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Abstract: Objectives: In hepatopancreatic diseases, stenting is widely employed to man-
age cholangitis and obstructive jaundice. Stent materials are primarily categorized as plas-
tic or metal. Plastic stents have notable advantages, such as reduced likelihood of periph-
eral bile duct obstruction, a lower cost, and the ease of replacement compared to metallic
stents. However, their patency period is shorter due to narrower diameters. Plastic stents
are typically composed of materials like polyurethane or polyethylene. To improve pa-
tency, new dual-layer stents combine polyurethane with polytetrafluoroethylene (PTFE).
PTFE, used in the inner layer, is expected to prevent biofilm formation. This study aimed
to assess the clinical efficacy of this dual-layer stent. Methods: A retrospective analysis
was performed on 48 cases (Group R) using REGULUS® from November 2022 to Novem-
ber 2023 and 30 cases (Group IS) using inside-type plastic stents from January 2020 to
November 2023 for malignant hilar and intrahepatic bile duct obstructions. Stent patency
and clinical outcomes were compared between the groups. Results: There was no signif-
icant difference in the recurrent biliary obstruction (RBO) rate between the groups (p =
0.644). The time to recurrent biliary obstruction (TRBO) was 74 days in Group R and 118
days in Group IS, with no significant difference (p = 0.219). Conclusions: The dual-layer
stent placed across the papilla demonstrated comparable clinical outcomes to inside-type
stents. The PTFE inner layer likely reduces biofilm formation, enhancing patency. Across-
the-papilla placement may facilitate reinterventions in challenging cases, broadening
stent options.

Keywords: plastic stent; malignant biliary obstruction; polytetrafluoroethylene (PTFE)

1. Introduction

Stents are commonly used for drainage in cases of cholangitis or obstructive jaundice
in the treatment of biliopancreatic diseases. In particular, in cholangiocarcinoma of the
hilar region, various factors influence the choice of biliary drainage method [1], including
the localization and extent of the tumor, surgical resectability, estimated remnant liver
volume, relationship with arterial structures, presence of preoperative treatments such as
portal vein embolization, and predicted prognosis. Endoscopic nasobiliary drainage
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(ENBD) is recommended for preoperative drainage because of its lower incidence of chol-
angitis [2]. However, for cases in which prolonged preoperative waiting periods are an-
ticipated, such as in patients undergoing preoperative therapies, ENBD can negatively
impact the quality of life (QOL) [3]. In such situations, a plastic stent (PS) is often used as
an initial strategy.

For unresectable cases, the 3rd edition of the Guidelines for the Treatment of Biliary
Tract Cancer [4] recommends either an uncovered self-expanding metal stent (UC-SEMS)
or plastic stent. Stents are typically composed of plastic or metal. Plastic stents offer sev-
eral advantages over metal stents, including a reduced risk of occlusion of peripheral bile
duct branches, ease of replacement, and cost-effectiveness. However, their smaller diam-
eter has led to a shorter patency period [5]. Biofilm formation is a known contributor to
the occlusion of these stents [6], prompting the exploration of various strategies, such as
silver coatings, to prevent this complication. Recently, the effectiveness of inside-type
plastic stents has been reevaluated [7-9]. The UC-SEMS outperforms the PS in terms of
patency duration, making it the preferred choice. However, as multimodal treatment ad-
vances and the patient prognosis improves, the limitations of UC-SEMS, particularly its
irreversibility, become more apparent.

Re-intervention in UC-SEMS cases is challenging because of the need to navigate
through the mesh structure of the stent. Considering a long-term ERCP strategy beyond
the initial patency period, a more comprehensive approach is necessary. Recently, the IS
has been commercialized and gained attention. Traditional PS placement, which extends
into the duodenum, may lead to biofilm formation from duodenal flora, causing stent oc-
clusion. In contrast, IS placement confines the stent within the bile duct, preserving the
function of the sphincter of Oddi and potentially extending patency compared to conven-
tional PSs. However, in some cases, especially when considering re-intervention, across-
the-papilla stents may be more beneficial.

This study aimed to assess the effectiveness of a novel dual-layer stent composed of
polyurethane with an inner polytetrafluoroethylene (PTFE) layer (Figure 1) to minimize

biofilm adhesion and potentially extend stent patency.

