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Abstract

Purpose

To evaluate the use of off-label and unlicensed medicines in a neonatal intensive care unit
(NICU) of a teaching maternity hospital specialized in high risk pregnancy.

Methods

A prospective cohort study was conducted between August 2015 and July 2016. All new-
borns admitted to the NICU who had at least one medication prescribed and a hospital stay
longer than 24 hours were included. The classification of off-label and unlicensed drugs for
the neonatal population was done according to the information of Food and Drug
Administration.

Results

A total of 17421 medication items were analyzed in 3935 prescriptions of 220 newborns.
The proportion of newborns exposed to off-label drugs was 96.4%, and to unlicensed medi-
cines was 66.8%. About one-half (49.3%) of the medication items were off-label and 24.6%
were unlicensed. The main reason for off-label and unlicensed classification was, respec-
tively, frequency of administration and the administration of adaptations of pharmaceutical
forms.

Conclusions

Although there are actions to encourage the development of pharmacological studies with
neonates, this study observed a high rate of prescription and exposure of newborns to off-
label and unlicensed drugs in NICUs and pointed out areas of neonatal therapy that require
scientific investment.
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Introduction

Newborns represent a patient population with special concerns regarding drug therapy,
because prematurity and low birth weight may have a significant effect on the pharmacokinet-
ics and pharmacodynamics of many drugs, making the administration of medicines rather del-
icate [1-2]. Newborns can be admitted to a neonatal intensive care unit (NICU) for several
reasons, including extreme prematurity or complications from delivery, [3-5] where they
receive multiprofessional care and are often administered medicines that do not have proof of
safety and efficacy obtained from randomized clinical trials in this patient population [6-7].

Several international organizations have encouraged the conduct of pharmaceutical clinical
trials with newborns [6-8] in an attempt to overcome a number of barriers that have been
identified, such as ethical issues involving this vulnerable population, low accrual rates because
of the small size of this population, small volume of biological samples that can be obtained
from neonates, changing pharmacokinetics and pharmacodynamics with the postnatal age, as
well as financial considerations [6,7]. Since 1997 the Food and Drug Administration (FDA),
first through the adoption of FDA Modernization Act (FDAMA), have been working in pedi-
atric researches [9]. Ten years after, the European started the encouragement through the
European (EU) Pediatric Regulation by EU Medicines Agency (EMA) and a document
released in October 2017 shows a growth of medicines for children [10].

Despite this effort, the use off-label and unlicensed drugs in neonatology has been repeat-
edly reported in the literature [4, 5, 11-14]. Off-label drugs are defined as medicines being
administered in ages, indications, dosages and routes of administration that are not in confor-
mity with the marketing authorization issued by the country’s regulatory agency [15]. Unli-
censed drugs are imported medicines, contraindicated for neonatal use, as well as those that
are adapted or manipulated by health care professionals to make the drug appropriated for
neonates [16-17].

The incidence of off-label and unlicensed medicines prescribed in NICU varies from 34%
t0 95.6% and from 5.7% to 34.6%, respectively [4, 5, 12-14, 17-21]. Furthermore, 44% to 100%
of all neonates hospitalized at NICUs are administered at least one off-label or one unlicensed
medicine [5, 12, 13, 17, 19, 20]. This large variation in published results is mainly due to differ-
ent study designs, to variations in the clinical settings or in the study populations, as well as on
the adopted definition of off-label and unlicensed drugs. For example, some studies considered
contraindicated medicines as off-label drugs while others classified them as unlicensed [16,
20-23]. Other studies did not consider medicines contraindicated to neonates [13, 19]. Still
others considered parenteral nutrition and intravenous hydration as unlicensed medicines [4,
18]. Two prospective studies defined off-label drugs only in one aspect, the child age [5, 20].
Additionally, two large studies were based on a retrospective analysis of nationwide patient
databases [24-25].

Because of the heterogeneity of the published results, there is no clear picture yet of the
magnitude of the problem and of the potential risks to which the neonate population is
exposed within NICUs. The lack of information about the safety and efficacy of drugs increases
the risk of poor clinical outcomes, of adverse drug reactions (ADR) and medication errors
when off-label and unlicensed medicines are prescribed to neonates [12, 18, 26]. These risks
are increased in this hospitalized population because, at NICUs, there are typically multiple
drugs prescribed mostly to preterm babies with low birth weight, and those two characteristics
have significant impact on the pharmacokinetics and pharmacodynamics of drugs [18].

Therefore we aimed to evaluate the issue of off-label and unlicensed drug utilization in the
setting of a NICU, through a prospective cohort study conducted on consecutive newborns
admitted to a NICU of a referral maternity hospital throughout a full 12-months period.
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Material and methods
Ethical statement

This study was approved by the Institutional Review Board under the number 580.201/2014
and all legal representatives authorized the participation of their children in the study by sign-
ing an informed consent form.

Study design

During a full year, from August 2015 to July 2016, we conducted a prospective cohort study in
the NICU of a teaching maternity hospital that has 25 NICU beds, an average annual number
of admission of 436 newborns and an annual mortality rate of 15 babies. This maternity is a
referral centre for high risk pregnancy, women health, gynaecological surgery, and paediatric
cardiac malformations.

