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ABSTRACT

Therapeutic plasma exchange (TPE) is well-established for autoimmune, hematological, and neurological disease
but is intrinsically non-selective: protective immunoglobulins, coagulation factors, and albumin are depleted
alongside pathogenic substances, and reliance on donor-derived replacement fluid carries logistical and immu-
nological costs. The MTx.100 column (Marker Therapeutics AG) is a selective plasma adsorption device that
addresses these limitations through hydrophobic-affinity adsorption. It targets pro-inflammatory cytokines,
protein-bound metabolic waste, hydrophobic environmental contaminants, and microparticulates while pre-
serving immunoglobulins, coagulation factors, electrolytes, and the patient's own signaling proteins. Plasma is
treated and conserved, eliminating replacement-fluid dependency. Clinical experience encompasses approxi-
mately 1000 procedures globally. A prospective single-arm multicenter trial in 107 critically ill COVID-19 pa-
tients (424 procedures) demonstrated 28-day mortality of 37.4% against an FDA-agreed performance goal of
88.1% (p < 0.0001); propensity-matched analysis showed approximately three-fold higher survival odds versus
standard of care (OR 3.0; 95% CI 1.56-5.85; p = 0.0008), with significant reductions in inflammatory and
metabolic markers and no serious adverse events attributable to the column or procedure. Hospital case reports
across polytrauma, post-LVAD implantation, and toxin-induced hepatitis demonstrated hemodynamic and
electrolyte stability and favorable clinical trajectories. Across 114 elective outpatient procedures, vital signs and
electrolytes remained stable throughout treatment, and third-party laboratory analyses confirmed measurable
reduction of PFAS, microplastics, and persistent organic pollutants in treated patients. Within the emerging
framework of subtractive precision medicine, selective plasma adsorption offers a complementary paradigm to
additive pharmacotherapy for conditions characterized by inflammatory and toxic burden. A pilot trial in Alz-
heimer's disease is underway.

1. Introduction

1.1. Evolution of therapeutic apheresis

The limitations of TPE are inherent to its mechanism. It is non-
selective: protective immunoglobulins (IgA, IgG, IgM), coagulation
factors, and albumin are depleted alongside pathogenic substances [3].
Immunoglobulin depletion may increase susceptibility to infection in

Therapeutic apheresis has served as a cornerstone of treatment for
autoimmune, hematological, and neurological disease for more than
four decades, with clinical utility codified in the guidelines of the
American Society for Apheresis (ASFA) [2]. The dominant modality,
therapeutic plasma exchange (TPE), separates the patient's plasma by
centrifugal or membrane-based methods, discards it, and replaces it with
donor albumin or fresh frozen plasma (FFP). It remains the standard of
care across an extensive evidence base.
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immunocompromised patients, and coagulation factor loss raises
bleeding risk and constrains treatment frequency. Donor-derived
replacement fluid carries risks of allergic reactions, transfusion-related
acute lung injury, sensitization to donor antigens, theoretical path-
ogen transmission, and hypokalemia with albumin replacement.
Donor-derived replacement fluid is also, by definition, a pooled
biological product. Standard donor qualification protocols were con-
structed around infectious disease transmission and major allergic risk
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and were not designed to detect or exclude ubiquitous environmental
contaminants, including per- and polyfluoroalkyl substances, micro-
plastics, and persistent organic pollutants, now documented across
general-population biomonitoring cohorts [4-7]. The behavior of these
compound classes through donor selection, plasma fractionation, and
albumin purification is not systematically characterized in the published
literature.

A standard six-procedure protocol may expose a patient to
12-24 liters of replacement albumin and dilutionary saline, or FFP. Bulk
plasma exchange also produces volume shifts that can precipitate he-
modynamic instability in critically ill patients, and reliance on donor
product constrains availability in resource-limited settings.

