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Abstract

This clinical practice guideline (CPG) provides clinicians with recommendations regarding
chemotherapy emetogenicity classification in pediatric oncology patients. This information is
critically important for the appropriate selection of antiemetic prophylaxis. Recommendations are
based on a systematic review limited to pediatric patients and a framework for classification when
antiemetic prophylaxis is provided. Findings of 87 publications informed the emetogenicity
classification of 49 single-agent and 13 combination agent regimens. Information required for the
classification of many chemotherapies commonly administered to pediatric patients is lacking. In
the absence of pediatric data, consultation of methodologically sound CPGs aimed at adult
oncology patients may be appropriate.

Keywords
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Introduction

Chemotherapy-induced nausea and vomiting (CINV) remain clinically important treatment-
related adverse effects for children and adolescents with cancer. For chemotherapy-naive
pediatric patients, the inherent emetogenicity of the chemotherapy about to be administered
remains the most important determinant of CINV and, therefore, of the CINV prophylaxis
recommended in modern guidelines.1-3

This clinical practice guideline (CPG) aims to provide evidence-based recommendations
regarding the acute emetic potential of chemotherapy in pediatric oncology patients aged 1
month to 18 years and thus facilitate the selection of appropriate CINV prophylaxis for these
patients. The scope of this CPG is limited to chemotherapy-induced vomiting (CIV) that
occurs during the acute phase, defined as the 24-hour period following administration of
chemotherapy, and is most applicable to chemotherapy-naive pediatric patients. This CPG
does not include anticipatory, breakthrough, delayed or refractory CIV. Nor does its scope
include vomiting that occurs at end-of-life or due to other causes including radiotherapy or
surgery. It is furthermore important to underscore that this CPG does not address
chemotherapy-induced nausea.

The recommendations of this CPG are likely to be of most interest to physicians,
pharmacists, nurse practitioners, physician assistants, nurses and others who care for
pediatric oncology patients. They also may be of interest to administrators, educators, and
researchers who make decisions about resource availability, provide professional education,
and frame research questions about CIV and the supportive care of pediatric oncology
patients. This CPG is one of a series on the subject of the prevention and management of
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CINV in pediatric oncology patients.1#-6 The first of this series, a CPG on the
emetogenicity of chemotherapy in children, was an adaptation of a guideline aimed at adult
oncology patients.” The CPG presented here is not a direct update of the previous
publication but is a de novo CPG focused on evidence from pediatric oncology patients.

Guideline Panel

An international panel of interdisciplinary professionals was assembled to create this CPG.
Members were invited to join the panel based on previous publications in the supportive care
arena or who had a current research interest in CINV in children with cancer and represented
a diversity of views, expertise, and practice experiences.. No panel member had a conflict of
interest that precluded participation. Full details of the panel membership and conflict of
interest declarations are provided in Supplementary Appendices 1 and 2. This CPG is
editorially independent of its funder, the Pediatric Oncology Group of Ontario (POGO).

Evidence ldentification and Review

Development of this CPG was framed around addressing the health question: What is the
risk of acute CIV in children receiving a specific chemotherapy agent when given alone or in
combination? With the assistance of a library scientist, literature searches of OVID
MEDLINE, MEDLINE-in-process and Embase were conducted for articles indexed as of
March 19, 2018. The complete search strategies are provided in Supplementary Appendix 3.

The following inclusion criteria were applied to the published articles identified by the
literature search: (1) primary data reported as full papers, letters to the editor (no restriction
by publication date) or conference abstracts (published in 2014 or more recently); (2) all
participants were less than 25 years of age or the mean/median age was less than 16 years of
age; (3) primary study in any pediatric area using chemotherapy including biologic agents;
(4) describes the proportion of children who received specific chemotherapy drug(s) and
who experienced vomiting during the acute phase; (5) defines acute phase as starting with
the first dose of chemotherapy during a chemotherapy block and ending 24 hours after the
last dose during the same block or 24 hours later regardless of the duration of the
chemotherapy block or on the calendar day of the last dose of a multiple-day chemotherapy
block; (6) vomiting can be attributed to chemotherapy and not due to another reason such as
radiotherapy or surgery; and (7) at least three patients receiving a specific chemotherapy
regimen. In addition, for multiple-day chemotherapy blocks where different chemotherapy
was given on various days within the block, the proportion of children with vomiting is
reported for the 24-hour period following each specific chemotherapy. There was no
restriction by study design or language of publication.

