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Abstract: Emerging research demonstrates polyphenol-rich diets like the Mediterranean diet may
play a role in improving the outcomes of adult cancer therapy. To date, there are no trials assessing
the intake or efficacy of polyphenol-rich diets in childhood cancer patients. In this study we
collected dietary data on 59 childhood cancer patients on treatment using a three-pass 24-h dietary
recall (24-HDR), which is based on a validated and structured three-part methodology. Polyphenol
consumption was calculated by matching the food consumption data with polyphenol content
extracted from the most updated Phenol-Explorer database. The mean total polyphenol intake was
173.31 ± 141.02 mg/day. The major food sources of polyphenols were fruits, beverages, and cereals.
There were no significant associations with time since diagnosis, body mass index (BMI) z-score,
types of cancer, treatment intensity, food-related symptoms, relapse, and total daily polyphenol
intake. Further investigation with larger studies will facilitate the steps in assessing the value of
polyphenol-rich dietary patterns in future nutritional interventions for childhood cancer patients.
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1. Introduction

Poor nutritional status and malnutrition during and following paediatric cancer treatment have
been linked with an increase in adverse outcomes of higher relapse and lower survival rates [1].
Subsequently, research into childhood cancer therapies is starting to focus on novel strategies to
improve their efficacy and further improve survival outcomes in childhood cancer patients [2,3]. As a
healthy diet has long been encouraged in improving the outcomes of adult cancer care, there is an
opportunity amongst clinicians and researchers to investigate effective dietary changes to improve
survival in childhood cancer patients [2]. There is now an acknowledgement of the need for better
nutritional interventions throughout cancer management in light of their potential to enhance patient
survival associated with cancer treatment [4–6].

It has long been understood that a regular consumption of healthy dietary patterns, such as the
Mediterranean diet, is associated with a reduced risk of cancer [7]. The reduced development of cancer
cells has been attributed to the presence of antioxidants, primarily polyphenols, which are found in
fruits, vegetables, and olive oil that are characteristic of a traditional Mediterranean diet [8]. Although
it is difficult to conduct blinded dietary intervention studies, there have been systematic reviews and
meta-analyses of the adherence to healthy dietary patterns, conveying beneficial effects in relation to
cancer mortality and recurrence [9]. Although adherence to Mediterranean diets in cancer patients on
therapy has lately been linked to a reduction in adverse side effects in studies of the bowel, breast, and
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prostate, no trials have been conducted in paediatric cancer patients [10,11]. As recent clinical studies
have garnered interest in these dietary patterns and their components that may be responsible for their
anticancer effects, they further urge investigating dietary patterns as potential nutritional interventions
for paediatric patients on cancer treatment [12,13].

Polyphenols have been studied for their beneficial effects on health, particularly as cancer
preventative agents where the main mechanism relies on its dual prooxidant and antioxidant action [14–16].
In the presence of high intracellular copper in cancer cells, polyphenols act as prooxidants when mobilizing
copper ions to generate radical oxygen species, which minimizes damage to healthy cells and enables
selective cancer death [15,17,18]. The clinical implication of polyphenols is their ability to play a
complementary role in improving the effectiveness of cancer therapy [19,20]. Through the plethora
of in vivo and in vitro studies of polyphenols with cancer cells, there has been an improved understanding
of their anticancer mechanisms [21]. These include the induction of apoptosis, stimulation of immune system
function, anti-inflammatory effects as well as multifaceted effects on the cellular signalling system [14,21,22].
Laboratory studies on the interactions of polyphenols as single compounds and in combinations alongside
cancer therapies have provided promising results in improving treatment efficacy [23,24].

Whilst laboratory studies are limited in their extrapolation to clinical situations, clinical studies in
cancer patients on treatment have revealed more positive outcomes with polyphenol combinations
over single polyphenols. Polyphenol combinations as an adjuvant therapy have been associated
with reducing the toxicity of chemotherapy and radiotherapy as well as been linked with additive
therapeutic effects in chemotherapy for prostate [25] and colorectal cancers [19,26,27]. It is implied
that polyphenols exert optimal anticancer activity when consumed in diet, due to the bioavailability
and dietary relevant dosages [28] in addition to the synergistic and additive effect of polyphenol
mechanisms [23,29].

The applicability and feasibility of increasing polyphenol intake as a novel dietary intervention is
unknown as current research is lacking studies investigating polyphenols or the Mediterranean diet in
childhood cancer patients on treatment. As it is unclear whether childhood cancer patients have a poor
intake of dietary polyphenols, it is essential to determine the current polyphenol intake in children
during treatment and whether it is a feasible target for future nutritional interventions. In this study,
we estimated the polyphenol intake in paediatric cancer patients during treatment and explored the
potential beneficial effects that a diet rich in polyphenols could have on the patient’s survival.

2. Materials and Methods

2.1. Participants

Participants were the parents and/or primary carers of childhood cancer patients aged between
2 and 18 years, who were undergoing active cancer treatment in a major metropolitan paediatric
tertiary referral hospital in Sydney, Australia. Participants were included if they were receiving active
treatment for any cancer diagnosis and consuming food orally (not receiving supplementary nutrition).
It was also required that the parents/caregivers of the children were sufficiently fluent in English
to complete the written questionnaire. Participants were excluded if they were receiving enteral or
parenteral nutrition or on maintenance therapy.

Whilst 67 caregivers consented to participate in the study, 64 participants completed the 24-h
dietary recall (24-HDR) and questionnaire, which reflects a 94% response rate. Of the 64 surveys
received, five were excluded from the data analysis due to two missing questionnaire responses, one
duplication, one paediatric patient being on maintenance treatment, which fell outside of the inclusion
criteria, and one patient who had turned 18 during the survey and did not provide their own consent,
resulting in a final sample size of 59.

