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Abstract

Background: Research reporting plasma micronutrient status and its impact on clinical outcomes in
paediatric cancer is scarce. Therefore, we investigated the prevalence of plasma micronutrient

abnormalities and their impact on clinical outcomes and treatment complications.

Methods: A multicentre prospective-cohort study of children aged <18 years diagnosed with cancer
was performed between Aug 2010-Jan 2014. Clinical and nutritional data were collected at diagnosis,
3, 6,9, 12 and 18 months. Micronutrient status was established using in-house laboratory references
(vitamin B12, vitamin A and Vitamin E/Ch) and aged adjusted Z-scores (Mg, Se, Zn and Cu) generated
from a cohort of healthy Scottish children. Clinical outcomes were classified as “event free survival
(EFS)” or “event” (relapse, death, new metastasis or becoming palliative) and treatment complications.

Descriptive statistics, logistic regression multilevel analysis were performed.

Results: Eighty-two patients [median (IQR) 3.9 (1.9-8.8) years, 56% males] were recruited. Of these,
72 (88%) samples were available, 74% (53/72) patients had micronutrient abnormalities at baseline;
deficiencies (25%, 18/72), excesses (19%, 14/72) and a combination of both (29%, 21/72), which
continued for 18 months. Vitamin A deficiency (15%, 3/20) and excess (50%, 10/20) were most
prevalent at 18 months, whilst vitamin E/Cholesterol and vitamin B12 were mostly within the normal
range. Prevalence of Zn deficiency at diagnosis was 36% (16/44 adjusted for CRP), which remained at
these levels throughout the study. Reduction in each selenium concentration unit increased the odds of
an event by 2% (OR 0.02) and lower Se predicted higher complications at diagnosis [5 (-1.2); t (-2.1);
95% CI (-2.9 — (-0.04)); p = 0.04], 3 months [ (-3.9); t (-4.2); 95% CI (-5.57 — (-2.02)); p < 0.001] and
12 months [ (-2.3); t (-2.4); 95% CI (-4.10 — (-0.34)); p = 0.02]

Conclusions: Given the prevalence of micronutrient abnormalities and the negative impact of low
selenium on clinical outcome, micronutrient status should be assessed and monitored in paediatric

cancer patients. Larger multicentre population based studies and clinical trials are now warranted.

Keywords: childhood cancer, paediatrics, micronutrient, vitamins, minerals
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Introduction

Childhood cancer remains the most common disease related cause of death in industrialised societies[1].
Nonetheless, 5-year survival rates have doubled to 82% in some type of cancers in the last 40 years[1].
This improvement is due to more advanced, targeted and intensive therapies, more sophisticated
technology and the success of medical clinical trials in combination with a more holistic approach to
patient care[2, 3]. Consequently, attention is focused on reduction of treatment related sequelae during
and after therapy[4-6]. Childhood cancer associated malnutrition and its impact on clinical outcomes,
including, morbidity[7], mortality[8-10], early relapse[11] and the number of complications during
treatment[4, 12], has long been recognised in the Western World[4, 5, 8, 13] and in low- and middle-
income countries[6]. However, most research has focused on anthropometry, linear growth and body
composition to assess nutritional status, whilst vitamin and trace element (VTE) status and its potential

association with clinical outcomes have received little attention[14-19].

Malnutrition, defined as a “state of nutrition in which a deficiency, excess, or imbalance of energy,
protein, and other nutrients causing measurable adverse effects on tissue, body size, composition and
function, and clinical outcome”[20], is multifactorial and at present, there is not a single “gold standard”
method that best assesses it in ill children[4]. Micronutrient abnormalities have been reported in up to
96% of paediatric cancer patients receiving treatment and neutropenic diets[21], despite patients
meeting the recommended daily intakes[21]. However, evidence is scarce and limited by their small
sample sizes. Furthermore, most studies have focused on vitamin D[22, 23], whilst other VTE,
including vitamin A[14-17, 21, 24], vitamin E[14-17, 21], selenium[14, 15, 25], zinc[14, 15, 19],

vitamin B12[18, 24], copper[15, 19] and iron/ferritin[26], have seldom been investigated.

Micronutrients encompasses vitamins, minerals and trace elements. Vitamins are organic molecules,
which play a key role in indispensable body functions. This include, but not limited to, energy
metabolism, antioxidant, gene regulation, cellular differentiation and organ function[27]. Likewise,
minerals and trace elements (inorganic molecules) are involved in antioxidant and organ function, as
well as enzymatic systems[27]. Clinical signs of micronutrient deficiencies can often be masked by
treatment induced side-effects[21], and at the same time exacerbate toxicity[15, 17]. Furthermore,
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deficiencies can develop from xerostomia, mucositis, nausea and vomiting or hepatotoxicity/
nephrotoxicity caused by chemotherapy and radiotherapy complications. Therefore, micronutrient
abnormalities can be masked by a patient’s phenotypic nutritional status, placing both normally-
nourished and overnourished patients at risk of micronutrient malnutrition (deficiency or excess). This
is particularly important since data from healthy obese children and adolescents consistently report
micronutrient deficiencies, which have been attributed to a combination of high intake of energy dense
foods low in vitamins and minerals, inadequate intake relative to overall body mass and alterations in
micronutrient metabolism[28]. Since micronutrient concentration are rarely assessed within paediatric
oncology research, the prevalence of micronutrient deficiency or excess at diagnosis and throughout

treatment are relatively unknown[24].

Despite the importance of micronutrient status to health, there is a paucity of evidence reporting
micronutrient status in paediatric cancer patients during treatment, only two, of small sample size, have
investigated their associations with treatment complications and no study has looked at associations
with event or event free survival (EFS). To address this clinical question, we aimed to investigate the
(i) prevalence of micronutrient abnormalities and intakes (vitamin A, E, B12, copper, magnesium,
selenium and zinc) in newly diagnosed paediatric cancer patients and during treatment at defined time
points for 18 months; (ii) to identify changes in micronutrient status during this period; (iii) the
relationship between micronutrient status and dietary intakes; (iv) the impact of micronutrient status on

clinical outcome (event v EFS) and (v) treatment complications.

Methods

Study design, population and time-line

A prospective cohort study was performed. Eligibility criteria included: children aged <18 years
diagnosed with cancer (ICCC-3)[29] or Langerhans Cell Histiocytosis between Aug-2010 and Feb-
2014; attending the South East Scotland regional centre for Haematology and Oncology at the Royal
Hospital for Sick Children (RHSC), Edinburgh or Ninewells Hospital, Dundee and patients were

recruited consecutively. We excluded children who were treated with palliative intent. Children were
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recruited continuously during the study period and were monitored for a maximum period of 18 months
and a minimum of 3 months. Measurements were obtained at baseline, 3, 6, 9, 12 and 18 months by
two trained researchers in clinic or on the ward. Anonymised data were obtained from medical records
of patients who met the eligibility criteria but did not consent to the study. This was done to establish
whether the cohort was representative of the SE Scottish paediatric oncology population. Aged adjusted

Z-scores (Mg, Se, Zn and Cu) were generated from a cohort of healthy Scottish children.

