasting emerges as a promising strategy to enhance the efficacy and
tolerability of chemotherapy and more research is needed to firmly establish clinical effects.

Part II. IGF-1 and insulin pathway in cancer treatment

In the second part of the thesis the IGF-1 and insulin pathway in cancer treatment are
investigated as a target for therapy and its predictive role. First, Chapter 5 describes
the IGF-1 pathway as an treatment target*' and subsequently describes the pathway as

biomarker for chemotherapy efficacy?' .

Clinical research of IGF-1R inhibitors has shown that IGF-1R inhibitors have no
convincing benefit in clinical studies, except for a few patients with Ewing sarcoma®*?.
We hypothesize that the failure of IGF-1R inhibitors in clinical studies may be caused
by the complexity of the IGF-1R pathway. The pathway activation is not adequately
inhibited by the distinct inhibitors, as IGF-1R inhibition causes hyperglycemia and
subsequent hyperinsulinemia due to cross-reactivity with the insulin receptor isoform

B (IR-B) and hybrid receptors and the ligand IGF-2 is not inhibited as well *'.
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Therefore, the ligands insulin and IGF-2 still activate IR-A and hybrid receptors and
stimulate tumor proliferation and survival via the same downstream pathway®?.
Additionally, in our preclinical experiments we found evidence that insulin causes
resistance to IGF-1 inhibition, as it exhibits proliferative and survival effects in Ewing
cell lines?'. Therefore, activation of the IGF-1/insulin pathway through insulin could be
an important resistance mechanism. Lowering insulin, perhaps with a short-term fasting
intervention, or blocking its activity entirely with an IR-A inhibitor serves as a possible
target in cancer therapy and may be effective in combination with IGF-1R inhibition”?.
Moreover, measuring biomarkers, such as ligand levels and receptor expression seems
necessary to select patients who may benefit from treatment with IGF-1R inhibitors and

urge for further research.

In Chapter 6 we aimed to identify single nucleotide polymorphisms (SNPs), which
influence the IGF-1R pathway activity, to predict chemotherapy efficacy in patients
with HER2 negative early breast cancer treated in the NEOZOTAC trial. We found
that variation in the /GF-1R gene was associated with pathological response, which may
be explained by diminished IGF-1R activity 2. Additionally, we evaluated if pathological
response according Miller and Payne could be predicted by IGF-1R expression in the
tumor before and after TAC chemotherapy in the same cohort *>. A decline of IGF-
1R expression in the tumor during treatment was associated with a better pathological
response, in line with the study of Heskamp et al. where downregulation of IGF-1R
during chemotherapy treatment was associated with prolonged survival”. Therefore,
the IGF-1R seems to play an important role in therapy resistance in breast cancer
patients. However, in our cohort diminished IGF-1R expression during treatment was
not associated with better survival. (Chapter 7).

Additionally, in a small side study of the NEOZOTAC trial lower serum insulin levels
were associated with improved disease-free survival . Accordingly, Feroni et al. found
that patients with breast cancer with higher levels of insulin had an increased risk for

disease progression *'

and Goodwin et al. found that higher fasting insulin levels at
baseline in breast cancer patients without diabetes were associated with worse overall
survival *2. Higher insulin levels may give the tumor a growth advantage by activating

the IGF-1/insulin pathway .

The last chapter of this thesis (Chapter 8) describes how high baseline IGF-1 serum
levels were associated with improved event-free survival and a trend for overall
survival in patients with Ewing sarcoma treated with VIDE chemotherapy. Although
counterintuitive, low levels of IGF-1 may reflect an endocrine adaptation to severe
disease **. Supporting results for this hypothesis are for example that low levels of IGF-1
were associated with more aggressive systemic illness in Ewing sarcoma * and that lower
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levels of IGF-1 were found in patients with metastatic disease compared to patients with
localized disease #°. Moreover, low levels of circulating IGF-1 predicted worse survival in

3643 and systemic diseases “*% as well.

other solid tumors
Additionally, serum IGF-1 levels may have little or no influence on tumor growth, as the
autocrine production of IGF-1 (and IGF-2/insulin) is probably sufficient and decisive
in most patients with Ewing sarcoma “*. Therefore, determining of autocrine IGF-1
(and IGF-2/insulin) levels as well as the expression of the IGF-1R in the tumor might
help to select patients who could benefit from (co-) treatment with an IGF-1R inhibitor.

Conclusion and future perspectives

Although the first small clinical studies of short-term fasting as adjunct to chemotherapy

151650 the exact

are promising in terms of decreased toxicity and enhanced efficacy
mechanism and effects are not established yet. Besides, it has not been proven that short-
term fasting provokes a better overall survival. More studies and a longer follow-up are
needed to prove this. Therefore, fasting interventions should only be applied in the
context of clinical research in patients with cancer until there is robust evidence for the
safety and benefits. For future studies some recommendations can be done. First, tumors
in which insulin or IGF-1 pathway are known to cause chemotherapy resistance, such as

breast cancer 222!

, may be good candidates for future studies of short-term fasting as an
adjunct to chemotherapy. Second, an adequate decrease in insulin, glucose and IGF-1
are probably needed to have beneficial effects on treatment outcome, thus the fasting
intervention should have an adequate length. The 72-hour fasting mimicking diet
used in the DIRECT study seems an good approach as insulin decreased dramatically,
however, the compliance was unexpectedly low '°. Therefore, in future studies more
variable diet options and close monitoring of patients by nutritionists with expertise
in fasting may be needed. Besides fasting interventions to increase tolerability and
efficacy of chemotherapy, future studies should also address other therapies as targeted
therapy and immunotherapy. Another approach for future studies may be to combine
short-term fasting with physical therapy, as exercise during chemotherapy can improve
treatment outcome as well and increase muscle strength and patients quality of life?™*>.
Additionally, as there is increasing evidence that hyperglycemia and hyperinsulinemia

worsen the outcome in cancer patients °, the wide-use of corticosteroids during

chemotherapy may be debated ** and studies as the REDEX trial (NCT02776436), to
decrease the use of these agents may be of huge interest. Moreover, the disappointing
results of clinical studies of IGF-1R inhibitors may be caused by the complexity of the
IGF-1R pathway, whereby pathway activation is not adequately inhibited due to the
ligands insulin and IGF-2 and activation of IR-A. Therefore, good strategies for future
research would be to combine IGF-1R inhibition with IR-A inhibition and/or lowering
insulin with short term fasting, based on biomarkers and ligand levels.
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