2.2. Recruitment

Recruitment occurred between April 2016 and February 2017 after potential participants were
initially identified through hospital records by a qualified dietitian familiar with oncology patients at
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the hospital. Participants were recruited during outpatient clinic visits or during inpatient stays by a
researcher who was not involved in the care of the patient. This study is a secondary analysis of data
collected for a previous study examining the dietary intake and information needs of childhood cancer
patients during treatment. This study protocol was approved by the Ethics Committee at the Sydney
Children’s Hospitals Network (LNR/16/SCHN/88).

2.3. Data Collection

A questionnaire was developed by a multidisciplinary team of researchers, medical oncologists,
and paediatric dieticians. The questionnaire collected personal details of the carer as well as the
child’s gender, date of birth, cancer diagnosis, and treatment and relapse status. The relapse status
of the patients was collected in 2019, three years after the initial survey, where their responses were
regrouped into No (no relapse) and Yes (relapse and deceased). Socioeconomic status was determined
by postcode through Socio-Economic Indexes for Areas (SEIFA), where scores range from one to
ten in terms of increasing relative socioeconomic advantage [30]. This was presented as low (<5),
medium (5-7) and high (8-10). Body mass index (BMI) z-score percentiles were calculated by age,
height, and weight measurements that were elicited from the questionnaire [31]. BMI z-scores were
classified as either underweight (<5th percentile), healthy weight (5th–84th percentiles), overweight
(85th–94th percentiles), or obese (>95th percentile) and used to compare across age groups in children
and adolescents [32].

Treatment intensity of the patients was derived from their cancer diagnoses, stage, and treatment
data through the validated Intensity of Treatment Rating Scale 2.0, where it ranged from 1 to 4 [33].
The scores were then regrouped into low (1 and 2), medium (3), and high (4). The paediatric Functional
Assessment of Anorexia and Cachexia Therapy (peds-FAACT) was used to assess nutrition-related
symptoms. This tool consists of 12 items that assess the severity of food-related symptoms in the seven
days prior to completing the questionnaire [34]. The peds-FAACT subscale was used as a subjective
measure of the severity of symptoms such as good appetite, sufficient food intake, bad taste, anorexia,
nausea, vomiting, early satiety, and abdominal pain. The severity of the symptoms was categorized
into three groups of low, medium, and high.

The dietary data were collected using a three-pass 24-h dietary recall (24-HDR), administered by a
trained researcher using the following validated method. The first pass is to allow the guardian or
parent to freely report all food and drink intake from the previous day uninterrupted. In the second
pass, the interviewer probes for greater details on the time, type, and quantity of food or drink taken.
The third and final pass is a review of everything that was recorded in order, enabling the interviewer
to clarify any ambiguities and prompt for potential omissions [35]. The 24-HDR is considered one of
the least biased instruments of dietary assessment and has been used in more than 50% of previous
publications measuring dietary polyphenol intake [36–38]. This choice of dietary collection method
typically relieves the burden of the responder, which facilitates a greater uptake of participants, and
enables them to report all foods, whilst discouraging alteration of food intake behaviour [35].

Previous studies had primarily used the U.S. Department of Agriculture databases on polyphenol
content in foods, which were limited to only flavonoid data expressed as aglycones [39–41]. The
polyphenol content in food was assessed using the most recent Phenol-Explorer database 3.6, which
compiles data on all known polyphenols, as either aglycones, glycosides, or esters depending on
how they are found in foods [42]. The Phenol-Explorer database provided data on 502 polyphenol
compounds in 452 plant-based foods gathered from 638 peer-reviewed articles and excluded animal
foods that only contained trace amounts of polyphenols [43]. The database also divided the polyphenol
content into its four main classes (flavonoids, phenolic acids, stilbenes, lignans) and “other polyphenols”,
which comprised miscellaneous minor polyphenols. As there is no standardized method of assessing
dietary polyphenols [36], Figure 1 depicts the collection method that was conducted according to
similar publications investigating polyphenol intake in adults [43,44].
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Although there are multiple extraction techniques from which the polyphenol contents of foods 
have been discerned in this database, this study selected chromatography to maintain consistency, as 
it was the most common extraction technique used in the database [42]. If data from chromatography 
were not available, they were obtained by chromatography-after-hydrolysis and a select few foods 
were measured by Folin assay. In this study, the intakes of the polyphenols are expressed as either 
glycosides, esters, or aglycones like other more recently published methodologies using Phenol-
Explorer [43]. The Folin assay extracts the total antioxidant ability of the food as opposed to just the 
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Figure 1. Method for the extraction of total polyphenol intake from the 24-HDR (24-h dietary recall).

The polyphenol content of each food item was thoroughly searched in Phenol-Explorer 3.6, noting
to check for the scientific names for foods or foods with different names [45]. If foods were not found
in the Phenol-Explorer database, an additional literature search was conducted to find polyphenol
data published since the most recent update of the database in 2013 [42].

The individual polyphenol intake of each food item was calculated by the sum of the polyphenol
categories’ contents. Individual polyphenol intake from each food item was calculated by multiplying the
content (mg/100 g or mg/100 mL) of each polyphenol by the daily consumption of each food (g or 100 mL),
which had been calculated previously. Total polyphenol intake was calculated by the summing of all
individual polyphenol intakes from the food sources reported in the dietary records per patient.

Although there are multiple extraction techniques from which the polyphenol contents of foods
have been discerned in this database, this study selected chromatography to maintain consistency, as
it was the most common extraction technique used in the database [42]. If data from chromatography
were not available, they were obtained by chromatography-after-hydrolysis and a select few foods were
measured by Folin assay. In this study, the intakes of the polyphenols are expressed as either glycosides,
esters, or aglycones like other more recently published methodologies using Phenol-Explorer [43]. The
Folin assay extracts the total antioxidant ability of the food as opposed to just the polyphenol content [42].

