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Introduction
Despite significant advances in managing dialysis patients, there remains a critical need to improve care within this population due to
poor outcomes and survival.

Improvements have occurred in managing co-morbidities including cardiovascular disease, anemia, bone-mineral disease, fluid
overload, diabetes, and hypertension. However, as demonstrated by United States Renal Data System (USRDS) and Centers for
Medicare and Medicaid Services (CMS) data, there is minimal positive impact of current dialysis modalities on clinical outcomes, with
more than 50% of dialysis patients dying from cardiovascular causes and infections. (Table 1)

TABLE 1: Causes of death in dialysis

COD in CMS-2746 N %
Cardiac 1,932 46.9
Other 1,006 24.5
Withdrawal from dialysis 520 12.6
Infection 416 10.1
Vascular 173 4.2
Liver disease 36 0.9
Metabolic 17 0.4
Gastrointestinal 18 0.4

Bhandari, et al. Causes of death in end-stage kidney disease:

COD, cause of death; USRDS, United States Renal Data System; comparison between the United States Renal Data System and a
K . . R large integrated health care system. Am J Nephrol 2022; 53:32-40.
CMS, Centers for Medicare and Medicaid Services.

Table reprinted with permission.

Research has established that uremic toxins negatively impact outcomes and quality of life in dialysis patients, despite current
dialytic methods. The middle molecular toxins have shown associations with inflammation, cardiovascular disease, infection, altered
immune response, and malnutrition.

FIGURE 1: Uremia, inflammation, and cardiovascular disease
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RESPONSE

An expert consensus statement has described the associations of middle molecule uremic toxins with clinical symptoms and
outcomes, including pruritus, restless legs, long recovery time from dialysis treatments, and poor quality of life. (Figure 2) Current HD
modalities such as low flux HD, high flux HD, and hemodiafiltration (HDF) have limited capacity to remove middle molecular uremic
toxins. Thus, there is a strong mandate to further increase the removal of middle molecular toxins to improve the quality of life and
survival in HD patients.

Since the HD dialyzer membrane acts as the artificial kidney that clears uremic toxins, it should replicate as closely as possible the
toxin clearing capacity of the native kidney. Based upon current evidence, medium cut- off (MCO) dialyzer membranes closely
mimic the clearance profile of the native kidney. (Figure 2) This bulletin provides an overview of MCO dialyzers, their role in expanded
hemodialysis (HDx), and the clinical impact of this dialytic approach.



FIGURE 2: Uremic toxins by class and linkage with clinical symptoms and outcomes
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Overview of Medium Cut-Off Dialyzers

MCO dialyzers are now available for use in conventional HD settings. MCO membranes have larger pores than high flux membranes
which significantly improves middle molecule clearance, along with a unique structure which retains essential proteins!? MCO
membranes are made of polyarylethersulfone/polyvinylpyrrolidone and have a tighter pore distribution with larger pores compared
to high-flux and low-flux membranes.? The pores have a radius between 3 and 3.5 nm after contact with blood, and a mean pore
radius of 5 nm* (Figure 3) This porosity results in an adjustment between the molecular weight retention onset and molecular weight
cut-off of the membranes, allowing greater removal of the larger middle molecular uremic toxins (25-58 kDa) with controlled albumin
clearance.® (Figure 4)

FIGURE 3: Main features of a medium cut-off dialyzer*
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FIGURE 4: Pore size distribution in dialysis membranes
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Pore Size

The primary mechanism of MCO dialyzers is diffusion, but with an increased internal filtration rate due to the reduced internal
diameter of the fibers of the MCO dialyzer and the increased fiber length that enhances the convective volume inside the dialyzer.’
The reduced thickness and inner diameter of the fibers improves membrane permeability and dialysis efficiency because there

are more fibers in a more compact dialyzer, thereby increasing the wall shear rate and optimizing blood flow.>® MCO is the dialyzer
with the smallest inner diameter in the capillary (180 nm), enabling augmented internal filtration. This principle occurs mainly in the
distal part of the dialyzer, compensating for the filtration achieved in the proximal part without need for reinfusion, as in HDF.2® The
ultrafiltration control system of the dialysis machine regulates the process, providing the exact amount of net filtration required for
the prescribed weight loss 31

In summary, the MCO membrane has four characteristics which distinguish it from dialyzers used in standard HD and HDF: increased
permeability due to large pore size enables improved clearance of large middle molecular toxins; asymmetric pore size distribution
improves selectivity through stable separation; adsorption provides safety and effectiveness against contaminants; smaller internal
diameter allows enhanced removal of large middle molecular toxins.

Because of the expanded molecular weight range of uremic toxins removed, the term “expanded HD (HDx)” refers to HD performed
with MCO dialyzers. Unlike hemodiafiltration (HDF), HDx employs conventional dialysis machines without specific software or
replacement fluid, while using standard parameters (blood flow >300 mL/min and a dialysate flow 500 mL/min)."*? These features
make HDx an important step toward individualized care that may improve outcomes and quality of life for more people on HD.