Demographics and clinical parameters

Clinical data (diagnosis, treatment protocol and length of treatment) and demographic data (age, gender,
ethnicity and socio-economic deprivation) were collected from medical notes. Clinical outcomes were
classified as “event free survival (EFS)” or “event” (relapse, death, new metastasis or becoming
palliative during the study period) and treatment complications as the total number of complications at
each time point. Treatment intensity was classified as low, medium and high according to Kazak et
al[30] and the Standard Index of Multiple Deprivation (SIMD) was used as a proxy marker for socio-
economic deprivation of individuals[31]. The paediatric cancer cohort was grouped according to the
wider definition of solid tumours, haematological cancers, brain tumours and other associated

diagnosis.

Ethical approval was granted from NHS Scotland (NHS REC 06-51104-52).

Measurements of nutritional status and reference values

Measurements of weight and height (or length for infants <2 years) at the time of diagnosis were
obtained from clinical notes. Following recruitment, all measurements were taken at each follow up.
Measurements of growth and body composition were repeated three times. Weight and height or length
were obtained following standard procedures[32]. Body mass index (BMI) was calculated and Z-scores
were obtained from LMS Growth programme[33]. Nutritional status was classified as underweight (-
2.0 SD or <2.3rd centile), normal weight (> -2.0 to <1.05 SD or > 2.0nd to < 85th centile), overweight

(> 1.05 to <1.63 SD or >85th to <95th centile) and obese (1.63 SD or >95th centile)[33, 34].
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The percentage of fat mass (FM) and fat free mass (FFM) was measured using a calibrated SF-BIA
Quantum Il RJL System (frequency 50 kHz) following manufacturer’s instructions. The estimation of
FM and FFM was calculated using Schaefer et al.[35, 36] total body water equation and the reference
values used were Fomon et al.[37] for children <10 years old and Wells et al.[38] for children aged 10

- 18.

Blood collection, procedures and reference values

Blood samples were collected by nursing staff and analysed using standard operating procedures by the
hospital’s own accredited NHS laboratory. Standard sensitivity C-reactive protein (ss-CRP) was
analysed using Abbott Architect C8000 Analyser by a Turbidimetric method at the Royal Infirmary of
Edinburgh[39]. The intermediate precision expressed as coefficient of variation (CV%) was < 6.
Albumin was also analysed using Abbott Architect analyser by Bromcresol Purple method (CV% <
3.5)[39]. All nutritional blood samples, but Magnesium, were analysed in the Royal Infirmary of
Glasgow laboratory. Plasma vitamin A (CV% <4) and E/Cholesterol (CV% <5) were measured by
High Performance Liquid Chromatography (HPLC) with UV detection and vitamin B12 (CV% <11)
by Chemiluminescent immunoassays performed using the Abbott Architect i2000 Analyser[39]. Zinc
(CV% < 3), Copper (CV% < 3) and Selenium (CV% < 3) were analysed using Inductively Coupled
Plasma Spectrometry (inductively coupled plasma mass spectrometry in helium collision cell mode;
Agilent 7900)[40] and plasma Magnesium (CV% < 3) using Abbott Architect c8000 at the RHSC
laboratory[39]. Micronutrient status was established using in-house laboratory references (vitamin B12,
vitamin A and Vitamin E/Ch)[40] and aged adjusted Z-scores (Mg, Se, Zn and Cu) generated from a

cohort of healthy Scottish children.

Dietary intake and nutritional treatment

Total energy (TEI) and micronutrient (vitamin B12, vitamin A, vitamin E/Cholesterol (vitamin E/Ch),
Mg, Zn, Se and Cu) intakes were assessed using a 24 h multiple-pass recall method[41] and analysed
in WinDiets® (Univation Ltd 2018)[42]. Any nutritional treatment and micronutrient supplementation

was recorded. Nutritional treatment was prescribed according to Subjective Global Assessment by the
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multidisciplinary team and stratified into three groups as previously described[23]; (i) no nutrition
treatment; (ii) macronutrient treatment, which consisted of oral nutrition support, enteral and/or
parenteral nutrition and (iii) micronutrient supplementation, which consisted of multivitamins and
minerals only or a combination of macronutrient and micronutrient supplementation
(micronutrientstmacronutrients). Estimated total energy requirements (TER) were calculated using
Henry’s equation[43] and a low physical activity level (PAL) of the 10" centile[13, 44]. Appropriate
micronutrient intakes were assessed against UK Reference Nutrient Intake (RNI) and the percentage of

RNI was calculated[45].

Statistical analyses

The Statistical Package for Social Science (IBM-SPSS for Windows Statistics, version 21) was used to
analyse all data. The Z-scores for Mg, Se, Zn and Cu were generated from a contemporary cohort of
healthy Scottish children using the GAMLSS package in R®. Normally distributed data are expressed
as a mean = SD and non-normally distributed data as median and interquartile range (IQR). Descriptive
statistics were used to evaluate micronutrient intakes presented as the percentage of the RNI, prevalence
of micronutrient deficiencies (vitamin B12, vitamin A, vitamin E/Ch, Mg, Se, Zn and Cu) and to present
deficits or excesses of micronutrient intakes. To correct for inflammatory response, we removed the
micronutrient concentration values that were associated to high CRP levels (>10 mg/L for Cu and Se
and >20 mg/L for Zn and vitamin A)[46]. Correlations between each micronutrient concentration and
each micronutrient intake, BMI centile and body composition (FFM% and FM%) were performed using
Spearman’s correlation (non-normally distributed data). Associations between micronutrient status and
categorical variables (BMI status, diagnostic criteria, nutritional support and treatment risk) were
established by y?test. Kruskal Wallis-test and One-way ANOVA were applied to test for differences in
micronutrient intake and plasma micronutrient concentration between groups. We used binary logistic
regression analysis to test weather micronutrient concentration was a predictor of clinical outcome
(event v EFS). Predictors that were found to be related to the outcome variable (p < 0.1) using univariate

analysis were included in the multivariate logistic regression model[47]. Multilevel model analysis with
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micronutrient concentration as predictors and total number of treatment complications as outcome was

performed at each time point. P < 0.05 was considered statistically significant.

We followed the STROBE checklist for the presentation of our data[48].

