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564 Bryson & Whittington

Summary

Synopsis Comprehensive clinical data provide strong evidence of the efficacy of the syn-
thetic lung surfactant colfosceril palmitate (Exosurf® Neonatal™ ) administered
as prophylaxis or rescue therapy in infants with respiratory distress syndrome
(RDS). The use of rescue therapy with colfosceril palmitate is further supported
by cost-effectiveness analyses which report a 9 to 48% reduction in the cost per
survivor compared with placebo or historical controls, despite divergent study
methodology and location. Importantly, the savings were evident in both larger
(21250g) and smaller (700 to 1350g) infants. All studies considered costs or
charges accrued during initial hospitalisation through to 1 year; measurement
of long term resource use data and all resulting costs are required for a more
complete pharmacoeconomic evaluation.

The optimal timing of surfactant administration is likely to be an important
economic issue given that efficacy data from a large international trial support
earlier administration of colfosceril palmitate versus delayed therapy in high risk
patients. Further economic benefits may be realised by the sequential use of
antenatal corticosteroids and surfactant therapy, although this has yet to be pro-
spectively investigated. _

In conclusion, clinical and pharmacoeconomic data strongly support the use
of rescue therapy with colfosceril palmitate. Additionally, recent clinical data
indicating that even better results may be achieved with earlier administration
and/or combined use with antenatal corticosteroids should be assessed from an
economic standpoint to determine the optimal prescribing strategy for this agent.

Disease Considerations  Respiratory distress syndrome (RDS) affects 0.3 to 1.3% of the total neonatal
population. 50 to 70% of preterm infants (<30 weeks’ gestation) develop RDS.
Improved maternal and neonatal care, leading to decreased mortality but in-
creased costs, has been documented in this field over the past 2 decades.

Direct costs accrued in neonatal care are determined by the intensity of care
delivered. The primary predictors of resource use are assisted ventilation and low
birthweight, with RDS, oxygen consumption and duration of stay in intensive
care also contributing to direct costs. Lifetime direct, indirect and intangible costs
to both patient and family are also likely to be considerable in around 10% of
surviving patients with RDS in whom impaired intellectual or neurological func-
tion prevents them from leading a productive life.

Therapeutic Efficacy Colfosceril palmitate, a synthetic lung surfactant consisting of colfosceril palmi-

and Tolerability tate, cetyl alcohol and tyloxapol (marketed as Exosurf® Neonatal ™), improves
oxygenation and stabilises lung function in infants with RDS. Results from a
number of large well-designed trials provide strong evidence for the efficacy of
colfosceril palmitate administered either as rescue therapy or prophylaxis in in-
fants with RDS. This is supported by a meta-analysis which showed a significant
reduction in mortality with either prophylaxis or rescue therapy with synthetic
surfactant. Follow-up data at 1 year suggest that surfactant use is not associated
with neurological or developmental impairment, although longer term investiga-
tion is required.

While colfosceril palmitate offered clear benefits to infants weighing 2700g,
only early benefits (within 72 hours) were evident in smaller infants and mortality
was not reduced. Comparative trials suggest that there is a faster response to
bovine lung surfactant (beractant) in the first 72 hours compared with colfosceril
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Pharmacoeconomic
Evaluation

palmitate, although outcome according to the key study end-points
(bronchopulmonary dysplasia and/or mortality) did not differ between agents.

The large OSIRIS trial (Open Study of Infants at high risk of or with Respira-
tory Insufficiency — the role of Surfactant) provides evidence that early (<2 hours of
age) selective use of colfosceril palmitate in high risk infants offers advantages
over delayed use in the same population.

Four cost-effectiveness analyses of colfosceril palmitate administered as rescue
therapy have been performed. All assessed short term (initial hospitalisation or
through to | year) direct costs or charges only. According to these studies, col-
fosceril palmitate rescue therapy was associated with a reduction in cost per
survivor of 9 to 48% compared with controls (historical or placebo). Reductions
in the cost per survivor were evident in both larger (=1250g) and smaller (700 to
1350g) infants administered colfosceril palmitate. Subanalyses of cost data for
nonsurviving infants showed that while costs were increased in treated non-
survivors, the costs for all patients (survivors + nonsurvivors) were similar
whether or not surfactant was administered.

Results of preliminary pharmacoeconomic analyses concerning colfosceril
palmitate administered as a single prophylactic dose described an increased cost
per survivor associated with surfactant use. However, this outcome is inconsistent
with results obtained from larger studies using other surfactant preparations
which demonstrated cost savings.

Other issues concerning colfosceril palmitate that warrant pharmacoeconomic
evaluation are: the optimal timing of therapy; the efficacy of colfosceril palmitate
versus other surfactant products; the sequential use of antenatal steroids and sur-
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factant therapy; long term follow-up data; and quality-of-life issues.