Figure 1. Structure of the dual-layer stent. The layer between the white arrows is the inner PTFE
layer. (a) Enlarged view of the cross-sectional slice. (b) Enlarged view of the longitudinal sectional

slice.

2. Methods Study Design and Patients

Transpapillary stent placement was performed in 78 patients with malignant biliary
obstruction at 2 medical centers in Japan: Jichi Medical University Saitama Medical Center
and Ota Memorial Hospital. All the patients had malignant tumors. In addition, all cases
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involved obstructions of the hilar or intrahepatic bile ducts. We retrospectively compared
two groups: 48 cases (R group) in which REGULUS® was used between November 2022
and November 2023 and 30 cases (IS group) in which inside-type plastic stents were used
between January 2020 and November 2023. These cases involved malignant tumors that
caused obstruction of the hilar and intrahepatic bile ducts. The patency periods and safety
profiles were retrospectively analyzed.

2.1. Inside Stents (ISs)

Before commercial products became available, in the first report, ISs were handmade
by attaching nylon threads to conventional stents [10]. This stent is made only of polyeth-
ylene. This product is available in two types based on flexibility: a deep-angle type and a
light-angle type, allowing for selection tailored to the anatomy of the targeted bile duct.
In addition, the stent is available in the diameters of 7 and 8.5 Fr. The larger diameter
option is suitable for cases in which longer stent patency is desired. In addition to ex-
tended patency periods, ISs offer several practical advantages. For instance, it is possible
to place up to three stents without undue stress on the papilla. ISs are also beneficial in
cases of long biliary strictures, where the length of the conventional transpapillary stents
may be insufficient. In all cases, the ISs were placed above the papilla. “Above the papilla”
refers to a method where the proximal end of the stent is placed within the bile duct,
without extending it into the duodenum.

2.2. The Novel Dual-Layer Plastic Stent

The novel stent has an outer layer made of polyurethane with high resilience, which
softens at body temperature (approximately 37 °C), and an inner layer composed of PTFE,
which offers excellent lubricity. The lumen was designed to be relatively wide, ensuring
a high degree of fit within the bile duct while maintaining superior patency. The stent is
available in two diameters, 7 Fr and 8.5 Fr, and has five lengths: 5, 7, 10, 12, and 15 cm.
The stents are designed with pre-curves and are equipped with flaps, which reduces the
risk of dislodgement. In all cases, the novel stent was placed across the papilla. “Across
the papilla” refers to a method where the proximal end of stent extends into the duode-
num for placement.

2.3. Procedure

Experienced endoscopists at two medical centers performed all endoscopic proce-
dures. Multidetector computed tomography (CT) or magnetic resonance cholangiopan-
creatography (MRCP) was used to plan stent placement for the bile duct. A standard du-
odenoscope (JF-260V, TJF-260V, or TJF-290; Olympus Medical Systems, Tokyo, Japan) was
used. After the cannulation of the bile duct, a guidewire was passed through the ob-
structed tumor. Endoscopic sphincterotomy (EST) was performed in all cases, and a stent
was placed in the intrahepatic bile duct. The operator determined the type, number, size,
and length of stents. REGULUS® was placed across the papilla, while inside-type plastic
stents were placed above the papilla.

Two patterns of development after the placement of stents were observed: (1) Stent
replacement due to the occurrence of stent occlusion with acute cholangitis and (2) stent
replacement without stent occlusion. Strategic replacement without stent occlusion was
excluded at the time of analysis. The acute cholangitis rate was analyzed using the
Kaplan-Meier method. The stent occlusion rate was defined as the proportion of stent
occlusion at 10 days, 20 days, 30 days, 60 days, and 90 days after stent placement and was
analyzed using the Kaplan-Meier method.

2.4. Statistical Analyses
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Statistical analyses were performed using the EZR software program (ver.1.68) [11],
employing Fisher’s exact test, the Wilcoxon signed-rank test, and the log-rank test to com-
pare time to recurrent biliary obstruction (TRBO). For adverse events such as cholangitis
related to stents, RBO, and TRBO, we referred to the Tokyo Criteria 2024. When analyzing
stent patency using the Kaplan-Meier method, patients without stent occlusion and chol-
angitis were excluded at the time of analysis.

