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I would like to thank the FDA and the University of Maryland CERSI for the invitation and opportunity to speak today from the Industry Perspective of Trail Design Considerations for Acute Pain in Neonates and Infants.

As a disclosure, I am an employee of Pfizer.  Opinions expressed in this talk are my own and not those of Pfizer's.
 
Early in my career as a pediatric clinical pharmacist, I had the opportunity to work with Dr. Sunny Anand. In 1987, Dr. Anand published in the NEJM, data showing that the fetus and newborn respond to painful stimuli through brain activation in the same regions as adults.  I rounded with Sunny daily in the Pediatric ICU. It was there that my appreciation and passion for neonatal and pediatric pain management began.  He also sparked my interest in research leading to some initial work using methadone to wean pediatric ICU patients from opioids used long term. 
 
Over the past 8 years, I have worked in Pediatric Drug Development in Pfizer's Pediatric Center of Excellence.  While I have not designed an infant/neonatal pain clinical trial, I have worked on several difficult pediatric pain and sedation studies. This has given me a deep appreciation for these types of study designs and operational execution challenges.
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Let's take a look at our current situation of numbers of newborn and infant clinical trials.  When searching for newborn/infant interventional trials on clincaltrials.gov under recruiting; active, not recruiting; and not yet recruiting, we found 22 studies.  Of the 22, only 4 are pharmacological studies, all of which are sponsored by independent universities.


http://www.clinicatrials.gov/
http://www.clinicatrials.gov/
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As of June this year, under BPCA/PREA requirements there were 671 pediatric label changes.  In the therapeutic categories of Pain, Non-opioid; Pain, Opioid and Pain, Topical, only 2 products were studied in the category of analgesics in infants and neonates.  Those included injectable ibuprofen and acetaminophen.  The Ibuprofen study showed efficacy, resulting in expansion of labeling down to 6 months.  


 In the acetaminophen trial, 198 pediatric patients younger than 2 years, including neonates down to 28 weeks GA at birth, were studied in a double-blind, placebo-controlled designed trial. Patients were randomized to receive opioids plus acetaminophen or opioid plus a placebo.  Efficacy measured by assessing the reduced need for an additional opioid for pain control was not demonstrated.  As a result, there was no pain label change for neonates and infants. 


Bottom line, there are no analgesics labeled for use in neonates and infants less than 6 months.  Ibuprofen is labeled for pain in infants and children 6 months and up, acetaminophen is labeled for pain in children 2 years and up.


https://www.fda.gov/science-research/pediatrics/pediatric-labeling-changes
https://www.fda.gov/science-research/pediatrics/pediatric-labeling-changes
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Industry must design a pain study including infants and neonates.  Where does the study team begin?





Presenter
Presentation Notes
Industry clinicians face many challenges when the need arises to design an infant and neonatal clinical trial.

Pediatric trials often involve studying the compound in ages ranging from the premature neonate to the adolescent. Therefore, the study design must accommodate the premature neonate, full-term neonate, infant, child, and adolescent with vast differences in ADME across these groups. 

Placebo-controlled trials which are used when studying adults pose ethical issues in children. 
 
Standard of Care with analgesics varies across global regions, making it challenging to design studies using the standard of care.

Children, infants, and neonates need a liquid or easy-to-swallow formulations.  Special considerations must be taken with neonates and inactive ingredients in some formulations that can lead to toxicity.  The pharmaceutical scientist should be involved early in the drug development process as some formulations may take several years.
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With over 40 different validated pain assessment tools for neonates and infants, how do you determine which ones to use? First, it is essential to choose an appropriate age pain model to obtain solid study results.
  
Pain models are not consistent across ages. Standard pain models used for neonates include heel lances and circumcision.  For infants and toddlers, tonsillectomies, appendectomy, and spinal fusions can be appropriate.
  
Many challenges exist with enrolling neonates and infants in acute pain studies, especially if the study involves opioids.  Sample size should be considered with this difficult to enroll age.  Modeling and simulation, and Extrapolation should be considered, when possible, to minimize exposure to neonates and infants.

