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Background: Venous leg ulcers (VLUs) present a significant economic burden on the US healthcare system
and payers (US$14.9 billion). Aim: To evaluate the quality of life (QoL) of patients with VLUs; to analyze the
limitations of standard of care (SOC) for VLUs; and to explain how using bilayered living cellular construct
(BLCC) with SOC for treatment of VLUs can help heal more VLUs faster (than using SOC alone) as well
as help improve QoL and help reduce the burden on the US healthcare system and payers. Materials &
methods: This is a review study. The search was conducted in February 2020 by way of electronic databases
to find relevant articles that provided information related to QoL of patients with VLUs, limitations of
SOC for VLUs and economic analyses of using BLCC for treatment of VLUs. Results: VLUs impact patients’
physical, functional and psychological status and reduce QoL. A total 75% of VLU patients who used SOC
alone failed to achieve healing in a timely fashion, which led to increased healthcare costs and healthcare
resource utilization. Although the upfront cost is high, the greater effectiveness of BLCC offsets the added
cost of the product during the time period of the studies. Therefore, BLCC helps to improve the QoL of
VLU patients. As an example, for every 100 VLU patients in a healthcare plan, the use of BLCC can create
cost savings of US$1,349,829.51. Conclusion: Payers’ coverage of BLCC results in reduction of the overall
medical cost for treating VLU patients.
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Venous leg ulcers (VLUs) are the most common type of chronic lower extremity ulcer and accounts for 80% of
these cases [1]. In the US, VLUs affect approximately 2.5 million patients per year [2]. Of the seven million people
in the US with venous insufficiency about a million develop VLUs [3]. As the population of the elderly increases,
the prevalence of VLUs can be expected to rise (4. VLUs are more common among women than men [5-8]. The
main risk factors of VLUs are increased age, female gender, obesity, previous leg injuries, deep venous thrombosis
and phlebitis [3,5-8]. VLUs are usually recurrent and can persist from weeks to many years (4,9].

VLUs usually appear between the knee and ankle and are typically caused by venous valve incompetence [10-12].
Valvular incompetence may lead to distention of vessels due to increased retrograde blood flow, thereby resulting in
venous hypertension [11]. Moreover, veins may be injured through surgery, trauma or deep vein thrombosis, which
can result in a backflow of blood in the venous system at the point of injury. Other causes are multiple pregnancies,
obesity, congenital vein abnormalities and varicose veins [11]. VLUs are defined by periods of exacerbation and
remission and a long heal time [1,13,14], leading to increased resource utilization and healthcare costs [15] as well
as a decreased quality of life (QoL) for patients [16]. VLUs present a significant annual economic burden on
the US healthcare system and payers (US$14.9 billion) [15. A previous study compared Medicare and privately
insured patients with and without VLUs [15]. This study indicated that VLU patients utilize more healthcare
resources (e.g., hospitalizations, outpatient/physician office visits, home health and emergency department) and
incurred more healthcare costs compared with non-VLU patients [15]. For Medicare-insured beneficiaries, the annual
healthcare costs per VLU patient (US$18,986) were higher than the costs per non-VLU patient (US$12,595) 115].
Moreover, for privately insured beneficiaries, the annual healthcare costs (including drug costs) per VLU patient Future -

(US$13,653) were double for a non-VLU patient (US$6623) 115]. Medicine ™
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Standard of care (SOC) for VLUs involves compression therapy [17-21]. An example of compression therapy is
the application of a zinc oxide compression wrap from foot to knee (i.e., Unna’s boot procedure) [17-20]. Although
compression therapy is supported by level 1 evidence (i.e., meta-analysis of multiple randomized clinical trials) [17,18],
as being beneficial for VLUs, it has many limitations. With SOC, 75% of VLU patients failed to achieve healing
in a timely fashion [22]. A randomized clinical trial (RCT) showed that VLUs healed within 6 months after using
SOC [23]. Another study reported that 96% of VLUs healed in 1 year [24]. VLU healing is defined as complete
wound closure (100% epithelialization) that has lasted for 2 weeks with and no drainage [23].

The objectives of this review article were: to evaluate the QoL of patients with VLUs; to analyze the limitations
of SOC for VLUs; and to explain how the use of a bilayered living cellular construct (BLCC) can aid in healing
VLUs sooner, can aid in improving QoL for VLU patients and can help reduce the burden on the healthcare system
and payers.