Ethical Aspects and Consent to Participate

This study was approved by the ethics committee of Saitama Medical Center, Jichi
Medical University, and conducted in accordance with the Declaration of Helsinki. We
obtained written informed consent or had the right to refuse information disclosure and
the opt-out opinion from all patients.

3. Results

Patient backgrounds are shown in Table 1. There were no significant differences in
sex or age between groups. The proportion of obstructions caused by bile duct cancer was
higher in the R group (89.6%) than in the IS group (73.3%) (p = 0.0338). In addition, the IS
group had a higher prevalence of HCC and liver metastases, with a greater proportion of
intrahepatic bile duct obstruction compared to the R group.

Table 1. Baseline characteristics of the patients.

Group R (n=48) Group IS (n=30) p Value

Gender
Male 28 23 0.145
Female 20 7
Age, median (range) 73 (44-91) 74.5 (58-86) 0.406
Etiology
Biliary tract cancer 43 22 0.0338
Liver metastasis
HCC

Metastasis of lymph node
Disseminated nodule

—_ e = N
S O =

The study outcomes are presented in Table 2. All patients in both groups underwent
EST. In the IS group, 12 cm-long stents were predominantly used, while in the R group,
stents with a length of 10 to 15 cm were mainly used. The R group frequently had two
stents placed, followed by three, whereas the IS group typically had one stent placed, fol-
lowed by two stents (p = 0.00208). This is likely because the IS group had a higher rate of
obstruction limited to the intrahepatic bile duct, such as those caused by liver metastases,
whereas the R group had more cases of bile duct obstruction in the hilar region.

Table 2. Data regarding the R group and the IS group.

Group R (n=48) Group IS(n=30) p Value

Previous endoscopic sphincterotomy 48 30 N.S.
Diameter and size of the placed stent
7 Fr.7 cm 6 0 N.S.
7 Fr.9 cm 0 7
7 Fr. 10 cm 25 0
7 Fr.12 cm 37 39

7 Fr. 15 cm 11 0
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8.5 Fr.7 cm 2 0
8.5 Fr. 10 cm 4 0
8.5 Fr. 12 cm 7 0
8.5 Fr. 15 cm 7 0
Number of the stent
1 8 16 0.00208
2 29 12
3 11 2
Acute cholangitis rate 56.7%(17/30) 50%(24/48) 0.644
TIME to RBO, medium (range) 74(62-113) 118(54-322) 0.219
Early adverse events 1 4 N.S.
High-amylase 1 3
Cholangitis 0 1

RBO: Recurrent Biliary Obstruction, N.S.: Not Significant.

There was no significant difference in the rate of acute cholangitis between the groups
(p = 0.644). The median TRBO was 74 and 118 days in the R and IS groups, respectively,
with no statistically significant differences (p = 0.219, Figure 2). Upon detailed analysis,
the R group demonstrated longer patency than the IS group up to day 10, although the
difference was not statistically significant (p =0.0712, Figure 3a). Around day 20, the pa-
tency curves of the R and IS groups began to converge (p =0.89, Figure 3b). By days 30 and
60, the curves almost entirely overlapped (p =0.517, 0.692, Figure 3c,d). Around day 90,
the IS group demonstrated a slightly longer patency curve than the R group, although this
difference was not statistically significant (p =0.78, Figure 3e).

Adverse events included one case of hyperamylasemia in the R group and three cases
of hyperamylasemia and one case of cholangitis in the IS group, with no significant dif-
ference between the groups (Table 2).

1.0 Group n Median, TRBO | 95%, CI | P value
74 62-113
0.219
118 54-322
0.8 —
—— R group
—— IS group
06
04 —
t }
0.2
0.0 —
| T T T
0 100 200 300
Number at risk
0 48 9 1 0

1 30 10 7 4
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Figure 2. Kaplan—Meier analysis of time to recurrent biliary obstruction (RBO). There was no statis-
tically significant difference in the median time to RBO (TRBO) between the R group and the IS
group (74 days vs. 118 days, 95% confidence interval [CI], p = 0.219).

a b c
10 4 + 10 — ————— 1.0 m
08 - 08 - 08 -
06 - 06 06
04 1 04 - 04 -
02 4 02 - 02 -
00 00 0.0 -
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 0 5 10 15 20 0 5 10 15 20 25 30
Number at risk Number at risk Number at risk
0 48 48 48 46 46 45 0 48 46 45 42 38 0 48 46 45 42 38 35 34
130 30 28 27 27 24 1 30 27 24 24 22 130 27 24 24 22 21 21
d e
10 [N B 10 4
_ S Ty —— Rgroup
! e EIPSRNETS [ m—
0 b ; IS group

