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ABSTRACT

Usage of antibiotics off-label, in neonates and children, is an important public health issue. An overwhelming number of antibiotics are marketed
and prescribed without clear labeling for use in pediatrics. It presents an even larger and more complex issue in neonates, children younger
than 2 years, and those with chronic and/or rare diseases due to a lack of good clinical trials in these pediatric subgroups. The purpose of
off-label use is to benefit an individual patient. The article details the prevalence of off-label antibiotic use in pediatrics and the reasons for the
same. An attempt is made to highlight the different recommendations for antibiotic use in two pediatric drug formularies, the non-availability
of child-friendly formulations and the lack of studies on newer antibiotics in neonates and children that necessarily results in antibiotics being

prescribed off-label in children.
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INTRODUCTION

The objective of the drug regulatory authority is to ensure that
medicinal products which are manufactured in India or imported,
are of acceptable quality, safety, and efficacy. The Drug Controller
General of India (DCGI) heads the Central Drug Standard Control
Organization (CDSCO), which approves and regulates the devices
and drugs marketed in India. The drug is finally, on approval,
labeled with inserts (i.e., drug monograph), specifying the details
for the drug use (i.e,, target population, dose, indication, specific
use).! “Off-label” use refers to? the use of a drug that is either not
included in the package insert for that drug, not recommended
for a particular age, route of administration or duration, and/or not
detailed in the BNF for children (BNFc)® and/or IAP Drug Formulary
(IAPDF).* Very recent changes in recommendations or guidelines
may also amount to “off-label” use. However, the absence of labeling
for a specificage group or a specific disorder, due to lack of pediatric
data, does not necessarily mean that the drug’s use is improper
for that age or disorder.> Guidelines as in BNFc or IAPDF do not
regulate the use of drugs. Therapeutic decision-making is guided
by the best available evidence and the importance of the benefit
for the individual patient. Many of the antibiotics currently used
in the pediatric age group lack documentation regarding dosage,
efficacy, and safety due to practical difficulties in performing gold
standard clinical trials in this age group. It is bizarre logic, however, to
argue that studies in neonates and children are deferred to protect
them, only to increase the risks of medicating without proper
evidence.’ Off-label use of antibiotics, and publication of data of
such use, in neonates, children, and adolescents, is acceptable if it
is in the best interest of the child.

The article will try to advise involving the use of unlicensed
antibiotics or licensed antibiotics for unlicensed uses (“off-label”
use). Such advice reflects careful consideration of the options
available to manage a given condition and the weight of evidence
and experience of unlicensed intervention in treating bacterial
infectious disease in neonates and children. However, limitations
of the marketing authorization should not preclude unlicensed use
where clinically appropriate.
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OFF-LABEL Use oF AnTIBIOTICS IN PEDIATRICS

Antibiotics are the most commonly prescribed drugs in children
and off-label prescription is very common due to various reasons
like prescribing for a younger age, prescribing off-label doses,
and prescribing at an off-label frequency of drug administration.”
Though few antibiotics have been labeled for use in pediatric
patients, many others such as fluoroquinolones, azithromycin,
linezolid, or daptomycin are still being prescribed in an off-label
manner.2 This raises concern in the light of emerging multidrug-
resistant pathogens.

In NICUs,'°"'3 around 50% of antibiotic use is off-label,
unlicensed use was 11.6 and 78% of off-label use are due to
prescriptions outside recommended dose—usually at a higher
than recommended dose to ensure efficacy regardless of safety
concerns. Another off-label use is for off-label indications and
dosing intervals. In the newborn, the most common off-label drugs
prescribed were ampicillin and gentamicin. The other antibiotics
implicated were cefotaxime, vancomycin, and amikacin.