Materials & methods

The focus of this review was on articles that provided information related to QoL of patients with VLU, limitations
of SOC for VLUs and economic analysis (cost analysis and cost—effectiveness) of using BLCC for treatment of
VLUs. For the last objective (comparing BLCC plus SOC vs SOC alone), we focused on the studies that compared
the two groups (i.e., one group includes BLCC plus SOC and the second group includes SOC alone) and we
excluded single arm studies (i.e., SOC alone and not compared with BLCC plus SOC). The search was conducted
in February 2020 on the following electronic databases:

PubMed (1946 through 25 February 2020);

EMBASE (1974 through 25 February 2020);

Cochrane Library (date of search: 25 February 2020); and
Google Scholar (date of search: 25 February 2020)

The following keywords were used in the literature search: venous leg ulcer, VLU, quality of life, QoL, standard
of care, standard treatment, bilayered living cellular construct, (BLCC, Apligraf), economics, cost—effectiveness,
cost, cost analysis. Articles in English language, from any originating country or geography, were retrieved. The
bibliographies of all retrieved relevant articles were explored to further identify more relevant articles. After reviewing
the literature, the costs were converted to 2019 US dollars using the US Consumer Price Index (CPI), US city
average and medical care commodities.

Figure 1 shows the preferred reporting items for systematic reviews and meta-analyses. Figure 1 demonstrates the
initial number of papers that were identified from databases and the final number of studies that were included in
this review. These studies are focused on the cost saving and cost—effectiveness comparing BLCC plus SOC versus
SOC alone for treatment of VLUs.

Results & discussion

Qol of patients with VLUs

Generally, chronic leg ulcers profoundly impact a patient’s physical, functional and psychological status [25-27).
Specifically, VLUs cause pain, exudate and foul odor, mobility restrictions and long-term continuous treatments,
which when combined affect the daily activities of a patient and could even lead to several life changes [26,28,29].
Because the VLU recurrence rate is as high as 70% within 3 months of wound closure, the reappearance of VLUs
can significantly disrupt the lives of patients [30].

The QoL among patients with VLUs is reduced not only from wound complications but also from SOC [311.
Pain is the most frequently reported symptom of VLUs [32] and usually worsens when dressings are changed and
are typically difficult to manage. Additionally, studies have shown that pain-associated sleep disturbances play a
significant role in lowering QoL in VLU patients [33-35]. Another important factor that reduces QoL among VLU
patients is the restriction in mobility, largely, due to pain, swelling, leakage of exudate from the dressing and
associated foul odor [27,29]. Swelling exacerbates pain and it is a major predictor of impaired mobility [26]. There
are also patients who have difficulty finding adequate, comfortable footwear and clothing that would conceal their
wounds [26,27,36-38].

VLUs and their treatment (e.g., prolonged dressings or compression therapy) interfere with lifestyle (e.g., clothing,
mobility, socialization, etc.) and work (i.e., loss of workdays) [26,27,36-38]. Reduced QoL is also attributed to physical
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Studies found from searching electronic
databases
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Studies assessed (n = 59)

Articles excluded based on full-text
reading
(not related articles)
(n=55)

These studies focused on cost saving and/or
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vs SOC alone for VLU treatment

Studies included in the final analysis
(n=4)

Figure 1. The preferred reporting items for systematic reviews and meta-analyses.
BLCC: Bilayered living cellular construct; SOC: Standard of care; VLU: Venous leg ulcers.

and psychological stress that adversely affects a patient’s functioning [16,29]. Many VLU patients demonstrate an
unhealthy preoccupation with their VLU [29]. For example, exudate and foul odor may have adverse effects on
VLU patients’ psychological state, leading to an emotional state of disgust, self-loathing and low self-esteem and,
as a consequence, may shun social functions [39]. Avoidance of social functions may bring about emotional distress,
which also negatively impacts QoL in VLU patients [40]. Further to this, VLU patients often have decreased work

capacity, culminating in a loss in income [4].
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Table 1. Example of tests used for determining adequate tissue perfusion.
Test/parameter Notes Ref.
ABI

o ABI = highest pressure in the leg/the highest pressure in the arm. [42-44]
e The lower ABI value indicates more severe disease.

o Normal: ABI =0.91-1.30

o Mild occlusion: ABI = 0.70-0.90

o Moderate occlusion: ABI = 0.40-0.69

o Severe occlusion: ABI <0.40

o Poorly compressible vessels: ABl >1.30

TcPO, e TcPO2 is also known as transcutaneous oximetry. [42,43]
o Expectation of wound full healing potential when TcPO, >30-40 mmHg.
e TcPO, <20 mmHg indicates sever deprivation of wound oxygenation and hence poor prognosis for wound healing.

