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1

Executive Summary

1.1

Introduction (and Clinical Rationale)

Infantile hemangiomas (IH) are benign vascular tumors of childhood, characterized by
endothelial cell proliferation. The lesions usually appear during the first 4 to 6 weeks of
life, grow within the first year of life, and then involute lasting up to 5 to 10 years. Basic
fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF) are
involved during the growth phase, and markers of apoptosis are increased during the
involution phase. Large hemangioma, hemangiomas of perineal and facial locations,
and segmental hemangioma are more likely to develop complications (e.g. ulceration,
airway obstruction, ophthalmologic problems, cardiac defects) with a much greater need
for systemic treatment (1).
Propranolol, a non-selective, competitive beta-adrenergic blocking agent, is a wellknown substance for which capsule and tablet formulations have been approved for use
in adults for more than 40 years. Current indications of propranolol include
hypertension, angina pectoris due to coronary atherosclerosis, atrial fibrillation,
myocardial infarction, migraine, essential tremor, hypertrophic subaortic stenosis, and
pheochromocytoma. A propranolol oral solution (Syprol®) was registered in the United
Kingdom for the use in adults and children in 2000. Léauté-Labrèze et al. described
their serendipitous observation of effective IH suppression with propranolol in 2008 (2).
Vasoconstriction, inhibition of angiogenesis, and induction of apoptosis may be the
mechanisms of propranolol’s anti-proliferative effect on IH (2-8). Following the
demonstration of successful IH treatment with propranolol from clinical case reports,
pediatric oral liquid formulation of propranolol (V0400SB) has been developed for the
treatment of proliferating IH requiring systemic therapy initiated in infants of 5 weeks to
5 months old.
1.2

Brief Discussion of Nonclinical Findings

One nonclinical study using the oral route was performed in juvenile SD rats to evaluate
the potential toxic effects of propranolol on development. Male and female pups were
daily administrated oral propranolol at 0, 10, 20, and 40 mg/kg from post-natal day 4
(PND 4) to PND 21.
Of the 5 deaths, two (one sacrificed male and one cannibalized female) in the 40
mg/kg/day groups cannot be excluded as being a test item-related. Reversible lower
body weight and/or lower body weight gain were observed in males and/or females at
20 and/or 40 mg/kg/day propranolol. Higher incidence and degree of germinal centers in
mandibular and mesenteric lymph nodes were noted in males and females at 40
mg/kg/day group (the only dose level checked) at the end of treatment in Subset I
animals, dose-dependent increases (up to ~40%) in white blood cells, lymphocytes and
large unstained cells, and basophils in both sexes (statistically significant mostly at 20
and 40 mg/kg/day) at 10 weeks post-treatment in Subset II animals. There were also
5
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reversible abnormalities (lower urine volume at 20 and 40 mg/kg/day associated with
higher incidences of minimal renal cysts, dilation of kidney pelvis/tubule at 40
mg/kg/day, the only dose level checked) in both sexes. Thus, a No Observed Adverse
Effect Level (NOAEL) for general toxicity was estimated to be 10 mg/kg/day (mean
AUC0-24 h = 50-237 ng.h/mL).
In terms of neurologic developmental toxicity, two out of 10 males at 40 mg/kg/day
propranolol showed hypoactivity, and there was a dose-related increase in incidence of
delayed air righting reflex (p<0.05 for males at 40 mg/kg/day). The NOAEL was
estimated to be 20 mg/kg/day (mean AUC0-24 h = 221-261 ng.h/mL).
There were no findings regarding reproductive parameters and reproductive
development; the NOAEL was considered to be 40 mg/kg/day (mean AUC0-24h =
1051-2516 ng.h/mL).
Cardiovascular biomarkers were either negative or under detectable limits. However,
these markers are not sensitive parameters for cardiovascular functional changes.
Thus, propranolol-affected organs/systems in juvenile rats were identified to be
neuromuscular development, kidney, and lymphatic system.
1.3
1.3.1

Recommendations
Approvability

Approvable
1.3.2

Additional Non Clinical Recommendations

None
1.3.3

Labeling

Findings in the rat juvenile study were ignored from the label. Some information in
section 13 is not exactly the same as for the reference drug INDERAL. Revised wording
[additions in bold; deletions in strikeout] are recommended in the following boxes:
8.1

Pregnancy
(b) (4)

is not intended to be prescribed to pregnant women [see Indications and

Usage (1)]
Pregnancy Category C
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2

Drug Information

2.1

Drug

CAS Registry Number (Optional):

318-98-9

Generic Name:

Propranolol hydrochloride

Code Name:

V0400

Chemical Name:
2-Propranolol, 1-[(1-methylethyl)amino]-3-(1-naphthalenyloxy)-, hydrochloride, (±)-;
(±)-1-(Isopropylamino)-3-(1-naphthyloxy)-2-propranolol hydrochloride
Molecular Formula/Molecular Weight:

