November 2, 2017


Citizen Petition to amend the FDA contraindication of codeine in children younger than 12 years old

Current contraindication (as of April 2017): 

Codeine should not be used to treat pain or cough in children younger than 12 years.

Proposed amendment to the contraindication:   

Codeine should not be used to treat pain or cough in children younger than 12 years with the following exception: Outside the setting of post-tonsillectomy or adenoidectomy, codeine may be prescribed for pain management in children younger than 12 years old who are known CYP2D6 normal metabolizers (NMs) or CYP2D6 intermediate metabolizers (IMs) based on pharmacogenetic testing that includes copy number or gene duplication detection.  

Background:

In April 2017, the FDA issued a contraindication to the drug label of codeine, alerting that codeine should not be used to treat pain or cough in children younger than 12 years old.  This action comes after reports of severe respiratory depression and death in children receiving codeine (Table 1) and broadens the previous contraindication issued in 2013 that stated codeine should not be used to treat pain in children post-tonsillectomy or adenoidectomy (post-AT). The FDA recognizes that the risk of toxicity with codeine is linked to altered CYP2D6 metabolism, specifically, ultra-rapid metabolism, as noted in the 2013 boxed warning for codeine-containing products. However, the current FDA contraindication warns against the use of codeine in all children younger than 12 years old, regardless of CYP2D6 phenotype status. 

According to the meeting materials from the December 10, 2015 joint meeting of the Pulmonary-Allergy Drugs Advisory Committee and the Drug Safety and Risk Management Advisory Committee, several cases of death or harm in children receiving codeine were reviewed.1 Certain cases were specifically summarized and discussed (Table 1), and others (n=50 for children under 12) were mentioned in a summary table from the FDA Adverse Event Reporting System (FAERS).  Of the patients with a reported genotype, most were CYP2D6 ultra-rapid metabolizers (UMs), but a few were described as CYP2D6 normal metabolizers (NMs) (previously known as “extensive metabolizers”). It is important to note that for the NMs, CYP2D6 copy number was not reported, and without this knowledge, one cannot rule out the possibility that these patients were UMs (particularly in the patients whose ancestry group increases the probability of a UM phenotype, including certain Middle Eastern and African populations).  Furthermore, two of the five NMs summarized in Table 1 did not receive standard doses of codeine, but were victims of inadvertent overdose. The other three NMs received codeine post-AT, and these patients are at increased risk of opioid-induced respiratory depression at baseline.  Pediatric patients who are post-AT often suffer from obstructive sleep apnea, which is characterized by an increase in upper airway resistance and/or prolonged airway obstruction that leads to a disruption in ventilation and breathing patterns during sleep, which may not be fully corrected post-AT.2  Post-AT, inflammation in the airways may also impede air flow. Furthermore, children with obstructive sleep apnea are thought to have increased opioid sensitivity due to up-regulation of central opioid receptors consequent to recurrent hypoxemia and therefore have reduced opioid requirements for analgesia.3 

The FDA cites three reasons why CYP2D6 genotyping was not recommended in the 2013 alert regarding the use of codeine post-AT:
1. In some cases, NMs convert codeine to morphine at levels similar to ultra-rapid metabolizers;
2. The positive predictive value of the test is likely low, thus the number needed to screen in order to prevent one event is very high; and
3. Genotyping may be difficult to implement because preoperative lab tests are not routinely obtained before adenotonsillectomy. 

In the setting of post-AT, we support the codeine contraindication regardless of CYP2D6 genotype due to patients’ increased risk of respiratory depression, as noted above, and look forward to updated guidelines in 2018 to address safer pain management strategies in this vulnerable population.4 Outside of the post-AT setting, however, we propose that codeine can be used safely to treat pain in patients who are known to be normal (NMs) or intermediate metabolizers (IMs) of CYP2D6, as determined by pharmacogenetic testing that includes copy number or gene duplication detection. As such, we believe the current FDA contraindication can be modified to include this information.  A detailed rationale is provided below. 