During the study period, all neonates admitted to the NICU were evaluated for inclusion.
Inclusion criteria were: newborns who were admitted at the NICU for longer than 24 hours,
who had at least one drug prescribed during the stay, and whose parents signed an informed
consent form. Infants over 28 days of life, newborns with a second admission during the study
period, and newborns who were prescribed only with parenteral nutrition, continuous intrave-
nous hydration, oxygen therapy, blood products or electrolytes, were excluded.

From each newborn, data was collected on gender, gestational age (GA), birth weight,
APGAR score, admission diagnosis, length of stay, and information on all drugs administered
during NICU stay (generic names, indication for use, dosage, frequency and route of adminis-
tration) by a neonatology pharmacist. The indication for use of the medicines was obtained
from detailed patient charts and, when in doubt, the attending physician was consulted. Infor-
mation about possible or probable ADR was also collected.

All prescribed medicines were classified according to the Anatomical Therapeutic Chemical
(ATC) classification system and categorized as labelled, off-label or unlicensed according to
the FDA approval criteria, available in the https://www.accessdata.fda.gov/scripts/cder/dat/
index.cfm [27]. The drugs were considered unlicensed if: (1) their use was contraindicated for
use in neonates, (2) they were extemporaneous preparations that were manufactured or modi-
fied by the nurses to make the medicines appropriated to newborns, and (3) they were
imported drugs without a marketing authorization in this country [16,17]. Additionally, medi-
cines prescribed in a pharmaceutical form different from the form licensed by the FDA were
considered unlicensed. The off-label category included all medicines whose prescription was
not in conformity with the marketing authorization issued by the FDA, such as age, indication,
dosage and route of administration [15].

Statistical analysis

Based on the average admission rate at the NICU, we estimated that 220 newborns eligible for
the study would be admitted to the NICU during the study period, to which about 12,000 med-
ication items would be prescribed. This sample size would allow the estimation of the percent-
age of prescribed unlicensed drugs with an accuracy within 0.9 percentage points, and the
estimation of the percentage of off-label prescriptions with an accuracy within 0.8 percentage
points, with 95% confidence. With a sample of 12,000 medication items we expected, based on
the results of a prior pilot study, that 6.600 (55%) would be unlicensed drugs and 3,840 (32%)
off-label drugs. Therefore, the maximum error of the estimates obtained in the group of unli-
censed drugs would be less than 1.2 percentage points and in the group of off-label drugs
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would be less than 1.6 percentage points, with 95% confidence. These accuracy levels were
considered adequate for the research objectives.

The newborns were categorized according to GA as term (> 37 weeks), preterm (between
28 weeks and 36 weeks and 6 days), and extremely preterm (< 28 weeks). Based on the birth
weight, the new-borns were categorized in non-low birth weight (>2500 g), low birth weight
(< 2500 g), very low birth weight (<1500 g), and extremely low birth weight (< 1000 g).

Descriptive statistics are presented for demographic and clinical data as number and per-
centage or mean * standard deviation. Exact binomial 95% confidence intervals (CI) are pre-
sented for the proportion of off-label and unlicensed drugs, the proportion of newborns
exposed to these drugs, the number of drugs prescribed per neonate, the distribution of these
drugs by ATC classification, the dosage forms and the routes of administration used. The sta-
tistical analysis was performed using Stata release 11 (Stata Corporation, College Station, TX,
USA).

Results

From August 2015 to July 2016, 308 newborns were eligible for the study. From these, 14
parents refused participation and the parents of 74 newborns could not be located. The final
analysis set consisted of 17421 prescribed items in 3935 prescriptions from 220 newborns, of
which 101 (46.3%) were females, 43 (19.5%) were term, 134 (60.9%) preterm, and 43 (19.5%)
were extremely preterm. The mean gestational age was 32.4 + 4.4 weeks, (range 23.4 to 42.4
weeks) and the mean NICU stay was 18.3 + 19.4 days (median = 12 days, range 1 to 106 days).
The number of prescriptions and the number of prescribed medicines per patient were,
respectively, 17.9 + 19.2 (median 11, range 1 to 106) and 8.2 + 6.2 (median 7, range 1 to 33). Of
the 17421 items prescribed to the patients, 27.9% (n = 4868) were antimicrobials for systemic
use, followed by agents acting on the alimentary tract and metabolism (n = 4245, 24.4%), ner-
vous system (1 = 3536, 20.3%), cardiovascular system (n = 2324, 13.3%) and respiratory system
(n =1369, 7.9%). Thirteen neonates received more than 20 different drugs and two newborns
had more than 30 medicines prescribed during the hospitalization. The characteristics of the
study population are summarized in Table 1.

Almost half of the medication items prescribed to the newborn were oft-label drugs
(n =8591, 49.3%, 95% CI 48.6%-50.1%) and the remaining were almost equally divided
between unlicensed drugs (n = 4278, 24.6%, 95% CI 23.9%-25.2%) and labelled drugs
(n=4552,26.1%, 95% CI 25.5%-26.8%). Of the 220 neonates, almost all of them (212, 96.4%,
95% CI 93.0%-98.4%) were exposed to at least one off-label drug, and about two-thirds (147,
66.8%, 95%CI 60.1%-73.0%) to at least one unlicensed drug. One hundred percent of the
extremely preterm and of the extremely low birth weight babies were exposed to off-label med-
icines (Table 2).