Laser Doppler o Laser Doppler is used to test the skin perfusion pressure. [42,43,45]

o A previous study showed that 90.80% wound healing rate was achieved when the laser Doppler values >30 mmHg
compared with 50% wound healing rate when laser Doppler values <30 mmHg.

ABI: Ankle-Brachial Index; TcPO,: Transcutaneous oxygen pressure.

SOC for VLUs & Limitations of SOC
SOC for VLUs

Considering the hardships associated with VLUs, guidelines that involve SOC have been developed and are explained
below [17-21]. Examples of these guidelines include the Wound Healing Society guidelines, clinical practice guidelines
of the Society for Vascular Surgery and the American Venous Forum and the guidelines published by the Association
of Advanced Wound Care [17-21].

Compression therapy

Compression therapy is the mainstay in venous ulcer therapy [17-21] and can be categorized into high compression
(i.e., pressure: 24-35 mmHg) and low compression (i.e., pressure: 14—17 mmHg) [41]. Because high compression
achieves better healing rates than low compression, the first line of treatment for non-complicated VLUs is a Class
3 (most supportive), multilayered high-compression system with sufficient padding. An example of compression
therapy is Unna’s boot procedure (i.e., a zinc oxide bandage applied to the lower leg that can be covered with an
elastic dressing). Pentoxifylline is commonly used to improve blood circulation and is effective when combined
with compression therapy [17-19,21].

Wound care

Venous leg ulcers should be cleansed with a neutral, nonirritating, nontoxic solution [17-19]. Sharp, enzymatic,
mechanical, biological or autolytic debridement is required to remove all necrotic or devitalized tissue and excessive
bioburden [17-19]. Cost factors of each type of debridement method are different. Payers pay attention to one-time
use products versus several applications needed (e.g., enzymatic debridement may require several visits). In addition
to debridement, evaluation and correction of the causes of tissue damage (e.g., systematic disease and medication,
nutrition and tissue perfusion and oxygenation) should be conducted [17-19). Table 1 shows example of tests and
parameters that should be used for determining adequate tissue perfusion and range of values that would lead to
proper healing of tissue wounds [42-45).

Bacterial control & treatment of wound infection

Venous leg ulcers with clinical evidence of infection should be treated with systemic antibiotics guided by culture
results [18,19]. In some cases, topical antibiotics may be adequate to control bacterial levels and allow continuation
of healing [18,19].

Dressings (dressing technique should be clean to prevent cross-infection)

Dressings should maintain a moist wound-healing environment, facilitate continued moisture, manage the VLU
exudate and protect the surrounding ulcer skin, be cost-effective and be appropriate to the setting and the healthcare
provider (supported by level 1 evidence) [18,19,21]. The least expensive and cost-effective dressings are moist saline
gauze. However, maintaining a gauze dressing continuously moist may pose a challenge for the clinicians’ time [18].
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Surgery in selected patients

Patients with chronic VLU and superficial venous reflux are considered for surgery to promote ulcer healing and
prevent recurrence of the ulcer [21]. Sclerotherapy is recommended for superficial varicosities as well as incompetent
perforators surrounding the ulcer and may facilitate rapid healing (18,19,21]. The Early Venous Reflux Ablation trial
evaluated the early endovenous treatment of superficial venous reflux as an adjunct to compression therapy in VLU
patients. The Early Venous Reflux Ablation trial results showed that early endovenous ablation resulted in faster
VLU healing and more time free from ulcers compared with deferred endovenous ablation [46).

Limitations of SOC for VLUs

Researchers have shown that VLUs of longer duration and larger size tend to have poor prognoses [47). VLUs
without appropriate treatment can progress to larger ulcers that would require more complex interventions, such
as plastic surgery procedures for successful treatment [47]. Unsuccessful treatment of VLUs has been associated with
increased rates of morbidity, which will have a significant reduction in patient QoL and a direct increase in costs.