Results

Demographic and Clinical Characteristics

179 patients were diagnosed with paediatric cancer between Aug 2010 and Feb 2014. Of these, 78
(43%) were excluded (Figure 1) and 101 were considered eligible. Eighty-two (81%) were recruited,
whilst 19 (19%) refused to participate mainly due to parental stress at cancer diagnosis. Demographic
and clinical characteristics of the population are presented in Table 1, patient’s accrual in Figure 1 and
follow up in Figure 2. There were no statistically significant differences between the paediatric cancer
cohort and the paediatric cancer controls (refusals). Twenty-four treatment protocols were used to treat
the paediatric cancer cohort, the median follow up was 312 (interquartile ranges (IQR) 123.5 — 653.2)
days and the time between diagnosis and baseline measurements was 9.5 (IQR 6.0 — 19.5) days. All
patients were receiving cancer treatment when the measurements and plasma micronutrients samples

were taken at baseline (diagnosis).

At the end of the study (May 2014), the survival rate was 90% (74/82), the death rate was 10% (8/82)
and the EFS rate was 85% (70/82). Thus, 15% (12/82) of patients had “events” (relapse, cancer
metastasis or did not respond to treatment). Of these, 67% (8/12) died, 17% (2/12) continued treatment
with palliative intent, 17% (2/12) were receiving second line treatment by the end of the study, of whom
8% (1/12) survived. The median (IQR) for treatment complications ranged between 3 (1 — 4) at
diagnosis and 0 (0 — 1) at 18 months. Hepatotoxicity was the most common treatment complication
[ranged between 36% (9/25) at 12 months to 45% (19/42) at 6 months], followed by nephrotoxicity
[ranged between 21% (16/77) at diagnosis to 36% (9/25) at 12 months], other [ranged between 11%
(7/62) at 6 months to 37% (30/82) at diagnosis], infections [ranged between 6% (3/49) at 12 months to

24% (20/82) at diagnosis], diarrhoea [ranged between 10% (6/58) at 9 months to 23% (19/82) at
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diagnosis], mucositis [ranged between 5% (2/41) at 18 months to 12/82 (15%) at diagnosis] and

constipation [ranged between 5% (1/41) at 18 months to 16% (13/82)] and other complications.

Fifty-five patients were referred to the Dietitian for nutritional assessment during the study. The reasons
for referral were: undernutrition/weight loss (16/55; 25%), reduced oral intake (10/55; 18%), temporary
gut failure (10/55; 25%), to prevent weight loss (7/55; 13%), dysphagia (4/55; 7%), steroid induced
diabetes (2/55; 4%), mucositis (1/55; 2%) and following parent’s request (1/55; 2%). Of these, 50 (61%)
were prescribed some form of nutritional treatment and 5 (6%) had general dietary advice. In total,
14/50 (28%) patients received oral nutrition support (ONS), 17/50 (34%), nasogastric tube-feeding
(NG), 4/50 (8%) percutaneous endoscopic gastrostomy feeding (PEG), 1/50 (2%) total parenteral
nutrition (TPN) and 15/50 (30%) advanced nutritional treatment (NG/PEG and TPN). In all, 19%
(16/82) of cancer patients received multivitamin supplements at some point during the study period,
which contained the RNI for vitamin A, vitamin E and vitamin B12. Only 2% (1/82) received a mineral

supplementation (magnesium).

Total energy intake, micronutrient intakes and plasma micronutrient concentration of the paediatric

cancer cohort

Mean percentage TEI of individual TER (TEI% of TER) was 161% (+42%) throughout the study and
this was consistently higher than TER at all stages apart from the 3 months follow up, which was lower
[82% (£51%)]. TEI% of TER ranged between 155% (+78%) at diagnosis to 182% (£84%) at 9 months
and patients on nutritional treatment 152% (+14%) had similar TEI% of TER than patients who were
not 157% (£17%). The mean TEI% of TER with data stratified by BMI category was; undernourished
children 103 (£47), healthy weight 136 (£57) and overweight and obese 126 (+61) Kcal/day. TEI% of
TER in undernourished children ranged between 87 (£36) at 3 months to 108 (£72) at 6 months. No
child was classified as undernourished after the 6 months follow up. TEI% of TER in healthy weight
and overweight and obese children ranged between 123 (+54) at 3 months to 152 (x41) at 18 months

and 127 (£57) at diagnosis to 140 (x63) at 18 months respectively.
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Micronutrient intakes and concentration did not statistically differ between any of the time points when
the data was analysed all together or stratified by diagnostic criteria. Furthermore, micronutrient intakes
did not statistically differ between BMI or treatment intensity categories at any time point. Table 2
shows micronutrient intakes presented as a percentage of the RNI and the prevalence of paediatric
cancer patients having intakes below the RNI. The micronutrient’s percentage of the RNI (apart from
Vitamin E/Cholesterol) with data stratified by nutritional treatment are presented in Figure 3. There was
statistically significant differences in the percentages of both vitamin A and vitamin B12 RNI at 6
months (F(3.5); p=0.03), 9 months (F(3.3); p=0.04) and 18 months (F(3.1); p=0.05) and 6 months
(F(3.0); p=0.05) and 18 months (F(3.3); p=0.05) respectively. Following post-hoc analysis, the
micronutrient intakes from the macronutrient+micronutrient group was statistically significantly higher
than the macronutrient group at all time points. There was no statistically significant differences

between the nutritional treatment groups in any of the mineral intakes at any time point.

Plasma micronutrient status and concentration for the entire cohort during the study period are presented
in Table 3. Overall, 74% (53/72) patients had micronutrient abnormalities at baseline; deficiencies
(25%, 18/72), excesses (19%, 14/72) and a combination of both (29%, 21/72), which continued for 18
months. There was no significant differences between BMI categories at any stage of the study period
in the following micronutrient plasma concentration: Vitamin A, Mg and Se. However, there was a
trend towards higher vitamin A concentration in overweight and obese children, whilst Mg

concentration was lowest in this group at all times but diagnosis.