Only one baby had neither off-label nor unlicensed drugs prescribed, and 140 (63.6%, 95%
CI 56.9%-70.0%) of neonates had both medicines prescribed during the NICU stay. The main
reasons for the classification of off-label use (Table 3) were dosage and frequency of adminis-
tration not in conformity with the summary of the product characteristics, which were
observed in about 40% of off-label prescriptions.

Table 4 shows the frequency of off-label and unlicensed prescribing within each ATC class.
Among the more often used medicines, anti-infectives for systemic use were prescribed as off-
label in 79.0% of the cases, drugs acting on the nervous system in 48.0%, on the respiratory sys-
tem in 95.0% and cardiovascular agents in 53.9%. There was a high prevalence of intravenous
administration among off-label drugs, with fentanyl being the most prescribed oft-label drug
(n =1358), followed by gentamicin (n = 1197) and aminophylline (n = 1042). Fentanyl was
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Table 1. Patient caracteristics of the study population.

Variable Values
Female sex (n, %) 101 46.3
Gestational age (weeks) 32.4 4.4
Gestational age classification (n, %)
Extremely preterm 43 19.5
Preterm 134 60.9
Term 43 19.5
Birth weight (g) 1932.7 1127.6
Birth weight classification (n, %)
Non-low birth weight 54 24.6
Low birth weight 79 35.9
Very low birth weight 50 22.7
Extremely low birth weight 37 16.8
APGAR score
1 min 6.6 2.4
5 min 8.1 1.4
Cause for NICU admission (n, %)
Respiratory system 127 57.7
Prematurity 21 9.5
Nervous system 16 7.3
Infectious disease 14 6.4
Other 32 14.5
Prescriptions per patients 17.9 19.2
Prescribed medicines per patient 8.2 6.2
ATC drug prescription class (n, %)
Antimicrobials for systemic use 4868 27.9
Alimentary tract and metabolism 4245 24.4
Nervous system 3536 20.3
Cardiovascular system 2324 13.3
Other 2448 14.1
Total 17421 100.0

Data are mean * standard deviation unless otherwise indicated.

https://doi.org/10.1371/journal.pone.0204427.t001

Table 2. Prevalence of newborns administered off-label and unlicensed medicines in an intensive care unit according to gestational age and birth weight.

Variable n % 95%CI
Off label drug prescription 8591 49.3 48.6 50.1
Unlicensed drug prescription (n, %) 4278 24.6 23.9 25.2
Exposed neonates
Off label drug 212 96.4 93.0 98.4
Unlicensed drug 147 66.8 60.1 73.0
Extremely preterm neonates
Off label drug 43 100.0 91.8 100.0
Unlicensed drug 33 76.7 61.4 88.2
Extremely low birth weight neonates
Off label drug 37 100.0 90.5 100.0
Unlicensed drug 28 75.7 58.8 88.8

https://doi.org/10.1371/journal.pone.0204427 1002
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Table 3. Reasons for the classification of off-label drug use in newborns in an intensive care unit.

Reasons Patients Prescriptions
n =220 n = 17421
n % N %

Age 157 71.4 2151 12.3
Indication 156 70.9 1395 8.0
Dose 190 86.4 3310 19.0
Frequency 185 84.1 3435 19.7
Route 56 25.5 1036 5.9

https://doi.org/10.1371/journal.pone.0204427 1003

considered off-label because of the patient age, gentamicin because of the selected dose and
frequency of administration, and aminophylline because of the indication, being often pre-
scribed for neonatal apnoea.

Among unlicensed drugs, agents acting on the nervous system were the most prescribed
medications (n = 1759), with caffeine (n = 1226) and phenobarbital (n = 487) being the most
frequent. Adaptations of solid cardiovascular drugs, such as hydrochlorothiazide, spironolac-
tone and furosemide, to liquid formulations accounted for 15.1% of unlicensed medicines.
Table 5 shows in detail the most prescribed medicines and their respective classifications.

Discussion

The present study analysed prospectively the labelling status of drug therapy of newborns hos-
pitalized in a NICU of a Brazilian teaching hospital over a whole year. The results show that
during NICU stay nearly all newborns are exposed to off-label medicines and about two-thirds
to unlicensed drugs. Off-label prescription of drugs is highly prevalent in NICUs, as well as
prescription of unlicensed medications, occurring in about half and one-quarter of the pre-
scriptions, respectively. Fentanyl, gentamicine and aminophylline are the drugs most com-
monly prescribed as off-label, and caffeine and phenobarbital the most common unlicensed
drugs used in NICUs. Adaptations of drug formulations represent a significant proportion of
unlicensed use of medicines.

Table 4. Frequency of off-label and unlicensed drug prescription within each ATC category.

ATC category Off-label Unlicensed

n % n %
Alimentary tract and metabolism 186 4.4 1461 344
Blood and blood forming organs 23 4.0 17 3.0
Cardiovascular system 1253 53.9 805 34.6
Dermatological 20 8.4 200 83.7
Systemic hormonal preparations, excl. sex hormones and insulins 98 100.0 0 0.0
Anti-infectives for systemic use 3844 79.0 0 0.0
Anti-neoplastic and immunomodulating agents 4 100.0 0 0.0
Musculo-skeletal system 23 100.0 1 100.0
Nervous system 1697 48.0 1759 49.7
Anti-parasitic products, insecticides and repellents 0 0.0 2 100.0
Respiratory system 1301 95.0 26 1.9
Sensory organs 133 100.0 7 5.3
All other therapeutic products 9 90.0 0 0.0

https://doi.org/10.1371/journal.pone.0204427 1004
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Table 5. Frequency distribution of medicines prescribed as off-label and unlicensed according to FDA criteria.

