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OUTLINE

- Determine how oncologic disease states differ between adult and pediatric patients 
based on presentation, treatments, and outcomes

- Review calculations commonly used in dosing for pediatric oncology patients

- Examine potentially dangerous drug-drug interactions (DDIs) unique to 
chemotherapy agents



ADULT VS PEDIATRICS

• Kids get different cancers

• Second leading cause of death in children 
(accidents)

• Less patients (Children’s Oncology Group, 
COG)

• Kids are healthier when starting treatment

• Higher cure rate

• Late effects

• Kids can’t speak for themselves (supportive 
care)
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ORGANIZATIONS FOR PONC

COG - Children's Oncology Group

�Clinical trials group supported by the 
National Cancer Institute (NCI)

�Devoted exclusively to pediatric cancer 
research

�More than 200 centers around the world are 
part of COG

Hunger SP, et al. N Engl J Med. 2015 Oct 15;373(16):1541-52.
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ORGANIZATIONS FOR PONC

NCCN - National Comprehensive Cancer Network

�Clinical practice guidelines (CPGs) for oncologic disease states and supportive care

� Specializes in mostly adult cancers

POGO - Pediatric Oncology Group of Ontario

� CPGs for supportive care related to pediatric oncology (fatigue, febrile neutropenia, etc)

IDSA - Infectious Diseases Society of America

� CPGs for management of infections – many focus on the immunocompromised population



How are protocols named?

AALL1732
COG 

protocol
Disease 

state
Year study 

started
Study 
phase

# of 
study

COG PROTOCOLS BA0
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PONC OUTCOMES
After accidents, cancer is the second leading cause of death in children ages 1 to 14

About 10,470 children in the United States under the age of 15 will be diagnosed 
with cancer in 2022. About 1,050 children under the age of 15 are expected to die 
from cancer in 2022

Because of major treatment advances in recent decades, 85% of children with 
cancer now survive 5 years or more. However, survival rates can vary depending 
on the type of cancer and other prognostic factors.

Most common

• Acute lymphoblastic leukemia 
(ALL)

• >90% survival after 5 years

Most deadly

• Certain brain tumors
• <1 year median survival for 

DIPG

American Cancer Society. 2021.
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PONC OUTCOMES

COG. 2018

There are an estimated >500,000 childhood cancer 
survivors in the United States

More than 95% of survivors will have a significant 
health related issue by the time they are 45 years of 
age

These issues are results from etiher the cancer or 
commonly from the treatment

Efficacy

Toxicity
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CHEMOTHERAPY AND 
CALCULATIONS OVERVIEW

Month Day, Year 10



WHAT IS CHEMOTHERAPY?
Conventional

� Utilizes chemicals to destroy existing 
cancerous cells

� Types of chemotherapy include 
alkylating agents, antimetabolites, anti-
tumor antibiotics, topoisomerase 
inhibitors, mitotic inhibitors, and plant 
alkaloids

Biologics

� Derived from living organisms or their 
products and used as diagnostic, 
preventive, or therapeutic agents

� Types of biologics include colony 
stimulating factors (CSF), monoclonal 
antibodies (MABs), interferons, and 
interleukins (ILs)

Targeted therapy: Cancer treatment that targets proteins that control how cancer cells 
grow, divide, and spread. Most targeted therapies are either small-molecule drugs 

or monoclonal antibodies.

Baudino TA. Curr Drug Discov Technol. 2015;12(1):3-20.11
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STAYING SAFE: PREPARATION AND ADMINISTRATION

"The National Institute for Occupational Safety and Health (NIOSH) considers a drug to be 
hazardous if it exhibits one or more of the following characteristics in humans or animals: 

� Carcinogenicity

� Teratogenicity

� Developmental toxicity

� Reproductive toxicity

� Organ toxicity at low doses

� Genotoxicity

� or structure and toxicity profiles of new drugs that mimic existing hazardous drugs."

Connor TH, et al. DHHS (NIOSH) Publication Number 2016-161 (Supersedes 2014-138)
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STAYING SAFE: PREPARATION AND ADMINISTRATION 

United States Pharmacopoeia (USP) 
Chapter 800: Hazardous Drugs –
Handling in Healthcare Settings

� Guide for the handling of hazardous 
drugs and protect health care 
personnel, patients, and the 
environment during the transport, 
storage, preparation, dispensing, and 
administration of these medications.

Gabay M. Hosp Pharm. 2014 Oct;49(9):811-2.Month Day, Year 13
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STAYING SAFE: INCLUDING THE PATIENTS! 

Follow standardized processes as recommended by national guidelines:
� ASCO/ONS 2016 Updated Chemotherapy Administration safety standards, including standards for 

pediatric oncology 

� ASHP 2014 Guidelines on Preventing Medication Errors with Chemotherapy and Biotherapy

� ISMP Targeted Medication Safety Best Practices for Hospitals
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Chemotherapy 
related errors 

are intercepted 
at rates of 

approximately 2 
to 5%

Pediatric 
medication errors 
occur three times 
more frequently 

than adult 
patients. 