Colfosceril palmitate (dipalmitoylphosphatidyl-
choline), the major constituent of endogenous pulmo-
nary surfactant, lowers air-alveolar surface tension,
thereby preventing atelectasis during expiration.
Respiratory distress syndrome (RDS) in premature
infants is a direct result of endogenous surfactant
deficiency.[!] Administration of exogenous surfac-
tant, either as treatment or prophylaxis, has been
shown unequivocally to provide significant clini-
cal benefit to this patient group.!?!

Anumber of synthetic surfactants and surfactant
preparations derived from natural sources are now
available for the treatment or prophylaxis of neo-
natal RDS. The synthetic product consisting of col-
fosceril palmitate (85% by weight), cetyl alcohol
(9%) and tyloxapol (6%), marketed as Exosurf®
Neonatal™, is the focus of this review. Throughout
the review, this preparation will be referred to as
colfosceril palmitate.

@ Adis International Limited. All rights reserved.

1. Overview of Neonatal Respiratory
Distress Syndrome

1.1 Epidemiology

RDS (or hyaline membrane disease) is the most
common of the severe respiratory disorders in ne-
onates.[?] Incidence rates range from 0.3 to 1.3%
of the neonate population according to the diagnos-
tic criteria applied.[3] The incidence of RDS is
greatly increased in preterm infants. It affects 50
to 70% of infants of <30 weeks’ gestational age
and is almost inevitable in infants of <28 weeks’
gestation. 4]

Improvements in antenatal and neonatal care
have led to a marked decrease in RDS-associated
mortality over the past 20 years.[?] Antenatal inter-
ventions include the use of tocolytics and maternal
use of steroids, while postnatal care includes better
observation of neonatal homeostasis and nutrition,

PharmacoEconomics & (&) 1994
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respiratory support, surfactant replacement ther-
apy and management of patent ductus arteriosus.!2]

Infant risk factors for RDS include prematurity,
asphyxia at birth, male gender, intact membranes
prior to delivery, familial predisposition, hypother-
mia, and being a second-born twin.!3-% The asso-
ciation between RDS and caesarean section and
also the timing of cord clamping are more contro-
versial.l3] Fetal stress (for example that produced
by vaginal delivery or premature membrane rup-
ture) may enhance lung maturity.[>-5:10] Maternal
risk factors predisposing infants to RDS include
poorly controlled diabetes and hypertension,!11:12]
while maternal smoking, alcohol (ethanol) inges-
tion or narcotic addiction appears to reduce the in-
cidence of RDS.[5:13.14]

1.2 Disease Costs

Both the monetary and social costs of neonatal
care in low-birthweight infants are consider-
able.l!5:16] RDS accounts for a large proportion of
neonatal care costs,I!7] although the precise figures
involved have yet to be quantified. Improved health-
care in neonates, which has resulted in a significant
reduction in RDS-related mortality, has been ac-
companied by a marked increase in resource use
and costs.[218]

Direct costs accrued from neonatal care during
hospitalisation are determined by the intensity of
care required.['” Assisted ventilation and low
birthweight have been consistently identified as the
main predictors of resource use in the neonatal in-
tensive care unit (NICU) in infants with or without
RDS. While the presence of RDS increases resource
consumption slightly, this is less significant than
the 2 major variables.[!9-21] Oxygen needs and du-
ration of patient stay also influence final costs.!!7]

The daily cost of intensive care for a neonate is
2 to 6 times that of a neonate receiving special/high
dependency care,[22-24] which in turn is twice that
required for normal babies in neonatal care.!!”]
Ryan et al.[23] observed that staff salaries were
readily the largest component of neonatal care
costs (fig. 1). This is consistent with the intensive
skilled nursing required by infants on mechanical

@ Adis International Limited. All rights reserved.

M Medical staff salaries

[ Nursing staff salaries

[C] Other professional staff salaries
[ supplies/equipment

[ Repair/maintenance

E] Treatment costs

[[] General service costs
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Fig. 1. Proportion (expressed as a percentage) of direct costs
attributed to staff salaries, supplies/equipment, repair and main-
tenance, treatment costs (drugs, laboratory and diagnostic
tests, surgery and maternal care) and general service costs
(ancillary staff salaries, light, power and heating) over a 6-month
period in an English neonatal medical and surgical unit.**

ventilation. At 1992 values, Mugford and Howard!!7]
estimated the daily cost of intensive care for neo-
nates in the UK to be £540 compared with £220 for
infants receiving special care and £140 for the low-
est level of care.

