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Background: A comparison of the cost-effectiveness of becaplermin plus good wound
care (BGWC) versus good wound care (GWC) alone in treating patients with diabetic
foot ulcers (DFUs) may enable physicians and health-care decision makers in the United
States to make better-informed choices about treating DFUs, which currently contribute
to a substantial portion of the economic burden of diabetes.

Methods: Data from three phase 1l trials were used to predict expected 1-year costs and
outcomes, including the average percentage reduction from baseline in wound surface
area (WSA), the direct costs of DFU therapy, and the cost per cm? of WSA reduction.

Results: At 20 weeks, the BGWC group had a statistically greater probability of
complete wound closure than the GWC group (50% versus 35%; P = .015). Based on
reported WSA reduction rates, DFUs in the BGWC group were predicted to close by
100% at 27 weeks, and those in the GWC group were predicted to close by 88% at 52
weeks. The GWC group had higher total estimated 1-year direct cost of DFU care
($6,809 versus $4,414) and higher cost per cm? of wound closure ($3,501 versus
$2,006).

Conclusions: Becaplermin plus good wound care demonstrated economic dominance

compared with GWC by providing better clinical outcomes via faster reduction in WSA
and higher rates of closure at a lower direct cost. (J Am Podiatr Med Assoc 106(4): 273-

282, 2016)

Diabetes mellitus is a serious, chronic disease with
a prevalence in the United States that reached
approximately 29.1 million (21.0 million diagnosed
and 8.1 undiagnosed) people (9.3% of the total
population) in 2012.1 The prevalence of diabetes is
growing at an exponential rate in the United States
and throughout the world.? Chronic hyperglycemia
in patients with diabetes may lead to peripheral
neuropathy, a microvascular complication that can
accelerate peripheral vascular disease and other
conditions.? These conditions may contribute to the
development of diabetic foot ulcers (DFUs), which
occur in approximately 156% to 25% of patients with
diabetes.*”
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On average, medical expenditures are two to
three times higher in patients with diabetes com-
pared with individuals without diabetes.® In the past
10 years, the estimated total (direct and indirect)
annual expenditures for diabetes management have
increased from $132 billion in 2002 to more than
$245 billion in 2012.1° Diabetic foot ulcers contrib-
ute to a substantial portion of the economic burden
of diabetes. Sedory Holzer and colleagues estimated
that the average cost of an uncomplicated DFU was
approximately $13,000, and the cost of a limb
amputation was almost $77,000 in 2012.1° The
average length of hospital stay for patients with a
DFU was 59% longer than for diabetic patients
without ulcers, mostly because of the need for
amputations.® Approximately 85% of lower-extrem-
ity amputations in patients with diabetes are
preceded by a DFU.!"14 The estimated annual
burden of illness for diabetic patients with DFU
compared with those without DFU is significantly
greater, resulting in an additional $11,710 in
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incremental annual health-care costs for Medicare
beneficiaries and $16,883 for those with private
insurance.!®

The three major components in treating DFU are
debridement, infection control, and offloading.'%
Despite good wound care practice, many DFUs
either heal slowly or fail to heal, thereby increasing
the risk of infections, hospitalization, and subse-
quent amputations. Approximately 30% of DFUs
evolve into chronic, full-thickness ulcers that may
become difficult to treat or that may result in
infection and gangrene, two common causes of
amputation in patients with DFUs.*%17 If standard
care alone fails to achieve epithelialization, surgical
options for closure may be limited because of the
number of comorbidities within this patient popu-
lation.!® Advanced therapies, such as platelet-
derived growth factors (PDGFs), cellular/tissue
derived products, hyperbaric oxygen therapy, and
negative pressure wound therapy, may be the only
means of rapidly and effectively attaining wound
closure.!?

