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Pharmacokinetics and tolerability of intranasal or
intravenous administration of nalbuphine in infants
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ABSTRACT

Objectives Intranasal nalbuphine could be a safe,
efficacious and non-invasive alternative to parenteral
pain medication in infants. We aimed to assess
pharmacokinetics (PK) and tolerability of intranasal and
intravenous nalbuphine administration in infants.
Methods Prospective open-label study including
infants 1-3 months of age admitted to the emergency
department, receiving nalbuphine for procedural pain
management. Patients were alternately allocated to

a single nalbuphine dose of 0.05mg/kg intravenously

or 0.1 mg/kg intranasally. Nalbuphine PK samples

were collected 15, 30 and 120—180min after dosing.
Area under the concentration time curve (AUC, . )

was calculated by non-compartmental analysis (NCA)
and compared by Wilcoxon test. Neonatal Infant Pain
Score was assessed during nalbuphine administration
and the following interventions: venous access, urinary
catheterisation, lumbar puncture.

Results Out of 52 study subjects receiving nalbuphine,
31 were eligible for NCA (11 intravenous, 20 intranasal).
Median AUC_ . after 0.05mg/kg intravenously was

8.7 (IQR: 8.0-18.6) pgxL/hour vs 7.6 (5.4-10.4) pugxL/
hour after intranasal administration of 0.1 mg/kg
(p=0.091). Maximum serum concentration (C__) was
observed 30 min after intranasal administration (3.5-5.6
pg/L). During intravenous and intranasal nalbuphine
administration, mild to no pain was recorded in 71% and
67% of study subjects, respectively.

Conclusion This is the first study investigating
intranasal administration of nalbuphine in infants
suggesting an intranasal bioavailability close to 50%.
Non-invasive intranasal application was well tolerated.
Additional studies are warranted to optimise dosing and
timing of interventions as C__is delayed by half an hour
after intranasal administration.

Trial registration number NCT03059511.

INTRODUCTION

Nalbuphine, an opioid analgesic agent, is often used
to treat moderate to severe pain in children.!™ In
the USA, it is licensed for adults only; in the UK, it
is not licensed and in some European countries for
children aged over 1.5 years at a dose of 0.1-0.2 mg/
kg (maximal 10mg) intramuscularly, intravenously
or subcutaneously every 3—6hours.' * © However,
nalbuphine is frequently used in infants and
neonates as it shows good analgesia and a lower
ceiling effect on respiratory depression in compar-
ison with other opioid analgesic agents due to its
unique pharmacological properties as a u-receptor
antagonist/K-receptor agonist.

' Verena Gotta,” Marc Pfister ? Priska Vonbach,’ Eva Berger-Olah*

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Nalbuphine is frequently used in infants and
neonates but it is only licensed for parenteral
use.

= Intranasal nalbuphine delivery could be a safe,
efficacious and non-invasive alternative to
parenteral use in children, especially for infants
in the acute care setting.

= There are few publications describing intranasal
nalbuphine administration, but pharmacokinetic
data for the intranasal route of administration
are completely lacking.

WHAT THIS STUDY ADDS

= This is the first study reporting clinical
pharmacokinetics of intranasal nalbuphine in
infants 1-3 months of age.

= We observed similar exposure coverage
following single administration of 0.1 mg/
kg intranasal and 0.05 mg/kg intravenous
nalbuphine, suggesting an intranasal
bioavailability of 50%.

= Intranasal administration was safe and well
tolerated in 67% of patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study provides first evidence for
feasibility and safety of intranasal nalbuphine
administration as an alternative to parenteral
use in infants 1-3 months.

= Intranasal nalbuphine may offer an additional
non-invasive option for pain treatment in
infants.

= Additional studies focusing on optimal dosing
and timing of painful interventions following
intranasal administration can be designed
based on results of this study.

