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1. Abstract
1.1. Background

There are many areas of improvement within paediatric oncology, especially concerning the safety
and efficacy of drugs used within this field. The thesis will focus on two areas of improvement: the
delivery of antibiotics through elastomeric devices and the use of novel biomarkers to measure

cisplatin-induced nephrotoxicity.

1.2. Aims
To identify names of antibiotics that have been evaluated to be delivered in elastomeric devices

within a paediatric population and to investigate the relationship between urinary NGAL and

cisplatin-induced nephrotoxicity amongst a paediatric population.

1.3.  Methods

In terms of methodology, for the evaluation of antibiotic delivery through elastomeric devices
amongst a paediatric population, a systematic review was performed (using PRISMA methodology),
and for the evaluation of urinary NGAL to measure cisplatin-induced nephrotoxicity, pre-existing
“PINGU” study data was collected and analysed to make correlations between urinary NGAL and

both demographic and other urinary variables.

1.4. Results
In terms of the results discovered from the systematic review, three full-text articles were identified

from our search strategy, covering seven antibiotics (ceftazidime, tobramycin, ciprofloxacin,
piperacillin-tazobactam, flucloxacillin, amikacin and gentamicin) that have been evaluated to be
used through an elastomeric device for a paediatric population. In terms of the efficacy of antibiotics
delivered through elastomeric devices in a paediatric population, one study reported that 76% were
cured of their infection, with 18% having “partial improvement” and 6% experiencing “treatment
failure” (see Table 2 for definitions of terms contained within quotation marks), whilst the other
study shows both continuous (10.6%) and short (10.1%) infusion treatments delivered through
elastomeric devices yielded similar mean increases of FEV; in a cohort of paediatric cystic fibrosis
patients. In terms of the safety of these devices, only one study provided data specific to the adverse
events caused by elastomeric devices, where only one child out of 34 paediatric patients

experienced an elastomeric device failure.

In terms of the results from the analysis of PINGU data, 21 patients were included within the study,
yielding a total of 394 urine samples, where urinary NGAL did not show a significant association with
cisplatin use, where baseline (day 1, pre-dose) values are often being measured with the highest

mean urinary NGAL levels.
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1.5.  Conclusions
It should be noted that although there is an abundance of OPAT and p-OPAT data in previous

literature, there is a surprising lack of data regarding antibiotic delivery through elastomeric devices
amongst a paediatric population. Additionally, there is a lack of clinical pharmacokinetic data
regarding this topic. Although the results contained within the PINGU study are negative, previous
studies have noted mixed results, where there seems to be a recommendation to focus on
confounders and other variables that can potentially skew urinary NGAL to impair/promote the
detection of cisplatin-induced nephrotoxicity, where an emphasis has been made for larger

paediatric studies, when concerning future studies.
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2. Disruptions caused by COVID-19 and other events

Originally, one of the aims of the MPhil was to progress with the ongoing POPPET (Pharmacokinetics
of continuous infusion of Piperacillin/Tazobactam in children) study by obtaining blood samples for
Piperacillin/Tazobactam concentrations from pre-consented paediatric oncology patients that have
presented with febrile neutropaenia and determining the concentrations of Piperacillin/Tazobactam
achieved when administered by continuous infusion through an elastomeric pump, however, the
planned continuation of the study was deemed unfeasible due to an unprecedented pharmacy crisis
(an explosion in the Alder Hey pharmacy that disrupted production of elastomeric devices) and the
COVID-19 pandemic which deemed the study as a lower priority study. Due to the initial project
being motivated by paediatric oncology, | was given the opportunity to perform data analysis on pre-
existing data from the PINGU study, which aims to correlate the incidence of AKIl and the use of
chemotherapeutic drugs amongst a paediatric oncology population. Thus, combining these two
projects, | hope to be able to shed some light on the safety and efficacy of both antimicrobials and

chemotherapeutic drugs amongst a paediatric population.

With regards to data collection and data analysis of the pre-existing data from the PINGU study, the
COVID-19 pandemic limited my time within the hospital which affected the data collection, where a
significant proportion of my time was spent on finding data amidst hundreds of paper documents
(case report files and patient records), where most of the data required for analysis was not on the
Meditech database. Moreover, although attempts were made to find all pre-existing PINGU data,
some of this data was missing (e.g., pre-dose creatinine values), which had a direct impact on the
analysis of the PINGU data, especially when concerning patient demographics and their p-RIFLE
stage. Furthermore, access to statistical analysis training was limited due to the COVID-19 pandemic
and time constraints from restricted hospital access and the prospect of data cleaning mentioned

previously.
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3. Introduction

3.1. Cancer in children and young people

3.1.1. Paediatric cancer statistics
Childhood cancer is relatively rare, arising in just one out of 500 children by the age of 14, equating

to around 1900 new cases being diagnosed each year in the UK (1). In the UK, childhood cancers
account for fewer than 1% of all cancers; however, this figure has risen by 15% since the mid-1990s
(1). Leukaemia and various brain tumours compromise the most common types of childhood cancer,
with acute lymphoblastic leukaemia (ALL) being the most common form of paediatric cancer (1). This
contrasts with adults, where leukaemia is the 12™" most common cancer amongst adults, with breast

cancer being the most common (2).

Fortunately, over 80% of young people (81% for males and 84% for females) diagnosed with cancer
survive their disease for at least five years, according to statistics for 2001-2005 in the UK (3, 4). In
contrast, the five-year predicted net survival of adults in the UK that have developed some form of
cancer (excluding non-melanoma skin cancer) is 54.3%, according to a document published by
Cancer Research UK in 2014 (5, 6). Moreover, since the early 1970s, mortality rates for childhood
cancers have declined by 70%, with a 25% reduction in mortality rates over the past decade,
showing how crucial cancer research is and its potential to reduce the mortality rate of children's
cancer (1). Although children's cancer survival does not variate with age as much as cancer amongst
adults, certain paediatric cancers have better survival rates at specific ages (1). Regarding risk factors
of childhood cancers, lifestyle hazards potentially have a lower influence on childhood cancer
relative to adult cancers; however, research on childhood cancer risks is scarce due to the relative
rarity and diversity for this group of cancers (1). However, one of the most common environmental
causes of developing childhood leukaemia is radiation exposure, which can be significantly affected
by their current and past geographical locations (7). With regards to one of the more prevalent
forms of paediatric cancers, leukaemia; hereditary abnormalities such as Down syndrome, Li-
Fraumeni syndrome, and Wiskott-Aldrich syndrome are common genetic causes of acquiring

childhood leukaemia (7).

3.1.2. UK paediatric cancer services
The Children's Cancer and Leukaemia Group (CCLG) is the UK and Ireland's specialist medical group

representing all of those involved in the health care for children and young people with cancer (8).
They are responsible for developing the national clinical treatment guidelines ensuring paediatric
oncology patients with effective, safe, and standardised care (9). The CCLG states, "where possible,
children with cancer are treated on clinical trials. However, the nature of research means that there

will not always be open trials for some childhood cancers and using treatment guidelines is vital for



24 August 2021

ensuring equality of access to what is regarded by national experts as the best possible treatment
currently available" (9). Clinical trials form a large part of the progress of children's cancer treatment
over the last few decades, and considering that a significant proportion of all children and young
people with cancer will be treated on clinical trials, many clinical trials for the treatment of children's
cancer and leukaemia have been nationally adopted through the National Institute for Health and
Care Excellence (NICE), which directly promotes standardisation and efficacy of care for children and
young people with cancer. Members of the CCLG regularly review treatment recommendations and
guidance to cover all the typical children's cancers, including leukaemia (9). National experts (usually
members of CCLG Special Interest Group) write guidelines for their respective fields within each
cancer type, where their recommendations and guidance are drawn upon the evidence presented
from treatment protocols and international research to ensure that their guidance is consistent with

the international standard of care (9).

In terms of the organisation of paediatric oncology services in the UK, children and young people are
often seen in both primary (GP) and secondary care (local hospital) setting prior to hospitalisation,
where there is a network of tertiary specialist centres called Principal Treatment Centres (PTCs),
which are responsible for the diagnosis and treatment of children's cancer (10). According to
national NHS guidance, all children and young people must be referred to the PTCs if cancer is
suspected (10). There are a total of 19 regional PTCs, and in most regions, PTCs may share care with
units within local hospitals known as Paediatric Oncology Shared Care Units (POSCU), where the
shared care will be managed through a multidisciplinary team (MDT) coordinated by the PTC (10).
MDTs are led by a consultant paediatric oncologist/haematologist who specialises in the treatment
of childhood cancers or leukaemia and can also include other medical professionals such as
paediatric surgeons, radiographers, nurse specialists, pharmacists, dieticians, physiotherapists,
occupational therapists, psychologists, and social workers (11). MDTs meet weekly to discuss newly
diagnosed children, clinical trials, treatment options and any situations involving patients or their
families, considering whether they need additional support (11). Furthermore, for some rare or
difficult-to-treat cancers, MDTs may also occur at a national level to amass as much expertise and
experience as possible from leaders of their specific fields, which ensures that the patient receives

the best possible care, and the team provides more consistent decision-making (12).

3.1.3. Drugs used to treat common cancers within paediatric oncology
Therapies using drugs are also known as systemic therapies, where a specific type of medication is

given through the bloodstream to reach cancer cells throughout the body (13). Systemic therapies
are primarily administered either intravenously (1V), orally, intrathecally or intramuscularly, where

these types of therapies include: chemotherapy and immunotherapy (13, 14). A patient may receive
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one type of systematic therapy as their treatment, a combination of systemic therapies or be on a

treatment plan that includes some combination of systemic therapy, radiotherapy, and surgery (13).

3.1.3.1. Chemotherapeutic, immunotherapeutic, and targeted cancer cell drugs

3.1.3.1.1. Acute lymphoblastic leukaemia
Acute lymphoblastic leukaemia (ALL) is the most common cancer affecting children and young

people with cancer (15). With regards to this disease, common chemotherapeutic drugs used to
treat ALL are dexamethasone (a glucocorticoid essential for the treatment of ALL),
cyclophosphamide, cytarabine, daunorubicin, doxorubicin, mercaptopurine, methotrexate,
pegaspargase (recommended by NICE for first-line treatment of ALL) and vincristine (14, 16, 17).
Based on various characteristics, including the patient's age, white cell count, and the results of
blood and urine tests performed at the time of diagnosis, the patient will be assigned to one of three
treatment regimens (14). Regimen A is the least intensive therapy and is typically used as the initial
treatment plan for children under ten and those with a low white cell count when diagnosed with
ALL (14). Regimen B is a treatment regimen that falls between Regimen A and Regimen C in terms of
severity. It is recommended for children over the age of 10 and for those with a higher white cell
count initially diagnosed with ALL (14). Regimen C is the most intensive of the three regimens; it is
not employed at the start of therapy but rather when there is some failure in clearing enough of the
leukaemia cells after the first part of regimen A or B (14). Advancement to regimen C occurs typically
when patients have a high risk of minimal residual disease (MRD) at the end of their induction phase,
and once a patient has been transferred to regimen C, they will not be returned to regimens A or B.
(14). The total length of treatment is over two years, with five phases (induction, consolidation,
interim maintenance, delayed intensification, and maintenance), with the induction phase being the
most intensive (patient will need to remain in the hospital for at least a week or two) and
maintenance phase being the least intensive (potentially well enough to adhere to a normal routine)

(14).

However, ALL can return during treatment or even after treatment has finished, also known as
relapse (14). Fortunately, if the relapse occurs during the late stages of chemotherapeutic treatment
or after the treatment regimen, the probability that a patient can be treated successfully again is
increased (14). Treatment for relapsed childhood ALL includes stem cell transplants and CAR-T
therapy (a form of immunotherapy) (14). With regards to CAR-T therapy, NICE recommends
tisagenlecleucel for treating relapsed or refractory B-cell acute lymphoblastic leukaemia (the most

common type of ALL) aged up to 25 years old (17).
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3.1.3.1.2. Astrocytoma
Over 40% of all brain and spinal cord tumours in children and young people are astrocytomas,

making astrocytomas the most common brain and spinal cord tumour in this population group (18).
When considering treatment options of astrocytomas, there needs to be awareness about the four
different types of astrocytomas: pilocytic astrocytoma (grade 1), diffuse astrocytoma (grade 2),
anaplastic astrocytoma (grade 3) and glioblastoma multiforme (grade 4) (18). Low grade
astrocytomas are classified as grade 1 and 2, whereas high grade astrocytomas are classified as
grade 3 and 4 (18). Around 80% of all astrocytomas are low grade astrocytomas, which generally
have a better prognosis to those who suffer from high grade astrocytomas (18). For low grade
astrocytomas, the main course of treatment is surgery, which intends to remove as much of the
tumour as possible. However, there are instances where this might not be possible; for example,
surgery can cause irreversible injury to surrounding healthy brain tissue that other less invasive
therapies such as radiotherapy, proton beam therapy and chemotherapy can be used as alternative
therapies (18). For high grade astrocytomas, the curative possibilities of surgery are significantly
decreased, and if surgery is still a potential treatment option, child patients are likely to receive
additional treatment (radiotherapy, chemotherapy, targeted cancer cell therapy) or some

combination of these therapies (18).

With regards to astrocytomas amongst children and young people, common chemotherapeutic
drugs used to treat this disease are cyclophosphamide, vincristine, cisplatin, etoposide, carboplatin,
ifosfamide, vinblastine, high dose methotrexate, temozolamide (over the age of 3 years old) and
procarbazine (19). Specifically for paediatric patients, for low grade astrocytomas, chemotherapy
drugs such as vincristine, carboplatin and vinblastine are commonly used and for high grade
astrocytomas, temozolomide is commonly used (20, 21). Furthermore, there is possibility that
surgeons can implant a chemotherapeutic wafer implant right after surgeons have removed some or
all of the tumour, where the chemotherapy drug (carmustine) is slowly released by wafers into the
affected area, over a few days (18). However, this is not a common treatment for children and young
people and is mainly reserved for adults (18). When concerning targeted cancer cell therapy
treatments for astrocytomas, researchers were interested in the prospect of using bevacizumab (18),
a vascular endothelial growth factor (VEGF) inhibitor to treat astrocytomas in children and young
people, however, according to a trial from 2013 to 2015 (adding bevacizumab to radiotherapy and
temozolomide for children with high grade gliomas), “bevacizumab did not help children with a high

grade glioma” (22).

10
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3.1.3.1.3.  Neuroblastoma
Although rare, 6% of all paediatric cancers are represented as neuroblastomas in the UK and

primarily affects children under the age of 5 years old (23, 24). With neuroblastomas that have yet to
metastasised, surgery might be the only treatment necessary, however, children and young people
with neuroblastomas might require chemotherapy before the surgery to decrease the size of the
tumour, which would potentially increase the safety of the operation (25). Moreover, for some
children and young people who are deemed to have high risk neuroblastoma, these patients can be
offered additional high dose chemotherapy and stem cell transplants (25). After surgery, some
children and young people are recommended to undergo radiotherapy to reduce the risk of the
neuroblastoma to relapse, where this option is more likely with patients suffering from intermediate

or high-risk neuroblastoma (25).

With regards to neuroblastomas amongst children and young people, common chemotherapeutic
drugs used to treat this disease are cyclophosphamide, ifosfamide, busulphan, melphalan and
vincristine (25). Out of the chemotherapeutic drugs listed above, doctors will likely prescribe a
combination of two or more of these drugs for children and young people with neuroblastomas (25).
When concerning immunotherapies available for the treatment of nephroblastomas, NICE
recommends the use of an anti-GD2 antibody (dintuximab beta) for children and young people who
are at risk of their cancer reoccurring and for those who have not already had anti-GD2
immunotherapy (25). Furthermore, when concerning children with high risk neuroblastoma, retinoid
treatment (13-cis-retinoic acid, isotretinoin) can diminish risk of the neuroblastoma reoccurring after
stem cell transplant and high dose chemotherapy, where doctors have recommend 6 months of

retinoic acid after the patient’s transplant (26).

3.2. Effectiveness of chemotherapy within paediatric oncology
According to statistics published by Cancer Research UK, from 2011 to 2015, children with cancer

have a relatively high 5-year or more survival rate (84%) and this rate has more than doubled since
between the 1970s and 2000s (27), where chemotherapeutic drugs (amongst other treatment
modalities) form a large part of the reason for the general success of treating children’s cancer. This

statistic highlights the improvement and effectiveness of cancer treatment.

3.2.1. Acute lymphoblastic leukaemia
When concerning ALL, the most common malignancy observed within paediatrics, survival rates of

children and young people suffering from ALL have increased from less than 10% (1960s) to 90%
from current reports (28, 29), where it is regarded that the first group of long-term paediatric
survivors of ALL was due to the introduction of methotrexate, corticosteroids and mercaptopurine

during the early 1950s (30). A significant proportion of the current success of treating ALL in children

11
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and young people is largely based on the intensification of chemotherapeutic regimens (for patients
with larger risk for relapse) and advances of diagnostic risk stratification (31), however, the rate of
progress concerning survival has somewhat plateaued, with the escalation of chemotherapeutic
treatment being subject to diminishing returns due to their toxicity (32). Furthermore, the
substantial increase in ALL survival amongst children and young people can be attributed to 2
aspects, the first being a 44% decrease of risk of death from disease progression and relapse, and
the second being that the more common sub-type of ALL (B-cell ALL) has a significantly higher 5-year
survival than children and young people suffering from T-cell ALL (28). Assimilating all the points
mentioned above, the advances in chemotherapeutic treatments directly benefits paediatric
populations by preventing disease progression, where relapse itself remains an area for further

improvement and a serious adverse event (28, 33, 34).

Although the knowledge on risk factors influencing ALL has been known for many years, ALL survival
rates in children and young people have increased due to a better understanding of the molecular
genetics of leukaemic cells, which has led to targeted therapies (such as imatinib and other ABL-class
inhibitors) for the treatment of B-cell ALL that express the BCR-ABL1 translocation (also known as
the Philadelphia chromosome) (31). Looking at other more recent advancements, the development
of immunotherapeutic agents that target B-cells have significantly impacted the care of paediatric
patients with refractory and relapsed B-cell ALL (31). Examples of these targeted immunotherapeutic
drugs are tisagenlecleucel (66% overall survival rate at 24 months, treated for refractory/relapsed B-
cell ALL) (35, 36), (79.4% overall survival rate at 24 months, treated for refractory/relapsed B-cell
ALL) (37) and inotuzumab (58-67% complete response rate, treated for refractory/relapsed B-cell
ALL) (38, 39), where data was obtained from clinical trials that compared the immunotherapeutic
drug with chemotherapy versus chemotherapy alone, deeming them more efficacious compared to

using standard chemotherapy alone (31).

3.2.2. Low grade glioma
Although surgery remains first-line treatment for low grade glioma (LGG) and is considered as a

curative treatment (8-year overall survival rate of 99% with complete resection), since the 1980s,
there has been a growing interest in managing recurrent, unresectable or progressive LGG with
certain chemotherapeutic regimens, such as TPCV (thioguanine, procarbazine, CCNU and
vincristine), carboplatin and vincristine, or vinblastine alone (40-42). The chemotherapeutic
management of LGG is especially crucial for paediatric patients suffering from NF-1
(neurofibromatosis type-1), where they are both at a higher risk of developing a secondary
malignancy and LGG, where the latter is usually developed within the optic tract (41). Depending on

the chemotherapeutic regimen, these regimens achieve between 50-80% 3-year progression-free

12
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survival (PFS), however, regimens like TPCV increase risks of infertility and secondary malignancies,
which can be mitigated by using the carboplatin and vincristine regimen, but this regimen may offer

a slightly inferior PFS compared to TPCV (41, 43).

3.3. Mechanism of action of common classes of anti-cancer drugs

3.3.1. Alkylating agents
Alkylating agents are the most common chemotherapeutic drugs used and significantly contribute to

the concept of “combination chemotherapy” (44, 45). These compounds react with neutrophilic
(electron-rich) moieties within cells, forming covalent bonds between these moieties and an alkyl
group (44, 46). Chemically, there are two distinct groups of alkylating agents: those that react
directly with biological molecules within cells (SN1) or those that form a reactive intermediate,
which then reacts with biological molecules within cells (SN2) (46). The terms “SN1” and “SN2” refer
to the kinetics of their reactions, where the rate of reaction for SN1 is dependant only on the
concentration of the reactive intermediate and the rate of reaction for SN2 is dependent on the
concentrations of the alkylating agent and the biological molecule it is reacting with (46). Examples
of SN1 agents include nitrogen mustards (cyclophosphamide, ifosfamide, chlorambucil and
melphalan) and nitrosoureas (carmustin and lomustine), whereas busulfan is an example of a SN2

alkylating agent (46).

Although alkylating agents react with a numerous amount of biological molecules, it is general
consensus amongst the scientific community that their cytotoxic properties are due to their reaction
with the DNA of biological molecules (46). The observations noted from these three early studies
(47-49) helped pave the understanding of the cytotoxic mechanism of alkylating agents, suggesting
that the interstrand cross-linking of DNA was the most probable mechanism of action for
bifunctional alkylating agents (46). Alkylating agents are nonspecific cell-cycle agents that target
DNA at any period of the cell cycle by adding a chain of carbon atoms to it, where this extra chain of
carbon atoms impairs replication and repair of the DNA, breaking the long strand of DNA (50). Thus,
the function of these chemotherapeutic agents is to permanently attach to the DNA at multiple
locations along the DNA molecule, interfering with the tumour cell's normal functions, resulting in
either a halt to cell reproduction or in programmed cell death (apoptosis) (50). Although bifunctional
alkylating agents (adding two alkyl groups to biological molecules) are more efficacious anti-cancer
agents than monofunctional alkylating agents, the addition of more than two alkyl groups does not
further increase the cytotoxic properties of alkylating agents (46). Whilst alkylating agents are able
to react with most nitrogens within DNA bases, alkylating agents display “selectivity”, which is
determined by the electron density of the nitrogens and the local structure of the DNA (46). Some

examples of this phenomenon include: nitrogen mustards reacting more willingly with the N-7

13
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position of guanylic acid (51), the nitrosoureas initially alkylating the O-6 position of guanylic acid
(52, 53) and some monofunctional alkylating agents (dacarbazine, methylnitrosourea and
procarbazine) induce methylation of the DNA, which usually occurs on the N-7 and O-6 position of

guanylic acid (46).

Unfortunately, neoplastic resistance against alkylating agents has been associated to the expression
of the enzyme, O6-MethylguanineDNAmethyltransferase (MGMT), where this enzyme can repair
DNA injury induced by alkylating agents (50). However, drugs that inhibit MGMT may be combined
with alkylating agents for children and young people with cancer to overcome the neoplastic
resistance and improve the efficacy of these chemotherapeutic drugs (50). Although MGMT can be
advantageous for normal cells, tumour cells are able to express this protein, rendering many
alkylating agents ineffective (50). Moreover, alkylating agents have been known to cause secondary

cancers, such as AML that can potentially present years after anti-cancer treatment (50).

3.3.1.1. Platinum anti-cancer agents
Platinum anti-cancer agents are platinum complexes with ligands capable of being displaced by

nucleophilic atoms to create strong covalent bonds, where they share similarities with alkylating
agents in the sense that they form strong chemical bonds with amino nitrogens and thiol sulfurs in
proteins and nucleic acids (46). An example of a commonly used platinum anti-cancer agent is
cisplatin, where the first use of cisplatin in clinical trials was in 1970s and was found to have
significant anti-cancer properties against many cancers (46). Due to cisplatin’s efficacy with multiple
types of cancers, it became the most used anti-cancer agent, however, the nephrotoxicity and the
neurotoxicity that ensued with cisplatin use led the scientific community to develop analogues to
mitigate these toxicities, leading to the production of carboplatin (46). Carboplatin can lead to
primary haemopoietic toxicity, but does have a similar anti-cancer effect to cisplatin (46), providing

patients with more options for their chemotherapy.

3.4. Risks associated with cancer chemotherapy
Chemotherapeutic drugs do not come without side-effects and adverse events, where an adverse

drug reaction (ADR) can be defined as “an appreciably harmful or unpleasant reaction resulting from
an intervention related to the use of a medicinal product; adverse effects usually predict hazard
from future administration and warrant prevention, or specific treatment, or alteration of the
dosage regimen, or withdrawal of the product” (54). Furthermore, this definition of ADRs has
included reactions happening because of human error, abuse/misuse, and to suspected reactions to
medicinal products for unlicensed and off-label use, as well as authorised use of drugs within their

normal doses (55). Due to the chemotherapeutic drugs acting on both cancer cells and normal cells,
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these drugs can cause a wide range of short- and long-term side-effects (56). The side-effects and

adverse events of chemotherapeutic drugs will be further discussed in the sections below.

3.4.1. Immune suppression
Many chemotherapeutic drugs can cause immunosuppression as a side-effect, whilst some of these

drugs, such as cyclophosphamide (57) and methotrexate (58), are purposefully used as
immunosuppressants to treat severe systemic autoimmune conditions, by impairing the proliferative
or effective functions of peripheral T cells (59). Certain TKls, such as imatinib, may also impact the
adaptive immune system's T-cell arm (59), where at high dosages, imatinib blocks signalling
pathways through KIT, c-ABL and BCR-ABL, which in turn suppresses T-cell proliferation and
activation, where it is normally perceived to occur through LCK protein tyrosine kinase inhibition (59,
60). There is evidence (carried out on mouse models) revealing imatinib to selectively curtail
expansion of memory cytotoxic T lymphocytes, without impairing primary T- and B-cell responses
(59, 60). Childhood leukaemia patients undergoing treatment with imatinib may experience increase
susceptibility to viral and bacterial infections due to suppression of graft-versus-leukaemia effect

from allogenic transplantations (59, 61).

Immunosuppression can occur from the sudden death of many dying tumour cells through isolated
limb perfusion (ILP) of chemotherapy, which causes these cells to release pro-inflammatory
cytokines (such as IL-1B, IL-6 and TNF-a), which can potentially lead to the promotion of tumour
progression through a molecular signalling pathway involving NF-kB (59, 62). Moreover, a theoretical
explanation for this immunosuppression after ILP of chemotherapy could be due to a massive
release of tumour antigens from the dying tumour cells, leading to a high-dose antigen-mediated
tolerance, which can ultimately debilitate mounting reactive effector T cells (59). Previous research
has shown that there is a direct correlation between the amount of antigen expressed within the
periphery and the degree of T-cell proliferation and the number of tolerogenic antigen-specific CD8*

T-cells in the draining lymph nodes (59, 63).

High doses of cyclophosphamide can cause immunosuppression by lymphoablation and have a
direct tumoricidal effect (59), however, inducing lymphopaenia therapeutically has piqued
researchers' attention in the area of adoptive transfer therapy and immunisation (via vaccinations)
against melanomas (59, 64). Previous research has suggested that transient lymphopaenia enhances
the efficacy of these types of therapies by activating homeostatic processes and through
counteraction of tumour-induced suppression, which ultimately stimulate tumour-reactive effector T

cells (59).
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Although not directly chemotherapeutic, glucocorticoids (steroids) are an important component of
chemotherapeutic cocktails that are used in treating many cancers affecting children and young
people, where these drugs are normally prescribed to combat chemotherapy-induced nausea and
vomiting (CINV) (59). Glucocorticoids subdue the synthesis of pro-inflammatory cytokines (such as
IL-1a, IL-1B, IFNa and IFNB) and chemokines (such as CXCLS8, CCL7, CCL8, CCL13, CCL17, CCL19 and
CCL20) through the healthy donors’ blood mononuclear cells (59, 65). Whilst glucocorticoids induce
expression of pattern-recognition receptors, such as TLR2 and TLR4 (which lead to an innate immune
response), studies have shown that these drugs also gravely impair the antigen presentation and
differentiation of dendritic cells in vitro and in vivo (59, 66). Furthermore, previous evidence has
shown that glucocorticoids repress expression of genes that are associated with the adaptive
immune response, amend T-cell function and development, stifle the development of Tyl cells and
promote bias responses toward the Ty2-cell type, therefore preventing the elicitation of memory
and effector anti-tumour immunity (59). Moreover, many members of the TGFB family (which
suppress natural killer and T-cell effector functions) undergo glucocorticoid upregulation, where
these drugs subdue cell-surface expression of NKp30 and NKp44 (the main natural cytotoxicity
receptors) and impair the IL-2 and IL-15-triggered natural killer cell proliferation, whilst detrimentally

affecting the natural killer cell cytotoxicity, which is mediated by NKp46, 2B4 or NKG2D (59).