Pediatric 
Oncology is a 

HIGH-RISK 
group! Minimizing 
the risk of errors 

in CRUCIAL 



EX. VINKA ALKALOIDS

Since January 2019, four children received vinCRIStine erroneously by the 
intrathecal route of administration, each suffering a very painful death
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REVIEWING ORDERS FOR ONCOLOGY PATIENTS

Month Day, Year 16

Drug interactions also happen with chemotherapy agents!

Some chemotherapy agents continue to cause interactions days after the day of administration

Common pediatric chemotherapy agents leading to interactions:

• Methotrexate: penicillins, sulfonamides, proton pump inhibitors, NSAIDs, phenytoin, probenacid
• Doxorubicin: CYP3A4 inhibitors/inducers
• Ifosfamide: CYP3A4 inhibitors/inducers
• Vincristine: CYP3A4 inhibitors/inducers
• Busulfan: acetaminophen, metronidazole, azole antifungals, phenytoin
• Dasatinib: CYP3A4 inhibitors/inducers

Common medications often used in oncology patients leading to interactions:

• Tacrolimus: CYP3A4 inhibitors/inducers
• Fosaprepitant: CYP3A4 inhibitors/inducers



EX. METHOTREXATE INTERACTION CHECK

HIGH DOSE METHOTHREXATE (HD-MTX)

• Commonly used for ALL, brain tumors, and osteosarcoma
• ex. 4 hr infusion for osteosarcoma

• High dose methotrexate typically requires 2 or more days to adequate clearance

• Interacting medications should be avoided until clearance parameters are met! 
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COMMON DDI WITH CHEMOTHERAPY

HIGH DOSE METHOTHREXATE DRUG INTERACTIONS

Common drug interactions that are contraindicated while awaiting MTX clearance:

� Trimethoprim/sulfamethoxazole

� PPIs

� NSAIDs

� Penicillins

� Phenytoin/fosphenytoin

� Probenecid

� IV contrast

Month Day, Year 18



REVIEWING ORDERS FOR ONCOLOGY PATIENTS
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GEN PEDS VS PHO CALCULATIONS: HYDRATION

Ex. 1 Male 66kg 170 cm

• 1-10 kg = 10kg x 4 = 40 ml/hr
• 11-20 kg = 10 kg x 2 = 20ml/hr

• 20-66 kg = 46 kg → 46 kg x 1 = 46 ml/hr

• Total maintenance = 40 + 20 + 46 = 106 ml/hr

Ex. 2 Female 17 kg 96 cm

• 1-10 kg = 10kg x 4 = 40 ml/hr
• 11-20 kg = 7 kg x 2 = 14 ml/hr
• Total maintenance = 40 + 14 ml/hr = 54 ml/hr
• 1.5M = 75ml/hr; 2xMaintenace = 100 ml/hr

20

4-2-1 
Rule!

**Reference General Pediatrics Review 
for 4-2-1 calculation explanations



PEDIATRIC HYDRATION IN ONCOLOGY

4-2-1 
Rule!

Month Day, Year 21

Chemotherapy can be nephrotoxic and require prophylaxis 
by hyperhydration 

• Based on 4-2-1 rule
• 1.5-2 x maintenance

• Based on BSA (for chemo associated hydration)
• Standard: 125 mL/m^2/hr
• Hyperhydration: 200 mL/m^2/hr

Hydration orders in oncology will always follow 125 or 
200 ml/m2/hr (unless following 4-2-1). If hydration rate 
does not follow either of these rules, order should be 
clarified with the ordering provider prior to verification. 



GEN PEDS VS PHO CALCULATIONS: HYDRATION

Ex. 1 Male 66kg 170 cm

• 4-2-1 rule: Maintenance = 106 ml/hr
• BSA= 1.76 m2
• 125 ml/m2/hr = 220 ml/hr
• 200 ml/m2/hr = 350 ml/hr

Ex. 2 Female 17 kg 96 cm

• 4-2-1 rule: Maintenance = 54 ml/hr
• BSA= 0.67 m2
• 125 ml/m2/hr = 84 ml/hr
• 200 ml/m2/hr = 134 ml/hr
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QUESTIONS?
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QUESTION 1

Which of the following is true?

A) ALL is the most common type of cancer in children; Pediatric brain tumors 
have the highest mortality rates

B) Brain tumors are the most common type of cancers in children; Pediatric ALL has the 
highest mortality rates

C) Neuroblastoma is the most common type of cancer in children; Pediatric brain 
tumors have the highest mortality rates

D) ALL is the most common type of cancer in children; Hodgkin lymphoma has 
the highest mortality rates
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QUESTION 2

Which chapter of United States Pharmacopoeia (USP) focuses on hazardous drugs?

A) USP <700>

B) USP <797>

C) USP <800>

D) USP <850>
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QUESTION 3

Which of the following medications causes delayed clearance of methotrexate due to 
a drug-drug interaction?

A) Meropenem

B) Pantoprazole

C) Ondansetron

D) Famotidine
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