These limitations have motivated column-based alternatives that
retain the therapeutic benefit of circulating-substance removal while
preserving plasma composition. The Prosorba column, first used in
humans by one of the present authors and subsequently FDA-approved,
demonstrated the feasibility and clinical relevance of targeted removal
[8]. In parallel, non-ionic hydrophobic adsorbent materials, of a class
that includes activated coconut charcoal and related polymeric prepa-
rations, were shown to adsorb substantial quantities of TNF, IL—1f, and
IL-8 from plasma without ligand-based capture or molecular-weight
cutoffs [3]. These early adsorbent cartridges are the technological an-
tecedents of the MTx.100 column described here, which refines the same
principle of hydrophobic adsorption with substantially expanded sur-
face area and a procedure configured to return the patient's own plasma
rather than discard it. Selective plasma adsorption, defined as the tar-
geted reduction of pathogenic circulating substances with preservation
of plasma homeostasis, represents the next step in the evolution of
therapeutic apheresis. This article describes the MTx.100 column
(Marker Therapeutics AG, Switzerland) and reviews the clinical expe-
rience to date.

1.2. Regulatory context

TPE itself is not approved by the FDA or CE-marked as a therapy:
only the apheresis devices used for plasma separation carry regulatory
clearance, and treatment indications are determined by physician
judgment informed by ASFA guidance [2]. The MTx.100 column is
CE-marked as a Class II device and has Emergency Use Approval for
severe COVID—19 in the USA. Extracorporeal blood oxygenation and
ozonation (EBOO), also not approved by the FDA or CE-marked, is
sometimes grouped loosely with apheresis but differs mechanistically
and is not considered a comparator here.

2. Technology: The MTx.100 adsorption column
2.1. Mechanism of action

The MTx.100 column is a sterile single-use device containing high-
surface-area polymeric adsorbent mediums. It operates with a stan-
dard apheresis device. Plasma is separated from cellular components,
routed through the column, and returned to the patient with the cellular
components. No replacement fluid is required.

Bench testing has characterized the molecular classes adsorbed by
the column:

Pro-inflammatory cytokines and chemokines, including TNF-a,
IL—18, IL—6, IL—8, IFN-y, and MCP—1.

Protein-bound metabolic waste products, including bilirubin, creat-
inine, and bile acids.

Hydrophobic environmental contaminants, including selected per-
and polyfluoroalkyl substances (PFAS), persistent organic pollutants,
pesticides, and herbicides.

Microparticulates, including microplastics greater than 3-5 microns.
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Selected pharmaceutical compounds relevant to drug overdose,
including paracetamol, barbiturates, benzodiazepines and
glutethimide.

Bench testing also confirmed that a single 1.5 plasma volume pro-
cedure at toxic molecular levels did not saturate the column binding
capacity for any of the molecular classes above. No breakthrough effects
were observed.

Constituents preserved and returned to the patient include immu-
noglobulins (IgA, IgG, IgM), coagulation factors, electrolytes (sodium,
potassium, chloride, ionized calcium), and the patient's own signaling
proteins and growth factors. Clinical validation of these properties is
discussed in Section 3.

The procedure has three integrated steps: plasma separation by
centrifugal apheresis (Terumo BCT Spectra Optia or Fresenius Kabi
Amicus) or plasma filtration; selective adsorption through the MTx.100
column; and recombination of treated plasma with cellular components
for return to the patient. Standard apheresis equipment with citrate-
based anticoagulation is used, with heparin as a viable alternative.
Venous access is peripheral in elective outpatient cases and central in
critical-care settings. Procedure duration is approximately two hours in
elective outpatient use and four hours in critical care; outpatients are
ambulatory the same day.

The MTx.100 approach is mechanistically distinct from TPE, which
discards and replaces plasma, and from membrane-based filtration ap-
proaches (including double filtration plasmapheresis) that separate
plasma constituents by molecular size alone. It is also distinct from
bilirubin and cytokine-targeted hemoadsorption columns such as Cyto-
Sorb and from endotoxin-targeted columns such as Toraymyxin, which
act on whole blood with narrower target ranges.

2.2. Selectivity profile and comparison with existing modalities

The selectivity profile of the MTx.100 column can be described along
two dimensions: targeted reduction and preservation. Substances with
hydrophobic character, protein-bound toxicity, or particle-like physical
form are preferentially adsorbed. Hydrophilic plasma constituents and
essential regulatory molecules pass through with minimal retention,
including immunoglobulins, coagulation factors, electrolytes, and the
patient's own signaling proteins and growth factors. This preservation
profile is a structural differentiator from modalities that rely on
replacement fluid or size-based separation.