Low birthweight is also an important predictor
of high costs.[10.20] Healthcare costs increase with
decreasing bodyweight in neonates weighing less
than 2000g; in an analysis of 1185 infants, only 18%
weighed 500 to 1500g but these infants accounted
for 37% of all costs.[20]

In addition to outcome during the postnatal pe-
riod, direct and indirect costs that accrue during the
life of a patient as a result of RDS should also be
quantified. To date, such costs for patients with RDS
have not been evaluated. Before the introduction of
surfactant therapy, 91% of surviving infants with
RDS (birthweight 1400 to 3300g) showed suffi-
cient neurological function and development at 5
years’ follow-up (development quotient > 80) that

PharmacoEconomics & (6) 1994



Colfosceril Palmitate: A Pharmacoeconomic Evaluation

567

they could be expected to lead productive lives and
contribute to society.[25:26] At 2 years’ follow-up,
35% of infants weighing <1001g at birth had de-
veloped lower respiratory tract infections and
those with bronchopulmonary dysplasia at birth
had a higher incidence of respiratory tract infec-
tions (86% in the first year). Such infections could
result in higher direct costs during childhood.!2]
Direct and indirect costs to other family mem-
bers should also be considered. One study esti-
mated that parents made a mean of 5 visits per
week to infants in intensive care at a total cost of
$US250.127] Immediate and longer term intangible
costs (for example, the emotional impact of death
or dealing with handicap, protracted concern about
the child’s vulnerability, outlook for future preg-
nancies, etc.) are also important in this setting.!16.28]

2. Rationale for the Use of
Colfosceril Palmitate

2.1 Therapeutic Efficacy

Surfactant replacement therapy administered as
either prophylaxis or rescue therapy (initiated after
symptoms of RDS have developed) is effective in
infants with RDS.[2] Importantly, recent epidemi-
ological data support the efficacy of surfactant re-
placement therapy. Within 2 years after the intro-
duction of the first surfactant in the USA (from
1989 to 1990), a 6.2% decline in infant mortality
was reported by the National Center for Health Sta-
tistics coupled by almost a 30% decrease in the

incidence of RDS. It has been suggested that sur-
factant therapy is the therapeutic advance respon-
sible for much of this decline.[?°]

2.1.1 Comparisons with Placebo

Meta-Analysis Results

A meta-analysis performed by Soll and Mc-
Queen!?! using data from randomised, double-blind,
placebo-controlled trials of synthetic surfactants
(predominantly colfosceril palmitate) shows that
these agents significantly decrease mortality in in-
fants with RDS when administered either as pro-
phylaxis or rescue therapy (table I). Rescue therapy
consistently improved other study end-points on
meta-analysis, while the effects with prophylaxis
were less consistent. While difficult to quantify,
there are large variations in the practice of neonatal
medicine which may have implications for the ef-
fectiveness of therapy in the general neonatal pop-
ulation. The efficacy of colfosceril palmitate fol-
lowing general use in 471 North American centres
(n=11 455) has been documented in a preliminary
report.[30]

Individual Trial Results

Consistent with the results of the meta-analysis
described above, colfosceril palmitate, adminis-
tered as prophylaxis or rescue therapy, was of clear
benefit in infants weighing =700g (for review, see
Dechant & Faulds[®!l). However, in infants weigh-
ing <700132] to 750g,033] colfosceril palmitate
offered early clinical benefits (improved gas ex-
change, oxygen and ventilator requirements), but
provided no difference in clinical outcome versus

Table |. Meta-analysis of data from randomised controlled trials with synthetic surfactants used in the prophylaxis or rescue treatment of
respiratory distress syndrome (from Soll & McQueen,™ by permission of Oxford University Press)

Qutcome Prophylaxis Rescue treatment
no. trials event rate 95% confidence no. trials event rate 95% confidence
analysed®  difference (%) intervals analysed® difference (%)  intervals
Pneumothorax 5(4) -27 -6.0,06 4(4) -10.4 -13.6,-7.2
Patent ductus arteriosus 5(3) 54 0.4,10.4 3(3) 8.0 -12.6,-3.4
Intraventricular haemorrhage 3(2) 4.1 -9.6,1.3 2(2) -3.2 -£.9,05
Bronchopulmonary dysplasia 5(3) 0.5 -4.0,5.1 3(2) -2.8 -4.9,-07
Bronchopulmonary dysplasia 3(3) -5.4 -11.1, 0.1 3(3) -6.5 -9.4,-3.6
or death
Death 7(4) -6.4 -10.0, 2.7 5(4) -4.1 -6.7,-1.6

a Numbers in parentheses indicate the number of trials with colfosceril palmitate.

@ Adis International Limited. All rights reserved.
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placebo. The diminished efficacy of surfactant
therapy in these extremely low birthweight infants
is not unexpected as, in addition to RDS, they have
profound multisystem immaturity which also de-
termines their prognosis.3!)

Additionally, recent large studies seem to con-
firm that the recommended regimen of colfosceril
palmitate (5 ml/kg administered twice 12 hours
apart) is indeed optimal, with no additional benefit
obtained with the use of further or higher
doses.[34.35]

2.1.2 Comparisons with Other

Surfactant Preparations

Results from both pharmacodynamic studies!36-37]
and a meta-analysis/?! suggest that the immediate
effects of natural surfactants may be more marked
than those of synthetic surfactants. This observa-
tion appears to be borne out by a number of direct
clinical comparisons between colfosceril palmitate
and beractant (Survanta® or Infasurf®), modified
bovine lung surfactant, in which beractant pro-
duced more rapid improvement in oxygenation and
lung compliance within the first 72 hours in infants
with RDS. However, there were no differences be-
tween treatments in the primary end-points of these
studies (combined mortality and bronchopulmon-
ary dysplasia or mortality alone).33-431 A meta-
analysis of the data from these trials is currently
underway.[46]

Importantly, Solimano et al.[47) recently demon-
strated improved respiratory status after use of
beractant in infants who had failed initial rescue
therapy with colfosceril palmitate; trials which
stratify infants according to disease severity are re-
quired to confirm this observation.