Platelet-Derived Growth Factors and
Wound Healing

Platelet-derived growth factors are endogenous
proteins that have growth-promoting capabilities
and can assist with the wound-healing process.?%-23
The core protein of PDGF is composed of polypep-
tide chains A and B and forms PDGF-AA, PDGF-BB,
and PDGF-AB isoforms.2%2! However, the effects of
PDGEF differ over the course of the wound-healing
process.?* Shortly after injury, in the hemostasis and
inflammatory phases, PDGF is released from plate-
lets and endothelial cells to serve as a chemotactic
signal for neutrophils, macrophages, and fibroblasts
to the damaged cells.?* Continuous stimulation of
these cells leads to endogenous production of
PDGF, provisional extracellular matrix synthesis,
fibroblast proliferation, and collagen production to
transition the wound into the proliferative phase.?*
Finally, PDGF signaling orchestrates active collagen
turnover and cross-linking and contributes to
wound remodeling and epithelialization.?* In pre-
clinical studies, PDGF-BB has been shown to
promote the formation of granulation tissue at
wound sites and to stimulate wound healing.?®
Studies have shown that autologous releasates
and genetically engineered products, such as
recombinant human PDGF-BB becaplermin (Smith
& Nephew Inc, Fort Worth, TX), have clinical
benefits for patients with DFUs.262% Becaplermin
was one of the first advanced therapies indicated for

diabetic neuropathic foot ulcer.?’ By retaining the
biologic activity of naturally occurring PDGF,
becaplermin helps promote proliferation of cells
involved in the wound-healing process.?° Studies
have shown that becaplermin stimulates chemotax-
is and mitogenesis of neutrophils, fibroblasts,
monocytes, and other components that create the
cellular basis of chronic wound healing.?'-3% Beca-
plermin is dispersed in a sodium carboxymethylcel-
lulose-based gel for topical administration. The
addition of the gel provides the benefit of a moist
wound environment for healing.34%>

Multiple clinical trials have demonstrated the
clinical efficacy of becaplermin gel on measures
such as wound surface area (WSA) reduction and
healing.262729:36 Two multi-center, prospective clin-
ical trials that included patients (20 and 113,
respectively) with large diabetic neuropathic plan-
tar ulcers found that treatment using becaplermin
gel in conjunction with standard care accelerated
the time to complete wound closure by 41.8% (50
versus 86 days) and 40.6% (57 versus 96 days),
respectively.3”3® The improved healing rates, short-
er healing times, and reduction in WSA associated
with becaplermin gel have important implications
for the direct medical costs of treating DFUs. Cost-
effectiveness studies on the direct cost of care for
DFU therapy included healing as the only primary
outcome and did not include other potential
surrogate endpoints, such as cost per cm? of WSA
reduction.?%° Previous work by Margolis et al*!
found that percentage change in WSA can be used
as a surrogate marker for complete wound healing.

Access to health economic data will enable
physicians and health-care decision makers in the
United States to make better informed choices
about treating DFUs. In addition, these data may
draw attention to the importance of treatment
patterns in the management of DFUs. Therefore,
the primary objective of this study was to compare
the cost-effectiveness of treating DFUs with good
wound care (GWC) versus treating with becapler-
min plus good wound care (BGWC). Specific
outcomes of interest included WSA reduction rates,
the direct costs of DFU therapy, and the cost per
cm? of WSA reduction over the episode of DFU
care.

Methods

Study Participants, Design, and Intervention

Data for this study were derived from three phase
III clinical trials. 26272936 A summary of the study
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designs can be found in Table 1. Study 1 was a
pivotal, multicenter, double-blind, placebo-con-
trolled comparison of the safety and efficacy of
becaplermin and placebo gel. A total of 382 patients
with DFUs from 1 to 40 cm? were randomly
assigned to treatment with becaplermin gel 30 ug/
g (n = 132), becaplermin gel 100 pg/g (n = 123), or
placebo gel (n = 127).27 Study 2 was a multicenter,
evaluator-blinded, controlled trial of 172 patients
with DFUs from 1 to 10 cm? who were treated with
placebo gel (n = 70), good wound care alone (n =
68), or becaplermin gel 100 ng/g (n = 34).25 Study 3
was a multicenter, randomized, evaluator-blinded,
controlled trial that included 252 patients with
DFUs from 1 to 40 cm? The study compared the
safety and efficacy of becaplermin gel 100 pg/g (n =
128) and good wound care alone (n = 122).2° Two
patients in study 3 did not proceed further than
signing the consent form and therefore were
eliminated from the analysis.