Plasma access. Plasma access describes the proportion of total
plasma volume processed through the column during a single session.
Higher access means greater exposure of circulating substances to the
adsorbent within one treatment. Under standard procedural outpatient
configurations, the MTx.100 column achieves plasma access of
approximately 40-75% per session (approximately 150% during inpa-
tient sessions), standardized through protocolized plasma flow rates and
treatment durations.

Comparison with double filtration plasmapheresis (DFPP). DFPP
uses sequential filters with defined molecular-weight cutoffs to separate
plasma constituents. Two structural properties limit its utility relative to
selective plasma adsorption. First, DFPP achieves access to approxi-
mately 30% of plasma constituents per session, constrained by mem-
brane pore size, compared with approximately 40-75% for the MTx.100
column. Second, DFPP separation is purely size based: pathogenic
molecules below the cutoff are not removed, and protective molecules
above the cutoff (including IgA, IgG, IgM, and a variable proportion of
coagulation factors) are removed alongside target substances, while a
portion of the separated plasma (the eluate) is discarded rather than
returned. The MTx.100 column, operating through physicochemical
affinity rather than size exclusion, targets hydrophobic and protein-
bound substances within a specific molecular weight target range, pre-
serves immunoglobulins, coagulation factors, and the electrolyte milieu,
and returns the entirety of treated plasma to the patient. Table 1
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Table 1
Comparison of selective plasma adsorption (MTx.100) with therapeutic plasma
exchange and double filtration plasmapheresis.

Parameter Selective plasma Therapeutic Double filtration
adsorption plasma plasmapheresis
(MTx.100) exchange (TPE) (DFPP)
Mechanism Hydrophobic- Bulk removal Size-based
affinity and replacement =~ membrane
adsorption filtration
Plasma handling Treated and Discarded and Partially filtered,
returned replaced eluate discarded
Replacement fluid None required Albumin or FFP Partial
(12-24 L per replacement may
protocol) be needed
Plasma access per ~40-75% of ~100% (all ~30% (MW-cutoff
session constituents removed) limited)
Immunoglobulin Preserved Removed (not Removed (IgA,
preservation replaced by 1gG, IgM)
albumin)
Coagulation factor Preserved Removed Variably affected
preservation (partially
replaced)
Electrolyte Maintained Disrupted Variably affected
stability (replacement-
dependent)
Hemodynamic Minimal Significant Moderate
impact volume shifts hemolysis and
platelet activation
Environmental Demonstrated Incidental (non- Limited
toxin targeting (PFAS, selective)
microplastics,
POPs)
Donor blood None 12-24 L per Variable
product standard
exposure protocol

summarizes the differences between the three modalities.
3. Clinical experience

Clinical experience with the MTx.100 column spans three settings.
The strongest prospective evidence comes from a peer-reviewed multi-
center trial in critically ill COVID—19 patients [1]. Hospital and
critical-care case reports presented at ASFA 2025 extend the picture into
trauma, cardiac surgery, and toxin-induced liver injury [9-11]. Obser-
vational outpatient experience at a single elective center provides
real-world data on safety and tolerability. These are presented in
descending order of evidentiary weight.

3.1. COVID—19: Prospective multicenter trial (Choi et al., 2025)

In April 2020, the FDA granted Emergency Use Authorization (EUA
200148) for the MTx.100 column in severe, life-threatening COVID—19.
Between May 2020 and November 2021, across the alpha and delta
variant waves, 107 patients were enrolled at seven US centers in a
prospective single-arm multicenter trial (NCT04358003) [1]. The pop-
ulation carried significant comorbidity (mean age 58.1 years, mean 6.2
comorbidities per patient, 70.1% on invasive ventilation at enrollment,
with 11% of those also on ECMO). Patients received a mean of four
treatments; 424 procedures were performed.