Plasma vitamin B12 differed between the BMI categories at 3 months (F(4.9); p=0.01); whereby
overweight and obese (F(4.9); p=0.01) children had significantly lower vitamin B12 concentration than
healthy (p= 0.01; 95% CI (65.5 — 506.6) and underweight (p=0.01, 95% CI 115.5 — 986.3) children.
Likewise, plasma vitamin E/Ch from overweight and obese children (5.1+0.7) was significantly lower
than underweight (6.5+0.9) and healthy (6.4+1.5) children at 3 months (F(5.7), p=0.006; 95% CI 0.51
— 2.13) and plasma copper was also significantly lower in overweight and obese children (13.3£7.3)
than those who were underweight (17.3+6.2) or healthy weight (20.6£6.3). Figure 4 shows plasma

micronutrient concentration with data stratified by nutritional treatment.
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Correlation and associations

None of the plasma micronutrients correlated with dietary intakes, BMI z-scores or FFM% and FM%
at any time-point. Correlation analysis was then performed after adjusting for elevated CRP and low
albumin concentration. Selenium concentration strongly correlated with selenium intake at 6 months
(r=0.8; p<0.001) and 18 months (r=0.6; p=0.01) and moderately correlated at 12 months (r=0.3; p=0.2).
Vitamin B12 moderately correlated with FFM% at diagnosis (r=0.5; p=0.002), 3 months (r=0.3, p=0.02)

and 12 months (r=0.5, p=0.04).

Overweight paediatric cancer patients were more likely to have the following micronutrient
deficiencies; Magnesium at 3 months [¢*(8.6); p=0.01], 6 months [y? (6.0); p=0.04] and at 9 months
[%%(6.8); p=0.01]; vitamin A at 12 months [Fisher Exact test (6); p<0.001]; vitamin B12 at diagnosis [y?
(154) p<0.001], 6 months [Fisher exact test (6); p<0.04] and 18 months [y? (15) p<0.001]; Zn at
diagnosis [y? (52); p<0.001], 3 months [x? (25); p<0.001] and 12 months [y? (4.1); P=0.05]; Se at
diagnosis [? (19.3) p<0.001] and 3 months [¥? (44) p<0.001] and finally Cu at diagnosis [x* (61);
p<0.001], 3 months [ (9); p = 0.01], 12 months [x? (8); p=0.005] and 18 months [3? (15); p<0.001].
Whereas, undernourished patients were more likely to have the following micronutrient deficiencies;
vitamin A at diagnosis [¥? (25); p<0.001] and 3 months [y? (49); p <0.001]; vitamin B12 at 3 months [y?

(63); p<0.001] and selenium at 3 months [¥?(44) p<0.001].

Impact of plasma micronutrient concentration on clinical outcomes

The impact of plasma micronutrient concentration at the time of diagnosis on clinical outcome (event
v EFS) and complications during treatment at diagnosis, 3 and 12 months are presented in Tables 4 and
5 respectively. Univariate analysis indicated that an increase in copper concentration increases the odds
of an event by 14% [OR 1.14; 95% CI (1.028 - 1.270). In contrast a reduction in selenium concentration
increases the odds of an event by 1.6% [OR 0.016; 95% CI (0.001 - 0.380)]. Logistic regression analysis
with BMI Z-score and decimal age as predictors (p < 0.1) indicated that a reduction in each selenium
concentration unit increases the odds of an event by 2% [OR 0.02; 95% CI (0.0004 - 0.881)]; however,

copper did not significantly affect the likelihood of clinical outcome.
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Discussion

To our knowledge, this is the first prospective cohort study investigating the impact of micronutrient
status at diagnosis on event and EFS and the first in the UK to investigate the impact of micronutrient
concentration on the number of treatment complications in paediatric cancer patients following 18
months of treatment. Importantly, our results show that a reduction in plasma Se units increased the
odds of an event (relapse, becoming palliative or death) by 2%. Furthermore, lower Se and Mg
concentration significantly predicted number of complications at diagnosis, 3 months and 12 months
and at diagnosis and 12 months respectively. In contrast, higher vitamin E/Ch and vitamin A
significantly predicted complications at diagnosis and 3 months respectively. Overall, most patients had
plasma micronutrient abnormalities, deficiencies and excesses. Vitamin A abnormalities and Zn and Cu
deficiency were most prevalent; whilst vitamin E/Ch and vitamin B12 were mostly within the normal
range. Most plasma micronutrients did not correlated with dietary intakes, BMI Z-scores, FFM% or
FM%; however, children receiving a combination of macro- and micronutrient nutritional treatment
tended to have higher micronutrient intakes, particularly vitamins A and B12, than those receiving either
macronutrient alone or no nutritional treatment. Interestingly, overweight and obese patients were more

likely to exhibit vitamin B12, Mg, Se, Zn and Cu deficiencies, despite higher energy intakes.

The impact of micronutrient concentration on clinical outcomes in paediatric cancer patients

Se was the most important predictor of clinical outcomes. Lower Se concentration at diagnosis
increased the likelihood of an event and the number of treatment complications experienced by our
cohort of paediatric cancer at diagnosis and during treatment (3 months and 12 months). Furthermore,
lower Mg also predicted an increased number of complications at diagnosis and 12 months. These
findings are supported by a Cochrane review[49], in which better Se status in adults diagnosed with
cancer was associated with a reduced risk of mortality (OR 0.55; 95% CI 0.36 — 0.83). Similarly, an
earlier study[15] reported that Se significantly contributed to higher total antioxidant status and
capacity, measured by ORAC assay, and lower lipid peroxidation, measured by TBARS, also in a
paediatric cancer cohort. Biological mechanisms by which Se exerts these effects are still unclear.
Nonetheless, experimental studies attribute it to the regulation of both oxidative stress and immune
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system and to its counteractive effect on cancer cell growth[49]. For instance, in vitro studies
demonstrate that Se affects DNA stability, cell proliferation, necrotic and apoptotic cell death of both
malignant and healthy cells due to selenoproteins’ antioxidant action[49] and suggest that Se maybe
used for cancer therapy alongside cancer treatment. However, safe doses should be first established.
Our results should be interpreted with caution due to the heterogeneity of our paediatric cohort and the
sample size, particularly at later stages. Nevertheless, it is plausible to assume that lower plasma Se
increased oxidative stress and inflammatory responses in our cohort and therefore led to poorer

outcomes[50].

Interestingly, higher plasma concentration of other micronutrients predicted worse clinical outcomes.
Higher Cu increased the likelihood of an event when analysed in isolation. To date, only another study
performed in children diagnosed with ALL (n=23)[19], and in adults diagnosed with stage Il non-
small-cell lung cancer have suggested the use of Cu and Cu/Zn ratio as a prognostic factor of clinical
outcome[51]. Like Kennedy et al.[16], we found that higher vitamin E/Ch and vitamin A concentration
predicted higher number of complications at diagnosis and 3 months respectively. Many clinical signs
of hypervitaminosis A and E mimic those of cancer treatment associated complications, which makes
it difficult for clinicians to recognise. For instance, bone pain, anorexia, nausea, vomiting and
hepatotoxicity[50] are all clinical signs of both vitamin A toxicity and treatment side-effects[16, 50].
A biological explanation for the increase in treatment complications, particularly hepatotoxicity, seen
with higher plasma vitamin A might be related to excess of vitamin A storage in the liver’ stellate cells
potentially leading to their activation and hypertrophy, excess collagen production and subsequent acute
liver injury[52]. Although vitamin E has very low toxicity, a plausible explanation for these findings
can be attributed to its pro-oxidant action. Lipoproteins treated in vitro suggest that excess of vitamin
E may exert a radical chain reaction deeper in lipoproteins and membranes, which may cause damage

in the absence of co-oxidants, such as ascorbate and ubiquinone[53].