T T T T T T T T T T T
0 10 20 30 40 50 60 0 20 40 60 80

Number at risk Number at risk

0 48 45 38 34 31 28 22 0 48 38 31 22 12
1 30 24 22 21 18 18 14 1 30 22 18 14 1"

Figure 3. Kaplan-Meier analysis of TRBO. (a) There was no statistically significant difference in the
median TRBO up to day 10 between the R group and the IS group (p = 0.0712). (b) There was no
statistically significant difference in the median TRBO up to day 20 between the R group and the IS
group (p = 0.89). (c) There was no statistically significant difference in the median TRBO up to day
30 between the R group and the IS group (p =0.517). (d) There was no statistically significant differ-
ence in the median TRBO up to day 60 between the R group and the IS group (p = 0.692). (e) There
was no statistically significant difference in the median TRBO up to day 90 between the R group
and the IS group (p = 0.78).

4. Discussion

Bile duct cancer is more likely to cause obstructive jaundice than pancreatic cancer,
and hilar bile duct cancer almost always leads to obstruction. Consequently, stent place-
ment is often required in patients with unresectable tumors. Stents are primarily divided
into plastic and metal types, each with advantages and disadvantages. Metal stents,
known for their superior patency, have historically been preferred with stent-in-stent and
side-by-side placement [12]. Previous reports, including randomized control trials (RCTs),
have indicated that UC-SEMSs outperform plastic stents in terms of patency, making UC-
SEMSs the recommended choice. However, advancements in chemotherapy have ex-
tended patient survival [13,14], and the disadvantages of non-removable UC-SEMS have
become more apparent. This is particularly evident during re-interventions following
stent dysfunction, as the mesh holes of the UC-SEMS require complex navigation, which
significantly complicates the procedure.
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As aresult, there is an increasing need to consider long-term stent selection strategies,
necessitating even longer stent patency periods or reintervention that account for re-in-
terventions, rather than focusing solely on the initial patency period.

ISs have recently been introduced commercially and have shown promise. The IS is
placed entirely within the bile duct without extending into the duodenal lumen, preserv-
ing the function of the sphincter of Oddi. Inside-type plastic stents have been reported to
be effective for malignant strictures in hilar and intrahepatic bile ducts [7-9]. The benefits
of plastic stents include the potential for longer patency with inside-type stents. Nonethe-
less, across-the-papilla placement may be preferable in scenarios where ease of replace-
ment and reintervention are anticipated. Retrospective studies have reported that the IS
offers longer stent patency than the PS, extending into the duodenal lumen. Kurita et al.
conducted a prospective RCT demonstrating that ISs significantly prolonged patency
compared with plastic stents in cases of unresectable malignant hilar strictures [15]. Sim-
ilarly, a prospective study by Kogure et al. reported a 100% success rate for IS placement
and removal, indicating that handling ISs pose no significant challenges [16]. When com-
paring ISs with UC-SEMS, retrospective studies have yielded mixed results, with no de-
finitive conclusions. However, a recent prospective RCT by Kanno et al. found no statisti-
cally significant difference in the TRBO between ISs (250 days) and UC-SEMSs (361 days)
in cases of unresectable malignant hilar biliary strictures [7]. Based on these findings, ISs,
which can be removed, may be the preferred first-line treatment for such conditions.

For preoperative cases, no significant differences in stent dysfunction rates or adverse
events were observed between the ENBD, the plastic stent extending into the duodenum,
and IS groups [17]. In addition, Ishiwatari et al. reported no marked differences in the
rates of cholangitis or adverse events between the plastic stent and IS groups [18].