C16H21NO2 HCl / 295.8

Structure or Biochemical Description:

Pharmacologic Class:
2.2

Beta-adrenergic blocker

Relevant INDs, NDAs, BLAs and DMFs
IND 104390, NDA 016418

2.3

Drug Formulation

Oral solution containing 3.75 mg/mL of propranolol; Composition -
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Regulatory Background
(b) (4)

was granted an orphan designation by the FDA on September 05, 2008
(#08-667). Clinical development of this drug was carried out under IND 104,390 (submit
date 7/1/09). Pre-NDA meeting was held on 4/26/12, and the agency suggested the
sponsor determine potential effects of propranolol on post-natal growth and
development including some functional assessment of cardiac development. On
6/28/2012, the agency agreed with the sponsor’s response that the juvenile study in rats
would omit functional cardiac assessments due to technical and logistical reasons, and
provided an alternative to the previously suggested methods (echo or isolated perfused
heart) by considering the addition of serum cardiac biomarkers such as natriuretic
peptides ANP and BNP as indicators of left ventricular dysfunction, and cardiac troponin
as a measure of myocardial necrosis.
3

Studies Not Reviewed

Study No. 12-338, Validation of a LC-MS/MS analytical method for propranolol assay in
lithium heparinized juvenile Sprague-Dawley rat plasma
3.1

Previous Reviews Referenced
None

4

Pharmacology

Propranolol has equal affinity for β1 and β2 adrenergic receptors. It belongs to the class
of non-selective β adrenergic receptor blocking agents. Propranolol competitively blocks
the action of epinephrine on both β1- and β2-adrenergic receptors, is a pure antagonist,
and has no capacity to activate receptors (no intrinsic sympathomimetic activity) (9, 10).
Propranolol increases norepinephrine concentration in the synapse probably via
inhibiting norepinephrine transporter (re-uptake) and/or stimulating norepinephrine
release (11). Since propranolol only blocks β adrenergic receptors, the increase in
synaptic norepinephrine results in α-adrenergic activation, with the α1-adrenoceptor
activation (e.g., vasoconstriction) being particularly important (9, 10).
Propranolol has an ability to block cardiac, neuronal, and skeletal muscle voltage-gated
sodium channels, accounting for its local anesthetic or membrane-stabilizing effects and
other central nervous system effects. These effects of propranolol are independent of β
blockade (10, 12, and 13).
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β1 and β2 adrenergic receptors are broadly involved in physiological and pathological
pathways. Blockade of β adrenergic receptors with propranolol decreases cardiac
output, heart rate, cardiac oxygen consumption, kidney renin release, tonic sympathetic
nerve outflow, and blood pressure; prevents the appearance of certain premonitory
signs and symptoms (pulse rate and pressure changes) of acute hypoglycemia and may
be associated with hypoglycemia; and has the potential to provoke a bronchial
asthmatic attack (9, 10). Propranolol is highly lipophilic and almost completely absorbed
after oral administration with high first-pass metabolism (9, 10). Currently, the nonselective β adrenergic receptor antagonist propranolol has been approved for the
treatment of hypertension, angina pectoris due to coronary atherosclerosis, atrial
fibrillation, myocardial infarction, migraine, essential tremor, hypertrophic subaortic
stenosis, and pheochromocytoma (14).
In June 2008, Léauté-Labrèze C et al. published their serendipitous observation of
propranolol effectively suppressing severe infantile hemangiomas (2). Infantile
hemangiomas (IH) have the nature of growth phase (age 1+ - 12 months) and
involution phase (ages 1- 6~11 years) (1-3). According to the literature information (2-8,
15-18), early, intermediate, and long-term effects of propranolol on IH can be attributed
to three different molecular mechanisms: early vasoconstriction (within 1–3 days after
start of therapy) due to decreased release of nitric oxide; intermediate inhibitory effects
on angiogenesis due to the blocking of proangiogenic signals (vascular endothelial
growth factor, basic fibroblast growth factor, matrix metalloproteinase 2 ⁄9); and longterm apoptotic effects on proliferating endothelial cells. The three mechanisms of
propranolol action on IH are summarized below.
Vasoconstriction
Various endogenous and exogenous factors affect the vascular tone. Among those, the
autonomic nervous system and epinephrine from the adrenal grand play a key role in
the control of vascular tone. Epinephrine can cause vasoconstriction by activating α1receptors as well as vasodilatation via activating β2-receptors (9, 10). Propranolol
blocks β-receptors without α-antagonistic effects, abolishes the epinephrine-mediated
(via acting β2-receptors) vasodilation, thus leading to a net effect of vasoconstriction. At
the molecular level, blockade of β2-receptors suppresses the cyclic adenosine
monophosphate (cAMP)-protein kinase A (PKA)-nitric oxide signal pathway (2, 3, and
10). In hemangiomas, the propranolol-mediated vasoconstriction of supplying capillaries
reduces blood flow within the hemangioma, slowing/halting IH growth which is
associated with a visible change in color and a palpable softening of the hemangioma
within 1–3 days after the onset of propranolol therapy (2, 3).
Inhibition of angiogenesis
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In the proliferative phase of IH, expression of proangiogenic factors, in particular
vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF),
have been shown to be increased in various cell types including endothelial cells (socalled hemangioma-derived endothelial cells, HemECs), pericytes, and connective
tissue cells (2-6). Serum levels of VEGF were elevated in infants during the proliferative
phase of IH (15, 16). Conversely, expression of VEGF and bFGF was significantly
reduced during the involution phase as well as in completely regressed hemangiomas
(involuted phase) (2, 3). Tissue inhibitor of metalloproteinases (TIMP), an inhibitor of
angiogenesis, was expressed only during the involution phase (2, 3). Perinatal
hypoxemia, an important etiological factor in IH, led to increased expression of VEGF
via increasing the transcription factor hypoxia-inducible factor (HIF)-1α (2, 3, 7).
Epinephrine and norepinephrine can also induce the expression of VEGF and proteases
necessary for reorganization of the extracellular matrix (e.g. matrix metalloproteinases,
MMP-2 and MMP-9) (3, 17). In turn, HIF-1α/VEGF/MMPs leads to activation of
proangiogenic cascades (ERK ⁄MAPK cascade) thereby promoting angiogenesis (3).
Beta blockers, like propranolol, lead to a reduced expression of VEGF, HIF-1α, MMP-2,
and MMP-9 in the proliferative phase of hemangiomas, and thus. inhibit angiogenesis
via reducing endothelial cell growth, migration, and tubulogenesis (2-7, 15-17).
Induction of apoptosis
The apoptotic rate in IH was low during the proliferative phase, and increased by about
5 fold during the involution phase, which was associated with decreased expression of
B-cell lymphoma 2 (bcl-2), an apoptosis-inhibiting protein (3, 18). The apoptotic cells
were of endothelial origin (3). Propranolol induced apoptosis of different cell types
including endothelial cells in vitro probably via β2–receptor blockade (3, 8). Induction of
apoptosis thus represents another possible mechanism of action of propranolol in the
treatment of IH (2, 3, and 8).
5