Medicine Off—label Unlicensed Prescriptions
N % n % n %
Fentanyl 1358 15.8 1358 7.8
Caffeine 1226 28.6 1226 7.0
Gentamicin 1197 13.9 1197 6.9
Aminophylline 1042 12.1 1043 6.0
Furosemide 553 6.4 127 3.0 757 4.3
Meropenem 653 7.6 653 3.7
Ampicillin 574 6.7 587 3.4
Phenobarbital 487 11.4 487 2.8
Dobutamine 435 5.1 435 2.5
Cefazolin 383 4.5 383 2.2
Cefepime 345 4.0 345 2.0
Vancomycin 189 2.2 329 1.9
Amikacin 328 3.8 328 1.9
Hydrochlorothiazide 324 7.6 324 1.9
Spironolactone 286 6.7 286 1.6
Other 1534 17.9 1828 42.7 7683 44.1

https://doi.org/10.1371/journal.pone.0204427.t1005

A small number of studies have addressed this issue. A prospective short Italian study con-
ducted for one month in an Italian NICU analysed 88 treatments given to 38 newborns [17]
and concluded that 53% were off-label or unlicensed, and that there was no proportional dif-
ference of these agents between premature and full-term babies, contradicting the results
obtained by another Italian study, which reported that full-term newborns received more oft-
label drugs than preterms [17, 18].

In another European prospective study, conducted in Ireland during two months and ana-
lysing 900 prescriptions from 110 neonates, 76% of neonates received an off-label drug and
47% an unlicensed drug. All extremely prematures received at least one off-label (most pre-
scribed were benzylpenicillin and gentamicin) and unlicensed (most prescribed was caffeine)
medicine [19].

A longer research about the use off-label and unlicensed drugs in NICUs was carried out in
Germany over 11 months and enrolled 181 neonates who had been prescribed 1978 drugs,
finding that 70% of all newborns received at least one off-label or unlicensed drug [5].
Although this study had a significant number of patients and longer duration than the other
studies mentioned above, only the licensing status for age was considered. In another large
study conducted during six months in two Estonian tertiary care centres, the licensing status
of medicines given to newborns hospitalized in NICUs based on 1981 prescriptions to 348
newborns showed that all preterm babies received at least one off-label or unlicensed drug
[20].

A Malaysian survey developed in three paediatric units, including a NICU, analyzed the
incidence of off-label and unlicensed medication among 194 hospitalised children and risk fac-
tors associated with the prescription of these agents [14]. In a eight weeks study, 86 neonates
were admitted to the NICU, 90.7% received off-label and 45.3% unlicensed medicines, and
these patients had more off-label and unlicensed prescriptions than children hospitalized in a
paediatric intensive care unit and a paediatric high dependency unit [14]. A Pakistani study
showed that prematurity, number of medicines prescribed, length of stay and gender were risk
factors for off-label and unlicensed drugs prescriptions in nursery [28].
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During one month, the drug therapy of eight tertiary-level NICUs of southern Italy was
studied in 126 neonates receiving 483 prescriptions, showing that 46.6% of prescriptions were
off-label and 11.4% unlicensed drugs, that furosemide was the most prescribed off-label drug,
and that unlicensed drugs were more often prescribed to preterm babies because caffeine was
the most prescribed unlicensed medicine [4]. In Brazil, a retrospective study evaluated the
licensing status of medicines given to 192 newborns from the analysis of 3290 prescriptions, of
which 95.6% were of off-label drugs and 11.2% unlicensed drugs, with the highest frequency of
these medicines in neonates with gestational age less than 28 weeks [13].

Therefore, there is clear evidence that the prescription of off-label and unlicensed medicines
to newborns treated in NICUs is a worldwide practice, with about half the medications (37%
to 55% according to published studies) prescribed off-label. Estimates of the percentage of pre-
scription of unlicensed drugs are more heterogeneous, with several studies reporting in the
range of 10%-12%, while the study conducted in Malaya and our own study reporting about
one-third of prescriptions. Exposure of neonates in NICUs to off-label and unlicensed drugs is
very high, with estimates of 76% to 91% and of about 45%, respectively. There are several rea-
sons for the variation of estimates. In one study the authors pointed out the existence of huge
differences in neonatal drug information between three consulted information sources [20].
Recently, Flint et al. showed a large difference between four Dutch NICUs in relation to the
prescription of off-label drugs [29]. In this retrospective study, 54% of neonates were exposed
to off-label medicines and the prescriptions of cardiovascular and nervous system drugs had
greater discrepancy between the NICUs [29].

It is apparent from our cohort, as well as from several published studies, that systemic anti-
infectives are the drugs most often involved, with gentamicin being the antimicrobial most
used in an off-label manner. This aminoglycoside often composes the first treatment regimen
for neonatal sepsis, especially in very low birth weight infants [30]. As this drug is prescribed
off-label regarding dosage and frequency of administration, this should be taken as an argu-
ment towards the individualization of gentamicin therapy through the development of phar-
macokinetic models for neonates, thereby minimizing the risks of renal and internal ear
toxicity, [31] as well as of medication errors associated with administration intervals of 24, 36
or 48 hours that are commonly prescribed in neonatology, as was shown in a study [26].

