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Background: Children with cancer are at risk of treatment related gastrointestinal toxicity

and malnutrition. Intestinal dysfunction may preclude or limit use of enteral nutrition and

sy

parenteral ition (PN) may be required. Published indications for PN use in children with
cancer ar non-specific. We sought to describe patterns of use, indications and
H

frequency®of PN prescription in children with cancer and propose indicators to guide

appropria@e.

Methods: ective chart review of children with cancer receiving inpatient PN in a

tertiary referral’paediatric hospital over 12 months, performed using electronic medical
record sej paper records. Data was summarised using descriptive statistics.
Results: P@rescribed to 88 patients in 111 episodes. Total use (2377 days)

represent f annual inpatient days in all children with cancer. Primary clinical
indications'we ucositis (40%), feed intolerance (29%), post-operative (16%) or ‘other’
(15%) whic ed nasogastric tube refusal (n=6). Patients with haematological cancer
had lo episodes (19 vs. 12.5 days) and earlier commencement of PN after
diagnosis SO vs. 80 days) than children with non-haematological cancer. Most PN episodes

(74%) gre0 28 days were in children with Haematopoietic Stem Cell Transplant

(HSCT).

1

Conclu jent PN use is common in childhood cancer. Indications include mucositis,

{

feed int and surgical management. Patterns of use are influenced by cancer

t

diagnosis and tre@tment type, with greater use in children with haematological cancer and

HSCT. | understanding and specific indications may guide appropriate PN

A

prescription, ise unnecessary risk, cost and inconsistency in care.
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Clinical Relevancy Statement:

Parenteral nutrition (PN) use is common in children with cancer, particularly in children with

e iy

HaematopgietiggStem Cell Transplant. Improved understanding of current practices in PN
prescripti associated challenges in children with cancer is important and can
H

guide dev@lopment of specific clinical tools for appropriate PN use in this high nutritional
risk popu@These findings are clinically relevant to avoid unnecessary risk of PN
associatetmications, optimise nutritional outcomes and patient experience, avoid
additional cost” for health services and improve consistency of patient care between

-
C

services.

Introducti

Children w cer are at risk of gastrointestinal toxicity related to treatment such as high
dose chemo y, Haematopoietic Stem Cell Transplant (HSCT) or total body irradiation.
The s e is particularly susceptible to damage and its critical role in energy and

fluid hoistasis may be impaired, leading to intestinal insufficiency. Following removal or

recovery insulting agents, rapid enterocyte turnover wusually allows the
gastrointes ract to replenish itself and restore function towards normal. In many cases,
reducti i t absorptive function does not require intravenous nutritional

suppleWhowever enteral nutrition (EN) support may be required.’ EN is currently
recommended ;the first line nutritional intervention in children with cancer with a
function ointestinal tract’® and has been shown to be safe, with positive outcomes
for weight intenance and reversal of malnutrition in children undergoing

chemotherapy®*® or HSCT.”*
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Some children with cancer have severe or protracted intestinal dysfunction. Intestinal

failure occurs when gut function falls below the minimum necessary for the absorption of

macronutm/ or water and electrolytes and parenteral nutrition (PN) may be

required nergy, fluid and electrolyte requirements and prevent or correct
H

malnutriti@n.’ Under-recognised or persistent gastrointestinal tract damage can lead to

malnutriti@n, pralonged hospitalisation, reduced quality of life, increased risk of infection,

G

10-11

PN relatedgoggpiications and delayed chemotherapy doses. Published indications for PN

in children with cancer are generally non-specific**™

and nutrition support practices in
children mer vary widely between institutions.>**>"*® This can make decision-making
regarding!ppropriate PN use in clinical practice challenging for clinicians, especially when a

dedicatedmn support team is not available. Furthermore, clinical tools designed to
sific

assist clas n of common gastrointestinal symptoms in cancer and guide nutritional

interventionEot validated in children and their use may be limited by the subjectivity of
gastroi mptoms in children and challenge of elucidating symptoms in preverbal

children.!