Appropriate endpoints are critical to accurate study results.  Unrelieved pain due to study participation is a significant concern for parents and caregivers of this vulnerable patient population. Kossowsky et al. published in anesthesiology 2015 a systemic review of using immediate rescue designs in pediatric analgesic trials, concluding that opioid-sparing endpoints are feasible for pediatric pain analgesic trials. 


https://pubmed.ncbi.nlm.nih.gov/29140927/
https://pfizer.sharepoint.com/sites/PedCoEPresentations/Shared%20Documents/General/FDA%20Analgesic%20Clinical%20Trial%20Design%20Birth%20-%202%20yr%20Oct%202021/Neonate%20Infant%20Pain%20Library/EerdekensStudyChallJPainRes2019.pdf
https://pubmed.ncbi.nlm.nih.gov/25222831/
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In addition to clinical challenges with trial design, there are also operational challenges.

Overall, neonatal and infant interventional trials are incredibly difficult to enroll.  Parents of newborns and especially sick babies are stressed.  They are generally not interested in enrolling their newborn in a clinical trial that may have limited benefit and required additional blood draws and other invasive procedures. 
 
Often these studies take years to complete.  The number of eligible patients is low.  If the study involves opioids, parents and caregivers are increasingly not interested in exposing their baby to a drug that is part of the opioid crisis. 

Informed consent is often complex and just one more thing that parents do not want to "deal with.“

When pain studies are run by a PI who is not a neonatologist, engaging the NICU staff and the neonatologist in a study with limited interest is often challenging.





Presenter
Presentation Notes
Another operational challenge is identifying sites and principal investigators who are interested in pain studies.
 
This example is not an infant or neonatal study but one that included an opioid trial in patients 7 – 17 years of age.
 
Feasibility started in 2013
Approximately 2000 potential investigators were contacted
560 investigators declined 
By 2017 (4 years later), 36 sites selected/ 20 sites had a Site Initiation Visit – 14 active sites
 
This helps to understand some of the complex issues on the operations side of pediatric studies 
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You can take a deep breath and rest; there are several tools and references for infant and neonatal trial design
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In July 2019, the FDA published a draft guidance for the industry on general clinical pharmacology considerations for neonatal studies for drugs and biological products.  For any neonatal study, this is a good place to start.   The draft guidance contains sections including:
 
neonatal subgroup classifications; 
Pharmacokinetic, dynamics, and genomics differences
Study design considerations – dose selection; formulation, sample size, blood vol limits;
Data analysis : modeling and simulation; pop pk; PBPK modeling


https://www.fda.gov/media/129532/download
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Other examples of pediatric study regulatory guidance for the EMA and other countries are EMA scientific guidelines for pediatrics and the ICH E 11

https://www.ema.europa.eu/en/human-regulatory/research-development/paediatric-medicines/scientific-guidelines-paediatrics
https://database.ich.org/sites/default/files/E11_R1_Addendum.pdf
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In December 2009, the FDA held a workshop on pediatric analgesic clinical trial designs.  The consensus from this workshop was published in Pediatrics in Jan 2012.

This report focuses on pediatric pain trial designs, measures, and Extrapolation.  It contains a helpful table for suggested outcome measures for pediatric analgesia studies.   The group indicated that immediate-rescue models using analgesic sparing as a primary surrogate outcome measure may be an option when designing acute pain studies to measure efficacy and dose-response. 

The report gives guidance on current science to support Extrapolation and contains a reference table for recommended study designs for specific analgesic classes.
 


https://pubmed.ncbi.nlm.nih.gov/22250028/
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Dr. Gary Walco and the ACTTION Pediatric Pain Research Consortium published recommendations on clinical trial designs and models for analgesic medications in pediatrics in Pain, Feb 2018.  The ACTTION reference can be accessed from the reference link on this slide.  

In this review, the ACTTION consortium provides useful recommendations on pain models and trial design considerations specific for age groups from neonates to adolescents.  

You will find in Table 4 in the ACTTION recommendations, an excellent reference for recommended acute pain models and clinical trial considerations  by age.  For example, neonatal pain models include heel lances and circumcision, whereas toddlers, children, and adolescents you will see more appendectomies, T & As; and spinal fusions. Guidance on formulations, routes of administration and blood sampling are also included.

Table 5 includes a check list of trial design considerations for acute pain in neonates.