Given that the various surfactant preparations
differ in their composition (notably with respect to
surfactant proteins!#8] and platelet-activating fac-
tor(49]), long term comparative studies of different
surfactants will help to determine the relative mer-
its of these preparations.

2.1.3 Timing of Administration

The relative advantages of prophylaxis versus
rescue therapy were unclear according to the meta-
analysis of Soll and McQueen,[?] although there

@ Adis International Limited. All rights reserved

was a slight trend in favour of prophylaxis. This is
supported by the European Exosurf Study Group
trial, which demonstrated advantages for prophy-
laxis compared with selective use of colfosceril
palmitate in placebo recipients who developed
RDS.[301

The optimal timing of more selective use of col-
fosceril palmitate was investigated in the influen-
tial OSIRIS trial (Open Study of Infants at high risk
of or with Respiratory Insufficiency — the role of
Surfactant). This trial provides strong evidence that
early intervention in infants deemed to be at high
risk of RDS is superior to delayed treatment. Intu-
bated infants <2 hours of age who received early
treatment with colfosceril palmitate had a lower
risk of oxygen dependence or death compared with
those receiving delayed administration (intubated
infants >2 hours of age).[34]

2.1.4 Long Term Data

The survival advantage evident with the use of
colfosceril palmitate was maintained after 1 year
of adjusted age with prophylaxis (neonate birth-
weight 700 to 1350g),15192] and after rescue ther-
apy (neonate birthweight 700 to >1250g)./53] Growth
and development and the incidence of visual and
auditory impairment were equivalent at 1 year of
adjusted age in infants treated with colfosceril
palmitate or placebo.[3435] This seems to be con-
sistent with an overview of all long term data,
which also suggests no neurological or develop-
mental impairment with the use of surfactant re-
placement therapy.[2! Data concerning more than 1
year of follow-up are not yet available for colfos-
ceril palmitate.

2.2 Tolerability

Results from the majority of placebo-controlled
trials indicate that colfosceril palmitate is associ-
ated with an 18 to 35% increase in the incidence of
apnoea of prematurity.31) It has been suggested that
since surfactant reduces ventilation requirements
and allows early extubation of these infants, they
are more likely to manifest this complication.[52]
According to an overview of 5 trials (using data
from over 2500 infants), pulmonary haemorrhage

PharmacoEconomics & (5) 1994
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occurs in 2% of colfosceril palmitate recipients vs
1% of placebo recipients!®®! (for an overview of
trial data see Rogers!>7l). Other short term adverse
effects, including blockage of the endotracheal
tubes, can occur as a result of introducing surfac-
tant into the trachea.!%8]

The incidence of most pulmonary air leak
events and patent ductus arteriosus decreases with
colfosceril palmitate. This is supported largely by
the meta-analysis of Soll and McQueen,/?! al-
though no effect on patent ductus arteriosus was
observed with prophylaxis (table I). Overall, pul-
monary interstitial emphysema decreases with col-
fosceril palmitate,!3'! although 4 cases of unilateral
pulmonary interstitial emphysema in association
with colfosceril palmitate, which were possibly at-
tributable to poor distribution of the surfactant,
have been reported.5%]

Data from placebo-controlled studies indicate
that laboratory abnormalities are not associated
with colfosceril palmitate.[%0] An important issue
which does not appear to have been addressed with
colfosceril palmitate is that of possible immunoge-
nicity. While the colfosceril palmitate preparation
is free of surfactant proteins, phospholipids are
known to be highly immunogenic; thus, the issue
of immunogenicity and any possible long term
consequences merits investigation.[01]

3. Pharmacoeconomic Analyses

Almost 10 years before the introduction of sur-
factant therapy, Showstack et al.l['8] documented
escalating costs associated with the management
of infants with RDS. Over the 10-year study pe-
riod, increased costs were attributed to increased
services received by this patient group.!'8] The re-
cent introduction of surfactant therapy which is
costly (lung surfactant accounted for over 10% of
the pharmacy drug budget at 1 institution!2]), has
prompted calls for analyses to evaluate the eco-
nomics of surfactant use. Analyses addressing the
pharmacoeconomics of colfosceril palmitate are
evaluated in this section and discussed with refer-
ence to similar studies performed with other sur-
factant preparations.

@ Adis International Limited. All rights reserved.

3.1 General Pharmacoeconomic
Considerations

The outcomes investigated in a pharmaco-
economic analysis will differ according to the
study perspective. While hospital managers will
likely be interested in short term costs and healthy
survival to discharge, parents and family are more
likely to value long term or lifetime costs and out-
come.!'7l' A full economic analysis of surfactant
therapy would include both short and long term
direct and indirect costs, as well as an estimation
of intangible costs. To date, only dataup to 1-year’s
follow-up are available for colfosceril palmitate
(section 2.1.4), which restricts the scope of phar-
macoeconomic analyses to the short term.

