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Therapeutic Plasma Exchange as a Treatment for
Systemic Sclerosis

Introduction

Management of systemic sclerosis (SSc) is usually done through a combination of systemic
and symptom-specific interventions. Standard systemic treatments focus on
immunoregulation (hydroxychloroquine or intravenous immunoglobulin/IVIG) or
immunosuppression (methotrexate, mycophenolate mofetil, cyclophosphamide, rituximab).
Raynaud's phenomenon and digital ulcers are almost universal in SSc and are treated with
a variety of approaches, including vasodilators (calcium channel blockers, PDE5 inhibitors,
prostaglandins), vasoconstrictor antagonists (endothelin-1 and angiotensin II receptor
antagonists), or, in more severe cases, surgical or chemical sympathectomy. GI symptoms,
such as GERD, gastroparesis, malabsorption, and small intestinal bacterial overgrowth
(SIBO), are managed through a variety of mostly pharmaceutical treatments although
surgical interventions are sometimes employed in severe cases. Scleroderma renal crisis
(SRC) is generally treated with ACE inhibitors. To date, no medications have proven to be
very effective in treating either pulmonary artery hypertension (PAH) or interstitial lung
disease (ILD), and, as a result, lung-related complications from both PAH and pulmonary
fibrosis (PF) are the leading causes of SSc-related mortality [1]. According to a recent
study [2], it is not clear that any standard treatment for SSc has led to improved SSc
survival rates over the past 40 years, beyond what would be expected by overall
improvements in survival rates in the general population during this same time period.

Therapeutic Plasma Exchange

Therapeutic plasma exchange (TPE), also called therapeutic apheresis, is a procedure in
which a large volume of plasma (typically 1 to 1.5 blood volumes) is replaced by a
substitute fluid (most commonly 4% to 5% sterilized albumin) in a continuous flow process.
Cellular components (RBC, WBC, and platelets) are separated from the plasma by either
centrifugal separation or filtration, combined with the replacement fluid, and returned in a
process that typically takes 1.5 to 2 hours. In the US, almost all TPE is done using
centrifugal separation. A related procedure — plasmapheresis — removes a smaller amount
of plasma (typically less than 15% of blood volume) that is inadequate to cause significant
hypovolemia, so no replacement fluid is required. Unfortunately, the terms "therapeutic
plasma exchange" and "plasmapheresis" are often used interchangeably in the published
literature, creating potential confusion when researching the effects of TPE.

The usual rationale and the primary post hoc explanation for any benefits seen from TPE is
that TPE treatments temporarily reduce the levels of circulating factor(s) (e.g.,
autoantibodies or immune complexes, cytokines or adhesion molecules) that are presumed
to be involved in SSc disease pathogenesis. A single TPE treatment of 1 to 1.5 blood
volumes removes approximately 65% of any potential circulating pathogenic factors [3]. It
is important to note that certain plasma components are also present in the extravascular
space so post-TPE plasma concentrations may be different than expected, due to tissue-
plasma equilibration [4].



TPE has been tried as a possible treatment for SSc since 1978. While TPE is rarely used
as a treatment modality for SSc in the US, it is more commonly used in Europe and is a
mainline, government-approved treatment option in Italy [5]. Medicare and some US
healthcare companies cover TPE as an available treatment option for SSc patients who are
unresponsive to conventional therapy [6]. The American Society for Apheresis currently
classifies TPE for treating systemic sclerosis as a Category III treatment: "Optimum role of
apheresis therapy is not established. Decision making should be individualized." [7].

Efficacy of TPE as a Treatment for SSc

A recent comprehensive review of the use of TPE as a treatment for SSc [8] looked at 46
published papers involving a total of 572 patients. Nineteen of the articles were case
reports, involving a total of 26 patients. The remaining 27 articles (546 patients) ranged
from letters to the editor describing a small group of patients treated with TPE to a large-
scale review of 102 patients treated over a 15-year period at a single clinic in Italy. Out of
the 572 patients, 455 received TPE. The rest were in control groups. To the extent that it
could be determined, about 75% of the patients were diagnosed with diffuse cutaneous
systemic sclerosis (deSSc), 23% were diagnosed with limited cutaneous systemic sclerosis
(IeSSc), and 2% had mixed connective tissue disease (MCTD).