A Cochrane Library systematic review shows that high level of compression with a multilayered bandage is
effective for the treatment of VLU [48]. However, a high percentage of VLU patients (75%) failed to achieve healing
in a timely fashion [22], which led to increased healthcare costs and healthcare resource utilization. Therefore, there
was a significant economic burden on the US healthcare system and payers.

Ma, O’Donnell, Rosen and Iafrati followed VLU patients for a year from initial wound presentation to determine
the total cost of treating VLUs. Ma ez al. found that patients could be healed without VLU recurrence in a mean
time of 122 days at a cost of US$10,563, but costs could reach up to US$50,967 (49]. At times, the total medical
cost may reach up to US$132,730 without achieving healing of VLUs. Significant contributing factors to the costs
of VLU treatment are outpatient facility fees (US$10,332) and visiting nurse services (US$11,365) [49]. Another
important driver for increased costs was hospital admissions and related complications due to infection [49]. The
cost could be as high as US$71,526 for those who experience complications (related to surgery) compared with
those who had no complications (US$15,285; p < 0.001) 49].

Time to healing is the major contributing factor that influence VLU treatment costs [44]. Prolonged use of
healthcare resources were found to triple the costs in nonhealed VLU patients (US$33,907) as compared with
healed VLU patients (US$10,563; p < 0.05) [44]. The costs of a visiting nurse (US$11,636) and outpatient facility
(wound care center; US$10,332) are the major drivers of significantly increasing costs in nonhealed VLU patients
group [49].

Using BLCC for treatment of VLUs

Adding an additional VLU treatment modality to SOC could be of value to VLU patients (through improvement of
healing time and QoL) and payers (through reduction of overall cost associated with treatment). BLCC is supplied
as a living, bilayered skin substitute [50,51] and it consists of an epidermal layer (formed from human keratinocytes)
and a dermal layer (composed of human fibroblasts in a bovine type I collagen matrix) (50,511. It is void of any
antigen-presenting cells and clinical trials have found no evidence of clinical rejection, while immunological tests
indicated no humoral or cellular response to keratinocytes and fibroblasts of BLCC (50,51].

The key to BLCC’s healing process is that it accelerates VLU healing (s0]. BLCC aids and stimulates healing
by providing extracellular matrix components, cytokines and other regulatory cellular components necessary for
healing. BLCC accelerates healing because of other multiple functions found in human skin [4]. These include the
production of structural and regulatory substances (e.g., collagen, growth factors, cytokines) and interactions with
the underlying tissue to promote more effective wound repair (4.

Many studies compared the effectiveness of BLCC versus other modalities for VLU treatment [52-55]. Nelson
(2011) indicated that BLCC increases VLU healing in patients receiving compression [56]. A RCT compared the
effectiveness of BLCC plus SOC versus compression therapy alone at 24 weeks [52]. The results showed a statistically
significance difference in which 56.8% of VLUs were healed using BLCC plus SOC compared with 39.8% of VLUs
that were healed using SOC alone [51,52]. Another RCT showed that BLCC plus SOC was superior (63% healing
rate) compared with SOC alone (49% healing rate) (23,53]. In addition, the results of the comparative effectiveness
study of a BLCC and a porcine collagen wound dressing in VLU treatment showed that BLCC reduced the median
time to wound healing by 44%, achieving healing 19 weeks sooner than a porcine collagen wound dressing (24 vs
43 weeks, respectively) [54]. Another comparative effectiveness study compared a BLCC and an acellular fetal bovine
collagen dressing for VLU treatment [55]. The results showed that BLCC significantly improved the median time
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to wound healing by 37%, achieving healing 11 weeks sooner than fetal bovine collagen dressing (19 vs 30 weeks,
respectively) [55]. Furthermore, a pilot study assessed health-related QoL of VLU patients treated with BLCC plus
SOC (571. This study indicated that all patients reported improvement in their QoL after BLCC treatment [57].

Cost saving & cost—effectiveness comparing BLCC plus SOC versus SOC alone

It must be emphasized that VLU patients may contend with significant spending during the course of their wound
care. These individuals have high utilization rates for home healthcare, prescription medications along with wound
dressings supplies, aside from being frequently hospitalized [58]. A prospective multicenter RCT showed that BLCC
plus SOC is associated with faster VLU healing than the SOC alone [23). Another study reported that faster VLU
healing associated with BLCC lead to cost savings [59).