As mentioned in section 1.2, the key determi-
nants of neonatal care costs in the NICU are as-
sisted ventilation, birthweight and, to a lesser de-
gree, oxygen requirements and duration of stay. All
of these factors should be monitored in phar-
macoeconomic evaluations in order to fully exam-
ine the costs of surfactant therapy. However, accu-
rate costing for preterm neonates is difficult
because greatly differing levels of care are required
during different stages of RDS. As an example, if
charges are used, a patient may incur the same
charges whether they receive minimal or maximal
respiratory support.®3] For this reason, Mugford
and Howard!!7! suggest that future studies in this
field should report either time spent receiving dif-
ferent levels of care or details of continuous vari-
ables (for example, time on assisted ventilation)
so that economic data can be compiled with more
accuracy.

Over and above these variables, the relationship
between infant bodyweight and resource use is an
important one. It is well established that the cost
per survivor increases greatly with decreasing birth-
weight.[20-64] Indeed, Walker et al.[%4] estimated
that, before the introduction of surfactant therapy,
the costs per survivor for infants weighing <900g
exceeded their total predicted lifetime earnings. In-
creased costs in these very immature infants can be
attributed to a more complicated clinical course
accompanied by increased resource use.

PharmacoEconomics & (&) 1994
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Table Il. Summary of controlled studies investigating the cost effectiveness of colfosceril palmitate (CP) administered as rescue treatment
(two 5 ml’kg doses administered 12 hours apart) in neonates with respiratory distress syndrome (receiving mechanical ventilation and with
an arterial alveolar oxygen ratio of < 0.22) for the initial hospitalisation period or up to 1 year adjusted age

Reference  Country and  Birthweight  Treatment/ No. of Outcome (SUS or $A)* Resource variables
currency year  (g) control groups  patients  charge or charge or evaluated for cost data
cost/patient®  cost/survivor®
North American studies
Backhouse USA/Canada >1250 cP 216 46 807 53 526° Time on ventilation and
et al 1%l (1987-1990) (49 799)° 0z, time in NICU, hospital
Air 239 59 478 68 868° and readmissions to 1 year
(62 670)°
Mauskopf et USA 700-1350 CP 13 97 642 119 919° Time on ventilation and
all®"! (100 732)° Oz, time in NICU, hospital
Air 135 97 452 141 593° and readmissions to 1 year
(100 531)°
Australian studies
Diwaker et  Australia 730-1905 CP 41 17 986 21069 Personnel time, equipment
al.18! (1990) Historical 41 35 697' 40 655 and consumable use
assessed for 155
procedures required for
neonatal care
Kristensen  Australia 565-3415 CP 97 33782 38 5529 Time in hospital
& Wojnar (1991) Historical 65 34 163 42 485
-Horton!62-€9!
a Conversion factor as of 26 October 1994: $US1.00 = $A1.36.
b Total costs/charges divided by the total number of patients.
c Total costs/charges divided by the number of survivors.
d Charges through to 1 year follow-up.
e Data derived for a hypothetical cohort of 100 infants, using the total charges divided by the expected number of survivors at 1 year.
f  Calculated using median total costs/patient.
g Calculated given that an estimated 7 fewer infants survived in the control group.
Abbreviation: NICU = neonatal intensive care unit.

Marginal! rather than average costs are likely to
be more appropriate for assessing the economic im-
pact of surfactant therapy,[®3] although Tubman et
al.124] argue that the difference between marginal
and average costs is minimal as staffing constitutes
the largest cost in this environment (section 1.2).

3.2 Rescue Therapy

3.2.1 Methodology

To date, 4 studies have been conducted to inves-
tigate the cost effectiveness of the standard treat-
ment regimen of colfosceril palmitate (two 5 ml/kg
doses administered 12 hours apart) in infants with

1 Marginal costis the extra cost of one extra unit of product
or service delivered (usually differs from average cost).

@ Adis International Limited. All rights reserved,

established RDS. Data from these studies are
summarised in table II. In 2 large, well-designed
studies, colfosceril palmitate was compared with
placebo (air).[90:67] In the remaining studies, unse-
lected!%2] or matched!%8! historical control groups
comprised infants with RDS admitted to the insti-
tution before the introduction of surfactant ther-
apy; it was stated in one of these studies that the
general management of infants did not alter signif-
icantly over the recruitment period.!68]

The degree of precision regarding the estima-
tion of resource utilisation varied in these studies.
Two studies assessed time on ventilation and oxy-
gen therapy, length of NICU and hospital stay,[66:67]
while Kristensen and Wojnar-Horton!%2! assessed
length of hospital stay only. Diwaker et al.[98] did