The major conclusions of this review were:

e In almost all studies, the majority of patients receiving TPE showed improvements
in both symptoms and laboratory markers, whether in short-term treatment of
crisis situations or from long-term administration of regular TPE.

e Many patients experienced significant improvement in Raynaud’s symptoms and
demonstrated initial healing of digital ulceration after just three to four weekly
treatments.

e While the effects of even a few TPE treatments often lasted for several months, only
continued long-term treatments resulted in stabilization of symptoms or, in one
recent case report, sustained remission over a 23-year period.

¢ Venous access problems occurred in a minority of patients receiving long-term TPE,
leading to cessation of TPE treatments in some cases and switching to central
venous access in other cases.

o TPE was very well tolerated by almost all patients. Adverse events were rare and,
in almost all cases, mild with no reported deaths.

Effects of TPE on Raynaud's Phenomenon (RP) and Digital Ulcers (DU)

Treatment of RP and DU in SSc is challenging and in some cases inadequate to prevent
progression to gangrene and eventual digit amputation. One of the more surprising
findings in 16 of the papers reviewed [8] was the fact that three or four TPE treatments
weekly often led to complete cessation of Raynaud's attacks and healing of even long-
standing DU. These effects were long-lasting, with RP not returning for six months or
longer, and in one study [9], patients had no return of DU during a three-year follow up.

Standard treatments for RP and DU in SSc are focused on improving distal blood flow by
either increasing vascular dilation or reducing vasoconstriction or vasospasm. Since TPE
treatments are not known to directly increase vasodilation or reduce vasoconstriction or
vasospastic activity, these results raise the possibility that an entirely different mechanism
of action may be involved in the observed improvements in RP and DU healing following
TPE.



Effects of Long-Term TPE

Only a small number of studies have examined the efficacy of long-term TPE on patients
with SSc. A 2001 Italian study [10] compared pre- and post-TPE laboratory markers
reflecting disease activity in a group of 28 Italian patients who received regular TPE
combined with D-penicillamine over a six-year period (mean 33 months) against a control
group of 25 SSc patients who received D-penicillamine alone. Significant improvements in
clinical scores and laboratory markers only occurred in the TPE treatment group even
though at pre-treatment the TPE group had worse laboratory measures and clinical scores
than the control group. A second Italian study [11] summarized the results of long-term
treatment of 97 SSc patients using TPE as an adjunct treatment in addition to D-
penicillamine or an immunosuppressant. While the authors rated TPE efficacy as either
"excellent" or "good" in 52.4% of the patients, the simultaneous use of adjunct treatments
make it impossible to determine to what extent these positive effects are attributable to
TPE.

Szekanecz [12] followed a male patient with dcSSc for 11 years. The patient received a
combination of regular TPE treatments combined with IVIG during the first year and was
maintained on a reduced frequency of TPE/IVIG during the 10-year follow up period.
Unfortunately, because of the simultaneous use of TPE and IVIG, it is impossible to
determine if the observed improvements were from TPE, IVIG, or a synergistic
combination of both.

Hertzman [13] treated a 12-year-old patient diagnosed with Mixed Connective Tissue
Disease (MCTD) with an initial series of ten TPE treatments over a five and one-half week
period, resulting in significant improvement in nodular lesions and complete elimination of
hand swelling. TPE was reduced to one TPE every three weeks, and the patient remained
asymptomatic at two-year follow-up with no other treatment intervention.

A 2017 very long-term (22 year) case report [14] documented the effects of regular TPE as
the sole systemic intervention in a patient with rapidly progressing anti-centromere
positive limited SSc. Pre-treatment the patient had severe GERD, Raynaud's, and reduced
DLCO/VA (diffusing lung capacity for carbon monoxide corrected for alveolar volume). TPE
was administered in a pulsed protocol (one TPE per week for four weeks, eight weeks no
TPE, repeat). All symptoms (except for very mild residual Raynaud's), including reduced
DLCO/VA, disappeared after two to three years. The patient remains in excellent health
with continued regular TPE treatments on the original pulsed protocol (approximately 370
to date); however, dropping or reducing TPE treatment frequency led to an eventual return
of GI symptoms in two attempts to alter the treatment protocol.

TPE Complications

Eleven of the 46 papers reviewed [8] described complications directly related to the use of
TPE. There were two main types of complications: 1) venous access issues, and 2) short-
term side effects directly associated with the TPE procedure. There were no reported
fatalities associated with TPE, and short-term side effects were generally minor and
usually did not prevent TPE from being completed. In one early study [11] four patients
(out of 40) had allergic reactions. This primarily occured only when fresh frozen plasma
was used instead of sterilized albumin. In a small percentage of the cases, venous access
difficulties prevented TPE from being performed using the preferred method of peripheral
venous access, leading to cessation of TPE. In other cases, implanted central venous
catheters were used for short-term TPE, or an arteriovenous fistula was surgically created
for long-term TPE.