Two reviewers (EPCS plus PDR, JFI or LLD) independently screened titles and abstracts
and evaluated the full text of potentially relevant citations for eligibility. Discrepancies and
disagreements were discussed and resolved by consensus. Agreement of inclusion between
reviewers was assessed using the kappa statistic. Agreement was defined as: slight (0.00—
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0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80) or almost perfect
(0.81-1.00).8

Data were abstracted from the included studies and compiled into tables (EPCS or JFI),
which were double-checked by a second reviewer (EPCS, PDR, or JFI). The outcome of
interest was the proportion of children who experienced vomiting during the acute phase.
Where the period of CIV assessment in an included study encompassed a period beyond the
acute phase, only studies which reported no emesis were included. Chemotherapy agents not
commercially available in Canada, the United States or the European Union or not in phase |
trials (clinicaltrials.gov) were included in evidence tables, but omitted from
recommendations (e.g. behenoyl-AC).

We used the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) approach to generate recommendations and assign the level of evidence.?

Emetogenicity Classification Framework

When a new chemotherapy is administered to pediatric patients, CIV prophylaxis is usually
administered in accordance with an emetogenicity classification developed to support adult
patients. Thus, in order to fully utilize the published evidence to inform chemotherapy
emetogenicity in pediatric patients, we developed a framework to assign emetogenicity when
antiemetic prophylaxis is administered.

The Emetogenicity Classification Framework was developed by the CPG panel over a series
of teleconferences and its face validity was evaluated by CPG panel members. The
framework incorporates the traditional emetogenicity classifications that are based on the
incidence of vomiting in the absence of CINV prophylaxis: >90%: high; 30-90%: moderate;
10-30%: low; and <10%: minimal.2:1% For included studies where antiemetic prophylaxis
was provided, the antiemetic prophylaxis was judged to be CPG-consistent or CPG-
inconsistent with respect to a specific chemotherapy emetogenicity classification. A CIV
incidence of 10% or more was deemed to represent a failure of prophylaxis and the need to
provide antiemetic prophylaxis as recommended for the next higher chemotherapy
emetogenicity classification.1! Thus, assignment of chemotherapy emetogenicity was based
on the proportion of children who experienced emesis during the acute phase and also on
whether or not antiemetic prophylaxis was administered and, if administered, whether or not
the antiemetic prophylaxis was CPG-consistent. Elements included in the framework for
emetogenicity classification are summarized in Table 1. Figure 1 illustrates the algorithm
employed to determine the emetogenicity classification of chemotherapy administered in
individual studies.

Evidence Interpretation

Using the Emetogenicity Classification Framework (Table 1) and algorithm (Figure 1), the
findings of each included study were interpreted to classify the emetogenicity of the
chemotherapy administered. In the event of varying emetogenic classifications for a
chemotherapy regimen among the included studies, study design (prospective vs.
retrospective), study focus (CIV as a study aim vs. not included) and sample size were
considered. Studies which were prospective, had CIV evaluation as a stated study aim and
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included a larger number of patients were weighted most highly. The CPG panel placed a
high value on achieving complete acute CIV control since it is a major determinate of
breakthrough and refractory CIV. Consistent with this value, the panel assigned a
chemotherapy regimen to the higher emetogenicity classification in instances of conflicting
evidence. All classifications were discussed by the CPG panel with particular attention paid
to those chemotherapy regimens where classifications differed among studies. The panel did
not consider cost when formulating recommendations.

Updating Plans

Results

An update to this CPG is planned in five years or sooner in the event of the publication of
important new information.

The systematic review identified 16,275 unique citations, of which 1,885 were identified as
potentially relevant and retrieved for full-text evaluation. In total, 87 studies met the
eligibility criteria and form the evidence base for this CPG (Figure 2). The agreement
between reviewers with respect to inclusion of papers was substantial (kappa=0.66; 95%
confidence interval (Cl 0.58 to 0.74). The characteristics of the included studies and the
evidence abstracted are presented in tables in Supplementary Appendices 4 and 5. The
guideline panel’s recommendations for the classification of emetogenicity for 49 single-
agent and 13 multiple-agent chemotherapy regimens described in the included studies are
presented in Table 2. An expanded version of this table that includes assessments of the
quality of evidence for the classification of each chemotherapy is provided in Supplementary
Appendix 6.

The chemotherapy emetogenicity classification differed between included studies for the
following regimens: carboplatin 1V = 175mg/m?/dose, cyclophosphamide PO 2 — 3mg/kg/
dose, cytarabine IV > 3g/m2/day, doxorubicin IV 10 — 25mg/m?/dose, erlotinib PO 0.8 —
0.9mg/m2/day, imatinib PO > 260mg/m?/day and topotecan PO 0.4 — 2.3mg/m?/day. As
outlined in the methods, the guideline panel considered study design, study focus and
sample size when assigning the emetogenicity when evidence from included studies
conflicted. The adjudication process for these regimens is summarized in Supplementary
Appendix 7.

