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Introduction

Therapeutic plasma exchange (TPE) has been tried as a treatment for SSc since
1978 but has not been widely used or studied.

Edward S Harris MS', Herbert J Meiselman ScD?, Patrick M Moriarty MD3, Allan Metzger MD#

1Scleroderma Education Project, 2Keck school of Medicine USC, ;Univ. Of Kansas Medical Center, 4RDL Reference Laboratory

Table 1: Key Case Reports and Studies

significant benefit from TPE including healing of digital ulcers.

Long-Term TPE: Issues/Concerns

for discontinuation in a number of instances.

Therapeutic Plasma Exchange for the Treatment of Systemic Scleroderma: A Comprehensive Review and Analysis

Study Type Subjects Treatments Results ] .. : ,
- Systemic Scleroderma (SSc) is an umbrella term for a family of rare diseases with : — : 290 o _ TPE Treatments are Required Indefinitely * The preponderance of evidence suggests that long-term TPE may offer a low-risk
: ) . . ) ) Ferrietal. 1992 CR 1) Female, 50, IcSSc, severe lung 1) 3 TPE/week for 6 weeks, 2 TPE/week for 4 weeks, then 1) major improvement in lung parameters, e.g., DLCO: 32% to 50%, FEV1: _ _ way to control and in some cases reverse SSc symptoms. In contrast to current
the common factor being abnormal thickening (fibrosis) of the skin. SScis a impairment 1 TPE/week for 2 weeks; Total TPE: 29/3 mo 89% to 103%, pO2: 67-99 mmHg The beneficial effects from a single round of 4 weekly TPE treatments last at least 3 . . o~ .
complex autoimmune disease that affects internal organs as well as the skin. months. Once treatments are stopped, blood rheology and symptoms gradually return |mrtr)1uno?uppre”33||ve trestmegts tr;]at car;y S|gn|ﬁc|ant risk, Iogg-tef;’m TPI%/Vahplpe'I?lgsE
_ o - o ’ . to be safe, well tolerated, and with very few, mostly minor side effects. ile

 Estimated incidence (US): 20/million (4800/year new cases), prevalence: 2) Male, 59, IcSSc, severe lung 2) 3 TPE/week initially; maintenance 3 TPE/month; Total ~ 2) major improvement in dyspnea, pO2: 40 to 67 mmHg and other symptoms; to pre-treatment levels. This indicates that TPE treatments need to be continued on a is a fairly expensive procedure, annual costs are in line with modern

240/million (68,000 diagnosed cases). SSc may occur at any age, but the involvement TPE: 25/4 mo regressed after pneumonia; repeated cycle again with similar improvement; permanent basis in order to provide the maximum possible benefit (e.g., Weiss et al. harmaceuticals commoni us,ed to treat other autoimmune diseases

symptoms most frequently begin in mid-life (25-45). SScis very rare in children. improvement maintained by maintenance TPE 2015). However, this is also true of any other current treatment approach. P y '

The disease is about 4 times more common in women than men. Ferrietal. 2000 CR Female, 22, U3-RNP positive 3 TPE/week for 2 months, slowly tapered to 3 TPE/month;  After 4 months, dyspnea, tachycardia, and systolic pulmonary arterial Safety ) Irr:(?leegl’ac,z\nmﬁ\?’:;:lncl:ﬁrr?i;: fl’ri]ael :;nr?g)e\éjeergetgtz;[2?:1ifrI;ZThl-F:Sallgvsesccog’?’?furl;tzrllss of
. is divi ' ies’ di imi dcSSc with PAH and Total TPE: ?/2 SPAP) ret dt llevels. TPE di tinued after 2 : : .