Rationale:

1. It is well-established in the literature that CYP2D6 phenotype predicts codeine toxicity and therapeutic failure.

Codeine is a prodrug that requires bioactivation to morphine via CYP2D6 for analgesic effect.  The relationship between CYP2D6 phenotype and morphine production from codeine was first reported 30 years ago.5,6 The body of evidence in support of this fact has since grown and clearly demonstrates that, at standard doses of codeine, CYP2D6 UMs are at risk for toxicity and CYP2D6 PMs are at risk of therapeutic failure.7  

2. Codeine is generally safe and effective when treating pediatric pain outside of the post-AT setting and has been used in children for many years.  

Codeine is a commonly used analgesic in the U.S. and around the world. It was approved by the FDA in 1950 and has been widely used in children since then.  Available data from the previous 20 years suggests at least 1 million children receive a codeine prescription each year.8 Data presented during the joint meeting of the Pulmonary-Allergy Drugs Advisory Committee and the Drug Safety and Risk Management Advisory Committee meeting on December 10, 2015 indicated higher pediatric codeine prescription rates, including about 3 million prescriptions in 2010 and 2 million prescriptions in 2014 (Source: IMS Health, Vector One®: Total Patient Tracker. Years 2010 through 2014.  Data extracted June 2015). The primary indication for pediatric codeine use is analgesia, followed by cough/cold.  In addition, data presented at the meeting indicated that a search of FAERS from inception (1969) to May 2015 yielded 64 cases of codeine-related fatal and non-fatal severe respiratory depression in children less than 18 years old, and a search of the medical literature revealed two additional cases not reported in FAERS. It is important to note that events reported through FAERS do not necessarily reflect a causal relationship with the product in question, and some reports may not contain enough information to fully evaluate an event. Assuming a conservative estimate of 1 million pediatric codeine prescriptions each year for just the past 20 years and assuming that 100% of the abovementioned cases of respiratory depression were caused by codeine, this indicates a negligible event rate (66/20 million = 0.0000033) and is certainly far below adverse event rates, including severe adverse events, for many commonly used medications. 

The prevalence of the CYP2D6 UM phenotype in the North American population is 1-2%, and the prevalence of the CYP2D6 PM phenotype is 5-10%.7 No opioid is without adverse effects in at least some patients, whether children or adults, but based on genotype, codeine is predicted to be safe and effective in the approximately 88% of the North American population who are CYP2D6 NMs or IMs.7  

3. Pharmacogenetic testing can identify which patients may safely receive and benefit from codeine. 

Pharmacogenetic testing for CYP2D6 that includes copy number or gene duplication detection can help clinicians identify patients at risk for codeine toxicity (i.e., patients with a UM phenotype) and those at risk for therapeutic failure (i.e., patients with a PM phenotype). While it is true that a small number of NMs at the high end of the CYP2D6 activity spectrum may convert codeine to morphine at levels similar to UMs9, the important fact remains that UMs have a substantially higher conversion rate of codeine to morphine compared to NMs. The fact that there may be adverse events in patients without high-risk CYP2D6 genotypes applies to all opioids, not just codeine. Moreover, objections based on concerns for “number needed to test” do not account for the situation in which CYP2D6 genotype is already known (e.g., pre-emptive genotyping10, which is increasing with genotype test availability and decreasing test costs11). The National Institutes of Health-funded Clinical Pharmacogenetics Implementation Consortium (CPIC®) offers an evidence-based, international consensus guideline on the use of CYP2D6 test results to inform codeine prescribing.7 

As per 21 CFR 201.57c(5), a drug should be contraindicated only in those clinical situations for which the risk from use clearly outweighs any possible therapeutic benefit.12 Only known hazards, and not theoretical possibilities, can be the basis for a contraindication.  Available evidence suggests that pediatric patients who are CYP2D6 NMs and IMs, determined by an appropriate CYP2D6 genotyping method including copy number or gene duplication detection, can safely receive codeine for pain, provided that they are not post-AT; there is no known increased hazard in this clinical scenario.  

4. Alternative opioid analgesics also present risks to pediatric patients.

Removing codeine as a therapeutic option for the treatment of pain in pediatric patients under 12 years of age will necessitate the use of alternative analgesics, which in many cases may include another opioid.  Other opioid analgesics also carry risks of adverse effects in pediatric patients and are more potent than codeine.13 It is plausible that the adverse effects of these alternative opioids might result in more adverse effects in children compared to genotype-directed use of codeine.  This may be particularly true in the case of clinicians prescribing certain medications or using alternative routes of administration that they are not familiar with in the pediatric population because they can no longer use codeine.   