2.4. Data Analyses

All analyses were conducted using SPSS Statistics 25.0 (IBM Corporation, Armonk, NY, USA) The
relative contributions of the food groups were calculated by the percentage of the sum of polyphenols
from the specific food group over the total polyphenol intake. Individual food items were similarly
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assessed to evaluate the top sources of polyphenols within each specific food group [46]. The diet records
were reviewed to allocate all the ingredients into food groups of fruit, vegetables, beverages, cereal,
oil, nuts and seeds, seasoning, and cocoa products, according to the main ingredient’s classification
in Phenol-Explorer. Of note, tomatoes and avocadoes were considered vegetables as each had been
listed as a “Fruit Vegetable” in Phenol-Explorer. The contribution of each food group to the daily total
intake of polyphenols was calculated from a ratio of the daily total polyphenol intake of each food
group to the total polyphenol intake from all foods. Within each food group, this was replicated for the
individual food sources to assess the highest contributor [46].

Dietary polyphenol intake was calculated using descriptive statistics and presented as means and
errors. The contribution of each polyphenol class and food group of the total polyphenol intake was
also calculated as a percentage. Demographic characteristics of the paediatric patients were calculated
using descriptive statistics, presented as percentages. Due to expected changes of dietary intake across
the age groups of the paediatric patients, total polyphenol intake was also presented stratified by
age groups (1–3, 4–11, 12–18). These ranges were determined by the distinct age groups of toddlers,
children, and adolescents as indicated by Nutrition Australia [47], which sourced their information
from the Australian Dietary Guidelines [48].

Non-parametric tests (Kruskal–Wallis one-way analysis of variance) were used to compare for
significant differences between groups in treatment intensity, cancer type, food-related symptoms,
and total polyphenol intake. Relapse status and total polyphenol intake were compared using an
independent t-test. Spearman’s correlation test was used to compare total polyphenol intake against
key variables including age, years since diagnosis, BMI z-score, and socioeconomic status.

3. Results

3.1. Patient Demographics

The demographic information of the final 59 patients included in the study was gathered by
the questionnaires. The mean age of the patients was 7.8 (±4.4 years) (Table 1). Just over half of the
paediatric cancer patients were diagnosed with acute lymphatic leukaemia (55.9%). Most participants
(90%) were undergoing chemotherapy. A total of 15 (26.3%) patients fell outside the healthy weight
range, of which 3.5% were underweight, 7% were overweight, and 15.8% were obese.

Table 1. General demographic characteristics of the present study.

Characteristics N (%) Mean (Range, SD)

Age at time of survey (nearest year) 7.8 (2–16, 4.4)
Years since diagnosis 5.9
Age at diagnosis

Gender

Female 24 (40.7%)
Male 35 (59.3%)

Body mass index (BMI) z-score 1 17.4 (12.7–23.2)

Obese 9 (15.8%)
Overweight 4 (7%)
Healthy 42 (73.7%)
Underweight 2 (3.5%)

Socioeconomic status

Low 9 (15.2%)
Medium 8 (13.6%)
High 42 (71.2%)



Nutrients 2019, 11, 2835 6 of 13

Table 1. Cont.

Characteristics N (%) Mean (Range, SD)

Diagnosis

Acute lymphoblastic leukaemia 33 (55.9%)
Acute myeloid leukaemia 1 (1.7%)
Brain cancer (e.g., Medulloblastoma, Glioma) 4 (6.8%)
Hodgkin’s lymphoma 4 (6.8%)
Neuroblastoma 2 (3.4%)
Non-Hodgkin’s lymphoma (including Burkitt’s lymphoma) 4 (6.8%)
Wilms’ tumour 4 (6.8%)
Sarcoma of the bone (e.g., Osteosarcoma) 2 (3.4%)
Soft tissue sarcoma 1 (1.7%)
Other 4 (6.8%)

Relapse 2

Yes 7 (12.1%)
No 51 (87.9%)

Treatment received

Surgery 13 (22%)
Chemotherapy 54 (91.5%)
Radiotherapy 10 (16.9%)
Bone marrow transplant/stem cell transplant 5 (8.5%)
Other 5 (8.5%)

Treatment Intensity

1 2 (3.4%)
2 28 (47.5%)
3 20 (33.9%)
4 9 (15.3%)

1 n = 57, 2 n = 58.

3.2. Polyphenol Intake

The mean and median polyphenol intakes were 173.31 ± 141.02 and 114.29 mg/day respectively
(Table 2). The lower and upper percentiles are at 68.027 and 295.149 mg/day, where approximately 50%
of the polyphenols were from the flavonoid family. When analysed within the distinct age groups (1–3,
4–11, 12–18 years), the means of the total polyphenol intake were 100.20, 153.44, and 273.28 mg/day and
the medians were 96.49, 107.72, and 289.38 mg/day respectively. The consumed polyphenols originated
from fruits (26.6%), beverages (17.98%), and cereals (16.24%) (Table 3). The beverages consumed were
primarily fruit-based beverages, specifically orange, apple, and lemon juice.

Table 2. Intakes of different classes of polyphenols and total polyphenol intake.

Polyphenol Classes Mean ± SD (Mg/Day) Median (Mg/Day) Range (Mg/Day)

Flavonoids 99.85 ± 116.42 51.87 0.00–541.72
Phenolic acids 43.70 ± 36.94 31.49 1.64–150.45

Lignans 13.33 ± 21.51 4.24 0.00–120.69
Stilbenes 0.25 ± 0.75 0.00 0.00–3.53

Other 15.09 ± 20.56 8.02 0.00–90.31
Total polyphenol intake 1 173.31 ± 141.02 114.29 3.42–665.54

1 Mean of total polyphenol intake does not match the sum of the mean of polyphenol classes due to missing data for
the polyphenol classes when using the Folin Assay extraction technique.
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Table 3. Contributions of polyphenols from each food group and food sources.