3.4.1.1. Common infections within paediatric oncology
Infections are a major cause of morbidity and death in paediatric cancer patients, where infectious

complications have long been considered a limiting factor in cancer therapy (67-72). The risk of
infection increases during chemotherapy as there is bone marrow suppression and therefore,
immune suppression (67). During the last 20 years, the predominance of organisms cultured from
paediatric patients with cancer has changed from gram-negative organisms to gram-positive and
fungal organisms (67, 70, 73-77). These findings have largely been attributed to more intensive
chemotherapy regimens causing profound neutropenia (67, 78, 79) and an increased use of central

venous catheters (70, 80, 81).

A study reviewed medical records of 155 paediatric patients with cancer to identify the distribution
of infections amongst this population, where 330 infections were identified, including 19
polymicrobial infections recorded for 85 patients, with 310 infections having a known correlative
neutropenic status (67). Out of this population, blood infections (n=70), otitis media (n=70) and UTlIs
(n=29) were the most prevalent infections noted (67). Most infections of this population followed a
bimodal distribution across four age groups: 129 (39%) infections in patients younger than 3 years;
76 (23%) infections in the group of 3-6 years old; 30 (9%) infections in the group older than 12 years.

Infections were generally more prevalent amongst boys, except for UTls, where there was a female
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predominance (n=22, 76%) (67). 64% of patients (n=197) of infections occurred in the 51 patients
with leukaemia/lymphoma and 36% (n=113) of infections occurred in the 51 patients with solid
tumours. Comparing the leukaemia/lymphoma group and the solid tumours group, the most
prevalent infection within the former group were blood infections and otitis media, whereas the
most prevalent infection within the latter group were blood infections, otitis media and UTIs (67).
However, more infections occurred during the remission disease (n=209) than during the active

disease (n=175), whilst most infections (n=175) occurred in the absence of neutropenia (67).

3.4.1.2. Acute Kidney Injury and chemotherapeutic drugs
Children and young people with cancer may experience acute kidney injury (AKl) as an adverse effect

of the treatment and/or the course of their disease (82). Whilst AKI can occur due to the cancer
itself, through tumour lysis syndrome (TLS) and direct infiltration of the genitourinary system by
neoplastic cells, AKI can also occur through the use of nephrotoxic drugs, with chemotherapeutic
drugs being a major class within this group (82-85). Moreover, AKl is associated with prolonged
hospital admission and a decreased survival, thus incurring a more negative prognosis of disease
(82). As AKl occurs in children and young people with cancer, being one of the major causes of
morbidity and mortality amongst cancer patients, treatment agents may be required to be altered or
removed entirely from the treatment plan and adequate assessment of baseline renal function
before initiation and during therapy is crucial for the optimisation of dealing with chemotherapy-

induced AKI amongst children and young people (86).

Additionally, children and young people with cancer are often treated with nephrotoxic antibiotics
such as vancomycin, amphotericin B and aminoglycosides for difficult-to-treat bacterial and fungal
infections (86), where these patients may also undergo other nephrotoxic therapies to treat or
diagnose their malignancy, such as radiation therapy and iodine contrast media for their radiological
studies (86-88). Furthermore, risk factors such as pre-existing renal insufficiency, diabetes mellitus,
the use of other nephrotoxic drugs (e.g., NSAIDs and allopurinol) and extracellular volume depletion

have the potential to potentiate chemotherapy-induced nephrotoxicity (86, 89, 90).

3.4.1.2.1. Incidence of chemotherapy-induced AKI in children and young people
Although the incidence of AKI amongst cancer patients has been adequately investigated, there is a

considerably lower amount of data regarding AKI incidence amongst children and young people with
cancer (82). Previous research shows that the incidence of AKI amongst children and young people
with cancer is between 11% and 84%, however most of these studies are limited to patients with
haematological malignancies (82, 91-93). One study had a total of 2170 paediatric patients with
cancer that suffered from a wide range of malignancies, where 983 patients (52.6%) developed AKI

and had a total of 1864 AKI episodes within their first year after diagnosis of their disease (82). This
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study also reported that 293 patients (15.7%) presented with AKI at diagnosis (high serum creatinine
at presentation) and identified the median onset of first episode of AKI after cancer diagnosis within
their population group to be 9 days (82). Furthermore, the study identified correlations between the
2-week and 1-year cumulative incidences of AKI and different malignancies, where they reported the
2-week cumulative incidence to be highest in ALL (58.5%) followed by AML (45.2%) and
medulloblastoma (45.0%), and the 1-year cumulative incidence to be highest in AML (88.4%)
followed by ALL (77.2%) (82). Chemotherapy-induced renal injury can lead to tubular and glomerular
dysfunction (86, 94, 95), where AKI, renal capillary endothelial injury, tubulointerstitial disease and
acid-base disorders are the most common adverse effects of chemotherapy amongst children and

young people with cancer (86, 96).

3.4.1.2.2. Cisplatin-induced AKI
Although having a relatively high cure rate of some paediatric cancers (90%), the presentation of AKI

occurs in 20-80% of children and young people with cancer treated with cisplatin, where AKl is an
adverse effect that can limit the tolerable dose levels of cisplatin (97-101). Cisplatin acts on the S3
segment of the proximal tubule, where the nephrotoxicity of cisplatin usually presents with a
decreased GFR and an increased serum creatinine, along with hypokalaemia and hypomagnesemia
(97, 101-104). The nephrotoxicity of cisplatin is typically persistent amongst children and young
people with cancer (102, 105), where risk factors include dehydration, hypoalbuminemia
concomitant use of other nephrotoxic drugs and cumulative dose (97). Treatment for cisplatin-
induced AKI includes supportive care for the AKI, where magnesium supplementation should be

provided for individuals with hypomagnesaemia (97, 106).

A study revealing the mechanism of cisplatin-induced renal injury notes that cisplatin is taken up by
basolateral OCT2, which results in the synthesis of ROS (whilst activating signalling pathways), MAPK,
P53 and potentially P21, which ultimately leads to renal tubular cell death (97, 99). Furthermore, an
inflammatory process occurs, plausibly due to the activation of TNF-a receptor 2 by the intrinsic
production of TNF-a (97). For some of these changes, oxidative stress seems to be both a driving

force and an end result (97, 99, 107).

As targets responsible for cisplatin-induced renal injury have been identified, this has allowed the
evaluation of several compounds that can assist to counteract the cisplatin-induced nephrotoxicity
(97). Examples of drugs that have been evaluated to counteract cisplatin-induced nephrotoxicity are
erythropoietin (blocking apoptosis), quercetin (prevention of inflammation) and cimetidine
(prevention of renal transport of cisplatin and prevention accumulation of cisplatin) (97, 99, 107).
Nevertheless, these drugs do not target the most exploitable mechanism of prevention of cisplatin-

induced nephrotoxicity, which happens to oxidative stress (97), where several antioxidants such as
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NAC, theophylline, amifostine and sodium thiosulfate have been evaluated to deter the effects of
oxidative stress caused by cisplatin (97, 108-112). However, only amifostine and theophylline have
been assessed in RCTs, with amifostine showing positive results (reducing nephrotoxicity from 30%
to 10%) in a trial of women suffering with ovarian cancer, but not doing positively in a trial assessing
cisplatin-induced nephrotoxicity amongst children with osteosarcoma (97, 109, 110). Although
theophylline has not been assessed in RCTs, previous studies have shown that theophylline has had

mixed results, with positive findings in some trials and negative findings in others (97, 112, 113).

3.4.1.3. Common short-term side-effects of chemotherapy agents

3.4.1.3.1. Gastrointestinal side-effects of chemotherapeutic drugs
Although chemotherapeutic drugs have greatly improved the survival rates of paediatric patients

with cancer, there are many side-effects associated with their use, with many of its most common
being gastrointestinal side-effects (114). Side-effects such as; diarrhoea, vomiting, nausea and
hepatoxicity can often lead to dose reduction, discontinuation of treatment, significant morbidity or
even mortality (114, 115). Gastrointestinal side-effects can also significantly impact performance
status, which can lead to social isolation, psychological distress and in some cases, reluctance to
continue treatment (114, 115). Some gastrointestinal side-effects, such as constipation and

chemotherapy-induced diarrhoea, may persist many years after treatment (114).

Chemotherapy-induced diarrhoea can be debilitating and potentially life-threatening, particularly
when it presents with neutropenia (115, 116). Acute chemotherapy-induce diarrhoea is particularly
associated with 5-fluoruracil (5-FU), tyrosine kinase inhibitors (TKIs) and irinotecan-based regimens
(116). Chemotherapeutic drugs can also cause mucositis, an inflammatory response of the mucous
membranes within the alimentary tract (117). Mucositis can present as oral mucositis and
gastrointestinal mucositis (117). There is no treatment for gastrointestinal mucositis, with supportive
care being the mainstay of treatment of gastrointestinal mucositis (117). Moreover, research
regarding mucositis has been focused on oral mucositis and gastrointestinal mucositis in adults, thus
identifying the need to fill this gap of knowledge based on the scarcity of paediatric data on
gastrointestinal mucositis (117). Considering there is no gold standard with diagnosing
gastrointestinal mucositis, there has been no consistency within the methods to ascertain the
frequency of gastrointestinal mucositis (117). In one study observing nine children with acute
myeloid leukaemia, gastrointestinal mucositis was experienced in 55% of the chemotherapy cycles,
whilst in another study observing a heterogenous group of 15 children with cancer, 28% of the
children experienced gastrointestinal mucositis during their chemotherapy cycles (117-119). The
clinical presentation of gastrointestinal mucositis is probably similar for adults and children, with

several factors likely to be involved: altered fluid transport, an altered gut motility with consequently
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decreased transit time and reduced water absorption, changes to the microbiota and fermentation

(117, 120, 121).

Paediatric cancer patients frequently experience gastrointestinal/liver dysfunction due to a variety
of risk factors, including abdominal surgery, mechanical obstruction by tumour mass, neoplastic
infiltration, radiation therapy, and, most significantly, antineoplastic treatment, which has a variety
of effects depending on the dose, drugs prescribed, schedule and associated treatments (122).
Systemic chemotherapeutic therapy may result in direct damage to the gastrointestinal and hepatic
tissues, as well as immunosuppression and nutritional impairment (122). Therefore, paediatric
patients with cancer are more prone to developing liver and gastrointestinal infections that may
have a detrimental effect of their morbidity and mortality (122). Gastrointestinal infections may
present with non-specific signs and symptoms in children undergoing chemotherapy, where these
include; haemorrhage, abdominal pain, with or without fever (122). Although gastrointestinal
haemorrhage is not a frequent clinical condition in paediatric oncology, it can potentially life-
threatening in paediatric cancer patients with thrombocytopaenia (122). With regards to
gastrointestinal haemorrhage, fever is generally absent and neutropenia can be frequently but not

consistently detected (122).

3.4.2. Drugs used for side-effect management of paediatric oncology
In addition to requiring medication to treat the underlying malignancy, patients receiving anti-cancer

chemotherapy will usually experience adverse effects related to their treatment. The most common

clinically significant adverse drug reactions that require treatments are as follows:

3.4.2.1. Infection
Most forms of anti-cancer treatment can affect the patient’s immune system, which can make it

more likely to develop an infection (123). Certain chemotherapeutic drugs can affect bone marrow
activity (myelosuppression) which leads to decrease of white blood cells (neutropaenia) and whilst
children and young people are on these drugs, doctors will specifically monitor levels of neutrophils,
as neutropaenia leaves the patient more vulnerable to bacterial infections that they may not be able
to fend off themselves (123, 124). Febrile neutropaenia (FN) is a term used to denote the clinical
presentation of myelosuppressed patients with fever, however, there is a wide range of temperature
triggers and neutrophil thresholds that have been utilised to identify episodes of FN (125, 126).
Whilst chemotherapeutic drugs have the potential to produce neutropaenia, immunotherapeutic
drugs work by using cytokines, which are also naturally produced by the body to help regulate and
instruct the immune system toward an infection, where these cytokines have some accountability

for some of the symptoms of an infection, such as fever (123). Immunotherapy results in increased
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levels of circulating cytokines, which is one of the reasons why these agents might cause symptoms

such as fever (123).

NICE recommends treating suspected FN as an acute medical emergency and offer all patients with
piperacillin/tazobactam immediately, unless there are local microbiological or patient-specific
contraindications (127). However, at the time NICE released this guidance (September 2012),
piperacillin/tazobactam did not have a UK marketing authorisation for use in children under the age
of 2 years old (127). The prescriber should follow relevant professional guidance, taking full
responsibility for their decision (127). Furthermore, NICE recommends to not change initial empiric
antibiotics prescribed in patients with unresponsive fever and only discontinue treatment once the
FN has responded to treatment (irrespective of neutrophil count) or there are signs of clinical

deterioration and other microbiological indications (127).

3.4.2.2. Nausea and vomiting
Chemotherapy-induced nausea and vomiting (CINV) are very common adverse effects of cancer

treatment for children and young people (128). These adverse consequences are the result of the
body's efforts to eliminate harmful chemicals from the stomach and intestines (128). Vomiting (also
called emesis) is regulated by the emesis centre, which is situated in the medulla. This centre takes
input from the chemoreceptor trigger zone (CTZ), which possesses several 5HT3 (serotonin)
receptors, NK1 (norepinephrine) receptors, and D2 (dopamine) receptors (128). CINV can be
grouped into 4 stages, which are dependent on the time of onset (128, 129). The acute stage is 0-24
hours after 1°* dose of chemotherapy, the delayed stage is 24 hours to 5 days post chemotherapy,
the anticipatory stage occurs with patients prior to the start of chemotherapy (normally having a
history of conditions relating to nausea and vomiting) (128). The last stage of CINV is the
breakthrough stage is when the patient experiences CINV despite appropriate antiemetic

prophylaxis (129).

With regards to the management of CINV amongst children and young people, common drugs used
to treat CINV for this population group are ondansetron, aprepitant, dexamethasone,
metoclopramide, levomepromazine, lorazepam and nabilone (129). Drugs like ondansetron are 5-
HT; (serotonin) receptor antagonists, which are regarded as the “gold standard” in the treatment of
CINV, however when concerning delayed CINV, ondansetron is less efficacious than metoclopramide
(129). Moreover, for delayed CINV, dexamethasone is particularly effective at treating this type of
CINV, especially when combined with other antiemetic drugs, such as metoclopramide and
ondansetron (129). Drugs like lorazepam and nabilone are used less commonly due to their minimal

anti-emetic effects and non-availability of formulations other than a capsule, respectively (129).
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3.5. Infections and paediatric oncology

3.5.1. Incidence density and duration of treatment of infections within paediatric
oncology

3.5.1.1. Healthcare-associated infections and bloodstream infections
Patients undergoing chemotherapy in paediatric oncology have a greatly increased risk of possibly

fatal infectious consequences (130-134) due to their underlying oncological disease and the immune
suppression caused by their anticancer treatment (130, 134). Most of these infections are
bloodstream infections (BSls), where many of these infections are greatly associated with central

venous access devices (CVADs) (130, 134).

Two single-centre prospective studies investigating the healthcare-associated infections (HAIs) in
paediatric oncology patients found an incidence of HAls amongst 20% of their patients (10.8
HAIs/1000 inpatient days) (135) and 24% of their patients (17.7 HAIs/1000 inpatient days) (136),
respectively . Another study found that incidence of HAIs amongst patients from a paediatric stem-
cell and bone-marrow transplantation unit to be 38.9 HAIs/1000 inpatient days, however, it was
emphasised that the relevant procedure applied solely to children with neutropaenia (130, 134) . In
2008, a German group published the results of a multicentre prospective surveillance study for HAls
and nosocomial fever of unknown origin (nFUO) that encompassed 7 German paediatric oncology
centres from 2001 through 2015, where out of 54,824 surveyed inpatient days, 727 HAls and nFUQOs
were documented amongst 411 patients (134). Of these recorded HAIs and nFUOs, 263 (36%) were
HAIs, resulting in an incidence density (ID) of 4.8 HAIs/1000 inpatient days. Of the 263 HAIs, 153
(58%) were BSls, and out of the BSls, 89% of the BSls were associated with the use of a long-term
CVAD, which ultimately led to an overall ID of 2.8 BSIs/1000 utilisation days (134). This value was

significantly lower with the use of Port-type than in Hickman-type CVADs (134).

Only one study investigated BSI data amongst a single paediatric haematology/oncology centre, that
also included data regarding the duration of inpatient treatment of BSls amongst a paediatric
oncology population. This study reports that patients with gram-negative microorganisms were
usually treated for 2 weeks and gram-positive BSIs were normally treated for 10 days, where all

patients were followed up for at least 6 months (132).

3.5.2. Most common bacteria found in febrile neutropaenia amongst a paediatric
oncology population
Many community-acquired pathogens can cause FN, however, opportunistic infections should also

be considered (133). The most common pathogens causing FN are bacteria, but both viruses and
fungi are relatively common causes of FN, where fungal infections should be strongly considered in

prolonged FN (133). When attempts to identify microbiological causes for suspected FN fail and
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patients fail to improve on antimicrobial treatment, non-infectious causes of fever should be

considered (133).

The most common type of pathogens causing FN are Gram-positive cocci, particularly skin
commensals resulting from an increased use of prophylactic antibiotics and central venous lines
(133). Coagulase-negative Staphylococci (especially Staphylococcus epidermis), Staphylococcus
aureus and Streptococcal species make up 50-67% of causative organisms found within
microbiological cultures in samples tested for suspected FN (133). Due to the increasing use of
fluoroquinolone prophylaxis, rates of selective resistance have significantly increased largely

because of selective intestinal pressure (133).

Whilst Gram-negative organisms are less common causative agents of FN, they may lead to a more
fulminant clinical course due to the endotoxins produced and other virulence factors (133).
Examples of common causative gram-negative bacteria of FN are Pseudomonas aeruginosa,
Eschericia coli and the members of the klebsiella species, where polymicrobial infections are

common with this group of bacteria (133).

3.5.3. Doses and routes of antibiotics required to treat febrile neutropaenia
Treatment of FN is based on a variety of factors, including patient symptoms, previous cultures and

sensitivities (for both infecting and colonising organisms) and regional resistance patterns (133).
Broad spectrum antibiotics are the first line treatment for FN, which ensures the coverage of both
gram-positive and gram-negative bacteria (127, 133). Although a cocktail of antibiotics can improve
efficacy of treatment, monotherapy with a broad-spectrum antibiotic has been demonstrated to

lower mortality and have fewer adverse effects than two or more antibiotics (133).

3.5.3.1. Doses
Beta-lactam antibiotics, where a prime example for the case of FN would be piperacillin-tazobactam,

are recommended by NICE to be provided empirically as the “first line monotherapy, unless there
are previous microbiological results which indicate a resistant organism” (133). NICE recommends a
dosage of 90mg/kg/dose every six hours of piperacillin-tazobactam for FN, with a maximum dose of
4.5mg per dose (127, 133). According to the British National Formulary for Children (BNFC),
treatment recommendations for FN are also made for imipenem with cilastatin (25 mg/kg every 6
hours, with a maximum dose of 1g per dose) (137) and ceftazidime (50mg/kg every 8 hours, with a
maximum dose of 6g per day) (138). Due to the likelihood of cross-reaction, individuals with risk of
allergy to penicillin should not be provided cephalosporins or carbapenems (133); instead, these
patients should be provided alternative broad-spectrum antibiotics, such as ciprofloxacin with a

glycopeptide (vancomycin or teicoplanin) (133).
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3.5.3.2. Routes
Although FN can be treated on an outpatient basis, all patients that are deemed as high-risk for FN

should be treated as inpatients, where patients will only be considered for outpatient treatment
when they have increasing neutrophil counts, stable renal and hepatic functions, no significant
comorbidities, and their FN is not expected to last longer than 7 days (133). These patients must also
have adequate gastrointestinal absorption, have had a course of IV therapy for FN (within 48-72
hours of onset) and must not be receiving fluoroquinolone prophylaxis prior to the FN episode (133).
One of the most common empiric regimens for the outpatient management of FN is oral
ciprofloxacin with amoxicillin-clavunate (can be substituted to clindamycin if patient has a penicillin
allergy) (133). When concerning inpatient treatment, the doses of the drugs used are listed above,

where the preferred route of the administration of these drugs is IV (133).

3.6. OPAT, elastomeric devices and paediatric oncology

3.6.1. Quality of life of paediatric oncology patients managed as inpatients
Although treatment advancements of paediatric cancers have improved significantly over the last

few decades, leading to increased prospects of surviving childhood cancer, childhood cancer is likely
to perpetuate itself through the stresses faced by paediatric oncology patients and their families
alike (139). The WHO (World Health Organisation) defines health as “the state of complete physical,
mental, and social well-being, not merely the absence of disease or infirmity” (140), which highlights
the importance of understanding the emotional and social dimension of health in addition to

physical health, when concerning paediatric oncology patients.

It is well known that cancer and its treatment can predispose paediatric oncology patients to late
morbidities, such as organ damage, infertility, cognitive impairment, alterations in growth and
development and secondary malignancies (139, 141). Treatment-related complications such as
cardiopulmonary toxicity, neuro-cognitive dysfunction and endocrinopathies can cause a serious
impact on the functioning of both patients and survivors of childhood cancer (139). Both adverse
consequences on parent’s/caregiver’s immediate physical and mental health and an increased
incidence of depression and anxiety have been reported amongst paediatric oncology patients
undergoing treatment (139, 142-145). Despite the facts regarding the negative impacts of cancer
treatment, the current aggressive treatment regimens invoke concerns and awareness for the
quality of life for those undergoing treatment for cancer (139). Considering one of the most common
childhood cancers, ALL, contemporary chemotherapy regimens for this disease are somewhat
lengthy, with medications administered over 2.5-3.5 years, thus adding further rationale for the
understanding of the quality of life for these patients (146). Various scales to measure healthcare-

related quality of life (HRQolL) in paediatric oncology patients have been developed (147-149), where
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many international studies show that paediatric oncology patients during the acute phase of their

disease show a reduced Qol (150-156).

A study performed amongst a group of 75 paediatric oncology patients in India (139) verifies the
burden of cancer to QolL, with 3 scales (Lansky, HUI-2 and WHO QOL BREF) being significantly poorer
in the paediatric oncology group compared to their controls, whilst showing significant improvement
in their QoL after therapy for patients suffering from lymphomas and miscellaneous tumours.
However, one study (150) that assessed the QoL of 56 newly diagnosed paediatric oncology patients
in Greece showed that the QoL of children and adolescents did not change significantly during their
treatment, where children and adolescents diagnosed with haematological cancer, teenage patients

and male patients scored higher QoL scores than other population groups within their study.

3.6.2. Outpatient management of low-risk febrile neutropaenia
Although FN is a potentially deadly consequence of cancer therapy (requiring prompt, empirical

therapy), individuals with FN are a diverse population, with only a small proportion developing major
medical complications (157-159). To identify low-risk FN patients, scoring methods such as the
Multinational Association for Supportive Care in Cancer (MASCC) have been created and validated.
(157, 160), furthermore, the use of ambulatory, outpatient management of patients with low-risk FN
has proven to be cost-effective and safe (161), with two meta-analyses demonstrating the utility of
this approach, with Cartensen et al. (162) examining 10 studies that compared inpatient and
outpatient therapy of FN (which did not find any significant difference in mortality or outcome) and
Teuffel et al. (163) examining 14 randomised studies that assessed outpatient management of low-
risk FN, where they concluded that it was a safe and efficacious strategy in the treatment for the

respective cohorts of patients included within the studies (157).

Ambulatory care encompasses most of traditional hospital care, including diagnostics and treatment
(157). However, a key feature of ambulatory care is that patients are not admitted, which provides
patients an opportunity to spend most of their time away from the hospital. Ambulatory care differs
from outpatient care due to its focus on caring for acutely unwell medical patients and facilitating
discharge from patients who would ordinarily stay in the hospital (157). Thus, to function
successfully, ambulatory care units are staffed by a multidisciplinary team with close links to other
acute services, especially the acute medical unit (AMU) (157). The benefits of ambulatory care are
both numerous and well-known to acute physicians, where they include cost savings, admission
avoidance, improved patient experience and satisfaction, and a reduced risk of nosocomial

infections (157).
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A study that measured parents’ and healthcare professionals’ preferences with regards to inpatient
versus outpatient management of low-risk paediatric FN reported no significant difference between
the proportion of parents and healthcare professionals who would choose outpatient management
(164). Additionally, this research discovered that a parent's preference for oral outpatient treatment
was related with a greater predicted quality of life for the parent and child at home than in the
hospital, a higher priority rank for "comfort," and a lower importance rank for "fear/anxiety" (164).
In contrast, only a lower priority rank for "fear/anxiety" was related with a higher preference score

for outpatient oral antibiotic therapy in professionals (164).

3.6.3. The use of elastomeric pumps within paediatric oncology
Historically, home chemotherapy involved administering the treatment under the supervision of a

specially trained nurse (165). Elastomeric pumps are one form of medical equipment used for drug
infusion. They enable patients to receive prolonged infusions safely and independently, with
community nurses visiting the patient to disconnect the device at the conclusion of the infusion
(165). Patients prefer chemotherapy administered using elastomeric devices because they may be
attached in the hospital/cancer centre and then return home to receive visits from the community

nursing team, which minimises disturbance for families and caregivers alike (165).

Despite its benefits, chemotherapeutic drug delivery using elastomeric devices has several
drawbacks. As home chemotherapy services became more popular, nurses originally expressed
worry about a previously unknown hazard with these devices (165). When the nurses arrived to
disconnect the elastomeric pumps at the specified time, they discovered that not all pumps had
completed the chemotherapy volume infusion (165). The nurse has two alternatives in such
situations: disconnect and discard the pump or allow the pump to continue infusing (165). While the
first method adheres to the established procedure, it results in patients getting less than the
recommended dosage (165). In comparison, the second technique allows for the complete dosage to
be injected but results in greater patient wait times or schedule disruptions for district/community
nurses who must return later to disconnect the patient (165). Variation in home chemotherapy
administration with elastomeric pumps was anticipated but not empirically quantified (165). As a
result, the authors originally chose to undertake four laboratory tests (166) to determine the
accuracy of flow rate and end of infusion duration of several commercially available elastomeric
pumps (165). Temperatures of the flow controller and the actual elastic reservoir, as well as the
viscosity of the diluent, were considered (165). The experiment was straightforward: temperatures
and viscosity were changed, and the devices' performance was observed (165). The observed flow
rate did not match the prescribed flow rate, and it fluctuated according on the temperature and

diluent viscosity (165). The temperature surrounding the pump, on the other hand, varies
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dramatically across users and over the infusion period (165). This temperature variation will
introduce further irregularities, not only in the pump flow rates, but also in the

chemotherapeutic regimen's stability (165).
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4. Systematic review of elastomeric devices

As previously discussed, infections are a common part of paediatric oncology and patients require
numerous inpatient stays for their management. Elastomeric devices may be able to be useful within
this population, but the evidence is not yet clear. Therefore, the aim of this review is to identify
which antibiotics have been evaluated for use in elastomeric devices amongst a paediatric
population, and report on the range of paediatric infections that have been treated, the efficacy of
treatment, reported adverse effects, and pharmacokinetic data, to identify areas where the use of
such devices is supported, and where evidence is lacking. Figure 1 shows two examples of common

elastomeric devices used in the UK, obtained from Alder Hey’s Children Hospital.
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Figure 1. Two of the most common elastomeric devices used in the UK (acquired from the pharmacy at the Alder Hey Children’s Hospital)

(A) Baxter Infusor LV 2

(B) Halyard HOMEPUMP C-SERIES
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4.1. Methods

4.1.1. Study design and setting
To undertake a systematic review of studies that assessed antibiotics delivered through elastomeric

devices within the paediatric population (defined as children, young people or paediatric patients

aged from 0 to 21 years old) was conducted, using PRISMA methodology (167).