The primary outcome was all-cause mortality at day 28. The
observed rate was 37.4% (40 of 107 patients), significantly below the
pre-specified, FDA-agreed performance goal of 88.1% (p < 0.0001). A
propensity score-matched analysis at the highest-enrolling center (UT
Southwestern) compared 70 MTx.100-treated patients with 244
contemporaneous standard-of-care patients and found survival odds
approximately three times higher in the MTx.100 group (OR 3.0; 95% CI
1.56-5.85; p = 0.0008). Sensitivity analyses using matched pairs and
triples (OR 2.97; p < 0.0001) and propensity-score quartile methods (OR
2.57; p = 0.002) confirmed the direction and magnitude of effect.
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Interestingly, all-cause mortality for patients on invasive ventilation was
higher than those not on invasive ventilation at the time of enrollment
(42.7% and 25.0%), indicating a potential opportunity related to earlier
column treatment.

Laboratory parameters supported the mechanistic rationale. Mean
bilirubin, creatinine, CRP, LDH, BUN, and fibrinogen decreased from
baseline to post-treatment, and significant reductions were observed in
IL—4, IL—6, IL-8, IL-10, and TNF-« following adsorption. The persis-
tence of substantially elevated IL—6 in many day—28 survivors suggests
that clinical benefit likely reflected reduction across the broader in-
flammatory and metabolic burden documented above, complementing
rather than relying solely on cytokine clearance.

The safety profile was favorable. No serious adverse events were
attributable to the MTx.100 column or the apheresis procedure. The 38
SAEs reported across 27 patients (25.3%) were consistent with the un-
derlying disease. There were no allergic reactions, acute immune re-
sponses, episodes of immunosuppression, or ICU-acquired infections.
For context, a meta-analysis of 13 TPE trials in COVID—19 (485 patients)
reported approximately a 20% reduction in mortality [12,13]; direct
comparison is not possible, but the collective evidence supports the
hypothesis that reducing inflammatory and metabolic burden benefits
patients in hyperinflammatory states.

The Choi trial provided peer-reviewed prospective evidence of
safety, feasibility, and a mortality signal in a severely ill population,
supporting broader exploration of the technology.

3.2. Hospital and critical care experience

The clinical use of selective plasma adsorption in hospital settings
has its origins in liver-support medicine, where related technologies
were deployed as a bridge to transplantation in acute liver failure (e.g.,
MARS and Prometheus systems) [14]. That foundational work estab-
lished that high-capacity hydrophobic adsorption could safely remove
protein-bound toxins and inflammatory mediators, motivating investi-
gation in other critical-care contexts in which circulating inflammatory
and toxic burden contributes to organ dysfunction. Four cases from
Netcare Christiaan Barnard Memorial Hospital (Cape Town, South Af-
rica), presented at ASFA 2025, illustrate this extension (Table 2). Pro-
cedures were conducted under institutional approval.

These cases are observational and uncontrolled. They illustrate
technical feasibility, hemodynamic tolerance, and favorable trajectories
across diverse critical-care indications, and document the consistent
absence of column-related adverse events across settings of severe he-
modynamic instability and significant baseline organ dysfunction.

3.3. Outpatient clinical experience
Outpatient use of the MTx.100 column at a single elective outpatient

Table 2
Summary of hospital and critical-care cases (ASFA 2025).

Case Patient  Indication Treatments Key outcomes
Polytrauma 39F Prevent SIRS/ 5 (days 2, 3, Off vasopressors
(GSW) MODS 5,6,8) day 4; no MODS;
electrolytes
stable
LVAD Patient 39F Prevent post- 3 (post-op Extubated day 2;
A surgical days 1-3) ICU 4 days; no
inflammation SIRS/MODS
LVAD Patient 58 F Prevent post- 4 (1 pre-op, Extubated day 2;
B surgical 3 post-op) ICU 5 days; no
inflammation SIRS/MODS
Hepatotoxicity 79 M Reduce toxic/ 4 (days 1, 2, ALT/AST halved
inflammatory 3,7) after 2 tx,
burden normalized by
day 30;
discharged
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center follows a standardized protocol that includes structured safety
screening, Caprini DVT risk stratification with risk-adjusted enoxaparin
prophylaxis, and protocolized monitoring of vital signs and metabolic
parameters at three timepoints (pre-procedure, one hour, and post-
procedure). Data from 114 procedures are summarized below. The
protocol was conducted with patient informed consent for each
procedure.