Our findings have several clinical implications. Firstly, we highly recommend the assessment and
monitoring of plasma micronutrient status in all paediatric cancer patients, including overweight and

obese. By adopting these measures, complications caused by micronutrient deficiencies or toxicity
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should be minimised with appropriate micronutrient supplementation. Secondly, like Mg, clinicians
should also consider supplementation of Se and Zn as part of routine practice. We are unable to
recommend dosages other than the RNI due to the paucity of clinical trials performed. Finally, markers
of inflammation (CRP) and serum albumin should be measured alongside plasma micronutrients to

avoid misclassification of status.

Micronutrient intakes and status of paediatric cancer patients

In agreement with two recent small studies from the USA[21] and Brazil[19], our results show a high
prevalence of vitamin A (range 9 — 15%), Se (4.5 — 17%), Mg (7 — 15%), Cu (3 — 27%), and Zn (23 —
46%) deficiencies at diagnosis and during treatment even after adjusting for low albumin and elevated
CRP. Furthermore, our cohort were not meeting the RNI for these micronutrients, despite TEI being
above TER at all-time points, apart from the 3 months follow up. These findings are also in line with
two studies in which antioxidant vitamin intakes (vitamin A, vitamin E)[17], Cu and Zn[19] of children
diagnosed with ALL were reported at diagnosis[17] and during treatment[17, 19]. Contrary to Morrell
et al.[21], Se intakes in our cohort were below the RNI. Of note, only another study has investigated Se
changes in a paediatric cancer cohort during the first 6 months of treatment; however, prevalence of

deficiencies were not reported[15].

Stratification of the data by nutritional status category and nutritional treatment highlighted that
overweight and obese patients have lower vitamin E/Ch, vitamin B12, Mg and Cu concentration than
their healthy- and under-weight counterparts 3 months into treatment. Epidemiological data from
healthy obese children and adolescents support these findings[54-57]. Aside from lower vitamin and
mineral intakes and treatment induced complications, it is plausible that more vitamin E is stored in
adipocytes due to an increase in storage capacity; therefore making it less readily available to
plasma[55]. Lower vitamin B12 levels may be attributed to a combination of higher intake of
carbohydrates and fats and reduced protein from meat sources, which has been reported in healthy obese
children and adolescents[56]. Higher intakes of fats, calcium and carbonated drinks can interfere with
the absorption of Mg potentially leading to lower plasma Mg concentration[57]. The lower plasma Cu
found here contrast with most studies performed in healthy obese children and adults [58] and as we
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showed no difference in Cu intakes between the BMI categories, the reasons for these findings are
unclear and should be investigated further. Moreover, vitamin intakes and concentration of children
receiving a combination of macro- and micronutrients as a form of nutritional treatment are higher than
macronutrient alone. This suggests that macronutrient treatment alone (or no form of nutritional
support) neither supports micronutrient intake requirements nor appropriate micronutrient status and
that overweight and obese patients should also be supplemented and monitored. Furthermore, all
supplemented patients, but one, were prescribed vitamin supplementation alone, aka no mineral
supplementation, which may explain the similarities in mineral intakes and concentration seen in the

three nutritional treatment groups.

None of the micronutrient concentration (vitamin E/Ch, vitamin B12, Cu, Se, Zn Mg), apart from
vitamin A, significantly changed over 18 months. Although, no other study has investigated
micronutrient status of paediatric cancer patients over this period, our findings echoed the results of two
studies performed in a similar population[15] and in children diagnosed with ALL[16]. Like Kennedy
et al.[16], but in contrast to a similar cohort from Edinburgh[15], our study showed that vitamin A
concentration, alongside higher prevalence of vitamin A excesses, increased at 9, 12 and 18 months,
possibly due to the short length of follow up of the latter study (6 month). The increase in vitamin A
concentration and higher prevalence of excesses seen in our study may be due to a combination of
macronutrient treatment (high energy food sources), vitamin A supplementation and prednisone
treatment. There is evidence that the latter increase retinol binding protein (RBP), which in turn would
lead to an associated increase in vitamin A concentration[16]. This may also explain the higher plasma
vitamin A concentration seen in our overweight and obese cohort compared to healthy or underweight.
In contrast, the initial lower levels of vitamin A have been attributed to higher serum-CRP levels and
the inevitable acute phase response[59]. It is well established that the synthesis of RBP decreases under
systemic inflammatory response, which in turn may lead to false deficiencies. Even after adjusting for

serum CRP, our study shows vitamin A deficiencies.

Children treated with chemotherapy, radiotherapy, surgery or treatment combinations experience many

complications that affect intake, absorption, metabolism, transport and excretion of nutrients[50]. The

15



394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

most common complications exhibited in our cohort were diarrhoea, mucositis and vomiting, which all
reduce absorption[50]; anorexia, which affects intake, and systemic inflammatory response,
hepatotoxicity and nephrotoxicity, which impair transport, metabolism and excretion of nutrients[50].
It is therefore not surprising that most micronutrient intakes did not correlate with micronutrient
concentration and that this finding mirrors that of a recent small study (n=23), in which none of the
micronutrients measured (vitamin A, C, D, E, B-carotene, Se and Zn) correlated with intakes in a

paediatric cancer cohort receiving a neutropenic diet[21].

Limitations of the study and future directions

The reduced sample size at a later stages of the study led to more inaccurate multilevel models and
therefore results obtained from 12 months should be interpreted with caution. We originally planned to
use a 4 day diet diary[60]; however, this proved to be unfeasible early in the study due to patient’s
treatment burden. Therefore, we switched to a 24 h multi-pass recall method, which tends to
underestimate micronutrient intake[41]; nonetheless, data on micronutrients obtained from nutritional
treatment and supplementation were also accounted for. In the future a 24 h multi-pass recall alongside
a food frequency questionnaire should be used to improve the estimation of micronutrient intakes
assessment. The assessment of Se status under systemic inflammation should be measured (when
possible) using red blood cell selenium or whole blood glutathione as biomarkers[27]. Instead, plasma
Se was the available assay; however, we adjusted for systemic inflammatory response (high CRP and
low albumin) and presented both values. The CRP concentration causing clinically significant effects
are >20 mg/L for vitamin A and Zn (underestimation) and >10 mg/L for Cu (overestimate) and Se
(underestimation)[46]. Therefore, these should be measured when CRP concentration are below these
values. Future research should include large multicentre epidemiological studies to confirm our
findings. Moreover, mechanistic and randomised controlled trials investigating the effects of
micronutrient supplementation on clinical outcomes and tolerance of cancer treatment are now

warranted.
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Conclusion

In conclusion, our results highlight that children diagnosed and treated for cancer exhibit high
prevalence of micronutrient abnormalities and that overall micronutrient intakes do not appear to meet
requirements for most micronutrients, especially in overweight and obese patients. The most important
predictor of undesirable clinical outcomes was lower plasma Se, whilst higher concentration of Cu
predicted poorer clinical outcomes. Vitamin A and vitamin E/Ch were both associated with more
complications during treatment. Importantly, we recommend the assessment and monitoring of
micronutrient status during treatment for all paediatric cancer patients at a minimum of 3 months

intervals initially and every 6 months thereafter to prevent both deficiencies and toxicity.
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Table Legends