PharmacoEconomics & (6) 1994
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the most thorough investigation of resource utilisa-
tion, monitoring staff time and equipment required
for 155 different procedures associated with neo-
natal care (ranging from nappy changes to surgical
procedures). In converting resource use into mon-
etary values, all studies considered direct inpatient
medical costs only, although again the components
that were considered differed between studies. One
study assumed fixed daily costs based on diagnos-
tic-related group cost data and surfactant cost,[62:6%]
whereas the most detailed analysis included hotel
costs, costs for differing care intensity, fixed costs,
administration costs, etc.!98] The 2 North Ameri-
can studies used charges as a proxy for costs.
Charges tend to exceed costs, although the precise
relationship between the 2 parameters is vari-
able;!70) in their sensitivity analysis, Backhouse et
al.[%0] converted charges to costs using cost to
charge ratios for each study site where available.
Since short term direct medical costs or charges,
but not indirect or intangible costs, were consid-
ered, the perspective of these studies is most likely
to be relevant for healthcare providers or third-
party payers. Both North American studies dis-
counted benefits (rate 5%) and conducted a sensi-
tivity analysis of their data.[66.67]

3.2.2 OQutcome

In all studies, rescue treatment with colfosceril
palmitate was associated with a reduction in cost
per survivor (ratio of total costs : number of sur-
vivors), the primary cost-effectiveness end-point
(table II). The percentage decrease in cost per sur-
vivor compared with the control group ranged
from 9 to 48% over the initial hospitalisation pe-
riod. The actual dollar values obtained for the cost
per survivor varied widely, the North American
studies showing greatly inflated figures compared
with the Australian studies. This is likely to be at-
tributable to the different healthcare systems and
costing methods employed in the 2 countries and
the use of charges rather than costs in the North
American studies.!!7]

North American Studies
The 2 North American studies had different
inclusion criteria regarding infant birthweight

@ Adis International Limited. All rights reserved.

B Colfosceril palmitate

60+
[ Placebo

>1250g

Duration (days)

700-1350g

Fig. 2. Hospital resource use over a follow-up period of 1 year
(expressed as the mean number of days) in infants weighing
(top) 21250g (n = 1056) and (bottom) 700 to 1350g (patient
numbers not given) receiving rescue therapy with colfosceril
palmitate or placebo (air).[55"!

(Backhouse et al.l90] included infants weighing >
1250g and Mauskopf et al.l%7] included infants
with birthweights ranging from 700 to 1350g).
Resource use in these studies according to infant
birthweight is illustrated in figure 2. Consistent
with previously observed trends in neonatal care
(section 3.1.1), both costs per patient and per sur-
vivor were increased in the smaller versus larger
babies (approximately 2-fold in surfactant and
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Table Ill. Percentage change in costs or charges per patient
associated with the use of colfosceril palmitate rescue therapy vs
controls (placebo or historical) in surviving infants according to
birthweight. Costs are considered for the initial hospitalisation
period only

Birthweight (g) Change in costs or Reference
charges vs control (%)

<750 -12 62, 69
=>750-<1000 +29 62, 69
700-1350 -16 67
730-1090 -16 68
815-1815 -28 68
>1000-<1500 =15 62, 69
=1250 -29 66
970-1905 =31 68
=1500 =21 62, 69

control groups; table III). However, regardless of
infant birthweight, there was a 15 to 22% decrease
in the cost per survivor associated with surfactant
use. In the smaller infants, a reduction in the cost
per survivor was evident with colfosceril palmitate
despite a longer total stay and greater oxygen re-
quirements compared with placebo (fig. 2).

The large costs associated with the treatment of
smaller infants can be attributed to the fact that
while surfactant therapy may speed recovery from
RDS and reduce mortality, the prematurity of the
infant still demands intensive and therefore costly
care. In contrast, administration of surfactant can
speed recovery from RDS, reduce the need for in-
tensive care and shorten hospital stay in larger
infants.

Of interest, recent data concerning resource use
collected from 14 US perinatal centres before and
after the introduction of surfactant replacement
therapy!7!! describe a significant (p < 0.03) re-
duction of approximately 10% in adjusted total
charges over the study period. The study, which
analysed data from 5629 infants (weighing 500 to
1500g), did not identify which patients received
surfactant but rather linked the change to the intro-
duction of surfactant as this was identified as the
only major modification to neonatal care. This may
partially explain the smaller decline in resource use
compared with the studies involving colfosceril
palmitate (table III), in which all patients in the

© Adis International Limited. All rights reserved.

active treatment arm received surfactant. Ancillary
charges (which included pharmacy charges) showed
a slight reduction. Extended to a national level,
and adjusted for an increase in low birthweight in-
fants and for an increase in infants who survived
but would have died without treatment, the total
savings for the USA are an estimated US$90 mil-
lion/year.I71]

For infants who do not survive, concerns have
been raised that surfactant therapy may prolong
survival and resource use in this patient group.
Consistent with this, some studies!90-67.69] described
increases in costs or charges incurred by non-
surviving infants receiving colfosceril palmitate
compared with control groups, but importantly in
all of these studies, no substantive increases in
costs or savings were observed when all patients
(survivors + nonsurvivors) were considered. Addi-
tionally, a decline of 31% in adjusted total charges
was observed by Schwartz et al.[”!) among dece-
dents after the introduction of surfactant. The large

354
304
254

204

Cost saving vs control (%)

24-27 28-29 30-31
Gestational age (weeks)

Fig. 3. Percentage decrease in costs associated with rescue
therapy with colfosceril palmitate vs historical controls in 71 in-
fants according to gestational age.'®®
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variability in these results means that definitive con-
clusions concerning this issue cannot be drawn.