Overall, this review is another good starting place for clinicians when given the responsibility to design a pediatric acute pain protocol. 


https://pubmed.ncbi.nlm.nih.gov/29140927/
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In the Journal of Pain Research in 2019, Eerdekens published a perspectives paper on The challenge of developing pain medications for children.  This paper gives a high-level overview of the clinical and regulatory challenges in pediatric trial design involving analgesic medications.  

https://pfizer.sharepoint.com/sites/PedCoEPresentations/Shared%20Documents/General/FDA%20Analgesic%20Clinical%20Trial%20Design%20Birth%20-%202%20yr%20Oct%202021/Neonate%20Infant%20Pain%20Library/EerdekensStudyChallJPainRes2019.pdf
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Another helpful tool when faced with the request to write a neonatal and infant protocol is to find published studies that that align with the specific patient population and study criteria.  

Tapentadol was the first analgesic to be developed for the treatment of pediatric pain under the current FDA and EMA pediatric regulatory processes.   The first review publication shown on this slide summarizes the pediatric drug development program , including challenges, interactions with regulators and outcomes.   

The second paper shown on this slide is an overview of tapentadol studies for treatment of moderate to severe acute pain in children under the age of 2 years.  This paper provides details on the two multicenter, open-label trials that assessed the pharmacokinetics profile, safety, tolerability and efficacy of single doses of the oral solution or IV formulation.  Included are 8 pre-term neonates in the IV study.  A third study is a randomized, double-blind, placebo-controlled trial looking at the safety and efficacy of multi-dosed tapentadol oral solution.  An immediate rescue design was used in this trial.

In 2018 the oral solution of tapentadol was approved for use in the EU to treat moderate to severe acute pain for children 2 - <18 years of age in a hospital setting.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7853441/pdf/jpr-14-229.pdf
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In closing, here are a few ideas to help make acute pain trial design in neonates and infants more successful:  
 
Workshops such as this are beneficial.  Sharing presentations and having a dialog with regulators, academicians and industry is a vital step.  Outputs from these meetings in the form of publications are also essential to move the ideas into action.
 
Collaborative groups, such as the International Neonatal Consortium, another place where industry, academia, regulators, and parents/patients can collaborate.  Workshops, and publishing consensus from meetings help find solutions to our many questions.
 
Additional opportunities for open dialog and feedback with the regulatory agencies, including the review division and pediatric division, to accommodate neonatal pain study design challenges would help streamline study design ideas.  This is likely to result in studies producing results that can lead to label changes, including dosing information for neonates and infants.
 
Thank you again for this opportunity to present from the industry perspective.  I want to thank Any Cheung, James Yates, and Janelle Burnham for their contribution to this presentation.  I look forward to our panel discussion later today.
 



	Trial Design Considerations for Acute Pain in Neonates and Infants: �Industry Perspective�FDA/Univ of Maryland CERSI Workshop�October 13 and 14, 2021
	Current newborn/infant pain interventional trials on www.clinicatrials.gov�
	�Trial Design Considerations for Acute Pain in Neonates and Infants: �Industry Perspective: current situation��Pediatric Labeling Changes | FDA  �(FDAAA BPCA/PREA Pediatric labeling)
	Industry must start a neonatal/infant  pain study: ��so many questions; where do you start???
	Trial Design Considerations for Acute Pain in Neonates and Infants: �Industry Perspective: challenges clinically/trial design
	Trial Design Considerations for Acute Pain in Neonates and Infants: �Industry Perspective: challenges clinically/trial design
	Trial Design Considerations for Acute Pain in Neonates and Infants: �Industry Perspective: operational challenges
	Example of site identification and initiation for a pediatric opioid trial
	There are some answers of where to start:��Tools and References for Infant and Neonatal Trial Design
	FDA Guidance Document  for Neonatal studies��neonatal subgroup classifications��Pharmacokinetic, dynamics and genomics differences��Study design considerations – dose selection; formulation, sample size, blood vol limits; ��Data analysis : modeling and simulation; pop pk; PBPK modeling
	Other regulatory guidance to support pediatric studies
	Guidance/Literature: neonatal and infant pain study design and considerations:
	Guidance/Literature: neonatal and infant pain study design and considerations:
	Slide Number 14
	Slide Number 15
	From an industry standpoint, what would help infant and neonatal acute pain clinical trial success?