Special Toxicology Studies

5.1

Study title - Toxicity study by oral route (gavage) in juvenile rats

Conducting laboratory and location:
Study number(s): 39331 RSR
Date of study initiation: July 12, 2012
Drug, lot/batch number, purity: Propranolol, 0116.PRRII, 99.7% by HPLC
GLP compliance: Yes
QA statement: Yes
Key Study Findings
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There were a total of 5 premature deaths - 1 female at 10 mg/kg/day propranolol, and 3
males and 1 female at 40 mg/kg/day. One male (sacrificed) and one female
(cannibalized) out of the four deaths in the 40 mg/kg/day groups cannot be excluded as
being due to test item-related effects.
During the treatment-period, body weight and/or body weight gain were significantly
lower in males and/or females at 20 and/or 40 mg/kg/day groups when compared to
controls. The decreases in body weight were not present at the end of the treatment
free-period.
Two out of 10 males from the 40 mg/kg/day group showed hypoactivity on study days
40, 42 or 43. There was a dose-related increase in incidence of delayed air righting
reflex (by PND17, p<0.05 for males at 40 mg/kg/day).
Hematology data at the end of treatment were not interpretable due to insufficient
animal numbers. By the end of the treatment-free period (before mating) in Subset II
animals, there were dose-dependent increases (up to 40%) in white blood cells,
lymphocytes and large unstained cells, and basophils in both sexes, which were
statistically significant mostly at 20 and 40 mg/kg/day. Histologically, higher incidence
and degree of germinal centers in mandibular and mesenteric lymph nodes were noted
in males and females at 40 mg/kg/day group (the only dose level checked) at the end of
treatment in Subset I animals. Histological examination was not performed in Subset II
animals.
At the end of the treatment period, lower urine volume in males at 40 mg/kg/day and in
females at 20 and 40 mg/kg/day was noted, which was associated with higher
incidences of minimal renal cysts, and dilation of kidney pelvis/tubule in both sexes at
40 mg/kg/day (the only dose level checked). By the end of treatment-free period, there
were no abnormalities in urinalysis, but histological examination was not performed.
In terms of general toxicity, a No Observed Adverse Effect Level (NOAEL) was
estimated to be 10 mg/kg/day (mean AUC0-24 h = 50-237 ng.h/mL) based on: (1)
premature death at 40 mg/kg/day, and (2) lower body weight, lower urine volume
associated with higher incidences of minimal renal cysts, dilation of kidney pelvis/tubule,
and higher counts of white blood cells, lymphocytes and large unstained cells, and
basophils associated with higher incidence and extent of germinal center in mandibular
and mesenteric lymph nodes doses at 20 and 40 mg/kg/day.
In terms of neurologic developmental toxicity, the NOAEL was estimated to be 20
mg/kg/day (mean AUC0-24 h = 221-261 ng.h/mL) based on hypoactivity and delayed air
righting reflex at 40 mg/kg/day.
In terms of reproductive developmental toxicity, the NOAEL was considered to be 40
mg/kg/day (mean AUC0-24h = 1051-2516 ng.h/mL).
Purpose
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The purpose of this study (No. 39331 RSR) was to evaluate the potential toxic effects of
propranolol on the development of juvenile rats, following daily oral administration from
post-natal day 4 (PND 4) to PND 21. The study was intended to cover the period of
development corresponding to human infancy, childhood and adolescence.
Methods
One hundred and five mated female Sprague-Dawley rats (pregnancy day 13 or 15)
(b) (4)
from
, were received . 32 mated females were used to provide 256 principal juvenile rats (128 pups/sex)
. 48 mated females were used to provide 288 satellite juvenile rats (144 pups/sex)
. the remaining 25 mated females were used to supplement litters in cases of
insufficient pups
Principal study animals (male and female pups within the closest weight range) were
orally gavaged (once daily) with propranolol at 10, 20, 40 mg/kg/day, or vehicle (drinking
water, 2 ml/kg/day) from PND 4 to PND 21. Propranolol dose levels in the current study
were based on published studies. In a study in suckling rats of 4 days old, propranolol
was given once daily by oral gavage from PND 4 to PND 15 (for 12 days) at 25, 50, and
75 mg/kg/day. A higher rate of mortality occurred at 75 mg/kg/day propranolol. At 50
mg/kg/day, rats showed a dose-related and statistically significantly lower body weight
and length, and 10% less brain weight than controls at day 16. No significant effect on
growth was noted at 25 mg/kg/day (19). In adult rats, oral administration of propranolol
at 7.5 and 15 mg/kg/day for 60 days led to significant, but reversible effects on sperm
motility and morphology, testosterone plasma levels, and histology of male reproductive
organs (20). In the current study, the high-dose (40 mg/kg/day) was expected to
produce toxic effects when given for at least 3 weeks, but without mortality; the lowdose (10 mg/kg/day) was expected to be a No Observable Adverse Effect Level
(NOAEL); and the mid-dose 20 mg/kg/day corresponds to the human equivalent doselevel of 3.3 mg/kg.
These pups were allocated to either study Subset I or Subset II –