Most payers use Medicare as a base for setting payment rate. From the payers’ payment perspective, the upfront
cost of BLCC is higher than the upfront cost of SOC (e.g., Unna’s boot). The average 2019 Medicare payment
rate for a BLCC procedure per visit is US$1548.96 while the cost for the application of an Unna’s boot per visit
is US$250.47 (combined cost of Unna’s boot (US$134.62) and a clinic visit (US$115.85) given that both are
typically billed together) [60]. However, the payers need to look at the overall cost and effectiveness of treating VLU
patients over a period of time (i.e., a month or a year). Several studies reported that using BLCC and SOC for
VLU is cost-effective compared with SOC alone [58,59,61].

Schonfeld ez al. assessed the total annual medical cost and cost—effectiveness of using BLCC and SOC compared
with SOC and zinc-impregnated gauze (Unna’s boot) for the treatment of hard-to-heal VLUs over 1 year [59].
The total annual direct medical cost included the main therapeutic option (i.e., BLCC and SOC or Unna’s
boot), additional compression dressing, clinician office visits, home health visits, diagnostic tests and procedures,
inpatient admission (i.e., hospitalization) and management of adverse events. This economic assessment was from
the perspective of a commercial health plan [59). Based on this economic assessment [59] and by converting t0 2019 US
dollars (costs were converted using the CPI), the total annual direct medical cost of BLCC and SOC for treatment of
a patient with a hard-to-heal VLU (US$36,301.57) is lower than that of Unna’s boot (US$49,799.87) [591. Therefore,
the payers who include BLCC in their healthcare plan coverage, have the opportunity to save US$13,498.30 per
VLU patient per year. Based on this information, if we just estimate that a healthcare plan (that covers BLCC) has
only 100 VLU patients and the physicians use BLCC for these patients, the cost-savings will be US$1,349,829.51.
And if the number of the VLU patients is 10,000 patients, the cost savings can be more than US$134.5 million.
Moreover, physicians’ use of BLCC and SOC led to three additional months in the healed state per VLU patient
per year compared with Unna’s boot (59]. BLCC improved ulcer healing and therefore, required fewer months of
treatment, which resulted in lower overall cost compared with Unna’s boot [59].

To illustrate to payers the cost-savings due to covering BLCC in their healthcare plans, the comparison between
BLCC plus SOC versus SOC alone should be presented in addition to the breakdown of the VLU total direct
medical cost (2019 US dollars) over a specific period of time (e.g., a month). Figure 2 shows the average monthly
direct medical costs of treating one hard-to-heal VLU patient using BLCC and SOC versus Unna’s boot. It is
critical for payers to consider the total cost of care given that treating patients living with VLUs involve utilizing
healthcare resources (e.g., hospitalization, diagnostic tests and procedures, home health visits, etc.) beyond SOC or
SOC plus BLCC. As depicted in Figure 2, BLCC initially costs more than Unna’s boot. However, for VLU patients
treated with Unna’s boot, the additional compression dressings costs (US$45.28) along with Unna’s boot costs
(US$88.76) account for only 2.70% of the monthly direct medical costs, while hospitalization costs ($3725.98)
represent 74.96%. Furthermore, when the cost of Unna’s boot is combined with other necessary healthcare costs
(home health visits, diagnostic tests and procedures, hospitalization and management of adverse events, etc.), the
overall cost of using Unna’s boot is higher compared with using BLCC plus SOC (Figure 2).

While the Schonfeld ez al. cost—effectiveness study results were derived from a model that was based on the
clinical trial findings [59), it is critical to look at the real-world data and economic assessment of adding BLCC to
SOC in the real-world clinical practice setting. Olin ez a/. described the distribution of the total direct medical cost
across the medical services (related to VLU treatment) from the healthcare system perspective [62]. This previous
study indicated that hospitalization and home healthcare accounted for 73% of the total VLU direct medical cost,
while topical medications, prescription medications and home dressings represented only less than 23% [62].

In this review article, the medical costs were converted to 2019 US dollars, so a comparison of past costs reported
in older published US studies can be made and reflected in 2019 US currency. For example, Schonfeld ez al.
reported that the average monthly direct medical costs were equal to US$4970.39 [59]. Because Schonfeld ez 4/.
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Figure 2. The average monthly direct medical costs of treating a hard-to-heal venous leg ulcer patient*.
*Based on Schonfeld et al. results, the costs were converted to 2019 US dollars using the US CPI, US city average,
medical care commodities.