Table 1. Characteristics of the n=82 Paediatric Oncology cohort and n=22* non-participants)

“N=22: 19 (refused to participate) + 3 (met criteria but were not approached as advised by consultants);
““Socio-economic status (SES) I-V where | denotes the most deprived and V the economically most
advantageous families; LCH: Langerham’s Cell Histiocytosis; *Mann-Whitney; Chi square test;
SFisher’s Exact Test

Table 2. Prevalence of micronutrient intake below the RNI and micronutrient’s intake of paediatric
cancer patients during the study period presented as a percentage of the RNI

RNI: Reference Nutrient Intake

Table 3. Plasma micronutrient, CRP and albumin concentration and status of paediatric cancer
patients during the study period

*One-way ANOVA; F (2.5); p=0.03; p=0.007, 95% CI (-0.7 to -0.12); ?p=0.03, 95% CI (-0.68 to -
0.04); ®p=0.01, 95% CI (-0.79 to -0.1); *Values adjusted for Albumin and CRP different from those
presented in the table: Vitamin A at diagnosis; deficiency 2%, excess 14%; Cu at diagnosis;
deficiency 17%; Zn at diagnosis 36%.

Table 4 (top) Logistic regression analysis to establish the likelihood that each micronutrient
concentration (at diagnosis) has on clinical outcome (EFS v Event). (Bottom) Logistic regression
analysis to establish the likelihood that Selenium and Copper concentration (at diagnosis) has on
clinical outcome (EFS v Event) taking into consideration predictors from univariate analysis (p<0.01)

*R value Nagelkerkel.

Table 5. Multilevel analysis showing the impact of micronutrient concentration on the number of
complications in paediatric cancer patients at different time points

Only statistically significantly time points from the multilevel model have been presented here.
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Figure Legends

Figure 1. Flow diagram showing patient’s accrual and sample availability

Figure 2. Patient’s follow up at each time point and number of patients having had each type of
measurement.

*Drop outs due to: deceased patients, palliative treatment, treatment given in centres other than
RHSC, Edinburgh and Ninewells Hospital, Dundee and patients who missed appointments.

Figure 3. Micronutrient intakes of paediatric cancer patients with data stratified by type of nutrition
treatment.

Figure 3a. Vitamin A and vitamin B12 intakes; Figure 3b. Zinc and Selenium intakes; Figure 3c. Copper and
Magnesium intake.

Figure 4. Mineral concentration of the paediatric cancer cohort against healthy controls.

Figure 4a. Mean vitamin A (umol/L) and vitamin B12 concentration (ng/L); Figure 4b. Mean Zinc
(umol/L) and Copper concentration (umol/L); Figure 4c. Mean Selenium (umol/L) and Magnesium
concentration (mmol/L); Figure 4d. Mean vitamin E/Cholesterol concentration (umol/L).

Figure 5. Micronutrient concentration of paediatric cancer patients with data stratified by type of
nutrition treatment

One way ANOVA test; p=0.04, 95% CI (-1.3 to -0.14); p=0.05, 95% ClI (-1.7 to -0.15); p <0.01, 95%
CI (169 — 743); p=0.01, 95% CI (-7.84 to -0.67)
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690 Table 1. Characteristics of the n=82 Paediatric Oncology cohort and n=22* non-participants

Patients’ characteristics Cohort Non-participants P
Median 1QR 95% CI Median 1IQR 95% CI
Age at diagnosis (years)
3.88 1.96-8.83 4.69-6.88 6.52 3.91-10.65 5.37-9.26 0.06!
BMI centile
N % N %
Gender 0.5?
Male 46 56 10 455
Female 36 44 12 54.5
Diagnostic criteria 0.9°
Solid tumours 39 47 10 455
Haematological Malignancies 36 43 11 50
Brain tumours 7 8.5 1 45
Other Associated Diagnosis 4 5 0 5
Diagnosis ICCC-3
I-Leukaemias 35 43 11 50
ALL 29 35 11 50
AML 3 4 0 0
CML 2 2 0 0
HLH 1 1 0 0
I1- Lymphoma 10 12 3 14
111-CNS tumour 5 6 2 9
1V-Neuroblastoma 6 7 2 9
V-Retinoblastoma 2 2 0 0
VI-Renal tumour 6 7 0 0
VII-Hepatic tumours 1 1 0 0
VI11-Malignant bone 4 5 3 14
tumours
IX-Soft tissue sarcoma 5 6 1 4
X-Germ cell tumours 1 1 0 0
X1-Malignant epithelial 4 5 0 0
neoplasm
XI1-Others and unspecified 0 0 0 0
malignant neoplasms
Other associated diagnosis 3 4 0 0
LCH 3 4 0 0
Intensity of treatment 0.9
Low 18 22 4 18
Medium 30 37 8 36
High 34 41 10 46
Socioeconomic status** 0.6
| 15 18 7 32
I 12 15 2 9
11 15 18 2 9
v 24 29 8 36
\ 15 18 3 14
Ethnicity 0.5°
White 80 98 21 95.5
Non-white 2 2.4 1 45
691 "N=22: 19 (refused to participate) + 3 (met criteria but were not approached as advised by consultants); “Socio-economic status

692 (SES) I-V where I denotes the most deprived and V the economically most advantageous families; LCH: Langerham’s Cell
693 Histiocytosis; "Mann-Whitney;2Chi square test; *Fisher’s Exact Test

694
695
696
697
698
699
700
701
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702
703

704
705
706
707
708
709

Table 2. Prevalence of micronutrient intake below the RNI and micronutrient’s intake of paediatric cancer patients during the study period presented as a
percentage of the RNI