Intranasal nalbuphine delivery could be a
safe, efficacious and non-invasive alternative to
parenteral use in children, especially for infants
in the acute care setting who are not eligible for
fentanyl. The lowest body weight limit for intra-
nasal fentanyl use is 10kg, due to the supposed risk
of potentially severe adverse drug reactions such
as apnoea.®™® Main advantages of intranasal drug
delivery are ease of administration, high patient
and provider satisfaction, expected rapid onset
of action, the avoidance of gastrointestinal and
hepatic first-pass effects and ease of use in patients
with nausea and vomiting."'™" Although nalbu-
phine has been approved more than 20 years ago,
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pharmacokinetic (PK) data on the drug remain limited, especially
in children.*'21*71® The drug is mainly hepatically metabolised
involving several phase I and phase II pathways.'” As a drug with
high hepatic extraction, substantial and variable first-pass metab-
olism limits its oral use.' > ©* Half-life in adults is 2.5-3 hours'
and similar in children.®” There are few publications describing
intranasal nalbuphine administration, but PK data for the intra-
nasal route of administration are completely lacking.'® "’

The primary objective of this study was to assess PK of nalbu-
phine in infants 1-3 months of age after single intravenous
(0.05 mg/kg) and intranasal (0.1 mg/kg) application, respectively.
The used intravenous dosing differs from the above-discussed
licensed dosing because the Swiss medical authority did not
approve to study 0.1 mg/kg intravenously and 0.2 mg/kg intrana-
sally in infants <3 months due to safety concerns.

The secondary objective of the study was to assess tolera-
bility of intranasal application, pain control and safety after
single intravenous (0.05mg/kg) and intranasal (0.1 mg/kg)
administration.

METHODS

Trial design and participants

We performed a prospective, single centre, open-label PK study,
conducted in the interdisciplinary emergency department of the
University Children’s Hospital Zurich between 2017 and 2018.
Infants aged 29 days—3 months with minimum body weight
of 3.0kg and fever without a source requiring a partial or full
sepsis work-up according to our clinical practice guideline were
eligible.?’ In febrile infants older than 3 months, the decision of
diagnostic and painful procedures is based on the clinical condi-
tion of the patient and may show a big variety. Therefore, to ease
inclusion criteria, we decided to include infants up to 3 months
undergoing the same diagnostic and interventional procedures
according to our clinical practice guideline. Main exclusion
criteria were premature birth, kidney or liver disease, chronic
illness, documented previous adverse reaction to nalbuphine,
treatment with other central nervous system depressants within
5 days prior to study, and epistaxis or nose trauma (only for the
intranasal application).

Interventions

Following informed consent of the parents, included patients
were alternately allocated to either 0.05mg/kg intravenous
(bolus) or 0.1 mg/kg intranasal nalbuphine (Nalbuphin OrPha,
20mg/ 2mL OrPha Swiss, Kuesnacht, Switzerland); alternation
could be switched to balance the number of patients in the two
groups. Intranasal dose was doubled compared with intrave-
nous because we expected nalbuphine intranasal bioavailability
between 50% and 80%, according to lipophilicity and molec-
ular weight.”' ** Using a 1 mL syringe, the corresponding volume
of 0.02-0.1 mL was withdrawn and administered. This volume
is well within the range of 0.025-0.20 mL considered suitable
for nasal drug delivery as associated with minimal outflow or
gastrointestinal absorption through mucociliary clearance.*!
In the intravenous administration group, painful interventions
for medical work-up were performed 5 min before nalbuphine
administration (venous access for blood sampling) and 20 and
35min after drug administration (urinary catheterisation and
lumbar puncture). A nasal device (Mucosal Atomization Device
300 Teleflex, USA) was used for intranasal administration. In the
intranasal administration group, venous access was performed
Smin after nalbuphine administration, urinary catheterisation
after 20 min and lumbar puncture after 30 min successively. Blood

samples with a minimum amount of 0.5 mL blood to measure
nalbuphine serum concentrations were obtained from placed
intravenous access in both groups 15, 30 and 120-180 min after
drug administration. The same intravenous access was used to
administer nalbuphine intravenously and to collect the blood
samples. Tolerability of drug administration was assessed by
the Neonatal Infant Pain Score (NIPS)* during intravenous
and intranasal nalbuphine administration. Pain control was also
assessed by NIPS during each intervention. As safety endpoints,
oxygen saturation, heart rate and, if feasible, blood pressure
were recorded at baseline and during nalbuphine administration,
venous access, PK sampling, urinary catheterisation and lumbar
puncture. Adverse events were recorded at any time.