Subset I: 16 male and 16 female pups per group (four male and four female pups per
litter times 4 litters) were dosed from PND 4 to PND 21. During the dosing period,
developmental tests were conducted. On completion of dosing, the animals were
sacrificed and tissues were retained for histopathological examination.
Subset II: 16 male and 16 female pups per group (four male and four female pups per
litter @ 4 litters) were dosed from PND 4 to PND 21. During PND 42-56, tests for
developmental landmarks and neurologic development were conducted. At
approximately 13 weeks of age, the animals were paired to assess reproductive
performance. Females were sacrificed on day 15 post-coitum with males being
sacrificed following review of female data.
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Detailed observations and examinations are listed in Table 1. Parameters for
hematology, blood biochemistry, cardiac biomarkers, and urinalysis are listed in Table
2, Table 3, and Table 4. Before sacrifice, males in Subset II were deeply anesthetized,
and assessed for epididymis and testis weights. Epididymal sperm count, motility, and
morphology, and testicular sperm head count were determined.
After sacrifice, macroscopic post-mortem examination was performed and organ
weights were determined for all animals. Females in Subset II were subjected to
hysterectomy. The weight of the gravid uterus was recorded for each pregnant female
(with at least one live fetus). The ovaries and uterus of these females were examined
for number of corpora lutea, number and distribution of dead and live embryos, number
and distribution of early and late resorptions, and number and distribution of
implantation sites.
Tissues/organs from both Subset I and Subset II animals (listed in Table 5) were
preserved and histological processed. A microscopic examination was performed on all
tissues (listed in Table 5) from Subset I animals of the control and high-dose groups
sacrificed at the end of the treatment period, and all macroscopic lesions. Peer review
was performed for at least 20% of the histological slides from the control and high-dose
(b) (4)
groups by
, DVM.
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Table 1. Observations and schedules
Observations
Subset I Subset II
Clinical signs and mortality were checked at least once daily.
√
√
The body weight was recorded on the first day of treatment and then twice weekly.
Females were also weighed on days 0, 4, 7, 11 and 15 post-coitum.
√
√
Food consumption was recorded twice weekly from weaning until pairing for mating
and then during gestation (intervals days 0-4, 4-7, 7-11 and 11-15 post-coitum).
√
Ophthalmological examinations were performed at the end of the treatment period.
√
√
The long bone growth (the distance between the hock and the heel, i.e., the length
of the tibia) was measured for the first 10 animals/sex/group, every other day
during lactation after the start of dosing (from PND 6) and then weekly from
weaning until 6 weeks of age.
√
Development pre-weaning: Recorded the number of pups in each group exhibiting
cliff avoidance on PND 11, tooth eruption on PND 13, eyes open daily starting on
PND 15 until present in all pups, auditory canal opening on PND 17, and air
righting on PND 17.
√
√
Functional Observation Battery - The first 10 animals/sex/group were observed
once at 6 weeks old for "touch escape" or ease of removal from the cage, fur
appearance, salivation, lacrimation, piloerection, exophthalmia, reactivity to
handling, pupil size (presence of myosis or mydriasis), grooming, palpebral
closure, defecation, and urination counts, tremors, twitches, convulsions, gait,
arousal (hypo- and hyper-activity), posture, stereotypic behaviour and breathing,
ataxia, hypotonia, pupil reflex, auditory startle reflex, forelimb grip stength, and
visual stimulus.
Motor activity - The first 10 animals/sex/group were recorded at 6 weeks old for
movements within the front of the cage, movements within the back of the cage,
back and forth movements, and vertical movements.
Learning and memory - water multiple (3T) T-maze test at 7 or 8 weeks of age, ~1
week separation between the learning phase and the memory phase. Recording
parameters included result of the test (positive or negative), time for positive test,
and number of wrong directions.
Reproductive development - All males were observed each day, from PND 38 until
positive, for preputial separation; all females were observed each day, from PND 28
until positive, for vaginal opening. Median times to preputial separation or vaginal
opening were calculated. The body weight was recorded on the day of preputial
separation or vaginal opening.
Blood samples were collected for hematology, blood biochemistry, and cardiac
enzymes after 14 hours fast during the last week of the treatment period from
Subset I animals, and prior to mating from Subset II animals.
Urine samples were collected overnight prior to blood sampling for urinalysis.
ASSESSMENT OF FERTILITY - Mating trials were performed when the animals
were approximately 13 weeks old; Monitoring of estrous cycle and the presence of
sperm were determined from a fresh vaginal lavage each morning after vaginal
opening until the females are mated.
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Table 2. Parameters for hematology