SSc is divided into two general categories: diffuse (dcSSc) and limited (IcSSc). e o o e e prossure | ) returned to normal levels D rem o o The safety profile for long-term use of TPE is excellent. The most common side temporary reduction in possible circulating pathogenic factors and direct RBC

dcSSe patients usuallv have rapid onset of symptoms and sianificantly reduced diffuse skin changes years because of catheter related sepsis. Her SPAP remained stable for one _ _ porary P ap g

P y P ymp g y o N effects are very short term, for example hypotension or fatigue for a few hours disaqareaation to the overall TPE treatment effects.
ival tiv due to | heart. and kid invol t 1cSS tients h year following discontinuation of TPE treatments. _ _ _ _ ggreg

survival, mostly aue 1o fung, heart, and kidney involvement. Icooc patients have a _ _ , _ following a treatment. An 11-year review of the safety of TPE in 317 patients and . . . .

slower onset and progression rate, often live near normal lifespans but with Weiss et al. 2015 CR Male, 46, IcSSc, severe GERD, 1 TPE/week for 4 weeks, repeated every three months (16 All symptoms except for mild Raynaud’s resolved after 2-3 years. Patient has 2730 procedures (Cid et al. 2014) showed an adverse event rate of 3%, all of which  If research demonstrates that RBC disaggregation is the primary mechanism for

steadily increasing disability and disfigurement over time. Raynaud’s, reduced DLCO/VA treatments per year); Total TPE: >340/21 yrs been in remission for 20 years with continued regular TPE treatments. were mild ' ’ the clinical improvements seen from TPE, this would suggest that ANY treatment
« Current treatment approaches focus on using immunosuppressants to slow the O'Reilly et al. 1979 RCT n=27, secondary Raynaud’s Placebo (n=9), heparin (n=9), 1 TPE/week for 4 weeks Only TPE group showed improvements in symptoms and vascular patency; that can dlsaggr.egate clumped re_d blood Ce”S_ and k_eep them from .re-aggregatlng

disease process plus interventions targeted at specific symptoms. Neither (n=9) improvements maintained at 6 month follow up Venous Access may be an effective treatment option for SSc, including pharmaceutical

: : ' . i ' i interventions as well as mechanical disaggregation through TPE.
approach is currently very effective. Von Rhede van der CT n=14,7 with primary Raynaud’s, 7 1 TPE/week for 4 weeks Primary Raynaud’s group: normal blood rheology, no benefit from TPE. The best way to perform.TPE IS u§|ng regular pe”phera_l venous access. Venous 99red 9
Kloot et al. 1985 with secondary Raynaud’s Secondary Raynaud’s group: viscosity and RBC aggregation elevated, access problems were discussed in a number of the articles and was the reason

Overview

TPE and Healing of Digital Ulcers

We identified 40 articles that met our search criteria, involving a total of 533
patients.

Fifteen of the articles were case reports, involving a total of 21 patients. The
remaining 25 articles (512 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 clinicin Italy.

Our review process included a subjective grading system on the quality and
completeness of the articles. Nine articles met our top grading criteria. Sixteen
studies were flawed but provided useful data. The remaining 15 studies had major
flaws that made it difficult to fully determine the efficacy of TPE.

Table 1 includes a summary of the top 9 reviewed articles.

One of the most striking and common findings reported in many of the studies
reviewed for this article was that for the majority of patients, Raynaud’s symptoms
usually disappeared completely or were significantly reduced and long-standing
digital ulcers started healing after 3 to 4 TPE treatments. This was mentioned in 13
of the 40 reviewed articles.

red blood cells.

* In 1979, Kahaleh et al. noted that “Many, if not all, of the manifestations of scleroderma can be explained on the basis of
functional and structural vascular compromise after repeated vascular insults, subsequent healing of vascular walls with
proliferative vascular response, and luminal narrowing.”

Endothelial Damage

Small clumps of aggregated red blood cells being repeatedly forced
through small capillaries may lead to endothelial trauma.

» Hypothesis: aggregated red blood cells that are forced though capillaries that are small enough so they normally permit
passage of one red blood cell at a time may lead to the vascular damage cited above as well as potential microcapillary
blockage. Possible endothelial damage mechanisms include direct mechanical effects tending to re-model vessel walls
and changes due to local ischemia caused by abnormal distribution of red cells in the microcirculation.

Support for RBC Aggregation Hypothesis
* In 1991, Jacobs et al. documented that a single series of four weekly TPE treatments significantly reduced RBC

aggregation and plasma viscosity (p<.001) for about 9 months and eliminated Raynaud’s symptoms for 6 to 9 months in all

' . D l. (1979) and others have al mented incr RB formability following TPE treatments. . :
subjects. Dodds et al. (1979) and others have also documented increased RBC deformability following treatments Microcapillary Blockage
Large clumps of red blood cells may lead to complete capillary blockage,
resulting in symptoms such as pain and fatigue, often initial symptoms in
diffuse systemic scleroderma.