Australian Studies

Both of the Australian studies included infants
with a broad range of birthweights. In the study by
Diwaker et al.,[%8] a 48% decrease in the cost per
survivor was observed with colfosceril palmitate
treatment. This large decrease may be partly attrib-
utable to the careful costing methods employed in
this study which allowed an accurate assessment
of costs (see section 3.2.1), or possibly because the
majority (89%) of infants were =28 weeks’ gesta-
tional age. A subanalysis of the data from this study
demonstrated a trend towards greater cost effec-
tiveness in more mature infants consistent with the
North American studies; there was a 16, 28 and
31% decrease in costs in infants weighing 730 to
1090g (gestational age 24 to 27 weeks), 815 to
1815g (28 to 29 weeks) and 970 to 1905g (30 to 31
weeks), respectively (personal communication, Dr
E. John; fig. 3). A summary of changes in costs
associated with colfosceril palmitate compared
with controls according to infant bodyweight in all
cost-effectiveness studies is provided in table III.
Although an increase in costs was evident in in-
fants weighing between >750 and 1000g, cost sav-
ings were observed in all other birthweight groups.

Despite the use of simpler costing methods, the
costs per survivor documented by Kristensen and
Wojnar-Horton!62:691 were of similar value to those
observed by Diwaker et al.l98] The cost effective-
ness of the surfactant regimen as a percentage of
control values was smaller (9%); however, this was
possibly a result of the increased costs observed in
infants weighing between >750 and 1000g (table
I).

3.3 Prophylaxis

To date, only preliminary data concerning the
cost effectiveness of colfosceril palmitate admin-
istered as single dose prophylaxis are available.

Sell et al.l”2l indicated that the cost per extra
survivor of single dose prophylaxis with colfos-
ceril palmitate was $US81 487 in infants weighing
700 to 1100g. 17 infants needed to receive prophy-
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laxis in order to produce 1 extra survivor. No meth-
odological details were provided in this study re-
port published as an abstract only.

In a preliminary analysis, Phibbs et al.l”3] re-
ported that the costs associated with a single pro-
phylactic dose of colfosceril palmitate were de-
pendent on birthweight. Cost savings during the
first year were observed in larger infants compared
with controls (no surfactant), with a ‘break-even’
birthweight of slightly less than 1100g. Overall,
colfosceril palmitate increased the cost per survi-
vor by 33%, although it should be noted that the
study groups were not matched for birthweight (14
treated vs 10 control infants weighed <900g) or
congenital infections (5 vs 0 infants, respectively).
Moreover, this result is inconsistent with larger
cost-effectiveness analyses performed using other
surfactant preparations.[®3.74] In both studies,[63.74]
the cost per survivor was reduced by 7 to 22% com-
pared with controls (air or saline placebo). Reduc-
tions were evident in infants weighing <1000g in
both of these studies. Clearly, further investigation
is required to determine the cost effectiveness of col-
fosceril palmitate when administered as prophy-
laxis and as the recommended 2-dose regimen.

3.4 Comparisons with Other Surfactants

No formal pharmacoeconomic comparisons of
colfosceril palmitate and other surfactants have
been conducted. However, the large National Insti-
tute of Child Health and Human Development Neo-
natal Research Network study (n = 617)40] re-
ported no significant difference in the duration of
hospital stay, ventilation or oxygen requirements
in survivors or all infants treated with colfosceril
palmitate or beractant. In all variables, however,
there was a trend in favour of colfosceril palmitate.
These results, however, are contradicted by other
studies which reported greater requirements for
ventilation, oxygen and hospitalisation with col-
fosceril palmitate than beractant.[73-76] Prospec-
tive pharmacoeconomic evaluation is needed to
determine the relative benefits of each treatment,
and also to clarify whether the early advantages of
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beractant therapy (section 2.1.2) yield any eco-
nomic gain.

3.5 Other Pharmacoeconomic Issues

There is strong evidence to suggest that antena-
tal use of corticosteroids reduces the incidence of
RDS.I77.78] By combining cost estimates and effi-
cacy data derived from overviews, Mugford et
al.!”91 calculated that the use of antenatal cortico-
steroids would result in a 9 to 14% reduction in the
cost per survivor, depending on gestational age (<31
or <35 weeks). The same research group further
estimated reductions of 7 to 16% in the cost per
survivor if antenatal corticosteroids or surfactant
therapy were administered (surfactant use was re-
stricted to those infants whose mothers had not re-
ceived corticosteroid therapy). Given that a recent
retrospective analysis suggested that antenatal ste-
roids and surfactant therapy may have additive
benefits,I30] the cost effectiveness of their com-
bined use may have been underestimated by Mug-
ford et al.l7?]