Nine chemotherapy regimens were not included in the recommendations since they were not
marketed in Canada, the USA or the European Union and not in active trials. A list of these
agents is provided in Supplementary Appendix 8.

Implementation Considerations:

A chart comparing the current emetogenicity classification systems of the American Society
of Clinical Oncology,? the Multi-national Association of Supportive Care in Cancer,10 the
National Comprehensive Cancer Network,12 and the previous POGO emetogenicity CPG’
as well as an alphabetical listing of the chemotherapy emetogenicity as classified in this
CPG are offered in Supplementary Appendix 9 as implementation tools.
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Discussion

Based on a systematic review of the published pediatric evidence, we have developed a CPG
that delineates the emetogenicity of 49 single agent and 13 combination agent chemotherapy
regimens when given to pediatric patients. It focuses on CIV prevention alone since few
pediatric studies have evaluated nausea severity using a validated pediatric tool and the
classification systems in place for adult oncology patients focus solely on CIV.

Ideally, chemotherapy emetogenicity would be determined in trials where CIV prophylaxis
was not given. However, in the absence of pediatric data, pediatric patients receiving
chemotherapy known to be emetogenic in adults often receive antiemetic prophylaxis based
on the adult classification. As a result, descriptions of vomiting following chemotherapy
administration to pediatric patients in the absence of prophylaxis are now uncommon. We
therefore developed a framework and an algorithm for classifying the emetogenicity of
chemotherapy agents in pediatric patients receiving CIV prophylaxis. CPG panel members
found that these tools maintained face validity as the emetogenicity of each chemotherapy
regimen was adjudicated. The framework and algorithm can be used to create future updates
to this CPG.

The methods used to create the 2011 CPG for classification of chemotherapy emetogenicity
in pediatric patients differ from this CPG. In 2011, the CPG panel opted to adapt an existing
guideline developed for adult patients for use in pediatric oncology patients. Acknowledging
emerging evidence that CIV risk factors including chemotherapy emetogenicity may be
different in adult and pediatric patients,13-16 the 2018 CPG panel made the decision not to
generalize from experience in adults and to focus on evidence in pediatric patients.

When compared to the 2011 CPG,’ the number of chemotherapy regimens with pediatric
evidence to support their emetogenicity classification and included in the present CPG is
increased. Nevertheless, it must be noted that evidence remains scant. For example, the
classification of all but 13 regimens were based on a single study. Two changes from the
2011 CPG are notable. First, the emetogenicity of IV busulfan has been changed from
moderate to high. This was based on a prospective study in 16 pediatric patients.1” Second,
the emetogenicity classification of doxorubicin now varies based on dose (Table 2).

The strength of this CPG rests in its foundation in a systematic literature review and the
application of a framework to assign emetogenicity. Limitations to this CPG include the
quality of the included studies, many of which did not include the evaluation of CIV as a
primary or secondary outcome. In addition, when faced with conflicting evidence with
respect to a chemotherapy’s emetogenicity, the CPG panel transparently assigned it to the
higher classification. This was consistent with the high value placed on the achievement of
complete CIV control. We also assumed no CIV prophylaxis was given in papers that
provided no details about prophylaxis. Both tactics may have led to a systematic bias to
over-classification. This conservative approach is likely to provide more effective CIV
prophylaxis in chemotherapy-naive patients and reflects the high value the panel places on
minimizing breakthrough CINV through optimal acute phase CIV control. Conversely,
among studies where the period of CIV assessment may have included a period beyond the
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acute phase, only studies which reported no emesis were included. This may have led to a
systematic bias to under-classification. Further, we were not able to distinguish between the
contributions of acute and delayed CIV in multiple-day chemotherapy regimens.

The largest limitation of this CPG is the thin evidence base available to inform our health
questions. There is no direct evidence to inform the CIV risk in pediatric patients for many
chemotherapy agents and chemotherapy doses. For example, many chemotherapy agents that
form the standard of care for the treatment of common pediatric cancers do not appear in
this CPG due to lack of published evidence including: pegaspargase IV, bleomycin 1V,
cytarabine IT, cyclophosphamide 1V < 500mg/m?/dose, and etoposide V. These gaps
present serious barriers to the provision of optimal antiemetic prophylaxis to pediatric
patients. For chemotherapy that is new to pediatrics, toxicity data from early phase trials,
when chemotherapy is most likely to be administered without antiemetic prophylaxis, should
be reported in a way that permits emetogenicity classification using the emetogenicity
classification framework. For older agents, the guideline panel encourages clinicians to
conduct prospective studies to evaluate the incidence of CIV in pediatric oncology patients
receiving CPG-consistent antiemetic prophylaxis. Data mining of electronic health records
may also be useful in addressing many of the evidence gaps regarding chemotherapy
emetogenicity.