9
There is agr well-planned future multicentre prospective studies comparing EN and

PN useﬁring outcomes in different subgroups of children with cancer. A Cochrane

review i und limited evidence to support PN as more effective for weight gain than

EN in weII-nour';;ed children with cancer undergoing chemotherapy, but identified the
need fc{dies in this area.'” Weisdorf and colleagues reported earlier engraftment
in adults and ren undergoing HSCT with prophylactic PN compared with clinically
indicated nutritional support but no overall benefit when other outcomes were considered

and this beneficial marrow recovery effect was not supported in a subsequent study by
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20,21

Yokoyama. When compared to PN, benefits of EN include lower infection risk, less

monitorini bloods required, less cost, easier administration in an outpatient setting and

provision tial trophic factors to maintain the gastrointestinal mucosa. 1422

I
Children Wiith cancer are a common referral group for PN however current patterns of use in

this popul@ poorly described and published indications for PN in children with cancer

are genermspecific.1214 The aims of this study were to describe patterns of use,

indications and frequency of PN use in children with cancer at a large tertiary paediatric
referral cgh a specialised nutrition support service and to propose clinical indicators

for approgriate PN use in this population.

Methods m

A retrospec art review was performed of all children with a diagnosis of cancer who
receiv PN between August 2017 and August 2018 in a large tertiary paediatric
referral cgtre. Patients were identified using a search tool of the electronic medical record

and archi patient lists from the nutrition support service. Patients undergoing

oncologica ment e.g. HSCT but with a non-cancer primary diagnosis (e.g. primary

immur@) were excluded.

Clinical inform;;' n was recorded from individual electronic medical records. Demographic
detailsqge and gender. Clinical details recorded included cancer diagnosis, date of
diagnosis, da HSCT and / or death where applicable. Details recorded for each episode
of PN use included: clinical indication, duration of episode, type of nutrient solution

(standard hospital or individualised [modified electrolyte, vitamin, mineral or macronutrient
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content]), type of lipid solution used (standard lipid used in our hospital is SMOFlipid,

Fresenius Kabi Australia), presence of hypertriglyceridemia (defined as triglyceride level >

3mmoI/L)Qe!'aboratory Confirmed Bloodstream Infection (LCBI) during an episode of PN

use. LCBI r classified as central line associated bloodstream infection (CLABSI),
N

mucosal rier injury or common commensal according to the VICNISS CLABSI surveillance

module b<sed o, the US CDC National Healthcare Safety Network (NHSN) patient safety

componerm

Clinical inE for PN use were recorded from the medical record. Feed intolerance was

2
e

defined agisevere vomiting and/or diarrhoea limiting the ability to grade up oral or enteral

intake to imated energy and fluid requirements. Appropriateness was assessed
(o)

based on n Society of Paediatric Gastroenterology, Hepatology and Nutrition

(ESPGHANE E’nes.27 Other clinical information recorded included use of EN and
presen weight loss at the time of referral for PN.

L

Data wer arised using descriptive statistics and analysed by underlying diagnosis
(haematolo versus non-haematological cancer) and presence of HSCT (HSCT versus non-
HSCT).@VG variables were presented as mean, median and range. All categorical
variable escribed by absolute and percentage frequencies.

The sttq)d approval from the hospital’s human research ethics committee (HREC
QA45729RC 18-151532(v1)) which complies with the National Statement on Ethical

Conduct in Human Research (2007) and all updates.
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Results

PN was prescribed to 88 patients (n=47 haematological cancer) in 111 episodes. The most

{

frequent ological cancer diagnoses were: Acute Lymphoblastic Leukaemia (n=20),
Acute M aemia (n=11) and Lymphoma (n=6). Common non-haematological
H

cancer didgnoses (n=41, 47%) included: Neuroblastoma (n=8), Wilms (n=5), Osteosarcoma
(n=4) and<entra>-uervous system tumour (n=4). Over one third of patients received a HSCT
(n=35, 40%). majority of these were allogenic transplants (n=25). Table 1 summarises

demographics of the study population.