In children,'%'*'> off-label antibiotic use ranged from 20 to
70% in various studies; off-label dosing was around 20-25% for
ceftriaxone and vancomycin in the treatment of LRTI, meningitis,
and sepsis, 21-24% for off-label indication while prescribing
cefotaxime and ceftriaxone for surgical prophylaxis and
meningitis.'® Highest off-label use of antibiotics was in children
aged <2 years'*'” and when a child needed in-patient treatment
for 6-10 days.15 Overuse of IV antibiotics, antibiotics for URTI, and
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misuse of third-generation cephalosporins in management of LRTI
in children are rampant even today.'®

Differences in Recommendations for Antibiotics
Therapy in the Two Pediatric Drug Formularies—BNFc
and IAPDF

The variation in the reporting of off-label use of antibiotics in
neonates, children, and adolescents in various studies depends on
which pediatric drug formulary is used as a reference.

Aminoglycosides

Amikacin is mentioned as an IV treatment for a pseudomonal lung
infection in cystic fibrosis in BNFc but therein states that the drug
is not licensed for this indication. The IAPDF does not mention this
as an indication for use of amikacin as penetration of bronchial
secretions of parenteral aminoglycoside is poor. Nebulization with
preferably tobramycin, colistin, or gentamicin is preferred because
it allows direct delivery of the drug to the sites of infection within
the airways while avoiding systemic exposure.'”

Streptomycin: BNF for children, though it advises streptomycin
in combination with other anti-tubercular drugs for tuberculosis
resistance to other treatment, and brucellosis as an adjunct to
doxycycling, lists it as not licensed for use in children in the UK. This
is because half of MDRTB in the UK are resistant to streptomycin.'®
In IAPDF streptomycin, in addition to these indications, is also
recommended for treating tularemia, plague, and bacterial
endocarditis esp. enterococcal endocarditis along with penicillin
G for synergistic effect when other anti-infectives are ineffective
or contraindicated.

Carbapenems
Imipenem with cilastatin use in neonates from birth has been noted
in both BNFc and IAPDF but BNFc mentions that it is not licensed
forusein children under 1 year and children with renal impairment.
The WHO report on the use of carbapenems states that imipenem
with cilastatin could be administered to neonates,'” and in that
statement mentions that BNFc does not license it for infants <3
months age.

Meropenem is not licensed for use in children under 3 months."
Though BNFc also recommends the same, it and the IAPDF detail
neonatal dosage in its meropenem monograph.

Cephalosporins

Cefixime: Uncomplicated gonorrhea is an indication for use of
cefixime in a single 400 mg dose for adolescents as per bnfc (notin
iapdf) but it statesitis an unlicensed use. CDC update on treatment
of uncomplicated gonorrhea no longer recommends the routine
use of cefixime as a first-line regimen for treatment of gonorrhea
due to recognition of increasing resistance to the drug.?°

Ceftriaxone: BNF for children categorizes ceftriaxone as not licensed
for the treatment of H. influenzae Type b disease, congenital
gonococcal conjunctivitis, pelvic inflammatory disease, and
uncomplicated gonorrhea in children <12 years of age; and for
prophylaxis of meningococcal meningitis.

The H. influenzae resistance is due to the emergence of beta-
lactamase-negative, ampicillin-resistant (BLNAR) strains and beta-
lactamase-positive, amoxicillin/clavulanate-resistant (BLPACR) in
certain countries.?' It is, as yet, not applicable in India.
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Macrolides

Azithromycin: BNF for children, though it suggests azithromycin may
be given for prophylaxis of group a streptococcal infection in patients
who are allergic to penicillin and treatment of chronic pseudomonas
aeruginosa infection in cystic fibrosis, mild to moderate multidrug
resistant (MDR) typhoid; it cautions that the drug is not licensed
for these indications. The IAPDF recommends its use for group a
beta-hemolytic streptococcal pharyngitis and tonsillitis (primary
prophylaxis of rheumatic fever; but not for secondary prophylaxis),
treatment and postexposure pertussis prophylaxis, uncomplicated
and MDR typhoid fever, atypical pneumonia, diphtheria as a second
choice to penicillins, non-gonococcal urethritis, or cervicitis due to
susceptible strains of chlamydia trachomatis, bacterial endocarditis
prophylaxis, chancroid, and Legionella infections. Specific dosage
recommendations are recommended for uncomplicated and MDR
typhoid fever, primary prophylaxis of rheumatic fever, treatment,
and postexposure pertussis prophylaxis, atypical pneumonia, and
diphtheria.