Table 3. Plasma chemistry parameters and cardiac biomarkers

Table 4. Parameters for urinalysis
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Table 5. List of organs/tissues (from the application)
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For satellite groups, 45 male and 45 female satellite pups per test item group (3 male
and 3 female pups per litter times 15 litters) were dosed for toxicokinetic assessment.
Nine male and 9 female satellite pups (3 male and 3 female pups per litter times 3
litters) served as vehicle control group. Blood samples were collected at certain days
and time points as illustrated in Table 6. The bioanalysis and toxicokinetic evaluation of
(b) (4)
propranolol in plasma samples were performed by the Test Site
: ADME
Bioanalyses, using a validated LC-MS/MS method. Toxicokinetic parameters calculated
at PND 4 and PND 21 included Cmax (ng/mL), Tmax (h), AUC0-t (ng.h/mL). Animals
were sacrificed at the end of sampling without further examination.
Table 6. Schedule for blood sampling to toxicokinetics

The test item concentrations in the dose formulations for the first and last days of
treatment were determined, and confirmed to be within an acceptable range of variation
when compared with the nominal values.
Results
Clinical examination
There were a total of 5 premature deaths (Table 7). Two out of four deaths in the 40
mg/kg/day groups (animals Y27505 and Y27898) cannot be excluded from test itemrelated effects. There were no test item-related clinical signs.
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Table 7. Premature deaths and other relevant findings (M=male, F=female)
Study
Main
Subset I

Main
Subset II

Propranolol
N (M + F)
Control
16 x 2
10 mg/kg/day 16 x 2
20 mg/kg/day 16 x 2
40 mg/kg/day 16 x 2
Control
16 x 2
10 mg/kg/day

16 x 2

20 mg/kg/day

16 x 2

40 mg/kg/day

16 x 2

Control
10 mg/kg/day
20 mg/kg/day

9x 2
45 x 2
45 x 2

40 mg/kg/day

45 x 2

Satellite

Death
None
None
None
None
None
One. Female pup Y27709 was found dead on
study day 4 (PND7): had abscess (micro-ship
insert) from study day 3 (PND6) and had a
thin appearance on study day 4 (PND7).
None
Two. Male pup Y27500 was sacrificed on
study day 10 (PND13): was cold to the touch
from PND12 and had thin appearance,
hypoactivity and abdominal breathing on
PND13 (a gavage error was suspected). Male
pup Y27505 was sacrificed on study day 4
(PND7): had thin appearance and was
dehydrated and cold to the touch on PND7.
None
None
None
Two. Male pup Y27539 was sacrificed on
study day 6 (PND9): had a hindlimb with
abnormal color (blackish) which was
considered to be necrosis and due to
tattooing. Female pup Y27898 was found
cannibalized on study day 4 (PND7).