» The frequently reported finding that Raynaud’s symptoms usually disappear and digital ulcers start to heal after 3 or 4
weekly TPE treatments is consistent with the idea that the microvascular damage seen in SSc is a direct result from
aggregated red blood cells. Elimination of RBC aggregation would allow the vascular system to begin to heal due to
increased blood flow.

* McCune (1983), when comparing the effects of standard TPE with “placebo” TPE that returned the patient’'s own separated
blood instead of replacing the plasma with sterilized albumin, noted that improvements were seen in several objective
measures in both treatment groups. Since their “placebo” group did not reduce circulating antibody levels, these benefits
are likely to be from the disaggregation effects which would have occurred in both groups.
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Weber et al. 1985 CT n=36, 21 with primary Raynaud’s, 1 TPE/week for 4 weeks (only 9 patients received TPE, all  Essentially the same results as Von Rhede van der Kloot (85).  There is a significantinfection risk with central catheters for long-term TPE.
15 with secondary Raynaud’s in secondary Raynaud’s group) Alternatives such as fistulas or newer ports such as Vortex™ may be better options Refe rences
Jacobs et al. 1991 CT n=18,SSc 1 TPE/week for 4 weeks; no other treatments Measured changes in rheology and clinical symptoms; all patients improved; for very-long term.use of TPE if peripheral venous access is not ap option. W_h'le
Raynaud’s disappeared and skin ulcers healed; abnormal blood rheology rarely used, Khatri (2013) reports successful use of temporary radial or brachial 1. Ferri C, Bernini L, Gremignai G, et al. Lung involvement in systemic sclerosis sine
normalized; Raynaud’s returned in 14 patients in 6-9 months; RBC artery catheterization in more than 8000 procedures over a 30-year period. " scleroderma treated by plasma’exchénge Int J Artif Organs. 1992:15(7):426-431
aggregation returned to baseline after 9 months; skin ulcers did not return in 3 Cost ' ' ’ ' '
year follow-up period. os 2. Ferri C, Emdin M, Storino F, et al. Isolated pulmonary hypertension in diffuse cutaneous
O L 199 cT g TPE olus D cillami 13 D cillam Ab | clein Ch Al - TPE Howed *  Winters (2011) did an analysis of TPE cost and determined that each treatment systemic sclerosis successfully treated with long-term plasma exchange: CASE REPORT.
ing et al. 5 n= p liS -penicillamine (n=13), control D-penicillamine . st_r_act on y-article in Chinese. parametergln . group showe cost a little under $1200 when TPE was performed using albumin. This is Scand J Rheumatol. 2000;29(3):198-200.
only (n=16), 1 TPE per week for 6 weeks significantimprovement at end of treatment period; at 18 month follow up all : :
parameters still significantly better than control group. comparable to Medicare reimbursement rates for TPE treatments. 3. Weiss J, Roy M, Harris ES. Benefit of Long-Term Therapeutic Plasma Exchange
. : : Treatment in a Patient with CREST Syndrome (Limited Systemic Scleroderma): A 21-year
Cozzi etal. 2012 OS  n=20, SSc with renal crisis ACE inhibitors plus varied TPE (n=10), ACE inhibitors only  TPE group: 2/10 developed end stage renal disease (ESRD), 90% survival at Several siudies suggest that between 12 and 18 treaiments/year may be sufficient Success Story. Transfusion. 2015:55(S3):103A.
(n=10), protocol 2-3 TPE/week for first month, 1 TPE/2 1 year, 70% survival at 5 years, non-TPE group: 9/10 developed ESRD, 50% to control SSc symptoms. Using the 16 TPE treatment/year protocol discussed in o NN |
weeks for maintenance survival at 1 year, 30% survival at 5 years. Weiss (2015), this works out to an annual cost of about $20,000 per year. 4. O'Reilly MJ, Talpos G, Roberts VC, White JM, Cotton LT. Controlled trial of plasma
N : . h in treat tof R d’ d . Br Med J. 1979;1(6171):1113-1115.