Food Groups Average Polyphenol
Intake (Mg/Day)

Relative Contribution
(%) Top 3 Common Food Sources

Fruit 44.74 26.63 Apple, banana, strawberry

Vegetable 38.35 9.34 Tomato, potatoes, cucumber

Cereal 22.39 16.24 Whole meal bread, rice, bread
(other)

Oils 3.97 4.64 Olive oil (virgin, extra-virgin),
vegetable oil

Beverages 50.49 17.98 Orange juice, apple juice,
lemon juice

Nuts and seeds 3.96 1.56 Primarily found in muesli and
seeded bread

Seasoning 3.04 1.38 Garlic, soy sauce, basil

Cocoa products 5.13 2.23 Cocoa, hot chocolate

3.3. Socio-Demographic and Lifestyle Determinants

There was a significant, positive correlation between patient age and polyphenol intake (p = 0.001).
There was no significant correlation between time since diagnosis, BMI z-score, types of cancer,
treatment intensity, and total daily polyphenol intake. Early satiety and taste changes were the most
common food-related symptoms reported by the patients, though the overall incidence of food-related
symptoms was low (Figure 2). There were no significant associations found between any of the food
symptoms and polyphenol intake. Twelve percent of patients had relapsed or died three years after
the study recruitment. There was also no difference between the relapse status and polyphenol intake
but a general trend towards higher polyphenols in the non-relapse groups.

Nutrients 2019, 11, x FOR PEER REVIEW 7 of 13 

 

Oils 3.97 4.64 
Olive oil (virgin, extra-virgin), 

vegetable oil 

Beverages 50.49 17.98 
Orange juice, apple juice, lemon 

juice 
Nuts and 

seeds 
3.96 1.56 

Primarily found in muesli and 
seeded bread 

Seasoning 3.04 1.38 Garlic, soy sauce, basil 
Cocoa 

products 
5.13 2.23 Cocoa, hot chocolate 

3.3. Socio-Demographic and Lifestyle Determinants 

There was a significant, positive correlation between patient age and polyphenol intake (p = 
0.001). There was no significant correlation between time since diagnosis, BMI z-score, types of 
cancer, treatment intensity, and total daily polyphenol intake. Early satiety and taste changes were 
the most common food-related symptoms reported by the patients, though the overall incidence of 
food-related symptoms was low (Figure 2). There were no significant associations found between 
any of the food symptoms and polyphenol intake. Twelve percent of patients had relapsed or died 
three years after the study recruitment. There was also no difference between the relapse status and 
polyphenol intake but a general trend towards higher polyphenols in the non-relapse groups. 

 

 
Figure 2. Percentage of patients experiencing food symptoms. 

4. Discussion 

New research is suggesting that dietary polyphenols may improve treatment outcomes in cancer 
in adult patients. There is a dearth of research assessing polyphenols and children undergoing 
treatment for cancer. Our study shows that childhood cancer patients have low intakes of 
polyphenols during their cancer treatment, particularly when compared to equivalent age groups of 
toddlers, children, and adolescents. Fruits, beverages, and cereals were the main sources of 
polyphenols for childhood cancer patients during treatment. Within these food groups, polyphenols 
were predominantly sourced from the children’s intake of apples, fruit juice, and bread respectively. 
This study offers insight into the potential of polyphenols as a focus in future nutritional adjuvant 
therapies in paediatric cancer patients. 

Figure 2. Percentage of patients experiencing food symptoms.

4. Discussion

New research is suggesting that dietary polyphenols may improve treatment outcomes in cancer in
adult patients. There is a dearth of research assessing polyphenols and children undergoing treatment
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for cancer. Our study shows that childhood cancer patients have low intakes of polyphenols during
their cancer treatment, particularly when compared to equivalent age groups of toddlers, children, and
adolescents. Fruits, beverages, and cereals were the main sources of polyphenols for childhood cancer
patients during treatment. Within these food groups, polyphenols were predominantly sourced from
the children’s intake of apples, fruit juice, and bread respectively. This study offers insight into the
potential of polyphenols as a focus in future nutritional adjuvant therapies in paediatric cancer patients.

There is a lack of normative data for polyphenol intake in children. Five studies have assessed
the total polyphenol intake in children without cancer or other comorbidities. Polyphenol intake
in the non-cancer population from the United Kingdom and Argentina ranges from 266 mg/day
to 412 mg/day [44,49]. This mean polyphenol intake is higher than the mean intake in childhood
cancer patients of 173.31 mg/day. The median intake of polyphenols in the non-cancer population in
Europe and Poland ranged from 171 mg/day to 152 mg/day [50–52], which again was higher than
the median intake of 114.29 mg/day in childhood cancer patients. Across all age groups, there was
an approximately 100 mg/day lower intake of polyphenols in childhood cancer patients compared
with the non-cancer paediatric population. Taken together, these results would suggest that childhood
cancer patients have a low intake of polyphenols compared with children without cancer.

The finding of a low polyphenol intake may reflect the dietary difficulties typically faced
by paediatric cancer patients as the adverse effects of treatment often negatively impact their
eating experience [2]. Paediatric cancer patients experience behavioural changes towards food
and physiological changes resulting from cancer and the treatments, placing them at a greater risk of
malnutrition throughout treatment [53]. Interestingly there were no significant associations between the
polyphenol intake and food symptoms of cancer treatment, and many patients were not experiencing
severe dietary symptoms. Previously, concerns for adverse food symptoms arising from treatment
and cancer intensity as well as the survival outcomes from therapy have pushed prioritizing a high
energy diet in childhood cancer care above a diet of good nutritional quality [4,54,55]. Studies in
adults with cancer have suggested that increasing the intake of polyphenols during treatment may
contribute to a reduction in symptoms from the toxicity of the cancer treatment and limiting cancer
progression [14,19,27]. As cancer treatment in children has been linked with the depletion of their
bodies’ stores of antioxidants, improving the dietary intake of children with cancer with a focus on
polyphenols may have the potential to reduce their treatment-related side effects [55].