Micronutrie Diagnosis 3 months 6 months 9 months 12 months 18 months
nt

N (%) Median (IQR) N (%) Median N (%) Median N (%) Median N (%) Median N (%) Median (IQR)

(IQR) (IQR) (IQR) (IQR)

Vitamin A 38 (49%) 97.3 (48.7 - 35 (47%) 102.5 (56.7 28 91.0 (57.8- 25 93.0 (69.2 - 21 955(1.1- 12 (35%) 114.6 (85.7 -
Hg/day 140.6) —163.9) (55%) 189.2) (51%) 164.4) (52.5%) 154.9) 155.0)
Vitamin 12 (15%) 302.9 (137.7— 6 (8%) 357.5(173.3 7 4505 (160— 3(6%) 440.0 (2054 4(10%) 335.9(239.7 3 (9%) 355.6 (211.6 -
B12 pg/day 830.9) —583.2) (13.5%) 661.4) —660.0) —658.7) 536.2)
Copper 38 (46%) 110.0 (61.5— 23 (36%) 127.5(79.9 22 136.2 (75.8 16 142.5 (89.6 13 120.0 (77.7 11 (32%) 128.7 (81.9 -
mg/day 199.6) —190.0) (42%) —194.9) (33%) —217.9) (32.5%) —141.1) 277.5)
Selenium 40 (52%) 100.0 (45.8—- 39 (53%) 96.7 (62.4— 27 106.7 (60.0 28 106.7 (66.7 16 121.7 (48.7 15 (44%) 1101 (77.1 -
mg/day 209.2) 170.0) (52%) ~160.0) (57%) — 168.6) (40%) —158.3) 221.0)
zinc 56 (73%) 86.0(57.8—  48(66%) 98.0 (60.1 - 28 94.2 (66.5— 20 97.1(69.6 — 18 106.1 (66.2 18(53%)  95.0 (73.3 -
mg/day 132.0) 144.6) (54%) 133.3) (41%) 130.4) (45%) —146.0) 144.5)
Magnesium 42 (53%) 96.5 (53.6 — 35(48%)  101.4 (63.7 20 136.7 (79.6 22 118.8 (72.6 14 128.6 (86.7 14 (41%) 125.0 (78.2 -
mg/day 162.5) —-173.7) (38%) —194.1) (45%) —203.1) (35%) —209.1) 219.3)

RNI: Reference Nutrient Intake
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710  Table 3. Plasma micronutrient, CRP and albumin concentration and status of paediatric cancer patients during the study period

Micronutrient  Status Diagnosis 3 months 6 months 9 months 12 months 18 months
N (%) Mean(£SD) N (%) Mean(+SD) N (%) Mean(+SD) N (%) Mean(£SD) N (%) Mean(+SD) N (%) Mean(£SD)
Vitamin A* Deficiency 6 (9%)! 4 (8%) 4 (10%) 1 (3%) 1 (4%) 3 (15%)
pmol/L 1.21+0.60 1.44+0.71 1.39+0.66 1.62 +0.69! 1.58 +0.782 1.65 +0.763
Excess 8 (12.5%) 14 9 (23%) 11 7 (29%) 10 (50%)
(23%) (37%)
Vitamin Deficiency 1 (2%) - - - 1 (4%) 1 (5%)
E/Cholesterol 6.12£1.70 6.08 £1.45 5.85+1.13 7.55+£7.97 5.57 +£1.27 5.38 + 1.39
pmol/L Excess 3 (5%) 1 (2%) - 1 (3%) N :
Vitamin B12 Deficiency 4 (6%) 4 (6%) 2 (5%) 1(3%) 1 (4.5%) 1 (5%)
ng/L 574 + 424 677 +419 633 + 436 640 + 361 638 + 312 611 + 323
Excess 5 (8%) 6 (9.5%) 4 (10%) 1 (3%) 1 (4.5%) 1 (5%)
Copper umol/L  Deficiency 18 (27%)* 7 (12%) 6 (15%) 1 (3%) 3 5 (26%)
16.93 + 6.80 17.54 +3.98 18.07 +5.58 17.75+3.76  (12.5%) 17.54+4.15 14.58 + 3.09
Excess 8 (12%) 4 (7%) 7 (18%) 3 (10%) 1 (4%) -
Selenium Deficiency 3 (4.5%) 6 (10%) 2 (5%) 3 (10%) 4 (17%) 2 (10.5%)
pmol/L 0.99 +0.40 0.86 +0.20 0.93+0.23 0.92 +0.30 0.90 +0.25 0.95 + 0.89
Excess 7 (11%) 2 (3%) 1 (2.5%) 4 (13%) - -
Zinc pmol/L Deficiency 29 (46%)! 13 13 7 (25%) 9 (39%) 5 (26%)
1216+620 (23%) 11.02+2.28  (36%) 12.64 + 12.00 + 4.28 11.74 +6.39 10.66 + 2.08
Excess 5 (8%) - 1 (3%) 10.93 2 (7%) 1 (4%) -
Magnesium Deficiency 7 (9%) 5 (7%) 3(7.5%) 3 (10%) 3 3 (15%)
mmol/L 0.84 £0.10 0.82+0.08 0.82 £0.09 0.84+0.09 (125%) 0.84+0.10 0.80 + 0.09
Excess 1 (1%) 1 (1%) - - 1 (4%) -
Albumin <28g/L 21(28%) 309+6.0 2(3%) 355+51 2 (5%) 36.0+55 2 (6%) 368+45 1(4%) 36.6+52 1(5%) 36.2+4.7
(28 — 45) g/L
CRP >10mg/L 18 (22%) 18.1+39.6 16 114+239 7(18%) 13.8+37.7 4(13%) 43+69  3(14%) 12.0+379 1(5%) 28+4.1
(<10) mg/L (25%)

711 *One-way ANOVA,; F (2.5); p=0.03; 1p=0.007, 95% CI (-0.7 to -0.12); 2p=0.03, 95% CI (-0.68 to -0.04); 3p=0.01, 95% CI (-0.79 to -0.1); *Values adjusted
712 for albumin and CRP different from those presented in the table: Vitamin A at diagnosis; deficiency 2%, excess 14%; Cu at diagnosis; deficiency 17%; Zn at
713  diagnosis 36%.
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720
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725
726
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728
729
730
731

Table 4 Logistic regression analysis to establish the likelihood that each micronutrient concentration
(at diagnosis) has on clinical outcome (EFS v Event) (top)

Micronutrient B SE p Odds- 95% CI for Odd- R*
concentration Ratio Ratios
Lower Upper
Vitamin A* 0.256 0.549 0.641 1.292 0.440 3.791 0.06
pmol/L
Vitamin 0.109 0.189 0.565 1.115 0.770 1.614 0.009
E/Cholesterol
pmol/L
Vitamin B12 -0.001 0.001 0.523 0.999 0.997 1.001 0.01
ng/L
Copper umol/L 0.133 0.054 0.01 1.143 1.028 1.270 0.17
Selenium pmol/L -4.153 1.625 0.01 0.016 0.001 0.380 0.24
Zinc umol/L -0.104 0.107 0.334 0.902 0.731 1.112 0.04
Magnesium -3.343 3.083 0.278 0.035 0.000 14.884 0.02
mmol/L
*R value Nagelkerkel.