Total dur‘ion of all PN use in children with cancer over 12 months was 2377 days. The

majority omts had 1 episode of PN use (n=69, 78%) and the remainder had 2 episodes
o/,

(n=15, 179 isodes (n=3, 4%) or 4 episodes (n=1, 1%). Over two third of patients with
multiple epli of PN received a HSCT (13/19, 68%). The majority of PN episodes greater
than 2 tion occurred in children who received HSCT (17/23, 74%).

Primary clj dications for PN use were mucositis (n=44, 40%), feed intolerance (n=32,

29%) and pOSt=Operative management (n=18, 16%). Remaining episodes (n=17, 15%) were

attribu&er’ indications: conservative surgical management (n=7); aspiration (n=1);

malnutw patient / parent refusal of nasogastric tube (NGT) or EN (n=7) or NGT

3

contraindicated /n=2). In children with a non-haematological cancer, post-operative
manage as the most common clinical indication for PN use (39%). PN indication was
considered inaPropriate according to ESPGHAN recommendations in 11% of episodes
(n=12); n=6 were associated with NGT refusal (all patients undergoing stem cell transplant).

Six episodes had no /inadequate trial of EN.
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Table 2 and Table 3 summarise features of PN use according to the underlying cancer

diagnosis der the patient received HSCT, respectively.

N
The use ofindividualised nutrient solution was common in children with cancer (n=45, 41%).

E

Most reas@ndividualised nutrient solution included electrolyte modifications. Almost

all lipid pmons were for hospital standard lipid (SMOFlipid, Fresenius Kabi Australia)
(n=109, 98%) and only two patients were prescribed an alternative fish-oil based lipid
solution bmf concern about Intestinal Failure Associated Liver Disease.

-

Weight Iom time of referral for PN was common (n=38, 34%). EN was being used at
0 o)

the time mmencement in 49% of episodes (n=54) with no identifiable trend in

differer§pending on underlying diagnosis or presence of HSCT.

HypertrigSeridemia occurred at some point during 41% of PN episodes (n=46) and was

more com children with haematological cancer (52%, n=34) or those with HSCT (46%,

n=24) than ren with a non-haematological cancer (26%, n=12) or no HSCT (37%, n=22).
L

The ove of LCBI in children with cancer on PN was 5.0 per 1000 PN days (n=12)

which included 5ucosal barrier injury (n=4), CLABSI (n=2) and common commensal (n=4).

LCBI rat igher in haematological cancer (6.8 per 1000 PN days, n=10) versus non-

haematologic ncer (2.2 per 1000 PN days, n=2).

This article is protected by copyright. All rights reserved.



Discussion

Inpatient PN use is common in children with cancer and represented 24% of total inpatient

days in all gl with cancer (excluding day admissions) in our tertiary referral paediatric

centre (in . PN is required by a heterogeneous group of paediatric cancer patient
H

and the diStribution of underlying cancer diagnosis for PN users in our population (53%

haematol@gical c@ncer, 47% non-haematological cancer) was similar to previously published

C

results.’

Children vaﬂatological cancer had longer median episode duration (19 vs. 12.5 days)

and earlie!commencement of PN after diagnosis (50 vs. 80 days) than children with non-

haematologi ncer. Earlier use may reflect gastrointestinal toxicity from high dose
ri

induction hemotherapy regimens used for haematological cancers. The overall high
number of p s with non-haematological cancer who were prescribed PN was initially
surpris “Analysis of the clinical indications revealed a large proportion of these

patients (3©%) were prescribed PN as part of post-operative management (following tumour
resection)Qiffered from the most common indicators in haematological cancer
(mucositis, intolerance). Decisions about post-operative nutritional support can be
challen@fluenced by multiple variables including challenge of predicting

anticipa n of gut function, limitations associated with traditional nutritional
assessment parameters e.g. weight and differing individual management approaches
betwee ns. Hence, determining the appropriateness of PN prescription in some

post-operativ ients was difficult given the retrospective nature of this study.
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PN is indicated when gut function falls below the minimum necessary for the absorption of

macronutrients and / or water and electrolytes and oral intake with EN is unable to sustain

growth an Y requirements.1 The most common indications for PN use in children with
cancer id ur study were mucositis and feed intolerance, similar to a previous
H