« Aninitial Google Scholar search was conducted using the following search term: R Case Report CT: Clinical TrialRCT: Randomized Clinical Trial " 0%: Observational Study - Modem biologics commonly used to treat rheumatoid arthritis and other exchange in treatment of Raynaud's syndrome. br e ( ) M
(plasmapheresis OR "plasma exchange” OR PEX OR TPE OR apheresis) AND autoimmune condition cost between $21,000 and $24,000 per year (Howe et al. - ‘F’)O't‘, RTed?t;]’aRT der K('jc,’OtPEhJ H, Jacobs g'_J /l—-ll M, Vxeb‘le;w"_' LHAJ. '13'93;?; Filtration in
(scleroderma OR "systemic sclerosis” OR PSS OR MCTD OR CREST OR 2014). This suggests that annual costs for long-term TPE, while significant, are atients with Raynauds Fhenomenon. tin Femorheot Microcire. b
Raynaud's). Inclusion criteria: English abstract. similar to standard pharmacological options used for other autoimmune diseases 6. \'\//IV_ebeth, IH S-SI El)_]lc_fHA. I;’Ialts[r)r?apher.esis ZsEa 'I'Ireatf[men’:c Eifl_?aynag_’s ﬁ\lttacks}; /

: : : ) : " : : Normal Blood Flow Microcirc. 1985;5:85-97.
reviewed all references in these article to identify additional candidate articles. _ _ _ _ _ _ _ T e e e T T Ty T YT Y Ty e e o o ,
This process was repeated with all newly identified articles until no additional The standard explanation for any beneficial effects from TPE is that it temporarily reduces the circulating levels of some y ' wEhroug prilaries. 7. Jacobs MJ, Jorning PJ, Van Rhede van der Kloot EJ, et al. Plasmapheresis in Raynaud’s
articles meeting our search criteria were found pathogenic agent such as autoantibodies. Endothelial Layer Research and Treatment Impl ications phenomenon in systemic sclerosis: a microcirculatory study. Int J Microcire Clin Exp.
' ——te 1991:10(1):1-11.
—
Alternative Hypothesis — RBC Disaggregation Model B'°°"P'“_i';_ —” ‘%—6/‘:: Research is needed to determine if: 1) TPE is an effective treatment for some or all 8. Ding C, Zhang X. [A prospective study of plasma exchange in the treatment of diffuse
« Aseries of studies published between 1975 and 2008 have consistently shown abnormally elevated blood viscosity in the . Y~ \ variants of SSc, and if so, 2) whether the beneficial effects from using TPE are from scleroderma]. Zhonghua nei ke za zhi. 1995;34(9):616-619.
majority of systemic scleroderma patients. The overall elevated blood viscosity is a direct result of abnormally aggregated o temporary reduction in circulating pathogenic factors, disaggregation of red blood 9. Cozzi F, Marson P, Cardarelli S, et al. Prognosis of scleroderma renal crisis: a long-term
observational study. Nephrol Dial Transplant. 2012;27(12):4398-4403.

cells, or a combination of both.

Proposed Initial Clinical Trial

Randomized, double-blinded, placebo controlled trial of anticentromere antibody
(ACA) positive IcSSc patients within 10 years from initial symptoms.

Two active treatment groups: 1) standard TPE; 2) autologous TPE (patient’s
plasma recirculated instead of being replaced). Use Weiss et al. (2015) protocol: 4
weekly TPE treatments, 2 months’ rest, repeat (16 treatments/year). Duration: 1
year.

Lab measures — baseline: pulmonary function test (PFT), ESR,CBC, ACAlevel,
whole blood viscosity. All measures except PFT repeated before/after each
treatment round. Other measures: Raynaud’s attacks, digital ulcers, Gl symptoms.

Outcome Interpretation

Neither Treatment Group is Significantly Better Than the Control Group: TPE is not
likely to be an effective treatment for any variant of SSc.

Only the Standard TPE Treatment Group is Significantly Better Than the Control
Group: 1) TPE is an effective treatment of ACA-positive IcSSc patients; and 2)
TPE effects are mostly from temporary reduction of circulating pathogenic factors.

Both TPE Treatment Groups Are Significantly Better Than the Control Group: 1)
TPE is an effective treatment of ACA-positive IcSSc patients; and 2) TPE effects
are primarily from RBC disaggregation.

doi:10.1093/ndt/gfs317.
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