Hemodynamic stability and electrolyte preservation.

A consistent finding across the 114-procedure outpatient dataset is
the stability of hemodynamic and electrolyte parameters throughout
treatment. Vital signs (blood pressure, heart rate, SpO2, temperature)
show minimal variation across the three monitoring timepoints, and
metabolic panels show no clinically significant change in sodium, po-
tassium, chloride, or ionized calcium.

Environmental toxin reduction.

Bench testing has characterized the adsorption behavior of the
MTx.100 column across environmental toxin classes. The medium ad-
sorbs albumin-bound compounds, including herbicides and pesticides,
and, in controlled in vitro testing demonstrates greater than 95%
reduction of microplastics. Third-party laboratory analyses (Eurofins,
Plastictox) of treated patients have demonstrated measurable reduction
in circulating PFAS, microplastics, and persistent organic pollutants
following single procedures. Claims supported by existing patient data
are confined to bench-validated thresholds: a single procedure reduces
circulating microplastics greater than five microns by an average of
more than 70%, selected pesticides and herbicides by more than 90%,
and selected PFAS by approximately 20-60%. Clinical validation across
larger standardized cohorts is ongoing, and forward claims are delib-
erately constrained to measured thresholds. The growing epidemiolog-
ical evidence linking PFAS, microplastics, and persistent organic
pollutants to endocrine disruption, reproductive harm, and chronic
inflammation [4-7] supports further structured study.

By contrast, plasma exchange protocols that rely on pooled donor-
derived albumin or fresh frozen plasma replace a patient's circulating
plasma with a biological product whose composition with respect to
PFAS, microplastics, and persistent organic pollutants is not character-
ized in current product specifications. Whether pooled replacement fluid
attenuates, preserves, or transfers such contaminants relative to a re-
cipient's baseline circulating burden represents a meaningful gap in the
comparative safety literature on extracorporeal plasma therapies and
warrants structured investigation.

4. Aggregate safety profile

The aggregate MTx.100 clinical experience to date comprises
approximately 1000 procedures performed globally across hospital,
critical-care, and elective outpatient settings. Within this denominator,
three cohorts are described in this article: 107 critically ill patients (424
procedures) in the COVID—19 EUA prospective multicenter trial [1];
four hospital critical-care cases (five patients, 16 procedures) at Netcare
Christiaan Barnard Memorial Hospital [9-11]; and 114 elective outpa-
tient procedures at a single center.

Across the documented cohorts and the broader 1000-procedure
global dataset, the aggregate safety profile has been favorable. No
serious adverse events were attributable to the MTx.100 column or the
apheresis procedure across the 424 treatments in the COVID—19 trial
[1]. No column-related adverse events were observed across the three
ASFA 2025 hospital cases [9-11]. In the elective outpatient setting, two
thromboembolic events were recorded prior to implementation of a
Caprini-stratified enoxaparin prophylaxis protocol; both resolved with
no residual impairment and no further thromboembolic events have
been observed since. Across the broader global dataset, the observed
rate of severe adverse events attributable to the column or procedure is
approximately 0.02%, well within the pre-specified target of less than
0.5%. There have been no allergic reactions, acute immune responses,
episodes of immunosuppression, or ICU-acquired infections associated
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with the column or procedure across the settings reviewed.

Historical benchmark. The most comprehensive published analysis
of adverse reactions in therapeutic apheresis, a review of 17,940 pro-
cedures by one of the authors [15], reported an overall adverse reaction
rate of 3.9% across the 17,940 procedures analyzed. The predominant
reactions were citrate (ACD) toxicity (3.0%), vasovagal reactions
(0.5%), vascular access complications (0.15%), reactions related to FFP
(0.12%), hepatitis B exposure from FFP (0.06%), arrhythmias (0.01%),
hemolysis from inappropriate albumin dilution (0.01%), and one death
attributable to underlying disease rather than the apheresis procedure
itself (0.006%). The aggregate safety profile observed with the MTx.100
column across the patients and procedures documented here is
approximately 95% lower than these established benchmarks, recog-
nizing that populations and indications differ across datasets.