large audi§ of overall indications for paediatric PN use.'® However, clinical spectrum of
mucositis<s bro,ﬁ and it is important that clinicians caring for children with cancer are

aware thwll patients with mucositis require PN. Patients with mild to moderate
may be

mucositis able to be effectively managed with oral nutrition or EN. Use of an
elementarjse free formula with reduced long chain triglycerides provided as
continum! enteral feed may maximise chances of absorption and enteral tolerance in

children \m‘cer.16 We identified a paucity of documentation of details or grade of
t

mucositis i edical record, hence limiting determination of the severity of mucositis in
most patie ich was a limitation of this retrospective study. We acknowledge that
clinical n of mucositis in the paediatric population can be challenging. Validated

clinical to!s from adult oncology populations are not always appropriate to be used in this
group. N arkers such as citrulline may have a future role assisting classification of

mucosal ba Injury severity and monitoring trends of cumulative small intestinal damage

30-32

and pr intestinal recovery in complex paediatric oncology patients.

th

Differentiation ween intestinal mucositis and feed intolerance in clinical practice can be

J

challen clinicians. This study separated mucositis and feed intolerance as clinical

A

indicators an y recorded a single primary clinical indication for each episode of PN use

using available information from the medical record. However, we acknowledge that there

This article is protected by copyright. All rights reserved.



may be overlap and common symptoms between the two conditions, hence potential

misclassification is a limitation of our retrospective study.

Children \gare exposed to many risk factors for gastrointestinal toxicity and have a

H
high nutrifional risk. Clinicians may face many challenges when determining whether PN is

E

appropriagely in@licated in their patient and when it should be commenced. Current

G

nutritionawrt algorithms in children with cancer are generally non-specific with

respect to PN "indications and published indications for PN use in general paediatric
populatiost always account for the high nutritional risk of this group and its dynamic

course dx!ing cancer treatment. Intestinal insults and malnutrition are frequent and

supplemem of PN may be indicated at times e.g. when significant malnutrition or
ss'e

weight lo or in the presence of gastrointestinal tract dysfunction limiting enteral
tolerance. igg current literature available on PN use in children with cancer and the
finding study, we propose specific clinical indications to guide appropriate

prescriptis of PN in children with cancer (Figure 1). We plan to integrate these specific

indicatorste into a clinical tool to support appropriate decision making for PN use in

this popula in our hospital and intend to prospectively reaudit PN use following

implenﬁf the tool.

=

All patients (n=8) prescribed PN in the context of NGT refusal and 75% of episodes of

inappro use based on clinical indication (9/12) were patients receiving HSCT,
reflecting cha es associated with nutrition support provision in this group. The presence

of a central venous access device (CVAD) for chemotherapy may deter patients or parents

from accepting nasogastric or gastrostomy insertion for EN as it is viewed as an unnecessary

This article is protected by copyright. All rights reserved.



and additional procedure when PN could be provided through an existing CVAD. Further,

delayed, inadequate or inconsistent provision of information on nutrition support to parents

or carers mdiagnosed with cancer may also contribute to reluctance around NGT

or EN an ary or inappropriate PN use.”* When appropriate nutrition support
H

clinical patQways are not in place or decision outcomes are not clear, children undergoing

HSCT ma@niss ‘windows of opportunity’ for NGT insertion immediately pre or post

HSCT befwmcant neutropenia and thrombocytopenia develop. Information on
u

nutrition support options should be provided and discussed at the time of consent for HSCT
and clinici nse to parent or patient refusal of NGT or EN should be well thought out,
informed fand consistent within teams. There is a role for further research exploring
clinician, d patient understanding of EN and PN use during HSCT and development

of targeted“ed®€ation and decision aids to help standardise care between clinicians and

different paE’c cancer units.

HypertrigSeridemia was common and is influenced by critical illness, sepsis, malnutrition,

medicationing steroids, underlying liver disease in addition to PN. Repeated with-

holding of in the context of high triglyceride levels with concurrent minimal oral /
enterali at malabsorption may increase risk of essential fatty acid (EFA) deficiency
and abn profiles have been documented in patients undergoing HSCT.>* Fat intake

should be ass;ed for minimum recommended dosage to prevent EFA deficiency
(0.1g/k and where there is concern about insufficient intake, measurement of EFA

profile and / or@@sage adjustments should be considered.