In order to minimize neonatal pain, which is a contributing factor for an increase in mor-
bidity and mortality among neonates, [32,33] the high-alert medication fentanyl was the most
prescribed analgesic, and it was the main prescribed off-label drug regarding age in our cohort.
The choice of the analgesic varies according to the profile and practice of each NICU [12, 19].
The fact that opioid analgesics are among the most frequently prescribed off-label medications
for neonates is disturbing, considering that for the Institute for Safe Medication Practices this
pharmacological group belongs to the group of high-alert medicines that, if incorrectly admin-
istered, have an increased risk of causing significant damage to the patient, including death
[34].

In respect to drugs acting on the respiratory system, aminophylline was the most often used
off-label drug. Again, this is a reason for patient safety concerns, because this xanthine has a
narrow therapeutic window, frequently causing ADRs, such as tachycardia [35] especially if
cardiovascular drugs like dobutamine and dopamine are administered concomitantly.

Regarding unlicensed drugs, we estimate that two-thirds of the neonates are exposed to
them and that prematurity influences the use of these agents. Actually, the most often pre-
scribed unlicensed medicine was caffeine, a therapeutic alternative for neonatal apnoea, a dis-
ease that affects newborns under 37 weeks of gestation and virtually all extremely premature
babies [35]. Caffeine citrate has recently been licensed in Brazil for parenteral and oral
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administration, but the magistral preparation of caffeine is still widely used because of its
lower cost to the public health service.

The conversion of solid to liquid pharmaceutical forms represents about one-sixth of the
unlicensed drugs administered in NICUs, and this practice occurs mostly with cardiovascular
medicines because of the unavailability in the market of liquid formulations adequate for
administration to the neonatal population, a reality observed in several others countries [12,
21,22, 31]. As arule, pharmaceutical adaptations for children, commonly performed by nurses
from tablets or other solid formulations for adult use, present insufficient data on their chemi-
cal and physical stability, and are not prepared in an adequate environment that complies with
sanitary regulations. This practice also contributes to inaccuracy of the dose and may even
cause obstruction of nasogastric tubes when administered through them [18, 36, 37].

Our study adds up to a small but growing body of literature showing that neonates are
exposed to medication hazards because of the lack of evidence on efficacy, safety and dosage of
drugs commonly used to treat serious conditions in this population, such as neonatal sepsis or
respiratory distress. Certainly, the ideal solution to this problem would be to conduct pharma-
cokinetic studies and clinical trials in this population, in addition to the production of pharma-
ceutical forms adequate for newborns. Until that is done, which is rather unlikely, the best
measure to improve the safety of newborns in NICUs is to increase the awareness of the health
care team to the issue of off-label and unlicensed prescription. The pharmacists may have an
important role in this matter, given their knowledge about information sources on chemical
and physical stability of active principles and excipients, and on the correct preparation of
magistral formulations, in addition to monitoring the drug therapy [38, 39].

The main limitation of this study is to have been conducted at a single centre, where local
clinical practices may diverge somewhat from those of other regions and countries. On the
other hand, the study has several methodological aspects that contribute to the validity of the
estimates, such as the prospective cohort design with follow-up of neonates until NICU dis-
charge, the 12 months enrolment period avoiding possible seasonal trends on prescription, the
selection of a widely recognized drug information source, and the large sample size.

In addition, this study presents a much more comprehensive evaluation of the use of off-
label medicines by analyzing off-label status due to age, indication, dose, frequency of adminis-
tration and administration routes, by relating the use of these medicines to gestational age and
weight at birth, as well as placing emphasis not only on patient safety when dealing with oft-
label and unlicensed drugs, but also on the consequences of these medicines by highlighting
potential drug-drug interactions and high-alert medicines.

Conclusions

The use of off-label medicine affects almost all neonates hospitalized in a NICU, regardless of
gestational age and birth weight. The unlicensed use, which is not as frequent as off-label use,
is still relevant, however, since the use of unlicensed agents increases with prematurity. Anti-
microbials for systemic use, drugs acting on the nervous system, as well as respiratory system
and cardiovascular drugs, are the medicines most often implicated in off-label use, while unli-
censed prescriptions are mainly of the nervous, cardiovascular and alimentary tract classes.

Due to the high number of off-label and unlicensed drugs prescribed to neonates, efforts
are still required from pharmaceutical companies and governments to increase investment in
clinical trials to prove the safety, efficacy and quality of neonatal pharmacotherapy, including
the production of pediatric formulations whenever adaptations of pharmaceutical forms
might compromise patient safety.
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There is a large area of research by pharmacy professionals, either in clinical research, phar-
macokinetic assays, clinical pharmacy or in the field of pharmaceutical technology.

Supporting information

S1 File. Study dataset.
(XLSX)

Acknowledgments

The authors would like to thank IC1 Natalee Mendonga for her assistance in data collection.

Author Contributions

Formal analysis: Rand Randall Martins.

Methodology: Antonio Gouveia Oliveira.

Project administration: Antonio Gouveia Oliveira.