Concept of Expanded Hemodialysis

Conventional HD removes small molecule uremic toxins through diffusion, but it has limited ability to remove middle molecules and
protein-bound uremic toxins® And though high-flux membranes increase middle molecule clearance, they also have increased
permeability due to larger pore size and an increased ultrafiltration coefficient,® leading to controlled and limited albumin removal.
Therefore, removal of protein-bound uremic toxins may be limited,*"and not significantly improved in comparison to low flux
membranes® While HDF combines diffusion and convection to enhance clearance of middle molecule uremic toxins it requires
upgraded water purification systems, specialized dialysis machines and staff trained to operate them, which are not available in many
dialysis units.® This also requires additional dialysate quality monitoring. Due to high flow rates, HDF also requires a highly functional
vascular access which can achieve high blood flow more so than conventional HD.®

HDx achieves a high level of clearance for molecules such as B-2 microglobulin and free light chains, (molecular weight of 22.5 and
45 kDa for kappa and lambda, respectively).” Although albumin losses are documented at 1.2 to 3.5 g per dialysis session,® hepatic
synthesis of albumin in the setting of normal liver function may be compensatory. A positive feature of albumin leakage is that it may
promote removal of protein-bound uremic toxins such as indoxyl sulfate and p-cresyl sulfate that are not otherwise removed due to
their binding to albumin, despite their low molecular weight (<500 Da). Moreover, the removal of inflammatory cytokines (IL-6, TNF-a)
and other toxins may be an added value of HDx 31920

Studies have focused on the efficacy and safety of MCO dialyzers compared to conventional HD and/or HDF. In a meta-analysis of
nine studies comparing MCO dialyzers with high-flux dialyzers, MCO dialyzers resulted in higher clearance of middle molecules (e.g.,
beta-2-microglobulin) and lower levels of tumor necrosis factor-alpha.?' A systematic meta-analysis of 18 prospective interventional
studies with a total of 853 dialysis patients confirmed the safety and efficacy of MCO membranes compared to high flux-HD
(increased reduction ratio of B-2microglobulin, kappa and lambda free light chains)—these effects were not greater compared to HDF,
but notably, there were no significant differences in albumin loss compared to HDF.?2 In a randomized controlled trial by Weiner et al.
of 172 HD patients, use of an MCO dialyzer showed an increased reduction rate of both kappa and lambda free chains, complement
factor D, IL 6 and tumor necrosis factor a compared to standard high flux-HD.2*(Figure 5) Similar results were also found in two other
randomized controlled trials.?*?®

FIGURE 5: Efficacy and safety of expanded hemodialysis
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Clinical Impact of Expanded Hemodialysis

Uremic toxins are associated with physical symptoms, such as fatigue, itching, and restless legs syndrome, leading to a reduced
quality of life, which could be improved with effective toxin removal. A prospective, multicenter observational study of 992 patients
found that 3 of 5 domains from the Kidney Disease Quality of Life 36-Item Short Form Survey (KDQol-SF36) improved after changing
from high-flux HD to HDx for 12 months. The number of patients with restless legs syndrome was significantly reduced at 12 months
(22% vs. 10%, p<0.001).2% In a study of 49 HD patients randomized to either a MCO membrane or high-flux membrane, the MCO
group reported higher scores in the physical functioning and physical role domains of KDQoL-SF36, with lower scores for morning
pruritus and less scratching during sleep.3?

Studies have also compared HDx to high-flux membranes and/or HDF in terms of effects on inflalnmation and oxidative

stress markers associated with endothelial dysfunction, vascular calcification, increased cardiovascular risk, malnutrition and
mortality.”202425 One study reported reduced expression of pro-inflammatory TNF-a and IL-6 mRNA in peripheral leukocytes in
patients treated with MCO membranes compared to high-flux membranes, although cytokine levels during 12 weeks of follow-up
were not significantly different.?° Kim et al. investigated the change in the large-middle molecule removal rate, which is associated
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with vascular calcification, when using a MCO dialyzer compared to a high-flux dialyzer. Results from the group of 20 patients
showed that the reduction ratios of FGF23, OPG, and sclerostin were significantly higher when using the MCO dialyzer than the high-
flux dialyzer.?® The most recent randomized controlled trial (RCT) examining the effects of HDF vs HDx on uremic toxin clearance
included 40 patients and concluded that pre-dialysis toxin levels at the end of the study were similar between groups. HDF

showed greater removal of uremic toxins, while HDx was comparable to HDF in maintaining pre-dialysis levels of middle molecules
and inflammatory cytokines.” Regarding cardiovascular outcomes, an RCT by Lee et al. showed there were no differences in
cardiovascular parameters such as echocardiography, changes in brachial-ankle pulse wave velocity between HDx and HDF, although
the coronary artery calcium score over 1 year increased in the HDx group.?? HDx has been associated with cost savings since it does
not require a large volume of fluids compared to HDF, and if the lower hospitalization and hospital stay rates per patient-year that
were demonstrated in a group of 81 patients are reproducible, then MCO usage could be considered to lower costs.*°

An observational multicenter study involving 1098 dialysis patients over 2-year period showed lower all cause hospitalization
incidence rate for HDx with MCO dialyzers compared to high flux hemodialysis. Non-fatal cardiovascular events were lower in

patients treated by HDx with MCO dialyzers.®

Additionally, less use of erythropoietin-stimulating agents and iron supplementation has been reported with HDx, suggesting that
improved removal of inflammatory mediators may improve iron metabolism and erythropoietin-stimulating agent resistance.®

Summary

The efficacy and safety of MCO dialyzers have been confirmed in multiple studies, with MCO dialyzers demonstrating superiority to
high-flux dialyzers for larger middle molecule clearance and reducing markers of inflammation and oxidative stress, while minimizing
loss of albumin at a level comparable to HDF. Using MCO dialyzers to perform HDx is an innovative dialytic approach with potential
broad applicability in HD units with existing infrastructure.® HDx offers a greater range of uremic toxin clearance that can potentially
improve patient quality of life and outcomes and is of particular importance where HDF is not available, when HDF is not indicated, or

is too costly to implement.
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