The widely accepted theory regarding stent occlusion is that both bacterial biofilms
and biliary sludge play central roles [6]. The biliary sludge associated with stent occlusion
differs from cholesterol-rich sludge commonly linked to gallstone formation. Instead, this
sludge is primarily composed of bilirubin calcium and calcium palmitate crystals, which
are formed by bacterial enzymes. The formation of a biofilm, driven by the adhesion of
various proteins not naturally present in bile, such as fibronectin, vitronectin, laminin,
fibrin, and collagen, on the inner surface of the stent, is known to play a significant role in
initiating sludge accumulation. The most critical factor in this process is bacterial coloni-
zation. Among aerobic bacteria, Gram-positive Enterococcus species and Gram-negative
Escherichia coli and Klebsiella species are most commonly observed, while anaerobic bacte-
ria such as Clostridium species are also implicated. The synergistic effect of bacterial adhe-
sion and biofilm formation triggered by these bacteria is known to be a key factor in stent
occlusion. Biofilms typically do not become thick enough to cause complete stent occlu-
sion. Longitudinal evaluations of removed biliary plastic stents have shown that the inner
layer of the biofilm is less than 0.5 mm thick, and occlusion is primarily caused by debris,
sludge, and food particles. Scanning electron microscopy (SEM) observations of stents re-
veal that biofilm formation begins on the stent’s inner surface approximately four weeks
after placement. Over time, the biofilm thickens relatively uniformly, and its surface be-
comes firmer. By about eight weeks after placement, the biofilm becomes covered with
sludge, rapidly narrowing the stent’s inner diameter. This suggests that while the biofilm
is involved in the initiation of stent occlusion, the thickening of the biofilm itself is not the
direct cause of complete blockage. Instead, the biofilm may make the inner surface of the
stent irregular, facilitating the accumulation of sludge and debris. Currently, no method
has been identified to completely inhibit biofilm formation.

In this context, a dual-layer stent with an outer layer composed of polyurethane and
an inner layer of PTFE was released. The ability of PTFE to prevent biofilm adhesion has
been reported previously [19]. In addition to the expected patency benefits of PTFE, the
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use of polyurethane for the outer layer is anticipated to improve the fit of the stent within
the bile duct.

In the present study, the dual-layer plastic stent showed similar results to the inside-
type stent. Although there was no significant difference in the TRBO between the R and
IS groups, the median TRBO was longer in the IS group at 118 days. Typically, across-the-
papilla stents are associated with shorter patency periods than those placed above the
papilla. The PTFE inner layer in our dual-layer stent likely plays a role in reducing biofilm
formation. Consequently, although the stent was placed across the papilla, it achieved a
patency period similar to that of an above-the-papilla stent. Notably, both groups main-
tained a patency rate >70% at 64 days. Although no significant differences were observed,
the dual-layer plastic stent tended to have a longer patency period than the IS within the
first 10 days and demonstrated a higher patency rate up to 20 days. Between days 30 and
60, both stents showed almost equivalent results. This is believed to be owing to the effects
of PTFE. The high lubricity of PTFE likely prevents the early adhesion and retention of
residual food and bile sludge while also inhibiting biofilm formation. As a result, the dual-
layer plastic stent achieved a higher patency rate in the early phase and maintained a pa-
tency rate comparable to that of the IS in the later phase.

However, after approximately 70 days, a difference began to emerge, possibly owing
to damage to the PTFE layer from the digestive fluids, leading to biofilm formation. This
may indicate a limitation of PTFE, which emphasizes the need for continued innovation
in stent materials. Nonetheless, when across-the-papilla stents can achieve longer patency
periods than previous stents, straight-type plastic stents may facilitate stent removal and
replacement via a guidewire inserted through the stent’s opening on the duodenal side.

ISs are designed with two types of pre-curves to match the angle of the bile duct and
are equipped with flaps, which reduce the risk of dislodgement. No dislodgements were
observed in the present study. REGULUS® features a polyurethane outer layer, which sof-
tens at body temperature (approximately 37 °C), reducing axial force and minimizing
stress on the intrahepatic bile ducts when placed across the papilla. However, its excessive
softness raises concerns regarding early occlusion and dislodgement. In this study, the
thin PTFE inner layer may have contributed to maintaining optimal stiffness, supporting
prolonged patency.

A subset of cases presents challenges in achieving selective bile duct cannulation dur-
ing the initial ERCP. These cases may also involve prolonged or complicated stent ex-
change. The primary cause is severe tumor-induced strictures, which can make guidewire
placement difficult, even after stent removal. In some instances, selective cannulation is
impossible. In such cases, transpapillary plastic stents are preferred. During subsequent
exchanges, a guidewire was advanced through the existing transpapillary plastic stent.
The stent was then removed using a snare or a similar tool, and a new stent was placed.
This approach ensures greater reliability and reduces the procedure time compared to
stent removal and replacement without a pre-placed guidewire. Given these advantages,
transpapillary plastic stents are actively chosen over ISs in cases where selective bile duct
cannulation is expected to be difficult.