Data from the becaplermin gel 30 pg/g treatment
group in study 1 were excluded from the economic
analysis because the dose was never commercially
available. The efficacy of BGWC and GWC was
evaluated based on the combined total number of
patients receiving becaplermin gel 100 pg/g (N =
285) and GWC (N = 190) across the three studies.
Despite differences in sample size across the BGWC
and GWC treatment groups, statistical similarity
across the three studies in baseline demographic
and clinical characteristics has been previously
established using meta-analytic methods and were
not statistically different (P > .05).2°

Economic Analysis

The WSA reduction rates were used to predict the

expected costs and outcomes of wound healing for
BGWC and GWC over a l-year time horizon. The
WSA reduction rates allowed for the time-course
prediction of wound closure. In addition to reduc-
tion rates of WSA, specific outcomes of interest
included the direct costs of DFU therapy and the
cost per cm? of WSA reduction. Once the wound
closed, costs for DFU treatment ceased. A sensitiv-
ity analysis was performed on the number of tubes
of becaplermin gel used, which ranged from one
tube to the maximum recommended treatment of
three tubes.*? A sensitivity analysis is the process of
changing the value of an input parameter; in this
instance becaplermin use and costs associated with
use were varied to assess the magnitude of its effect
on the final results. The costs for becaplermin gel
and DFU patient evaluation and management were
derived from standard cost references.*> Becapler-
min use was calculated using the manufacturer’s
recommended dosing algorithm.%4

Time Horizon. A 1-year time horizon was chosen
to allow sufficient time to capture all costs
associated with DFU treatment that continued to
accrue until wound closure was achieved.

Clinical Outcomes Definition. The clinical
outcome for this study was wound healing based
on WSA reduction rates in the BGWC and GWC
groups.?42527:35 Data were extrapolated to 52 weeks
assuming cumulative reduction rates over time
using a nonlinear modeling algorithm for WSA
reduction described by Cardinal et al.*> The impact
of contraction on wound healing may explain why
the exponential decay model is accurate in terms of
correlation significance, low residual error, and
predictability for healing wounds.*?Although there
is significant clinical value for the use of linear
healing rates and wound healing trajectories,
neither method is an approximation to a standard

Table 1. Summary of Phase Il Study Designs

Inclusion/Exclusion

Treatment Arms Wound Surface Area

Study Type? Study Design®
12427 Safety and efficacy Randomized,
Double-blind,

Parallel group

225,27 Safety and efficacy,
placebo effect

Randomized,

Parallel group

327,35 Safety and efficacy,
resource use

Randomized,
Evaluator-blind,
Parallel group

Double-blind/Evaluator-Blind,

Placebo gel (n = 127) 1-40 cm?
Becaplermin gel 30 ng/g (n = 132)

Becaplermin gel 100 pg/g (n = 123)

Good wound care alone (n = 68) 1-10 cm?
Placebo gel (n = 70)

Becaplermin gel 100 ug/g (n = 34)

Good wound care alone (n = 122) 1-40 cm?

Becaplermin gel 100 pg/g (n = 128)

aAll studies were 20 weeks.

bBecaplermin and placebo gel treatment arms were double-blinded; the good wound care alone arm was evaluator-blinded.
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mathematical function.?6%” The exponential decay
curve used in this study is defined with the
following equation: y = a * e®*, where y equals the
WSA at time x; a and b are the parameters for initial
wound size in cm? and healing rates, respectively;
and x represents the corresponding time in weeks
for each wound measurement. The algorithm
returned the estimated values for change in WSA
over time used in the economic analysis. Healing
rates were determined from the aforementioned
phase III clinical trial data using JMP Statistical
Discovery software developed by SAS Institute Inc,
Cary, North Carolina.

Economic Outcomes Definition. The perspec-
tive of the analysis was that of the payer,
specifically, the third-party payer. Given that the
annual direct cost of care for Medicare beneficiaries
with DFUs exceeds $33,000 for total reimbursement
of all Medicare services,?® the third-party payer of
interest was the Centers for Medicare and Medicaid
Services (CMS). Maximum-allowable costs set by
CMS were used as proxies for assessing the total
cumulative cost of care. Only direct medical costs
of care were considered in the economic analysis.
All costs were reported in 2013 US dollars, and no
discounting was performed because the duration of
the economic analysis was a single year. Derivation
of costs is displayed in Table 2. Costs for selective
sharp debridement, evaluation and management
visits for new and established patients, and ankle
brachial index testing were considered. Becapler-
min gel costs were based on the 2013 wholesale
acquisition cost ($812 per tube). The costs of
offloading were not included in the economic
analysis. The CMS does not provide reimbursement
of offloading devices for the treatment of DFU,
except the total contact cast (TCC).4° Because TCC
was not used in any of the phase III pivotal trials,
costs for offloading devices were not included in the

economic analysis because they are a direct cost to
the patient and not the third-party payer.