To promote paediatric cancer patients’ intake of polyphenols, interventions should recognize key
foods and food groups that are rich in polyphenols and consider dietary patterns that would best suit
the patients’ needs [56]. There is greater benefit to consuming whole foods over supplements, as it
achieves a synergistic effect from a complex combination of natural polyphenols and optimizes health
from having more fruits and vegetables [57–59]. Food groups rich in polyphenols, including fruits,
vegetables, whole grains, legumes, seasonings, and olive oil, have a high polyphenol content [60].
Foods that are more appealing to children such as dark chocolate as an alternative to milk chocolate
could be encouraged, due to their relatively high polyphenol content to weight ratio. The intake of milk
chocolate products over dark chocolate products attributed to the low polyphenol contribution from
cocoa products in this study. Due to the varied bioavailability and absorption of different polyphenols
in the body, it may be more feasible to base dietary interventions on polyphenol-rich dietary patterns
such as the Mediterranean diet [14,59]. The Mediterranean diet has been well studied for its role as an
adjuvant in the treatment of adult cancers [9–11,61]. The advantage of encouraging a Mediterranean
diet is that it is a dietary pattern associated with nutritional adequacy in children [62]. It has the
potential to be accepted by children undergoing treatment for cancer and still maintain the mechanistic
effect of polyphenols [8]. Future dietary interventions that focus on polyphenol-rich foods may consider
using the Mediterranean diet as a framework.

In this study, there was a notable lack of polyphenol contribution from vegetables. This poor intake
of vegetables reflects a trend in the diets of childhood cancer patients undergoing treatment, indicating
a common target for dietary interventions for this population [63,64]. A high vegetable intake is vital in
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providing the necessary nutrients unavailable from other food groups, and is associated with reducing
the risk of developing cancer and other chronic health conditions [65,66]. However, current nutritional
recommendations for paediatric cancer patients focus on mitigating malnutrition by preventing weight
loss rather than regulating the food groups from which the calories are sourced [2,55]. A healthy diet
should be recommended for childhood cancer patients combining high-energy and high-quality food.

Future nutritional interventions should optimize an intake of diverse polyphenols through a
dietary pattern that promotes healthy consumption of fruits and polyphenols, like the Mediterranean
diet. There is strong possibility that adopting a healthy dietary pattern in paediatric cancer patients
may reduce the toxic side effects of cancer therapy, potentially improving treatment outcomes. Whilst
no firm recommendations can be made as of yet for childhood cancer patients, it is worth noting the
characteristic polyphenol-rich foods in the Mediterranean diet that are suitable for children: vegetables,
fruits, nuts, olive oil and herbs, and spices [67]. Like all diets, it is important to consume foods as
a variety and in moderation. Developing optimal dietary habits throughout treatment also sets the
foundations for a healthier diet as an adult, minimizing the increased risk of developing adverse
chronic conditions as a cancer survivor. Further research is required to develop a framework for a
polyphenol-rich diet tailored to paediatric cancer patients, before integrating the intervention into the
long-term management of paediatric cancer.

Strengths and Limitations

The present study has several strengths, particularly in its use of the Phenol-Explorer 3.6 database,
the standardized use of 24-HDR, and developing a stringent methodology to investigate polyphenols
in children’s diets. This study utilized the most updated and comprehensive Phenol-Explorer
database whilst other descriptive studies used smaller and local databases to document the intake of
polyphenols, which may be more suitable due to cultural dietary differences [42]. This study is also
the first exploratory study of polyphenols in paediatric cancer patients on treatment, in a period in
research where dietary polyphenols are of interest in cancer research.

However, this study also has a few limitations. The major limitation is represented by the
sample size of 59, an acceptable size compared to other dietary studies in childhood cancer patients
on treatment, which do not typically vary above 100 [68,69]. Future research should still seek to
recruit more participants to improve the power of the analysis as the current study size limits the
power of the correlation analyses, resulting in insignificant associations. This will also improve the
ability to stratify food group contributions to total polyphenol intake by age group, enabling a more
tailored understanding of each age group’s characteristic intakes. This study’s participants were also
recruited in a single hospital located in a developed country, limiting extrapolations to populations
with dissimilar characteristics.

As this was a secondary analysis, the dietary recall was not specific to collecting polyphenols. To
increase accuracy in future studies measuring polyphenols, the 24-HDR should be adapted to include
questions tailored to screen for sources of polyphenols, such as clarification on the oil used in cooking
and the composition of herbal tea. Cooking methods should also be noted whenever possible in order
to utilize the retention factors of Phenol-Explorer 3.6. Additionally, future studies should use multiple
24-HDRs over consecutive days, which would more accurately assess the habitual dietary intake of
polyphenols, particularly in smaller sample sizes.

Furthermore, whilst Phenol-Explorer 3.6 is currently the most updated database for polyphenols
since 2015, there may still be missing and incomplete composition data for foods with polyphenols
due to lack of research in certain food items [42]. This results in a potential underestimation of total
polyphenol intake, which had been mitigated by our own search through the literature for additional
studies not yet included in the database [70]. This additional literature search for new studies looking
into polyphenol composition in different foods should be included in the methodology of other similar
studies in the future.
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Whilst this study does look at the approximate dietary intake of polyphenols, it does not ascertain
the level of polyphenols to achieve therapeutic effects in childhood cancer patients. This topic should
be an area of interest, which would help shape and guide future nutritional guidelines in terms of
determining an appropriate dietary intake of polyphenol-rich foods.

5. Conclusions

Our study has revealed a poor intake of polyphenols in paediatric cancer patients and an
opportunity for a new targeted nutritional intervention. Ultimately, the success of a dietary therapy
must consider many aspects of paediatric cancer care, including the nutritional framework it is based
on as well as its integration into paediatric cancer management. To develop an effective dietary
framework that improves the efficacy of cancer therapy, more research is needed to appreciate the
most applicable foods and dietary patterns in paediatric cancer therapy. In the future, this would also
require trials in children with cancer to determine the most effective influences for successful adherence.
Introducing a new dietary pattern for paediatric cancer patients would require careful consideration
for the individual nutritional challenges experienced, tailored accordingly by the medical oncologist
and dieticians involved in their management. Further investigation into larger studies of paediatric
cancer patients will facilitate the steps in assessing the value of polyphenol-rich dietary patterns in
future nutritional interventions.

Author Contributions: Conceptualization, J.C. and O.V.; methodology, J.C., O.V., and A.L.; formal analysis,
A.L.; investigation, A.L.; writing—original draft preparation, A.L. and J.C.; writing—review and editing, O.V.;
supervision, J.C. and O.V.; project administration, J.C.