Clarithromycin: BNF for children details clarithromycin for the
prevention of pertussis but states that oral suspension is not
licensed for use in infants under 6 months and an intravenous
infusion is not licensed for use in children under 12 years. In IAPDF,
clarithromycin finds a place in pediatric therapeutics for the
treatment of atypical pneumonias and as part of the regimens for
eradication of H. pylori. It does not recommend clarithromycin for
neonates.

Sulfonamides

Cotrimoxazole-IAPDF recommends it as the drug of choice for
blood and mucus diarrhea though there are increasing reports
of cotrimoxazole-resistant shigellosis. It is also one of the drugs
recommended in long-term prophylaxis for recurrent urinary tract
infections in children. IMNCl recommends giving cotrimoxazole to
children with confirmed or suspected HIV infection or children who
are HIV exposed starting at 4-6 weeks of age;*? and for community-
acquired pneumonia and otitis media. BNF for children states that
cotrimoxazole should be considered for use in acute exacerbations
of chronic bronchitis, UTI, and otitis media in children only when the
organism is sensitive and there is good reason to prefer it.

Quinolones

Ciprofloxacin is the only quinolone included in BNFc while IAPDF
also includes an ofloxacin monograph. Levofloxacin has not
yet been detailed in IAPDF. In addition to indications in BNFc,
ciprofloxacin and ofloxacin are recommended for typhoid fever;
and ofloxacin as an alternate therapy for invasive shigellosis and
for anthrax, plague, tularemia, and Q fever in children who do not
tolerate doxycycline.

Tetracyclines

Doxycycline: In addition to the indications prescribed in the BNFC,
IAPDF adds cholera, amebiasis, actinomycosis, brucellosis, plague,
multidrug-resistant P. falciparum (resistant to both chloroquine and
sulfadoxine-pyrimethamine)-with quinine; and as an alternative
therapy for yaws, listeriosis, Vincent’s infection and Clostridium
species infections. It is given empirically for children presenting in
septic shock and acute encephalitis syndrome, considering scrub
typhus as a possible etiology.?? The use under 12 years of age is not
recommended and doses for children 8 and above are detailed in

i



Off-label Use of Antibiotics in Pediatrics

both BFNC and IAPDF but doxycycline is administered to young
children with cholera, malaria, scrub typhus, and other rickettsial
infections and CDC has considered the rehabilitation of doxycycline
for use in children under 8 years of age.?

Oxazolidinone

Linazolid: The BNFC rightly does not license linezolid for use in
children and cautions to reserve the drug for pneumonia (when
other antibacterials, e.g., A glycopeptide, such as vancomycin,
cannot be used) and complicated skin and soft-tissue infections
caused by gram-positive bacteria, when other antibacterials cannot
be used. The IAPDF does not enforce strong reservations for its use
in treating resistant organisms but mentions vancomycin-resistant
enterococcal infections as an indication. The drug is one of the
only available options for treating MDR gram positives, MDR, and
extensively drug-resistant tuberculosis and disseminated non-
tuberculous mycobacterial infections in children.?

AnTiBIOTICS WITH NO CHILD-FRIENDLY
FORMULATIONS

Clindamycin, doxycycline—These two antibiotics are available as
capsules in India. Capsules need to be opened and emptied to
make a suspension in a medium acceptable to the neonate or child.
However, this should only be advised when justified. The capsule
contents may taste unpleasant and the bioavailability of the opened
capsule may differ from that of the intact product.?® It is definitely
not advisable to open a capsule and administer the powder if the
reason for having a capsule formulation is to avoid its degradation
or neutralization by gastric juices.

Doxycycline, linezolid, cloxacillin, and levofloxacin, e.g., are
available as tablets. Parents or caregivers are often required to
manipulate an adult medicine to obtain an appropriate dose for a
child, e.g., by splitting the tablet to provide a smaller dose orin more
complex cases preparing a suspension from a crushed tablet. Such
manipulations increase the variability in the product by inaccurate
measurement, issues with stability, or errors in instruction for
manipulation. Crushing certain tablets to mix them with food or
water may change the rate or extent of drug absorption and its
efficacy. Whatever method is used to cut or crush a tablet, it is near
to impossible to provide an accurate dose where small doses are
required as in the neonate, infant, or small-sized toddler. Dispersible
tablets that dissolve in a small amount of liquid in a spoon, if
acceptable taste-wise to the child, are easier to administer; but they
too need to be titrated to provide the correct dose.