Serum drug analysis

Nalbuphine serum levels were measured using liquid chroma-
tography coupled to tandem mass spectrometry. The lower limit
of quantification was 0.1 pg/L and the upper limit of quanti-
fication 2500 pg/L. Intraday and interday assay precision was
<8.15%and <5.3%, respectively.

PK analysis

Data were analysed by non-compartmental analysis (NCA). NCA
included only patients for whom all three serum concentration
measurements were available. Implausible high serum concentra-
tions were defined as >60 pg/L (corresponding to a theoretical
distribution volume of <0.83 L/kg, that is, much smaller than a
previously reported distribution volume of 3.62+1.77L/kg in
children 1.5-5 years)® or rising concentrations after intravenous
administration, were excluded from the analysis. Those values
were suspected to be related to protocol errors like missed line
flushing between drug administration and blood withdrawal in
the intravenous group, an accidental sample switch or a dose
calculation error.

Sample size calculation

Assuming an interindividual variability (coefficient of variation)
in the area under the concentration time curve (AUC()rmﬁnity) of
68%-78% in this age group,’ a sample size of 19 patients per
group (rounded up to 21 to account for possible drop-out) was
deemed necessary to demonstrate a significant mean AUC differ-
ence between the groups outside the 80%—125% interval, with
a power of at least 80% (t-test for mean difference, 5% signifi-
cance level).?

Non-compartmental analysis

NCA was conducted using package NonCompart in R (V.3.6.1,
R Core Team, 2019); for intranasal data, the initial concen-
tration at time=0min was set to 0 ug/L. Nalbuphine AUC
1. Was calculated according to the linear trapezoidal method
with linear interpolation; the last two decreasing concentra-
tions were assumed to reflect the terminal elimination phase.
Maximum measured serum concentration (C__) and time to
maximum concentration for intranasal (t ) were extracted for
each patient. AUC .. and % of AUC /AUC _ .. were only
calculated for the intravenous group, as a terminal elimination
phase could not be observed for all intranasal concentration
profiles. All variables were summarised by median and IQR,
and compared between groups by non-parametric Wilcoxon test
(instead of t-test used for sample size calculation above, due to
remaining non-normal distribution after log-transformation).
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Table 1  Characteristics of 31 patients included in non-compartmental analysis (NCA) (left) and of all 52 patients who received nalbuphine (right)
Analysis NCA, intravenous NCA, intranasal All, intravenous All, intranasal

Number of patients 1 20 26 26

Gender, male 7 (64%) 13 (65%) 16 (62%) 16 (62%)

Age (days) 42 (37-76) 55 (38-63) 56 (40-70) 55 (39-63)

Weight (kg) 4.7 (4.3-6.2) 5.0 (4.6-5.6) 5.0 (4.5-5.9) 5.0 (4.7-5.5)

Continuous variables are given as median (IQR), categorical variables as number (per cef

Tolerability of intranasal application and pain control

NIPS were categorised as no/mild (0-2), moderate (3—4) and
severe (>4) pain, and were summarised as number (%). Tolera-
bility was evaluated as number (%) with mild NIPS during drug
administration. Pain control was evaluated as number (%) of
patients with severe NIPS during interventions (establishment
of venous access, urinary catheterisation and lumbar puncture).

Safety (adverse events and vital signs)

Vital signs were collected at baseline and during each interven-
tion. Other reported adverse events were categorised as mild or
moderate (by the treating physician) or serious in case of death,
life-threatening events, associated (prolonged) hospitalisation,
disability or permanent damage, or required intervention to
prevent permanent impairment or damage. Each adverse event
was assessed for causality (unrelated or related to nalbuphine)
by the treating physician. Events were considered as unrelated
if the event started in no temporal relationship to nalbuphine
administration or if the event could be definitely explained by
underlying diseases or other conditions.