Body weight and body weight change
•

During the treatment-period and in males only, mean body weight in the 40
mg/kg/day group was significantly lower than controls (Table 8). At 40 mg/kg/day,
body weight gain during the treatment was significantly less in both sexes (Table 8).
At the end of the treatment free-period, differences in mean body weight and body
weight gain among groups were not toxicologically significant (Table 8).
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Table 8. Mean body weight (g) and body weight gain (g) in principal animals (modified
from the application)

•

During the pregnancy period, mean body weight and body weight gain in the 20
and/or 10 mg/kg/day groups were statistically significantly higher than controls
(Table 9). These differences were not dose-dependent, and were not likely
toxicologically significant.

22
Reference ID: 3353592

NDA205410

Baichun Yang

Table 9. Mean body weight (g) and body weight gain (g) in principal females during
pregnancy period (from the application)

•

In satellites animals, mean body weight during treatment was significantly lower
in both sexes at 20 and 40 mg/kg/day (Table 10).

Table 10. Mean body weight of satellites animals during treatment (from the application)

Food consumption (Subset II)
Mean food consumptions in females during the pregnancy period were slightly higher at
10 and 20 mg/kg/day (Table 11), which was consistent with body weight gain in this set
of animals. The slightly higher food consumption was not dose-dependent, and was
unlikely of toxicologically significance.
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Table 11. Mean food consumptions (g/day) in females during the pregnancy period

Long bone growth (Subset II)
When compared with controls, there were no differences in the mean tibia lengths at
any of the dose levels.
Development landmark, neurologic and reproductive development
Among pre-weaning development landmarks, functional observation battery, motor
activity, learning and memory, and reproductive development parameters, there were
two treatment-related findings •

2/10 male rats from the 40 mg/kg/day group showed hypoactivity on study days 40,
42 or 43. The sponsor excluded this finding, arguing no similar finding in females
with higher plasma propranolol exposure. However, there were no systemic
differences in plasma propranolol exposures between males and females. At
propranolol 40 mg/kg/day, plasma propranolol Cmax was higher in females than
males on day 1, but was lower in females than males on day 18; and the plasma
propranolol AUCs were slightly lower in females than males on days 1 and 18.

•

1/32, 3/32, 4/32 and 8/31male pups, and 1/31, 2/31, 3/32 and 5/32 female pups in
control, 10, 20, and 40 mg/kg/day groups, respectively, did not achieve air righting
by PND 17, when compared with control, p<0.05 for males at 40 mg/kg/day. The
sponsor considered this finding to be not toxicologically significant, arguing no
finding in functional observation battery. There is an incorrect conclusion since 2/10
males from the 40 mg/kg/day group showed hypoactivity on study days 40, 42 or 43.

Ophthalmology (Subsets I and II)
There were no test item treatment-related findings.
Laboratory investigations
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Blood biochemistry and hematology: Due to missing samples (not collected or
coagulated), there were only 1-4 samples in each group for hematology at the end of
treatment. Data for this part of Subset I animals are not interpretable. By the end of the
treatment-free period (before mating) in Subset II animals, there were dose-dependent
increases (up to ~40%) in white blood cells, lymphocytes and large unstained cells, and
basophils in both sexes, which were statistically significant mostly at 20 and 40
mg/kg/day (Table 12). At the end of treatment, several plasma biochemistry parameters
in the treated groups were statistically significantly different from controls (Table 13).
These differences were either minimal, within the ranges of historical controls or
physiological variations, not in both sexes, and/or not in the end of drug-free period.
Therefore, the differences in plasma biochemistry parameters among groups were
unlikely test item-related effects.
Table 12. Findings in hematology (n=11 – 16 /group, modified from the application)
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Table 13. Findings in plasma biochemistry

Cardiac biomarkers: At the end of treatment, plasma ANP levels were similar among all
groups (Table 14). Plasma BNP-32 levels were lower than the limit of quantification
(0.031 ng/mL) in most of the sample, especially in the high dose group. Plasma C-Tn I
level was lower than limit of quantification 0.156 ng/mL in all samples.
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Table 14. Plasma ANP levels at the end of propranolol treatment (ng/ml)

mean
SD
n

Control
Males Females
0.423
0.581
0.194
0.316
8
8

10 mg/kg/day
Males Females
0.625
0.614
0.189
0.362
8
8

20 mg/kg/day
Males Females
0.499
0.649
0.245
0.243
8
7

40 mg/kg/day
Males Females
0.553
0.370
0.157
0.304
7
8

Urinalysis: The only finding of note was lower urine volume at the end of the treatment
period in males at 40 mg/kg/day (1 vs. 3 mL in control, p<0.01) and in females at 20 and
40 mg/kg/day (2 and 1 mL vs. 3 mL in control, p<0.05 and p<0.01, respectively). The
finding was not present at the end of the treatment-free period.
Mating and fertility assessment
There were no treatment-related findings with respect to mating and estrous cycle.
Reproductive assessment at necropsy
Some parameters at hysterectomy were higher than controls (Table 15). Providing no
dose-dependent manner or within historical control ranges, these differences were not
considered to be treatment-related. There were no treatment-related seminology
findings.
Table 15. Observations at hysterectomy (modified from the application)