Results

Clinical Outcomes

The analysis included data from a total of 475
patients from the phase III clinical trials, with 190
patients in the GWC group and 285 in the BGWC
group. Patient demographics and ulcer characteris-
tics by treatment group are displayed in Table 3.
Baseline clinical characteristics and patient demo-
graphics in both groups were statistically similar.
Most patients were male (71.2%), and the mean =+
SD age of the overall patient population was 58.9 *+
11.4 years. The mean = SD patient weight was 215
+ 53.2 pounds. The mean = SD transcutaneous
oxygen tension was 56.3 * 21.5 mm Hg. Mean *+ SD
wound size and duration were 2.7 + 3.6 cm? and
56.3 = 80.9 weeks, respectively.

Median baseline WSA was 2.2 cm? in both groups.
At 20 weeks, median WSA was 0.8 cm? for the GWC
group and 0 cm? for the BGWC group (Fig. 1). The
BGWC group had a statistically greater probability
of complete wound closure at 20 weeks compared
with the GWC group (560% versus 35%; P = .015).
Based on reported WSA reduction rates and
extrapolation to 52 weeks, DFUs in the BGWC
group were expected to close 100% by 27 weeks,
and those in the GWC group were expected to close
88% by 52 weeks (Fig. 2). These rates of healing
indicate that BGWC-treated DFUs achieve closure
approximately 25 weeks (6 months) earlier than
DFUs treated with GWC alone.

Economic Results

The total costs for BGWC remained lower than the
total cost of care for GWC alone, regardless of the

Table 2. Costs Associated With Resource Use

Description CPT/NDC Code Cost ($)
Ankle brachial index 93922 92.24
Facility selective sharp debridement 97597 106.96
Physician selective sharp debridement 97597 23.48
Facility evaluation and management new patient visit 99203 96.96
Physician evaluation and management new patient visit 99203 75.19
Facility evaluation and management established patient visit 99213 73.68
Physician evaluation and management established patient visit 99213 49.67
Becaplermin gel 15-g tube 00064-0810-15 812.00

Abbreviations: CPT, Current Procedural Terminology; NDC, National Drug Code.
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Table 3. Baseline Patient Demographic and Ulcer Characteristics (Intent-to-Treat Population)

Study 1 Study 2 Study 3 Overall
BGWC GWC BGWC GWC BGWC GWC BGWC Total
Characteristic  (n = 123) (n = 68) (n = 34) (n=122) (n=128) (N =190) (N = 285) (N = 475)

Age, years 57.0 = 11,5 60.0 = 11.3 59.0 = 11.9 60.0 = 11.9 59.0 = 10.8 60.0 = 11.7 58.1 = 11.2 58.9 + 114
Male, (%) 66.7 79.4 70.6 711 74.2 69.1 71.2
Race,

White (%) 82.1 80.9 82.4 81.3 80.0 81.8 81.1
Weight,

pounds 211.0 = 57.8 215.0 = 56.8 220.0 + 44.3 213.0 = 44.3 221.0 = 57.6 214.0 = 48.8 217.0 = 56.1 215.4 = 53.2
Wound

duration,

weeks 46.0 = 54.7 42.0 = 42.0 20.0 = 144 82.0 = 156.6 59.0 = 724 68.0 = 1156 49.0 + 57.8 56.3 = 80.9
Wound size,

cm? 26 £ 34 2523 16 =14 25 * 3.8 3247 25 £33 2.8 £ 37 27 £ 3.6
TcPO,,

mm Hg 55.0 = 22.6 56.5*+245 494 =119 559 =181 59.7 =+ 245 56.1 =204 56.4+222 56.3+215