5. CYP2D6 testing is available by Clinical Laboratory Improvement Amendments (CLIA)-certified labs.

CYP2D6 testing is currently available and used in clinical practice.  In 2017, 119 clinical laboratories participated in CYP2D6 proficiency testing through the College of American Pathologists (CAP). CAP proficiency testing includes gene duplication detection for CYP2D6.  These laboratories are Clinical Laboratory Improvement Amendments (CLIA)-certified and many are CAP-accredited.  In addition, desirable characteristics of clinical lab tests used to assess CYP2D6 have been reviewed.14

6. Pre-emptive CYP2D6 testing has already been shown to inform the safe and effective use of codeine to treat pediatric pain, including in children under the age of 12.  

Gammal et al. has demonstrated that using CYP2D6 to guide codeine prescribing for pediatric pain outside the setting of post-AT (e.g., sickle cell disease) is feasible and enables the safe and effective use of codeine in patients who are most likely to benefit and least likely to experience toxicity (i.e., CYP2D6 NMs and IMs).15 Of the 830 patients with sickle cell disease including in this cohort, 621 (75%) had a CYP2D6 genotype result; 7.1% were UMs or possible UMs, and 1.4% were PMs. Codeine was avoided in 100% of patients at risk for toxicity (i.e., CYP2D6 UMs) and was avoided in 100% of patients at risk for therapeutic failure (i.e., CYP2D6 PMs).  

7. Codeine in combination with acetaminophen is currently the only Drug Enforcement Administration (DEA) Schedule III opioid analgesic, which allows refills and verbal prescriptions.

We believe that there is a need to retain codeine as a therapeutic option in the treatment of pediatric pain outside of the setting of post-AT in part because it is the only Schedule III opioid analgesic in combination with acetaminophen, as classified by the Drug Enforcement Administration. Prescriptions for Schedule II analgesics cannot be telephoned in to pharmacies, nor can they be refilled. Thus, the current contraindication can be anticipated to cause children younger than 12 years old with recurrent acute pain or chronic pain to have decreased access to opioid analgesics, which may result in more emergency department (ED) and urgent-care visits to deal with poorly controlled pain (rather than having their physician call in a codeine prescription to their local pharmacy as part of a specified home pain management plan).  

8. [bookmark: _GoBack]Codeine is an important analgesic for pediatric patients with chronic pain, including those with sickle cell disease. 

Sickle cell disease (SCD) in children and adults is associated with debilitating acute pain, called vaso-occlusive crises, which can occur without warning. For such patients, opioids are often the backbone of pain management, and using opioids at home means that patients can avoid ED and urgent-care visits. It can be argued that the more restrictions placed on access to opioids for children living with chronic conditions such as SCD, the greater the risk of increased suffering and reliance on the ED, whereas patients could have potentially treated their pain at home with telephoned-in or refill prescriptions for codeine. Given the well-documented racial and economic disparities in access to care, requiring caregivers for children in pain to retrieve new prescriptions for Schedule II drugs would be an unfortunate consequence of these new restrictions on codeine use.

Conclusion:

Based on the evidence and availability of CYP2D6 testing with copy number or gene duplication detection, we propose that the current FDA contraindication for codeine use in children younger than 12 years old be amended to include an exception for the treatment of pain outside the post-AT setting in children who are known CYP2D6 NMs or IMs.  We acknowledge that CYP2D6 testing is not yet widespread or standard of care.  However, that does not negate the fact that clinical CYP2D6 testing is available and is currently performed for pediatric patients.  With ever-increasing improvements in technology and decreasing genotyping costs, pharmacogenetic testing, including CYP2D6 testing, is expected to become more widespread over time.  There is ample precedence for using genetic testing to minimize drug toxicity by directing the use of medications to genetic subsets, and there is no reason that children should be excluded from this benefit of using precision medicine to improve the use of medications. 
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Table 1.  Cases of toxicity in children after receiving codeinea 