The long term effects of surfactant therapy will
also be important in defining the cost effectiveness
of this intervention. Preterm infants are more likely
to be rehospitalised in the first few years of life,
and the long term costs of disability should also be
considered (section 1.2), together with quality-of-
life issues (both for patient and family). Utility
measures suitable for use in this patient population
have been developed,!!'®] but are not widely used.

4. Pharmacoeconomic Positioning of
Colfosceril Palmitate

4.1 General Considerations

Lung surfactant replacement therapy has be-
come an indispensable component in the manage-
ment of infants with RDS. Whether administered
as rescue therapy or prophylaxis, natural and syn-
thetic surfactants decrease RDS-associated mor-
tality by around 40% compared with placebo.[2-38
Recent epidemiological data appear to support the
efficacy of these agents; a 6.2% decline in infant
mortality was observed in parallel with the intro-
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duction of surfactant therapy in the USA. Rescue
treatment also reduces the incidence of pneumo-
thorax, although the effect is less marked with pro-
phylaxis.[2] Surfactant replacement therapy has no
clear therapeutic effect on the incidence of intra-
ventricular haemorrhage or bronchopulmonary
dysplasia.l2]

Comparative trials with beractant suggest that
the 2 agents have similar efficacy with respect to
the major study end-points (section 2.1.2); meta-
analysis of comparative trial data are awaited with
interest. As well as beractant, other surfactants are
available (or are being developed) which should be
compared with established products.

Colfosceril palmitate is recommended for pro-
phylactic use in infants with a birthweight of <1350g
at risk of developing RDS, or in those weighing
>1350g with evidence of pulmonary immaturity.[0]
Rescue treatment with colfosceril palmitate is rec-
ommended in infants who develop RDS.[3¢] The
recommended dosage regimen of colfosceril pal-
mitate is two 5 ml/kg doses administered 12 hours
apart; recent trial data do not support the use of
further or higher doses (section 2.1.1).134.35]

4.2 Formulary Considerations

Consistent with comprehensive clinical data, cost-
effectiveness analyses strongly support the use of
colfosceril palmitate administered as rescue ther-
apy in infants with RDS. Despite differing study
methodologies and geographical location, col-
fosceril palmitate decreased the cost per survivor
by 9 to 48% compared with controls. Data were
derived from direct costs or charges monitored to
1 year of adjusted age; long term follow-up and
consideration of all costs are required for a full eco-
nomic evaluation.

Importantly, reductions in the cost per survivor
were evident in both larger (>1250g)%0! and smaller
(700 to 1350g)1%7] infants. However, while savings
were realised in smaller infants treated with col-
fosceril palmitate, overall costs were over 2-fold
greater than those of the larger infants. This is
consistent with the well established trend that
treatment costs increase with decreasing birth-
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weight.[20:64] Despite surfactant use, treatment is
likely to remain costly for these very premature
infants.

From the perspective of hospital administrators
and those involved in policy decisions, the use of
colfosceril palmitate rescue therapy results in cost
savings overall. The cost savings observed in these
studies give some indication of the magnitude of
the effect of surfactant therapy on reducing disease
severity, since interventions which reduce mortal-
ity usually increase healthcare requirements and
therefore costs.

The optimal timing of colfosceril palmitate ad-
ministration is likely to be extremely important
from a pharmacoeconomic perspective. The recent
results of the large international OSIRIS trial,
which demonstrated a clear advantage for early ad-
ministration (<2 hours of age) of colfosceril palmi-
tate over delayed selective administration in high
risk infants, support the use of early administration
as a management strategy. However, from an eco-
nomic standpoint, introducing a strategy that re-
quires surfactant use in an extra 25% of infants (or
47 extra doses per 100 infants treated) is more dif-
ficult to justify. Economic analysis of the OSIRIS
trial results is awaited with interest. Preliminary
data indicate that the use of such a regimen may be
justified in economic terms.[3!]

Clinical trial data also point to a number of other
issues that merit pharmacoeconomic evaluation
with colfosceril palmitate. The sequential use of
antenatal steroids and surfactant therapy, given
that the 2 interventions may have additive effi-
cacy,!801 is likely to have important repercussions
on the cost effectiveness of surfactant therapy. In-
fant gestational age may be an important factor in
the overall cost effectiveness of such a regimen.!82]
Comparative trials addressing the pharmaco-
economics of colfosceril palmitate and other sur-
factant products may help distinguish between
agents.

In conclusion, both comprehensive clinical data
and cost-effectiveness analyses strongly support
the use of rescue therapy with colfosceril palmitate
in infants with RDS. Additional compelling evi-

© Adis Infernational Limited. All rights reserved.

dence, which suggests that earlier use of col-
fosceril palmitate or combined use with antenatal
steroids may offer advantages over rescue therapy,
should be considered from an economic standpoint
to determine the optimal prescribing strategy for
this agent.
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