4.1.2. Information sources and search strategy
Electronic databases, CINAHL, EMBASE, MEDLINE and PubMed were searched up to November 2020

to identify relevant studies. The search terms were based upon 3 main terms: “paediatric”,

“elastomeric device” and “antibiotic”. There were no date or language restrictions.

4.1.3. Inclusion criteria and study selection
There are no restrictions on the type of study design for included studies, however, studies must be

clinical with at least one paediatric patient having been delivered antibiotics through an elastomeric
device. Furthermore, studies included must display the name of the antibiotic delivered through the
elastomeric device. Although elastomeric devices and OPAT are heavily synonymous, studies
concerning both inpatient and outpatient use of elastomeric devices have been included. Studies
regarding wider schemes and therapies such as OPAT and HITH (Hospital in the Home) which involve
multiple delivery mechanisms but in which it is not possible to extract the elastomeric device data

separately were excluded, if authors could not be contacted and separated data provided

Studies that contain evaluable data on antibiotics delivered through an elastomeric device, in
patients from 0 to 21 years of age, were included. Exclusion criteria were studies that only included
adult data (>21 years old), or in which the adult and paediatric data were not separatable,
conference abstracts and review articles. See supplementary data section for full inclusion and
exclusion criteria. Additional papers were located through searching the references of included full-

text papers to see if more studies would be eligible for inclusion.

4.1.4. Data extraction
Two reviewers (VS and JC) screened the articles for their title and abstracts. They independently

screened records for inclusion, and they checked their results at the end of the title/abstract stage,
had a clear discussion about their opinions and differing results, before moving on and performing

the same steps to screen the included articles for their full-texts.

A data extraction tool was created and used on the full-text articles. Data was extracted by VS or a
native speaker (if the language was not English). The data extraction tool included study design,
study duration, gender, age-range, number of patients and/or number of individual patient

episodes. In addition, data on antibiotics delivered through an elastomeric device, type of
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elastomeric device, duration of treatment, most frequent diseases being treated, cost analysis,
patient satisfaction, side-effect profile, amount of monitoring required, patient outcomes,
pharmacokinetic and pharmacodynamic data were collected. A senior author (DH) and an author
(VS) conducted the data extraction, where the author (VS) performed the data extraction, and a
senior author (DH) verified the extracted data. They were both responsible for contacting the study

investigators for unreported data or additional details.

4.1.5. Study outcomes
The pre-specified primary outcome of this review is the identification of names of antibiotics

administered through elastomeric devices, within a paediatric population. The secondary outcome is
to use additional evaluable data contained within included articles to support or oppose the
evaluation of the antibiotics in question. Some of the data categories that compromise of “evaluable
data” include the age range of the study population, number of patients within the study, most
frequent diseases being treated, percentage of positive microbiological cultures and their source,
complications associated with elastomeric devices, the side-effect profile of antibiotics administered
through these devices, drug monitoring required and patient outcome data relating to elastomeric
devices. Collated data is summarised into individual sections to allow readers and clinicians to view
the evaluation of the use of antibiotics delivered through elastomeric devices within a paediatric

population.

4.2. Results
A total of 320 articles were identified through electronic database searching (CINAHL, EMBASE,

Medline, PubMed), with two articles being identified through additional sources. After removing
duplicates, 243 articles had their titles and abstract screened, and 53 were eligible for full-text
screening. Of the 53 articles, 50 were excluded, resulting in three studies included for the qualitative
synthesis of this review. Data from one study was received from the authors, enabling us to produce
elastomeric data separately, when this is not directly possible from the original manuscript itself. A

summary of the included articles is shown in Table 1.
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Table 1. Summary of studies included in the systematic review

24 August 2021

Type of elastomeric

Antibiotics delivered No. of Mean age in Median duration Diseases being treated (n, %) Ref
device used through elastomeric patients years (range) of treatment in
devices (n, %) days (range)
Eclipse C series 1-day Piperacillin-tazobactam 34 10.4 (7 months 10 (2-84) Infective exacerbations of cystic (168)
pump and the Baxter (n=18, 53%), flucloxacillin to 18 years old) fibrosis (n=11, 32%), infective
LV10 System. (n=9, 26%) and ceftazidime endocarditis (n=5, 15%),
9 patients (18%) were (n=5, 15%) osteoarticular infections (n=4, 12%),
reported with no surgical site infections (n=3, 9%) and
pump specific data complex intra-abdominal infections
(n=2, 6%)
Baxter Intermate SV Ceftazidime (n=49, 100%), 49, 23.3+5.2* age | Median duration Infective exacerbations of cystic (169)
200 portable and the tobramycin (n=49, 100%) male/female range was not of treatment not fibrosis (n=49, 100%)
Baxter Infusor LV10 and ciprofloxacin (n=30, ratio was not provided provided (14-21)
portable 61.2%) provided
device
Baxter Intermate Ceftazidime (n=7, 100%), 7, 10.7 (5to 20 14 Infective exacerbations of cystic (170)
100/200 and the gentamicin (n=2, 28.6%), male/female years old) fibrosis (n=7, 100%)

LogoMed home pump
(Eclipse)

tobramycin (n=2, 28.6%)

and amikacin (n=3, 42.9%)

ratio was not

provided
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*Although the mean age of the 2™ paper is larger than the age range detailed in our inclusion criteria, the standard deviation allows the mean age to
intersect with the age range set within the inclusion criteria. Furthermore, due to the lack of data regarding this topic and that no other articles met this

criterion, we have included this study within the systematic review.
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4.2.1. Quality of life analysis
Within one of the studies included, all families of patients were provided with feedback

guestionnaires on their experience of elastomeric device use as part of their p-OPAT service,
including their views on the administration of the service. 18 questionnaires were returned from this
studies’ cohort, with 17 families (94%) stating that they would accept OPAT as a form of treatment if
the need for it arises again, with the other one family (6%) unsure whether they would prefer p-
OPAT over inpatient treatment. All families agreed that p-OPAT either met or exceeded their
expectations. The questionnaire provided a free text comment section for families to address any
opinions or concerns about the service, where a common theme of comments was that families felt
that they were able to get back to their day-to-day lives when discharged under p-OPAT, with

comments like “amazing” and “robust” used to describe their experience.

Another study provided opportunities for their cohort of patients to fill in questionnaires (Cystic
Fibrosis Questionnaire score of 14+ for teenagers and adults, and Cystic Fibrosis Questionnaire Child
score of P for children aged 8 to 13) to obtain quality-of-life scores. According to this study, the
scores were similar for both treatment regimens, however, 82% of 57 patients who received both
modalities of treatment stated that they preferred the continuous infusion treatment course over

the three short infusion treatment courses of ceftazidime.

4.2.2. Antibiotics delivered through elastomeric devices
Seven antibiotics (ceftazidime, tobramycin, ciprofloxacin, piperacillin-tazobactam, flucloxacillin,

amikacin and gentamicin) have been evaluated for use in children and young people via elastomeric
devices, in three published studies. Antibiotics delivered through elastomeric devices and their
distributions (with regards to their study populations) are displayed in Table 1. Out of the three
studies, only one study reported the dose of antibiotics used, which was 200 mg/kg (maximum dose
of 12 g) for short infusions of ceftazidime, a loading dose of 60 mg/kg (maximum dose of 2g) for
continuous infusions of ceftazidime (BNFC states 50 mg/kg every 8 hours; maximum 9g per day) and
10 mg/kg for daily short infusions of tobramycin. Only one study specified how long an individual
patient was in the study for, which was defined as “from when the child/patient was ambulated on

OPAT until when the IV antibiotics were stopped.”

4.2.3. Infections being treated
Five types of infections have been reported within the three included studies in the systematic

review, where their distributions have been displayed in Table 1. There are a total of 90 paediatric
patients (used PP population instead of ITT population for one of the studies) amassed from the
three included studies, that were treated with antibiotics delivered through an elastomeric device.

Out of these 90 patients, the most common type of infection treated is exacerbation of cystic fibrosis
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(n=66, 73.3%). However, only one study reports other infections compared to the two studies that

only reported to treated infective exacerbations of cystic fibrosis.

4.2.4. Microorganisms identified
All three studies included within this review identified microorganisms in the patients’ cultures. Out

of the 90 patients within the three included studies, there were 72 patients (80%) identified with
positive bacterial cultures and the organisms were; Pseudomonas aeruginosa (n=67, 93.1%),
Staphylococcus aureus (n=50, 69.4%), Haemophilus influenza (n=9, 12.5%), Achromobacter sp. (n=4,
5.6%), Streptococcus sp. (n=3, 4.2%), coliforms (n=2, 2.8%), Stenotrophomonas maltophilia (n=2,

2.8%) and Serratia marcescens (n=2, 2.8%).

4.2.5. Efficacy of treatment
Only two studies explicitly reported data on the efficacy of the treatment provided. One study

reported that within their case series, 26 children (76%) were cured from their infection, with six
patients (18%) having “partial improvement” and two patients (6%) experiencing treatment “failure”
(see Table 2 for definitions of terms contained within quotation marks). With regards to the two
patients that experienced treatment failure, one patient had a chronic granulomatosis disease that
was initially treated for a lower respiratory tract infection with piperacillin-tazobactam but then
deteriorated requiring admission and commencement of antifungal treatment, and the other patient
suffered from cerebral palsy and epilepsy whom was conservatively treated for a splenic abscess
caused by P. aeruginosa, where their infection persisted until a source control measure was taken

(splenectomy).
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Table 2. Treatment outcome definitions as defined in the study published by Patel et al.

Infection outcome OPAT outcome (events related to IV access or antimicrobials)
Cure Partial improvement Failure Success Partial success Failure
Paediatric OPAT Completed paediatric Progression or Completed Complete therapy in Readmission or death due to
therapy was OPAT therapy with lack of clinical paediatric OPAT paediatric OPAT with either adverse event (line
completed and/or an partial resolution of response despite therapy with no change in Parenteral complications or
oral-step-down was infection requiring paediatric OPAT, | change in antibiotics | antibiotic agent or adverse antimicrobial side effects)
decided for a long term oral step- resulting in and no adverse event not requiring
defined duration, down/escalation of readmission, events (due to line readmission (due to line
with resolution of antibiotics or cure surgical complications or complications or
infection and no requiring escalation of intervention or antimicrobial side antimicrobial side effects)
requirement for antibiotics (without death effects)
long-term antibiotic readmission)
therapy
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The other study that presents data on efficacy of treatment reported that the values of FEV; at the
beginning of the short infusions (44.4, 18.4%) were not statistically different from the values of FEV;
at the beginning of the continuous infusions (42.7, 19.1%). According to their results, they reported a
larger mean change of FEV; values after the continuous infusion treatment (9.6, 10.6%) course
compared to the short infusion treatment course (5.6, 10.1%). With regards to patients harbouring
isolates of P. aeruginosa, their results showed that for patients harbouring resistant isolates of the
microorganism, the continuous infusion treatment course resulted in a greater change of mean % of
predicted FEV; (1.7 for the short infusion treatment and 6.2 for the continuous infusion treatment).
Furthermore, the mean difference (measured as standard deviation) in the time interval between
two successive IV antibiotic treatment courses was greater after the continuous infusion treatment
compared to short infusion treatment (3.1 for the continuous infusion treatment and 2.7 for the
short infusion treatment). This study also reported a significant mean decrease in C-reactive protein
(19.7 mg/litre for the short infusion treatment course and 18.7 mg/litre for the continuous infusion
treatment course), leukocyte count (1829 no. of cells/mm? for the short infusion treatment course
and 2068 no. of cells/mm?3 for the continuous infusion treatment course) and neutrophil count (2047
no. of cells/mm?3 for the short infusion treatment course and 2294 no. of cells/mm? for the

continuous infusion treatment course).

4.2.6. Adverse events reported

4.2.6.1. Adverse events concerning elastomeric devices
Only one study provided data specific to adverse events caused by elastomeric devices, where only

one child out of 34 patients (3%) experienced an elastomeric device failure. However, according to
the authors, this was thought to be due to the tip placement of the central line, which directly
impacted the emptying of the elastomeric device. This patient’s device was changed to a syringe

driver and subsequently managed on intermittent bolus doses.

4.2.6.2. Adverse events concerning central venous catheters
Only one study provided data on the type of central venous catheters used and its distributions in

their cohort, with 27 patients (79%) used peripherally inserted central catheters (PICC), four patients
(12%) used tunnelled central lines, three patients (9%) used a “port-a-cath” in situ. None of the
patients that used a “port-a-cath” or tunnelled central lines experienced any mechanical
complications, which contrasts with the four patients (15%) that experienced mechanical line
complications, using a PICC, where the reasons for this were: occlusion (n=2, 8%) and accidental
dislodgement (n=2, 8%). Fortunately, none of the patients within this cohort developed a line

infection. In another study, two patients (28.6%) experienced complications from their treatment,
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which prompted the removal of their silastic catheters. In these instances, one patient had his

catheter removed due to “technical problems” and the other had their silastic catheter occluded.

4.2.6.3. Adverse drug reactions
Two studies reported adverse drug reactions within their cohorts. In one study, authors reported

adverse drug reactions (ADRs) in two patients within their cohort, where one child developed
Stevens-Johnson syndrome on day 11 of their treatment and the other developed a drug-induced
fever. Both ADRs occurred during their course of Piperacillin-Tazobactam. Another study reported a
total of 124 adverse events (68 during the short infusion treatment course and 56 during the
continuous infusion treatment course) across 50 patients of their cohort. Only 2 out of the 124
adverse events (1.6%) were considered as serious adverse events (one after the short infusion
treatment course and one after the continuous infusion treatment course) which led to requiring
hospitalisation for pulmonary exacerbation. According to the authors of this study, the most
common adverse effects were nausea, abdominal pain, diarrhoea (12%), haemoptysis (11.3%),
headaches (7.3%), tonsilitis (6.5%) and pulmonary exacerbations (6.5%). This study also reported a
significant increase of aspartate aminotransferase ([AST], 14.2% for short infusion course and 17.8%
for continuous infusion course) and alanine aminotransferase levels ([ALT], 19.8% for short infusion
treatment course and 24.1% for the continuous infusion treatment course) at the end of each
antibiotic course for both regimens. However, with regards to alkaline phosphatase (ALP) and
gamma-glutamyl transferase levels (GGT), the authors of the study deemed the changes to be
insignificant between the beginning and the end of the treatment courses, regardless of the

regimen.

4.2.7. Pharmacokinetics
Only one study included pharmacokinetic data on ceftazidime for 28 patients within their cohort.

The mean ceftazidime Css during the continuous infusion treatment course was 56.2 + 23.2 ug/ml
(values ranged from 37.0 to 65.9 pg/ml, whereas during the ceftazidime short infusion treatment
course, the mean Cnax was 216.3 + 71.5 pg/ml (values ranged from 172.0 to 247.0 pg/ml), the mean
Cswas 40.7 + 21.5 pg/ml (values ranged from 24.8 to 56.6 pug/ml), and the mean Ciougn Was 12.1 + 8.7
pg/ml (values ranged from 6.1 to 16.6 pg/ml). Thus, when comparing the difference in
pharmacokinetics between two regimens of treatment, the study showed that the mean Cs; was

significantly larger than the mean Cirough and the mean C4 (with a P value less than 0.05).

4.3. Discussion
This is the first systematic review of the use of elastomeric devices for antibiotic delivery for children

and young people. Given how widespread p-OPAT services are, it is a surprise how there is such a

lack of extractable data regarding this topic, however, this provides rationale to perform this
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systematic review and an opportunity for us to add to this topic. With data for less than 100
patients, we acknowledge that our sample size is relatively small and attempt to not make sweeping

generalisations.

Only seven IV antibiotics have been assessed for delivery through elastomeric devices in children,
the most common of these being ceftazidime, which is related to infective exacerbations of cystic
fibrosis. In overall clinical practice, the most prescribed IV antibiotic classes by hospital trusts are (by
a large margin) penicillins, followed by tetracyclines and macrolides, respectfully (171). Interestingly,
3" generation cephalosporins, such as ceftazidime, account for a somewhat small proportion of IV
antibiotics prescribed by trusts, even though its use has increased by more than 30% from 2015 to
2019(171). The most common reason to prescribe IV antibiotics rather than oral antibiotics, at least
initially, is to treat severe life-threatening infections when there are concerns about not achieving
sufficient antibiotic concentrations at the site of infection (172). Other common reasons include
patients who are unable to absorb or take oral drugs and for immunocompromised patients due to
their inability to fight infections (172), for instance, the use of IV piperacillin/tazobactam for febrile
neutropaenia amongst a paediatric oncology population. Piperacillin/tazobactam has many
indications due to its broad spectrum of antibacterial activity, which encompasses most gram-
positive and gram-negative aerobic and anaerobic bacteria but excels as a treatment for febrile
neutropaenia due to the complication being a time-sensitive complication, where the treatment
must be provided before blood cultures are identified (173). Although the antibiotics identified
within this review do not match the most common IV antibiotics prescribed by trusts, there is
rationale for the use of some of the antibiotics identified. Ceftazidime, piperacillin-tazobactam and
flucloxacillin exhibit a time-dependant bactericidal effect, where in essence, these antibiotics have a
larger efficacy the longer their serum concentrations are higher than the minimum inhibitory
concentration (MIC), whilst gentamicin, tobramycin, amikacin and ciprofloxacin display a
concentration-dependant bactericidal effect, where these drugs perform more efficaciously when
their concentrations are > 10 times above the MIC for their target organism (174, 175). Since
elastomeric devices utilise the mechanism of continuous infusion, antibiotics that exhibit time-
dependant bactericidal effects can be deemed as safer (lower potential of incurring adverse events)
and more efficacious than antibiotics that display concentration-dependant bactericidal effects,
when considering delivery through elastomeric devices. Moreover, the frequency of intermittent
infusions of ceftazidime, flucloxacillin and piperacillin-tazobactam discourage the use of these drugs
for p-OPAT, unless administered through a 24-hour continuous infusion through elastomeric devices,
where the stability of these drugs further encourages the use of elastomeric devices to deliver these

antibiotics (176).

39



24 August 2021

As stated previously, the most common infection across the 90 patients included within this review
is exacerbation of cystic fibrosis, where this correlates with the most common microorganism
identified, Pseudomonas aeruginosa. Although most of all positive microbiological cultures identified
Pseudomonas aeruginosa, a large proportion of cultures identified Staphylococcus aureus, which is
supported by the fact that the two of the most common bacteria identified in the mucus of cystic
fibrosis patients are Pseudomonas aeruginosa and Staphylococcus aureus (177, 178). Furthermore,
recent research has shown that late-infecting Pseudomonas aeruginosa strains develop coexisting
interactions with Staphylococcus aureus, when previously, it has been a well-known fact that early-
infecting Pseudomonas aeruginosa strains produce anti-staphylococcal compounds and inhibit the
growth of Staphylococcus aureus (177). However, the impact of the co-infection between
Staphylococcus aureus and Pseudomonas aeruginosa on the manifestation of cystic fibrosis is
debatable (179-181). In terms of the efficacy of treatment within the three included studies, one
study reported that their continuous infusion treatment course was more efficacious (larger mean
increase of FEV; values, larger mean difference in the time interval between two successive IV
antibiotic treatment courses, and a larger decrease of leukocyte and neutrophil count) than their
short infusion treatment course, with only C-reactive protein levels being reduced more with the
short infusion treatment course. The increased efficacy of continuous infusion compared to short
infusions of ceftazidime may be due intermittent administrations of ceftazidime, leading to low sub-
MIC Ciroughs and high Cmaxs, whereas a continuous infusion of ceftazidime would lead to a lower Cmax
but the serum concentration of ceftazidime should be higher than the MIC, thus in theory, the
percentage of time spent where serum concentrations of ceftazidime are above the MIC is larger in

continuous infusions, when compared to intermittent infusions of ceftazidime (169, 182, 183).

In terms of adverse events, studies mainly reported data concerning adverse drug reactions and
adverse events relating to central venous catheter, with only one patient experiencing elastomeric
device failure. This suggests that the administration of antibiotics through elastomeric devices for a
paediatric population can be considered as safe. With regards to problems encountered with central
venous catheters, a study noted that only PICC lines caused complications, where the authors
theorised that the reason why the elastomeric device failed for that one patient was due to a tip
dislodgement of the central line, rather than a problem with the actual device itself. Another study
reported that a patient experienced occlusion of their silastic catheter and another patient had
“technical issues” with their catheter. Findings from included studies in this review are supported by
an observational study evaluating the efficacy and safety of continuous infusions with elastomeric
devices for OPAT, where out of 150 patients enrolled, only 16 patients (11%) experienced an adverse

event, where most of the adverse events were explained as expected side-effects of the
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administered drug (184). This further reinforces that these adverse events do not directly reflect on
the elastomeric device, but rather the technicalities of a central venous catheter or the side-effects
of a drug itself. In terms of adverse drug events, out of the 90 patients, only piperacillin-tazobactam
was identified as a cause for adverse drug events. However, one study identified 124 adverse events
within their short and continuous infusion treatment groups (using ceftazidime and tobramycin),
where two adverse events were serious adverse events. The same study also reported an increase in
ALT and AST within both short and continuous infusion groups, where this data is supported by the

fact that ceftazidime can cause LFT (liver function tests) derangement with prolonged courses (185).

Considering how prevalent p-OPAT services are, it comes to a surprise how there was only one study
that conducted pharmacokinetic analyses. This study reported the mean C, of ceftazidime
(continuous infusion) to be higher than the mean Cnax and C4 of ceftazidime (short infusion), where
the Cis remained permanently above the MIC during the continuous infusion. Furthermore, the
mean steady-state blood ceftazidime concentration was consistent with the value found in another
study that obtained pharmacokinetic data of ceftazidime delivered through continuous infusions to a
paediatric population (186). The results from the study that conducted pharmacokinetic analysis
show that ceftazidime exhibits time-dependant bactericidal activity and ceftazidime’s increased
effectiveness when delivered through continuous infusions, which subsequently shows that
ceftazidime delivered through elastomeric devices has a larger efficacy than delivered through
intermittent delivery methods. Although the other two studies included within this review do not
include pharmacokinetic analysis, there are many pre-clinical studies published that include
pharmacokinetic analysis of antibiotics that are delivered through elastomeric devices. This lack of
clinical pharmacokinetic data will hopefully prompt others to perform pharmacokinetic analysis
within their future studies concerning antibiotics delivered through elastomeric devices, in the

pursuit of improving the safety and efficacy of these devices.

Quality of life data contained within the results suggest that there a multiple benefits of using
elastomeric devices as a delivery mechanism for p-OPAT, such as: the ability for families to get back
to their “normal” lives at a quicker rate, children being able to return to school whilst being treated
with an elastomeric device and an opportunity for families to be directly involved with their child’s
treatment, where some families found the option of administering their child’s medication through
an elastomeric device, a highly favourable one. Moreover, when family members administer their
child’s treatment, this incurs cost savings (by cutting out the need for a professional to administer)
and allows patients to be managed outside of an inpatient setting, especially if there is a limited

access to a community nursing team.
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With data reflecting only 90 patients gathered amongst 3 studies, we hypothesise reasons and
factors for this lack of data (especially when concerning an oncological use for these devices), which
include: the role of elastomeric devices in different paediatric cohorts, the popularity of
chemotherapy vs. antibiotics delivered through elastomeric devices within a paediatric oncology
population and the rationale for the route of antibiotics delivered to paediatric patients. More than
70% of the patients included within this review were being treated for an infective exacerbation of
cystic fibrosis, which is warranted as the pharmacokinetics of continuous infusion antibiotic therapy
favours the maintenance of antibiotic serum concentrations above the MIC compared to
intermittent infusions (187). When concerning the use of elastomeric devices to deliver antibiotics to
a paediatric oncology population (e.g., to treat febrile neutropaenia), paediatric patients are more
likely to be treated in the hospital as their conditions can deteriorate at a more rapid rate than
adults, thus negating the benefits of outpatient antibiotic delivery facilitated by elastomeric devices
and ultimately discouraging antibiotic delivery through elastomeric devices amongst this specific
cohort. Although outpatient treatment may be recommended to paediatric patients with low-risk
febrile neutropaenia, outpatient oral antibiotic therapy is the current recommendation advised by
the CCLG, SIOP-endorsed international febrile neutropaenia guideline and many treatment centres
around the UK, where this guidance assumes that the patient does not have significant
gastrointestinal issues (diarrhoea, vomiting and mucositis) (188, 189). Amongst a paediatric oncology
population, a more common use of elastomeric devices is to deliver chemotherapy as a means of
ambulatory/home chemotherapy, where this mode of chemotherapy delivery has risen in popularity
in countries like Canada and the UK (190-192). The factors stated above contribute largely to the
identification of largely CF paediatric population (where p-OPAT is favoured) within our cohort and

why we did not identify any paediatric oncology patients (where p-OPAT is generally not favoured).

4.3.1. Limitations and recommendations for future studies
However, some limitations of this systematic review must be noted. Although there seems to be an

adequate amount of data on OPAT and p-OPAT, there is a clear lack of clinical data revolving around
the antibiotic delivery through elastomeric devices within a paediatric population. Where
elastomeric devices have been focused, an adult population seems to be favoured over a paediatric
population, which has resulted in a small selection of studies for the evaluation of antibiotic delivery
through elastomeric devices amongst a paediatric population. Some data contained within included
studies (median age of patients, male/female ratio of patients and median duration of treatment)
were not identified and were subsequently not obtained, even after contacting corresponding
authors. Furthermore, studies included within this review may not have included data that resonates

with the data categories regarding our secondary outcomes, where pharmacokinetic data is an
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example of a data category only fulfilled by one study included and the lack of pharmacokinetic data
regarding antibiotics identified undermines the evaluation of antibiotics delivered through an
elastomeric device for a paediatric population. However, these limitations highlight areas of this
topic to be further researched into, improving the evaluation of antibiotics delivered through

elastomeric devices and thus, optimising patient care.