BLCC: Bilayered living cellular construct; CPl: Consumer Price Index; SOC: Standard of care.

focused on hard-to-heal VLUs, they reported average monthly direct medical costs that were higher compared with
the costs reported by Olin ez al. who focused on VLU patients compliant with scheduled office visits. Olin e al.
indicated the average monthly direct medical costs are equal to US$4248.49 [621.

The Olin study ez a/. found that the total VLU direct medical cost was strongly related to duration of follow-up
(1 year following the initial visit or until the ulcer healed, whichever occurred first; p < 0.0001) (621. Therefore,
minimizing the time to VLU healing would aid in reducing the overall VLU management cost [62]. According to
the BLCC RCT results, the median time to complete wound closure for VLU patients treated with SOC alone is
181 days (i.e., around 6 months) while it is 61 days (around 2 months) for VLU patients treated with BLCC plus
SOC 23]. It can be concluded from this study that the addition of BLCC to SOC reduced the time to complete
wound closure by 4 months. Therefore, multiplying the reduced time to VLU healing (4 months) by the average
monthly VLU direct medical costs (US$4248.49 based on Olin ez 4l.) results in a total cost-saving for the healthcare
plan that covers BLCC equal to US$16,993.96 per VLU patient treated with BLCC plus SOC. Also, payers should
consider that the 1-year VLU (treated with SOC) recurrence rate is as high as 69% [63] and more than 50% of VLU
patients experienced repeated VLUs at 3-5 years of follow-up [64]. Although there is no statistical difference in the
VLU recurrence rate between VLU patients treated with BLCC plus SOC and those treated with SOC alone (4],
the healthcare plan may have repeated cost-savings by allowing coverage of BLCC and SOC for treatment of VLUs.
Furthermore, treating VLUs with BLCC plus SOC reduced the time to VLU healing and improve patients’ QoL.

Fivenson and Scherschun conducted a cost evaluation of BLCC based on VLU-related medical care costs
(US dollars) in relation to ulcer size (cm?) changes over 3 months prior and 3 months following VLU treatment
with BLCC [s8]. The ulcer size measurements were derived from patients’ charts at the hospital while the medical
care costs were derived from the billing records (58]. The medical care costs included costs that were directly related
to VLU care (i.e., outpatient visits, medical procedures, prescriptions, dressing and supplies, professional fees) [58].
For the costs of BLCC post-treatment period in addition to the mentioned costs, the total medical care costs also
include BLCC costs and procedural charges [58]. Fivenson and Scherschun reported that the physicians’ use of
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Figure 3. The cost per change in ulcer size 3 months before and 3 months after using bilayered living cellular
construct*.

*Based on Fivenson and Scherschun results [58], the costs were converted to 2019 US dollars using the US CPI, US city
average, medical care commodities.

BLCC: Bilayered living cellular construct; CPl: Consumer Price Index.

BLCC resulted in lower costs per change in ulcer size when comparing the 3 months following BLCC treatment
(i.e., BLCC plus SOC) to the 3 months before VLU patients treatment with BLCC (i.e., SOC alone) [58]. Based
on this real-world economic assessment [58] and converting to 2019 US dollars (costs were converted using the
CPI), Figure 3 shows the comparison of the cost per change in ulcer size (US$/cm?) 3 months prior and 3 months
following use of BLCC in each VLU patient. While this study included the available real-world data of only five
VLU patients [s8], the payers should consider high cost-savings if the BLCC is added to SOC for many patients
enrolled in the healthcare plan. Future studies are needed to provide economic evaluation based on real-world
databases.