Funding: This research received no external funding.

Acknowledgments: I would like to acknowledge Emma Goddard who was responsible for collecting the
dietary data.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Brinksma, A.; Roodbol, P.F.; Sulkers, E.; Kamps, W.A.; De Bont, E.S.; Boot, A.M.; Burgerhof, J.G.;
Tamminga, R.Y.; Tissing, W.J. Changes in nutritional status in childhood cancer patients: A prospective
cohort study. Clin. Nutr. 2015, 34, 66–73. [CrossRef] [PubMed]

2. Schadler, K.L.; Kleinerman, E.S.; Chandra, J. Diet and exercise interventions for pediatric cancer patients
during therapy: Tipping the scales for better outcomes. Pediatric Res. 2018, 83, 50. [CrossRef] [PubMed]

3. Wallace, T.C.; Bultman, S.; D’Adamo, C.; Daniel, C.R.; Debelius, J.; Ho, E.; Eliassen, H.; Lemanne, D.;
Mukherjee, P.; Seyfried, T.N.; et al. Personalized Nutrition in Disrupting Cancer—Proceedings From the
2017 American College of Nutrition Annual Meeting. J. Am. Coll. Nutr. 2019, 38, 1–14. [CrossRef] [PubMed]

4. Bauer, J.; Jürgens, H.; Frühwald, M.C. Important Aspects of Nutrition in Children with Cancer1. Adv. Nutr.
2011, 2, 67–77. [CrossRef] [PubMed]

5. Ladas, E.J. Nutrition therapy: Support for integration into cancer care. Pediatr. Blood Cancer 2013, 60, 895–896.
[CrossRef] [PubMed]

6. Ladas, E.J.; Arora, B.; Howard, S.C.; Rogers, P.C.; Mosby, T.T.; Barr, R.D. A Framework for Adapted Nutritional
Therapy for Children with Cancer in Low- and Middle-Income Countries: A Report From the SIOP PODC
Nutrition Working Group. Pediatr. Blood Cancer 2016, 63, 1339–1348. [CrossRef] [PubMed]

7. Boffetta, P.; Couto, E.; Wichmann, J.; Ferrari, P.; Trichopoulos, D.; Bueno-De-Mesquita, H.B.;
Van Duijnhoven, F.J.B.; Büchner, F.L.; Key, T.; Boeing, H.; et al. Fruit and Vegetable Intake and Overall Cancer
Risk in the European Prospective Investigation into Cancer and Nutrition (EPIC). J. Natl. Cancer Inst. 2010,
102, 529–537. [CrossRef]

8. Davis, C.; Bryan, J.; Hodgson, J.; Murphy, K. Definition of the Mediterranean Diet: A Literature Review.
Nutrients 2015, 7, 9139–9153. [CrossRef]

9. Schwingshackl, L.; Schwedhelm, C.; Galbete, C.; Hoffmann, G. Adherence to Mediterranean Diet and Risk of
Cancer: An Updated Systematic Review and Meta-Analysis. Nutrients 2017, 9, 1063. [CrossRef]

http://dx.doi.org/10.1016/j.clnu.2014.01.013
http://www.ncbi.nlm.nih.gov/pubmed/24508424
http://dx.doi.org/10.1038/pr.2017.225
http://www.ncbi.nlm.nih.gov/pubmed/29068433
http://dx.doi.org/10.1080/07315724.2018.1500499
http://www.ncbi.nlm.nih.gov/pubmed/30511901
http://dx.doi.org/10.3945/an.110.000141
http://www.ncbi.nlm.nih.gov/pubmed/22332035
http://dx.doi.org/10.1002/pbc.24449
http://www.ncbi.nlm.nih.gov/pubmed/23303731
http://dx.doi.org/10.1002/pbc.26016
http://www.ncbi.nlm.nih.gov/pubmed/27082376
http://dx.doi.org/10.1093/jnci/djq072
http://dx.doi.org/10.3390/nu7115459
http://dx.doi.org/10.3390/nu9101063


Nutrients 2019, 11, 2835 11 of 13

10. Jochems, S.H.; Van Osch, F.H.; Bryan, R.T.; Wesselius, A.; van Schooten, F.J.; Cheng, K.K.; Zeegers, M.P.
Impact of dietary patterns and the main food groups on mortality and recurrence in cancer survivors: A
systematic review of current epidemiological literature. BMJ Open 2018, 8, e014530. [CrossRef]

11. Maruca, A.; Catalano, R.; Bagetta, D.; Mesiti, F.; Ambrosio, F.A.; Romeo, I.; Moraca, F.; Rocca, R.; Ortuso, F.;
Artese, A.; et al. The Mediterranean Diet as source of bioactive compounds with multi-targeting anti-cancer
profile. Eur. J. Med. Chem. 2019, 181, 111579. [CrossRef] [PubMed]

12. Erdrich, S.; Bishop, K.S.; Karunasinghe, N.; Han, D.Y.; Ferguson, L.R. A pilot study to investigate if New
Zealand men with prostate cancer benefit from a Mediterranean-style diet. PeerJ 2015, 3, e1080. [CrossRef]
[PubMed]

13. Richman, E.L.; Carroll, P.R.; Chan, J.M. Vegetable and fruit intake after diagnosis and risk of prostate cancer
progression. Int. J. Cancer 2012, 131, 201–210. [CrossRef] [PubMed]

14. Abbaszadeh, H.; Keikhaei, B.; Mottaghi, S. A review of molecular mechanisms involved in anticancer and
antiangiogenic effects of natural polyphenolic compounds. Phytotherapy Res. 2019, 33, 2002–2014. [CrossRef]

15. Mileo, A.M.; Miccadei, S. Polyphenols as Modulator of Oxidative Stress in Cancer Disease: New Therapeutic
Strategies. Oxidative Med. Cell. Longev. 2016, 229, 54–72. [CrossRef]