4.4,  Conclusion
Seven antibiotics have been evaluated for use through an elastomeric device amongst a paediatric

population. Limited number of studies have been undertaken surrounding the topic of elastomeric
devices within paediatrics, where a relatively large range of antibiotics have been reviewed and no
signals have emerged to date, although it is surprising how little information has been published.
Antibiotic delivery through elastomeric devices can provide benefits to patient-parent wellbeing,
increase cost-effectiveness, and reduce pressure on a healthcare environment, limited research has
been undertaken, where data is primarily revolving around cystic fibrosis patients. Other specialist
populations (e.g., oncology) may benefit from further research to understand the use of antibiotics

through elastomeric devices within particular patient groups.
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5. PINGU study

5.1. Introduction
Although survival rates for children with cancer have steadily improved, treatment for childhood

cancer remains associated with a substantial risk of short, medium, and long-term adverse effects.
Numerous chemotherapeutic drugs are associated with nephrotoxicity, where these drugs can cause
significant acute renal damage (glomerular and tubular) in the short term and can result in long-term
renal problems. Tubular injury caused by chemotherapy frequently results in magnesium, potassium,
and phosphate deficiency, necessitating prolonged electrolyte supplementation and, on rare

occasions, can lead to complications such as hypophosphatemic rickets.

Due to the significance of chemotherapy-induced nephrotoxicity, there is a clear need for new
markers of nephrotoxicity for patients receiving nephrotoxic chemotherapy, so that patients with
renal damage can be identified and monitored as early as possible and so that further damage can
be limited, where an example of this would be the restriction and avoidance of concomitant
nephrotoxic drugs such as aminoglycoside antibiotics. Neutrophil Gelatinase Associated Lipocalin
(NGAL) is a biomarker that appears to identify renal damage, when investigating children receiving
nephrotoxic chemotherapy. NGAL is responsible for the growth and differentiation of renal tubular
cells and exerts bacteriostatic effects within the distal urogenital tract by altering the bacterial
siderophore-mediated iron acquisition (193), where this siderophore-iron-complex NGAL limits
proximal tubular damage and diminishes apoptosis. In terms of the quantity of NGAL expression,
NGAL is usually expressed at very low levels in several human tissues, including lungs, stomach,
kidneys, and the colon (194). However, when damaged (by ischaemia-reperfusion injury,
nephrotoxins sepsis or chronic progressive changes), kidney epithelia excrete and express large
guantities of NGAL into the urine (195). NGAL has been identified as the protein with the earliest rise
and peak after renal ischaemia (195, 196), where NGAL appears to be an early biomarker in contrast
to the currently available laboratory markers of renal damage used in everyday clinical practice.
Amongst other kidney insults such as: after cardiopulmonary bypass (197), sepsis in critical illness
(193), delayed graft function in renal transplantation (198), contrast-induced nephropathy (199),
lupus nephritis flares (200) and haemolytic-uraemic syndrome (201), urinary NGAL has been

identified as a potential early marker of renal injury in children.

Unfortunately, to this date, information revolving around NGAL as a biomarker for early detection of
renal damage in children receiving nephrotoxic chemotherapy is quite limited. There appears to be
only 1 previous publication of the use of the NGAL biomarker in patients receiving chemotherapy,
where this study compromised of 12 adult patients. Within this study, urinary NGAL levels increased

significantly more in patients receiving cisplatin, who subsequently developed AKI, compared to
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controls at up to 15 days after cisplatin administration, where there was also a marked NGAL
increase at day 2 after cisplatin administration, which predicted acute kidney injury (>25% serum

creatinine increase vs. baseline) (202).

An apparent challenge to this cause and paediatric oncology alike would be the nephrotoxicity
associated with antibiotics, where many centres (including Alder Hey) prescribe aminoglycosides as
first line antibiotics for treatment of febrile neutropaenia (FN) episodes, where as many as 10-25% of
therapeutic courses of aminoglycosides are complicated by nephrotoxicity, despite close patient
monitoring (203). This emphasises the clear need for an early marker of kidney injury amongst
children receiving nephrotoxic chemotherapy, to prevent further damage that could be caused by
aminoglycosides (by switching them to non-nephrotoxic antibiotics). Furthermore, NGAL levels have
also been detected to be elevated in various types of adult-type cancers including adenocarcinomas
of the breast, bowel and urothelial carcinomas (204, 205). However, according to existing reports,
elevated urinary NGAL levels have only been detected in brain tumours (medulloblastoma) amongst

a paediatric population (206).

5.1.1. Objectives
This study is a part of “The PINGU Project” — The Prospective Investigation Into NGAL Utility, which

has been conducted at the Alder Hey Children’s NHS Foundation Trust in Liverpool, UK.

The objectives of the PINGU study are to: determine the utility of NGAL in predicting AKI amongst a
paediatric oncology patient group that are at risk of renal damage, correlate urinary and blood
measurements of NGAL in a group of patients within the study cohort, and finally, to prompt further
studies that investigate the effect of early intervention would have on improving the renal outcome

for these patients.

With regards to the progress of the study, all aspects of data collection (serum and biochemistry
data) from samples of consented patients were performed by a team of researchers that have no
affiliation with the project currently. This data was stored in various areas, which include excel
sheets, patient case report files and other patient records, where all the data were either in a
secured Alder Hey cloud drive or were paper documents that were in secured locations within the
hospital. My role within this study was to perform data cleaning (obtain and compile demographic,
urinary and biochemistry data from mentioned sources) and perform data analysis to investigate the

relationship between urinary NGAL and cisplatin-induced nephrotoxicity.

5.2.  Methods

As it is known that plasma and urinary levels of NGAL can be elevated amongst some pathologies

(sepsis, brain tumours, Down’s syndrome) and some patients enrolled may be afflicted by some of
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these conditions, the study has aimed to measure baseline NGAL levels prior to the start of
nephrotoxic therapy, where it will then be compared to with subsequent levels of NGAL of when
patients are exposed to nephrotoxic chemotherapeutic agents. Although | was not directly involved
in this process, the PINGU study has obtained ethical approval prior to the data collection process,
where the study protocol is contained within Appendix 1. In terms of the assessment of AKI, the
study has used the RIFLE criteria to assess AKI, where Table 3 includes exact definitions for each

stage.
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Table 3. RIFLE criteria

Stage Criteria
Stage | (Risk) Increased creatinine (x1.5) or decreased GFR > 25% or urine output <

0.5ml/kg/h x 6 hours

Stage Il (Injury) Increased creatinine (x2) or decreased GFR > 50% or urine output <

0.5ml/kg/h x 12 hours

Stage lll (Failure) Increased creatinine (x3) or decreased GFR > 75% or urine output <

0.5ml/kg/h x 24 hours or anuria x 12 hours
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5.2.1. Patient selection criteria
The study will include 2 groups of patients: patients receiving nephrotoxic chemotherapy and

patients receiving nephrotoxic chemotherapy along with receiving aminoglycosides. In terms of the
eligibility of the former group, patients must receive one or more of the following nephrotoxic drugs:
cisplatin, ifosfamide and high dose methotrexate, and must provide informed written consent. In
terms of the eligibility of the latter group, patients must be receiving either cisplatin, ifosfamide or
high-dose methotrexate (or a combination of them) up to 4 weeks prior to their admission and
receiving aminoglycosides on their current admission, where they must also provide informed
written consent. The exclusion criteria for both groups are the same, where patients with urinary

tract infections will be excluded from the study.

In terms of the write-up for the thesis, we will only be focusing on the patient group that had

cisplatin administered.

5.2.2. Diagnostic investigations during the study

522.1. Patients receiving nephrotoxic chemotherapy
Urinary NGAL (UNGAL) has been taken: prior to chemotherapy, daily until the end of administration

of nephrotoxic chemotherapy, on days 7 and 10 (for patients receiving cisplatin and ifosfamide only),
at their first clinic appointment after the end of their treatment, and 6 and 12 months after the end
of their treatment. Considering “Day 1” as the day of admission for each course of chemotherapy,
“Day 7” and “Day 10” urinary NGAL samples will be obtained at home following discharge from the
hospital. Patients will be provided by informative leaflets, which depict the taking and handling on
samples, providing patients with clear instructions for the timing of these samples. With regards to
urine samples taken at home, clean catch samples will be required to minimise contamination of
samples, and when concerning younger patients (particularly infants and toddlers), parents will be
instructed how to provide these samples. For each urine sample, appropriate sample tubes,
instructions and pre-addressed and stamped packaging are provided. This has allowed for samples
to be taken at home and sent via recorded delivery to a predesignated individual within the
Paediatric Oncology Research Department at Alder Hey, where from here, they have been taken to
the receiving laboratory for processing and storage. If deemed necessary, urine samples are stored
in the patient’s fridge at home and are collected within 24 hours by a member of the research team
after communication with the family. If the patient is attending hospital with complications of
treatment (e.g. FN) or other routine attendance (e.g. supportive treatment/routine
bloods/chemotherapy) between “Day 7” and “Day 14”, samples are taken at the predesignated time

points where appropriate, where a urine dipstick may also be performed, if additions samples may
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be taken. However, just to iterate, no patients has been asked to attend hospital solely for the

purposes of providing a urine sample at any point of their treatment.

Serum NGAL (sNGAL) has been taken: prior to chemotherapy, daily until the end of administration of
nephrotoxic chemotherapy, at the first clinic appointment after the end of treatment and 12 months

after the end of treatment.

“Oncology Profile”, which includes urea, creatinine, sodium, potassium, bicarbonate, anion gap,
magnesium, calcium and phosphate has been taken: prior to chemotherapy, daily until the end of
administration of nephrotoxic chemotherapy, at the first clinic appointment after the end of

treatment and 12 months after the end of treatment.

“Urine Biochemistry”, which includes urine dipstick (blood, protein, glucose), urine
albumin/creatinine ration, retinol binding protein (RBP), phosphate, calcium and creatine has been
taken: prior to chemotherapy, daily until the end of administration of nephrotoxic chemotherapy
(except for phosphate, calcium and creatinine — where these were only taken on the last day of
chemotherapy), at the first clinic appointment after the end of treatment and 6 and 12 months after

the end of treatment.

GFR (Cr EDTA excretion) has been taken: before alternate courses of chemotherapy and at the end

of chemotherapy.

Urinary NGAL levels that are below the lower limit of detection (<10 ng/mL) will be considered as “0

ng/mL” for analysis concerning mean urinary NGAL values.

Unfortunately, there was data that | could not find (specifically, pre-dose creatinine values for some
samples of patients), however, this was not within my control as | was not responsible for any aspect
of the data collection process of the PINGU study. Nevertheless, | made attempts to find missing
data (contact members that performed data collection for the PINGU study, search through the
Alder Hey Meditech database and thoroughly searching through case report files and patient
records). When concerning these missing pre-dose creatine values, | have labelled these missing

values as “N/A” and subsequently, the affected patients’ p-RIFLE stage as “N/A”.

5.3.  Results

5.3.1. Demographic data
According to data collected, from June 2012 to June 2017, there were 26 patients enrolled in the

PINGU study, however only 21 patients were prescribed with at least a single course of cisplatin
during their treatment plan (where patients 3,9, 12, 16 and 21 were not prescribed cisplatin during

the study duration and therefore excluded from this analysis). The cohort compromised of 13 males
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(61.9%) and 8 females (38.1%), where the mean age of the cohort is 8 years old. Patient
demographics, cohort renal function (with p-RIFLE staging) and oncological profile amongst these
patients are summarised in Table 4, Table 5, and Table 6, respectively. When considering criteria for
p-RIFLE, only creatinine and GFR will be used to grade p-RIFLE stages, as data revolving urine output

was not collected from patients.
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Study cohort

Number of patients (n) 21
Male (%) 61.9

Mean age of patients (in years) 8

Median age of patients (in years) 7
Age range (in years) 3-17

Proportion of diagnosis (n)

e Osteosarcoma (5)
e Medulloblastoma (4)
e Hepatoblastoma (3)
e Neuroblastoma (3)
Intracranial germ cell tumour (2)
e Low grade glioma (1)
e Pilocytic astrocytoma (1)
Nasopharyngeal carcinoma (1)
e PNET(1)

51




Table 5. Cohort renal function (with p-RIFLE staging)
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Patient Age Sex Normal Pre-dose % increase/decrease Normal Pre-dose % increase/decrease p-RIFLE
ID (years) (M/F) range of creatinine | from normal range of | average GFR GFR from normal average stage
creatinine (umol/L) creatinine for sex/age (1.73/m?) GFR for sex/age
(umol/L) (1.73/m?)
1 7 F 27 -57 42 WITHIN NORMAL 133.0+27.0 159.77 WITHIN NORMAL NORMAL
RANGE RANGE (+20.1%)
2 5 F 27 -57 48 WITHIN NORMAL 133.0+27.0 150.1 WITHIN NORMAL NORMAL
RANGE RANGE (+12.9%)
4 2 F 27 -57 N/A N/A 133.0+27.0 N/A N/A N/A
5 8 M 27-57 N/A N/A 133.0£27.0 N/A N/A N/A
6 13 F 27 -57 N/A N/A 126.0+22.0 N/A N/A N/A
7 6 M 27 -57 N/A N/A 133.0+27.0 N/A N/A N/A
8 4 F 27 -57 45 WITHIN NORMAL 133.0+27.0 131.54 WITHIN NORMAL NORMAL
RANGE RANGE (-1.10%)
10 6 F 27 -57 N/A N/A 133.0+27.0 N/A N/A N/A
11 11 M 27 -57 N/A N/A 133.0+27.0 N/A N/A N/A
13 17 27-57 N/A N/A 140.0£30.0 N/A N/A N/A
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14 12 27-57 56 WITHIN NORMAL 133.0+27.0 91.45 -31.2% STAGE |
RANGE (RISK)

15 3 27-57 23 -17.4% 133.04+27.0 144.67 WITHIN NORMAL NORMAL

RANGE (+8.77%)

17 4 27-57 N/A N/A 133.0427.0 172.5 +29.7 NORMAL

18 9 27-57 46 WITHIN NORMAL 133.0427.0 76.5 -42.5% STAGE |
RANGE (RISK)

19 16 27-57 53 WITHIN NORMAL 140.0430.0 115.04 WITHIN NORMAL NORMAL
RANGE RANGE (-17.8%)

20 4 27-57 N/A N/A 133.0427.0 N/A N/A N/A

22 15 27-57 N/A N/A 140.0430.0 N/A N/A N/A

23 9 27-57 32 WITHIN NORMAL 133.0427.0 114.56 WITHIN NORMAL NORMAL
RANGE RANGE (-13.9%)

24 4 27-57 N/A N/A 133.0427.0 102.46 -23.0% NORMAL

25 8 27-57 58 +1.75% 133.0427.0 102 -23.3% NORMAL

26 7 27-57 46 WITHIN NORMAL 133.0+27.0 89.2 -32.9% STAGE |
RANGE (RISK)

53




Table 6. Cohort oncological profile

24 August 2021

Total number of recorded samples that included all aspects of “oncology 146
profile” across the 21 patients that had at least one dose of cisplatin (n)
Aspect of Number of Normal range Range observed Mean
“oncology abnormal by recorded
profile” samples (n) samples
Urea (mmol/L) 22 23-6.4 1.3-10.4 3.53
Creatinine 16 27 -57 19-67 47.5
(umol/L)
Potassium 5 35-55 3.2-51 3.99
(mmol/L)
Sodium (mmol/L) 27 135-145 128 - 167 135
Magnesium 51 0.78-1.02 0.4-14.8 0.973
(mmol/L)
Chloride 15 100-110 94-118 105
(mmol/L)
Bicarbonate 5 18-29 14 - 27 21.6
(mmol/L)
Albumin (g/L) 51 37-53 28-44 35.6
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5.3.2. Urinary data

5.3.2.1. Mean urinary NGAL levels vs. number of samples (per patient)
A total of 394 samples were collected from the study cohort, where the mean urinary NGAL value

from all of the samples is 39.9 ng/mL and the mean number of samples provided per patient was
18.8 samples. The median number of samples provided per patient was 10 samples, where the range
of samples provided per patient was from 2 samples to 71 samples. Patient 19 provided the largest
number of samples (71) and their mean urinary NGAL value is 24.1 ng/mL, whereas patient 8 was
the patient to provide the lowest amount of samples (2), where their mean urinary NGAL value was
<10 ng/mL (below lower limit of detection). Patient 1 had the largest mean urinary NGAL level
recorded amongst the cohort (79.3 ng/mL), where they provided 45 samples. 4 patients (4, 8, 17, 25)
provided 18 samples in total, but all of their samples were regarded as “below the lower limit of
detection” due to the lack of precision of the instrument at measuring urinary NGAL levels below 10

ng/mL. Data relating to this section has been displayed within a figure below (Figure 2).
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Figure 2. Mean urinary NGAL levels vs. number of samples for each patient

Number of samples vs. mean urinary NGAL levels for each patient

1 2 4 5 6 7 8 10 11 13 14 15 17 18 19 20 22

Patient ID

*Lower limit is <10 ng/mL, values <10 ng/mL are marked as zero on this figure.

56

B Number of Samples

B Mean urinary NGAL levels
(ng/mL)

¥ I|| ||
23 24 25 26



24 August 2021

5.3.2.2. Mean urinary NGAL levels vs. day of cisplatin cycle
Considering that cisplatin cycles can last up to 14 days, the mean urinary NGAL level for this cohort,

for each day, is 43.1 ng/mL. For all 14 days, the mean urinary NGAL levels ranged from <10 ng/mL to
204 ng/mL. Day 1 samples compromised of the largest mean urinary NGAL level (204 ng/mL),
whereas all samples from day 9 and 14 were “undetectable”, providing the lowest mean urinary
NGAL levels in the terms of days of cisplatin cycle. Data relating to this section is displayed in the

figure below (Figure 3).
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Figure 3. Mean urinary NGAL levels vs. day of cisplatin cycle

Mean urinary NGAL levels vs. day of cisplatin cycle
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Day of cisplatin cycle
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*Denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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It is evident that the mean urinary NGAL levels on day 1 (baseline) are significantly larger than on
other days. Table 7 displays the demographics of 2 groups of patients, one that showed high “day 1”

(baseline) urinary NGAL levels and one that showed low “day 1” (baseline) urinary NGAL levels.
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Table 7. Demographics of patients that displayed high “day 1” (baseline) urinary NGAL levels vs. demographics of patients that displayed low “day 1”

(baseline) urinary NGAL levels

Patient ID Age (years) Sex (M/F) Mean “day 1” Diagnosis p-RIFLE stage
urinary NGAL
levels (ng/mL)
Group A (high 1 7 F 314.6 Osteosarcoma NORMAL
“day 1” urinary 6 13 F 237.1 Osteosarcoma N/A
NGAL levels) 5 8 M 27.3 Medulloblastoma N/A
Group B (low 13 17 M 17.9 Hepatoblastoma N/A
“day 1” urinary 2 5 F <10 Low grade glioma NORMAL
NGAL levels) 4 2 F <10 Neuroblastoma N/A
7 6 M <10 Intracranial germ cell tumour N/A
8 4 F <10 Medulloblastoma NORMAL
10 6 F <10 Neuroblastoma N/A
11 11 M <10 Osteosarcoma N/A
14 12 <10 Germinoma STAGE | (RISK)
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15 3 M <10 Hepatoblastoma NORMAL
17 4 M <10 Hepatoblastoma NORMAL
18 9 M <10 Medulloblastoma STAGE 1 (RISK)
19 16 M <10 Osteosarcoma NORMAL
20 4 F <10 Pilocytic astrocytoma N/A

22 15 M <10 Osteosarcoma N/A

23 9 M <10 Nasopharyngeal carcinoma NORMAL
24 4 M <10 Neuroblastoma NORMAL
25 8 M <10 PNET NORMAL
26 7 F <10 Anaplastic medulloblastoma STAGE | (RISK)
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Reviewing data from Table 7, only four out of 21 patients within this cohort have a mean baseline
urinary NGAL levels (from their respective samples) higher than the detectable level (<10 ng/mL).
Out of these 4 patients, 3 patients belong to “Group A” (high baseline urinary NGAL levels), where

the diagnoses of the 2 groups does not seem to show any relevant differences.

When concerning “Group A”, two out of three patients suffered from osteosarcoma and the other
patient suffered from a medulloblastoma. Their collective mean baseline urinary NGAL was 193
ng/mL, the group had a 1:2 male-to-female ratio and their median age was 8 years (age range of
seven to 13). Two patients within this group did not have their pre-dose creatinine recorded and
therefore, none of the patients within this group scored an abnormal p-RIFLE grade. Data regarding
the one of the explained patients from “Group A” (patient 1) is displayed within the figure below

(Figure 4), where other individual patient graphs (patient 6 and 5) are contained within Appendix 2.
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Figure 4. Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 1)

Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 1)
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63



24 August 2021

Interestingly, when concerning “Group B”, this group had three patients (16.7%) that scored
abnormal p-RIFLE grades (who had all scored “stage 1”). Group B had a total of 18 patients, where
only one patient had a mean baseline urinary NGAL level higher than the detectable level of NGAL
(<10 ng/mL), where this patient suffered from hepatoblastoma. Within this group, three patients
suffered from hepatoblastoma, three patients suffered from osteosarcoma, three patients suffered
from neuroblastoma, three patients suffered from medulloblastoma (with one patient suffering
from anaplastic medulloblastoma), where other diagnoses included intracranial germ cell tumour,
low grade glioma, nasopharyngeal carcinoma, PNET, pilocytic astrocytoma and germinoma (for these
diagnoses, n = 1). The group had a 2:1 male-to-female ratio and the median age of the group was 6.5
years old. Considering both facts that patient 13 had the only detectable mean baseline urinary
NGAL level and the 3 patients that scored abnormal p-RIFLE grades, data regarding explained patient
(patient 13) is displayed within the figure below (Figure 5), where other individual patient graphs

(patients 14, 18 and 26) are contained in Appendix 3.
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Figure 5. Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 13)

Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 13)
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*Denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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5.3.2.3. Mean urinary NGAL levels vs. phases of cisplatin cycles
Phases of cisplatin cycles are defined as: “baseline” (prior to cisplatin administration), “during

chemo” (during cisplatin administration), “post chemo” (shortly after cisplatin administration) and
“follow up” (at least 6 months must elapse from finishing their last cisplatin course). Considering
that none of the “follow up” samples resulted with detectable levels of urinary NGAL, the “follow
up” phase will not be displayed within the figures relating to this section. The “baseline” phase of
cisplatin cycles resulted in the largest mean urinary NGAL value within this cohort (204 ng/mL) and
the “during chemo” phase resulted in the lowest mean urinary NGAL value within this cohort (21.6
ng/mL), with the “post chemo” phase resulting in a mean urinary NGAL that is slightly larger (29.0

ng/mL). Data relating to this section is displayed in the figure below (Figure 6).
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Figure 6. Mean urinary NGAL levels vs. phases of cisplatin cycles

Mean urinary NGAL levels vs. phases of cisplatin cycles
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The data contained above in Figure 6 is similar with the data from the previous section (mean
urinary NGAL vs. day of cisplatin cycle), where unexpectedly, “baseline” (day 1) values seem to have
significantly larger values of urinary NGAL than other days/phases. However, some patients (2, 5, 7,
11, 14, 15, 18, 19, 20, 23, 24) have been observed to display larger mean urinary NGAL values during
the “post chemo” phase than any other phase, suggesting that the accumulation of cisplatin
exposure may cause a rise in urinary NGAL. However, urinary NGAL values from the rest of the
patients suggest that there may not be a correlation between an increase in urinary NGAL values as
a cisplatin cycle phases through. Interestingly, patient 13 is the only patient that is observed to show

a larger mean urinary NGAL during their “during chemo” phase compared to any other phases.

With regards to the group observed to display larger mean urinary NGAL values during the “post
chemo” phase compared to any other phase, 2 patients were treated for medulloblastoma, where
other diagnoses included osteosarcoma, germinoma, intracranial germ cell tumour,
hepatoblastoma, pilocytic astrocytoma, nasopharyngeal carcinoma, and neuroblastoma (all n = 1).
The mean age of this group is 7.9 years old, where the age range for this group is from 3 to 16 years
old. Data regarding an explained patient (patient 19) is displayed within the respective figure below

(Figure 7), where other individual patient graphs (patients 5 and 14) are contained in Appendix 4.
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Figure 7. Mean urinary NGAL levels vs. phases of cisplatin cycles (for patient 19)

Mean urinary NGAL levels vs. phases of cisplatin cycles (for patient
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5.3.2.4. Mean urinary NGAL levels vs. successive cisplatin cycles
As many patients within this cohort experienced successive cycles of cisplatin (up to 6 successive

cycles), an analysis was performed to observe the relationship between mean urinary NGAL levels
vs. successive cisplatin cycles. According to the analysed data, the 3™ successive cisplatin cycle
resulted in the highest mean urinary NGAL level (94.7 ng/mL) and the 5% successive cisplatin cycle
resulted in the lowest mean urinary NGAL level (27.35 ng/mL). Data relating to this section is

displayed in the figure below (Figure 8).
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Figure 8. Mean urinary NGAL levels vs. successive cisplatin cycles
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According to the data above, there does not appear to be a trend other than mean urinary NGAL
levels increasing from the 2" successive cisplatin cycle to the 3™ successive cisplatin cycle, where
there is a drastic increase in mean urinary NGAL level from the 2" successive cisplatin cycle (33.5
ng/mL) to the 3™ successive cisplatin cycle (94.6 ng/mL). Although the data goes against the
hypothesis that mean urinary NGAL levels should increase after successive cisplatin cycles, the data
above could be explained by anomalous data observed through patient 1, where they were the only
patient to display a significantly higher mean urinary NGAL level (compared to other successive
cycles) during their 3™ successive cisplatin cycle (199 ng/mL). Data relating to patient 1’s mean
urinary NGAL levels vs. successive cisplatin cycles and mean urinary NGAL levels vs. successive
cisplatin cycles (without data from patient 1) will be presented in respective figures below (Figure 9

and Figure 10).
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Figure 9. Mean urinary NGAL levels vs. successive cisplatin cycles (for patient 1)
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Figure 10. Mean urinary NGAL levels vs. successive cisplatin cycles (without data from patient 1)
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With regards to the data above, according to mean urinary NGAL levels vs. successive cisplatin cycles
(excluding data from patient 1), the 6 successive cisplatin cycle was observed with the highest
mean urinary NGAL level (39.8 ng/mL) and the 3" successive cisplatin cycle was observed with the
lowest mean urinary NGAL level (20.04 ng/mL). However, within the data above, patient 13 was the
only patient that underwent the 6 successive cycles of cisplatin and therefore, the only patient to
have “detectable” levels of urinary NGAL during their 6™ cisplatin cycle. Data relating to patient 13’s
mean urinary NGAL levels vs. successive cisplatin cycles and mean urinary NGAL levels vs. successive
cisplatin cycles (without data from patient 1 and 13) will be presented in respective figures below

(Figure 11 and Figure 12).
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Figure 11. Mean urinary NGAL levels vs. successive cisplatin cycles (for patient 13)
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Figure 12. Mean urinary NGAL levels vs. successive cisplatin cycles (without data for patient 1 and 13)
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According to the data above (which disregards the data attained from patients 1 and 13), there is a
general downwards trend in mean urinary NGAL levels as successive cisplatin cycles are given to

patients, and then a sudden spike towards the 5™ successive cycle of cisplatin.