When Does TPE Fail to Work in Patients with SSc?

Guillevin et al. [15] tried TPE treatments in seven patients with severe diffuse SSc after
failure of other treatments. Disease duration at time of initial TPE averaged eight years.
In three patients, TPE treatments had to be stopped because of venous access problems. In
the remaining four patients, only one showed benefit: improvement of articular and
cutaneous symptoms. This suggests that TPE may not be effective in late stages of deSSc.
Capodicasa et al. [16] tried TPE in two patients in scleroderma renal crisis (SRC). While
brief improvement was seen in one patient, the authors concluded that TPE would need to
be started earlier to be potentially effective. In contrast to all other reports reviewed in
this paper, this study used membrane TPE instead of centrifugal TPE. Also, ACE
inhibitors are now employed as the treatment of choice for treating SRC. Kfoury et al. [17]
tried intensive TPE on an 85-year-old patient admitted because of SRC with the rare
complication of thrombotic thrombocytopenic purpura. Intense TPE starting with one
week of daily TPE treatments increasing to twice a day for an additional week had no
effect, and the patient died shortly after cessation of TPE and all medications secondary to
pulmonary and cardiac conditions related to SRC. While TPE was not effective in all
patients in studies with overall positive outcomes, few data were presented about patients
who failed to respond to TPE treatments. Nevertheless, most authors clearly felt that TPE
would be most effective if started early in the disease process.

TPE and Mixed Connective Tissue Disease

No clinical trial or other large-scale study of TPE as a potential treatment for MCTD has
been done to date. The TPE treatment paper [8] examined six MCTD case reports. Most of
the case reports were focused on the use of short-term TPE to deal with an acute issue,
such a renal failure or central retinal vein occlusion. However, one paper [18] followed a
12-year-old MCTD patient who went into remission after five and a half weeks of TPE (ten
treatments total) and remained in remission with regular maintenance TPE at the two-
year follow-up. While MCTD has overlapping symptoms of systemic lupus erythematosus
(SLE), it is interesting to note that TPE was not effective in patients with SLE in a short-
term randomized controlled trial [19].

Why Does TPE Show Positive Results?

Reduction of Potential Circulating Pathogenic Factors

Many antibody-mediated diseases are due to IgG antibodies (~150 kDa). Blood plasma and
extravascular extracellular fluid within the body contain about 45% and 55% of total IgG,
respectively [20]. Thus, the single blood volume TPE treatment could theoretically remove
~30% of circulating IgG. Due to extravascular to intravascular circulation during a TPE
treatment, the actual removed amounts of IgG are somewhat higher than expected [21].
Nevertheless, within two days, plasma IgG levels return to about 70% of pre-TPE levels
[22].

The long-lasting effects of TPE in SSc patients suggest that the mechanism of action may
be independent of the reduction of circulating antibodies. Specifically, several studies have
documented six-month (or longer) beneficial effects following a single series of four
TPE/week treatments. These favorable effects on both laboratory markers and clinical
symptoms cannot be easily explained by short-lived reductions in circulating antibodies
[9,23,24]. Also, when comparing the effects of standard plasma exchange (PE) with
“placebo plasma exchange (PPE),” where patient’s cellular blood elements were re-mixed
with the patient’s own separated plasma (instead of replacing the plasma with 4% to 5%
sterilized albumin), McCune et al. [25] noted that, "There appears to be no difference
between plasma and placebo exchange as measured in the vascular laboratory."



Is Blood Rheology the Key?

Over the past 42 years, many published papers have documented that blood rheology is
abnormal in patients with SSc. Individual papers have commented on or measured
differing aspects of this abnormal rheology, including elevated whole blood viscosity
(WBV), increased plasma viscosity (PV), decreased red blood cell (RBC) deformability, and
abnormal RBC aggregation. This topic is explored in detail in the Research /SSc and
Abnormal Blood Rheology section of the Scleroderma Education Project website
(Sclerodermalnfo.org).

Issues/Concerns About the Use of TPE for Treating SSc

Safety and Complications

While TPE is generally not used for treating SSc currently (at least in the US), it is a
widely-used procedure for many other autoimmune disorders, for example myasthenia
gravis, Guillain-Barré, chronic demyelinating polyneuropathy, and Goodpasture’s
syndrome. This broad usage of TPE prompted several large-scale studies to assess TPE
safety and complication rates.