Note: Data are provided as mean = SD unless otherwise indicated.
Abbreviations: BGWC, becaplermin (100 pg/g) plus good wound care; GWC, good wound care; TcPO,, transcutaneous oxygen

tension.

number of tubes of becaplermin gel used for BGWC.
The total expected direct costs per episode of DFU
care were estimated at $6,809 with GWC treatment.
Costs for BGWC treatment ranged from $4,414 with
one tube of becaplermin gel to $6,038 with three
tubes. Becaplermin plus good wound care treatment
resulted in an estimated annual cost savings of $771

to $2,395, depending on the amount of becaplermin
needed to achieve wound closure (Fig. 3). When
costs were compared by wound-closure rates, the
cost to achieve a 1-cm? reduction in WSA ranged
from $2,006 to $2,745 in the BGWC group compared
with $3,501 in the GWC treatment group. Becapler-
min plus good wound-care treatment resulted in an
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Figure 1. Reduction of median wound surface area (WSA) from baseline to 20 weeks with good wound care
(GWC) and becaplermin gel plus good wound care (BGWC) treatment.
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Figure 2. Extrapolated log reduction of wound surface area (WSA) from baseline to 52 weeks with good
wound care (GWC) and becaplermin gel plus good wound care (BGWC) treatment. Data were extrapolated to
52 weeks assuming cumulative reduction rates over time using a nonlinear modeling algorithm for WSA
reduction.
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Figure 3. Direct costs for good wound care (GWC) and becaplermin gel plus good wound care (BGWC)
treatments.
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estimated cost savings of $756 to $1,495 per episode
of DFU care.

Discussion

Chronic DFUs often require considerable time to
heal and are associated with an increased risk of
infections, recurrence, hospitalization, amputations,
and other cost drivers that result in severe and
costly outcomes.? The financial burden of DFUs is
influenced by late management of diabetes, resourc-
es needed for compliance with standard care (eg,
offloading and infection control), complexity of
treatment regimens in patients with osteomyelitis,
high recurrence and amputation rates, and high
morbidity and mortality rates following amputa-
tion.?® The results of this study show that the use of
becaplermin gel as an adjunct to GWC can
accelerate wound closure and that the total esti-
mated 1-year cost of BGWC therapy was lower than
the cost of GWC. Together, these results indicate
that BGWC therapy is both more clinically effica-
cious and less costly than GWC therapy alone.

One of the largest varying costs in advanced DFU
therapy regimens is the initial cost of care (ie, the
cost of becaplermin gel). Although the cost of
adding becaplermin gel to GWC was approximately
three times the cost of GWC alone, the therapeutic
effect of BGWC was approximately 49% greater than
for GWC when wound closure was measured across
the entire episode of care. Becaplermin plus good
wound care had substantially better closure at 20
weeks (50% versus 35%), faster WSA reduction at 20
weeks (2.2 versus 1.4 cm?), and a significantly
greater probability of closure (100% at 27 weeks
versus 88% at 52 weeks). It is important to note that
prior to initiation of therapy the overall average
wound duration was greater than 1 year, with a
large standard deviation (56.3 weeks, SD = 80.9).
Therefore, these results should be interpreted with
caution, as there is large variance in both DFU
treatment groups.

In addition to faster closure and WSA reduction,
the expected direct cost per episode of care for
DFU was lower in the BGWC group compared with
GWC alone ($4,414 versus $6,809), a cost savings of
up to approximately $2,400 over 1 year. Despite the
development of sophisticated mathematical analy-
ses to model the kinetics of wound closure,
acceptance among clinicians and regulatory agen-
cies remains limited. Findings from the current
investigation using cost per cm? reduction in WSA
using an exponential decay algorithm indicate how
the addition of becaplermin to DFU standard

treatment can reduce the total direct cost of DFU
care to the payer. Using an exponential decay model
provides the ability to quantify closure rates as
coefficient estimates from a standard statistical test,
allows for hypothesis testing on treatment efficacy,
and may avoid the limitations of using a binary
endpoint (closed or unclosed) at an arbitrarily
selected point in time.** The model is also an
easy-to-use application and does not require math-
ematical transformation of the actual wound mea-
surements. Furthermore, the simplicity of the model
would enable health-care providers to incorporate
the algorithm in clinical decision-making at the
bedside.*