Disparity between the proportions of adult and pediatric oncology patients who experience
complete CIV control has been identified.1® An accurate assessment of a chemotherapy’s
emetogenicity is fundamental to the provision of appropriate antiemetic prophylaxis and,
therefore, to the achievement of optimal CIV control. This CPG offers an evidence-based
classification of chemotherapy emetogenicity appropriate for pediatric oncology patients and
a method for evaluating chemotherapy emetogenicity that can be used in updates of this
CPG. For chemotherapy regimens that do not appear in this CPG, the panel suggests that
clinicians consult high quality, adult-focused chemotherapy emetogenicity classification
guidelines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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22,075 potentially relevant
references identified

5,800 duplicates removed

16,275 citations screened by
title/abstract

14,390 citations excluded as did
not meet eligibility criteria

1,885 papers retrieved for full-
text evaluation

1,798 excluded
35 Not a primary study
10 Case series with less than 3 patients
241 Pediatric age criteria not met
2 Less than 3 patients given same chemotherapy
1424 Proportion with emesis in acute phase not reported
80 Duplicate
5 Not retrievable
1 Retracted publication

87 included papers

Figure 2:
Flow diagram Depicting Study Identification, Selection and Reasons for Exclusion
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TABLE 1.

Emetogenicity Classification Framework

Element

Item

Framework Structure

Chemotherapy emetogenicity is classified as being:
- High: >90% incidence of emesis in absence of prophylaxis
- Moderate: 30 to 90% incidence of emesis in absence of prophylaxis
- Low: 10 to 30% incidence of emesis in absence of prophylaxis or

- Minimal: < 10% incidence of emesis in absence of prophylaxis

Emetogenicity of multiple-agent chemotherapy regimens is determined by the most highly
emetogenic chemotherapy of the regimen, unless there is evidence indicating otherwise

Emetogenicity of multiple-day chemotherapy regimens is determined by the most highly
emetogenic chemotherapy given each day

CPG-consistent antiemetic prophylaxis should result in an incidence of acute emesis of < 10%

- For example, a chemotherapy which results in emesis in < 10% of patients given CPG-
consistent CIV prophylaxis for MEC, is classified as MEC

When antiemetic prophylaxis is provided, an incidence of emesis = 10% is accepted as a failure of
prophylaxis requiring an upgrade in chemotherapy emetogenicity classification

Use of single-agent palonosetron prophylaxis accepted as equivalent to prophylaxis with first
generation 5-HT3 receptor antagonist plus dexamethasone

When a chemotherapy is classified as HEC at a specific dose, all higher doses are also classified as
HEC

When a chemotherapy is classified as Minimally Emetogenic at a specific dose, all lower doses are
also classified as Minimally Emetogenic

Interpretation of
Individual Included
Studies

The emetogenicity of the chemotherapy administered is determined by the CIV prophylaxis given
to the majority of the participants and the reported incidence of vomiting during the acute phase

Chemotherapy known to be Minimally Emetogenic is deemed not to contribute to the
emetogenicity of a combination chemotherapy regimen

When antiemetics are not specified, antiemetics were assumed not to have been given

Pediatr Blood Cancer. Author manuscript; available in PMC 2019 June 06.
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Panel’s Remarks on Recommendation Interpretation:
. All emetogenic classifications are strong recommendations

. Classifications are most applicable to chemotherapy-naive pediatric patients

Health Questions and Recommendations:

1. Which chemotherapy regimens are highlya emetogenic?

Single-agent regimens:

* Asparaginase (Erwinia) IV > 20,0001U/m?/dose
° Busulfan IV > 0.8mg/kg/dose *

* Busulfan PO = 1mg/kg/dose *

. f

Carboplatin IV > 175mg/m?/dose

Cisplatin IV = 12mg/m2/dose7‘

Cyclophosphamide IV = 1200mg/m2/dose7L

. Cytarabine IV = 3g/m2/day

Dactinomycin IV 2 1.35mg/m2/dose7L

Doxorubicin IV = 30mg/m?#/dose *

* Idarubicin PO = 30mg/m?dose ™
° Melphalan IV *
. Methotrexate 1V > 12g/m?/dose

Multiple-agent regimens:

Cyclophosphamide > 600mg/m2/dose + Dactinomycin > lmg/mzldose*

Cyclophosphamide > 400mg/m2/dose + Doxorubicin = 40mg/m2/dose7‘

° Cytarabine = 90mg/m?/dose IV + Methotrexate IV = 150mg/m%dose *
Cytarabine IV + Teniposide IV *

Dacarbazine = 250mg/m?/dose IV + Doxorubicin 1V = 60mg/m?2/dose *

. Dactinomycin 900mcg/m?%dose 1V + Ifosfamide 3g/m%dose
° Etoposide 1V = 60mg/m?/dose + Ifosfamide 1V > 1.2g/m?/dose *
* Etoposide IV = 250mg/m?dose + Thiotepa IV = 300mg/m%dose *

B

2. Which single-agent and multiple-agent chemotherapy regimens are moderately” emetogenic?

Single-agent regimens:

Cyclophosphamide 1V 1000mg/m2/dosef

* Cytarabine 1V 75mg/m2/dose ™

Dactinomycin 1V 10mcg/kg/dose *

Doxorubicin IV 25mg/m?2/dose 4
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. Gemtuzumab 1V 3-9mg/m?/dose
* Imatinib PO > 260mg/m2/day *
* Interferon alpha IV 15-30 million U/mzlday*
° Ixabepilone 1V 3-10mg/m?dose ™
) Methotrexate IV 5g/m?/dose 7
° Methotrexate IT ™
* Topotecan PO 0.4-2.3mg/m?/day *

Multiple-agent regimens:

. Cytarabine IV 100mg/m2/dose + Daunorubicin IV 45mg/m2/dose + Etoposide IV 100mg/m/dose + Prednisolone PO +
Thioguanine PO 80mg/m&/dose *

. Cytarabine 60 or 90mg/m2/dose + Methotrexate 120mg/m?2/dose

Liposomal doxorubicin IV 20-50mg/m?%dose + Topotecan PO 0.6mg/m2/day *
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3. Which single-agent and multiple-agent chemotherapy regimens are of lowX emetogenicity?

Single-agent regimens:
: Cyclophosphamide 1V 500mg/m?%/dose 4
Cyclophosphamide PO 2-3mg/kg/dose *
* Dasatinib PO 60-120mg/m?/dose *

* Erlotinib PO 35-150mg/m?/day *

Everolimus PO 0.8-9mg/m%day

. Gefitinib PO 150-500mg/m%/day *
* Imatinib PO 260mg/m>2/day *

* Mafosfamide IT 1-6.5mg/dose

. Melphalan PO 0.2mg/kg/dose ™

Mercaptopurine PO < 4.2mg/kg/dose *
* Methotrexate 38-83mg/m?/dose IV *

Mitoxantrone 1V < 33mg/m?2/dose *

. Procarbazine PO 50-100mg/m¥day
* Ruxolitinib PO 15-21mg/m?/dose ™
* Selumetinib PO 20-30mg/m%/dose *
* Sorafenib PO 150-325mg/m?/dose

Temozolomide PO 200mg/m?/dose *

Multiple-agent regimens:

* Cytarabine IV 60mg/m?/dose + Methotrexate IV 90mg/m2/dose ™

4. Which single-agent and multiple-agent chemotherapy regimens are minimally‘S emetogenic?

Single-agent regimens:

* Asparaginase (E. coli) IM < 60001U/m?2/dose *
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* Asparaginase (Erwinia) IM < 25,0001U/m?2/dose *
* Chlorambucil < 0.2mg/kg/day PO *
* Doxorubicin IV 10mg/m?2/dose *
* Liposomal doxorubicin IV < 50mg/m?dose *
. Mercaptopurine PO < 4.2mg/kg/dose
° Methotrexate PO/SC < 10mg/m2/dose *
° Pracinostat 25-45 mg/m?2/dose PO~

Vincristine IV < 1.5mg/m%dose *

Multiple-agent regimens:

Cisplatin < 60mg/m?2/dose intra-arterially + doxorubicin < 30mg/m?/dose intra-arterially *

Cisplatin < 60mg/m?2/dose intra-arterially + pirarubicin < 30mg/m?/dose intra—arterially*

Mercaptopurine PO < 2.5mg/kg/dose + Methotrexate PO < 0.1mg/kg/day*
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Frequency of emesis in the absence of prophylaxis,
“> 90%;

P 30 to <90%;

X10 to <30%;

%< 10%.

Changes from pediatric evidence included in 2011 Clinical Practice Guideline:
*
addition;

7 .
dose revision
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