5. Subtractive precision medicine

Modern therapeutics are predominantly additive: drugs, biologics,
and devices introduced into the body to modulate disease. Subtractive
medicine, defined as the targeted removal of disease-contributing
circulating substances, is a complementary paradigm with long clin-
ical precedent (dialysis clears uremic toxins; TPE removes pathogenic
antibodies). The MTx.100 approach is distinguished by selectivity of the
adsorbent medium, absence of replacement-fluid dependency, hemo-
dynamic and electrolyte stability across elective and critical-care set-
tings, breadth of clinical application across diverse conditions, and
standardized capture of outcomes and biomarker trajectories. Within
this paradigm, the MTx.100 column is best understood as a platform
rather than a therapy for any specific indication; indication-specific
applications are developed in the other articles of this theme issue.

6. Future directions
6.1. Pilot trial in Alzheimer's disease

The motivation for structured investigation in Alzheimer's disease
(AD) arose first from clinical observation. In a small number of single
cases treated with the MTx.100 column for other indications, unex-
pected improvements in cognitive function were observed in patients
with pre-existing cognitive decline. These uncontrolled observations
should not be over-interpreted, but are sufficiently consistent in pattern
to warrant structured study.

The trial is designed in collaboration with the investigator team that
conducted the AMBAR study [16], which demonstrated that TPE with
albumin replacement reduced cognitive decline by more than 50% in
patients with moderate AD and improved cognition in mild disease. The
working hypothesis is that reduction of circulating inflammatory me-
diators, cytokines, and chemokines associated with neurodegeneration,
achieved without the immunologic and hemodynamic costs of plasma
replacement, may produce comparable or superior outcomes. The pilot's
primary aims are to establish safety, efficacious signal and feasibility in
an AD population and to characterize biomarker and cognitive trajec-
tories that can inform subsequent larger-scale studies.

Additional clinical investigations in hyperinflammatory conditions
are in the planning stage.

6.2. Real-world evidence infrastructure

A longitudinal real-world-evidence registry is being developed to
capture standardized outcomes, biomarker trajectories, and safety data
across treated patients as the clinical experience expands across partner
sites.

7. Limitations

The evidence reviewed here has notable limitations. Due to
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COVID-19 pandemic related constraints, the Choi et al. trial is single-
arm with propensity-matched comparison rather than randomized; its
findings should be interpreted with appropriate caveats. The hospital
case series is observational, uncontrolled, and while double the treated
arm size, small. Environmental toxin reduction percentages combine
bench-validated results with limited in vivo measurements and should
not be interpreted as established clinical efficacy outcomes. Forth-
coming prospective trials and the planned real-world-evidence registry
are designed to address these gaps.

8. Conclusion

Selective plasma adsorption using the MTx.100 column represents a
mechanistically distinct advance in apheresis technology. The clinical
experience reviewed here, drawn from a broader global dataset of
approximately 1000 procedures and comprising a prospective multi-
center trial in critically ill COVID—19 patients (107 patients, 424 pro-
cedures), a hospital case series across polytrauma, cardiac surgery, and
toxin-induced hepatitis, and elective outpatient use across 114 proced-
ures at a single center, demonstrates a favorable safety profile, hemo-
dynamic and electrolyte stability, and measurable reduction in
circulating inflammatory mediators and environmental toxins. Preser-
vation of the patient's own plasma, volumetric and hemodynamic sta-
bility, absence of replacement-fluid dependency, and broader plasma
access distinguish this approach from existing modalities. Trials in
Alzheimer's disease and planned additional hyperinflammatory condi-
tions will provide prospective, controlled evidence for specific thera-
peutic applications. Within the broader framework of subtractive
precision medicine, selective plasma adsorption offers a safe and com-
plementary paradigm to additive pharmacotherapy for conditions
characterized by inflammatory and toxic burden.
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