This article is protected by copyright. All rights reserved.



Children with cancer account for about one quarter of annual inpatient PN use in our large

tertiary referral centre (internal data). PN is a costly therapy (AUD $168 per litre per day for

inpatientsmpared with other forms of nutrition therapy. Improved understanding

of deman e in specific groups is an important consideration in decisions about
H

resource ad budget allocations. Effective use of PN requires access to trained specialist

nutrition §Uppor@staff and appropriate training programs for clinicians caring for children

with cancmid unnecessary risks to patient safety and cost to hospitals.

Patterns om are strongly influenced by cancer diagnosis and treatment pathway with
highest ui in children with haematological cancer and HSCT. There is a need for well-
planned f Iticentre prospective studies comparing EN and PN use in high risk

groups. Appropfateness of PN use should be assessed and is important to minimise
unnecessarEf complications, optimise nutritional outcomes and patient experience,
avoid st for health services and improve consistency of care between services.
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Table 1. Dem hics of study population.
Haematopoietic
Demographic feature All children with Haematological Stem Cell
s cancer cancer Transplant
n (%) n (%) n (%)
Total numbg@&figatients 88 (100) 47 (53) 35 (40)
Mean age 7.3 8.7 7.9

Gender

; Male 49 (56) 27 (57) 23 (71)
Female 39 (44) 20 (43) 12 (34)
Patient de 8(9) 4(9) 4 (11)

{

AU
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Table 2. Features of parenteral nutrition use by underlying diagnosis.

Non-

Feature ofgparenteral nutrition use Haematological haematological
“ cancer, cancer,

n [range] (%) n [range] (%)

Total patie 47 (53) 41 (47)
Total PN episodes 65 (59) 46 (41)
Mean PN ¢ er patient 1.4 [1to 4] 1.1[1to 3]
Total days 1466 911

Median daysgoergRN episode
Duration offPN epiSode

19 [3 to 108]

12.5[2 to 133]

Less than 3 days 0(0) 1(2)

3-5 days 9 (14) 6 (13)

w 6-14 days 12 (18) 19 (41)
15-28 days 23 (35) 15 (33)

: 29-90 days 20 (31) 3(7)
Greater than 90 days 1(2) 2 (4)

Median tinlé from diagnosis to first PN episode (days) 50 [-1 to 475] 80 [-2 to 198]
Use of sta pital nutrient solution 35 (54) 31(67)
PN, Parente jtion.

Ma

Table 3. Features of parenteral nutrition use by presence of haematopoietic stem cell

transplans

. Haematopoietic No Haematopoietic
Feature o @ ral nutrition use Stem Cell Stem Cell
Transplant, Transplant,
C n [range] (%) n [range] (%)
Total patj 35 (40) 53 (60)
Total PN episodes 52 (47) 59 (53)
Mean PMper patient 1.5[1 to 4] 1.1[1to 2]
Total days p 1443 934
Median days per PN episode 24 [3 to 108] 11 [2 to 133]

Duration o Isode
Less than 3 days 0 (0) 1(2)
3-5 days 5(10) 10 (17)
6-14 days 9(17) 22 (37)
15-28 days 19 (36) 19 (32)
29-90 days 17 (33) 6 (10)
Greater than 90 days 2 (4) 1(2)

Median time from diagnosis to first PN episode (days)
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118 [15 to 475]

50 [-2 to 308]




PN episodes commencing pre-HSCT 13 (25) -

Median start of PN commenced post-HSCT (day post HSCT) 2 [1to 105] -
Use of standard hospital nutrient solution 25 (48) 41 (69)
HSCT, Hae Stem Cell Transplant; PN, Parenteral nutrition.
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Figure 1 w Proposed specific clinical indications to guide
appropriate prescription of parenteral
EN contraingagnd unlikely to meet >50% energy requirements through EN + oral within 5 days
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