5.3.2.5. Urinary NGAL levels vs. date
Data regarding urinary NGAL levels vs. date (for each patient) has been analysed, where there does

not seem to be an apparent correlation between induction of cisplatin and an increase in NGAL
levels. However, for some patients (5, 6, 13, 14, 15, 18), there are points of increase in urinary NGAL
levels after cisplatin administration, however, these data points are not consistent within the
individual patient and the cohort. Nevertheless, data relating to an explained patient (patient 13)
will be presented in the respective figure below (Figure 13) where red vertical lines on the x-axis of
these charts indicate when cisplatin was administered. Other individual patient graphs (patients 5, 6,

14, 15 and 18) will be contained within Appendix 5.
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Figure 13. Urinary NGAL levels vs. date (for patient 13)

Urinary NGAL levels vs. date (for patient 13)
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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5.3.2.6. Mean urinary NGAL levels vs. urine and serum biochemistry
Data regarding mean urinary NGAL levels vs. serum and urinary biochemistry has been analysed,

where the mean urinary NGAL levels was highest outside of the normal range for three out of eight
serum biochemistry tests (magnesium, sodium and albumin). Although data regarding urinary
biochemistry will be contained in Appendix 6, these results were not accompanied with normal

|II

ranges and there does not seem to be a general consensus on what the “normal” range is for these
urinary biochemistry tests, especially in a paediatric population. Nevertheless, data regarding the 3
serum biochemistry tests (magnesium, sodium and albumin) will be presented in the respective
figures below (Figure 14, Figure 15 and Figure 16), where other individual serum biochemistry

graphs will be contained in Appendix 7.
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Figure 14. Mean urinary NGAL levels vs. serum magnesium
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Figure 15. Mean urinary NGAL levels vs. serum sodium
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Figure 16. Mean urinary NGAL levels vs. serum albumin
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5.4.  Discussion
This is a study that evaluates the effectiveness of using the biomarker urinary NGAL for the early

detection of cisplatin-induced AKI. According to analysed data contained within the results section,
there does not seem to be a significant correlation between a rise in urinary NGAL and cisplatin use,
with “baseline” (day 1) data often having higher urinary NGAL levels than any other days of the
patient’s cisplatin cycle. Furthermore, all patients that had detectable levels of mean baseline
urinary NGAL scored a normal p-RIFLE grade (based on creatinine criterion) and most patients (eight
out of 11 patients) which had less than detectable levels of mean baseline urinary NGAL scored a
normal p-RIFLE grade, whilst three patients with less than detectable levels of mean baseline urinary
NGAL scored abnormal p-RIFLE grades (stage 1), suggesting the lack of correlation between urinary
NGAL and cisplatin-induced AKI. This is further supported with the analysis of “mean urinary NGAL
levels vs. phases of cisplatin cycle” and “mean urinary NGAL levels vs. successive cisplatin cycles”,
where both analyses showed that baseline or 1% cisplatin cycle, respectively, had a higher mean
urinary NGAL level than other phases/successive cycles. With regards to the correlation of urinary
NGAL levels and conditions suffered by the cohort of patients, there does not seem to be any
correlation, where osteosarcoma and medulloblastoma were present in both high baseline urinary

NGAL and low baseline urinary NGAL groups.

Even after disregarding potentially anomalous data received from patient 1 (due to a significantly
higher mean urinary NGAL level during their 3™ cycle of cisplatin compared to other patients) and
patient 13 (as they were the only patient to experience a 6" cisplatin cycle) from the analysis of
“mean urinary NGAL levels vs. successive cisplatin cycles”, the results show a decreasing mean
urinary NGAL level from the 1% cisplatin cycle to the 4 cisplatin cycle, where there is a spike in the
5t cisplatin cycle for which we do not have an explanation for. Although six patients out of the 21
patients were observed to show points of increase in urinary NGAL levels on certain dates (within
the analysis of “urinary NGAL levels vs. date”), the overall results show that there is not a significant

association with increase of NGAL after cisplatin induction.

Although animal studies have shown increased NGAL secretion in cisplatin-induced nephrotoxicity
(207-209) and a rodent study has showed upregulation of proximal tubule NGAL expression after
cisplatin administration (210), human studies are sparse (mainly only on adults), where many adult
patients from these studies experienced elevated urinary NGAL levels before treatment (211-216),
as we have experienced with the PINGU study and where we can see similarities between our
results. However, one study (217) evaluated the effectiveness of the early detection of AKI through
urinary NGAL within a paediatric population and reported that the baseline urinary NGAL levels

amongst those taking cisplatin were not higher than the baseline urinary NGAL levels amongst those
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taking the non-chemotherapy control, which directly contradicts our results. Additionally, another
study (218) measured urinary NGAL levels amongst a cohort of 30 children with solid tumours that
had cisplatin administered for their treatment, where researchers took urinary NGAL measurements
two times, one week after the start of treatment and at the end of cancer treatment. With this
study, NGAL levels correlated well with the identification of AKI for the “end of cancer treatment”
NGAL measurements, however, there is uncertainty regarding whether the AKI had already
developed prior to this measurement, thus being an ineffective “early” biomarker for the
identification of AKI (218). Looking at the inconsistency of results regarding the effectiveness of
NGAL in the identification of AKI amongst humans written above, these inconsistencies could be
attributed to a variety of factors. Cisplatin can be used to treat a plethora of malignancies, where
these patients can differ greatly with age, risk factors and morbidities, furthermore, there may be
unknown factors that affect urinary NGAL concentrations during cisplatin use (217). There is also a
suggestion that a more severe injury phenotype can be required for the observation of elevated
biomarkers when concerning cisplatin-induced nephrotoxicity (217). However, when concerned with
our study (PINGU), we deem that there was not a significant association between NGAL

concentrations and cisplatin-induced AKI, especially as an early detector of AKI.

Our results have shown that urinary NGAL levels are more likely to rise during non-AKI episodes
compared to AKl episodes, where another study (that measured urinary biomarkers of adults
treated with cisplatin) has observed the same phenomenon within their cohort (219). This could be
due to lack of subclinical renal injury with cisplatin-induced nephrotoxicity, which is especially
relevant to this population, considering that paediatric patients receive a large amount of fluids,
impairing the ability to measure serum creatinine effectively and therefore leading to serum
creatinine concentration dilution, where this theory aligns with scientific consensus that biomarkers
like NGAL can be useful for the detection of subclinical AKI (220). In support of the previous point
addressed, only five out 12 patients had pre-dose GFRs that were lower than normal range, with the
majority of patients within our cohort having normal/high pre-dose GFRs measured, this could be
due to the large amount of fluid administered before cisplatin treatment, leading to serum
creatinine concentration dilution. Although not observed within our study, some studies (217, 221,
222) have reported that paediatric patients with AKI can have larger pre-dose GFRs than paediatric
patients without AKI, where this could be due to these patients having a lower muscle mass and

therefore, being at a higher risk of AKI.

Although we did collect serum and urine biochemistry samples to characterise nephrotoxicity, mean
urinary NGAL levels were the highest within abnormal range for three out of eight serum

biochemistry tests (sodium, magnesium, and albumin), however, for both values that scored the
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highest mean urinary NGAL for sodium (132 mmol/L, 135-145 mmol/L) and albumin (34 g/L, 37-53),

III

these values were marginally off from their “normal” respective ranges. Although our results do not
signify the effectiveness of NGAL in detecting cisplatin-induced AKI (when concerning our serum
biochemistry samples), the scientific consensus on the definition of AKI relies mainly with the
evaluation of serum creatinine rise, where tubular injury measures (e.g. hypophosphatemia) should

be included to aid in the definition of cisplatin-induced nephrotoxicity (217, 223).

5.4.1. Limitations and recommendations for future studies
Some limitations within our study must be noted. Our study had a small sample size, where most

patients provided multiple urinary NGAL samples. Due to our sample size, our ability to control
confounders (e.g., type of malignancy) was impaired. As with the structure of collection of NGAL
levels within the PINGU study, we were not able to discern the correlation of urinary NGAL levels
with prior exposure of chemotherapeutic drugs and “recovery” between chemotherapy cycles,
where this a major area for future research for the understanding of how NGAL levels can differ with
prior exposure of chemotherapy and the “recovery” phase between cisplatin cycles. Although our
study did not find that “younger” patients were associated with higher urinary NGAL levels, which
has been shown in other studies (217, 224), this would suggest for future studies to emphasise and
control for age, when concerning the evaluation of urinary NGAL for the detection of cisplatin-
induced nephrotoxicity. Our study did not include a control group, which would help our

|II

understanding of what are “normal” NGAL values. Furthermore, our study did not place an emphasis
with the dosing of the chemotherapy administered and specific drug treatment protocols, where
these confounders may have a significant impact on the relationship between urinary NGAL and

chemotherapeutic-induced nephrotoxicity, and an avenue that future research should focus on.

Judging from the lack of conclusive effectiveness of urinary NGAL at the detection of cisplatin-
induced AKI, future studies should focus on studying new AKI biomarkers in the paediatric oncology
population to see if previous biomarker research applies to this population and to find the most
applicable way to use these biomarkers in clinical practice. Furthermore, these biomarkers need to
be validated by being studied in larger paediatric populations, where more variables can be
controlled, as some of these variables can significantly affect biomarker concentration. Another area
of research paramount to this topic is the understanding of how drugs can mitigate
chemotherapeutic-mediated AKI and how this affects biomarker levels, as there are a number of
studies (107, 221, 225-227) that show the drugs can aide in the mitigation of chemotherapeutic-
mediated nephrotoxicity. However, this can be a challenge as the paediatric oncology population is
associated with complexity, where some drugs can promote tumour growth and cause additional

side-effects/adverse events.
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5.5.  Conclusion
Although the literature is mixed, data from our study does not support urinary NGAL for use as a

potential biomarker of cisplatin-induced nephrotoxicity, larger studies may help improve this picture
to provide evidence for urinary NGAL and other biomarkers to potentially impact the way we
diagnose and treat chemotherapeutic-mediated nephrotoxicity. We strongly advocate the further
research into biomarkers with larger paediatric oncology populations, which are more able to
control confounders and other variables, allowing a more accurate evaluation of these biomarkers.
Additionally, studies regarding drug interactions with urinary NGAL will help further elucidate how

these biomarkers work and ultimately, how effective they can be within clinical practice.

87



24 August 2021

6. References

1. Children's cancer statistics. UK Cancer Research; 2015. [2015-05-13; cited 2021 02-01]. Available
from: https://www.cancerresearchuk.org/health-professional/cancer-statistics/childrens-cancers.

2. Cancer incidence for common cancers. UK Cancer Research; 2015. [2015-05-13; cited 2021 02-01].
Available from: https://www.cancerresearchuk.org/health-professional/cancer-
statistics/incidence/common-cancers-compared.

3. Young people's cancers survival statistics. UK Cancer Research; 2015. [2015-05-14; cited 2021 02-
01]. Available from: https://www.cancerresearchuk.org/health-professional/cancer-statistics/young-
people-cancers/survival.

4. (NWCIS) NWCIS. Five-year relative survival, ages 15-24, UK, 1991-2005 data In: UK CR, editor.
2013.

5. Cancer survival statistics for all cancers combined. UK Cancer Research; 2015. [2015-05-13; cited
2021 02-01]. Available from: https://www.cancerresearchuk.org/health-professional/cancer-
statistics/survival/all-cancers-combined.

6. UK CR. One-, Five-and Ten-Year Net Survival (%), Adults Aged 15-99. England & Wales (excluding
non-melanoma skin cancer). In: UK CR, editor.

7. Risk Factors for Childhood Leukemia. American Cancer Society; 2020. [09-06-2020; cited 2021 02-
01]. Available from: https://www.cancer.org/cancer/leukemia-in-children/causes-risks-
prevention/risk-factors.html.

8. The professional association for those caring for children with cancer. Children's Cancer and
Leukaemia Group; 2021. [cited 2021 02-01]. Available from: https://www.cclg.org.uk/what-we-
do/our-professional-work.

9. Treatment guidelines and recommendations for children with cancer. Children's Cancer and
Leukaemia Group; 2021. [cited 2021 02-01]. Available from: https://www.cclg.org.uk/what-we-
do/clinical-treatment-guidelines.

10. Organisation of children's cancer care in the UK. Children's Cancer and Leukaemia Group; 2021.
[cited 2021 02-01]. Available from: https://www.cclg.org.uk/CSOIR/Organisation-of-childrens-
cancer-care-in-the-UK.

11. Multidisciplinary team (MDT). Children's Cancer and Leukaemia Group; 2021. [cited 2021 02-01].
Available from: https://www.cclg.org.uk/Multidisciplinary-team-MDT.

12. Bate J, Wingrove J, Donkin A, Taylor R, Whelan J. Patient perspectives on a national
multidisciplinary team meeting for a rare cancer. 2019;28(2):e12971.
doi:https://doi.org/10.1111/ecc.12971.

88


https://www.cancerresearchuk.org/health-professional/cancer-statistics/childrens-cancers
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/common-cancers-compared
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/common-cancers-compared
https://www.cancerresearchuk.org/health-professional/cancer-statistics/young-people-cancers/survival
https://www.cancerresearchuk.org/health-professional/cancer-statistics/young-people-cancers/survival
https://www.cancerresearchuk.org/health-professional/cancer-statistics/survival/all-cancers-combined
https://www.cancerresearchuk.org/health-professional/cancer-statistics/survival/all-cancers-combined
https://www.cancer.org/cancer/leukemia-in-children/causes-risks-prevention/risk-factors.html
https://www.cancer.org/cancer/leukemia-in-children/causes-risks-prevention/risk-factors.html
https://www.cclg.org.uk/what-we-do/our-professional-work
https://www.cclg.org.uk/what-we-do/our-professional-work
https://www.cclg.org.uk/what-we-do/clinical-treatment-guidelines
https://www.cclg.org.uk/what-we-do/clinical-treatment-guidelines
https://www.cclg.org.uk/CSOIR/Organisation-of-childrens-cancer-care-in-the-UK
https://www.cclg.org.uk/CSOIR/Organisation-of-childrens-cancer-care-in-the-UK
https://www.cclg.org.uk/Multidisciplinary-team-MDT
https://doi.org/10.1111/ecc.12971

24 August 2021

13. Childhood Cancer - Types of Treatment. 2012. [2012-06-25; cited 2021 02-01]. Available from:
https://www.cancer.net/cancer-types/childhood-cancer/types-treatment.

14. Childhood acute lymphoblastic leukaemia (ALL) treatment. Blood Cancer UK; 2021. [cited 2021
02-01]. Available from: https://bloodcancer.org.uk/understanding-blood-
cancer/leukaemia/childhood-leukaemia/childhood-acute-lymphoblastic-leukaemia-all/childhood-all-

treatment/.

15. Acute Lymphoblastic Leukaemia ALL. Children with Cancer UK; 2021. [cited 2021 02-01].
Available from: https://www.childrenwithcancer.org.uk/childhood-cancer-info/cancer-types/acute-
lymphoblastic-leukaemia/.

16. Inaba H, Pui C-H. Glucocorticoid use in acute lymphoblastic leukaemia. Lancet Oncol.
2010;11(11):1096-1106. eng. Epub 2010/10/12. doi:10.1016/51470-2045(10)70114-5. Cited in:
Pubmed; PMID 20947430.

17. Lymphoid leukaemia - NICE Pathways. NICE 2021. [cited 2021 05-01]. Available from:
https://pathways.nice.org.uk/pathways/blood-and-bone-marrow-
cancers/leukaemia#tpath=view%3A/pathways/blood-and-bone-marrow-cancers/lymphoid-
leukaemia.xml&content=view-node%3Anodes-first-line-treatment-for-acute-lymphoblastic-
leukaemia.

18. Astrocytoma. Cancer Research UK; 2021. [cited 2021 10-01]. Available from:
https://www.cancerresearchuk.org/about-cancer/childrens-cancer/brain-
tumours/types/astrocytoma.

19. Chemotherapy for children's brain tumours. 2021. [cited 2021 10-01]. Available from:
https://www.cancerresearchuk.org/about-cancer/childrens-cancer/brain-
tumours/treatment/chemotherapy.

20. Reddy AT, Packer RJ. Chemotherapy for low-grade gliomas. Child's Nervous System. 1999
1999/10/01;15(10):506-513. doi:10.1007/s003810050539.

21. Upadhyaya SA, Broniscer A. Chapter 43 - Chemotherapy of Pediatric High-Grade Gliomas. In:
Newton HB, editor. Handbook of Brain Tumor Chemotherapy, Molecular Therapeutics, and
Immunotherapy (Second Edition). Academic Press; 2018. p. 557-568.

22. A trial of bevacizumab with radiotherapy and temozolomide for children with a high grade
glioma (HERBY). 2015. [2015-03-17; cited 2021 26-05]. Available from:
https://www.cancerresearchuk.org/about-cancer/find-a-clinical-trial/a-trial-of-bevacizumab-with-
radiotherapy-and-temozolomide-for-children-with-high-grade-glioma-herby.

23. Neuroblastoma (NB) Symptoms. Children with Cancer UK; 2021. [cited 2021 15-02]. Available
from: https://www.childrenwithcancer.org.uk/childhood-cancer-info/cancer-types/neuroblastoma/.

89


https://www.cancer.net/cancer-types/childhood-cancer/types-treatment
https://bloodcancer.org.uk/understanding-blood-cancer/leukaemia/childhood-leukaemia/childhood-acute-lymphoblastic-leukaemia-all/childhood-all-treatment/
https://bloodcancer.org.uk/understanding-blood-cancer/leukaemia/childhood-leukaemia/childhood-acute-lymphoblastic-leukaemia-all/childhood-all-treatment/
https://bloodcancer.org.uk/understanding-blood-cancer/leukaemia/childhood-leukaemia/childhood-acute-lymphoblastic-leukaemia-all/childhood-all-treatment/
https://www.childrenwithcancer.org.uk/childhood-cancer-info/cancer-types/acute-lymphoblastic-leukaemia/
https://www.childrenwithcancer.org.uk/childhood-cancer-info/cancer-types/acute-lymphoblastic-leukaemia/
https://pathways.nice.org.uk/pathways/blood-and-bone-marrow-cancers/leukaemia#path=view%3A/pathways/blood-and-bone-marrow-cancers/lymphoid-leukaemia.xml&content=view-node%3Anodes-first-line-treatment-for-acute-lymphoblastic-leukaemia
https://pathways.nice.org.uk/pathways/blood-and-bone-marrow-cancers/leukaemia#path=view%3A/pathways/blood-and-bone-marrow-cancers/lymphoid-leukaemia.xml&content=view-node%3Anodes-first-line-treatment-for-acute-lymphoblastic-leukaemia
https://pathways.nice.org.uk/pathways/blood-and-bone-marrow-cancers/leukaemia#path=view%3A/pathways/blood-and-bone-marrow-cancers/lymphoid-leukaemia.xml&content=view-node%3Anodes-first-line-treatment-for-acute-lymphoblastic-leukaemia
https://pathways.nice.org.uk/pathways/blood-and-bone-marrow-cancers/leukaemia#path=view%3A/pathways/blood-and-bone-marrow-cancers/lymphoid-leukaemia.xml&content=view-node%3Anodes-first-line-treatment-for-acute-lymphoblastic-leukaemia
https://www.cancerresearchuk.org/about-cancer/childrens-cancer/brain-tumours/types/astrocytoma
https://www.cancerresearchuk.org/about-cancer/childrens-cancer/brain-tumours/types/astrocytoma
https://www.cancerresearchuk.org/about-cancer/childrens-cancer/brain-tumours/treatment/chemotherapy
https://www.cancerresearchuk.org/about-cancer/childrens-cancer/brain-tumours/treatment/chemotherapy
https://www.cancerresearchuk.org/about-cancer/find-a-clinical-trial/a-trial-of-bevacizumab-with-radiotherapy-and-temozolomide-for-children-with-high-grade-glioma-herby
https://www.cancerresearchuk.org/about-cancer/find-a-clinical-trial/a-trial-of-bevacizumab-with-radiotherapy-and-temozolomide-for-children-with-high-grade-glioma-herby
https://www.childrenwithcancer.org.uk/childhood-cancer-info/cancer-types/neuroblastoma/

24 August 2021

24. Neuroblastoma. Cancer Research UK; 2021. [cited 2021 15-02]. Available from:
https://www.cancerresearchuk.org/about-cancer/childrens-cancer/neuroblastoma.

25. Treatments for neuroblastoma. 2021. [cited 2021 15-02]. Available from:
https://www.cancerresearchuk.org/about-cancer/childrens-cancer/neuroblastoma/treatments.

26. Retinoid Therapy for Neuroblastoma. American Cancer Society; 2021. [cited 2021 26-05].
Available from: https://www.cancer.org/cancer/neuroblastoma/treating/retinoid-therapy.html.

27. Children's cancers survival statistics. Cancer Research UK; 2015. [2015-05-14; cited 2021 15-02].
Available from: https://www.cancerresearchuk.org/health-professional/cancer-statistics/childrens-
cancers/survival.

28. Cools J. Improvements in the survival of children and adolescents with acute lymphoblastic
leukemia. Haematologica. 2012;97(5):635-635. eng. doi:10.3324/haematol.2012.068361. Cited in:
Pubmed; PMID 22556350.

29. Survival (Acute lymphoblastic leukaemia). Cancer Research UK; 2021. [cited 2021 15-02].
Available from: https://www.cancerresearchuk.org/about-cancer/acute-lymphoblastic-leukaemia-

all/survival.

30. Taub JW. Factors in Improved Survival from Paediatric Cancer. Drugs. 1998
1998/11/01;56(5):757-765. doi:10.2165/00003495-199856050-00002.

31. Butler E, Ludwig K, Pacenta HL, Klesse LJ, Watt TC, Laetsch TW. Recent progress in the treatment
of cancer in children [https://doi.org/10.3322/caac.21665]. CA: A Cancer Journal for Clinicians. 2021
2021/04/01;n/a(n/a). doi:https://doi.org/10.3322/caac.21665.

32. Wayne AS, Reaman GH, Helman LJ. Progress in the Curative Treatment of Childhood Hematologic
Malignancies. JNCI: Journal of the National Cancer Institute. 2008;100(18):1271-1273.
doi:10.1093/jnci/djn306 %J JNCI: Journal of the National Cancer Institute.

33. Schrappe M, Hunger SP, Pui CH, Saha V, Gaynon PS, Baruchel A, Conter V, Otten J, Ohara A,
Versluys AB, Escherich G, Heyman M, Silverman LB, Horibe K, Mann G, Camitta BM, Harbott J, Riehm
H, Richards S, Devidas M, Zimmermann M. Outcomes after induction failure in childhood acute
lymphoblastic leukemia. The New England journal of medicine. 2012 Apr 12;366(15):1371-81. eng.
Epub 2012/04/13. doi:10.1056/NEJM0a1110169. Cited in: Pubmed; PMID 22494120.

34. Zeidler L, Zimmermann M, Moéricke A, Meissner B, Bartels D, Tschan C, Schrauder A, Cario G,
Goudeva L, Jager S, Ratei R, Ludwig WD, Teigler-Schlegel A, Skokowa J, Koehler R, Bartram CR, Riehm
H, Schrappe M, Welte K, Stanulla M. Low platelet counts after induction therapy for childhood acute
lymphoblastic leukemia are strongly associated with poor early response to treatment as measured
by minimal residual disease and are prognostic for treatment outcome. Haematologica. 2012
Mar;97(3):402-9. eng. Epub 2011/11/08. doi:10.3324/haematol.2011.045229. Cited in: Pubmed;
PMID 22058224.

90


https://www.cancerresearchuk.org/about-cancer/childrens-cancer/neuroblastoma
https://www.cancerresearchuk.org/about-cancer/childrens-cancer/neuroblastoma/treatments
https://www.cancer.org/cancer/neuroblastoma/treating/retinoid-therapy.html
https://www.cancerresearchuk.org/health-professional/cancer-statistics/childrens-cancers/survival
https://www.cancerresearchuk.org/health-professional/cancer-statistics/childrens-cancers/survival
https://www.cancerresearchuk.org/about-cancer/acute-lymphoblastic-leukaemia-all/survival
https://www.cancerresearchuk.org/about-cancer/acute-lymphoblastic-leukaemia-all/survival
https://doi.org/10.3322/caac.21665
https://doi.org/10.3322/caac.21665

24 August 2021

35. Grupp SA, Maude SL, Rives S, Baruchel A, Boyer MW, Bittencourt H, Bader P, Blichner J, Laetsch
TW, Stefanski H, Myers GD, Qayed M, Pulsipher MA, De Moerloose B, Yanik GA, Davis KL, Martin PL,
Nemecek ER, Peters C, Krueger J, Balduzzi A, Boissel N, Mechinaud FM, Leung M, Eldjerou LK, Yi L,
Mueller KT, Bleickardt E, Hiramatsu H. Updated Analysis of the Efficacy and Safety of
Tisagenlecleucel in Pediatric and Young Adult Patients with Relapsed/Refractory (r/r) Acute
Lymphoblastic Leukemia. Blood. 2018;132(Supplement 1):895-895. doi:10.1182/blood-2018-99-
112599 %J Blood.

36. Maude SL, Laetsch TW, Buechner J, Rives S, Boyer M, Bittencourt H, Bader P, Verneris MR,
Stefanski HE, Myers GD, Qayed M, De Moerloose B, Hiramatsu H, Schlis K, Davis KL, Martin PL,
Nemecek ER, Yanik GA, Peters C, Baruchel A, Boissel N, Mechinaud F, Balduzzi A, Krueger J, June CH,
Levine BL, Wood P, Taran T, Leung M, Mueller KT, Zhang Y, Sen K, Lebwohl D, Pulsipher MA, Grupp
SA. Tisagenlecleucel in Children and Young Adults with B-Cell Lymphoblastic Leukemia. The New
England journal of medicine. 2018 Feb 1;378(5):439-448. eng. Epub 2018/02/01.
doi:10.1056/NEJM0a1709866. Cited in: Pubmed; PMID 29385370.

37.Brown PA, Ji L, Xu X, Devidas M, Hogan L, Borowitz MJ, Raetz EA, Zugmaier G, Sharon E, Gore L,
Whitlock JA, Pulsipher MA, Hunger SP, Loh ML. A Randomized Phase 3 Trial of Blinatumomab Vs.
Chemotherapy As Post-Reinduction Therapy in High and Intermediate Risk (HR/IR) First Relapse of B-
Acute Lymphoblastic Leukemia (B-ALL) in Children and Adolescents/Young Adults (AYAs)
Demonstrates Superior Efficacy and Tolerability of Blinatumomab: A Report from Children's
Oncology Group Study AALL1331. Blood. 2019;134(Supplement_2):LBA-1-LBA-1. doi:10.1182/blood-
2019-132435 %) Blood.

38. Bhojwani D, Sposto R, Shah NN, Rodriguez V, Yuan C, Stetler-Stevenson M, O'Brien MM, McNeer
JL, Quereshi A, Cabannes A, Schlegel P, Rossig C, Dalla-Pozza L, August K, Alexander S, Bourquin JP,
Zwaan M, Raetz EA, Loh ML, Rheingold SR. Inotuzumab ozogamicin in pediatric patients with
relapsed/refractory acute lymphoblastic leukemia. Leukemia. 2019 Apr;33(4):884-892. eng. Epub
2018/09/30. doi:10.1038/s41375-018-0265-z. Cited in: Pubmed; PMID 30267011.

39. Perl AE. Availability of FLT3 inhibitors: how do we use them? Blood. 2019 Aug 29;134(9):741-745.
eng. Epub 2019/06/28. d0i:10.1182/blood.2019876821. Cited in: Pubmed; PMID 31243041.

40. Saletta F, Seng MS, Lau LMS. Advances in paediatric cancer treatment. Transl Pediatr.
2014;3(2):156-182. eng. doi:10.3978/].issn.2224-4336.2014.02.01. Cited in: Pubmed; PMID
26835334.

41. de Blank P, Bandopadhayay P, Haas-Kogan D, Fouladi M, Fangusaro J. Management of pediatric
low-grade glioma. Curr Opin Pediatr. 2019;31(1):21-27. eng. doi:10.1097/MOP.0000000000000717.
Cited in: Pubmed; PMID 30531227.