Pathology
There were no macroscopic findings attributable to the test item in both Subset I (end of
treatment) or Subset II (end of drug-free) animals.
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Compared with controls, spleen weights were lower in males at 40 mg/kg/day and in
females at all dose-levels in a dose-related manner at the end of treatment (Table 16).
The lower spleen weights correlated with a microscopic finding of less hematopoiesis at
the high-dose group (the only treatment group examined) (Table 17). At the end of
treatment, the extent of liver hematopoiesis was less in both sexes at 40 mg/kg/day
(Table 17), which was associated with slightly lower liver weight in males at 40
mg/kg/day (Table 16). By end of the drug-free period (Subset II), spleen and liver
weights were similar among groups (microscopic examination was not performed).
Providing the limited extent of liver and spleen findings and normal hematology and
bone marrow histology, these findings in spleen and liver may indicate a slightly earlier
switch of spleen/liver hematopoiesis to bone marrow hematopoiesis, but can be
considered to be of no toxicological significance.
There were slightly lower weights of testes and thyroid gland in the 40 mg/kg/day male
groups than controls at the end of treatment (Table 16). These findings were not
present at the end of drug-free period, and not associated with microscopic
abnormalities. Thus, they were not of toxicological significance.
In males and females given the test item at 40 mg/kg/day, higher incidences of minimal
renal cysts, dilation of kidney pelvis/tubule were noted when compared to controls at the
end of treatment (Table 17).
At the end of treatment, higher incidences and extent of germinal centers in mandibular
and mesenteric lymph nodes were noted in males and females at 40 mg/kg/day group
(Table 17).
Other macroscopic and microscopic findings noted in treated animals were considered
incidental changes, as they also occurred in controls, were of low incidence, had no
dose-relationship in incidence or severity, and/or are common background findings for
the Sprague-Dawley rat.
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Table 16. Findings in organ weight at the end of treatment (Subset I)
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Table 17. Microscopic findings at the end of treatment (Subset I)

Groups 10 and 20 mg/kg/day were not examined.

Toxicokinetics
Following propranolol administrations (once on PND 4 and after a 18-day repeated oral
administration from PND 4 to 21), systemic exposures to propranolol (Cmax and AUC)
increased with increasing dose, but the increases were not dose proportional, and
decreased after repeated administrations from day 1 to day 18 (no accumulation)
(Figure 1, Figure 2, and Table 18). No substantial gender effect on propranolol
exposure was observed at either Day 1 or Day 18. (Figure 1, Figure 2, and Table 18).
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Figure 1. Mean plasma propranolol concentration (modified from the application)

Figure 2. Propranolol plasma AUCt and Cmax vs dose level (modified from the
application)
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Table 18. Summary of Cmax, Tmax, and AUCt (from the application)

6

Integrated Summary and Safety Evaluation

Propranolol is a non-selective, competitive beta-adrenergic blocking agent, and is a
well-known substance for which capsule, tablet, and solution formulations were
approved for indications including hypertension, angina pectoris due to coronary
atherosclerosis, atrial fibrillation, myocardial infarction, migraine, essential tremor,
hypertrophic subaortic stenosis, and pheochromocytoma. A pediatric oral liquid
formulation of propranolol (V0400SB) is being developed for the treatment of
proliferating IH requiring systemic therapy. Propranolol therapy will be initiated in infants
(b) (4)
of 5 weeks to 5 months old. The proposed dose is
administered orally twice
daily (at least 9 hours apart) with food.
Léauté-Labrèze C et al. (2008) published their serendipitous observation of propranolol
effectively suppressing severe hemangiomas of infancy (2). According to the literature
information (2-8, 15-18), early, intermediate, and long-term effects of propranolol on IH
can be attributed to three different molecular mechanisms: early vasoconstriction (within
1–3 days after start of therapy) due to decreased release of nitric oxide; intermediate
inhibitory effects on angiogenesis due to the blocking of proangiogenic signals (vascular
endothelial growth factor, basic fibroblast growth factor, matrix metalloproteinase 2 ⁄9);
and long-term apoptotic effects of in proliferating endothelial cells.
One nonclinical study with the oral route was performed in juvenile SD rats to evaluate
the potential toxic effects of propranolol on development. Male and female pups were
orally administrated propranolol at 0, 10, 20, and 40 mg/kg/day from post-natal day 4
(PND 4) to PND 21. Findings included the following •

There were a total of 5 premature deaths - 1 female at 10 mg/kg/day, 3 males and 1
female at 40 mg/kg/day. One male (sacrificed) and one female (cannibalized) out of
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the four deaths in the 40 mg/kg/day groups cannot be excluded as being due to a
test item-related effect.
•

During the treatment-period, body weight and/or body weight gain were significantly
lower in males and/or females at 20 and/or 40 mg/kg/day groups than controls. This
finding was not present at the end of the treatment free-period.