Supervision: Tatiana Xavier Costa, Rand Randall Martins, Antonio Gouveia Oliveira.
Validation: Ant6nio Gouveia Oliveira.

Visualization: Antonio Gouveia Oliveira.

Writing - original draft: Haline Tereza Matias de Lima Costa.

Writing - review & editing: Haline Tereza Matias de Lima Costa.

References

1. Allegaert R, Van der Anker JN. Clinical Pharmacology in Neonates: Small Size, Huge Variability. Neo-
natology 2014; 105(4): 344—-349. https://doi.org/10.1159/000360648 PMID: 24931327

2. Tayman C, Rayyan M, Allegaert K. Neonatal Pharmacology: Extensive Interindividual Variability
Despite Limited Size. J Pediatr Pharmacol Ther 2011; 16(3): 170—184. https://doi.org/10.5863/1551-
6776-16.3.170 PMID: 22479159

3. Flor-de-Lima F, Rocha G, Guimaraes H. Impact of Changes in Perinatal Care on Neonatal Respiratory
Outcome and Survival of Preterm Newborns: An Overview of 15 Years. Crit Care Res Pract 2012;
2012(1): 1-7.

4. Laforgia N, Nuccio MM, Schettini F, Dell’Aera M, Gasbarro AR, Dell'Erba A, et al. Off-label and unli-
censed drug use among neonatal intensive care units in Southern Italy. Pediatr Int 2014; 56(1): 57-59.
https://doi.org/10.1111/ped.12190 PMID: 23937449

5. Neubert A, Lukas K, Leis T, Dormann H, Brune K, Rascher W. Drug utilization on a preterm and neona-
tal intensive care unit in Germany: a prospective, cohort-based analysis. Eur J Clin Pharmacol 2010;
66(1): 87-95. https://doi.org/10.1007/s00228-009-0722-8 PMID: 19756556

6. Giacoia GP, Taylor-Zapata P, Zajicek A. Drug Studies in Newborns: A Therapeutic Imperative. Clin
Perinatol 2012; 39(1): 11-23. https://doi.org/10.1016/j.clp.2011.12.016 PMID: 22341533

7. Wiles JR, Vinks AA, Akinbi H. Federal legislation and the advancement of neonatal drug studies. J
Pediatr 2013; 162(1): 12—15. https://doi.org/10.1016/j.jpeds.2012.08.034 PMID: 23110945

Cuzzolin L. Off-label drug in the newborn. J Pediatr Neonat Individual Med 2014; 3(2): 1-8.

9. Food and Drug Administration. Food and Drug Administration Modernization Act of 1997. Available at
http://www.fda.gov/Regulatorylnformation/Legislation/SignificantAmendmentstotheFDCAct/FDAMA/
FullTextofFDAMAlaw/default.htm (Last accessed November 2016).

10. European Medicines Agency. Available at http://www.ema.europa.eu/ema/index.jsp?curl=pages/
regulation/document_listing/document_listing_000068.jsp (Last accessed November 2017).

11. DuW, Warrier |, Tutag Lehr V, Salari V, Ostrea E, Aranda JV. Changing Patterns of Drug Utilization in a
Neonatal Intensive Care Population. Am J Perinatol 2006; 23(5): 279-285. https://doi.org/10.1055/s-
2006-946719 PMID: 16799916

PLOS ONE | https://doi.org/10.1371/journal.pone.0204427 September 25, 2018 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204427.s001
https://doi.org/10.1159/000360648
http://www.ncbi.nlm.nih.gov/pubmed/24931327
https://doi.org/10.5863/1551-6776-16.3.170
https://doi.org/10.5863/1551-6776-16.3.170
http://www.ncbi.nlm.nih.gov/pubmed/22479159
https://doi.org/10.1111/ped.12190
http://www.ncbi.nlm.nih.gov/pubmed/23937449
https://doi.org/10.1007/s00228-009-0722-8
http://www.ncbi.nlm.nih.gov/pubmed/19756556
https://doi.org/10.1016/j.clp.2011.12.016
http://www.ncbi.nlm.nih.gov/pubmed/22341533
https://doi.org/10.1016/j.jpeds.2012.08.034
http://www.ncbi.nlm.nih.gov/pubmed/23110945
http://www.fda.gov/RegulatoryInformation/Legislation/SignificantAmendmentstotheFDCAct/FDAMA/FullTextofFDAMAlaw/default.htm
http://www.fda.gov/RegulatoryInformation/Legislation/SignificantAmendmentstotheFDCAct/FDAMA/FullTextofFDAMAlaw/default.htm
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/document_listing/document_listing_000068.jsp
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/document_listing/document_listing_000068.jsp
https://doi.org/10.1055/s-2006-946719
https://doi.org/10.1055/s-2006-946719
http://www.ncbi.nlm.nih.gov/pubmed/16799916
https://doi.org/10.1371/journal.pone.0204427

@° PLOS | ONE

Use of off-label and unlicensed medicines in neonatal intensive care

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

O‘Donnell CP, Stone RJ, Morley CJ. Unlicensed and Off-Label Drug Use in an Australian Neonatal
Intensive Care. Pediatrics 2002; 110(5): e52. PMID: 12415058

de Souza AS Jr, Dos Santos DB, Rey LC, Medeiros MG, Vieira MG, Coelho HLL. Off-label use and
harmful potential of drugs in a NICU in Brazil: A descriptive study. BMC Pediatr 2016; 16(1): 1-10.