42. Wisoff JH, Sanford RA, Heier LA, Sposto R, Burger PC, Yates AJ, Holmes EJ, Kun LE. Primary
neurosurgery for pediatric low-grade gliomas: a prospective multi-institutional study from the
Children's Oncology Group. Neurosurgery. 2011 Jun;68(6):1548-54; discussion 1554-5. eng. Epub
2011/03/04. doi:10.1227/NEU.0b013e318214a66e. Cited in: Pubmed; PMID 21368693.

91



24 August 2021

43. Ater JL, Zhou T, Holmes E, Mazewski CM, Booth TN, Freyer DR, Lazarus KH, Packer RJ, Prados M,
Sposto R, Vezina G, Wisoff JH, Pollack IF. Randomized study of two chemotherapy regimens for
treatment of low-grade glioma in young children: a report from the Children's Oncology Group. J Clin
Oncol. 2012;30(21):2641-2647. eng. Epub 2012/06/04. doi:10.1200/JC0.2011.36.6054. Cited in:
Pubmed; PMID 22665535.

44. Bharti AC, Vishnoi K, Singh SM, Aggarwal BB. Chapter 1 - Pathways Linked to Cancer
Chemoresistance and Their Targeting by Nutraceuticals. In: Bharti AC, Aggarwal BB, editors. Role of
Nutraceuticals in Cancer Chemosensitization. Vol 2. Academic Press; 2018. p. 1-30.

45. DeVita VT, Hellman S, Rosenberg SA. Cancer, principles and practice of oncology. Vol. 1.
Lippincott; 1982. ISBN: 0397504403.

46. Colvin M. Alkylating Agents. In: Kufe DW PR, Weichselbaum RR, et al., editor. Holland-Frei Cancer
Medicine. 6th edition. Hamilton (ON): BC Decker; 2003.

47. Jerlov NG. Ultra-violet radiation in the sea. Nature. 1950 Jul 15;166(4211):111-2. eng. Epub
1950/07/15. doi:10.1038/166111a0. Cited in: Pubmed; PMID 15439163.

48. Brookes P, Lawley PD. The reaction of mono- and di-functional alkylating agents with nucleic
acids. Biochem J. 1961;80(3):496-503. eng. doi:10.1042/bj0800496. Cited in: Pubmed; PMID
16748923.

49. Lawley PD, Brookes P. THE ACTION OF ALKYLATING AGENTS ON DEOXYRIBONUCLEIC ACID IN
RELATION TO BIOLOGICAL EFFECTS OF THE ALKYLATING AGENTS. Experimental cell research.
1963;24:Suppl9:512-20. eng. Epub 1963/01/01. doi:10.1016/0014-4827(63)90291-x. Cited in:
Pubmed; PMID 14046250.

50. Alkylating Agents — Callaix. Callaix; 2021. [cited 2021 18-02]. Available from:
https://callaix.com/types/alkylating.

51. Price CC, Gaucher GM, Koneru P, Shibakawa R, Sowa JR, Yamaguchi M. Relative reactivities for
monofunctional nitrogen mustard alkylation of nucleic acid components. Biochimica et biophysica
acta. 1968 Sep 24;166(2):327-59. eng. Epub 1968/09/24. doi:10.1016/0005-2787(68)90222-0. Cited
in: Pubmed; PMID 5680596.

52. Erickson LC, Laurent G, Sharkey NA, Kohn KW. DNA cross-linking and monoadduct repair in
nitrosourea-treated human tumour cells. Nature. 1980 Dec 25;288(5792):727-9. eng. Epub
1980/12/25. doi:10.1038/288727a0. Cited in: Pubmed; PMID 7005689.

53. Parker S, Kirk MC, Ludlum DB. Synthesis and characterization of O6-(2-chloroethyl)guanine: a
putative intermediate in the cytotoxic reaction of chloroethylnitrosoureas with DNA. Biochemical
and biophysical research communications. 1987 Nov 13;148(3):1124-8. eng. Epub 1987/11/13.
doi:10.1016/s0006-291x(87)80249-8. Cited in: Pubmed; PMID 3689390.

92


https://callaix.com/types/alkylating

24 August 2021

54. Aronson JK, Ferner RE. Clarification of terminology in drug safety. Drug safety. 2005;28(10):851-
70. eng. Epub 2005/09/27. doi:10.2165/00002018-200528100-00003. Cited in: Pubmed; PMID
16180936.

55. Organization WH. International drug monitoring: the role of national centres, report of a WHO
meeting [held in Geneva from 20 to 25 September 1971]. World Health Organization; 1972. ISBN:
9241204982.

56. Late Effects of Childhood Cancer Treatment. American Cancer Society; 2021. [18-09-2017; cited
2021 18-02]. Available from: https://www.cancer.org/treatment/children-and-cancer/when-your-
child-has-cancer/late-effects-of-cancer-treatment.html.

57. Weiner HL, Cohen JA. Treatment of multiple sclerosis with cyclophosphamide: critical review of
clinical and immunologic effects. Multiple sclerosis (Houndmills, Basingstoke, England). 2002
Apr;8(2):142-54. eng. Epub 2002/05/07. doi:10.1191/1352458502ms7900a. Cited in: Pubmed; PMID
11990872.

58. Weinblatt ME, Coblyn JS, Fox DA, Fraser PA, Holdsworth DE, Glass DN, Trentham DE. Efficacy of
low-dose methotrexate in rheumatoid arthritis. The New England journal of medicine. 1985 Mar
28;312(13):818-22. eng. Epub 1985/03/28. d0i:10.1056/nejm198503283121303. Cited in: Pubmed;
PMID 3883172.

59. Zitvogel L, Apetoh L, Ghiringhelli F, Kroemer G. Immunological aspects of cancer chemotherapy.
Nature Reviews Immunology. 2008 2008/01/01;8(1):59-73. doi:10.1038/nri2216.

60. Seggewiss R, Loré K, Greiner E, Magnusson MK, Price DA, Douek DC, Dunbar CE, Wiestner A.
Imatinib inhibits T-cell receptor-mediated T-cell proliferation and activation in a dose-dependent
manner. Blood. 2005 Mar 15;105(6):2473-9. eng. Epub 2004/12/02. d0i:10.1182/blood-2004-07-
2527. Cited in: Pubmed; PMID 15572591.

61. Mattiuzzi GN, Cortes JE, Talpaz M, Reuben J, Rios MB, Shan J, Kontoyiannis D, Giles FJ, Raad |,
Verstovsek S, Ferrajoli A, Kantarjian HM. Development of Varicella-Zoster virus infection in patients
with chronic myelogenous leukemia treated with imatinib mesylate. Clinical cancer research : an
official journal of the American Association for Cancer Research. 2003 Mar;9(3):976-80. eng. Epub
2003/03/13. Cited in: Pubmed; PMID 12631595.

62. Lin WW, Karin M. A cytokine-mediated link between innate immunity, inflammation, and cancer.
The Journal of clinical investigation. 2007 May;117(5):1175-83. eng. Epub 2007/05/04.
do0i:10.1172/jci31537. Cited in: Pubmed; PMID 17476347.

63. Morgan DJ, Kreuwel HTC, Sherman LA. Antigen Concentration and Precursor Frequency
Determine the Rate of CD8* T Cell Tolerance to Peripherally Expressed Antigens. 1999;163(2):723-
727.

93


https://www.cancer.org/treatment/children-and-cancer/when-your-child-has-cancer/late-effects-of-cancer-treatment.html
https://www.cancer.org/treatment/children-and-cancer/when-your-child-has-cancer/late-effects-of-cancer-treatment.html

24 August 2021

64. Muranski P, Boni A, Wrzesinski C, Citrin DE, Rosenberg SA, Childs R, Restifo NP. Increased
intensity lymphodepletion and adoptive immunotherapy--how far can we go? Nat Clin Pract Oncol.
2006;3(12):668-681. eng. doi:10.1038/ncponc0666. Cited in: Pubmed; PMID 17139318.

65. Galon J, Franchimont D, Hiroi N, Frey G, Boettner A, Ehrhart-Bornstein M, O'Shea JJ, Chrousos
GP, Bornstein SR. Gene profiling reveals unknown enhancing and suppressive actions of
glucocorticoids on immune cells. FASEB journal : official publication of the Federation of American
Societies for Experimental Biology. 2002 Jan;16(1):61-71. eng. Epub 2002/01/05. doi:10.1096/fj.01-
0245com. Cited in: Pubmed; PMID 11772937.

66. Rozkova D, Horvath R, Bartunkova J, Spisek R. Glucocorticoids severely impair differentiation and
antigen presenting function of dendritic cells despite upregulation of Toll-like receptors. Clinical
Immunology. 2006 2006/09/01/;120(3):260-271. doi:https://doi.org/10.1016/j.clim.2006.04.567.

67. Auletta JJ, O'Riordan MA, Nieder ML. Infections in children with cancer: a continued need for the
comprehensive physical examination. Journal of pediatric hematology/oncology. 1999 Nov-
Dec;21(6):501-8. eng. Epub 1999/12/22. Cited in: Pubmed; PMID 10598661.

68. Lehrnbecher T, Laws HJ. Infektionen in der padiatrischen Hamatologie und Onkologie [Infectious
Complications in Pediatric Cancer Patients]. Klin Padiatr. 2005 //

15.11.2005;217(S 01):3-8. De.

69. Funai N, Shimamoto Y, Tokunaga O, Sugihara W, Yamaguchi M. Ten-year survey of incidence of
infection as a cause of death in hematologic malignancies: study of 90 autopsied cases. Acta
haematologica. 1995;93(1):25-30. eng. Epub 1995/01/01. doi:10.1159/000204085. Cited in:
Pubmed; PMID 7725846.

70. Pizzo PA, Ladisch S, Simon RM, Gill F, Levine AS. Increasing incidence of Gram-positive sepsis in
cancer patients. Medical and pediatric oncology. 1978;5(1):241-4. eng. Epub 1978/01/01.
d0i:10.1002/mp0.2950050133. Cited in: Pubmed; PMID 745589.

71. Salonen J, Nikoskelainen J. Lethal infections in patients with hematological malignancies.
European journal of haematology. 1993 Aug;51(2):102-8. eng. Epub 1993/08/01.
doi:10.1111/j.1600-0609.1993.tb01601.x. Cited in: Pubmed; PMID 8396533.

72. Sculier JP, Weerts D, Klastersky J. Causes of death in febrile granulocytopenic cancer patients
receiving empiric antibiotic therapy. European journal of cancer & clinical oncology. 1984
Jan;20(1):55-60. eng. Epub 1984/01/01. doi:10.1016/0277-5379(84)90034-8. Cited in: Pubmed;
PMID 6537916.

73. Chanock S. Evolving risk factors for infectious complications of cancer therapy.
Hematology/oncology clinics of North America. 1993 Aug;7(4):771-93. eng. Epub 1993/08/01. Cited
in: Pubmed; PMID 8354656.

94


https://doi.org/10.1016/j.clim.2006.04.567

24 August 2021

74. Bodey GP. Infection in cancer patients. A continuing association. The American journal of
medicine. 1986 Jul 28;81(1a):11-26. eng. Epub 1986/07/28. doi:10.1016/0002-9343(86)90510-3.
Cited in: Pubmed; PMID 3526877.

75. Pizzo PA. Management of fever in patients with cancer and treatment-induced neutropenia. The
New England journal of medicine. 1993 May 6;328(18):1323-32. eng. Epub 1993/05/06.
doi:10.1056/nejm199305063281808. Cited in: Pubmed; PMID 8469254.

76. PIZZO PA, ROBICHAUD KJ, WESLEY R, COMMERS JR. Fever in the Pediatric and Young Adult
Patient with Cancer: A PROSPECTIVE STUDY OF 1001 EPISODES. 1982;61(3):153-165. Cited in:
Pubmed; PMID 00005792-198205000-00003.

77. Whimbey E, Kiehn TE, Brannon P, Blevins A, Armstrong D. Bacteremia and fungemia in patients
with neoplastic disease. The American journal of medicine. 1987 Apr;82(4):723-30. eng. Epub
1987/04/01. doi:10.1016/0002-9343(87)90007-6. Cited in: Pubmed; PMID 3565430.

78. Koll BS, Brown AE. Changing patterns of infections in the immunocompromised patient with
cancer. Hematology/oncology clinics of North America. 1993 Aug;7(4):753-69. eng. Epub
1993/08/01. Cited in: Pubmed; PMID 8354655.

79. Lehrnbecher T, Foster C, Vazquez N, Mackall CL, Chanock SJ. Therapy-induced alterations in host
defense in children receiving therapy for cancer. Journal of pediatric hematology/oncology. 1997
Sep-Oct;19(5):399-417. eng. Epub 1997/11/05. doi:10.1097/00043426-199709000-00001. Cited in:
Pubmed; PMID 9329461.

80. Decker MD, Edwards KM. Central venous catheter infections. Pediatric clinics of North America.
1988 Jun;35(3):579-612. eng. Epub 1988/06/01. doi:10.1016/s0031-3955(16)36473-2. Cited in:
Pubmed; PMID 3287316.

81. Morrison VA, Peterson BA, Bloomfield CD. Nosocomial septicemia in the cancer patient: the
influence of central venous access devices, neutropenia, and type of malignancy. Medical and
pediatric oncology. 1990;18(3):209-16. eng. Epub 1990/01/01. doi:10.1002/mp0.2950180309. Cited
in: Pubmed; PMID 2329966.

82. Park PG, Hong CR, Kang E, Park M, Lee H, Kang HJ, Shin HY, Ha IS, Cheong HI, Yoon HJ, Kang HG.
Acute Kidney Injury in Pediatric Cancer Patients. The Journal of pediatrics. 2019 May;208:243-
250.e3. eng. Epub 2019/03/16. doi:10.1016/j.jpeds.2018.12.023. Cited in: Pubmed; PMID 30871796.

83. Lameire NH, Flombaum CD, Moreau D, Ronco C. Acute renal failure in cancer patients. Annals of
medicine. 2005;37(1):13-25. eng. Epub 2005/05/21. doi:10.1080/07853890510007205. Cited in:
Pubmed; PMID 15902843.

84. Rosner MH, Perazella MA. Acute Kidney Injury in Patients with Cancer. 2017;376(18):1770-1781.
doi:10.1056/NEJMra1613984. Cited in: Pubmed; PMID 28467867.

95



24 August 2021

85. Lahoti A, Humphreys BDJOC. AKI associated with malignancies. 2016.

86. Sharbaf FG, Farhangi H, Assadi FlJljopm. Prevention of chemotherapy-induced nephrotoxicity in
children with cancer. 2017;8.

87. Lameire NJACB. The kidney in oncology. 2007;62(3):141-154.

88. Cummings BS, Schnellmann RGJDotk, tract u. Pathophysiology of nephrotoxic cell injury.
2001:1071-1136.

89. Lam AQ, Humphreys BDJCJotASoN. Onco-nephrology: AKl in the cancer patient. 2012;7(10):1692-
1700.

90. Safirstein RIDotk, tract u. Renal diseases induced by antineoplastic agents. 2001;8:1069-1073.

91. Kist-van Holthe JE, Goedvolk CA, Brand R, van Weel MH, Bredius RG, van Oostayen JA, Vossen
JM, van der Heijden BJJPN. Prospective study of renal insufficiency after bone marrow
transplantation. 2002;17(12):1032-1037.

92. Kizilbash SJ, Kashtan CE, Chavers BM, Cao Q, Smith ARJBoB, Transplantation M. Acute kidney
injury and the risk of mortality in children undergoing hematopoietic stem cell transplantation.
2016;22(7):1264-1270.

93. Fisher BT, Zaoutis TE, Leckerman KH, Localio R, Aplenc RIPb, cancer. Risk factors for renal failure
in pediatric patients with acute myeloid leukemia: a retrospective cohort study. 2010;55(4):655-661.

94. Denker B, Robles-Osorio ML, Sabath EJEjoim. Recent advances in diagnosis and treatment of
acute kidney injury in patients with cancer. 2011;22(4):348-354.

95. Lameire N, Van Biesen W, Vanholder R. Electrolyte disturbances and acute kidney injury in
patients with cancer. Seminars in nephrology; 2010. Elsevier; 534-547 p. (vol. 30 no. 6).

96. Salahudeen AK, Doshi SM, Pawar T, Nowshad G, Lahoti A, Shah PJCJotASoN. Incidence rate,
clinical correlates, and outcomes of AKl in patients admitted to a comprehensive cancer center.
2013;8(3):347-354.

97. Faught LN, Greff MJ, Rieder MJ, Koren GJBjocp. Drug-induced acute kidney injury in children.
2015;80(4):901-909.

98. Pritchard J, Brown J, Shafford E, Perilongo G, Brock P, Dicks-Mireaux C, Keeling J, Phillips A, Vos A,
Plaschkes JJJoco. Cisplatin, doxorubicin, and delayed surgery for childhood hepatoblastoma: a
successful approach—results of the first prospective study of the International Society of Pediatric
Oncology. 2000;18(22):3819-3828.

96



24 August 2021

99. Pabla N, Dong ZJKi. Cisplatin nephrotoxicity: mechanisms and renoprotective strategies.
2008;73(9):994-1007.

100. Douglass E, Reynolds M, Finegold M, Cantor A, Glicksman Alloco. Cisplatin, vincristine, and
fluorouracil therapy for hepatoblastoma: a Pediatric Oncology Group study. 1993;11(1):96-99.

101. Arany |, Safirstein RL. Cisplatin nephrotoxicity. Seminars in nephrology; 2003. Elsevier; 460-464
p. (vol. 23 no. 5).

102. Fujieda M, Matsunaga A, Hayashi A, Tauchi H, Chayama K, Sekine TJTJots. Children’s toxicology
from bench to bed-Drug-induced Renal Injury (2): Nephrotoxiciy induced by cisplatin and ifosfamide
in children. 2009;34(Special_):SP251-SP257.

103. Gonzalez-Vitale JC, Hayes DM, Cvitkovic E, Sternberg SSJC. The renal pathology in clinical trials
of cis-platinum (Il) diamminedichloride. 1977;39(4):1362-1371.

104. Kintzel PEJDs. Anticancer drug—induced kidney disorders. 2001;24(1):19-38.

105. Brock PR, Koliouskas DE, Barratt TM, Yeomans E, Pritchard JITJop. Partial reversibility of
cisplatin nephrotoxicity in children. 1991;118(4):531-534.

106. Hirai S, Kaida S, Ito T, Hasebe S, Ueno M, Udagawa H, Hayashi MJGtkrC, chemotherapy.
Magnesium premedication prevents Cisplatin-induced nephrotoxicity in patients with esophageal
and hypopharyngeal cancer. 2013;40(6):743-747.

107. dos Santos NAG, Rodrigues MAC, Martins NM, Dos Santos ACJAot. Cisplatin-induced
nephrotoxicity and targets of nephroprotection: an update. 2012;86(8):1233-1250.

108. Mousavi SSB, Zadeh MH, Shahbazian H, Khanzadeh A, Hayati F, Ghorbani A, Golzari K, Valavi E,
Motemednia F, Mousavi MBJSJoKD, Transplantation. The protective effect of theophyline in cisplatin
nephrotoxicity. 2014;25(2):333.

109. Gallegos-Castorena S, Martinez-Avalos A, Mohar-Betancourt A, Guerrero-Avendafio G, Zapata-
Tarrés M, Medina-Sansén AJPh, oncology. Toxicity prevention with amifostine in pediatric
osteosarcoma patients treated with cisplatin and doxorubicin. 2007;24(6):403-408.

110. Kemp G, Rose P, Lurain J, Berman M, Manetta A, Roullet B, Homesley H, Belpomme D, Glick
JJJoCO. Amifostine pretreatment for protection against cyclophosphamide-induced and cisplatin-
induced toxicities: results of a randomized control trial in patients with advanced ovarian cancer.
1996;14(7):2101-2112.

97



24 August 2021

111. Dickey DT, Muldoon LL, Doolittle ND, Peterson DR, Kraemer DF, Neuwelt EAJCc, pharmacology.
Effect of N-acetylcysteine route of administration on chemoprotection against cisplatin-induced
toxicity in rat models. 2008;62(2):235-241.

112. Dickey DT, Wu YJ, Muldoon LL, Neuwelt EAJJoP, Therapeutics E. Protection against cisplatin-
induced toxicities by N-acetylcysteine and sodium thiosulfate as assessed at the molecular, cellular,
and in vivo levels. 2005;314(3):1052-1058.

113. Benoehr P, Krueth P, Bokemeyer C, Grenz A, Osswald H, Hartmann JTJJotASoN.
Nephroprotection by theophylline in patients with cisplatin chemotherapy: a randomized, single-
blinded, placebo-controlled trial. 2005;16(2):452-458.

114. Escalante J, McQuade RM, Stojanovska V, Nurgali KJIM. Impact of chemotherapy on
gastrointestinal functions and the enteric nervous system. 2017;105:23-29.

115. Smith P, Lavery A, Turkington RCJBP, Gastroenterology RC. An overview of acute
gastrointestinal side effects of systemic anti-cancer therapy and their management. 2020:101691.

116. Di Fiore F, Van Cutsem EJBP, Gastroenterology RC. Acute and long-term gastrointestinal
consequences of chemotherapy. 2009;23(1):113-124.

117. Kuiken NS, Rings EH, Tissing WJICrioh. Risk analysis, diagnosis and management of
gastrointestinal mucositis in pediatric cancer patients. 2015;94(1):87-97.

118. van Vliet MJ, Tissing WJ, Rings EH, Koetse HA, Stellaard F, Kamps WA, de Bont ESJPb, cancer.
Citrulline as a marker for chemotherapy induced mucosal barrier injury in pediatric patients.
2009;53(7):1188-1194.

119. Tooley KL, Saxon BR, Webster J, Zacharakis B, McNeil Y, Davidson GP, Butler RNJCb, therapy. A
novel non-invasive biomarker for assessment of small intestinal mucositis in children with cancer
undergoing chemotherapy. 2006;5(10):1275-1281.

120. Gibson RJ, Keefe DMJSCiC. Cancer chemotherapy-induced diarrhoea and constipation:
mechanisms of damage and prevention strategies. 2006;14(9):890-900.

121. Gibson RJ, Stringer AMJCois, care p. Chemotherapy-induced diarrhoea. 2009;3(1):31-35.

122. Castagnola E, Ruberto E, Guarino A. Gastrointestinal and liver infections in children undergoing
antineoplastic chemotherapy in the years 2000. World J Gastroenterol. 2016;22(25):5853-5866. eng.
doi:10.3748/wjg.v22.i25.5853. Cited in: Pubmed; PMID 27433098.

123. Infection during or after treatment. Cancer Research UK; 2021. [02-08-2019; cited 2021 18-02].
Available from: https://www.cancerresearchuk.org/about-
cancer/coping/physically/fever/causes/infection/during-or-after-treatment.

98


https://www.cancerresearchuk.org/about-cancer/coping/physically/fever/causes/infection/during-or-after-treatment
https://www.cancerresearchuk.org/about-cancer/coping/physically/fever/causes/infection/during-or-after-treatment

24 August 2021

124. Low blood cell counts: Side effect of cancer treatment. Mayo Clinic; 2021. [09-01-2021; cited
2021 18-02]. Available from: https://www.mayoclinic.org/diseases-conditions/cancer/in-
depth/cancer-treatment/art-20046192.

125. Seneviratne N, Yeomanson D, Phillips RJIAodic. Short-course antibiotics for chemotherapy-
induced febrile neutropaenia: retrospective cohort study. 2020;105(9):881-885.

126. Herd F, Bate J, Chisholm J, Johnson E, Phillips BJAodic. Variation in practice remains in the UK
management of paediatric febrile neutropenia. 2016;101(4):410-411.

127. Managing neutropenic sepsis in secondary and tertiary care - NICE Pathways. NICE; 2021. [cited
2021 18-02]. Available from: https://pathways.nice.org.uk/pathways/neutropenic-
sepsis#path=view%3A/pathways/neutropenic-sepsis/managing-neutropenic-sepsis-in-secondary-
and-tertiary-care.xml&content=view-node%3Anodes-start-antibiotic-therapy.

128. Guideline for the Prevention and Management of Chemotherapy Induced Nausea and Vomiting
in Children and Young People with Cancer. Leeds Teaching Hospitals NHS Trust; 2021. [10-06-2019;
cited 2021 18-02]. Available from: http://www.lhp.leedsth.nhs.uk/detail.aspx?id=3959.

129. Guideline For The Management Of Chemotherapy-Induced Nausea And Vomiting. Birmingham
Children's Hospital NHS Trust; 2021. [02-2016; cited 2021 18-02]. Available from:
https://www.england.nhs.uk/mids-east/wp-content/uploads/sites/7/2018/04/antiemetic-policy-

2016.pdf.

130. Laws H, Kobbe G, Dilloo D, Dettenkofer M, Meisel R, Geisel R, Haas R, Gdbel U, Schulze-
Robbecke RJJoHI. Surveillance of nosocomial infections in paediatric recipients of bone marrow or
peripheral blood stem cell transplantation during neutropenia, compared with adult recipients.
2006;62(1):80-88.

131. Dettenkofer M, Ebner W, Bertz H, Babikir R, Finke J, Frank U, Riiden H, Daschner FIBmt.
Surveillance of nosocomial infections in adult recipients of allogeneic and autologous bone marrow
and peripheral blood stem-cell transplantation. 2003;31(9):795-801.

132. Kara TT, Erat T, Yahsi A, Ozdemir H, iLERi DT, Ince E, Tacyildiz N, Unal E, Ciftci E, ince EJTjoms.
Bloodstream infections in pediatric hematology/oncology patients: Six years? experience of a single
center in Turkey. 2019;49(4):1157-1164.

133. Davis K, Wilson SJP, health c. Febrile neutropenia in paediatric oncology. 2020;30(3):93-97.

134. Simon A, Ammann RA, Bode U, Fleischhack G, Wenchel H-M, Schwamborn D, Gravou C, Schlegel
P-G, Rutkowski S, Dannenberg C, Kérholz D, Laws HJ, Kramer MH. Healthcare-associated infections in
pediatric cancer patients: results of a prospective surveillance study from university hospitals in
Germany and Switzerland. BMC Infectious Diseases. 2008 2008/05/23;8(1):70. doi:10.1186/1471-
2334-8-70.

99


https://www.mayoclinic.org/diseases-conditions/cancer/in-depth/cancer-treatment/art-20046192
https://www.mayoclinic.org/diseases-conditions/cancer/in-depth/cancer-treatment/art-20046192
https://pathways.nice.org.uk/pathways/neutropenic-sepsis#path=view%3A/pathways/neutropenic-sepsis/managing-neutropenic-sepsis-in-secondary-and-tertiary-care.xml&content=view-node%3Anodes-start-antibiotic-therapy
https://pathways.nice.org.uk/pathways/neutropenic-sepsis#path=view%3A/pathways/neutropenic-sepsis/managing-neutropenic-sepsis-in-secondary-and-tertiary-care.xml&content=view-node%3Anodes-start-antibiotic-therapy
https://pathways.nice.org.uk/pathways/neutropenic-sepsis#path=view%3A/pathways/neutropenic-sepsis/managing-neutropenic-sepsis-in-secondary-and-tertiary-care.xml&content=view-node%3Anodes-start-antibiotic-therapy
http://www.lhp.leedsth.nhs.uk/detail.aspx?id=3959
https://www.england.nhs.uk/mids-east/wp-content/uploads/sites/7/2018/04/antiemetic-policy-2016.pdf
https://www.england.nhs.uk/mids-east/wp-content/uploads/sites/7/2018/04/antiemetic-policy-2016.pdf

24 August 2021

135. Simon A, Fleischhack G, Hasan C, Bode U, Engelhart S, Kramer MH. Surveillance for Nosocomial
and Central Line-Related Infections Among Pediatric Hematology-Oncology Patients. Infection
Control & Hospital Epidemiology. 2000;21(9):592-596. Epub 2015/01/02. doi:10.1086,/501809.