RESULTS

Data

A total of 54 patients were included in the study. Patient
characteristics are given in table 1. In 40 patients (19 intrave-
nous/21 intranasal), all three planned nalbuphine concentration
measurements were obtained. According to criteria specified
above, concentrations from nine study subjects (eight intrave-
nous/one intranasal) were excluded from the PK analyses: three
concentrations because of rising values after intravenous admin-
istration and six because of implausible concentrations. The
medical record of two patients (one intravenous/one intranasal)
revealed an accidental (10-fold) overdose. Therefore, a total
of 31 patients were eligible for primary PK analysis (figure 1).

nt).

A total of 52 patients received nalbuphine (26 intravenous/26
intranasal) and were available for tolerability, pain control and
safety analysis.

Pharmacokinetics

Serum concentration time profiles are shown in figure 2A,B.
Calculated NCA PK parameters are summarised in table 2.
No significant difference for AUC,, . could be found between
the intranasal and intravenous group (p=0.091), and the
median intranasal AUC , (7.6 pg/L/hour) was well within an
809%-125% interval of intravenous median AUC , (8.7 ug/L/
hour, 80%-125%interval=7.0-10.9 pg/L/hour). C__ and t__
were expectedly significantly different (p=0.014and p<0.001,
respectively).

Tolerability of intranasal application and pain control

52 patients received nalbuphine, 35 of them (14 intravenous/21
intranasal) were eligible for tolerability assessment due to avail-
able recorded NIPS during drug administration. Mild to no pain
was recorded in 71% during intravenous and 67% during intra-
nasal nalbuphine administration.

Out of 52 patients having received nalbuphine, recorded NIPS
were available for 40 patients (19 intravenous, 21 intranasal)
during placement of peripheral intravenous access, 42 patients
(22 intravenous, 20 intranasal) during urinary catheterisation
and 25 patients (11 intravenous, 14 intranasal) during lumbar
puncture. NIPS measurements are summarised in figure 3
(detailed numbers: see online supplemental table). Severe pain
was recorded in the intravenous (intranasal) study group during
insertion of peripheral intravenous access in 42% (62%), during
urinary catheterisation in 45% (50%) and during lumbar punc-
ture in 82% (57%) of study subjects, respectively.

n=!

Consent given

54

n=2
drop-out 3| reason:

- venous access impossible

nalbul
n=

Treatment with

phine
52

n=4
drop-out reason:

- loss of venous access

Patients with 3 concentration
measurement
n=40

!

I

L | grop-out intranasal
reason: oy

reason
FropouP’| implausible serum concentration

intravenous
n=19

!

]

Noncompartmental analysis
intranasal
n=20

Noncompartmental analysis
intravenous
n=11

Figure 1

Flow chart: Implausible serum concentrations were defined as implausible high serum concentrations (>60 pg/L, inclusive expected

accidental overdoses) or rising concentrations after intravenous administration.
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Figure 2 Illustration of (A) measured pharmacokinetic profiles with

outliers (open circles) from n=40 patients with all three concentration
measurements and (B) summary pharmacokinetic profile showing
median and IQR from n=31 patients included in non-compartmental
pharmacokinetic analysis.

Safety (adverse events and vital signs)

Oxygen saturation, heart rate and blood pressure are summarised
graphically measured in all 52 patients and as mean change
from baseline with 95% CI in online supplemental figure. No
measurement required medical intervention.

No serious adverse event was noted. Five mild adverse events,
which were assessed related to nalbuphine, were reported: two
patients vomited, one patient became pale and two patients
were sleepy and dizzy. None of these patients had implausible
high serum nalbuphine concentrations. The two patients with
documented accidental overdoses had mild to moderate adverse
events, which were classified as likely related to nalbuphine by
the treating physician. The patient in the intranasal study group
suffered bradycardia (6 hours after nalbuphine administration)
and self-limiting apnoea. The other patient (intravenous group)
slept for an unusually long time.