16. Oyenihi, A.; Smith, C. Are polyphenol antioxidants at the root of medicinal plant anti-cancer success?
J. Ethnopharmacol. 2019, 229, 54–72. [CrossRef]

17. Khan, H.Y.; Zubair, H.; Faisal, M.; Ullah, M.F.; Farhan, M.; Sarkar, F.H.; Hadi, S.M. Plant polyphenol induced
cell death in human cancer cells involves mobilization of intracellular copper ions and reactive oxygen
species generation: A mechanism for cancer chemopreventive action. Mol. Nutr. Food Res. 2014, 58, 437–446.
[CrossRef]

18. Khan, H.Y.; Zubair, H.; Ullah, M.F.; Ahmad, A.; Hadi, S.M. A prooxidant mechanism for the anticancer and
chemopreventive properties of plant polyphenols. Curr. Drug Targets 2012, 13, 1738–1749. [CrossRef]

19. Fernando, W.; Rupasinghe, H.V.; Hoskin, D.W. Dietary phytochemicals with anti-oxidant and pro-oxidant
activities: A double-edged sword in relation to adjuvant chemotherapy and radiotherapy? Cancer Lett. 2019,
452, 168–177. [CrossRef]

20. Parmar, A.; Pascali, G.; Voli, F.; Lerra, L.; Yee, E.; Ahmed-Cox, A.; Kimpton, K.; Cirillo, G.; Arthur, A.;
Zahra, D.; et al. In vivo [64Cu]CuCl2 PET imaging reveals activity of Dextran-Catechin on tumor copper
homeostasis. Theranostics 2018, 8, 5645–5659. [CrossRef]

21. Li, A.-N.; Li, S.; Zhang, Y.-J.; Xu, X.-R.; Chen, Y.-M.; Li, H.-B. Resources and Biological Activities of Natural
Polyphenols. Nutrients 2014, 6, 6020–6047. [CrossRef] [PubMed]

22. Ostan, R.; Lanzarini, C.; Pini, E.; Scurti, M.; Vianello, D.; Bertarelli, C.; Fabbri, C.; Izzi, M.; Palmas, G.;
Biondi, F.; et al. Inflammaging and Cancer: A Challenge for the Mediterranean Diet. Nutrients 2015, 7,
2589–2621. [CrossRef] [PubMed]

23. Niedzwiecki, A.; Roomi, M.W.; Kalinovsky, T.; Rath, M. Anticancer Efficacy of Polyphenols and Their
Combinations. Nutrients 2016, 8, 552. [CrossRef] [PubMed]

24. Sak, K. Chemotherapy and Dietary Phytochemical Agents. Chemother. Res. Pr. 2012, 2012, 1–11. [CrossRef]
25. Lall, R.K.; Syed, D.N.; Adhami, V.M.; Khan, M.I.; Mukhtar, H. Dietary Polyphenols in Prevention and

Treatment of Prostate Cancer. Int. J. Mol. Sci. 2015, 16, 3350–3376. [CrossRef]
26. Alam, M.N.; Almoyad, M.; Huq, F. Polyphenols in Colorectal Cancer: Current State of Knowledge including

Clinical Trials and Molecular Mechanism of Action. BioMed Res. Int. 2018, 2018, 1–29. [CrossRef]
27. Russo, G.L.; Tedesco, I.; Spagnuolo, C.; Russo, M. Antioxidant polyphenols in cancer treatment: Friend, foe

or foil? Semin. Cancer Boil. 2017, 46, 1–13. [CrossRef]
28. Kotecha, R.; Takami, A.; Espinoza, J.L. Dietary phytochemicals and cancer chemoprevention: A review of

the clinical evidence. Oncotarget 2016, 7, 52517–52529. [CrossRef]
29. Liu, R.H. Potential synergy of phytochemicals in cancer prevention: Mechanism of action. J. Nutr. 2004, 134,

3479S–3485S. [CrossRef]
30. Australian Bureau of Statistics. Socio-Economic Indexes for Areas. 2018. Available online: https://www.abs.

gov.au/websitedbs/censushome.nsf/home/seifa (accessed on 1 September 2019).
31. World Health Organization. BMI-for-age (5-19 years). 2019. Available online: https://www.who.int/

growthref/who2007_bmi_for_age/en/ (accessed on 1 September 2019).
32. Daniels, S.R. The Use of BMI in the Clinical Setting. Pediatrics 2009, 124, S35–S41. [CrossRef]

http://dx.doi.org/10.1136/bmjopen-2016-014530
http://dx.doi.org/10.1016/j.ejmech.2019.111579
http://www.ncbi.nlm.nih.gov/pubmed/31398616
http://dx.doi.org/10.7717/peerj.1080
http://www.ncbi.nlm.nih.gov/pubmed/26157638
http://dx.doi.org/10.1002/ijc.26348
http://www.ncbi.nlm.nih.gov/pubmed/21823116
http://dx.doi.org/10.1002/ptr.6403
http://dx.doi.org/10.1155/2016/6475624
http://dx.doi.org/10.1016/j.jep.2018.09.037
http://dx.doi.org/10.1002/mnfr.201300417
http://dx.doi.org/10.2174/138945012804545560
http://dx.doi.org/10.1016/j.canlet.2019.03.022
http://dx.doi.org/10.7150/thno.29840
http://dx.doi.org/10.3390/nu6126020
http://www.ncbi.nlm.nih.gov/pubmed/25533011
http://dx.doi.org/10.3390/nu7042589
http://www.ncbi.nlm.nih.gov/pubmed/25859884
http://dx.doi.org/10.3390/nu8090552
http://www.ncbi.nlm.nih.gov/pubmed/27618095
http://dx.doi.org/10.1155/2012/282570
http://dx.doi.org/10.3390/ijms16023350
http://dx.doi.org/10.1155/2018/4154185
http://dx.doi.org/10.1016/j.semcancer.2017.05.005
http://dx.doi.org/10.18632/oncotarget.9593
http://dx.doi.org/10.1093/jn/134.12.3479S
https://www.abs.gov.au/websitedbs/censushome.nsf/home/seifa
https://www.abs.gov.au/websitedbs/censushome.nsf/home/seifa
https://www.who.int/growthref/who2007_bmi_for_age/en/
https://www.who.int/growthref/who2007_bmi_for_age/en/
http://dx.doi.org/10.1542/peds.2008-3586F