136. Urrea M, Rives S, Cruz O, Navarro A, José Garcia J, Estella J. Nosocomial infections among
pediatric hematology/oncology patients: Results of a prospective incidence study. American Journal
of Infection Control. 2004 2004/06/01/;32(4):205-208.
doi:https://doi.org/10.1016/].ajic.2003.10.013.

137. BNFC. Imipenem with Cilastatin [CorporatePage]. NICE; 2014. [2014-08-05; cited 2021 05-03].
Available from: https://bnfc.nice.org.uk/drug/imipenem-with-cilastatin.html#indicationsAndDoses.
eng.

138. BNFC. Ceftazidime [CorporatePage]. NICE; 2014. [2014-08-05; cited 2021 05-03]. Available
from: https://bnfc.nice.org.uk/drug/ceftazidime.html#indicationsAndDoses. eng.

139. Batra P, Kumar B, Gomber S, Bhatia M. Assessment of quality of life during treatment of
pediatric oncology patients [Original Article]. 2014 July 1, 2014;58(3):168-173. doi:10.4103/0019-
557x.138623.

140. Frequently asked questions. World Health Organization; 2021. [cited 2021 15-03]. Available
from: https://www.who.int/about/who-we-are/frequently-asked-questions.

141. Friedman DL, Meadows AT. Late effects of childhood cancer therapy. Pediatric clinics of North
America. 2002 2002/10/01/;49(5):1083-1106. doi:https://doi.org/10.1016/S0031-3955(02)00032-9.

142. Nelson AE, Miles MS, Reed SB, Davis CP, Cooper H. Depressive Symptomatology in Parents of
Children with Chronic Oncologic or Hematologic Disease. Journal of Psychosocial Oncology. 1995
1995/02/08;12(4):61-75. doi:10.1300/J077V12N04_04.

143. Grootenhuis MA, Last BF. Predictors of parental emotional adjustment to childhood cancer.
Psycho-oncology. 1997 Jun;6(2):115-28. eng. Epub 1997/06/01. doi:10.1002/(sici)1099-
1611(199706)6:2<115::Aid-pon252>3.0.Co;2-d. Cited in: Pubmed; PMID 9205969.

144. Dahlquist LM, Czyzewski DI, Copeland KG, Jones CL, Taub E, Vaughan JK. Parents of children
newly diagnosed with cancer: anxiety, coping, and marital distress. Journal of pediatric psychology.
1993 Jun;18(3):365-76. eng. Epub 1993/06/01. doi:10.1093/jpepsy/18.3.365. Cited in: Pubmed;
PMID 8340845.

145. Sawyer MG, Streiner DL, Antoniou G, Toogood |, Rice M. Influence of parental and family
adjustment on the later psychological adjustment of children treated for cancer. Journal of the
American Academy of Child and Adolescent Psychiatry. 1998 Aug;37(8):815-22. eng. Epub
1998/08/08. doi:10.1097/00004583-199808000-00011. Cited in: Pubmed; PMID 9695443.

100


https://doi.org/10.1016/j.ajic.2003.10.013
https://bnfc.nice.org.uk/drug/imipenem-with-cilastatin.html#indicationsAndDoses
https://bnfc.nice.org.uk/drug/ceftazidime.html#indicationsAndDoses
https://www.who.int/about/who-we-are/frequently-asked-questions
https://doi.org/10.1016/S0031-3955(02)00032-9

24 August 2021

146. Sung L, Yanofsky R, Klaassen RJ, Dix D, Pritchard S, Winick N, Alexander S, Klassen A. Quality of
life during active treatment for pediatric acute lymphoblastic leukemia. International journal of
cancer. 2011 Mar 1;128(5):1213-20. eng. Epub 2010/05/18. d0i:10.1002/ijc.25433. Cited in:
Pubmed; PMID 20473921.

147. Russell KMW, Hudson M, Long A, Phipps S. Assessment of health-related quality of life in
children with cancer. 2006;106(10):2267-2274. doi:https://doi.org/10.1002/cncr.21871.

148. Van Schaik CS, Barr RD, Depauw S, Furlong W, Feeny D. Assessment of health status and health-
related quality of life in survivors of Hodgkin's disease in childhood. International journal of cancer
Supplement = Journal international du cancer Supplement. 1999;12:32-8. eng. Epub 2000/02/19.
Cited in: Pubmed; PMID 10679868.

149. Feeny D, Furlong W, Barr RD, Torrance GW, Rosenbaum P, Weitzman S. A comprehensive
multiattribute system for classifying the health status of survivors of childhood cancer. J Clin Oncol.
1992 Jun;10(6):923-8. eng. Epub 1992/06/01. doi:10.1200/jc0.1992.10.6.923. Cited in: Pubmed;
PMID 1316952.

150. Vlachioti E, Matziou V, Perdikaris P, Mitsiou M, Stylianou C, Tsoumakas K, Moschovi M.
Assessment of quality of life of children and adolescents with cancer during their treatment.
Japanese Journal of Clinical Oncology. 2016;46(5):453-461. doi:10.1093/jjco/hyw009 %) Japanese
Journal of Clinical Oncology.

151. Eiser C, Eiser JR, Stride CB. Quality of life in children newly diagnosed with cancer and their
mothers. Health Qual Life Outcomes. 2005;3:29-29. eng. doi:10.1186/1477-7525-3-29. Cited in:
Pubmed; PMID 15860126.

152. Landolt MA, Vollrath M, Niggli FK, Gnehm HE, Sennhauser FH. Health-related quality of life in
children with newly diagnosed cancer: a one year follow-up study. Health Qual Life Outcomes. 2006
Sep 20;4:63. eng. Epub 2006/09/22. doi:10.1186/1477-7525-4-63. Cited in: Pubmed; PMID
16987419.

153. Matziou V, Perdikaris P, Galanis P, Dousis E, Tzoumakas K. Evaluating depression in a sample of
children and adolescents with cancer in Greece. International nursing review. 2008 Sep;55(3):314-9.
eng. Epub 2009/06/16. doi:10.1111/j.1466-7657.2008.00606.x. Cited in: Pubmed; PMID 19522948.

154. Meeske K, Katz ER, Palmer SN, Burwinkle T, Varni JW. Parent proxy-reported health-related
quality of life and fatigue in pediatric patients diagnosed with brain tumors and acute lymphoblastic
leukemia. Cancer. 2004 Nov 1;101(9):2116-25. eng. Epub 2004/09/25. doi:10.1002/cncr.20609. Cited
in: Pubmed; PMID 15389475.

155. Shankar S, Robison L, Jenney ME, Rockwood TH, Wu E, Feusner J, Friedman D, Kane RL, Bhatia S.
Health-related quality of life in young survivors of childhood cancer using the Minneapolis-
Manchester Quality of Life-Youth Form. Pediatrics. 2005 Feb;115(2):435-42. eng. Epub 2005/02/03.
doi:10.1542/peds.2004-0649. Cited in: Pubmed; PMID 15687453.

101


https://doi.org/10.1002/cncr.21871

24 August 2021

156. Ward-Smith P, Hamlin J, Bartholomew J, Stegenga K. Quality of life among adolescents with
cancer. Journal of pediatric oncology nursing : official journal of the Association of Pediatric
Oncology Nurses. 2007 May-Jun;24(3):166-71. eng. Epub 2007/05/04.
doi:10.1177/1043454207299656. Cited in: Pubmed; PMID 17475982.

157. Cooksley T, Holland M, Klastersky J. Ambulatory Outpatient Management of patients with low
risk febrile neutropaenia. Acute medicine. 2015;14(4):178-81. eng. Epub 2016/01/05. Cited in:
Pubmed; PMID 26726789.

158. Paesmans M, Klastersky J, Maertens J, Georgala A, Muanza F, Aoun M, Ferrant A, Rapoport B,
Rolston K, Ameye L. Predicting febrile neutropenic patients at low risk using the MASCC score: does
bacteremia matter? Supportive care in cancer : official journal of the Multinational Association of
Supportive Care in Cancer. 2011 Jul;19(7):1001-8. eng. Epub 2010/07/03. doi:10.1007/s00520-010-
0925-7. Cited in: Pubmed; PMID 20596732.

159. Lynn JJ, Chen KF, Weng YM, Chiu TF. Risk factors associated with complications in patients with
chemotherapy-induced febrile neutropenia in emergency department. Hematological oncology.
2013 Dec;31(4):189-96. eng. Epub 2013/01/11. doi:10.1002/hon.2040. Cited in: Pubmed; PMID
23303687.

160. Klastersky J, Paesmans M, Rubenstein EB, Boyer M, Elting L, Feld R, Gallagher J, Herrstedt J,
Rapoport B, Rolston K, Talcott J. The Multinational Association for Supportive Care in Cancer risk
index: A multinational scoring system for identifying low-risk febrile neutropenic cancer patients. J
Clin Oncol. 2000 Aug;18(16):3038-51. eng. Epub 2000/08/16. d0i:10.1200/jco.2000.18.16.3038.
Cited in: Pubmed; PMID 10944139.

161. Elting LS, Lu C, Escalante CP, Giordano SH, Trent JC, Cooksley C, Avritscher EB, Shih YC, Ensor J,
Bekele BN, Gralla RJ, Talcott JA, Rolston K. Outcomes and cost of outpatient or inpatient
management of 712 patients with febrile neutropenia. J Clin Oncol. 2008 Feb 1;26(4):606-11. eng.
Epub 2008/02/01. doi:10.1200/jc0.2007.13.8222. Cited in: Pubmed; PMID 18235119.

162. Carstensen M, Sgrensen JB. Outpatient management of febrile neutropenia: time to revise the
present treatment strategy. The journal of supportive oncology. 2008 May-Jun;6(5):199-208. eng.
Epub 2008/06/17. Cited in: Pubmed; PMID 18551855.

163. Teuffel O, Ethier MC, Alibhai SMH, Beyene J, Sung L. Outpatient management of cancer patients
with febrile neutropenia: a systematic review and meta-analysis. Annals of oncology : official journal
of the European Society for Medical Oncology. 2011 Nov;22(11):2358-2365. eng. Epub 2011/03/03.
doi:10.1093/annonc/mdq745. Cited in: Pubmed; PMID 21363878.

164. Sung L, Feldman BM, Schwamborn G, Paczesny D, Cochrane A, Greenberg ML, Maloney AM,
Hendershot El, Naqvi A, Barrera M, Llewellyn-Thomas HA. Inpatient versus outpatient management
of low-risk pediatric febrile neutropenia: measuring parents' and healthcare professionals'
preferences. J Clin Oncol. 2004 Oct 1;22(19):3922-9. eng. Epub 2004/10/02.
doi:10.1200/jc0.2004.01.077. Cited in: Pubmed; PMID 15459214,

102



24 August 2021

165. Shereen N-G, Salman D. Delivering chemotherapy at home: how much do we know?
2019;24(10):482-484. doi:10.12968/bjcn.2019.24.10.482. Cited in: Pubmed; PMID 31604043.

166. Salman D, Biliune J, Kayyali R, Ashton J, Brown P, McCarthy T, Vikman E, Barton S, Swinden J,
Nabhani-Gebara S. Evaluation of the performance of elastomeric pumps in practice: are we under-
delivering on chemotherapy treatments? Current medical research and opinion. 2017
Dec;33(12):2153-2159. eng. Epub 2017/09/01. doi:10.1080/03007995.2017.1374936. Cited in:
Pubmed; PMID 28857619.

167. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff
JM, Akl EA, Brennan SE, Chou R, Glanville J, Grimshaw JM, Hrébjartsson A, Lalu MM, Li T, Loder EW,
Mayo-Wilson E, McDonald S, McGuinness LA, Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P,
Moher D. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
2021;372:n71. doi:10.1136/bmj.n71 %J BMJ.

168. Patel S, Burzio V, Green H, Rees S, Tebruegge M, Jones C, Faust SN. The Impact of Pediatric
Outpatient Parenteral Antibiotic Therapy Implementation at a Tertiary Children’s Hospital in the
United Kingdom. 2018;37(12):€292-e297. doi:10.1097/inf.0000000000002031. Cited in: Pubmed;
PMID 00006454-201812000-00013.

169. Hubert D, Le Roux E, Lavrut T, Wallaert B, Scheid P, Manach D, Grenet D, Sermet-Gaudelus |,
Ramel S, Cracowski C, Sardet A, Wizla N, Deneuville E, Garraffo R. Continuous versus intermittent
infusions of ceftazidime for treating exacerbation of cystic fibrosis. Antimicrob Agents Chemother.
2009;53(9):3650-3656. eng. Epub 2009/06/15. doi:10.1128/AAC.00174-09. Cited in: Pubmed; PMID
19528265.

170. Buck C, Holl R, Kohne E, Wolf A. Silastic catheters for home antibiotic therapy in patients with
cystic fibrosis. European journal of pediatrics. 1997 Mar;156(3):209-11. eng. Epub 1997/03/01.
doi:10.1007/s004310050585. Cited in: Pubmed; PMID 9083762.

171. English Surveillance Programme for Antimicrobial Utilisation and Resistance (ESPAUR). Public
Health England; 2021. [30-09-2021; cited 2021 24-04]. Available from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file
/936199/ESPAUR Report 2019-20.pdf.

172. McCarthy K, Avent M. Oral or intravenous antibiotics? Aust Prescr. 2020;43(2):45-48. eng. Epub
2020/04/01. doi:10.18773/austprescr.2020.008. Cited in: Pubmed; PMID 32346210.

173. Perry CM, Markham A. Piperacillin/Tazobactam. Drugs. 1999 1999/05/01;57(5):805-843.
doi:10.2165/00003495-199957050-00017.

174. Levison ME, Levison JH. Pharmacokinetics and pharmacodynamics of antibacterial agents.
Infectious disease clinics of North America. 2009 Dec;23(4):791-815, vii. eng. Epub 2009/11/17.
doi:10.1016/j.idc.2009.06.008. Cited in: Pubmed; PMID 19909885.

103


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/936199/ESPAUR_Report_2019-20.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/936199/ESPAUR_Report_2019-20.pdf

24 August 2021

175. Richard Quintiliani MD. Pharmacodynamics of Antimicrobial Agents: Time-Dependent vs.
Concentration-Dependent Killing. antimicrobe.org; 2021. [cited 2021 14-04]. Available from:
http://www.antimicrobe.org/h04c.files/history/PK-PD%20Quint.asp.

176. Patel S, Abrahamson E, Goldring S, Green H, Wickens H, Laundy M. Good practice
recommendations for paediatric outpatient parenteral antibiotic therapy (p-OPAT) in the UK: a
consensus statement. Journal of Antimicrobial Chemotherapy. 2014;70(2):360-373.
do0i:10.1093/jac/dku401 %) Journal of Antimicrobial Chemotherapy.

177. Briaud P, Camus L, Bastien S, Doléans-Jordheim A, Vandenesch F, Moreau K. Coexistence with
Pseudomonas aeruginosa alters Staphylococcus aureus transcriptome, antibiotic resistance and
internalization into epithelial cells. Scientific Reports. 2019 2019/11/12;9(1):16564.
do0i:10.1038/s41598-019-52975-z.

178. Coutinho HD, Falcdo-Silva VS, Gongalves GF. Pulmonary bacterial pathogens in cystic fibrosis
patients and antibiotic therapy: a tool for the health workers. International archives of medicine.

2008 Nov 7;1(1):24. eng. Epub 2008/11/11. doi:10.1186/1755-7682-1-24. Cited in: Pubmed; PMID
18992146.

179. Raidt L, Idelevich EA, Dibbers A, Kister P, Drevinek P, Peters G, Kahl BC. Increased Prevalence
and Resistance of Important Pathogens Recovered from Respiratory Specimens of Cystic Fibrosis
Patients During a Decade. The Pediatric infectious disease journal. 2015 Jul;34(7):700-5. eng. Epub
2015/04/09. doi:10.1097/inf.0000000000000714. Cited in: Pubmed; PMID 25851069.

180. Hudson VL, Wielinski CL, Regelmann WE. Prognostic implications of initial oropharyngeal
bacterial flora in patients with cystic fibrosis diagnosed before the age of two years. The Journal of
pediatrics. 1993 Jun;122(6):854-60. eng. Epub 1993/06/01. doi:10.1016/s0022-3476(09)90007-5.
Cited in: Pubmed; PMID 8501559.

181. Sagel SD, Gibson RL, Emerson J, McNamara S, Burns JL, Wagener JS, Ramsey BW, Inhaled
Tobramycin in Young Children Study G, Cystic Fibrosis Foundation Therapeutics Development N.
Impact of Pseudomonas and Staphylococcus infection on inflammation and clinical status in young
children with cystic fibrosis. The Journal of pediatrics. 2009;154(2):183-188. eng. Epub 2008/09/25.
doi:10.1016/].jpeds.2008.08.001. Cited in: Pubmed; PMID 18822427.

182. Alou L, Aguilar L, Sevillano D, Giménez MJ, Echeverria O, Gédmez-Lus ML, Prieto J. Is there a
pharmacodynamic need for the use of continuous versus intermittent infusion with ceftazidime
against Pseudomonas aeruginosa? An in vitro pharmacodynamic model. The Journal of antimicrobial
chemotherapy. 2005 Feb;55(2):209-13. eng. Epub 2005/01/15. doi:10.1093/jac/dkh536. Cited in:
Pubmed; PMID 15650000.

183. Touw DJ, Vinks AA, Mouton JW, Horrevorts AM. Pharmacokinetic optimisation of antibacterial
treatment in patients with cystic fibrosis. Current practice and suggestions for future directions.
Clinical pharmacokinetics. 1998 Dec;35(6):437-59. eng. Epub 1999/01/13. doi:10.2165/00003088-
199835060-00003. Cited in: Pubmed; PMID 9884816.

104


http://www.antimicrobe.org/h04c.files/history/PK-PD%20Quint.asp

24 August 2021

184. Voumard R, Gardiol C, André P, Arensdorff L, Cochet C, Boillat-Blanco N, Decosterd L, Buclin T,
de Valliere S. Efficacy and safety of continuous infusions with elastomeric pumps for outpatient
parenteral antimicrobial therapy (OPAT): an observational study. The Journal of antimicrobial
chemotherapy. 2018 Sep 1;73(9):2540-2545. eng. Epub 2018/07/10. doi:10.1093/jac/dky224. Cited
in: Pubmed; PMID 29982449.

185. van Dalen R, Muytjens HL, Gimbreére JS. Ceftazidime treatment in intensive care patients. The
Journal of antimicrobial chemotherapy. 1983 Jul;12 Suppl A:189-97. eng. Epub 1983/07/01.
doi:10.1093/jac/12.suppl_a.189. Cited in: Pubmed; PMID 6225763.

186. David TJ, Devlin J. Continuous infusion of ceftazidime in cystic fibrosis. Lancet (London,
England). 1989 Jun 24;1(8652):1454-5. eng. Epub 1989/06/24. doi:10.1016/s0140-6736(89)90164-5.
Cited in: Pubmed; PMID 2567466.

187. Prescott WA, Jr., Gentile AE, Nagel JL, Pettit RS. Continuous-infusion antipseudomonal Beta-
lactam therapy in patients with cystic fibrosis. P T. 2011;36(11):723-763. eng. Cited in: Pubmed;
PMID 22346306.

188. Lehrnbecher T, Robinson P, Fisher B, Alexander S, Ammann RA, Beauchemin M, Carlesse F, Groll
AH, Haeusler GM, Santolaya M, Steinbach WJ, Castagnola E, Davis BL, Dupuis LL, Gaur AH, Tissing
WIE, Zaoutis T, Phillips R, Sung L. Guideline for the Management of Fever and Neutropenia in
Children With Cancer and Hematopoietic Stem-Cell Transplantation Recipients: 2017 Update.
Journal of Clinical Oncology. 2017 2017/06/20;35(18):2082-2094. d0i:10.1200/JC0.2016.71.7017.

189. CCLG. Managing Febrile Neutropenia in the UK in 2020 Proposed New Management Pathway.

Children's Cancer and Leukaemia Group; 2020. Available from:

https://www.cclg.org.uk/write/MediaUploads/Member%20area/COVID19/2020 CCLG FN program
- Guidance-Protocol FINAL.pdf.

190. Sabbagh Dit Hawasli R, Barton S, Nabhani-Gebara S. Ambulatory chemotherapy: Past, present,
and future. Journal of Oncology Pharmacy Practice. 2021 2021/06/01;27(4):962-973.
doi:10.1177/1078155220985916.

191. Boothroyd L, Lehoux P. Home-based Chemotheraphy for Cancer: Issues for Patients, Caregivers
and the Health Care System. Agence d'évaluation des technologies et des modes d'intervention en
santé; 2004. ISBN: 2550425847.

192. Newton C, Ingram BJBJoN. Ambulatory chemotherapy for teenagers and young adults.
2014;23(Sup2):5S36-542.

193. Mori K, Lee HT, Rapoport D, Drexler IR, Foster K, Yang J, Schmidt-Ott KM, Chen X, Li JY, Weiss S,
Mishra J, Cheema FH, Markowitz G, Suganami T, Sawai K, Mukoyama M, Kunis C, D’Agati V,
Devarajan P, Barasch J. Endocytic delivery of lipocalin-siderophore-iron complex rescues the kidney
from ischemia-reperfusion injury. The Journal of clinical investigation. 2005 03/01/;115(3):610-621.
doi:10.1172/JCI23056.

105


https://www.cclg.org.uk/write/MediaUploads/Member%20area/COVID19/2020_CCLG_FN_program_-_Guidance-Protocol_FINAL.pdf
https://www.cclg.org.uk/write/MediaUploads/Member%20area/COVID19/2020_CCLG_FN_program_-_Guidance-Protocol_FINAL.pdf

24 August 2021

194. Kjeldsen L, Cowland JB, Borregaard N. Human neutrophil gelatinase-associated lipocalin and
homologous proteins in rat and mouse. Biochimica et biophysica acta. 2000 Oct 18;1482(1-2):272-
83. eng. Epub 2000/11/04. doi:10.1016/s0167-4838(00)00152-7. Cited in: Pubmed; PMID 11058768.

195. Mishra J, Ma Q, Prada A, Mitsnefes M, Zahedi K, Yang J, Barasch J, Devarajan P. Identification of
neutrophil gelatinase-associated lipocalin as a novel early urinary biomarker for ischemic renal
injury. Journal of the American Society of Nephrology : JASN. 2003 Oct;14(10):2534-43. eng. Epub
2003/09/30. d0i:10.1097/01.asn.0000088027.54400.c6. Cited in: Pubmed; PMID 14514731.

196. Supavekin S, Zhang W, Kucherlapati R, Kaskel FJ, Moore LC, Devarajan P. Differential gene
expression following early renal ischemia/reperfusion. Kidney international. 2003 May;63(5):1714-
24. eng. Epub 2003/04/05. doi:10.1046/j.1523-1755.2003.00928.x. Cited in: Pubmed; PMID
12675847.

197. Mishra J, Dent C, Tarabishi R, Mitsnefes MM, Ma Q, Kelly C, Ruff SM, Zahedi K, Shao M, Bean J,
Mori K, Barasch J, Devarajan P. Neutrophil gelatinase-associated lipocalin (NGAL) as a biomarker for
acute renal injury after cardiac surgery. Lancet (London, England). 2005 Apr 2-8;365(9466):1231-8.
eng. Epub 2005/04/07. doi:10.1016/s0140-6736(05)74811-x. Cited in: Pubmed; PMID 15811456.

198. Mishra J, Ma Q, Kelly C, Mitsnefes M, Mori K, Barasch J, Devarajan P. Kidney NGAL is a novel
early marker of acute injury following transplantation. Pediatric nephrology (Berlin, Germany). 2006
Jun;21(6):856-63. eng. Epub 2006/03/11. doi:10.1007/s00467-006-0055-0. Cited in: Pubmed; PMID
16528543,

199. Hirsch R, Dent C, Pfriem H, Allen J, Beekman RH, 3rd, Ma Q, Dastrala S, Bennett M, Mitsnefes M,
Devarajan P. NGAL is an early predictive biomarker of contrast-induced nephropathy in children.
Pediatric nephrology (Berlin, Germany). 2007 Dec;22(12):2089-95. eng. Epub 2007/09/18.
doi:10.1007/s00467-007-0601-4. Cited in: Pubmed; PMID 17874137.

200. Suzuki M, Wiers KM, Klein-Gitelman MS, Haines KA, Olson J, Onel KB, O'Neil K, Passo MH, Singer
NG, Tucker L, Ying J, Devarajan P, Brunner HI. Neutrophil gelatinase-associated lipocalin as a
biomarker of disease activity in pediatric lupus nephritis. Pediatric nephrology (Berlin, Germany).
2008 Mar;23(3):403-12. eng. Epub 2008/01/19. doi:10.1007/s00467-007-0685-x. Cited in: Pubmed;
PMID 18202859.

201. Trachtman H, Christen E, Cnaan A, Patrick J, Mai V, Mishra J, Jain A, Bullington N, Devarajan P.
Urinary neutrophil gelatinase-associated lipocalcin in D+HUS: a novel marker of renal injury.
Pediatric nephrology (Berlin, Germany). 2006 Jul;21(7):989-94. eng. Epub 2006/06/15.
doi:10.1007/s00467-006-0146-y. Cited in: Pubmed; PMID 16773412.

202. Gaspari F, Cravedi P, Mandala M, Perico N, de Leon FR, Stucchi N, Ferrari S, Labianca R, Remuzzi
G, Ruggenenti P. Predicting cisplatin-induced acute kidney injury by urinary neutrophil gelatinase-
associated lipocalin excretion: a pilot prospective case-control study. Nephron Clinical practice.
2010;115(2):c154-60. eng. Epub 2010/04/22. d0i:10.1159/000312879. Cited in: Pubmed; PMID
20407275.

106



24 August 2021

203. Lopez-Novoa JM, Quiros Y, Vicente L, Morales Al, Lopez-Hernandez FJ. New insights into the
mechanism of aminoglycoside nephrotoxicity: an integrative point of view. Kidney international.
2011 Jan;79(1):33-45. eng. Epub 2010/09/24. doi:10.1038/ki.2010.337. Cited in: Pubmed; PMID
20861826.

204. Nielsen BS, Borregaard N, Bundgaard JR, Timshel S, Sehested M, Kjeldsen L. Induction of NGAL
synthesis in epithelial cells of human colorectal neoplasia and inflammatory bowel diseases. Gut.
1996;38(3):414-420. eng. doi:10.1136/gut.38.3.414. Cited in: Pubmed; PMID 8675096.

205. Stoesz SP, Friedl A, Haag ID, Lindstrom MJ, Clark GM, Gould MN. Heterogeneous expression of
the lipocalin NGAL in primary breast cancers. International journal of cancer. 1998 Dec 18;79(6):565-
72. eng. Epub 1998/12/08. doi:10.1002/(sici)1097-0215(19981218)79:6<565::aid-ijc3>3.0.co;2-f.
Cited in: Pubmed; PMID 9842963.