Table 2 NCA: pharmacokinetic parameters of nalbuphine after
0.05 mg/kg intravenously or 0.1 mg/kg intranasally

intravenous
Variable 0.05mg/kg Intranasal 0.1 mg/kg P value*
AUC,,.(HgxhourlL) 8.7 (8.0-18.6) 7.6 (5.4-10.4) 0.091
% of AUC, 1 85 (71-87) NA
T, (hours) 253(2.02-3.07)  2.38(2.16-2.85) 0.804
C..., (Mgl/l) 6.5 (5.3-15.9)t 4.5 (3.5-5.6) 0.014
t_ (min) 18 (17-19)t 37 (32-65) <0.001

‘max

All variables are given as median (IQR).

T, Was 2-3 hours after nalbuphine administration.

*Wilcoxon test.

1C,,, after intravenous dose=first measured concentration (planned at 15min post-
dose) therefore t _, intravenous~15min.

AUC, area under the concentration time curve; C,. maximum serum concentration;
NA, not available; NCA, non-compartmental analysis; t__, time to reach maximum

serum concentration.

DISCUSSION

This is the first study reporting clinical PK of intranasal nalbu-
phine in infants 1-3 months of age. We observed similar median
AUC, . during the first 2.5 hours under studied doses, suggesting
an intranasal bioavailability close to 50%. As expected, however,
measured median C__was lower following intranasal compared
with intravenous administration, with t_having occurred after
the 15 min sample only (median measured t___close to 40 min).
These different kinetic profiles may need to be considered for
optimal timing of interventions.

Intranasal administration was overall well tolerated by the
majority (67%) of patients recorded with mild to no pain
only (NIPS <3), despite the low pH of 3.0-4.2 of the nalbu-
phine solution (the optimum pH for intranasal application is
4.5-6.5).2"2*?7 Furthermore, we were able to show that nalbu-
phine exhibits a good safety profile. No serious adverse event
was noted despite two 10-fold overdoses, and generally only
few mild to moderate adverse events occurred, which were
still deemed related to nalbuphine. The delayed bradycardia
observed in one of the patients (noted 6hours after intranasal
nalbuphine overdose) might be related to possible partial intes-
tinal absorption, which is expected to be delayed during opioid
exposure due to inhibition of gastric emptying.*®

Given the relatively high proportion of patients with severe
pain during urinary catheterisation and lumbar puncture (range
across groups: 45%-82%), we hypothesise that dosages may
need to be increased in practice to usual doses corresponding to
0.1-0.2 mg/kg intravenously," compared with our studied doses
of 0.05 mg/kg intravenously and 0.1 mg/kg intranasally. A target
concentration under continuous infusion of 12 pg/L in children
>1 years has been proposed by Bressolle et al® for postopera-
tive pain treatment, and was achieved neither by our median
measured C__of 4.5 pg/L after intranasal administration nor by
our median concentration of 6.5 pg/L 15 min after intravenous
administration. A complementary population PK/pharmacody-
namic analysis of our study data predicts median C__ of 17.9
pg/L (IQR: 7.5-32.8) after the intravenous dose of 0.05 mg/
kg (at t=0hour), and supports usefulness of intravenous nalbu-
phine doses of 0.1-0.2mg/kg to exceed the proposed target
concentration of 12 pg/L for at least 30 min following drug
administration.”” Consistent with these findings, model-based
simulations suggest that the proportion of patients with severe
procedure-related pain at 30 min may be reduced from approx-
imately 40% (under 0.05 mg/kg intravenously) to <20% (under
0.1-0.2 mg/kg intravenously).”” A comparable achievement of
target concentrations and pain control after intranasal use would
be expected only at an intranasal dose of 0.4 mg/kg according to
model simulations.*