	Age 
	Indication
	Outcome
	CYP2D6 Phenotype
	Reference 
	Notes

	4 years
	Post-AT pain
	Death
	UM
	PMID: 22492761
	

	3 years
	Post-AT pain
	Unresponsive, then resuscitated
	NMb
	PMID: 22492761
	· Copy number not noted
· Morphine plasma concentration consistent with UM phenotype
· Middle Eastern descent (higher frequency of CYP2D6 UMs compared to North American population)

	5 years
	Post-AT pain
	Death
	Unknown
	PMID: 22492761
	· Likely UM given exceedingly high morphine plasma concentration relative to codeine

	29 months
	Post-AT pain
	Unresponsive, then resuscitated
	NMb
	PMID: 17564651; 
18230077
	· Copy number not noted
· North African descent (higher frequency of CYP2D6 UMs compared to North American population)

	2 years
	Post-AT pain
	Death
	UM
	PMID: 19692698
	

	3 years
	Cough
	Death
	NMb
	PMID: 18936971
	· Likely inadvertent overdose

	3 years
	Cough
	Unresponsive, then resuscitated
	NMb
	PMID: 18936971
	· Likely inadvertent overdose

	4 years
	Post-AT pain
	Death
	NMb
	PMID: 23709324
	· Copy number not noted
· Also receiving valproic acid

	9 years
	Post-AT pain
	Death
	Unknown
	FAERS
	· Significantly enlarged inferior turbinates and adenoids

	5 years
	Post-AT pain
	Death
	Unknown
	FAERS
	· Chromosomal disorder
· High plasma concentrations of morphine, codeine, and acetaminophen 

	2 years
	Oral aphthae pain
	Death
	Unknown
	FAERS
	· High plasma concentrations of codeine and morphine

	Unknown
	Unknown
	Death
	Unknown
	FAERS
	· Also receiving valproic acid 

	10 years
	Post-orthopedic surgery pain 
	Death
	Unknown
	FAERS/
PMID: 23709324
	· Obese patient with past medical history of cerebral palsy, reactive airway disease, snoring, and enlarged tonsils
· Also taking diazepam
· Postmortem codeine and morphine plasma concentrations were in the toxic range

	6 years
	Cough
	Death
	Unknown
	FAERS/
PMID: 23709324
	· Overweight patient with history of myocarditis and developmental delay
· Postmortem codeine and morphine plasma concentrations were in the toxic range
· There was a prescription labeling error that resulted in more drug administered than was prescribed, but amount administered was still within the recommended range

	Unknown
	Sore throat
	Death
	Unknown
	FAERS
	

	13 years
	Sickle cell pain
	Extreme drowsiness
	UM
	FAERS
	

	2 years
	Unknown
	Death
	Unknown
	AAO-HNSc
	

	3 years
	Post-AT pain
	Anoxic brain injury
	Unknown
	AAO-HNSc
	

	3 years
	Post-AT pain
	Death
	UM
	AAO-HNSc
	

	5 years
	Post-AT pain
	Death
	Unknown
	AAO-HNSc
	· Unprescribed narcotic in blood

	8 years
	Post-AT pain
	Death
	Unknown
	AAO-HNSc
	· Found unresponsive hours after same day surgery; naloxone required in postanesthesia care unit

	8 years
	Post-AT pain
	Death
	Unknown
	AAO-HNSc
	· Narcotic overdose

	9 years
	Post-AT pain
	Death
	Unknown
	AAO-HNSc
	· Elevated narcotic level found on autopsy

	12 years
	Post-AT pain
	Death
	Unknown
	AAO-HNSc
	· Suspected UM based on high morphine level


AAO-HNS = American Academy of Otolaryngology-Head and Neck Surgery; FAERS = FDA Adverse Event Reporting System; Post-AT = post adenotonsillectomy; NM = normal metabolizer; UM = ultra-rapid metabolizer
aOnly those cases for which specific details were reported.  Does not include all cases from FAERS summary table from the meeting materials from the December 10, 2015 joint meeting of the Pulmonary-Allergy Drugs Advisory Committee and the Drug Safety and Risk Management Advisory Committee FDA Drug Advisory Committee (n=50 for children younger than 12 years).
bNormal metabolizer (NM) = extensive metabolizer (EM)
cThe Patient Safety and Quality Improvement Committee of the AAO-HNS surveyed physician membership about bad outcomes following tonsillectomy (e.g., death, permanent disability).  Unclear if patient received codeine or another narcotic.
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