Nutrients 2019, 11, 2835 12 of 13

33. Kazak, A.E.; Hocking, M.C.; Ittenbach, R.F.; Meadows, A.T.; Hobbie, W.; DeRosa, B.W.; Reilly, A. A revision
of the intensity of treatment rating scale: Classifying the intensity of pediatric cancer treatment. Pediatric
Blood Cancer 2012, 59, 96–99. [CrossRef] [PubMed]

34. Ribaudo, J.; Cella, D.; Hahn, E.; Lloyd, S.; Tchekmedyian, N.; Von Roenn, J.; Leslie, W. Re-validation and
Shortening of the Functional Assessmentof Anorexia/Cachexia Therapy (FAACT) Questionnaire. Qual. Life
Res. 2000, 9, 1137–1146. [CrossRef] [PubMed]

35. McPherson, R.; Hoelscher, D.M.; Alexander, M.; Scanlon, K.S.; Serdula, M.K. Dietary Assessment Methods
among School-Aged Children: Validity and Reliability. Prev. Med. 2000, 31, S11–S33. [CrossRef]

36. Del Bo, C.; Bernardi, S.; Marino, M.; Porrini, M.; Tucci, M.; Guglielmetti, S.; Cherubini, A.; Carrieri, B.;
Kirkup, B.; Kroon, P.; et al. Systematic Review on Polyphenol Intake and Health Outcomes: Is there Sufficient
Evidence to Define a Health-Promoting Polyphenol-Rich Dietary Pattern? Nutrients 2019, 11, 1355.

37. Crispim, S.P.; Nicolas, G.; Casagrande, C.; Knaze, V.; Illner, A.K.; Huybrechts, I.; Slimani, N. Quality assurance
of the international computerised 24 h dietary recall method (EPIC-Soft). Br. J. Nutr. 2014, 111, 506–515.
[CrossRef] [PubMed]

38. Thompson, F.E.; Subar, A.F. Dietary assessment methodology. In Nutrition in the Prevention and Treatment of
Disease; Elsevier: Amsterdam, The Netherlands, 2017; pp. 5–48.

39. Bhagwat, S.; Haytowitz, D.B.; Prior, R.L.; Gu, L.; Hammerstone, J.; Gebhardt, S.E.; Holden, J.M. USDA
Database for Proanthocyanidin Content of Selected Foods; US Department of Agriculture: Washington, DC, USA,
2004.

40. Bhagwat, S.; Haytowitz, D.B.; Holden, J.M. USDA Database for the Flavonoid Content of Selected Foods, Release
3.1; US Department of Agriculture: Beltsville, MD, USA, 2014.

41. Bhagwat, S.; Haytowitz, D.B.; Holden, J.M. USDA Database for the Isoflavone Content of Selected Foods, Release
2.0; US Department of Agriculture: Beltsville, MD, USA, 2008.

42. Rothwell, J.A.; Perez-Jimenez, J.; Neveu, V.; Medina-Remón, A.; M’Hiri, N.; García-Lobato, P.; Manach, C.;
Knox, C.; Eisner, R.; Wishart, D.S.; et al. Phenol-Explorer 3.0: A major update of the Phenol-Explorer database
to incorporate data on the effects of food processing on polyphenol content. Database 2013, 2013, bat070.
[CrossRef] [PubMed]

43. Zamora-Ros, R.; Knaze, V.; Rothwell, J.A.; Hémon, B.; Moskal, A.; Overvad, K.; Touillaud, M. Dietary
polyphenol intake in Europe: The European Prospective Investigation into Cancer and Nutrition (EPIC)
study. Eur. J. Nutr. 2016, 55, 1359–1375. [CrossRef]

44. Ziauddeen, N.; Rosi, A.; Del Rio, D.; Amoutzopoulos, B.; Nicholson, S.; Page, P.; Scazzina, F.; Brighenti, F.;
Ray, S.; Mena, P. Dietary intake of (poly)phenols in children and adults: Cross-sectional analysis of UK
National Diet and Nutrition Survey Rolling Programme (2008–2014). Eur. J. Nutr. 2018, 58, 3183–3198.
[CrossRef]

45. Pérez-Jiménez, J.; Fezeu, L.; Touvier, M.; Arnault, N.; Manach, C.; Hercberg, S.; Galan, P.; Scalbert, A. Dietary
intake of 337 polyphenols in French adults. Am. J. Clin. Nutr. 2011, 93, 1220–1228. [CrossRef]

46. Tresserra-Rimbau, A.; Medina-Remón, A.; Pérez-Jiménez, J.; Martinez-Gonzalez, M.A.; Covas, M.; Corella, D.;
Salas-Salvadó, J.; Gomez-Gracia, E.; Lapetra, J.; Arós, F.; et al. Dietary intake and major food sources of
polyphenols in a Spanish population at high cardiovascular risk: The PREDIMED study. Nutr. Metab.
Cardiovasc. Dis. 2013, 23, 953–959. [CrossRef]

47. Nutrition Australia. Australian Dietary Guidelines: Recommended daily intakes. 2013. Available
online: http://www.nutritionaustralia.org/national/resource/australian-dietary-guidelines-recommended-
daily-intakes (accessed on 1 September 2019).

48. National Health and Medical Research Council. Australian Dietary Guidelines; National Health and Medical
Research Council: Canberra, Australia, 2013.

49. Rossi, M.; Bassett, M.; Sammán, N. Dietary nutritional profile and phenolic compounds consumption in
school children of highlands of Argentine Northwest. Food Chem. 2018, 238, 111–116. [CrossRef] [PubMed]

50. Kopeć, A.; Cieślik, E.; Leszczyńska, T.; Filipiak-Florkiewicz, A.; Wielgos, B.; Piątkowska, E.; Bodzich, A.;
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