Lee JL, Redzuan AM, Shah NM. Unlicensed and off-label use of medicines in children admitted to the
intensive care units of a hospital in Malaysia. Int J Clin Pharm 2013; 35(6): 1025—1029. https://doi.org/
10.1007/s11096-013-9846-0 PMID: 24022725

Stafford RS. Regulating Off-Label Drug Use—Rethinkig the Role of the FDA. N Engl J Med 2008; 358
(14):1427-1429. https://doi.org/10.1056/NEJMp0802107 PMID: 18385495

Santos DB, Clavenna A, Bonati M, Coelho HL. Off-Label and Unlicensed Drug Utilization in Hospitalized
Children in Fortaleza, Brazil. Eur J Clin Pharmacol 2008; 64(11): 1111-1118. https://doi.org/10.1007/
s00228-008-0543-1 PMID: 18685837

Dessi A, Salemi C, Fanos V, Cuzzolin L. Drug treatments in a neonatal setting: focus on the off-label
use in the first month of life. Pharm World Sci 2010; 32(2): 120—124. https://doi.org/10.1007/s11096-
009-9356-2 PMID: 20140705

Dell’'aera M, Gasbarro AR, Padovano M, Laforgia N, Capodiferro D, Solarino B, et al. Unlicensed and
off-label use of medicines at a neonatology clinic in Italy. Pharm World Sci 2007; 29(4): 361-367.
https://doi.org/10.1007/s11096-006-9081-z PMID: 17351821

Kieran EA, O Callaghan N, O 'Donnell CP. Unlicensed and off-label drug use in an Irish neonatal inten-
sive care unit: a prospective cohort study. Acta Paediatr 2014; 103(4): e139—e142. https://doi.org/10.
1111/apa.12541 PMID: 24397831

Lass J, Kaar R, Jogi K, Varendi H, Metsvaht T, Lutsar I. Drug utilisation pattern and off-label use of med-
icines in Estonian neonatal units. Eur J Clin Pharmacol 2011; 67(12): 1263—1271. https://doi.org/10.
1007/s00228-011-1072-x PMID: 21667125

Oguz SS, Kanmaz HG, Dilmen U. Off-label and unlicensed drug use in neonatal intensive care units in
Turkey: the old-inn study. Int J Clin Pharm 2012; 34(1): 136—141 https://doi.org/10.1007/s11096-011-
9604-0 PMID: 22234653

Di Paolo ER, Stoetter H, Cotting J, Frey P, Gehri M, Beck-Popovic M, et al. Unlicensed and off-label
drug use in a Swiss paediatric university hospital. Swiss Med Wkly 2006; 136(1): 218-222.

Blanco-Reina E, Medina-Claros AF, Veja-Jiménez MA, Ocafa-Riola R, Marquez-Romero El, Ruiz-
Extremera A. Utilizacién de farmacos en nifios en cuidados intensivos: estudio de las prescripciones
off-label. Med Intensiva 2015; 40(1): 1-8.

Clark RH, Bloom BT, Spitze AR, Gerstmann DR. Reported Medication Use in the Neonatal Intensive
Care Unit: Data From a Large National Data Set. Pediatrics 2006; 117(6): 1979-1987. https://doi.org/
10.1542/peds.2005-1707 PMID: 16740839

Hsieh EM, Hornick CP, Clark RH, Laughon MM, Benjamin DK Jr, Smith PB, et al. Medication use in the
neonatal intensive care unit. Am J Peinatol 2014; 31(9): 811-821.

Conroy S. Association between licence status and medication errors. Arch Dis Child 2011; 96(3): 305—
306. https://doi.org/10.1136/adc.2010.191940 PMID: 21131639

Reuters T: Thomson Micromedex database. In. New York: Thomson Reuters; 2016. Available at
http://www-micromedexsolutions-com.ez18.periodicos.capes.gov.br/micromedex2/librarian (Last
accessed April 2017).

Flint RB, van Beek F, Andriessen P, Zimmermann LJ, Liem KD, Reiss IKM, et al. Large differences in
neonatal drug use between NICUs are common practice: time for consensus?. Br J Clin Pharmacol
2018; 84(6): 1313—1323. https://doi.org/10.1111/bcp.13563 PMID: 29624207

Aamir M, Khan JA, Shakeel F, Shareef R, Shah N. Drug utilization in neonatal setting of Pakistan: focus
on unlicensed and off label drug prescribing. BMC Pediatr 2018; 18(1): 242—249. https://doi.org/10.
1186/s12887-018-1211-y PMID: 30045715

Camacho-Gonzalez A, Spearman PW, Stoll BJ. Neonatal Infectious Diseases Evaluation of Neonatal
Sepsis. Pediatr Clin N Am 2013; 60(2): 367—-389.

Conroy S, Mclintyre J, Choonara I. Unlicensed and off label drug use in neonates. Arch Dis Child Fetal
Neonatal Ed 1999; 80(3): F142-F144.