Table 4. Logistic regression analysis to establish the likelihood that Selenium and Copper
concentration (at diagnosis) has on clinical outcome (EFS v Event) taking into consideration
predictors from univariate analysis (p<0.01) (bottom)

Micronutrient B SE p Odds- 95% CI for Odd- R*
concentration Ratio Ratios
Lower Upper

Selenium pmol/L -3.89 19 0.04 0.02 0.0004 0.8810 0.33
BMI Z-score -0.38 0.26 0.1 0.69 0.415 1.136
Decimal age -0.07 0.09 0.4 0.92 0.771 1114
Copper pmol/L 0.11 0.06 0.06 111 0.993 1.244 0.27
BMI Z-score -0.31 0.27 0.2 0.73 0.432 1.233
Decimal age -0.14 0.10 0.1 0.87 0.709 1.058

*R value Nagelkerkel.
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732  Table 5. Multilevel analysis showing the impact of micronutrient concentration on the number of
733 complications in paediatric cancer patients at different time points

734
735 Complications during treatment
Variables B t 95% CI P
736
At diagnosis
737 Intercept 6.4 35 2.7-99 0.001
738 Magnesium 5.1 2.9 8.7 (-16) 0.006
739 Zinc 0.07 1.9 -0.002 - (0.15) 0.06
740 Copper -0.06 2.0 -0.13 - 0.0002 0.05
Selenium -1.2 -2.1 -2.9-(-0.04) 0.04
741
Vitamin E/Ch 0.3 2.2 0.03-0.51 0.03
742 Vitamin A 0.4 11 -0.30-1.03 0.3
Vitamin B12 <-0.01 -1.2 -0.001 — 0.0003 0.2
743
3 months
744 Intercept 49 2.7 057 1044 0.05
745 Magnesium -3.2 -1.4 -7.76-1.33 0.1
zinc 0.07 0.9 -0.09 - 0.25 0.4
746 Copper 0.001 0.02 0.10-0.11 0.9
747 Selenium -3.9 -4.2 -5.57 — (-2.02) <0.001
Vitamin E/Ch 0.05 0.4 -0.21-0.32 0.7
748 Vitamin A 0.9 3.2 0.34-1.54 0.003
749 Vitamin B12 <0.01 15 -0.0002 - 0.001 0.1
12 months
730 Intercept 4.7 2.8 1.24-8.11 0.01
751 Magnesium -8.1 -4.6 -11.66 — (-4.46) <0.001
zinc 0.01 -0.6 -0.06 —0.04 0.6
752
Copper -0.02 -0.5 -0.10-0.06 0.6
753 Selenium -2.3 -2.4 -4.10 — (- 0.34) 0.02
Vitamin E/Ch 0.3 1.6 -0.08 - 0.64 0.1
754 T
Vitamin A 0.6 2.1 -0.007-1.11 0.05
755 Vitamin B12 <0.001 0.1 -0.002 - 0.0002 0.09
756 Only statistically significantly time points from the multilevel model have been presented here.
757
758
759
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Figure 1. Flow diagram showing patient’s accrual and sample availability

Reasons for refusal: n=15 too stressful; n=1
parents felt child was too young; n=1 child
refused; n=2 child’s behaviour issues

Reasons: n=11 insufficient sample; n=3 no
routine bloods; n=6 laboratory issues

Reasons for loss to follow up: n=2 deceased;
n=2 palliative; n=1 no appointments; n=2
treatment outside reach; n=7 insufficient

sample; n=16 patient too ill

Reasons for loss to follow up: n=3 deceased;
n=2 palliative; n=14 treatment outside reach;
n=13 no routine bloods; n=5 laboratory issues

Reasons for loss to follow up: n=3 deceased;

n=2 palliative; n=8 treatment outside reach; n=1

no appointments; n=17 no routine bloods; n=6
laboratory issues

Eligible patients Refused to participate
N=101 N=19
[
Baseline Samples available
N= 82 N=62-75 I
¥
3 months Samples available
N=82 N= 57 - 68
1
6 months Samples available
N=73 N= 36— 40
1 2
9 months Samples available 5
N=65 N=28 - 30
1 2
12 months Samples available
N=55 N=22-24
¥
18 months Samples available
n-=47 N=19-20

Reasons for loss to follow up: n=4 deceased;
n=2 palliative; n=7 treatment outside reach;
n=17 no due routine bloods; n=3 laboratory

issues
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Reasons for loss to follow up: n=4 deceased;
n=2 palliative; n=7 treatment outside reach;
n=12 no routine bloods; n=3 laboratory issues
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Figure 2. Patient’s follow up at each time point and number of patients having had each type of measurement.

Time point Patients Drop BMI BIA Plasma Plasma Plasma Plasma Plasma Plasma Plasma Dietary

availability = Outs* vitamin vitamin E/Ch wvitamin B 12 Copper Magnesium Selenium  Zinc  intake
A

Diagnosis 82 0 81 60 64 63 62 67 75 66 63 77

(baseline)

3 months 82 6 75 56 61 57 63 60 68 60 56 75

6 months 73 19 54 38 39 39 39 39 40 39 36 54

9 months 65 14 51 37 30 30 30 31 29 31 28 51

12 months 55 14 42 30 24 24 22 24 24 24 23 42

18 months 47 13 34 28 20 20 19 19 20 19 19 34

*Drop outs due to: deceased patients, palliative treatment, treatment given in centres other than RHSC, Edinburgh and Ninewells Hospital, Dundee and

patients who missed appointments.
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Figure 3. Micronutrient intakes of paediatric cancer patients with data stratified by type of nutrition

treatment.
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Figure 3a. Vitamin A and vitamin B12 intakes; Figure 3b. Zinc and Selenium intakes; Figure 3c. Copper and
Magnesium intake.
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790  Figure 4. Micronutrient concentration of paediatric cancer patients with data stratified by type of
791  nutrition treatment
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794

795  One way ANOVA test; p=0.04, 95% CI (-1.3 to -0.14); p=0.05, 95% CI (-1.7 to -0.15); p <0.01, 95% CI (169 — 743);
796  p=0.01,95% ClI (-7.84 t0 -0.67)
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