A Canadian study that was published in 2001, examined the cost effectiveness of adding BLCC to SOC [61].
In this study, researchers aimed to discern any justifications for the upfront high acquisition cost of BLCC. They
evaluated the cost—effectiveness of treating VLU patients with one BLCC application plus a high compression
four-layer bandage compared with a high compression four-layer bandage alone (over the course of three and 6
months) (61]. This study was from the healthcare and societal perspectives [61]. Although the total cost per VLU
patient was higher for the BLCC plus four-layer bandage arm from both perspectives, BLCC plus four-layer
bandage were more effective than the four-layer bandage alone [61]. The study data showed that using BLCC plus
four-layer bandage over 3 months would have averted 22 days of treatment with an additional cost per patient of
316 Canadian dollars (CAD) (healthcare perspective) or 304 CAD (societal perspective) compared with a four-layer
bandage [61]. So, over 3 months of treatment, the incremental cost for the course per ulcer per day averted was
14.36 CAD (healthcare provider perspective) or 13.82 CAD (societal perspective). Furthermore, using BLCC over
6 months would drop the incremental cost further to less than 5 CAD per ulcer per day [61]. Looking at the results
of this Canadian study (61], by adding BLCC to SOC, the payers who cover BLCC may spend a few more dollars
for each VLU patient per day to shorten the period of VLU treatment and, hence, avert treatment days given
that more treatment days can cost more money because of increased healthcare resource utilization. An example
would be treating infection and hospitalization if BLCC is not covered in the healthcare plan and if the VLU
patients were treated with SOC alone. On the other hand, this study assumed only one BLCC application plus
SOC for treating VLU patients in three or 6 months [61]. However, RCTs reported using more than one BLCC for
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treating VLU [4,23). Future cost—effectiveness studies with different assumptions (e.g., using more than one BLCC
application) and long-term time horizons (e.g., more than 6 months) are needed.

The results of our study are reproducible. We relied on peer-reviewed published studies that provided information
related to QoL of patients with VLU, limitations of SOC for VLUs and economic analyses of using BLCC as
a treatment of VLUs. The medical costs were converted to 2019 US dollars using the CPI, so a comparison of
past costs reported in older published US studies can be made and reflected in 2019 US currency. However, the
increase in costs could exceed the CPI (65]. It is likely our study may have underestimated medical costs and hence,
the cost-savings for payers could be more than the calculated value in this article. Systematic review is required
to provide more comprehensive information related to the subject matter. We did not focus on clinical outcomes
publications that provide information related to VLU treatment with BLCC. However, this study provides detailed
information related to QoL and an economic evaluation of BLCC in VLU treatment. This information may help
in solving the issue of the significant economic burden on the US healthcare system and payers. Payers’ coverage of
BLCC and encouraging healthcare professionals to expand using BLCC for VLU treatment results in reduction of
the overall medical cost for treating VLU patients.

Conclusion

Patients with VLUs suffer significantly because of pain, foul odor and other factors that reduce their QoL. Although
there is SOC for VLU, the problem at hand is that a high percentage of VLU patients fail to achieve healing in a
timely fashion, which leads to increased healthcare resource utilization and healthcare costs, invoking a significant
economic burden on the US healthcare system and payers. Since BLCC improves time to healing of VLUs and
the addition of BLCC to SOC is more effective compared with SOC alone, improving VLU patients’ QoL as well
as cost-savings and cost—effectiveness can be achieved. Therefore, a solution to the mentioned economic burden
is for healthcare plans to continue BLCC coverage and encourage healthcare professionals to expand using BLCC
for VLU treatment. For example, if a healthcare plan has 100 VLU patients who were treated with BLCC, the

cost-savings would exceed 1 million dollars.

Summary points

e Venous leg ulcers (VLUs) present a significant economic burden on the US healthcare system and payers (US$14.9
billion).

e The objectives of this review article were: to evaluate the quality of life (QoL) of patients with VLUs; to analyze
the limitations of standard of care (SOC) for VLUs; and to explain how the use of a bilayered living cellular
construct (BLCC) can aid in healing VLUs sooner, can aid in improving QoL for VLU patients and can help reduce
the burden on the healthcare system and payers.

e Patients with VLUs suffer significantly because of pain, foul odor and other factors that reduce their QoL.

e VLUs and their treatment (e.g., prolonged dressings or compression therapy) interfere with lifestyle
(e.g., clothing, mobility, socialization, etc.) and work (i.e., loss of workdays).

e A high percentage of VLU patients who used SOC alone fail to achieve healing in a timely fashion, which leads to
increased healthcare resource utilization and healthcare costs, invoking a significant economic burden on the US
healthcare system and payers.

e Since BLCC improves time to healing of VLUs and the addition of BLCC to SOC is more effective compared with
SOC alone, improving VLU patients’ QoL as well as cost-savings and cost—effectiveness can be achieved.

e Although the upfront cost is high, the greater effectiveness of BLCC offsets the added cost of the product during
the time period of the studies.

e Payers’ coverage of BLCC results in reduction of the overall medical cost for treating VLU patients.
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