In vitro studies [19] have demonstrated that Teflon stents with low friction coeffi-
cients and stents coated with hydrophilic materials can effectively inhibit bacterial colo-
nization and sludge formation. Because bacterial adhesion to plastic stents is closely
linked to surface hydrophobicity, hydrophilic coatings have been actively researched. Alt-
hough initial studies reported promising results, subsequent prospective large-scale stud-
ies failed to demonstrate a significant extension of the stent patency periods. The potential
reasons for this include (1) damage to the coating surface caused by guidewire manipula-
tion during stent placement or duodenal bile reflux and (2) gradual degradation of the
hydrophilic coating over time before stent occlusion occurs.
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With regard to PTFE, an in vitro study by Coene et al. [19] revealed that Teflon ex-
hibited the lowest friction coefficient compared to commonly used materials such as pol-
yurethane and polyethylene. However, the inherent hardness and rigidity of Teflon pose
the risk of biliary tract injury or duodenal perforation, rendering it less suitable as a prac-
tical material. To address these limitations, a novel two-layer plastic stent was developed
that integrates the advantages of polyurethane, which is known for softening in vivo, with
PTFE. This design aims to overcome these drawbacks while preserving the benefits of
both materials.

A notable finding from this study pertains to the presence of side holes. In straight
stents without side holes, the friction coefficient of the stent material is a key determinant
of the deposition rate. The addition of side holes improved stent patency but significantly
influenced the deposition rates. Interestingly, the superior performance of Teflon was
counteracted by microfluidic turbulence caused by inner-wall irregularities or the pres-
ence of side holes. Thus, the differences in material performance were effectively neutral-
ized by the presence of side holes. Conversely, the absence of side holes increases the risk
of occlusion at both the bile duct and duodenal ends, likely due to contact with the ductal
or duodenal walls. Consequently, the researchers emphasized that, if side holes are nec-
essary in plastic stents, structural modifications to minimize inner-wall irregularities are
critical.

PTFE offers remarkable versatility in terms of its physical properties, with thick-
nesses ranging from a few microns to several centimeters. This allows PTFE to be tailored
to satisfy diverse operational environments and performance requirements. For instance,
thin PTFE layers are ideal for applications requiring flexibility and non-stick properties,
whereas thicker PTFE layers provide enhanced structural strength and abrasion re-
sistance. Thin layers offer increased flexibility and conformability, whereas thicker layers
are more rigid and are suitable for high-load and high-pressure applications.

The two-layer design of the novel stent is structurally sound and innovative. None-
theless, future developmental challenges include optimizing the thickness ratio of the
outer polyurethane layer to the inner PTFE layer, evaluating the necessity and positioning
of the side holes from a fluid dynamics perspective, and determining their optimal quan-
tity and placement. In addition, variations in stent shape, such as straight or pigtail con-
figurations, require further investigation.

By maintaining the bacterial colonization and sludge inhibition properties of the
PTFE inner layer while optimizing the stent design, including shape and side hole config-
urations, further improvements in the stent patency duration are anticipated.

The limitations of this study include its single-center retrospective design and small
sample size. Further studies with larger sample sizes are required to provide stronger ev-
idence.

5. Conclusions

Hilar cholangiocarcinoma requires a wide range of drainage strategies owing to an-
atomical variations in bile duct branching and the extent of tumor spread. The same ap-
plies to malignant tumors that affect intrahepatic bile ducts or hilar regions. Our findings
demonstrate that the new dual-layer plastic stent offers patency rates comparable to those
of ISs, which have been reported to achieve patency equivalent to SEMSs.

Including this new dual-layer plastic stent, alongside conventional options such as
stent-in-stent and side-by-side metal stents as well as inside-type plastic stents, has the
potential to broaden the range of drainage options available. Furthermore, in cases in
which transpapillary approaches are advantageous, such as when stent placement is par-
ticularly challenging, the use of a dual-layer plastic stent across the papilla may offer sig-
nificant benefits.
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