Anand KJ. Pain assessment in preterm neonates. Pediatrics 2007; 119(3): 605—-607. https://doi.org/10.
1542/peds.2006-2723 PMID: 17332212

Aranda JV, Carlo W, Hummel P, Thomas R, Lehr VT, Anand KJ. Analgesia and sedation during
mechanical ventilation in neonates. Clin Ther 2005; 27(6): 877—-899. https://doi.org/10.1016/j.clinthera.
2005.06.019 PMID: 16117990

PLOS ONE | https://doi.org/10.1371/journal.pone.0204427 September 25, 2018 11/12


http://www.ncbi.nlm.nih.gov/pubmed/12415058
https://doi.org/10.1007/s11096-013-9846-0
https://doi.org/10.1007/s11096-013-9846-0
http://www.ncbi.nlm.nih.gov/pubmed/24022725
https://doi.org/10.1056/NEJMp0802107
http://www.ncbi.nlm.nih.gov/pubmed/18385495
https://doi.org/10.1007/s00228-008-0543-1
https://doi.org/10.1007/s00228-008-0543-1
http://www.ncbi.nlm.nih.gov/pubmed/18685837
https://doi.org/10.1007/s11096-009-9356-2
https://doi.org/10.1007/s11096-009-9356-2
http://www.ncbi.nlm.nih.gov/pubmed/20140705
https://doi.org/10.1007/s11096-006-9081-z
http://www.ncbi.nlm.nih.gov/pubmed/17351821
https://doi.org/10.1111/apa.12541
https://doi.org/10.1111/apa.12541
http://www.ncbi.nlm.nih.gov/pubmed/24397831
https://doi.org/10.1007/s00228-011-1072-x
https://doi.org/10.1007/s00228-011-1072-x
http://www.ncbi.nlm.nih.gov/pubmed/21667125
https://doi.org/10.1007/s11096-011-9604-0
https://doi.org/10.1007/s11096-011-9604-0
http://www.ncbi.nlm.nih.gov/pubmed/22234653
https://doi.org/10.1542/peds.2005-1707
https://doi.org/10.1542/peds.2005-1707
http://www.ncbi.nlm.nih.gov/pubmed/16740839
https://doi.org/10.1136/adc.2010.191940
http://www.ncbi.nlm.nih.gov/pubmed/21131639
http://www-micromedexsolutions-com.ez18.periodicos.capes.gov.br/micromedex2/librarian
https://doi.org/10.1111/bcp.13563
http://www.ncbi.nlm.nih.gov/pubmed/29624207
https://doi.org/10.1186/s12887-018-1211-y
https://doi.org/10.1186/s12887-018-1211-y
http://www.ncbi.nlm.nih.gov/pubmed/30045715
https://doi.org/10.1542/peds.2006-2723
https://doi.org/10.1542/peds.2006-2723
http://www.ncbi.nlm.nih.gov/pubmed/17332212
https://doi.org/10.1016/j.clinthera.2005.06.019
https://doi.org/10.1016/j.clinthera.2005.06.019
http://www.ncbi.nlm.nih.gov/pubmed/16117990
https://doi.org/10.1371/journal.pone.0204427

@° PLOS | ONE

Use of off-label and unlicensed medicines in neonatal intensive care

34.

35.

36.

37.

38.

39.

Institute for Safe Medication Practices. ISMP List of High-alert medications. Available at: http://www.
ismp.org/tools/highalertmedicationLists.asp. Accessed 18 Feb 2017 (Last accessed March 2017).

Balain M, Oddie S. Management of apnoea and bradycardia in the newborn. Paediatr Child Health
2013; 24(1): 17-22.
Shah SS, Hall M, Goodman MD, Feuer P, Sharma V, Fargason C Jr, et al. Off-label drug use in hospital-

ized children. Arch Pediatr Adolesc Med 2007; 161(3): 282—290. https://doi.org/10.1001/archpedi.161.
3.282 PMID: 17339510

Hsien L, Breddemann A, Frobel AK, Heusch A, Schmidt KG, Laer S. Off-label drug use among hospital-
ised children: identifying areas with the highest need for research. Pharm World Sci 2008; 30(5): 497—
502. https://doi.org/10.1007/s11096-008-9193-8 PMID: 18219585

Krzyzaniak N, Pawlowska |, Bajorek B. Review of drug utilization patterns in NICUs worldwide. J Clin
Pharm Ther 2016; 41(6): 612—620. https://doi.org/10.1111/jcpt.12440 PMID: 27578606

Krzyzaniak N, Bajorek B. A global perspective of the roles of the pharmacist in the NICU. Int J Pharm
Pract 2017; 25(2): 107-120. https://doi.org/10.1111/ijpp.12284 PMID: 27324459

PLOS ONE | https://doi.org/10.1371/journal.pone.0204427 September 25, 2018 12/12


http://www.ismp.org/tools/highalertmedicationLists.asp
http://www.ismp.org/tools/highalertmedicationLists.asp
https://doi.org/10.1001/archpedi.161.3.282
https://doi.org/10.1001/archpedi.161.3.282
http://www.ncbi.nlm.nih.gov/pubmed/17339510
https://doi.org/10.1007/s11096-008-9193-8
http://www.ncbi.nlm.nih.gov/pubmed/18219585
https://doi.org/10.1111/jcpt.12440
http://www.ncbi.nlm.nih.gov/pubmed/27578606
https://doi.org/10.1111/ijpp.12284
http://www.ncbi.nlm.nih.gov/pubmed/27324459
https://doi.org/10.1371/journal.pone.0204427