Currently, quality measures in wound care are not
well-established. The Tax Relief and Health Care
Act was passed in 2006, which authorized a pay-for-
performance program called the Physician Quality
Reporting Initiative (PQRI), wherein payment is
linked to whether the health-care provider performs
certain tasks in a given time frame for patients with
chronic comorbidities.?! Although a PQRI measure
exists relating to diabetic “foot care” via performing
a peripheral neuropathy evaluation and prescribing
appropriate footwear, offloading of an existing DFU
is not a PQRI measure. As the population continues
to age and the prevalence of diabetes and obesity
increase, it will be important for third-party payers,
such as Medicare, Medicaid, and other government
agencies, to evaluate the efficacy and effectiveness
of treatment patterns and quality measures in
wound care.

These results demonstrate the economic value of
becaplermin gel for the treatment of DFUs in
outpatient care settings. It is important to note that
patients treated with BGWC received becaplermin
at the beginning of the trials as an adjunct to GWC
and not 4 to 6 weeks after GWC therapy failed.
Results from this study suggest that earlier therapy
with advanced treatments such as PDGF may be
more efficacious and less costly over the long term,
even though they are initially more expensive and
have higher acquisition costs. A cost analysis by
Lantis, et al*? reported that the average cost to
patients with prescription benefits for a course of
becaplermin therapy is less than $50 in an inner-city
tertiary care facility; therefore, early initiation could
potentially lead to lower overall health costs by
improving wound-healing outcomes through faster
healing and faster closure.

The cost effectiveness of becaplermin has been
demonstrated both in the United States and in
Europe 3940425253 Becaplermin as an adjunct to
GWC has yielded favorable cost-effectiveness ratios
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in Canada, France,*® Sweden,*%5? Switzerland,*°
the United Kingdom,*° and the United States.425354
Studies inside and outside the United States have
found that treatment with becaplermin has resulted
in additional ulcer-free days and weeks and reduced
long-term expenses, including office visits, dress-
ings, recurrence rates, and amputation.?*?25¢ Re-
duced long-term expenses, particularly fewer infec-
tions, will yield large savings from fewer hospital
days and fewer admissions, readmissions, or both.?®
Advanced therapies, such as becaplermin, that
promote rapid and complete healing and reduce
the need for expensive surgical procedures could
affect these costs substantially. Future research
should focus on evaluating the cost-effectiveness of
advanced therapies in countries outside the United
States and Europe.>®

Certain limitations should be considered when
interpreting findings from this study. The specific
amount of becaplermin use was unknown and was
estimated using the recommended dosing formula
from the product labeling.** Whereas the model
suggests that WSA reduction follows an exponential
decay/growth process, it does not imply that the
overall wound healing trajectory follows an expo-
nential decay pattern. Additional research is needed
to develop a mathematical formula that accurately
fits the entire process of wound closure. In addition,
the results of this analysis cannot be applied to
other standard care methods, health-care settings,
or the treatment of wounds of other etiologies.
Furthermore, only the direct costs of care were
included in the analysis; indirect and intangible
costs were not assessed. Decision makers in other
health-care settings and systems should investigate
the cost effectiveness of advanced treatment mo-
dalities in their own setting. Finally, even though the
probability of mortality secondary to malignancy
was not measured in the economic model, it should
be noted that becaplermin gel contains a black box
warning.

Conclusions

The results of this analysis suggest that once-daily
treatment with becaplermin gel 100 pg/g increases
the incidence of complete healing relative to GWC
alone. Treatment of DFU with becaplermin gel
resulted in improved clinical outcomes and sub-
stantial cost savings despite the additional acquisi-
tion cost for becaplermin gel. Health-care providers
and decision makers should take into account both
the acquisition cost of becaplermin and the total
cost of care when making decisions about alloca-

tion of financial resources. Furthermore, this study
supports using surrogate endpoints such as WSA
reduction to measure the cost-effectiveness of
wound care therapies. Future investigations of the
effectiveness of becaplermin as an adjunct to GWC
in routine clinical practice and patient-reported
outcomes, such as health-related quality of life,
are needed to complement the existing cost-
effectiveness data and help reimbursement agencies
make informed coverage decisions.
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