•

Two out of 10 males from the 40 mg/kg/day group showed hypoactivity on study
days 40, 42 or 43. There was a dose-related increase in incidence of delayed air
righting reflex (by PND 17, p<0.05 for males at 40 mg/kg/day).

•

Hematology data at the end of treatment were not interpretable due to insufficient
animal numbers. By the end of 10-week treatment-free period (before mating) in
Subset II animals, there were dose-dependent increases (up to ~40%) in white blood
cells, lymphocytes and large unstained cells, and basophils in both sexes, which
were statistically significant mostly at 20 and 40 mg/kg/day. Histologically, higher
incidence and extent of germinal center in mandibular and mesenteric lymph nodes
were noted in males and females at the 40 mg/kg/day group (the only dose level
checked) at the end of treatment. Histological examination was not performed in
Subset II animals.

•

At the end of the treatment period, lower urine volume in males at 40 mg/kg/day and
in females at 20 and 40 mg/kg/day was noted, which was associated with higher
incidences of minimal renal cysts, dilation of kidney pelvis/tubule in both sexes at 40
mg/kg/day (the only dose level checked). By the end of treatment-free period, there
were no abnormalities in urinalysis, and histological examination was not performed.

•

Plasma levels of cardiac biomarkers ANP, BNP-32, and C-Tn were either similar
among treated and control animals or lower than the limit of quantification.

•

There were no propranolol-related effects on reproductive development or
parameters.

The NOAEL for general toxicity was estimated to be 10 mg/kg/day (mean AUC0-24 h =
50-237 ng.h/mL) based on premature death at 40 mg/kg/day, and lower body weight,
renal abnormalities, and higher counts of lymphocytes associated with higher incidence
and extent of germinal centers in mandibular and mesenteric lymph nodes at doses 20
and 40 mg/kg/day. A NOAEL for neurologic developmental toxicity was estimated to be
20 mg/kg/day (mean AUC0-24 h = 221-261 ng.h/mL) based on hypoactivity and delayed
air righting reflex at 40 mg/kg/day. In terms of reproductive toxicity, a NOAEL was
considered to be 40 mg/kg/day (mean AUC0-24h = 1051-2516 ng.h/mL).
This juvenile rat study was generally well designed and executed. The incomplete data
sets of hematology and histological examination at end of treatment (Subset I animals)
and at the end of 10-week treatment-free period (Subset II animals) do not weaken the
evidence of lymphatic abnormality. Although plasma levels of ANP, BNP-32, and C-Tn
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do not reveal any abnormal signal, these cardiac biomarkers are not sensitive for
changes in cardiac function. Thus, the juvenile rat study can’t exclude the effects of
propranolol on cardiovascular function. The identified target organ/systems in juvenile
rats are neuromuscular development, kidney, and lymphatic system. The relevant safety
margins are summarized in Table 19.
Table 19. Propranolol safety margins according to the juvenile rat study
Observation Findings

NOAEL
Human Equivalent
mg/kg/day dose of NOAEL
20
3.2

Death
Higher lymphocytes with higher
incidence and extent of
General
10
germinal center in lymph nodes
toxicity
Lower body weight, reversible
10
Renal abnormality, reversivle
10
Neurologic Hypoactivity
20
development Delayed air righting reflex
20
Reproductive
None
40
development
* Based on maximal recommended dose of 3 mg/kg/day

Safety
margin*
1.1

1.6

0.5

1.6
1.6
3.2
3.2

0.5
0.5
1.1
1.1

6.5

2.2

The nervous and endocrine systems regulate immune responsiveness, and the β2adrenergic receptor is expressed on the surface of human and animal lymphoid cells.
Stress from perioperative setting and surgical manipulation leads to
immunosuppression, which could be prevented by β-blockers (21). However, changes
of immune cell numbers and function in response to stress and/or catecholamine were
not consistent (22), and beta-blockade was also reported to enhance adrenergic
immunosuppression in rats (23). Although it is not known how propranolol led to
proliferation of GI lymph nodes and higher circulating lymphocyte number and what is
the significance for the lymphatic abnormality in the submitted juvenile rat study,
propranolol-associated alterations in lymph nodes and circulating lymphocytes (i.e.,
alterations in immune system) are unwanted effects in IH, and should be closely
monitored.
7
1.
2.
3.
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1 Is the pharmacology/toxicology section
organized in accord with current regulations
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2 Is the pharmacology/toxicology section
indexed and paginated in a manner allowing
substantive review to begin?
3 Is the pharmacology/toxicology section
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