206. Smith ER, Zurakowski D, Saad A, Scott RM, Moses MA. Urinary biomarkers predict brain tumor
presence and response to therapy. Clinical cancer research : an official journal of the American
Association for Cancer Research. 2008 Apr 15;14(8):2378-86. eng. Epub 2008/04/17.
doi:10.1158/1078-0432.Ccr-07-1253. Cited in: Pubmed; PMID 18413828.

207. Sinha V, Vence LM, Salahudeen AK. Urinary tubular protein-based biomarkers in the rodent
model of cisplatin nephrotoxicity: a comparative analysis of serum creatinine, renal histology, and
urinary KIM-1, NGAL, and NAG in the initiation, maintenance, and recovery phases of acute kidney
injury. Journal of investigative medicine : the official publication of the American Federation for
Clinical Research. 2013 Mar;61(3):564-8. eng. Epub 2013/01/31.
doi:10.2310/JIM.0b013e31828233a8. Cited in: Pubmed; PMID 23360846.

208. Paragas N, Qiu A, Zhang Q, Samstein B, Deng SX, Schmidt-Ott KM, Viltard M, Yu W, Forster CS,
Gong G, Liu Y, Kulkarni R, Mori K, Kalandadze A, Ratner AJ, Devarajan P, Landry DW, D'Agati V, Lin CS,
Barasch J. The Ngal reporter mouse detects the response of the kidney to injury in real time. Nature
medicine. 2011 Feb;17(2):216-22. eng. Epub 2011/01/18. doi:10.1038/nm.2290. Cited in: Pubmed;
PMID 21240264.

209. Won AJ, Kim S, Kim YG, Kim KB, Choi WS, Kacew S, Kim KS, Jung JH, Lee BM, Kim S, Kim HS.
Discovery of urinary metabolomic biomarkers for early detection of acute kidney injury. Molecular
bioSystems. 2016 Jan;12(1):133-44. eng. Epub 2015/11/14. doi:10.1039/c5mb00492f. Cited in:
Pubmed; PMID 26566257.

210. Mishra J, Mori K, Ma Q, Kelly C, Barasch J, Devarajan P. Neutrophil gelatinase-associated
lipocalin: a novel early urinary biomarker for cisplatin nephrotoxicity. American journal of
nephrology. 2004 May-Jun;24(3):307-15. eng. Epub 2004/05/19. doi:10.1159/000078452. Cited in:
Pubmed; PMID 15148457.

211. Tekce BK, Uyeturk U, Tekce H, Uyeturk U, Aktas G, Akkaya A. Does the kidney injury molecule-1
predict cisplatin-induced kidney injury in early stage? Annals of clinical biochemistry. 2015 Jan;52(Pt
1):88-94. eng. Epub 2014/03/29. doi:10.1177/0004563214528312. Cited in: Pubmed; PMID
24670880.

107



24 August 2021

212. Lin HY, Lee SC, Lin SF, Hsiao HH, Liu YC, Yang WC, Hwang DY, Hung CC, Chen HC, Guh JY. Urinary
neutrophil gelatinase-associated lipocalin levels predict cisplatin-induced acute kidney injury better
than albuminuria or urinary cystatin C levels. The Kaohsiung journal of medical sciences. 2013
Jun;29(6):304-11. eng. Epub 2013/05/21. doi:10.1016/j.kjms.2012.10.004. Cited in: Pubmed; PMID
23684135.

213. Shahbazi F, Sadighi S, Dashti-Khavidaki S, Shahi F, Mirzania M. Urine ratio of neutrophil
gelatinase-associated lipocalin to creatinine as a marker for early detection of cisplatin-associated
nephrotoxicity. Iranian journal of kidney diseases. 2015 Jul;9(4):306-10. eng. Epub 2015/07/16. Cited
in: Pubmed; PMID 26174458.

214. Seker MM, Deveci K, Seker A, Sancakdar E, Yilmaz A, Turesin AK, Kacan T, Babacan NA.
Predictive role of neutrophil gelatinase-associated lipocalin in early diagnosis of platin-induced renal
injury. Asian Pacific journal of cancer prevention : APJCP. 2015;16(2):407-10. eng. Epub 2015/02/17.
doi:10.7314/apjcp.2015.16.2.407. Cited in: Pubmed; PMID 25684463.

215. Peres LA, da Cunha AD, Jr., Assumpcdo RA, Schéfer A, Jr., da Silva AL, Gaspar AD, Scarpari DF,
Alves JB, Girelli Neto R, de Oliveira TF. Evaluation of the cisplatin nephrotoxicity using the urinary
neutrophil gelatinase-associated lipocalin (NGAL) in patients with head and neck cancer. Jornal
brasileiro de nefrologia : 'orgao oficial de Sociedades Brasileira e Latino-Americana de Nefrologia.
2014 Jul-Sep;36(3):280-8. eng

por. Epub 2014/10/16. doi:10.5935/0101-2800.20140041. Cited in: Pubmed; PMID 25317609.

216. Kos FT, Sendur MA, Aksoy S, Celik HT, Sezer S, Civelek B, Yaman S, Zengin N. Evaluation of renal
function using the level of neutrophil gelatinase-associated lipocalin is not predictive of
nephrotoxicity associated with cisplatin-based chemotherapy. Asian Pacific journal of cancer
prevention : APJCP. 2013;14(2):1111-4. eng. Epub 2013/04/30. doi:10.7314/apjcp.2013.14.2.1111.
Cited in: Pubmed; PMID 23621196.

217. Sterling M, Al-Ismaili Z, McMahon KR, Piccioni M, Pizzi M, Mottes T, Lands LC, Abish S, Fleming
AJ, Bennett MR, Palijan A, Devarajan P, Goldstein SL, O'Brien MM, Zappitelli M. Urine biomarkers of
acute kidney injury in noncritically ill, hospitalized children treated with chemotherapy.
2017;64(10):e26538. doi:https://doi.org/10.1002/pbc.26538.

218. Almalky MA, Hasan SA, Hassan TH, Shahbah DA, Arafa MA, Khalifa NA, Ibrahim RE. Detection of
early renal injury in children with solid tumors undergoing chemotherapy by urinary neutrophil
gelatinase-associated lipocalin. Molecular and clinical oncology. 2015 Nov;3(6):1341-1346. eng. Epub
2016/01/26. doi:10.3892/mco0.2015.631. Cited in: Pubmed; PMID 26807245.

219. Pavkovic M, Robinson-Cohen C, Chua AS, Nicoara O, Cardenas-Gonzalez M, Bijol V,
Ramachandran K, Hampson L, Pirmohamed M, Antoine DJ, Frendl G, Himmelfarb J, Waikar SS, Vaidya
VS. Detection of Drug-Induced Acute Kidney Injury in Humans Using Urinary KIM-1, miR-21, -200c,
and -423. Toxicological sciences : an official journal of the Society of Toxicology. 2016 Jul;152(1):205-
13. eng. Epub 2016/04/29. doi:10.1093/toxsci/kfw077. Cited in: Pubmed; PMID 27122240.

108


https://doi.org/10.1002/pbc.26538

24 August 2021

220. Endre ZH, Kellum JA, Di Somma S, Doi K, Goldstein SL, Koyner JL, Macedo E, Mehta RL, Murray
PT. Differential diagnosis of AKl in clinical practice by functional and damage biomarkers: workgroup
statements from the tenth Acute Dialysis Quality Initiative Consensus Conference. Contributions to
nephrology. 2013;182:30-44. eng. Epub 2013/05/22. doi:10.1159/000349964. Cited in: Pubmed;
PMID 23689654.

221. Alkandari O, Eddington KA, Hyder A, Gauvin F, Ducruet T, Gottesman R, Phan V, Zappitelli M.
Acute kidney injury is an independent risk factor for pediatric intensive care unit mortality, longer
length of stay and prolonged mechanical ventilation in critically ill children: a two-center
retrospective cohort study. Critical care (London, England). 2011 Jun 10;15(3):R146. eng. Epub
2011/06/15. d0i:10.1186/cc10269. Cited in: Pubmed; PMID 21663616.

222.Li S, Krawczeski CD, Zappitelli M, Devarajan P, Thiessen-Philbrook H, Coca SG, Kim RW, Parikh
CR. Incidence, risk factors, and outcomes of acute kidney injury after pediatric cardiac surgery: a
prospective multicenter study. Critical care medicine. 2011 Jun;39(6):1493-9. eng. Epub 2011/02/22.
doi:10.1097/CCM.0b013e31821201d3. Cited in: Pubmed; PMID 21336114.

223. Jiménez-Triana CA, Castelan-Martinez OD, Rivas-Ruiz R, Jiménez-Méndez R, Medina A, Clark P,
Rassekh R, Castafieda-Hernandez G, Carleton B, Medeiros M. Cisplatin Nephrotoxicity and
Longitudinal Growth in Children With Solid Tumors: A Retrospective Cohort Study. Medicine. 2015
Aug;94(34):e1413. eng. Epub 2015/08/28. doi:10.1097/md.0000000000001413. Cited in: Pubmed;
PMID 26313789.

224. Zappitelli M, Coca SG, Garg AX, Krawczeski CD, Thiessen Heather P, Sint K, Li S, Parikh CR,
Devarajan P. The association of albumin/creatinine ratio with postoperative AKI in children
undergoing cardiac surgery. Clinical journal of the American Society of Nephrology : CJASN. 2012
Nov;7(11):1761-9. eng. Epub 2012/08/25. d0i:10.2215/cjn.12751211. Cited in: Pubmed; PMID
22917706.

225. Hanly L, Chen N, Rieder M, Koren G. Ifosfamide nephrotoxicity in children: a mechanistic base
for pharmacological prevention. Expert opinion on drug safety. 2009 Mar;8(2):155-68. eng. Epub
2009/03/25. d0i:10.1517/14740330902808169. Cited in: Pubmed; PMID 19309244,

226. Akyol S, Ugurcu V, Altuntas A, Hasgul R, Cakmak O, Akyol O. Caffeic Acid Phenethyl Ester as a
Protective Agent against Nephrotoxicity and/or Oxidative Kidney Damage: A Detailed Systematic
Review. The Scientific World Journal. 2014 2014/06/03;2014:561971. doi:10.1155/2014/561971.

227. Karademir LD, Dogruel F, Kocyigit |, Yazici C, Unal A, Sipahioglu MH, Oymak O, Tokgoz B. The
efficacy of theophylline in preventing cisplatin-related nephrotoxicity in patients with cancer. Renal
failure. 2016 Jun;38(5):806-14. eng. Epub 2016/04/07. doi:10.3109/0886022x.2016.1163154. Cited
in: Pubmed; PMID 27049176.

109



24 August 2021

6. Appendices
6.1. Appendix 1

ALDER HEY CHILDREN'S NHS FOUNDATION TRUST

The Prospective Investigation into urinary
NGAL Utility in Paediatric Oncology Patients

PINGU Project

Alicja Wozniak-Rowley, Louise Watson, Paul Newland,
Karen Selwood, Sue Hemsworth, Barry Pizer

Version 3.0 Dated 1* March 2012

110



24 August 2021

Introduction and rationale

Although there has been a steady improvement in the survival of children with
cancer, treatment for childhood malignancy remains associated with a significant
risk of short, medium and long-term side effects. A number of chemotherapeutic
agents in routine use are associated with nephrotoxicity that in the short term may
produce significant acute renal damage, both glomerular and tubular, and in the
long term may be associated with long standing renal problems. Tubular damage
associated with chemotherapy frequently results in deficiency of magnesium,
potassium and phosphate resulting in the need for prolonged -electrolyte
supplementation and on occasions problems such as hypophosphatemic rickets.

There is clearly a need for new markers of nephrotoxicity in patients receiving
nephrotoxic chemotherapy so that significant renal damage can be identified and
managed as early as possible and also so that further damage can be limited, for
example by the avoidance of concomitant nephrotoxic drugs such as
aminoglycoside antibiotics.

Neutrophil Gelatinase-Associated Lipocalin (NGAL) appears to be an appropriate
marker of renal damage to investigate in children receiving nephrotoxic
chemotherapy. NGAL is responsible for the growth and differentiation of the renal
tubular epithelial cells and exerts bacteriostatic effects in the distal urogenital tract
by altering the bacterial siderophore-mediated iron acquisition [1]. The siderophore-
iron-complex NGAL limits proximal tubular damage and reduces apoptosis. NGAL
is normally expressed at very low levels in several human tissues, including kidney,
lungs, stomach and colon [2]. Kidney epithelia express and excrete large quantities
of NGAL into the urine when damaged by ischaemia-reperfusion injury,
nephrotoxins, sepsis and chronic progressive changes [3]. NGAL has been
identified as the protein with the earliest rise and peak after renal ischaemia [3-4].
NGAL seems to be an early biomarker in contrast to the currently available
laboratory markers of renal damage used in everyday clinical practice.

Urinary NGAL has been identified as a potential early marker of renal injury in
children experiencing the following kidney insults; after cardiopulmonary bypass [5],
sepsis in critical illness [1], delayed graft function in renal transplantation [6],
contrast-induced nephropathy [7], haemolytic-uraemic syndrome [8] and lupus
nephritis flares [9].

To date, information on NGAL as an early marker of renal damage in children
receiving nephrotoxic chemotherapy is very limited. There appears to be only one
previous publication of the utility of NGAL in patients receiving nephrotoxic
chemotherapy. In this small study of 12 adults, urinary NGAL levels increased
significantly more in patients receiving cisplatin, who subsequently developed AKI,
than in controls at up to 15 days after cisplatin and the NGAL increase at day 2
after cisplatin predicted acute kidney injury (>25% serum creatinine increase vs.
baseline) [10].
Nephrotoxicity associated with antibiotics, administered to children already
receiving nephrotoxic chemotherapy, is another challenge facing paediatric
oncologists. Many centres (including Alder Hey) use aminoglycosides as first line
antibiotics for treatment of febrile neutropenia episodes. As many as 10-25% of
therapeutic courses of aminoglycosides are complicated by nephrotoxicity, despite
close patient monitoring [12].
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There is a clear need for an early marker of kidney injury in this group of patients,
so potentially further damage could be prevented by replacing aminoglycosides with
non-nephrotoxic antibiotics if possible. We haven’t identified any studies on the
utility of NGAL in this setting.

NGAL levels have also been found to be elevated in various types of adult-type
cancers including adenocarcinomas of the breast, bowel and urothelial carcinomas
[14, 15]. There are no reports on NGAL levels in paediatric-type cancers apart from
brain tumours including medulloblastoma, where urinary NGAL has been found to
be elevated [16].

Objectives of the study

e To determine the utility of NGAL in predicting acute kidney injury (AKI) in
paediatric oncology patients at risk of renal damage.

e To correlate urinary and blood measurements of NGAL in a group of patients
within our cohort. The current Abbott assay has been sufficiently validated for
use on urine, but in all of the situations described above, blood is routinely
collected. We would therefore be able to use the assay to measure plasma
NGAL that may contribute towards validating the assay with blood as opposed
to urine in certain situations (e.g: a young infant who may be unable to produce
a urine sample within a timely manner or on demand).

e To lead to future studies that may allow the investigation into the effect that early
intervention would have on improving the renal outcome for these patients. This
would require a randomised controlled trial of NGAL guided management versus
standard management to show this effect. It is hoped that results from this initial
study may prompt such future studies.

This initial project will allow us to gain the necessary experience of collecting
samples and interpreting the levels of urinary NGAL with the clinical information
available, whilst broadening its use within a paediatric setting in the UK. The
confirmation of the utility of NGAL as an early marker of AKI could allow alternative
strategies to be employed in the future, which might further limit kidney damage, for
example: reducing or avoiding nephrotoxic medications and administering more
fluids.

This study is a part of “The PINGU Project” — The Prospective Investigation Into
NGAL Utility, which is being conducted at Alder Hey Children’s NHS Foundation
Trust in Liverpool.

As plasma and urinary NGAL levels have been reported to be elevated in certain
conditions including sepsis, brain tumours or Down’s syndrome and some of the
patients enrolled into the study will fall into one of these categories, we are aiming
to measure baseline NGAL levels prior to the start of nephrotoxic therapy and then
compare it with subsequent levels when patients are exposed to nephrotoxic
agents.
We are going to use RIFLE criteria for kidney injury, which are as follows:
stage | (Risk): increased creatinine x1.5 or GFR decrease >25% or urine output
<0.5ml/kg/h x 6hr
stage Il (Injury): increased creatinine x 2 or GFR decrease > 50% or urine output
<0.5ml/kg/h x 12hr
stage Ill (Failure): increased creatinine x 3 or GFR decrease > 75% or urine output
<0.3ml/kg/h x 24hr or anuria x 12hr [17].
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Patient selection criteria
The study will include 2 groups of patients:

I. Patients receiving nephrotoxic chemotherapy

Eligibility:

1. Patients receiving one or more of the following nephrotoxic drugs:
- Cisplatin
- Ifosfamide
- high dose Methotrexate

2. Informed written consent.

Exclusions:

1. Urinary tract infection

Il. Patients receiving nephrotoxic chemotherapy and receiving
aminoglycosides

Eligibility:

1. Patients receiving Cisplatin, Ifosfamide or high dose Methotrexate up to 4
weeks prior to admission and receiving aminoglycosides on current
admission.

2. Informed written consent.

Exclusions:

1. Urinary tract infection.

Diagnostic investigations during the study
|. Patients receiving nephrotoxic chemotherapy

1. Urinary NGAL (uNGAL):
- prior to chemotherapy (baseline)
- daily until the end of administration of nephrotoxic chemotherapy
- at the first clinic appointment after the end of treatment, 6 and 12 months after
the end of treatment

2. Serum NGAL (sNGAL):
- prior to chemotherapy
- daily until the end of administration of nephrotoxic chemotherapy
- at the first clinic appointment after the end of treatment and 12 months after the
end of treatment

3. ‘Oncology Profile’ (urea, creatinine, sodium, potassium, bicarbonate, anion gap,
magnesium, calcium, phosphate):
- prior to chemotherapy
- daily until the end of administration of nephrotoxic chemotherapy
- at the first clinic appointment after the end of treatment and 12 months after the
end of treatment
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Urine Biochemistry - urine dipstick (blood, protein, glucose), urine
albumin/creatinine ratio, retinol binding protein (RBP), phosphate, calcium,
creatinine.

- prior to chemotherapy

- daily until the end of administration of nephrotoxic chemotherapy (except for

- phosphate, calcium and creatinine — only on the last day of chemotherapy)

- at the first clinic appointment after the end of treatment, 6 and 12 months
after the end of treatment

5. GFR (Cr EDTA excretion)

- before alternate courses of chemotherapy
- at the end of chemotherapy

. Patients given nephrotoxic chemotherapy and receiving aminoglycosides.

. Urinary NGAL (uNGAL):

- prior to 1t dose of aminoglycosides
- daily for 4 days

. Serum NGAL (sNGAL):

- prior to 15t dose of aminoglycosides
- daily for 4 days

. ‘Oncology Profile’ (urea, creatinine, sodium, potassium, bicarbonate, anion gap,

magnesium, calcium, phosphate and liver function tests) and uric acid:
- prior to 1%t dose of aminoglycosides
- from 1 to 4 times a day for 4 days

. Urine Biochemistry - urine dipstick (blood, protein, glucose), urine

albumin/creatinine ratio, RBP, phosphate, calcium and creatinine:
- prior to 15t dose of aminoglycosides
- daily for 4 days (except for phosphate, calcium and creatinine — only on day 4)

Clinical observations and drug therapy

Patients receiving nephrotoxic chemotherapy

1. Height and weight on admission.

2. Daily fluid balance if on i.v. hydration.

3. Daily blood pressure (the highest and the lowest measurement if more then
one taken daily).

4. The number of courses of aminoglycosides (gentamicin or amikacin) in the last
6 months.

5. The number of courses of nephrotoxic chemotherapy given and which of the 3
drugs were given.

6. The use of electrolyte supplementation on admission (supplement and dose).

Il. Patients given nephrotoxic chemotherapy and receiving aminoglycosides

Height and weight on admission.

Daily fluid balance if on i.v. hydration.

Daily blood pressure.

The number of courses of aminoglycosides (gentamicin or amikacin) in the last
6 months.

PON =

5
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5. The number of courses of nephrotoxic chemotherapy given and which of the 3
drugs were given
6. The use of electrolyte supplementation on admission (supplement and dose).

Sample Size

We aim to recruit patients over a period of one year. It is difficult to predict
precisely the number of patients presenting with a particular diagnosis and thus
receiving a particular protocol over a period of a year. In addition, the mode of
administration of a particular nephrotoxic chemotherapy agent varies according to
particular protocols.

Our best estimates of the number of patients to be included in the study are as
follows:

|. Patients receiving nephrotoxic chemotherapy
e Osteosarcoma (cisplatin, HD MTX +/- Ifosfamide) - 3 patients/yr (total of 48
courses of nephrotoxic chemotherapy)
* Ewing's Sarcoma (Ifosfamide) 4 patients/yr (56 courses)

e Soft Tissue Sarcoma (Ifosfamide) 5 patients/yr (25 courses)

* Neuroblastoma (Cisplatin and high dose Carboplatin) 5 patients/yr (30
courses)

* Medulloblastoma (Cisplatin) 3 patients/yr (9 courses)
* Hepatoblastoma (cisplatin) - 1 patient/yr (6 courses),
* Rare/other tumours - 3 patients/yr (9 courses)
» The estimated total number of patients is 24 per year and 183 courses of
nephrotoxic chemotherapy per year.

» The number of test sets per episode of nephrotoxic chemotherapy will range
between 3 and 6 sets per episode of chemotherapy admission.

» Based on these figures it is estimated that around 750 test sets will be
performed over one year for the study of acute nephrotoxicity.

» In addition a further 3 test sets will be performed as follow up over one year to
determine delayed renal damage, which is 72 further tests.

» The estimate number of test sets in this group is thus 800.
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Il. Patients given nephrotoxic chemotherapy and receiving aminoglycosides.
» We plan to include 10 patients in this group, as a pilot study.

» The estimate number of test sets in this group is 40.

The total estimate number of patients entered into the entire study is thus 34 or less
- as some patients may be entered into group | and group II.

Total estimate number of test sets for both groups of patients: 840.

Duration of the study — min 2 years:

- 1 year of the recruitment of new patients (group I, 11)

- 1 year of follow up of patients receiving nephrotoxic chemotherapy (group ).
Further studies

Patient data may be reused and urine samples stored and reanalysed for

additional, ethically approved research studies, provided separate consent is
sought and provided by the patient and/or family.

Statistical analysis

Log rank tests will be used to assess whether NGAL concentrations are associated
with the development of AKI. The Cox regression model will be used to explore
these relationships after adjusting for possible confounding variables. It will allow
us to predict the hazard (or risk) of outcomes for individuals given their prognostic
variables. By dichotomising outcomes, we can calculate sensitivity, specificity,
positive/negative predictive value, positive/negative likelihood ratios for NGAL for
the diagnosis of AKI in our setting.

Receiver operator curves (ROC) will be constructed to explore possible thresholds
for NGAL for the diagnosis of AKI. Analysis of NGAL in the control group will also
help to confirm its specificity. The longitudinal changes of NGAL in relation to the
time to development of AKI as well as time to resolution of AKI will be examined
using joint modelling techniques [13].

116



24 August 2021

Estimate costs of the study

Test Costs

The costs of NGAL testing (both urine and serum) will be covered by Abbott.

We will have to cover the costs of additional tests (which are not part of Oncology
Unit routine practice) performed at the same timepoints as NGAL testing. The
estimate number and cost of the tests is as follows:

Group |
1. “Oncology Profile” daily during the administration of nephrotoxic chemotherapy
3 (4) days x 183 courses = ~ 750 tests x £6.70 = £5025
2. “Oncology Profile” 12 moths after the end of treatment
1 x 24 patients = 24 tests x £6.70 = £161

3. Urine albumin/creatinine ratio during the administration of nephrotoxic
chemotherapy
3 (4) days x 183 courses = ~ 750 tests x £4.12 = £3090

4. Urine albumin/creatinine ratio at the end of treatment, 6 and 12 months after the
end of treament.
3 x 24 patients = 72 tests x £4.12 = £297

5. Urinary retinol binding protein during the administration of nephrotoxic
chemothrapy
3 (4) days x 183 courses = ~ 750 tests x £8 = £6000

6. Urinary retinol binding protein at the end of treatment, 6 and 12 months after the
end of treatment
3 x 24 patients = 72 tests x £8 = £576

7. Urinary phosphate, calcium and creatinine on the first and last day of nephrotoxic
chemotherapy
2 x 183 courses = 366 x £4.65 = £1702

Total test costs in group | ~ £ 16,852

Group I

1. Urine albumin/creatinine ratio during the administration of aminoglycosides
4 days x 10 patients =40 x £4.12 = £165

2. Urinary retinol binding protein during the administration of aminoglycosides
4 days x 10 patients =40 x £8 = £320

3. Urinary phosphate, calcium and creatinine on day 1 and 4 of antibiotic treatment
2 days x 10 patients = 20 x £4.65 = £93

Total test costs in group Il ~ £ 578

Total estimate costs for the whole study (group | and ll): £ 17,430

Overheads: £ 2,344

Statistics:
Estimated cost: £6,569

Total estimate cost of the study: £ 26,343
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Figure 17. Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 6)
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*Denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Figure 18. Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 5)
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6.3. Appendix 3
Figure 19. Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 14)

Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 14)
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*Denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Figure 20. Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 18)

Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 18)
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Figure 21. Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 26)

Mean urinary NGAL levels vs. day of cisplatin cycle (for patient 26)
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Figure 22. Mean urinary NGAL levels vs. phases of cisplatin cycles (for patient 5)
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Figure 23. Mean urinary NGAL levels vs. phases of cisplatin cycles (for patient 14)
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6.5. Appendix 5
Figure 24. Urinary NGAL levels vs. date (for patient 5)

Urinary NGAL levels vs. date (for patient 5)
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Figure 25. Urinary NGAL levels vs. date (for patient 6)

Urinary NGAL levels vs. date (for patient 6)
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).

127



24" August 2021

Figure 26. Urinary NGAL levels vs. date (for patient 14)

Urinary NGAL levels vs. date (for patient 14)
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Figure 27. Urinary NGAL levels vs. date (for patient 15)
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Figure 28. Urinary NGAL levels vs. date (for patient 18)
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6.6. Appendix 6
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Figure 29. Mean urinary NGAL levels vs. urine albumin: creatinine ratio (ACR)

Mean urinary NGAL levels vs. urine ACR
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Figure 30. Mean urinary NGAL levels vs. urine magnesium
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Figure 31. Mean urinary NGAL levels vs. urine phosphate

Mean urinary NGAL levels vs. urine phosphate

16.42
16.71

N 0 VO W T MmO S T NN WL o N0 MmN O M so) ~
N N g ¥® O H g © 0 A4 N O NS ©ON O ®mM A M o© o ~
SO N oo < & 1 1 1L v VW BV Y N N 0 O oo S o

Urine phosphate (mmol/L)

*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Mean urinary NGAL level (ng/mL)
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Figure 32. Mean urinary NGAL levels vs. urine calcium
Mean urinary NGAL levels vs. urine calcium
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6.7. Appendix 7
Figure 33. Mean urinary NGAL levels vs. serum urea
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Figure 34. Mean urinary NGAL levels vs. serum creatinine

Mean urinary NGAL levels vs. serum creatinine
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Figure 35. Mean urinary NGAL levels vs. serum potassium
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Figure 36. Mean urinary NGAL levels vs. serum chloride
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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Figure 37. Mean urinary NGAL levels vs. serum bicarbonate

Mean urinary NGAL levels vs. serum bicarbonate
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*Missing bars denotes value lower than detectable levels of urinary NGAL (<10 ng/mL).
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