Cid et al. [26] reviewed the efficacy and safety of TPE in 317 patients and 2730 procedures
over an 11-year period. Observed adverse events occurred in only 3% of procedures. In all
cases the adverse events were mild and transient, and patients were able to complete the
scheduled TPE treatment. Similarly, in a study of more than 20,000 therapeutic apheresis
procedures performed in Sweden [27], mild adverse events requiring no intervention
occurred 1.5% of the time, moderate events not requiring cessation of treatment occurred
2.8% of the time, and severe events requiring cessation of treatment occurred 0.8% of the
time. There were no fatalities.

The most severe complications in TPE occur with fresh frozen plasma as the replacement
fluid. Almost all studies of TPE for treating SSc used sterilized 5% albumin, which has a
much better safety profile because of substantially reduced risk of anaphylactic type
events.

The most common short-term problem with TPE is hypocalcemia, usually presenting as
mild paresthesias or perioral tingling from the use of citrate as an anticoagulant.
Prophylactic use of oral calcium supplements is usually adequate to prevent or minimize
TPE-associated hypocalcemia. Some patients may experience mild hypotension, muscle
cramps, or mild headaches from hypovolemia especially with lower concentrations of
albumin than the recommended 5% solution.

Vascular Access

The safest way to perform TPE is using regular peripheral venous access. Venous access
problems were discussed in several of the reviewed articles and were often the reason for
discontinuation of TPE. While the exact percentage of patients who would require
alternatives to peripheral venous access for long-term TPE is not clear, the data indicate
that most patients can undergo long-term TPE using normal peripheral access. Khatri et
al. [28], summarizing the results from more than 60,000 TPE treatments, indicates that
peripheral venous access is successful in about 75% of the procedures performed at their
clinic. However, two new venous access techniques are now available that should increase
the likelihood of long-term peripheral venous access: 1) vein illumination technology such
as VeinViewer™ and AccuVein™, and 2) ultrasonic-guided peripheral venous cannulation
[29].

For patients who cannot undergo normal peripheral venous access, there are a number of
alternatives that are available. Central catheters are not a good option for most patients



for long-term TPE because of the significant infection risk. Alternatives such as surgically
created fistulas or implantable vascular-access devices (ports), such as PowerPorts™ or
Vortex™, may be better options for very-long term use of TPE if peripheral venous access
1s not an option.

Cost

Winters [30] did an analysis of TPE cost and determined that each treatment cost a little
under $1,200 when TPE was performed using albumin. Average Medicare reimbursement
rates (2015) are about $1,140 plus the cost of albumin, which varies depending on the size
of the patient. Several studies suggest that between 12 and 18 treatments per year may be
sufficient to control SSc symptoms. For instance, the 16 TPE treatment/year protocol
discussed in Harris [14] translates into an annual cost of about $20,000 per year. A recent
study of the annual cost of modern biologic drugs now commonly used to treat rheumatoid
arthritis and other autoimmune conditions [31] indicated that the lowest price biologic —
Humira (adalimumab) — was about $21,000 per year. Other biologics were somewhat
higher. This suggests that annual costs for long-term TPE, while significant, are similar to
standard pharmacological options used for other autoimmune diseases. IVIG, which is
being increasingly tried as a treatment for SSc [32,33], i1s much more expensive than TPE.
A typical treatment regimen in these early studies used a dosing of 2 gm/kg monthly.
Using data from Winters [34], this works out to more than $10,000 per month for a typical
70-kg patient, i.e., approximately $120,000/yr.

Summary and Conclusion

The preponderance of evidence suggests that long-term TPE may offer a low-risk and cost-
effective way to control, and in some cases, reverse SSc symptoms and signs. In contrast to
current immunosuppressive treatments that carry significant risk, long-term TPE appears
to be safe, well-tolerated, and associated with only very few, mostly minor side effects.
While TPE is not an inexpensive procedure, annual costs are similar to modern
pharmaceuticals commonly used to treat SSc and other autoimmune diseases.

The current American Society for Apheresis Guidelines suggest that clinicians should
make individual decisions on the suitability of TPE as a treatment for their patients with
SSc. If clinicians do decide to try TPE on an individual basis, it is important that they also
try to extract as much useful research data as possible from any such individual trials. We
have prepared several documents that may be a useful starting point for clinicians who are
considering trying TPE. These documents are located in the Research / Research
Articles section of the Scleroderma Education Project website (Sclerodermalnfo.org).
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