Our initial study doses of 0.1 mg/kg intravenous and 0.2 mg/
kg intranasal nalbuphine were not approved by the Swiss health
authority due to safety concerns in infants <3 months, although
the licensed intravenous dose was 0.1-0.2 mg/kg, without a spec-
ified age limit in Switzerland at that time*® (note: dose is limited
to children over 1.5 years old now'). The study was performed
at our high frequency emergency department (45 000 patients/
year) and therefore safety measures differ from intensive care
unit or anaesthesia department where continuous monitoring
and observation of the patient can be provided. Nalbuphine
was newly introduced for procedural pain management in this
setting. A ‘low-dose’ nalbuphine was therefore expected to be
better than current standard of care (glucose cotton swab, no
pain medication) and as such, a careful dosing approach was
ethically justifiable.
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Figure 3  Proportion of patients with NIPS classified as no/mild pain (NIPS <3), moderate (NIPS=3-4) or severe pain (NIPS >4), evaluated as
indicator of pain control during interventions (establishment of venous (intravenous) access shortly before (intravenous group) and shortly after
nalbuphine administration (intranasal group), respectively, urinary catheterisation and lumbar puncture) and as indicator or tolerance of nalbuphine
administration. Baseline: NIPS assessment in the time between informed consent and first intervention (intranasal nalbuphine administration or

venous access) plotted at time=-1h.

Limitations

In 40 patients of 52 (19 intravenous/21 intranasal), all three
planned nalbuphine concentration measurements were obtained.
In the remaining 12 patients, we did not achieve to obtain all
needed serum samples due to either loss of venous access or
no return of blood from intravenous line. In the protocol, we
decided not to insert another intravenous access or perform a
puncture for blood sampling just for study purposes. We excluded
a total of eight patients in the intravenous group from PK anal-
ysis due to implausible serum concentrations partly because
rising concentrations were observed, which may be explained
by accidental sample switch, and partly due to extremely high
concentrations. We assumed that the latter was mainly related
to the blood withdrawal, as blood samples were taken from the
same intravenous access that was used for nalbuphine adminis-
tration. If the nurse forgot to flush the intravenous access after
intravenous nalbuphine administration, part of the nalbuphine
dose may have entered the blood sample for serum concentra-
tion measurement, thus achieving an implausible high value.
Another point which may have introduced some inaccuracy in
dosing was the small drug volume (0.02-0.1 mL) administered.
Unfortunately, we had to exclude two patients (one intravenous/
one intranasal), due to an accidental (10-fold) overdose. The
NIPS measured in this study is an indicator for pain or distress
in infants aged less than 1year, and uses body language to help
us to understand if an infant is in pain. At this non-verbal age,
infants cannot tell us if they are in pain, so we can use this scale
only as a surrogate. It is possible that the NIPS was partly high
simply because the infant was hungry, did not like its positioning
or felt discomfort, for example, associated with intranasal drug
administration. Alternative scores have been advocated for pain
assessment in infants (eg, Neonatal Facial Coding System®'). In
this study, however, the NIPS was used because it is the standard
in our emergency department. As our complementary analysis
found associations between individual nalbuphine exposure
and pain response in terms of NIPS,”” we may conclude that
this score was still a suitable measure for pain assessment in our
study despite its limitations. NIPS was missing for 15%-58% of
the interventions, partly also because the planned intervention

was not performed. The lumbar puncture, in particular, was not
carried out in all cases (for example, for patients qualifying for
partial sepsis work-up). Due to lack of randomisation (use of
open alternate allocation procedure), some selection bias cannot
fully be excluded. Finally, we did not obtain concentration
measurements after 3 hours, limiting assessment of AUC, ..
after intranasal administration.

CONCLUSION

This is the first study reporting clinical PK after intranasal and
intravenous administration of nalbuphine in infants 1-3 months
of age. We observed similar exposure coverage following single
administration of 0.1mg/kg intranasal and 0.05 mg/kg intra-
venous nalbuphine, suggesting an intranasal bioavailability in
the order of 50%. Intranasal administration was safe and well
tolerated in 67% of patients. As such, intranasal dosing could be
a safe, non-invasive alternative approach to parenteral admin-
istration of nalbuphine in clinical practice, especially if estab-
lishing a venous access is not feasible or too time-consuming.
Intranasal dosing has the potential to reduce pain for paediatric
patients and stress for parents and medical staff. Additional
studies are warranted to investigate optimal dosing and timing
of interventions as C___is delayed by half an hour after intranasal
administration.
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