All these medications without proper child formulations are
therefore included in the off-label use of antibiotics in children and
are not supported by guidelines or evidence.?”

LAck oF AGE-SPECIFIC PARENTERAL
FORMULATIONS

The main route of administration in sick neonates and children is
the intravenous route. Ideally, most IV medications for neonates
and children must be made available in a unit dose dispensation
to afford accurate administration of the calculated dose, especially
for concentration-dependent antibiotics like aminoglycosides; and
to avoid wastage. Time-dependent drugs, like cephalosporins or
imipenem, need to be given as infusions over 8-12 hours, 2-3 times
a day. The drug drip has to be prepared each time immediately

before administration to ensure efficacy and minimize the risk of
contamination.

Calculating decimal fractions involving hundredths of a milliliter
can be confusing and difficult, and therefore errors of dosing and,
due to the hazards of mixing, infections are a distinct possibility.
For injections, the volume presented in a container should not be
>10 times the dose for the smallest child. All other formulations may
be considered off-label. Studies have shown that measurement
of volumes <0.1 mL, for IV dosing, accounts for 25% of medicine
manipulations within pediatric hospitals.?

Child-friendly IV formulations should be such that the need
for measuring small volumes is mitigated; enabling easy dosing to
cover body weights from 0.5 to 5 kg (a 10-fold range).

Hospitals caring for neonates and children must be equipped
with user-friendly devices, for accurately and reproducibly
delivering small volumes IV and standard “vein viewer” gadgets.

EmerGING MDR BAcTERIAL INFECTIONS,
Newer ANTIBIOTICS, AND OFF-LABEL USE IN
CHILDREN

World over, only a few clinical trials are being conducted on
newer antibiotics in the pediatric age group with 76 clinical trials
investigating one or more antibiotics recruiting children between
Oyears and 18 years of age in comparison to 4,078 trials in adults. Of
these 76 trials, only 23 have recruited neonates and among them,
only 8 clinical trials globally recruited preterm neonates. Respiratory
and systemic infections, the most common clinical indications for
antibiotics in pediatrics, are not currently being evaluated.?*3°

Of the available antibiotics for MDR bacterial infections,
tigecycline has got restricted approval for use in children;*"3?
daptomycin is not licensed for use in children;*® piperacillin with
tazobactam s not licensed for use in children under 12 years by BNFc
(except for children 2-12 years with neutropenia and complicated
intra-abdominal infections and its use for acute exacerbation
of bronchiectasis is also not licensed) and further studies are
suggested to determine its dose in critically ill children;**3* and
cefepime, though licensed by FDA for use in children above 2 years
ofage, its efficacy and safety in pediatric patients remain unclear.3®
Cefepime and the 5th generation cephalosporins do not find a
mention in BNFc. Most of these antibiotics are prescribed off-label
forinfections which could be treated with other first-line, narrower
spectrum antibiotics.

Neep oF THE Hour

All those caring for neonates and children have been crying
hoarse regarding the urgent need for a plethora of studies on
pharmacokinetics, pharmacodynamics, dosing and dosing intervals,
child-friendly oral and parenteral formulations, medication
delivery systems, and devices to make evidence-based decisions
on antibiotic choice. This would enable appropriate “labeling” of
antibiotics and reduce this notion that pediatricians use medicines
off-label. The system of double-checking by making it mandatory
that all antibiotic prescriptions be checked and endorsed by two
physicians or a physician and a clinical pharmacist could make for
better prescribing behavior.>”

CONCLUSION

Rational use of off-label medications may be permitted as, in
most instances, it is for the benefit of the child. Therapeutic
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decision-making should always be guided by the best available
evidence as much of the antibiotic decisions are today left to the
physician’s discretion.
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